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Motivation

 Ductile failure in large deformation plasticity
 Mechanics of failure

 Numerical methods

 Boundary value problem

 Load paths

 Improve models for plastic deformation
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Yield Function

 The general form we will use for the yield function is as 
follows
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 This defines a surface in stress space – the yield surface

 Assume associated flow



Isotropic Plasticity Models
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von Mises – 1 parameter

Hosford – 2 parameters



Orthotropic Plasticity Models
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Hill – 7 parameters

depends on material orientation



Orthotropic Plasticity Models
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Barlat (Yld2004-18p) – 20 parameters *

* Barlat et. al., “Linear transformation based anisotropic yield functions”, IJP, v. 21, 2005.



Orthotropic Plasticity Models
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Model Hierarchy

• Models are related to each 
other

• Other models to consider
• Karafillis-Boyce
• Cazacu



Barlat Model

2090-T3 Al *

* Barlat et. al., “Linear transformation based anisotropic yield functions”, IJP, v. 21, 2005.



Hosford and Barlat
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Hosford and Barlat Model

11



Hosford and Barlat Model
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Hosford and Barlat Model
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Hosford and Barlat Model
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Hill Model

2090-T3 Al *

* Barlat et. al., “Linear transformation based anisotropic yield functions”, IJP, v. 21, 2005.



Hill and Barlat
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Hill and Barlat Model
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Hill and Barlat Model
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Hill and Barlat Model
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Hill and Barlat Model
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Hill and Barlat Model
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Rate Formulation

rate form of the model

additive decomposition of strain rate

associated flow



Return Mapping Algorithms

plastic strain residual

equations we want to 
solve

unknowns

yield function

plastic strain increment

trial stress



Iterative Algorithm
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create iterative solution for unknowns 

two algorithm to solve for increment in unknowns

• Newton

• line search based on Newton



Newton Algorithm
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slope of hardening curve

Hessian

von Mises



Line Search Algorithm

search magnitude

search direction

search direction comes from Newton algorithm

need to determine “best” value for 



Line Search Algorithm *

residual

merit function based on residual

…as a function of a

we want

if we get this, then the solution is 
improving

* Perez-Foguet and Armero, “On the formulation of closest point projection algorithms in elastoplasticity – part II: 
globally convergent schemes”, IJNME, v. 53, 2002.



Line Search Algorithm

check

Yes

use Newton

No



Hosford Model
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Hosford (a=6)



Hosford (a=8)



Hosford (a=100)



Visualization
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Simo and Hughes, Computational Inelasticity, 1998.



Hosford (a=8)
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Newton algorithm



Hosford (a=8)
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line search algorithm



Hosford (a=8)
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Newton and line search algorithms



Hosford (a=8)
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merit function



Hosford (a=8)
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merit function



Hosford (a=8)
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return map with hardening



Barlat Model
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Barlat Model



Aligned with Material Axes
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Orthotropic Plasticity Models
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Components in 
material coordinate 
system

If trial stress is aligned with material coordinate system, then the 
solution stays aligned with the material coordinate system



Barlat Model

45 degrees about x1 axis



Not Aligned with Material Axes
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Not Aligned with Material Axes
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Not Aligned with Material Axes
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Not Aligned with Material Axes
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Not Aligned with Material Axes
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Barlat Model

6111-T4 Al *

* Barlat et. al., “Linear transformation based anisotropic yield functions”, IJP, v. 21, 2005.



Barlat Model



Barlat Model

45 degrees about x1 axis



Example Problem
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2090-T3 Aluminum



Pressure
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Axial Load
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Stress Paths
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Stress Paths
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Uncertainty Quantification

• Can we use the Barlat model 
to same something 
quantitative about model 
form uncertainty?

• How does the choice of 
model affect our analysis?



Conclusions

• isotropic/anisotropic yield descriptions

• robust integration algorithm

• capability can be used for other yield surfaces

• can we fit the models?

• can we extend to viscoplastic models?

• can we get quantitative model form error and UQ?

• can we model anisotropic hardening and failure?


