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ABSTRACT

The method of determining the residual strength and the crack
growth rate prediction for small cracks(from tenths of a mil-
limeter to a few millimeters)in Al-alloys is presented. The
residual strength determination method is based on the modifi-
cation to the crack-resistance limit modification, introduced
by Morozov E.M.(Parton and Morozov, 1974) for small cracks, pro-
pagating from stress concentrators, as well as on the replace-
ment of the actual crack by the equivalent one. The approach of
obtaining fatigue crack growth curves (FCGC) in the small crack
range is proposed for small crack growth time analysis.
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Small crack behaviour analysis at crack length from tenths
parts of a millimeter to a few millimeters became the necessary
part in the study of crack resistance and predict fatigue life.
Some typical properties of small cracks, differing from the
well-investigated long cracks properties can be noted:1. Static
failure of the structural element with a small crack can occur
at the significant plastic deformations in the crack location.
2. Small crack size cannot often be defined by one parameter, by
the length; crack front shape should be accounted that is not
known beforehand.

Therefore.it is difficult to determine of structural element
crack resistance without simplification and some assumptions.
It is also important for the criteria for and both ranges to
be based on a unified methodology the same material properties.
This paper presents the method for determining crack resistance
of flat elements with small cracks; use is made of stress in-
tensity factors and material properties obtainable at standard
crack resistance certification tests. Some aspects of this ap-
proach,as to the static and cyclic crack resistance are presen-
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Fig.1. Model bresentation of small cracks.

z:nggiiﬁafheidescription of small crack sizes at crack resis-
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:::r:hgc/y and /V’are the body strain eénergy,the external work

the Lo en?rgy of crack surface forming,respectively. Divide
ol Vv nto layers of thickness da (Fig.1 ) and use the
Ollowing relations from Broek (1986)
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vy AT/ T in the case of the combined plane stress

state) ; is a crack front i i

H point coordinate: ¢ i3 the function
;o.?ccount for layervinteraction; Cfc is the ;g;lied stress to
allure. Then the criterion (1) can be written as
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Assuming that layers affect each other insignificantly (due to
an extensive plastic area near the crack front) the function

« may be taken to be constant through the thickness and equal
to 1. Relation (4) can now have a form of

Z-3i £
EC.Tq_rzp ( 5)

where /;; is the total crack area.

The relation (5) is similar to the criterion for the body with
a through-thickness crack of length , outlined from eq.(1)
too (Broek, 1986)
2
L -G¢ _
T«f /“:0 ( 6)

The multiplier #z¢/7 in the left-hand side of relation (5) may
be considered as the reduced through-crack length.

The test results confirming the opportunity to use the crack
area as a damage measure are presented in fig.2.
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Fig.2. Relation of areas of through- and corner cracks
at similar values of &,.

Each point here is to two specimens carrying the same fajilure
load, but differing in shapes. The crack shape after the crack
growth before the failure moment is also shown in this figure.
It is seen that different initial crack shapes transform into
similar shapes after the growth before at failure, this trans-
formation covering the whole specimen thickness.

To describe the critical failure curve for small cracks the
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function of crack resistance limit, introduced Morozov E.M.
(Parton and Morozov,1974), should be used:

L=k (Se) «n

that can due to Zverev(1984) be written as

L=k (1-[. )17 s)]*) ( 8)

where Jr is a function of crack-resistance limit (i.e. the 1i-
mit values of k});

1 =[1-(7-6/32)/cr+ £42)*] 7

is the factor to correct for the presence of a stress concen-
trator; 6’4 is the ultimate strength; d‘.’ is the applied stress
to failure of element without a crack; 2 is the radius at the
stress concentrator tip; [2 is the critical stress intensity
factor to be obtained by testing the usual specimens with large
cracks at f/5= 1/3; 8 is specimen width.

The predicted critical failure curves for various types of
Stress concentrators are shown in fig.3.
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Fig.3. Specimen residual strength curve.
Here the following expression g€iving the maximum error of 5% in

Stress intensity factor of is used for the stress intensity
factor of cracks near elliptical notches.

AK=Ge-/z- 6 P (9)
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correct for the finite specimen size;
is the ellipse small 3emi-axis.

is the coefficient to

For obtaining the residual strength curve, all necessary para-
meters were taken from standard static crack resistance tests.

Such modeling of small crack shapes by the through thickness
cracks was carried out to describe their growth kinetics. The
kinetic failure curve for small cracks growing from the hole
is shown in fig.4.
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Fig.4. Long and small crack growth rates.

The method to measure the crack length during the cyclic load-
ing (from 47 =0.05 mm#%) is described by Zverev et al.(19886).
The comparison of kinetic failure curves for small and long
cracks developed by Zverev et al. 1986) and in the present pa-
per shows that the curves V=f/4"j for small cracks may be con-
sidered aslinear continuations of the middle part in the rela-
tionship V:/ﬂh(’/for long cracks. This gives an opportunity to
use the results of standard tests for the evaluation of small
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crack growth rate.

To analyze the crack growth time in the structural elements

fied Forman €quation outlined by Makhutov et al.(1982) is sug-
gested, considering the applied cyclic load level:

V= 6-4/{”/[//—4’)-]‘.-4/{’] (10)

where ]} is the function of crack resistance limit from eq.(8).
This curve is shown in fig.5
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Fig.5 Approximation for Vﬁjﬂé{y using the modified
Forman equation.

The lower part at /2; < 0.05 mm is proposed to be presented
similar to Ivanov et al.(1987) as the line (v = constant). Such
presentation allows us to avoid the errors resulting from the
indefinite form of the critical failure curve at the low va-
lues, and is conservative at crack growth time analysis.The
final form of the critical failure curve is shows in fig.6.

50 the above-mentioned method for crack-resistance evaluation
in the presence of small crack including:

- crack shape model based on the equality of actual and
modelled crack area;

- the usage of the function of crack-resistance limit;

- the usage of static and cyclic crack-resistance pProperties
from the standard tests,

can be recommended for the evaluation of crack resistance, when
the structure contains small cracks.
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Fig.6. Crack growth rate simulation at crack area
er <0.05 mm .
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