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Integration algorithm – Rate independent 
plasticity
• Stress update or integration in a strain-driven process

Known (or initial condition) Unknown (or to be updated)

Known (or prescribed at the
beginning)
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Integration algorithm – Rate independent 
plasticity
• Incremental form of rate-independent plasticity
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Integration algorithm in discrete form



Integration algorithm – Rate independent plasticity

• Incremental elasto-plastic initial value problem
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Integration algorithm – Rate independent 
plasticity
• Return-Mapping Algorithms – Isotropic hardening

• Trial elastic state or freezing plastic flow
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• Loading conditions
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- Trial state is admissible, and
its state is the solution (elastic)

- Trial state violates constraint
conditions and cannot be the
solutions



Integration algorithm – Rate independent 
plasticity
• Return-Mapping Algorithms – Isotropic hardening
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Integration algorithm – Rate independent 
plasticity
• Return-Mapping Algorithms – Isotropic hardening
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Integration algorithm – Rate independent 
plasticity
• Return-Mapping Algorithms – Isotropic hardening
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Integration algorithm – Rate independent 
plasticity



Finite element solutions of elasto-plastic IBVP: 
summary 
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Finite element solutions of elasto-plastic IBVP: 
summary 
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Our problem is to find the approximated solution u(x,t) in the finite element 
context!!

Spatial discretization – FE approximation
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Finite element solutions of elasto-plastic IBVP: 
summary 

Our problem is to find the approximated solution u(x,t) in the finite element 
context!!

Local approximation of a test function is (linear) interpolation as
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Finite element solutions of elasto-plastic IBVP: 
summary 

Our problem is to find the approximated solution u(x,t) in the finite element 
context!!

Computation of                      in element-by-element fashion ( ),h hG ws
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Finite element solutions of elasto-plastic IBVP: 
summary 

Our problem is to find the approximated solution u(x,t) in the finite element 
context!!
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How to calculate the internal force vector – need numerical integration
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Finite element solutions of elasto-plastic IBVP: 
summary 

Nonlinear solution procedure – iterative scheme
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Finite element solutions of elasto-plastic IBVP: 
summary 

Nonlinear solution procedure – iterative scheme

Step 1: incremental nodal displacement at k-th iteration (start from initial guess)
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Finite element solutions of elasto-plastic IBVP: 
summary 

Nonlinear solution procedure – iterative scheme
How to determine                 ? ( 1)
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Linearization

“Algorithmic tangent modulus”

“New guess”


