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Contribution to the Study of Slow Crack Growth
Conditions in Thermomechanically
Treated Ultrahigh Strength Steels
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X)Research Instute of Vitkovice Steelworks, Ostrava
+) University of Mining and Metallurgy, Ostrava, Czechosl.

Introduction
In view of the incrsasing use of ulirahigh strength

ateels, attempts are being made to improve our knowlsdge
of their mechanical metallurgy characteristics.Particular~
ly atractive are their fracturs toughness values at vari-
ous tsat temperatures and, generally, the conditions of
gtable {(slow) crack growth (SCG).

One of the most promising ways of improving the
stirength properties of structural steels proved to be
their high-temperature thermomechanical treatment (HTMT).
The objects of this paper are to compars the fracture
toughness values after HTMT and after conventional heat
treatment (CT) of structural steels with strengths ranging
from 150 up to 230kgf/mm2, and to discuss the aignifiean-
ce of their Ky, and SCG characteristics.

Experimental details

The KIc values were obtained on single adge notch
gpacimens by thres-point bending. The experimental tech-
nique, conforming to the ASTM Specification /1/, was
furtber modified for the study of SCG, in that the time
recording of crack opening displacement, based on the
output from c¢lip strain gauge /1/, was used to represent
the time dependence of the crack increment /2/. Simulta-
neously the technique was developed for detecting and

analysing the stress waves emitted during SCG /3,4/. The
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Jmin, The chemical composition of the stesls studied
is shown in Table I. :

Table I - Chemical Compositj Lee]
Compesition of 5 i
Stesl {90 ZMn (%81 9P %; ) b;z T
: - y v BN o
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411 these stesls, produced commercially
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ware further
‘ and CT, in plates 16 am thick, The
tempering temperature wags in both cases 200% /5/s Th
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Zechanical properties of stesl B are listed in Table 11
A X 5= P @

"
lable II1 - Mechanical properties of stesl B
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Zxperimental RBesults and Discussion
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towards higher valuaa by 80 kgfzmm3f2, These results o
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i¥m quits unambigously the beneficial effect af HTwr
net only on the tsnasils properties, ,
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but also on the

- .
Te alueas., This effsct can be explained primarily by ths

martensitic structure /4/,
The effect of the test temperature on the X
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£ steel B, after CT and after HIMT, is plotted in Fig.2
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YTHT material are ¢ onsiderebly higher than those for CT
matepisl. The conditions of SCG are slso diffsrent for
each of these treatmenta. The extent of SCG before the
point of instability is mostly larger in HTMT than in CT
saterial. The records of stress waves emittsd during SCG
in HTNMT stesl B were analysed in detail /6/. Botih curves
of time record of the acceleration amplitudes of stress
wave emisaions (S¥E) and of crack increments (aa) wers
proceased to yield a relationship beiwsen the sum of accs~-
leration amplitudes of SWE (fg) and 4a /4/, The curves
sbtained this way are linear, and their slopes are pro-
sorticnal to the ch value /3/. Such results are very in=
teresting; it could be deduced from Fig. 3 that, for say
given value of Aa, the higher value of (% g) always cor-
reaponda to the higher teat temperature, and/or that for
any given level of {Z g}, the crack increment ig the smpa-
}lér, the higher the iest ilemperature.

In Fig, 4, the crack velocity during SCG is ploited
against the crack increment (A a) in HTMT steel B for iwo
test tsmperatures, The resultant SCG velocity values
ahould be considered as only apparent, since the 3CG
orocess is in reality discontinous and consists of large
numbers of elementary burst processes /2/. In Fig. 4, the
srack velocity at a test temperaturs of -78°%¢ (at glc =
= 215 kgf/mm "2}, and for a given crack increment of
Aa = 0,3 mm, is 60 % higher than that st room temperature
{at Kio = 325 kg?/mm3f2}; when A& is increaged to 1.1 mm,
the rise in the crack velocity at m?SQC, as against room

temparature, 13 75 %,

4t boih of these test temperatures, the crack velo-
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city gradually increagea with the craeck length, This in-
crease was observed consistently right up to the point of
instability, which occurs after an amount of SCG which
varies witih the test ifemperasture, i.e. the crack incrament
attained when the point of instability is reached is much
smaller at a low test temperature (-78°C). The technique
of measuring the crack increment by the summation of SWE
amplitudes (defact growth evaluation) could be therafors
applicable only in cases when the basie relationship
hetwasn £g and Aa for & given ateel is known,
Conelusions

The paper demonsirates the beneficial effect of ther~
momechanical treatmeni on the fracture toughnesa over =
wide pange of tesi temperatures and atrengih levels, It
further pressnis the relationships between the ¢rack ine
srement and the sum of SWE acceleration amplitudes, as well
as the dependsnce of the ocrack velociily on the crack

inerement.
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