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NOTA : This talk is mainly based on the direct physical observations done within the PhD thesis of  A. 
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Surface plays a key role in the fatigue strength of metallic alloys, especially in high cycle fatigue regime
(1E6 – 1E7 cycles) because material defects are present at the surface or in the subsurface of components.
But, internal fatigue crack initiation and growth are very often observed in the gigacycle fatigue regime (1E8
cycles and beyond), i.e. for very low stress levels. The physical reasons explaining why crack initiation shifts
from the surface to the bulk when the cyclic load level is decreased are still not very clear. Based on in-situ
ultrasonic fatigue tests,  this talk shows recent advances in understanding crack initiation and early crack
growth in a cast Al alloy [1] and a Ti-Al alloy [2, 3]. The experiments were carried out in air under axial
fully reversed loading with an home made ultrasonic fatigue testing device. For the cast Al-alloy (with a
relatively large grain size), it is shown that crack initiation does not represent the major part of the fatigue
life  in  the  gigacycle  regime,  but  the  crack  strongly  interacts  with  the  microstructure.  Internal  crack
propagation kinetics are compared to crack propagation data at 20 kHz in air and at 20 Hz in vacuum (from
literature). For the Ti-Al alloy, two series of smooth specimens were tested. One batch with an artificial
internal  sharp  notch  with  a  chimney which  brings  air  from the  surface  to  the  internal  notch.  And  the
specimens of the other batch are not linked to the surface. By connecting the artificial internal notch with the
surface,  these  experiments  report  the  first  direct  observations  that  internal  cracks  in  contact  with  air
propagate like  surface cracks in air  for  the  studied alloy.  Furthermore,  it  is  shown that  there is  a huge
difference in lifespan – for the same stress amplitudes – between cracks in contact with air and internal
cracks (i.e.  under vacuum environment). The physical nature of the concept of fatigue limit is discussed
based on these direct observations.

References
[1] Messager, A., Junet, A., Palin-Luc, T., Buffiere, JY., Saintier, N., Ranc, N., May, M., Gaillard, Y., King,  
A.,  Bonnin,  A., Nadot, Y. In situ synchrotron ultrasonic fatigue testing device for 3D characterisation of 
internal crack initiation and growth, Fat. Fract. Engng Mat. Struct. 2020; 43, 3, 558-567. DOI: 
10.1111/ffe.13140. http://hdl.handle.net/10985/18362
[2] Hébrard, L., Buffiere, JY., Palin-Luc, T., Ranc, N., Majkut, M., King, A., Weck, A., Environment effect 
on internal fatigue crack propagation studied with in-situ X-ray microtomography Materials. Science & 
Engineering A., 2023; 882, 145462. http://hdl.handle.net/10985/24733
[3] L. Hebrard, T. PALIN-LUC, N. Ranc, Arnaud Weck, Thierry Douillard, Nicholas Blanchard, Sylvain 
Dancette, J-Y. Buffiere (2025) Deformation mechanisms at the tip of internal fatigue cracks in vacuum and in
the presence of an air environment in a Ti alloy, International Journal of Fatigue, 193, 108729, open access: 
https://doi.org/10.1016/j.ijfatigue.2024.108729 


