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1. Introductiog

Several fracture criteria have been proposed in the recent years
for cracked strvciures which fracture after a gross plasticity has
developed at the crack tip. One may quote for instance_several
plastic extensions Sf the fracture toughness criterion/ {_7,the
C.OAD.criterioné 2_/and the flow stress criteriaq£ 1/,

The tests reported here have been undertaken to determine the most
rellable of them for Prediction of fracture conditions in AISI 304
(L) tuving containing €racks; in the frawe of saiety studies rela-
tive to the coolant containment of sodium cooled tast reactors.
Spacial attention had to be paid to these particulars consequences
deriviq;from the high ductility and nigh strainuhardeuing sensiti-
vity of the material which could make unvalig the available pre-
dictious for Cracx instabilitv.

2. Txperimental details

Seven 1054 mmrﬁi = L,5mm thick and 70Cmm long tube sections in
AISI 304L in which were machined longitudinal cracks of various
lengthe up to 2C0am have been Pressurized at constant rate of Vo=
lume increans till rupture. The cracik ends were sharpened with a
0,2mm thick Saw, the obtained tip radius Leing 0,03-0,05mm.
Moraover, C-0.D.neasurements ¥ere dona on 3 mm thick S.E.N.ten-
sion snecimcns(ﬁq-I).cut in the transverse direction of the tubes
&nd flattened. (x)

3. Results
3.3, Cracked tubeq

All the tubes evidenced significant stable crack growth and bulg-
ing prior to unstable rupture. The shorter the crack, the longer
vas the crack growth.
Table 1 suamarizes the values of gross hoop stress 0. and crack
extension length A2a at instability, and grose stress d} and C.0.B.
51 at crack initiation. An ambiguity exists on the de inition
of the C.0.D. and on its measurement location due to the gross
blunting at the crack tip, an exauple of which is given at figs.
2 and 3. The measurement standards used here are given in Table
1. The Wells' criterion 3_/suggesting to measure at the elas-
ticeplactic boundary seams unapplicable here because too far be-
hind the crack tip. On Table 1 are reported also the values of
the flow stress o and the fracture toughness Kn calculated for
each burst by the relations given by Hahn &‘31. L1/

T=0cc.Mm (1) K=o (nag)?m 2)
where a t initial half crack length or half crack_length at in-ta
stability; M : magnification factor = £ (A) with / 27!

N = L (1201-v 72

Ryt t radius and thickresgy Vg Poiscson's cecefficienty f t plas-
ticity correctien to crack. length:
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and the c.é.Dé_!alues at initia}i%: calcu}nted by the relation :
6= BT ce LufsecB) = T AL .q. M (3)
where a, 1 initial crack lengthy E : modulus of elasticityj f ,%
expressions above where @ =0 ;. This last formula is coheren
with the correlation (2& for & if one accepts the basic relation
(in plane stress) :5=_1% and is the same as the Burdekin and
Stone expression for the C.O.D.z—1;7 where 0, the yield stress -
is replaced byJ ,the flow stress, and J by the product of the
hoop stress by M. This last correction for curvature appears
more justified than the multiplication by the factor M2of the
whole expression / 5_/, which actually represents the correction
factor for the first term only of the development of Ln(secf).
In spite of this, the calculated values of ‘i are much lower
than the experimental ones if one takes for G a standard value
equal to 46kg.mm=2 as calculated in the short crack region where
it appears as a material constant. .

3.2. C.0.D. Specimens

Table II summarizes the C.0.D. values at incipient crack growth
obtained on the specimens. These are the results of the extra-
polation up to the crack tip of the measurements on the whole
length of the crack, i.e. 8,3mm. The chosen criterion for the
crack growth onset is both the appearance of the crack on the
photographs - as for the tubes - and the electrical potential
transitionﬁ€;7. The C.0.D. values do not show significant dif-
ferences between the fatigue ended cracks and the saw ended craks.
The similitude of these values with the &, values measured on the
tube is as well prominent. However, due to the questionable cha-
racter of the C.0.D. measurements on the tube, no conclusion can
be presently drawn from this facte.

4, Discussion
4.1. Instability criterion

The calculated flow stress and K., values of Table I using both
the initial and final crack length clearly show that for the long
cracks, K_ is reasonably constant (=523 kg.mm'z)vhile for the
short cracks O is constant (=46 kg.mm‘zon the final crack length
basis). The frontier between the two fields may be placed bet-
ween 2a,=25mm and 2a,=50mm. It corresponds practically to the
condition G =Ty (=23kg.mm~2). Moreover, one can see that
this frontier corresponds also to the Hahn_& al. criteriosn A 1_7
in which it is convenient to replacec; by O ,i.e. ¢

Ke )2 4 >>5 :+ flow stress criterion valid

('?r‘) a 25
The value 5 is obtained combining the relation(2) with the arbi-
trary limiting condition : Q'M2 0,3-0 i.e. Y~ 2.
But no conversion of ¢ inﬂ}is included in the criterion as Hahn
does, as the two values are very different for stainless stecel
and the different correlation& between f and G} proposed by Hahn
et al. / {;7and Eiber et al.L?_? do not apply.
Note that the curve derived from K_ is identical to that derived
fromﬁ:in the short crack regiont this is because the plasticity
correctiony in the Hahn et a{;_correlation has a limit correspond-
ing to Ln(sec?)_yoo i.e. JF_,T. M

1+ K. criterion valid
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“.2. The £.C.D. Asnproach

The situation is not so convincing for the prediction of crack
initiation based on the C.0.D. analysis. In order to get a bet-
ter agreement between the experimental values of the C.0.D. and
those calculated using correlation (3), cne was tempted to use
in the latter the O value corresponding to each crack length.
The result is fairly satisfying and evidences once more the in-
fluence of strain-hardening. It is clear however that this pro-
cedure is unsuitable for predictions. Another possible conclu-
sion would be in the present case to deny to § any significance
as far as the crack flank displacement is concerned, so giving
the correlation (3) exactly the same meaning as K correlation(2).
The third possible conclusion is to incriminate the C.0.D.expe~
rimental values themselves and one is induced to do so because
the large blunting at the tip makes questionable here. any up-to-
tip extrapolation procedure.

5. Conclusions

The reported tests have evidenced the strong influence of the
high strain-Hardening characterizing austenitic stainless steels
which induces to adopt systematically a flow stress instead of
the yield stress in every correlation describing the phenomena.
However, the previously proposed relationships between J and
G} are of no use for this highly strain hardening material and
this is felt to be an interesting field for further reasearch as
the above results confirm strongly the validity of the Hahn cri-
teria. Strain-hardening as well as high ductility were cert-
ainly determinant to deny significance to the C.0.D. measuremerts.
In this field the development of a reproducible interpotation
technique is needed before drawing any conclusion on the feasi-
bility of this approach.
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Notes of rTable I

(1)ihe two ?atues reported have been deduced from the last photo-~
grnph'on which crack growth does not appear and from the first one
on which it appears., (2) 66 =values obtained by extrapolation up
to t?a crack tip of the C.0.D. measured on 1mm with a pitch of 0,2
::;mizﬁse values_are prac%}cally eqq}l to these measured at O,2m;
e e cracic tip. (3)§; =idem, ono-~15ma with a pitch of 1mm.

: 'ca)culatcd Using relation (3),T =46kg.mm=2anq average between
minimum and max.value for J:.(5)In the formula of K the valu
ofJ has been taken as 46 kg/mm2yhich is the m <. :
column in the eieid & o E ean value of the last

ie T constant.
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