


Multiaxial fatigue
O uniaxial fatigue
O Owe stress (strain) component

O Fatigue related to amplitude and wmid value of this
component

O Multiaxtal fatigue ¥

0O SiLx 'Lwolepewolewt components

O what Ls the ampLLtuale and
mio value?

O Assume that, tn the general case, fatigue
behaviour is influenced by

O shear stress

O hy drostatie stress




0 The h gdrostatia stress s the mean value of
normal stresses actiwg on the matertal poiw’c

(positive in tension) \ $

O A tenstile (posttive) hgdrostatlc

stress opens up microscopie cracks .

Op — (O’x —|—O'y —|—O'Z)/3

v

O The h gdrostatia stress Ls a stress Lnwvartant
Oh — O0y44 / 3

O regardless of coordinate system




The shear stress unitiates sL'LP bawnds whieh Leads to
m'wroscopic cracks

Since a static shear stress have no influence on
the fatigue damage, the shear stress “amplitude” is
empLog ed

Two usual measures

Tresca sheayr stress

Ty = (01 — 03)/2

VOW MLsSes stress

owm = V(01 — 02)2 + (02 — 03)% + (03 — 01)2/\/5




Shear stress “amplitude”

Empirical experience: superposed static shear stress

does not have any tnfluence ow the fatigue Limit:
TFL — TFLP

whereas

OFL 75 OFLP

A shear stress “amplitude” is therefore needed in
multiaxial fatigue tnitiation (HCF) criteria

This “amplitude” the difference between current
shear stress magwnitude and the mid value of the

shear stress for the current stress Y cle




normal vector:
= [s1n(0)-cos(¢), sin(0)-sin(p), cos(0)

stress vector: §; = 0;;1;

shear stress: T; = O;;n; — (; Oy NN,

component normal stress: 0 —n i1
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OO The stress tensor

O xx Txy Tz

O:=|T O T

7 Y< 0

X sz O

Wz
T

0 spLLt tn a volumeetrie and a deviatorie part

GF R I Q= (A G =

TyZ ny T)’Z = Oh

T

0 T
1_

1
T Tzy Ozl LBES0

X

= GhI +S d
0O the volumetrie part contatns the hgdros’cat’w stress

O the deviatoric part reflects the shear stress




“Amplltude of deviatoric stress

O-?j,a(t) = O-dj (t) P O-’flj m

N —

~time dependent
with ¥ from

min[max(th)[Jz(Ud- (t)—(fd )]

17,m 17,m

where

3
et s d: 2=dl
Jo = oo = \/zawaw




O We cawn express the “a mpLLtuole" of the Tresca and von
Mises stress using this “amplitude” of the deviatoric
stress tensor

7_Tr,a (t)
witth

02,1(75) = 02,3(75)
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Criteria for equivalent stress

O Pang vawn

OEQDV(t) =

with
e o (t) + ayg(t) + o, (%)

O Crosslawnd
3
orqc(t) = \/§Ug,z‘j (8)08 5;(t) + ccOh,max
with

Oh,max = Maz¢(on(t))




Proportional multiaxial loading

0 'Propor’ciowaL loading

Glj S aij " Cij f(t)
a; and c; are constants
f(t) is a common time function

Fixed principal directions:
the compowewts correspond to a fix dwec’cww

951} (0 sp0] loil) 4 ]
o(t) = | T5:(t) o5, (1) 15 0o i) 0

T St 02 ) =0 0 ag(t)_

a0 e e 0 O
0 ay O [+[0 5 0| f(r)
Ocs 20 =gt 00




Stress components Principal components of the devialonc stresstensor-t=1

1020 30 40 50

time Sd11

Hydrostatic stress von Mises effective stress




Shear stress “amplitude”

O For tn-phase loading with fixed principal divections
(proportional Loading), we can express the “amplitude” of the
Tresca and Vo Mises stress using the “amplitude” of the
deviatoric stress temsor

d d
_ 010 -03,(1) of () =of (H-0ofn
tTresca,a(t ) = 7 : ’

1 d d \2 (. .d e d \?
O'VM,a=ﬁ (Gl,a_GZ,a) +(02,a_03,a) +(G3,a_gl,a)

it can be showw that o, and 0,9 yields the same results

4 Ol,a_03,a = O'l,max_oil,min
TTresca,a = 7




Equivalent stress criteria

0O SiLnes

1 die e d d d \2
OEQS = NG (Gl,a = Uz,a) + (Uz,a =g 3ass Ul,a) + CSOh,mid = OeS

0 Crossland

2

| 2 D
GEQC = E (Gl,a L GZ,a) 5 5 (GZ,a L 03,21) s (03,3 iy Gl,a) an CCGh,maX > GeC

O Pang vawn

o Y s 03,21
OEQDV = > + CDVOh,max > OeDV




