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Computational Treatment of 
von Mises Plasticity 

Topics: 
  
•  Integration algorithm. Elastic predictor-plastic corrector 

•  Consistent tangent operator 

•  Elasto-plastic Incremental Boundary Value Problem solution 
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Integration Algorithm 
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General elastic predictor/plastic corrector scheme 

Elastic predictor 

Admissibility check 

IF 

ELSE 

Plastic corrector 
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Geometric interpretation 
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Alternative procedures 

Generalised Trapezoidal Return Mapping 

Generalised Mid-Point Return Mapping 
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Application to the 
von Mises model 
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The model. von Mises with isotropic hardening 
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… recall general scheme 

Elastic predictor 

Admissibility check 

IF 

ELSE 

Plastic corrector 
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Elastic trial step 

Plastic admissibility check 

IF 
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ELSE…   solve plastic corrector system of equations: 

8 coupled scalar equations in 3-D 
6 eqs in axisymmetric case 
5 eqs in plane strain case 
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Single-equation return mapping 

Volumetric/deviatoric split 
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… recall plastic consistency equation 

combined with 

gives the single-equation return mapping 
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Algorithmic incremental constitutive function for the stress tensor 
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Return-mapping solution. Newton-Raphson Method 
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Finite step accuracy. Iso-error maps 
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Consistent Elasto-plastic 
tangent operator 
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consistent tangent 
operator 

Algorithmic constitutive function for von Mises model (implicit algorithm) 

Algorithmic constitutive function derivative 
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…equivalently, we have 
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Elasto-plastic consistent tangent operator. Derivation 
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…recall that 

so that we obtain 
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…further, we differentiate the return mapping equation 

and obtain 

Finally, we get the closed form expression for the consistent tangent 
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Solution of the incremental 
boundary value problem 
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Incremental boundary value problem. Principle of Virtual Work 

Finite element-discretised IBVP 
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Newton-Raphson iterative solution 

Convergence criterion 
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Newton-Raphson iterative solution 
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Example. Pressurised cylinder 
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…quadratic convergence in equilibrium problem solution 


