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Motivation

• Optimization time integrator is stable but requires .


• Implicit plasticity leads to  in general.


• Goal: use optimization time integrators to simulate general plasticities with 
large time steps.
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PlasticityNet

• Compatible with optimization 
time integrators.

• Learning an energy for plastic 
forces.
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Implicit Time Integration
Return mapping for plasticity
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Optimization Time Integrator
Integrability Condition (Li et al. 2022)

Without Plasticity (  ) : 
With Plasticity : 



PlasticityNet

Relaxation

Training:

*

Please see the description of the hardening state 
in the paper.

* 



Optimization Time Integration with PlasticityNet

Fixed-point Iteration

Stability Regularizer

Non-regularizedNon-regularized Regularized Regularized



Learning Return Mapping 
Elastic Region Neural Return Mapping:
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2D Sand

Ground Truth

dt = 1e-5 

Sand

Ours

dt = 1e-5 

IOU score plot

StVK Elasticity + Drucker-Prager Plasticity



2D Sand

Ours

dt = 1e-3 



2D Snow

Ground Truth

dt = 1e-5 
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Ours

dt = 1e-5 

IOU error plot

Neo-Hookean Elasticity + Cam-Clay Plasticity



2D Snow

Ours

dt = 1e-3 



2D Metal
Ground Truth


E = 1e7

dt = 1e-5 

Ours

E = 1e7


dt = 1e-5 

Metal

Position error plot

StVK Elasticity

Von-Mises Plasticity



2D Metal

Ours

E = 1e10

dt = 1e-2 



Learning Metal Plasticity Return Mapping

E = 1e10

dt = 1e-2 

Neo-Hookean Elasticity

Learned Von-Mises Plasticity



3D Examples



3D Sand
dt = 1e-3 



3D Snow
dt = 1e-3 



3D Metal
dt = 1e-2 



Thanks for Watching!


