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Finite Strain Plasticity 

Topics: 
  
•  1-D Model with multiplicative kinematics 

•  General isotropic 3-D model 

•  Exponential map-based integration algorithm 

•  Consistent tangent operator 



Computational Plasticity 2 

1-D Model with Multiplicative 
Kinematics 
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Axial stretch 

Plastic axial stretch & unstressed configuration 

Elastic axial stretch 

Then, the multiplicative split 

follows naturally. 

1D Multiplicative Kinematics. Justification 



Computational Plasticity 4 

1D Hencky Hyperelastic Law 

Yield function & elastic domain 
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Flow Rule 
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Hardening 
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General Multi-dimensional Model 
with Multiplicative Kinematics 
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Multiplicative split of the deformation gradient 
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Elastic and plastic stretches and rotations 

Elastic and plastic stretches and rotations 

Plastic stretching and spin 
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Spatially rotated plastic stretching 
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Logarithmic elastic strain measure 

Deviatoric-volumetric split 
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General isotropic large strain elasto-plasticity model 

Hyperelasticity law 

Yield function & yield criterion 
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Plastic flow rule 

…recall 1D counterpart 

Internal variable evolution 
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Dissipation inequality 

Volume-preserving plastic deformations 

Some important properties 

Logarithmic 
volumetric 
plastic strain 
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Plastic incompressibility at finite strains 

Analogous to the 
small strain theory!! 
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General 
Elastic Predictor/Return-mapping 

Algorithm 
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Plastic flow discretisation. Exponential map backward scheme 

The exponential 
map algorithm is 
particularly 
suitable for the 
present plastic 
flow equation 

Important property. Exact volume-preserving discretised flow 
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Equivalent elastic deformation gradient update 
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Logarithmic elastic strain-based update. Small strain format 

Small strain format !!! 
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General 
Consistent Spatial Tangent 

Modulus 
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General formula 

Algorithmic constitutive function 

Consistent stress derivative 

small strain format 

kinematics 
only 
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Final format 
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Quadratic rates of asymptotic convergence.  
Example 14.9.1 Tresca bar 


