
Poly-Crystal Uniaxial
Anisotropic Response

vDetermine the Biaxial Yield Surface
(see left)

§ Tension-Tension (load to point 1)
§ Tension-Compression (load to point 3)
§ Compression-Tension (load to point 4)
§ Compression-Compression (load to point 2)

vMap this 2D yield surface on multiple 
slices through 3D space (see right)

vExplore Path Dependence:
§ Does loading order change the behavior?

Biaxial Load Frame Cruciform Sample Geometries Example of 2D Diffraction Patterns

Information For Every Load Step:
v Grain Size
v Grain Center of Mass Location (x,y,z)
v Grain Crystallographic Orientation
v Full Elastic (Lattice) Strain Tensor
v Surface Strains (from DIC)
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Single Crystal Biaxial Anisotropy

Effect of texture on the stress-strain curves of highly 
textured pure magnesium.
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Polycrystalline
99.999%	Mg

TENSION

COMPRESSION

*Corresponding Author: astebner@mines.edu [2] Gharghouri, Michael. STUDY OF THE MECHANICAL PROPERTIES OF Mg—8.5 wt% Al BY [N-SITU NEUTRON DIFFRACTION. Diss. McMaster University, 1996.
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v Low	Density
§ Lightest	Structural	Alloys

vHigh	Specific	Strength
§ See	Strength	vs.	Density	Chart	(at	left)

vHigh	Stiffness
§ Easy	to	use	More	Material	and	keep	Low	Weight

vGood	Manufacturing	Properties
§ Machinability
§ Castability
§ Weldability

The	Army	is	interested	in	Magnesium	for	
Light-Weight	Tank	Armor	because	it	has…

[2]

Combined Load Yielding

Example of a 2D Yield Surface for 
orthogonal loading axes.

Slices (Planes) of Interest in a 
Rolled Sheet showing exemplar 
grain structure for rolled material.

Custom Hydraulic Load Frame for Biaxial Loading while in a 
High Energy X-ray Beam

Custom Cruciform Sample Geometries for various degrees of 
maximum stress transferred to the test region.  Maximum 
stresses transferred are Blue: 400MPa , Yellow: 800 MPa , 
Red: 1700 MPa.  Test region is the small central circle.

2D Diffraction Patterns taken every 0.1˚ of load frame rotation.  Here a composite is shown for 26˚ of 
rotation.  High Energy Diffraction Microscopy (HEDM) is a novel technique that uses these patterns to 
extract information regarding individual grains including size, position, orientation, and elastic strain.

vLoad Samples in any Plane Stress Configuration
vTrack Grain Level Information including “Stress”
vUse Surface Measurements to Track “Strain”
§ Not Shown: Digital Image Correlation (DIC) for Surface Strain

Strength vs. Density of Metals

Plots Representing Grain Level Elastic X Strains at Load steps 0 and 3

Hexagonal Prisms Represent each Grain’s center of mass (x,y,z location), relative volume, and orientation relative to crystallographic unit cell.  The color 
of each hexagonal prism, as indicated by the color bar represents the magnitude of the elastic (lattice) strain in the x-direction for two load steps stated by 
the subtitles.  Directions related to the processing coordinates, specifically the roll direction (RD) and normal direction (ND) are indicated for each plot.

By combining the HEDM technique with 
in-situ loading, grain level information can 

be gathered at every load step during a 
biaxial test.  These data can then be 
averaged and used to determine 

polycrystalline yield stresses or considered 
separately for grain scale effects.
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The loading direction has tremendous 
influence over properties in Magnesium 

Alloys.  This directional nature comes from 
a low crystal symmetry (see below) and 

variance between tensile and compressive 
responses due to texture (see right).

This means that Magnesium 
Alloys cannot be characterized 
by traditional uniaxial tests due 

to their anisotropic nature.

Goals
vProbe the Yield Surface
vStudy Path Dependence

v Investigate Plastic Flow Behavior 

Plan of Attack
vLoad to several points and track stress vs. strain.
vLoad to similar points using various load paths and observe the interplay of micromechanics 

and macroscopic path dependence.
vDetermine if direction of plastic flow differs from direction of applied load in Mg alloys for the 

purpose of materials models, and investigate the micromechanical influence on this behavior.


