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Application of Contlnuum Damage Mechanics to Predict Low Cycle Fatigue Life
under Nonproportional Loading
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ABSTRACT

A multiaxiel failzue ijife

assessment vas developsd by application of  Continuum

Damage Hechanics., & kind of cyclic @
arily
i

a1

golien matarical 42CrHo was used as loy oycle
i this life prediciion and dawagc ssscssmnent.
Tests and analysiz  shown that 9 aey aphroach could successiully appliogis
fatigue life prediction under compley muiltiavial toadiags.
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fatigus issie in order o ver

! THTRODUCT I OK

Hany structural sembers and machine componenis are subjected to remsaled loading
which say lgad to itheir Fallure due to fatisus. In aany praciical zituwation the
toading are complex, i.e. the corresponding principal stress are nonproport jonal
or the principal directionz chahg during a cvcle of the loading., Fatligue under
such  leading is generally reffered io as multiaxiz) fatigue. 7L fe prediction of
parts subjectsd to fatigue is of prige ieportance for thzir !zaﬂﬁe dazisgn  and
safe in service inspection. Such s prediction is often based @n simple labovatory
{esiz upder uniaxial loading and ap aporogriate muitiaxial fatigie rule or
criterion. The ?dfiaa is csgentially & vrescription for refducing the compley
ﬂ\

mulliaxial to an "eguivalent” uniaxia! loading.
Cumulative fatigus damage analysis uging cont inouw damage mechanics ig a
uable approach to prediction fetisue life. In the last decads, Al though
continuun dawage Hechanics have mards grest sdvance it only exolained wuniaxial

fatigue successlful under sigple loading history. Lh hochs developed 2 Non-Linear-
Cont invous-Damage mods] to describe nonlinear accuswlalive fatigue dawage
{chaboche et al. 1974). This aodel was hased on the physical idea thal a crack
was preceded by a progresgive Internal deleriovation of ihe mcterldi The present
paper research nonlinear accumulaiive fatigue demage under muliiaxial loacdis ing
and develop & Hon-Linear-Cont inuous-Demagze mode! under nonproportional leading.
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Jo.4 fdentification of maierial coefficients
Low-cycle fatlgue [ifz2 assesswent in torslon vas obiained (Leese 2t al.
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3.5 Fatigue life prediciion
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Damage svolution eurve for square strain pailh shich honprobortjonality  is
i a8, and
aexperinental [ife is 735. This results is very gaiisifisd, Alj resulis is shown

“B.6370s shovn in Fig.d, Predicted fatigus !ife by eguation (13) s
in Tahle 2.

Table 2. Failigue life nrediciion
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For general straln path life assessment gay be reyriiten as
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H(< ) iz additional damage function depsnd on nonproporiional loading path. For
nroporiional loading =8, theh @)=Y, Fauaiion {177 retwrng to sguation (143,
ithe lay of Hanson~Coffin under torsion.

4 CONCLUSIONS
Based on the experigenial results apnd Non-Linear-Coniinuous- ~Jamage wodel, ihe

folloving conciusions can he mads,
. For combined tension and torzion lesding the maximus plagtic shear straln say

correlate lovw cycle fatl Life

2. This mwﬁPF I tow oycle “aiiwu@ ife under various nonproportional
loading including dﬁ@ﬂ@fiﬂ@ﬁ&] E@."“ ialn satisti lts,

3. G “Ploﬂ@n witd ‘ah‘ ; contain multiaxial

informaticn, In o oadd it i yole ?;t'vvn nonpioport lonal leading
was used as fdopt iy fent.

4. From egquation (§7) we « MHSQG?F divinition of nonproporiionalits and  fupchion
Y021 ig very imporiant. Hors superimenis =111 be needed.
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Fig. 1. Stable hysteresis loom (8) circls {h) square.



