
Nonlinear Finite 
Element Methods

Material nonlinearities

Vinh Phu Nguyen

Wednesday, May 22, 



Sources of nonlinearities
Geometrical nonlinearities

Material nonlinearities

plasticity

damage

cohesive zone models

visco-plasticity

� = f(✏,↵)

Boundary nonlinearities 
contact problems

plasticity

large displacement/rotation (structural instability)

finite deformation: large strain (metal forming)
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Material models

Rate independent Rate dependent

(Time independent) (Time dependent)
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Elasto-plastic
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strain rate

Thermodynamics+experiments
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Storage of history vars
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Isotropic damage model
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Isotropic damage: stress update
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PyFEM

Wednesday, May 22, 



One-dimensional elasto-plasticity 

15

isotropic hardening

two history variables/GP
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Convergence rate
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Convergence criteria
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Modified NR methods
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Direct displacement control
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Divergence issues

20

the system is failed structurally or numerically???
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Elasto-plastic models

21

Wednesday, May 22, 



Linear visoelasticity
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