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Abstract:

We propose a multi-scale modeling approach thasganlate the microstructural and mechanical baranfi metal
or alloy parts with complex geometries subjectethtdti-axial load path changes. The model is useghiderstand
the biaxial load path change behavior of 316L &amsteel cruciform samples. At the macroscdimjta element
approach is used to simulate the cruciform geonatd/numerically predict the gauge stresses, wdnietdifficult
to obtain analytically. At each material point retfinite element mesh, the anisotropic viscoptasif-consistent
model is used to simulate the role of texture evmiuon the mechanical response. At the singletatysvel, a
dislocation density based hardening law that apjatady captures the role of multi-axial load pattanges on slip
activity is used. The combined approach is expamtaily validated using cruciform samples subjedtedniaxial
load and unload followed by different biaxial redisan the angular rand@7°,90°]. Polycrystalline yield surfaces
before and after load path changes are generaiteglthe full-field elasto-viscoplastic fast Fourteansform model
to study the influence of the deformation histong aeloading direction on the mechanical respainsijding the
Bauschinger effect, of these cruciform samplesuReseveal that the Bauschinger effect is stromigigendent on
the first loading direction and strain, intergraaruihnd macroscopic residual stresses after fiast, land the
reloading angle. The microstructural origins of thechanical response are discussed.

Keywords: Bauschinger effect; C mechanical testingg finite elements; B crystal plasticity; A
microstructures

1. Introduction
1.1 Background and motivation

Engineering metals and alloys are often subjeatedulti-axial load path changes during their fasticn
to form them into the desired shape or under sem@nditions. The subsequent mechanical resportbess
materials significantly depends on their deformatigstory including the loading direction and ambofplastic
strain. For instance, a load reversal after a ualiagnsion, compression or shear can result irefovg the yield
stress i.e. the Bauschinger effect, an extendeti@jalastic transition regime and a different teanidig regime. The
origin of such macroscopic behavior has to be faairithe microstructural level. At the meso-scaletergranular
level, crystallographic texture evolution and atrispy play a major role, at the microscale or irgranular level
heterogeneous dislocation activity combined witenéhardening effects have to be taken into ado@eyerlein
and Tomé, 2007; Christodoulou et al., 1986; Rauch.£2007; Takahashi and Shiono, 1991).

Significant experimental and simulation efforts édeen dedicated to understand the mechanical ioehav
after a180° load path change during uniaxial tension, compoeassr shear of various material systems at differe
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