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Multiscale approach

🔘Experimental investigation of the behavior of the neat 
resin mechanical behavior

Dissipation

🔘 The study of fatigue behavior is time-consuming tests. 

🔘 Self-heating tests permit to reduce the time associated to 

this investigation [1].

🔘 For composite  materials, the self-heating curve is usually :
► piecewise linearly approximated as following two or three 

regimes
► the stress at transition is associated with a fatigue lifetime  

equal to 106 cycles.

🔘 Objectives : 
► nature of the mechanisms responsible of the dissipation
► linked between dissipation and fatigue

🔘Identification of a non-linear viscoelastic model
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Increase of temperature observed during a cyclic test

Self-heating curve

Mesoscopic behavior 
identify from results 
obtained on the RVEFinite Element 

calculation

◉Scale of 
the laminate

◉Mesoscopic 
scale

◉Microscopic 
scale

🔘Prediction of the behavior of the laminate thanks to 
successive change of scale (sequential approach)

This study belongs to the “Self-Heating” ANR-Safran-Naval group research chair (Grant ANR-20-CHIN-0004) involving the Safran Companies, Naval group, 
ENSTA Bretagne (IRDL) and Institut Pprime.

Results on the neat resin

🔘Identification  based on: tensile tests, progressive 
loading/unloading tensile tests and progressive 
creep/recovery tests (anhysteretic tests)

Prediction on a quasi-isotropic laminate

Form a  huge increase 
of the dissipation is 
obseved

🔘Validation using self-heating tests

The viscoelastic model permits to reproduce in a correct manner 
the dissipation of the laminate
Even if damage occurs in the 90°plies, since its dissipation is low, 
it has a low effect on the dissipation of the laminate

The dissipation is mainly due to the one of the 45 and -45° plies

The first part of the S-N curve is characterized by linear viscoelastic 
mechanisms. In a second part, the non-linear mechanisms become 
significant. This threshold could be considered as the fatigue limit.


