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ABSTRACT

The method of estimating the dispersions of crack characteris—
tics, il.e. initiation, length, opening displasement and growth
rate has been developed. This method is based on the statisti-
cal analysis of the initiation and propagation of cracks in
specimens with central hole under low-cycle fatigue and also
on the statistical analysis of main mechanical properties of
material. The data obtained are used for study of probabilis-
tic approach to the calculation of low—cycle strength at
stress concentration zones. The peculiarietes of short cracks
growth in terms of fatigue damage accumulation till crack ini-
Tiation are supposed to be taken into account.
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PREFACE

T"he probabilistic approach to the estimation of life accord-
ing to crack initiation and development includes statistical
investigations and analysis of the regularities of dispersion
of characteristics of static and cyclic properties at uniform
stress state as well as of characteristics of crack develop-
ment at non-uniform stress state.

EXPERIMENTAL PART

The above investigation have beern carried out at normal and
elevated temperatures on two different, as to their cyclic
properties, materials - stabilizing (strengthening) stainless
18-8 steel and softening Cr-io-V steel. For cyclic tests at
non—-uniform stress state has been used a flat specimen with a
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central hole de = 2,4 (hole diameter = 7 mm; specimen width
= 24 mm; thickness = 6 mm). Tensile-compression stress control
tests at symmetrical loading have been carried out. The tests
were perfomed on a electrohydraulic unit MTS (500 kN) in the
range of loading frequencies from 0,1 to 0,5 Hz at the room
temperature and 0,02 Hz at the elevated temperatures. The cha-
racteristics of crack development: the length € , crack open-
ing displacement § were being measured by means of an opti-
cal method (Mackhutov and co-workers, 1983). Type 18-8 steel
was statistically tested at several stress levels at room tem-
perature; type 18-8 steel was tested at 650°C and Cr-Mo-V
steel was tested at room temperature and at 350°C, both steels
being tested at one stress level. The number of specimens tes-
ted at the level is usually 20

According to the experimental results, in stress concentration
zones have been obtained experimental distribution functions
of characteristics of low—cycle cracks (lengths, opening dis-
placement and growth rates), The above distribution functions,
as well as distribution functions of main mechanical properti-
es ( 6go2 5, 602 5, bu 4, Y , Sc , ) have been check-
ed on a computer by means of a special program: they were check-
ed on correspondence to four theoretical distribution laws
(normal, log-normal, two—parameter Weibull and exponential) ac-
cordin§ to three criteria: Kolmogorov-Smirnov 4 , Cramer-Mi-
ses w (Biometrika tables, 1972) and Shapiro-Wilk W .,

The carried out graphical analysis and calculation analysis
has shown that on the stage of initial crack development the
experimental distributions functions of lengths, opening dis-
placement and growth rates of low-cycle cracks, as a rule, bet-
ter corresponded to the normal distribution law; before failu-
re they better corresponded to the log-normal distribution law.
For the distributions of main mechanical properties has been
adopted the normal and log-normal distribution laws. The above
experimental samplings usually were 18< n =< 50.

The estimation distributionfunctions of life according to the
moment of crack initiation Ny at non-uniform stress atate
have been obtained by means of equations for fatigue curve at
stress and strain control loading according to the USSR Stren-
gth norms (1973). Then the probabilistic characteristics of
low—cycle fatigue curves in presense of stress concentration
may be obtained using the data on theoretical stress concentra-
tion factor and statistical data on the mechanical properties
characteristicse

The estimation of the cycle number till crack initiation for

strain control loading was made according to the equation of
Langer type:
6
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where 5[{ — conventional elastic stress ( 53’, = €q -E ); Mg -
exponent; €q-— local elastic—plastic.strain amplitude; e -
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coefficient of skew of the local strain.

The method of the estimation of local elastic-plastic gtrain
dispersion has been described (Mackhutqv and co-wokers, 1984 ).
A satisfactory correspondence of experimental and estimated
1ife distribution for above steels at room and hlgh tempera-
tures has been obtained. The experimental and estimated d:.%-—
tribution functions of life N, for Cr—Mo-V steel at 350°C
are shown in Fige 1.

The estimated variants 1 and 2 were obtained accordin% to equ~-
ation for stress control loading from Strength norms A'1975).
The variants 3 and 4 were obtained according to equation 1).
for strain control loading in stress concentration zonese

The variants 1 and 3 were obtained for absence of ‘l_:h.ree—d:!.men—
sional stress state at concentration zones and varlax_rbs 2 and
4 were obtained for the state being present. The estimation of
crack growth rates has been made in the values of the range

of strain intensity factor aKre (Mackhutov, 1981):

— (8%
% =Cg4Kre (2)

ce = 1/( 2.76'633 s €% is value of the relative

where
strain in crack zones; Jg — the exponent.
* 1-m(k) _ Pre
aKie= Sn "M AR (S ), (3)
-0,5[1-m(k)J(1-8
where Pge = 2 5[4 +r£1(§-§( n) 4)

and m ( A ) is the characteristic of ha’st‘dening a'.t power-.-mode
approximation of strain diagram in the —-th semicycle in
the crack zones; Sn - relative nominal stresse

The estimated dispersion of the crack growth rate for both
steels at room temperature satisfactorily corresponds to the
experimental dispersion and has been_obtained_by means of in-
trodusing probabilistic values of main mechanical roperties
into the estimation according to the equation (244).

The experimental and estimated dispersions of crack growth
rate for type 18-8 steel are shown in Fig. 2. For short cracks
an increase of spread in results was observed as well as a
rather high value of experimental crack growth rates as com-
pared with estimated values (curve 1) according to the Forman
equation (Mackhutov and co-workers, 1984)e

The analysis of influence of the fatigue damage accumulation
at net section of specimen till the moment of crack initiation
Ny was performed in terms of the finite el_emer}ts xpethod (cur—
ve 4) and by use of equation (1) with the distribution of a
value dg obtained according to the Houland elastic solution
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(curve 5). The curve 2 was obtained for plane-strain conditi-
ons and curve 3 was obtained for the plane-stress onese.

The developed method allows to estimate the moment of crack
initiation Ng and the crack growth rate{gt elevated tempera-
tures taking into account the hold time 8 and consideration

of the change in the time of the characteristics of main mecha-

nical properties (Mackhutov, 1975). The influence of the tem-
peratures and deformation time T is being taken into account
by means of introdusing the characteristics 6&, and s
depending on the time, into the equation of Langer type. These
dependences are approximated by exponential equations:

Blu-6lo (To/T) "™, WE-UsH (G/1)™  (5)

where fa is the time of testing till fracture at short-time
tensile test ( T¢ = 0,0240,12 hours); Mg, , My, - parameters
of the curves of long-time strength and plasticity of the gi-
ven steel, which depends on the temperature.

For estimating the equivalent. (according to the damaging) time
of the cycle Tce , it is necessary to take into account the
rate of deformation and loading in the semicycles of tension
and compression, different sensitivity of materials to holdings
at tension and the relation of the time of holding in the semi-
cycle of tension and compression. Thus the equation of curve,
according to the moment of crack initiation for high tempera-

tures and strain control loading may be written down in the
following form:

¢ t
E
6:: UNGe+ e 4“Wt-113—-m%+ I+-———§&_:il ~i+te (&)
0 1-1e CU(Ngfce) 650( N‘;ntce)mgu {<%e

The influence of temperatures, cycle number N and the time
of holding 7Tg on the low-cycle crack growth rates is being
taken into account by means of introducing into the estimation
the characteristic 6gp, , 64 , Y& , St , Tee , mib) ,

Ké ¥ Kg etc., estimated according to the above methode.
The discussed method and the cited equations allow us to esti-
mate the dispersion of lifes and rates of low-cycle crack deve-
lopment for materials working under conditions of high tempe-
ratures when we have interaction of long-time static and cyclic
damages, namely for type 18-8 steel at 650°C (Fige 3)e The es-
timated distribution functions were obtained by use of
equation (2) according to the Weddle method of the numerical
integration. The beginning of integration is shown by solid
line; the results are shown by dotted lines,

CONCLUSIONS

According to the data obtained by means of experiments and es-
timations carried out by above methods, the coefficients of va-
riation, which reflect the dispersion of static strength and

1804

isti 18-8 and Cr-Mo-V for
teristic for the steels type -
;égi Zﬁgriievated tem%eratures, change in the range: 60,2(2,8+

3 2 4 O% < . %) e
;ggigﬁ%,6‘27%/0’5'{110»,7,0%) - estimation; QN(!) (1,544,0%)

W (1,044,2%)3 No (1,744,5%) = ex=

REFERENCES

Biometrika tables for statisticians /Ed. by E,S.Pearson and

O.Hartley. — Cambridges: University Press, 1972.

e .
 MaxyT K eHeTHKa DASBITEA MAJOUWKIOBOTO Daspyume-
7 HUA ng; génﬁmé%%Zi)TemnepaTypaga%Kinetics of low-cycle fractu

GopHuKe: JccaenoBanue Ma-
4 temperature) .Bc M
§§u?§n§§§§a§§omocwﬁ Ip¥ BHCOKHEX TeMIepaTYpax. MOCKBa, Hayxa,

99-125,

Maxytor H.A. (1981). llefopManuOHHHE KpATEDUY paspYNEHUA ¥ pac-

weT HIEMEHTOB KOHCTDYKmu#t Ha TDPOYHOCTD (Strain °r§§§¥iée§§efai'
: i ocKBa, Mamu g
Melxiyr'? and Jesign o5 cgﬁoﬁ?xﬁis Sparop B.A. (1983). Mccaemoma-

oB H.A., apuH o) g BAw
HAKHOBEHUA ( TpaHEHAA TDEmMH MAJOWUKT
uft BO3 OBE ¥ pacupoc HERAGHO)
;gga.%gggg B 30HAX KOHUEHT 7 HanpAxeHul B CTaTUCTHYEC

initiati i £ low-cycle fa-
initiation and propagation ol Low =
i (Reiizrgﬁ giress concentration zonesj; statistical appro

- ropeg, 4, 68-73. ]
MZZ&%&tov‘NJT_Bafi.fxagtggﬁTgmi . aa Novikov VeA. (1984)s Sta

i ati=
tistical characteristic gf low—gzzte ig:;gg:scgicgiéggggzgre_
entrations z . J -

zgaizgé ggiﬁislggggn. Conference on fracturee. New Delhi, Ilndia,

- TO=—
?EOqusw:lefra Ha OPOYHOCTH ?JIEMEHTOB eaKTOOgga na Orggg'r
0B, COCYHAOB H T O{IpOBOJOB aTomBagengaHOBOR. HHX.
eJIbCREX €PDHHX peakx _
?NgggﬁeongZsign for strength parts of reactors, steam genera

i stations, pilot and
1s and pipes of nuclear power _
gggiéfggsigclear reactors and installations). Mockea, MeTauayp

id.

1805



P
I
0 -
H
90 H P
L
1
MLl AP -
50 1] 4
,Il 1 5 3 \_l
4 Cr-Mo-V
T HT , 3507
10 i 3 A ] ?e%ajment
{ 1 : : lb gs?;i:'\rlrzcafc'oa
10 03 Nyl
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Fige 2. Experimental {points) and estimated
(1ines) crack growth rates,.
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