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Project tasks: 

DEM-C2 

Month Task 
1-6 Generate RVE with realistic 3D microstructure of the packet structure in prior 

austenite grains. Cohesive zone model and conventional elastic-plastic 
descriptions.  

6-12 Use homogenized plasticity model for packets from C1 (alternative: non-local 
crystal plasticity descriptions) to improve microstructural simulation. 

13-18 Develop discrete void-forming damage model that is material-, rate-, and 
temperature dependent. 

19-24 
 

Perform parameter studies to identify the influence of microstructure, grain size 
and texture on fracture toughness; comparison with experimental results. 

1-24 Validation experiments on samples with different microstructures, 3-pt-bending 
tests on precracked specimens. 

24+ Receive segregation data from A2, B2 and perform quasi-static fracture 
simulations; further validation with experiment; continue to improve model by 
including internal stresses. 

Outlook Include temperature in description to simulate microstructural changes at elevated 
temperatures; extension of fracture model to creep conditions. 
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Summary: 
Tempered martensitic steels are widespread structural materials of high industrial relevance. 
In the process of investigating and determining damage-tolerant microstructures of tempered 
martensitic steels, studies at the scale of the microstructure are of essential importance to 
link the findings of the fundamental DFT and atomistic studies to macroscopic properties. 
Only at the scale of the microstructure can the multiple mechanisms be implemented and 
compared with respect to their influence on fracture initiation and propagation. As part of this 
project, those microstructures, textures and block/packet arrangements are identified that 
retard or promote crack initiation and growth. 
As part of the project (20-30% of time), pre-cracked specimens of millimeter size will be 
experimentally tested by three point bending to identify the fracture toughness in various 
microstructural states (e.g. different carbon content, different prior austenite grain size, 
different textures). To accomplish this, specimens with a pre-crack will be machined and the 
crystal structure in the near-crack tip domain is identified by EBSD. The three-point bending 
fixture of Eggeler will be used to determine the critical load and the load-displacement curve 
at room temperature. Moreover, the crack path will be determined and compared with 
observations of the undeformed sample to identify the crack segments that are trans- and 
those that are intergranular. The experiment will be interrupted multiple times to rescan the 
crack-tip domain by EBSD to identify microstructural changes that occur due to plasticity and 
the local stress field. 
A void formation, growth and coalescence model will be developed and implemented as part 
of this project. The material-, rate- and temperature-dependent model will include the 
development of voids in regions of high stress state. The discrete voids will grow according to 
a model, similar to the Gurson-Tveergard-Needleman model and will coalescence with each 
other if the separation to the neighboring void decreases below a threshold. 
The void damage model will be employed alongside cohesive zone models, which prescribe 
the tractions across a straight crack depending on the separation of the crack. The 
combination of the two models will allow comparison of the influence of both deformation 
mechanisms: the void-forming mechanism and the cracking due to separation. 
The project will benefit from the collaboration with the A2 and B2 subprojects. Especially, the 
A2 project, will deliver segregation data and the corresponding mechanical property data 
(energy-separation curves), which will be included in the model to accurately describe the 
deformation of the microstructure. Further atomistic input will be received from subproject S3. 
Critical input data concerns the microstructural state of materials with different carbon 
content and heat treatments. Here the risk is reduced because experimental data as well as 
input from phase-field simulations can be used. 
For the continuation of the project, it is envisioned that microstructural changes in the near-
crack region, such as dynamic recrystallization and deformation-driven grain boundary 
motion, are included in the description. Furthermore, it is planned to take segregation effects 
into account, based on atomistic models and phase-field simulations. In the last year of the 
demonstrator project the deformation and damage mechanisms at elevated temperatures 
can be investigated by including temperature-dependent descriptions. 
 
 


