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● Engineering predictions?

● Mathematical solutions?

● Numerical approximations?
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● Finite-element interpolation:

● Strains at Gauss quadrature points:
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Sequence of 
uniformly converging data sets 
(increasing number of points, 

decreasing scatter) 3D truss structure

T. Kirchdoerfer and M. Ortiz, CMAME, 304 (2016) 81-101.



Sequence of 
uniformly converging data sets 
(increasing number of points, 

decreasing scatter)

Convergence with respect to 
material data set towards 

solution of limiting problem
(nonlinear elasticity)

T. Kirchdoerfer and M. Ortiz, CMAME, 304 (2016) 81-101.



Fixed-point iteration,
manifold data set D

Fixed-point iteration,
point data set D

• Implementation?
• Convergence?





cf. S. Reese’s lecture!
Wednesday 12, 14:00-14:45



– Using commercial software

Demo example:
Left: Reference FE 
Right: DD-ABAQUS

E. Prume, L. Stainier, M. Ortiz, and S. Reese, 
Proc. Appl. Math. Mech., 5 October 2022.



Material data
assignment

Gauss point
material states 

Material-
independent

linear problem

Material 
data

lookup

DD

– Data flow



Fixed-point iteration,
affine data set D

Fixed-point iteration,
point data set D







Sequence of 
uniformly converging data sets 
(increasing number of points, 

decreasing scatter) 3D truss structure

T. Kirchdoerfer and M. Ortiz, CMAME, 304 (2016) 81-101.



Sequence of 
uniformly converging data sets 
(increasing number of points, 

decreasing scatter)

T. Kirchdoerfer and M. Ortiz, CMAME, 304 (2016) 81-101.

Convergence of fixed-point solver: 
Each iteration requires two back-
substitutions for standard linear 
systems and one material data 

search/member



• DD FE calculations
• Finite elasticity
• Twisted elastic rod
• Random Green-S. Venant
• 10,000,000 data points

• DD FE calculations
• Linear elasticity
• Perforated plate
• Synthetic data 

R. Eggersmann, S. Reese
RWTH Aachen (2019) .

A. Platzer, Doctoral Thesis, 
École Centrale de Nantes, 2020.

cf. S. Reese’s lecture!
Wednesday 12, 14:45-15:30

cf. L. Stainier’s lecture!
Thursday 13, 11:00-11:45





Sketch of thin dog-bone tensile 
specimen loaded in tension.

The thickness of the sample is 1mm,
plane stress is assumed.

Isometric view 
of simulation set-up in 3D 
consisting of two rigid pins 
and the tensile specimen

Coarse mesh with 811 hexes, h  1mm Fine mesh with 6428 hexes, h  0.5mm



T. Kirchdoerfer and M. Ortiz, CMAME, 304 (2016) 81-101.

Convergence with respect to 
material data set,

uniformly sampled cube in
(𝜎𝜎11,𝜎𝜎22,𝜎𝜎12) space

T. Kirchdoerfer and M. Ortiz, CMAME, 304 (2016) 81-101.

Convergence of fixed-point solver: 
Each iteration requires two back-
substitutions for standard linear 
systems and one material data 

search/member



• Application: Rubber sealing
• Sealing for doors, windows
• Self adhesive, loaded by pressure

• Open-cell foam
• isotropic material
• 3D computation
• Microscopic data generation: 

linear/non-linear regime

T.F. Korzeniowski and K. Weinberg, CMAME, 400 (2022) 115487.

– Rubber sealing



• Data sets:  
1. apply deformation
2. compute RVE and determine average stress
3. collect data pairs 
• Case D: non-linear, isotropic
• superpose 6 different loading scenarios (unit loads)

• 3D open-cell foam RVEs:

– Rubber sealing
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T.F. Korzeniowski and K. Weinberg, CMAME, 400 (2022) 115487.



• Cauchy stress distribution (vertical)
• Start with a coarse level of data 
• Identify data points of interest 
• Do additional RVE calculations
• Redo computation at finer level till TOL

• Shear stress at level 1 and level 4

– Rubber sealing

T.F. Korzeniowski and K. Weinberg, CMAME, 400 (2022) 115487.



to be continued…
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