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ABSTHACT

4 iwo-parmmetric deformation criterion of Tfatigue crack
wrowth in high-plastic steela 1s oropocsed. Its application
nllows to describe short fat CTACK h as wéll as to
take zsccount of the streas ratlo and 1 1n§ aycles Ireguency
Influence in high—temperature testing of materiala

EEYWORDS

leformation criterion of fatigue crack growth, high-tempera-
Flfm fatigue, stress ratlo and loading cycles rmquang?e in-
uence

INTRODUCTION

‘nvestigation of fat crack growth in h_‘ligh—plastic materi-
nls ulres aﬂ%llica ion of non-linesr fracture mechanics

-t?pma a:  J- tﬁfr&l, 0TOD. However, for aossessment of
hlgh-plastic materfal fracture, a two-criteria approach 13
naed (N s 1973, Morozov, 1975).

IInlike the above mentlconed parameters 1t takes 1ntc conside-
ration not only singular but ] compourd of the siress
tensor contribution Into fracture. Therefors there are no
rastrictions to 1ite apﬁicatim, typlcal of J-1nt . Beal-
‘es 1t 1s more slmple application and consists In determi-
nation of stress  intensi factor and stressea in netto-
sectlon. This approach 1a used, as a rule, 1n fracture tough-
ness assesament. The present r‘paper 13 aimed at developing the
two-parametric criteria of fat crack growth in plastic
materials, specifically in high-temperaturs iesting.
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EXPERIMENTAL PROCEDURE

Cantilever bending testing of aluminium beam specimens (5z23z
£180) have been performed under loading with frequency 0.1 Hz
and stress ratid R= -1. The material properties (99,5% Al,
o“: 52 MPa, 8= 29%) allowed simulation of high-temperature

testing. A model of non-linear-elastic beam bending was used
for evaluation of nominal stresses near the crack tip. This
model 1s based on the following assumptions:

- power law of relation of deformation to stresses

o) | € \" n=11f jo|<|o, |
1560 = 1B | %S {n<tif oo, (O
oys,sys— are stress and stain values, at which the law beco-

mes non-linear; n 1s a strain hardening coefficient;
- a plane sections law;

- beam hi%t was assumed to be equal to b=(B-a), where B is a
specimen hlght, a 1s a crack length.

w
Wr1t1n§ the equation for stresses equilibrium in netto-sec-
tion of the specimen, we obtain after transformations:

bz/2 r/; L 2

=bz/c, Z= = (2)

Y tb’c  (m2)z"

In this case y 1is a distance from a neutral” line ( 0=0 ) to a
point of section with o=oy8 (yleld point), M 1s a bending

moment, t 18 a specimen thickness.

The equation was solved by iteration method due to which a
8lze of the specimen part 2xy remain elastic strained af-
ter loading by moment M was obtained. Us two first assump-
tlons, the nominal stresses in the vicin ty of a crack tip
were evaluated.

A cgack closure was reglstered during sequence of the experi-
ments.

RESULTS OF MODEL EXPERIMENT

Crack growth rate da/dN in aluminium, depending on AK efy OT

Ao (a of effective SIF and nominal stresses in a netto-
Ssection) for different crack lengths can not be described by
a common deFendence (Fig.1,2). However, let us consider the
variation of these values at constant crack growth rate in a
wide range of crack lengths (Fig.2). They show a reverse res—
gonse to varlation of stress sfate at the crack tip, caused
change of the crack length a. Evidently, together with
ef? and Ao they can check the fatigue fracture kinetics.

This sugposition agrees with the conception of two-parametric
approach, according to which the plastic deformatfon in the
developed plastic conditions 1s caused both by the influence
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Fig.1. The curves of da/dN—AKeH (1ight symbols) and

(dark symbols) for various crack
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Fig.2. The plots of AKe”—a (o)
and AcT-a (e) for diffe-
rent rates of <fatigue
crack growth:

1 - 4.5%107° m/cycle,
2 - 1x107 m/cycle,

- 1.2%1077 m/cycle,

- 6%107® w/cyele,

- 3108 m/cycle.

of singular and regular c

of the stress tensor. In case of
lastic materials cyclic loading
}I)t can be presented as the fol-
30 lowing: instead of the curve
da/dN=f(AK) we seek a dependence

MPa
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b
t the above dependence we construct the curves o
Zgngtbar?%n crack growth ra%e da/dN, which are the fracture cur-
ves analogues and are the surface level lines of f(X,y). 111—-
he constant crack growth rate was assumed in impIli-

da/dN=f(AI{’AO)'
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clt form like (Vasiutin, 1988):,
{’.'I' 1_ D,-[- _"-‘.:I‘l + 2
D T B e v O T
4 IR B TR e L
= = = =1, (3)
= A v ys .ﬁHu
n's 117 jal<|o, . n'=n it |ajz|q, |
;t:iai -:as.«\ralnl,_.::rEt 'J&.Hu 1s the Tange of nominal stresses and
ues a temslle semicycle, t z
rate da/dN = v 1n the fullownlgimndit?ggs?ause i
v=f(4AK ,0) v=f(0.40 ) (4)

Thus, these purves describ ading
. 34 e.combinaticns of lo -
2ters 4o . abt, Which glve r ¢ a certaln crack m%e

v in & wide of crack le
, Yo Tulfithent of LEFN conaitioge;: o Loodlng conditions (up

For restoration of functicn a hypcthesis

; € has been a

-:githéhg cﬁnstant crack M‘t{l rates curves are s*.imileu-{:,ﬂ:I te?

:n 1dergd t basing on one constant rate curve ( dasdi = v )

conaide to be a basic one, and using fracture kinetics

dBy cage of ctneragﬁk Wwth rates, obtained in a nar-
range of crack 1 LEFN reculrementa were not

zatisfied. 0
SRELE ed. For this purpese we use equation (3) and an equa-

‘1—|u,:'l
LM TP et i)
' * KD (5)
]

o ==
¥

This hypothesis has been experimentally Bmmu d (Filg. 3). Cur—
ves 2, 3 were 1t us
equation (3) and (5) 1In
t of the basic curve
of constant crack th
rate 1 and o2 with the
fracture kinetica dats
for these rates in a wids
range of crack lengths.

Fig.3. The curves of con-
at?nt crack growth
rate:

1- 6¢10 Pm/oycle,
1-1.8¢10" "m/eyele,
1- 1«10 °m/eyele.
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BOUNDARY CASES ANALYSIS

Constnuction of dependence of fracture kineti
cs us
parametric approach, allows prediction of the kmeﬁg Rﬁﬂ

fracture curves shape in the near boundary casea: when the
[EFM condition 1s satisfied or when the crack length 1s
amall.

In the first case we find AK Irom equation (6) for sach va-
lue of ». Thus, experimentally cbtalned curves da/dN-AK I
were iransformed into calculational ones ﬂafc‘.ﬂ—ﬂﬁv. which are

{nvariant with respect to the crack length, incl
1). Therefors, & sSpecific behavliour o

cTacks {Fl%.
crack in plastic

short
short
materials is determined not cnly By abs%IEl:%‘a[

af a clesure effect but alsc by non—effective usege of
Appro&ches.

It 1is alse interssting to analyse in terms of two-criterla
apgmach s second case, wien a crack in the 1deal case does
not form stress rasors and fracture i3 defined only by nomi-

nal stresses range

in z netto-sectlon. In this case 1t can be

aeglected and the loaded speclmen 13 zonsidered to be smooth,
3 section of which corresponds to a netto sectlen.

As 1n the first case, intersectlon of & consiant rale curve
with axis Ao caused s wide range of o, values, that deseribe

the failgue fracture
from the smooth surface, In other words, 1t
crack nucleation.
initiation stage
the crack of leng

face. Proceeding

cess with a2 crack growth rate da/dN=v
1 monitora the
It was conditionally assumed, that crack
es on for N loading cycles, during which
a = 0.5 mm 15 formed from the smooih sur-

from the apove sald the kinetle dl

das/dN-4E . B3 replotted into a durabllity curve (the Veller
surve type) in coordinates Ac,-N. This approach was experi-

mentally

d

oy the fatigue smooth specimens (speclmen

cestion 10 x 5 mm, £ = 0.1 Hz, R = 1) testing. The agreement
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of the calculated and ex-

T rerimental data (Fig.4)
,_"\;k ZEUMETLU T makes 1t possible to use
> V=g7#z, #=-7 | the two-criteria approach
el for prediction of the
= Peoe crack initiation Sta%E in
Wi g Ny the low-cycle fatlgue
of B crack using the data of
= . evaluation th I%;: U
* craclk growth raie
s * | high-amplitude loading
i | | | ares.
b P ¢ N oycle
Fig.4. Bstimated(e ) versus experimental(o) depen-

dences of the cycles mmber before O.5mm
grack initiation on nominal stiresa range.
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RESULTS OF HIGH-TEMP
HEAT-RESISTANT STEFL%?ATURE SR

The fatigue crack wth was invest
ggxt'olgium—nick.el HK-40 steel at 870°C. rfee %&“gsi‘giééiﬁiﬁim
Tom the plipes of the reforming furnace were tested %ﬁg

local heating by electric current was performed. The testing

grocedure of short cracks and calcul
O o ation of nominal stresses
o pecimens was described earlier ( Romaniv et al.

1 e o a Frequency.The fir
s st region of
racture etlc dlagrams, plotted for thregidirrererf1? t%ggs

ding frequencies (Fig.Sa)'includes fatigue cracks velocities
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Pig.5. Depedeﬁﬁes of da/dN-AK (a-o0,a,a),
orr(®.4,8), Oya—V(b-U. AK,, o1~ (D-2).

from the near-threshold to da/dN~10~"

causes t’{‘xe fatigue crack rate mcreasrg/%cltetfe Rggggg&onsgr g
region. This feature of the kinetic diagrams makes them Simic
is Irequencycgaé%si 1vv;thwg§%g(t;;urrllsbém ggllx‘se(g‘%%gch %racilrcltclosure
cation of surface oxidé rocesse 7 o
intensification at the cgack tipsv%gigigga%lr}igégti)gy and yleld

During transformation to the second agram
region
3%351}111'% disappears. The obtained eIIec%ive %ng%ic diagram’ g
tedc usOOk o to account crack closure (Fig.5a) were re lostll

, e deformation two-parametric 1g‘acture critegion,

into da/dN-AK, curves, which correspond to the conditions of

legitimate application of LEFM crite
ria (Fig.
%rel between experimental and calculated (da§36 isTrgebgeixggg eI111—1
e overage tested range of velocities. Even at near thres-
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Fig.6. Dependences of da/aN-2K (0,4,a), da/dN-AK ¢
(.1"-) at v=0.08 Hz(nl.)l1 (Av‘)n 10 (O,.).

hold velocities application of LEFM ap roaches for evaluation
of high-temperature fatigue crack growth 1s incorrect. Irres-
%gctive of v value, the calculated crack go;)agation rate
data at high loading levels form one band the’ da/dN-AK,

coordinates. This shows that in case of high temperature fa-
tigue crack growth rate at high AK values could De frequency
{nsensitive. However, the deformation two-parametric fracture
criterion application does not allow to describe the fatigue
crack growth rate on the first region of kinetic diagram.

& kS 2 9 Influence of Stress
o8 ] 0. 0 ac-
g%ncf*"&% count crack closure,
diagrams da/dN—AKeH
(Fig.7), plotted for
different R, coinside
only in the near thre-
shold region. With AK
increase the effect of
—crack closure inl-
shes and at the begin-
n of the second

° ] [ L L1
reglon 1t disappears.
4 44/(;)‘, 31?, Jﬁa?g,—,,—“’” Wd The influence c? R on

Fig.'T:}Depe"gences of da/dN- AKeH(o,A,n) and da/dN -
-AK,(0,A,8) 8t R=—1 (3,m), 0(o,®), 0.4(A,4).
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crack closure 1s substantial in spite of the crack closure.
absence. Alongalde the obtained dus to deformaticn IWO-para-
metric fracture critericn dafdl«l—.!u:n diagram appears to bte in-

dependent on B In the overall of fatigue crack growth
rates and can be conaidered materia characteristics,

Thus, only in case of legltimate application of LEFM -
aches we can cbtain in effective coordinates the in ant
(In reference tc stress ratioc! kinetie diagram of fatigue
fracture.

SUMMARY .,

1. A tmoparametric fatigue fracture criterion is proposed ba-
ged on constant rate curves of crack growtha,

2. Buch approach allows to deseribe the growth rate of fati-
gue cracks in a large of crack lengths (includ short
cracks), construct calculated kinetic dja;;mm of Iat

fracture for LEFM conditions and predict 1172 time of initla.

tlon stage of a fatigue crack originating from the smooth
surface.

3- The use of the proposed spproach when studying ~tem-
perature fat crack growth in heat-resistant steel HE-40
makes 1t possible to take inte account the effect of Trequen—
cy and amplitude of lcading cycles st SIF level when a
variation of crack growth rate 1s induc by a variation of
plastic deformation intensity.
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