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Summary 

The research project was focused on analytical methods that would allow the prediction of the time and 

the place of crack initiation in steel structures under both static and cyclic loading. The steel structures 

laboratory of the NTUA was responsible for the numerical analyses of steel welded beam-to-column 

joints in moment resisting frames under cyclic loading. The relevant experiments took place at the 

University of Aachen. The applied loading history was derived through analyzing the response of 

structures with different geometries under various earthquake accelerograms. A manual was compiled 

that contains proposals on ways to choose a material of proper quality for structural details that may 

suffer from premature cracking. 
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Description of the research project PLASTOTOUGH 

Level 1: Analysis on overall frames 

It was conducted an investigation of the non-linear structural response of 8 building configurations 

(Moment Resisting Frames or Centrically Braced Frames) for 10 seismic records by means of incremental 

dynamic analysis (IDA). From the analyses the deformation requirements in terms of plastic hinge 

rotation histories were derived and served as the input for the large scale tests and the numerical 

investigations that followed. 

 

Fig.1 Description of analyses in typical building configurations 

 

Experimental investigations  

Level 2a: Large scale experiments 

The aim of these experiments is to study the deformation and the fracture behavior of structural details 

under static and cyclic loading. The specimens that were tested were wide steel plates under monotonic 

tension and welded beam-to-column joints. The specimens did not had any pre-existing flaws or notches 

to resemble the presence of cracks.  

     

Fig.2 Specimens from large scale tests 
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 Level 2b: Small scale experiments 

The aim of these experiments is the determination of the steel characteristics. In detail, the basic 

material characteristics were defined by means of chemical and microstructural analysis. The mechanical 

properties were calculated by using the Charpy test and the hardening parameters under monotonic and 

cyclic loading conditions were determined with tensile tests. Additionally, the material strength in terms 

of crack initiation was studied by using fracture and damage mechanics tools.  

     

Fig.3 Small scale experiments and crack initiation in specimens 

 

Numerical investigations  

Level 3a: Small scale numerical investigations 

The aim of these analyses is to study the material’s progressive damage because of the mechanisms of 

void nucleation and coalescence. Different material models based on the concepts of damage mechanics 

were studied and eventually the damage curves were chosen mainly because of their simplicity and 

relatively easy construction. The damage curves provide a quantitative relationship between the material 

plastic strains and stress triaxiality at the moment of crack initiation.  

     
Fig.4 Numerical investigations for small scale experiments 

  
Level 3b: Large scale numerical investigations 

The current analyses aim at numerically calculating the time and place of crack initiation at the 

experimentally tested welded beam-to-column specimens and the steel wide plates. For the case of 

cyclic loading, the damage accumulation was calculated through the use of the effective damage 

concept. The results showed that there is a good agreement between the experimental and the 

numerical investigations.  

      

Fig.5 Numerical investigations for large scale experiments 



 

Analyses of results   

Level 4: Results post-processing  

Within this level, the results from the abovementioned procedure are presented in a way that will make 

them more usable in modern design practice. In detail, proper diagrams were constructed that relate the 

applied loading to the number of cycles under which a structural detail of a certain material is expected 

to crack. The damage accumulation follows a linear rule and the resulting diagrams are similar to the 

fatigue S-N curves included in EN1993-1-9.  

     

Fig.6 Calculation of S-N curves for the project specimens 

 

Application examples  

Level 5: Structural detail applications 

The current analyses aim at expanding the current methodology for structural details that are commonly 

used in design practice and to evaluate their fracture strength. The influence of the weld access hole 

geometry and the presence of backing bars in moment resisting frame beam-to-column connections was 

assessed. Alternative geometries were proposed that make the structural detail less susceptible to 

ductile crack initiation.  

     

Fig.7 Application of the current methodology for various structural details 
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