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For characterizing the stress and tension field at the
crack tip, the fracture mechanics uses the stress intensity
factor K, the energy release rate G, and the crack opening
displacement J; the critical values by means of which the
fracture toughness can be measured. For a normal tension
fracture, the equation

Kig = O - VTI.a, . (a /B) 1)

0
as known, results. Initial presentations concerning the
relation between stress and crack length were based on the
linear-elastic behaviour. Improved models include plastic
behaviour at crack tip. The magnitude of the plastic zone
is then added to the crack length a,. The equations

a=a. ., (1- cos(I'I.F/Ao.2.06‘2)) (2)

(1/2T1) (Kp/0y )% (1 - 2v)? (3)
2

il

a

as given by Dugdale1 (equation (2)) and Irwin-McClintock
(equation (3)) present themselves as correction relation.
Here, it must be taken into consideration that both correc-
tions are based on ideal elastic-plastic behaviour. It can
thus be assumed that with solidifying materials, the actual
fracture toughness values are somewhat lower than the re-
sults obtained with the above corrections3.

The range of validity of the formulae (2) and (3) is
limited as follows: A prerequisite for such a derivation
is the elastic behaviour of the specimen itself. A correc-
tion is no longer significant if and when general yield
occurs in the test cross section. Furthermore, a correc-
tion should no longer be carried out as soon as macrosco-
pic stable crack growth arises - even if purely elastic
formation occurs in the remaining cross section - since
the crack length ag is then constantly changing. The crack
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rooted values when taking into account the plastic zone.

The non-corracted KIC values with specimens A rise
from a level at low temperaturss starting at approx. 1.200
ﬁmm“ﬁfz to higher temperatures of up to 4,000 Nmm™ */“. With

o value

specimens B and C and the same low temperature, a *y
of approx. 700 Nmm'B/2 is measured which rises to higher
temperatures of 3.100 and 2.800 Nmm"ﬁfa»respectivaly, With

low temperatures, correction for the plastic zone is minute,
but rises steeply according to the increasing O'/Ub » ratio.

Macroscopic stable crack growth having a streaky, dull
structure between fatigue starting crack and crystalline
residual crack surface can be noted at -15 9¢ with speci-
men A, at +22 °¢ with specimen B and at +40 oC with spe-
cimen C. Also plotted in the illustration are the limits
set for applying fracture mechanics, estimated according
to ASTM Standard (D = 2.5 ‘(KIc/Ob.Z)Z)’ and the limit
according to recorder up to which ~ as far as accuracy
measurement goes - a purely elastic behaviour prior to
fracture is shown. At a fracture toughness reduction of

3/2 respectively, the transition teumpe-
specimens B and C

az compared to spe-

450 and 700 Nmm~
ratures indicated by the recorder of
are 25 and 30 % respectively higher

cimens A.
when recording the load, the crack bulge was also

noted and converted as regards crack tip. Fig. 3 shows
ing on the tempe-

the critical crack opening CO3 depend
rature. The dots indicate the course of measuring va-
lues for specimens A, the circles those for specimens
B and the crosses those for specimens . The critical
bulge in the transition amounts to 0.075 mm with spe-
cimens A, to 0.05% mm with specimens B, and to 0.040 mm

with specimens C.
Fig. 4 illustrates the fracture toughness KIc of
St 52-3 at -196 °C depending on the top load F, set
when bringing home the fatigue starting crack., The fa-
tigue starting crack was swung in at room temperature.
The fracture toughness drops from 1.185 X\,Ymm"3 < at 1%
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tons top load to 687 Nmm’B/2 at 6 tons. The 15 ton load is
the approximate 1limit of the linear course of the load-
bulge curve at room temperature, as far as accuracy measure-
ment goes. No fatigue crack progress has been noted below
the 6 ton load. With the specimen being normalized subject
to swinging-in of the fatigue starting crack, the KIc value
at a top load of 15 tons is reduced by 375 Nmm'3/2.

Discussion

Due to the grain coarsening, the transition tempera-
ture according to recorder is now 25 to 30 % higher. The
specimens A and C taken from the Charpy V specimens and
notched at 5.4 m/sec., however, show a TN temperature
movement of 40 °C with increasing grain size.

The COS values to be determined with a high degree of
accuracy coincide with all three grain sizes at low tempera-
tures. When the transition temperature determined by means
of the recorder is exceeded, the curves rise accordingly.

When test temperatures lie above the formation of
stable crack growth, calculations with fracture mechanics
formulae are no longer possible. These Kc values, however,
indicate the maximum load of the single-edge notched test
cross section. This load is thus noticeably reduced by
means of the grain coarsening.

Fig. 4 shows that the regulation governing the swing-
ing-in according to equation (4) is indeed justified. How-
ever, it is not always possible to adhere to this rule.
The maximum permissible load in the case on hand would
have been approx. 3 tons. With this load, no crack pro-
gress was made, however, although in this specimen a 0.2
mm long fatigue starting crack had already been swung in.

The solidification and stresses at the crack tip de-
creased by means of a normalizing heat treatment account
for a reduced KIc value. It is very likely that the KIc
value does not drop to the lowest possible value since
the notch radius of the specimen swung in with a 15 ton
top load is larger than that at a 6 ton top load.
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