
HAL Id: hal-04420348
https://hal.science/hal-04420348

Submitted on 9 Jul 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A multi-mechanism model for fast characterization of
high cycle fatigue of alloys in the presence of

process-induced pores
Abhishek Palchoudhary, Vincent Maurel, Cristian Ovalle, Pierre Kerfriden

To cite this version:
Abhishek Palchoudhary, Vincent Maurel, Cristian Ovalle, Pierre Kerfriden. A multi-mechanism model
for fast characterization of high cycle fatigue of alloys in the presence of process-induced pores. Ecole
d’été MEALOR II - Mécanique de l’Endommagement et Approche LOcale de la Rupture, Aug 2023,
Banyuls - sur - Mer, France. �hal-04420348�

https://hal.science/hal-04420348
https://hal.archives-ouvertes.fr


A multi-mechanism model for fast characterization of high cycle 
fatigue of alloys in the presence of process-induced pores

AUTHORS

A. PALCHOUDHARYa

V. MAURELa

C. OVALLEa

P. KERFRIDENa

2023

CONTACT

abhishek.palchoudhary@minesparis.psl.eu

FURTHER READING

MICRO-INCLUSION MODEL

RESULTS - MODELLING INFLUENCE OF PORES

HIGHLIGHTS CONTEXT

Palchoudhary, A. Maurel, V. Ovalle-Rodas, C. Kerfriden, P. 2022. A fast Neuber-type finite element simulator to enable deep-learning-based 
fatigue life predictions from thermographic data. Congrès Français de Mécanique, Nantes, 2022.

aMINES Paris, PSL University, Centre des Matériaux (CMAT), CNRS UMR 7633, BP 87 91003 Evry, France

Yield of the weakest inclusion is defined as Σ∞  and 
the distribution for its appearance becomes a 
2-parameter Weibull due to the assumptions

Fatigue life (NR) is derived via a critical value of cumulated 
plasticity of the weakest inclusion (Σ∞). The stochasticity

of Σ∞ makes NR a probability distribution.

Size effect modelled: 
Bigger specimens have more chance of 
critical defects, and a lower fatigue life

Size effect modelled: 
For specimens of same volume: Thinner 

specimens have more pore-surface interaction, 
severe stress gradients & a lower fatigue life

Uncertainty of two processes modelled:
1. Micro-defects, via the micro-inclusion model

2. Meso-pores, as the distribution of pores
 is changed with every sample

Original Specimen (r, L)
V≈600 mm3

Thin Specimen 
(r/4,  42L)     V≈600 mm3

1 mm

#1 #2 #30

Assumptions: Micro-plastic inclusions appear 
according to a Poisson process in a volume V

 (with intensity as a power law of the loading Σo)

Model the fatigue life dispersion 
due to defects at two scales: 

micro-heterogeneities & pores

Objective

As cast (porous) HIP (non-porous) 

Cast Al-Si7Mg0.3 alloys Viet Duc Le, 2016

Doudard 2004,
Ezanno 2014
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EXTENSION TO HETEROGENOUS STRESSES

Tomography of planar specimens

Probability of structure surviving is governed by 
the probability of its constituent elements surviving 

Macro-fatigue life (NR2), governed by cumulated plasticity in a 
stabilized cycle calculated via identified Chaboche law

A transition between the two plasticity mechanisms is 
implemented at the local, element level. 

Weakest link over all elements for fatigue life

Plasticity due to pores: 
Need for a second mechanism

Multi-mechanism model 
for porous and non-porous specimens

Yield σy = 170 MPa
Stress concentration 

factors can be as 
high as 6 to 7 
due to pores

The micro-inclusion model is not applicable when the local 
loading is higher than σy, as there exist plastified zones 

which needs analysis on a seperate scale.

Accelerated plasticity calculations
Module based on reduced Neuber-type rules adapted to 

fatigue loading [Palchoudhary et al. 2022], with a Gaussian 
Process  for full-field plasticity approximations in a cycle.

Elasto-plastic FE calculations can take days, proposed 
method takes minutes (cost of an elastic calculation) 

The parameters µ = [m, So, A] are found over n experimental 
points over m levels of applied stress amplitudes via 

Maximum Likelihood Estimation

The parameters µ1 = [m, So, A] are found with non-porous 
specimens,  µ2 = [b, B, C, D, α] are found with porous specimens

Coherent predictions obtained for both types of specimens

Segmenting
+ Remeshing 
+ Size Filter

Extraction of random subvolumes 
into cylindrical specimens 

(used for fatigue experiments)

Courtesy Pierre Osmond 
(Stellantis/Cetim)

...

A micro-mechanical model is modified via a weakest link hypothesis to model HCF lifetime 
uncertainty in heterogenous specimens, with the parameters being identified via a maximum 
likelihood estimate.
The proposed multi-mechanism model takes into account uncertainty at two scales: micro-
defects and meso-scale pores of complex morphology, and is capable of taking into account the 
size effect.
Some pores show high stress concentration factors that cause plasticity even in the high-cycle 
fatigue regime, which is taken into account via accelerated full-field Neuber-type plasticity 
calculations for proportional loadings. The identified model is capable of fast prediction of 
fatigue life for porous or non-porous structures, with or without plasticification.
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