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Process chain for the development of material models
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Motivation

Process chain for the development of material models

aim of the development
development of materia l models

1. Analys is  of experimental data  to 
identify the phenomenology

2. Literature review
3. Formulation of the material model:

- Rheological model
- Formulation of free energy
- Evaluation of Claus ius -Duhem inequality

4. Development and implementation of 
s olution procedure

5. Identification of material parameters

bas is  for the development
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1 Material modeling at large s trains  bas ed on directly connected 
rheological elements

2 Encoding of rheological models

3 Genetic algorithm for the identification of material models

4 Res ults  of firs t identifications

5 Concluding remarks

Outline
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Material modeling at large strains based on directly connected 
rheological elements

Connection relations of a parallel connection
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Material modeling at large strains based on directly connected 
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Material modeling at large strains based on directly connected 
rheological elements

Rheological elements

model kit

elas ticity | hyperelas ticity

plas tic flow

vis cous  flow
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Material modeling at large strains based on directly connected 
rheological elements

Black Box for material model evaluation and parameter identification

Black Box
evaluation of material models:
- read the rheological model
- recurs ive evaluation of the 

connection relations

parameter identification:
- Levenberg-Marquardt a lgorithm
- parallel execution

Input
- s et of experimental 

data

- rheological model
- initia l parameters
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Material modeling at large strains based on directly connected 
rheological elements

Black Box for material model evaluation and parameter identification

Output
- identified material 

parameters
- error s um of s quares
- error mes s ages
- evaluated material 

model
Black Box

Input
- s et of experimental 

data

- rheological model
- initia l parameters
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- tree encoding for rheological connections

Encoding of rheological models

rheological connection
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Genetic algorithm for the identification of material models

Motivation for genetic algorithm

material model in FEM

experimental data

parameter identification

- evaluation of connection
- parameter identification

yes

no

creation of rheological models

- modification of known connections
- encoding of the rheological connection

genetic algorithm
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Genetic algorithm for the identification of material models

Genetic algorithm - procedure

initia l population

generation of new individuals
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- Mutation: „add to leaf“

Genetic algorithm for the identification of material models

Genetic algorithm – operators (examples)

- Crossover:„s ubtree“
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Genetic algorithm for the identification of material models

Genetic algorithm - procedure

initia l population

generation of new individuals

calculation of fitnes s
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Genetic algorithm for the identification of material models

Genetic algorithm - procedure

initia l population

generation of new individuals

calculation of fitnes s

fitnes s  proportionate s election

fulfillment
of exit condition?no

yes

end of a lgorithm
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- s ynthetic data:

Results of first identifications

Validation using synthetic data (viscoelasticity)

- identified material models :

19th generation, 
96th individual

9th generation,
44th individual

7th generation, 
34th individual

relaxation tes tmonotonic tes t
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Results of first identifications

Validation using synthetic data (viscoelasticity)
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Results of first identifications

Testing with experimental data

- experimental data:

41s t generation, 
205th individual

29th generation, 
144th individual

relaxation tes tmonotonic tes t

- identified material models :
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Results of first identifications

Testing with experimental data
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Summary
- realization of a  method for the automated identification of material 

models  a t large s trains
- firs t validation us ing s ynthetic data
- firs t tes ting with experimental data
Outlook
- improving the genetic a lgorithm and the black box
- definition of an experimental inves tigation procedure
- development of an analyzer of the experimental data

Concluding remarks

experimental data material model in FEM

black box

genetic 
a lgorithm
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Outlook: Analyzer of the experimental data
Aim:
- preselection of rheological elements and connection structures
Idea:
- definition of a testing directive and analysis with neural networks

Concluding remarks
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