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ABSTRACT 

Lifetime aspects including fatigue failure are traditionally of major importance for the safety of 

components and structures. Because the overall lifetime spans over millions of loading cycles, most 

approaches used for fatigue problems are of an empirical nature. Nevertheless, these techniques do not 

reflect a realistic degradation of the material in each loading cycle. Therefore, reliable numerical models 

to predict the performance of such components over the lifetime are required. 

A key challenge of those models is to address issues related to fatigue on the structural level. This is due 

to the enormous computational costs arising from solving each load cycle by conventional temporal 

incremental integration. Despite the permanent increase of computational resources, a successful 

approach is rather based on the development of multiscale in time integration schemes.  

A Fourier transformation-based temporal integration (FTTI) is represented, which takes advantage of 

the temporal scale separation incorporated into an extrapolation procedure. The response fields are 

approximated by a Fourier series whose basis functions reproduce the oscillatory fast-time scale, 

whereas the Fourier coefficients undergo the evolution on a long-time scale. This is correlated with the 

evolution of permanent deformation and material damage. In this way, a remarkable speedup is achieved 

because the number of cycles to be fully integrated dramatically decreases. A further idea behind the 

FTTI method is that the global in space equilibrium problem is linear since it is decoupled from the 

evolution equations. Consequently, integration of a single load cycle is much more efficient than the 

conventional single scale integration. 

The performance of the FTTI technique is demonstrated for two different constitutive behaviors: a 

viscoplastic model with a damage variable; a quasi-brittle response where the damage variable is driven 

by a non-local equivalent strain. The FTTI solutions agree very well with the reference solutions while 

significantly reducing the computational costs. 

 


