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Introduction - fatigue models

Either stress, strain or energy based.
Stress based criteria are commonly used in high-cycle fatigue

stress invariant criteria, Sines 1955, Crossland 1956, Fuchs 1979

critical plane criteria, Findley 1959, Dang Van 1989, McDiarmid
1990

average stress criteria, Griibisic and Simburger 1976,
Papadopoulos 1997.

Cumulative damage approaches.

A more fundamental approach based on evolution equations
proposed by Ottosen, Stenstrom and Ristinmaa in 1JF 2008.
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Evolution equation based fatigue model

[Isll

Key ingredients are:

Endurance surface
B(o,{a}; parameters) = 0,

evolution equations for damage
D and the internal variables {a}

{&} ={G}(o,{a})s,

and

D =g(3,D)B.
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Original formulation by Ottosen et al. for isotropic fatigue B Bl ey
6 Results

]_ = 7 Conclusions
b=— [\/ 3Jy + Al — 0_1} =0,
o1

where Jo = 1tr(s —a)?, Iy =tro, A=o0_1/00—1, and

Ta

0_1 = Oaf R=—1, 00 = Oaf R=0,

In what follows we use such short
hand notation

O_T = OT,af R=—1,

Om

2 @ o

00T = OT,af,R=0, etc.

-$ TAMPERE UNIVERSITY OF TECHNOLOGY Anisotropic fatigue — RK 24.9.2016 9/22




1 Introduction

- 2 Fatigue model
Endurance surface for transverse isotropy pseusesins

4 New forms
Simple transversely isotropic endurance surface 5 Bl cpEEns
(Holopainen et al. EJMA, 2016) 6 Results

7 Conclusions

B = { % 32 + AL, + AL, — [(1 - C)U—T + CU—L] } /U—T =0
where

IletI“O'L:I4, Iletrch:Il—M

(- (zuiony - (Y

Ii=tr(cM), Iry=tr(c°M), M=mQ®m

In uniaxial loading & = on ® n the (-factor has the form
¢ =(2cos’ ¥ — cos™ )"

where v is the angle between n and m.
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[4] New forms of the endurance surface
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B = (\/k)ljf +k‘2j5 +2]€3j2 +ALIL1 +ATIT1 — O'L) /U,L =0

where
Jy=tr[(s —a)M], Js=tr[(s—a)’M]

Parameters k1, k2, k3, A, and A, can be determined from simple
fatigue tests as fully reversed and pulsating axial loadings in
longitudinal direction and in the isotropy plane + fully reversed
torsion in the isotropy plane.

A restricted form can be obtained by constraint k3 = % — ko and
the torsion test is not needed.
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Evolution equations

For the internal variable o and damage

a=C(s—a)p,

D =
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Concluding remarks and future work

m Anisotropic, continuum based

m Multiaxial, applicable to
arbitrary loading history

m Parameter estimation - data to
the anisotropic fatigue?

m Unified LCF-HCF model

m Micromechanical motivation of
the evolution equations.
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