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Abstract. A polycrystalline model is used to describe the anisotropic mechanical behaviour of an AISI 316L 

austenitic stainless steel. An experimental database has been established (tension and shear tests) and used to identify 

the stress-strain response of the material. The results are then compared with macroscopic models using Hill’s yield 

surface. Both models are used to simulate a sheet metal forming process using a finite element code. 

1 Introduction  

The general framework of this study concerns the 

modelling of the mechanical behaviour of sheets metals. 

Two approaches are compared: a classical Hill's or 

Hosford’s type model and a micromechanical model, 
further called polycrystalline model. This model takes 

into account both the crystallographic texture of the 

material and the physical mechanisms of plasticity. A 

special emphasis is given to the taking into account of the 

material anisotropy. An important aspect of the behaviour 

of austenitic stainless steel is the anisotropic hardening, 

and especially for non-proportional loading paths. The 

following study presents a polycrystalline model for 

stress-strain behaviour of an AISI316L austenitic 

stainless steel and its use to performed the numerical 

simulation of a forming process. 
AISI 316L austenitic stainless steel is commonly used 

for industrial applications because of its high corrosion 

resistivity and nice looking. In a first part, the 

experimental characterization of the material properties 

are presented. The second part of this study deals with the 

description of the polycrystalline model and the 

identification of its parameters. A macroscopic model is 

also presented in this part and the ability of the two 

models to predict experimental results is investigated and 

compared. The third part described firstly the 

experimental hydraulic bulge test. The numerical 
simulation using the finite element code ABAQUS is 

then described. Both models, the macroscopic one and 

the polycrystalline one, are implemented in the software 

thanks to user-subroutine and used to simulate the 

hydraulic bulge test.Numerical results are compared with 

experimental data, with special attention to the thickness 

evolution. 

2 Material characterization 

A general approach to characterize the behavior of a 
material consists of carrying out tensile tests. However in 

order to carry out a complete identification of the 

material behavior, it is interesting to obtain more 

information on the response of materials under different 

strain states, strain rates and temperatures. In this work, 

simple shear and uniaxial tensile tests were carried out on 

a testing machine of maximum capacity 100 kN. Strain 

measurements are carried out both in tension and simple 
shear by using a high resolution video camera. The strain 

anisotropy is investigated by performing both tensile and 

shear tests at 0°, 45° and 90° to the rolling direction 

(RD). The tests that were carried out include monotonic 

loadings in tension and in simple shear, as well as cyclic 

and sequential loadings in shear [9, 12]. The tests were 

carried out at a low strain rate, thus limiting the rise in 

temperature caused by the deformation. 
The studied material is an austenitic stainless steel 

provided by the company Ugine & ALZ of AISI 316L 

type designed X2CrNiMo17-12-2. The material is in 

form of cold rolled sheets, of dimension 500 mm x 500 

mm and thickness 0.8 mm. 

The crystallographic texture is measured using X-ray 

diffraction performed in the thickness of the sheet. The 

experimental texture is represented by 1593 
crystallographic orientations. A simplified texture, 

represented by 240 crystallographic orientations, is used 

for FE calculations. 

Tensile tests were carried out on rectangular samples 

of dimension 20 mm x 180 mm x 0.8 mm. A first serie of 

monotonous tensile tests is carried out at 0°, 45° and 90° 

to the rolling direction (RD) in order to study the material 
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anisotropy. Both longitudinal and transverse elongation 

are measured thanks to the use of a numerical video 

camera. Concerning to the strain anisotropy, the 

measurement of the transverse deformation allows to 

determine plastic anisotropy coefficients. 

3 Polycrystalline model 

The micromechanical model is defined classically in 
three steps: (i) the phase definition, here the grains whose 

crystallographic orientation is given by the texture 

(orientation distribution function), (ii) the localisation 

step, which relates the macroscopic stress to the mean 

stress tensor for each phase of a given orientation and (iii) 

the homogenization step, which consists in averaging the 

local behaviour in order to build the macroscopic 

constitutive law. 
The localisation rule introduces heuristic 

accommodation non-linear variables. This rule, proposed 

by Forest and Pilvin [7], is a modification of the 

Berveiller and Zaoui rule [1] for cyclic loadings and 

introduced phase accommodation variables. This rule, 

equivalent to a self-consistent approach with isotropic 

plastic accommodation for monotonous loadings, allows 

the description of the non-linear interactions between the 
phases and is suited for non-proportional loadings [2, 8]. 

In cubic face centered materials, slip occurs on the twelve 

slip systems {111}<110>. Due to the low SFE, twinning 

is also a possible deformation mechanism. However, in 

previous work [10], though twins were observed in many 

grains, it was concluded that deformation mechanism is 

dislocation glide up to an equivalent plastic strain from 

0.3 to 0.4 at 20°C. Therefore, twinning is not considered 
in the present polycrystalline model. 

At the grain scale, the deformation is related to the 

glide activity on slip system. Slip occurs when the 

effective shear stress is greater than the critical resolved 

shear stress. The slip velocity is then related to the shear 

stress by a power law. To consider physical aspects of 

plasticity [4, 6, 10], material hardening comes from 

dislocation interactions and is classically written using 

dislocation density through the use of an interaction 
matrix. Many investigations concerning strain hardening 

in FCC polycrystal have been performed in the past 

years. Kubin et al [11] have proposed a physical model 

for strain hardening and performed special investigation 

concerning the components of the interaction matrix. 

Evolution of the dislocation density comes from the 

balance between a production term based on Orowan's 

relationship and an annihilation term related to the 
distance Gb where b is the magnitude of the Burgers 

vector [5]. 

Figure 1 shows a comparison of the polycrystalline 

model with experimental data for monotonous tests in 

tension and simple shear as well as for cyclic simple 

shear test. It can be seen that the model describes 

satisfactorily the experimental results. Figure 2 and 

Figure 3 show that Lankford's ratios at 0° and 90° to the 
RD are correctly represented by the polycrystalline 

model. On the contrary, with the Hill's model identified 

mainly on stress-strain curves (Hill_EVPs), Lankford's 

ratios are overestimated. The Hill's model identified by 

increasing the relative weight of plastic strain ratios 

compared to stress level (Hill_EVPe) allows a good 

prediction of Lankford's ratios. 

 

Figure 1. Tensile and simple shear tests: comparison between 
experimental data and polycrystalline model. T_RD stands for 
tension in RD, S_45 for monotonic simple shear at 45° to RD 

and CS for cyclic shear test in RD. 

4 Identification and results 

Thanks to the polycrystalline model, the number of tests 

in the experimental database can be reduced compared to 

the database used for the identification of the Hill's 

models. The database is composed of two tensile tests 

carried out at 0° and 90° to the RD, a simple shear test at 
45° to the RD and a cyclic shear test in the RD to 

highlight the Bauschinger effect. The identification of the 

polycrystalline model has been performed with a texture 

described by 1593 crystallographic orientations. 

 

Figure 2. Evolution of the Lankford’s ratios for tensile test in 

RD. Comparison between models and experimental data. 

 

The Lankford’s ratios identified for both models are 

given in Table 1. Advantage of the polycrystalline model 
is that it allows to estimate the parameters L and M of the 

Hill's yield criterion [4, 9]. To identify all the coefficients 

of this criterion, tests characterizing the plate behavior in 

the thickness must be performed. However, these tests 

can't be performed.  
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Figure 3. Evolution of the Lankford’s ratios for tensile test at 
90° to RD. Comparison between models and experimental data. 

 

The polycrystalline model is then used to simulate 

two "virtual" cyclic shear tests in the ND-RD and ND-TD 

plans (with ND the Normal Direction, RD the Rolling 

Direction and TD the Transverse Direction). These 

numerical tests are then added to the experimental 
database used with the macroscopic model (Hill's type) 

and allow the identification of the parameters L and M. 

The values identified for the 316L austenitic stainless 

steel with the Hill's model are : L = 4.60 and M = 4.40. 

Figure 4 shows a Finite Element (FE) simulation 

performed with ABAQUS software for a bulge test. 

Polycrystalline model and crystallographic texture are 

introduced in the FE code via an user subroutine. 

Table 1. Values of Lankford’s ratios for tensile tests at 10% of 

axial plastic strain. DD stands Diagonal Direction in the RD-TD 
plane (45° to RD). 

 RD DD TD 

experimental 0.75  0.03 1.17  0.03 0.91  0.03 

Hill_EVPs 3.63 0.49 3.17 

Hill_EVPe 0.82 1.36 0.89 

Polyc : 240 
orientations 

0.80 1.42 0.87 

Polyc : 1593 
orientations 

0.66 1.17 0.96 

 

 

Figure 4. ABAQUS FE simulation of bulge test with 

polycrystalline model (1728 C3D8R elements). For each Gauss 
point, 9400 state dependent variables are introduced. 
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