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Diagram from I. Iaconeta, A. Larese, R. Rossi, and Z. Guo, “Comparison of a Material Point Method and a Galerkin Meshfree Method for the 
Simulation of Cohesive-Frictional Materials,” Materials, vol. 10, no. 10, Art. no. 10, Oct. 2017, doi: 10.3390/ma10101150.
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Where we were: Spring 2024 TST
● libCEED infrastructure

○ Operator evaluation at arbitrary points
○ Projection (lumped and consistent) from point to FEM fields
○ CPU diagonal assembly

● PETSc: DMSwarm for material point management
● Ratel: Initial MPM implementation
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Where we are: Fall 2024 Retreat

libCEED + Ratel
● Operators defined at points, with mixed FEM/point input/output
● Diagonal assembly of points operators for preconditioning
● Porting to GPU complete
● Bake-off Problems (BPs) implemented and verified for points operators:

○ Scalar and vector projection, Laplace, and collocated Laplace problems
● Linear and mixed linear elasticity implemented and verified
● Neo-Hookean elasticity implemented
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Big Picture

MPM material modeling is being 
abstracted to the same interfaces as 

FEM operations in Ratel



Where we are: Fall 2024 Retreat

Ratel iMPM
● Support for iMPM in Ratel improving

○ Drop-in replacement for standard FEM operators
○ Verified with BPs and static elasticity (linear and mixed linear) MMS

■ BPs include scalar and vector projection and Laplace problems
○ Quasistatic examples for linear and Neo-Hookean elasticity
○ Existing materials relatively easy to translate to iMPM now
○ Linear and Neo-Hookean damage in iMPM on the horizon
○ Performance optimization ongoing
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Where we are: Fall 2024 Retreat

Ratel iMPM
● Quasistatic Implicit complete

○ Point migration and projections all working
○ Newton linearization implemented
○ Jacobi preconditioner working

● Non-homogeneous material support
○ Support for material properties defined at points (e.g. λ, μ for Neo-Hookean)
○ Potentially, projecting material properties to the mesh will work better
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Big Picture

Ratel can do finite-deformation, 
implicit MPM with improving 

material support 
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Where we are: Fall 2024 Retreat

Code-to-code Sinker Verification problem
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FEM MPM



Where we are: Fall 2024 Retreat

Code-to-code Sinker Verification QOIs: Force-Displacement
● Refinement over 53, 103, and 153 element regular hex mesh, order 2
● Consistent projection shown, no substantial difference from lumped
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Development Progress

libCEED
● GPU support

○ Operator at points
○ Diagonal assembly at points
○ Fused operator kernels (ToDo)

Ratel
● Materials

○ Linear, mixed linear, and Neo-Hookean added
○ Finite strain damage model added and iMPM version is in progress
○ Linear poroelasticity added and finite strain case is in progress

● Optimizations
○ Project material coefficients to FEM nodes, then use Gauss quadrature
○ Total memory usage improvements ongoing
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