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a b s t r a c t

The influence of plastic anisotropy on the mechanical behaviour of a rolled aluminium
plate under quasi-static loading conditions is studied experimentally and numerically.
Material tests in different directions with respect to the rolling direction of the plate were
carried out on various specimen shapes providing a wide range of stress states. The
Yld2004-18p anisotropic yield function was identified through uniaxial tensile tests, shear
tests and upsetting tests. This yield function was found to provide an adequate description
of the significant anisotropic behaviour of a high-strength AA7075-T651 plate. Numerical
simulations of all the material tests were then performed with an elasto-plastic material
model using both the anisotropic and an isotropic version of the yield function. The numer-
ical predictions of the mechanical response for notched tensile tests obtained with the
isotropic version of the material model clearly over-estimated the experimental results.
Similar results have been reported in the literature on other materials using isotropic con-
stitutive relations. This over-estimation was significantly reduced when using the aniso-
tropic version of the material model, and the reason why plastic anisotropy is so
important for an accurate prediction of the notch-strengthening effect is explained. It
was also established that the exponent of the yield function Yld2004-18p has a strong
influence on the results for the notched tensile tests. When the exponent of the yield sur-
face was assigned a sufficiently high value, an almost perfect fit between the numerical
predictions and the experimental results was obtained.
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1. Introduction

Structural components in various aluminium alloys are widely used by the automotive and aircraft industries. A variety of
different extrusion techniques, rolling processes and forming operations is used to manufacture these components. Because
of the extreme deformations taking place during processing, such components may have highly anisotropic properties. This
anisotropy is an important material factor determining the magnitude of local deformations and may have significant effects
on the final shape of the component and local strain instabilities during operation. Thus, the anisotropic behaviour during
deformation must be taken into account if one wants to correctly predict the mechanical behaviour of an aluminium
component.

0749-6419/$ - see front matter � 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ijplas.2011.05.017

⇑ Corresponding author at: Structural Impact Laboratory (SIMLab), Centre for Research-based Innovation (CRI) and Department of Structural Engineering,
Norwegian University of Science and Technology, Rich. Birkelands vei 1A, NO-7491 Trondheim, Norway. Tel.: +47 73 59 46 90; fax: +47 73 59 47 01.

E-mail address: marion.fourmeau@ntnu.no (M. Fourmeau).

International Journal of Plasticity 27 (2011) 2005–2025

Contents lists available at ScienceDirect

International Journal of Plasticity

journal homepage: www.elsevier .com/locate / i jp las

http://dx.doi.org/10.1016/j.ijplas.2011.05.017
mailto:marion.fourmeau@ntnu.no
http://dx.doi.org/10.1016/j.ijplas.2011.05.017
http://www.sciencedirect.com/science/journal/07496419
http://www.elsevier.com/locate/ijplas

