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ABSTRACT 

Crack growth rate ( daldt) in IN718 nickel hase superalloy has been studied at 600 and 700° C, in both 
compact tension and comer crack specimens, under sustained constant load conditions, generating an 
intergranular fracture mode. 

Using the stress intensity factor, K, as the correlating parameter, slower growth rates are found for 
comer cracks than for the through cracks in CT specimens together with a greater degree of crack 
tunneling. In the CT specimens, the introduction oflateral side grooves has increased the crack growth 
rate. Disparities found between growth rates in the CC geometry are found to correlate with the 
incubation time for re-initiation of crack growth, which is attributed to a crack tip blunting and creep 
mechanism. A limited assessment of the correlation of growth rates using C* is made. 

l. INTRODUCTION 

Oxidation and creep-fatigue are two of the 
most important damage phenomena ocurring 
in turbine disc materials used in aircraft 
engines ( 1 ,2 ). 

For nickel base superalloys with moderate 
creep resistance, such as IN718, linear elastic 
Fracture Mechanics, LEFM, and the stress 
intensity factor, K, is an appropriate parameter 
to correlate the creep or creep-fatigue crack 
growth rate ( 3 ). However, for higher 
temperatures or loading conditions, where 
more extensive creep occurs, crack growth rate 
is being correlated with success using the 
energy based parameter, C* ( 4,5,6,7 ). 

Creep deformation at high temperature is 
mainly characterized by severa! phenomena ( 
16 ), such as: 

- creep extension rate is proportional to 
time and to the applied extension; 
- creep rupture strain ( creep ductility ) 
increases with the applied stress, but the 
time for rupture decreases with the 
decrease in the applied stress; 
- initial extension increases with the 
applied stress. 

According to sorne authors ( 1 O, 1 1 ), creep 
crack growth is a result of the balance of two 
competing mechanisms at the crack tip; a 
rupture process at the crack faces caused by 
the embrittlement processes and a deformation 
process due to the high creep strains which 
induce crack tip blunting and ultimately failure 
by creep ductility exhaustion. Therefore, CCG 
will occur as a result of which of these 
mechanisms is dominant. This depends, as 
will be discussed in this paper, on the material 

( creep-brittle or creep-ductile, loading 
conditions and the initial stress and strain 
fields ( K field ) at the crack tip. 

Sorne authors ( 9 ) stat~ that the crack advance 
occurs when the crack tip displacement, b¡, 
reaches a value enough to overcome the 
blunting effect . 

The time required to attain the 51 value at the 
crack tip is the incubation period or incubation 
time, t1 . For the latter effect, creep brittle 
materials, with limited ductility, will produce 
short incubation times, and creep ductile 
materials will give longer incubation times and 
higher values of b¡, since these are able to 
withstand higher cr'eep extension values before 
rupture. 

This paper presents results obtained in a creep 
study carried out in the nickel based superalloy 
IN718, tested at 600°C and 700°C. This work 
is part of a current research program on creep
fatigue of IN718 ( 12,13 ). 

2. EXPERIMENTAL PROCEDURES 

The compos1t1on and main mechanical 
properties of the IN718 superalloy are given in 
Table l. 

The dimensions and notch details of the CT 
and CC specimens are given in Fig. l. Prior to 
the creep crack growth tests, fatigue 
precracking was carried out in two phases: first 
at RT and afterwards at the testing 
temperature, with a maximum load (R=O) 
equal to the static load applied in the follow-on 
creep test. 
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Table 1 

Chemical composition (%by weight ), grain size and mechanical 
properties of the IN718 Ni base superalloy. 

N¡ T¡ e Mean ASTM grain size : 8 
56.5 19 0.9 0.6 3 20 0.04 

Temperature 
(oc) 20 600 700 

0.2% Proof Stress 
Civs ( MPa) 1190 1040 890 

Ultimate Tensile Stress 
crurs ( MPa) 1420 1270 980 

Strain to Rupture 
Er(%) 18 16.5 16.0 

X·X 

312 

SE::;;,.•¡ A·.:. 

Figure 1 - Specimens Geometry. a) CT. b) CC. IN718 

A computer controlled servo-hydraulic test 
machine, with a maximum load capacity of ± 
1 OOkN, was used for both the fatigue 
precracking and static tests. Crack growth was 
monitored by a computer controlled pulsed DC 
potential drop system, directly linked to the 
control and software system of the testing 
machine. The reference specimen technique 
was used ( 14 ), and calibration curves were 
used to convert dimentionless voltage ratios to 
crack Iengths or cracked area. 

In the CT specimens, the stress intensity factor 
was computed with the appropriate equation in 
(7). For the CC specimens, the Pickard 
equation ( 15) was used . 

3. RESULTS AND DISCUSSION 

The da/dt versus K plots are shown in Figs. 2 and 3. 
lt is seen that, for 600°C, the data is grouped in four 
sets of results : the higher CCGR were for the 
CT specimens, the intermediate CCGR for the 
ce specimens with negligible incubation 
period and the lower CCGR for the two CC 
specimens with a long incubation period. The 
best fit Paris law correlations are also plotted 
in the same Figure. The equations for 600°C 
were: 

da 
CT specimens with side grooves -4 

dt 
1.66 X 10"8 Kl.67 (1) 

da 
CT specimens without side grooves -4 - = 

dt 
9.02 X 10" 11 Kma/26 (lb) 
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da ce specimens with short incubatÍon ~ - = 
dt 

ce specimens with long incubation ~ 

2.88 X 10"18K5
·
12 

(le) 

da 
- = 
dt 
(Id) 

As expected, the introduction of side grooves 
has increased the daldt values, due to the 
enhanced plane strain conditions in the 
notched specimens (3). 

For 700°C the equation daldt; K ( Fig. 3 ) is: 

da 
- = 5.13 X 10"8K 1.2s (2) 
dt 

In these equations, the units are 

[m 1 s;MPa.Jm]. 

At 600°C there is an increase in slope form the 
CT data to the CC data. For these correlations 
the points of the initial " tail " behaviour of th~ 
daldt versus K results were not taken into 
account ( Fig. 2 ). The results show that there 
is a factor of more than one order of maonitude b 

increase in CCGR for the CC specimens data 
with incubation to the CT specimens data. 
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Figure 2- daldt vs. Kmaxand best fit correlation 
Lines. . CT and CC specimens. IN718 . 

600°C. 
1- CT specimens with side grooves. 2- Plain CT 
specimens. 3- ce spec. with short incubation 
times. 4- ce spec. with long incubation times. 
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When a long incubation period was observed, 
the CCGR has decelerated by nearly one order 
of magnitude ( Fig. 2 ), and the slope of the 
data was close to that of the ce specimens 
with very short incubation periods ( Fig. 2 ). 

The increase in tempP.rature from 600°C to 
700°C in the CT specimens produced an 
increase in CCGR ofnearly one order of 
magnitude, although with a very close slope in 
the da/dt data ( Fig. 3 ), suggesting a similar 
stress system operating at both temperatures. 

The increase in the CCGR in the CT 
specimens, as against the CT specimens, is 
documented in the literature (9), and is due to 
the predominantly plane strain conditions 
prevailing in the CT specimens. Thus, a 
triaxial stress state is formed, and the 
acceleration of the crack is expected. This 
effect is even more pronounced if side grooves 
are machined in the specimen. Then, the 
highest FCGR values are likely to be obtained. 

The retardation of crack growth in the CT 
specimens with long incubation periods could 
be attributed to the creep ductility behaviour in 
the crack tip region. Thus, in the two 
specimens where this behaviour was observed, 
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Figure 3- daldt vs. Kmaxand best fit 
correlation line for 700°C. CT specimens. 
IN718 (the four lines of Fig. 2 for 600°C are 
also plotted). 
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Figure 4- SEM fracture surface in the intergranular creep crack. K=50 MPa x mlf2. IN718. 600°C 

Figure S- SEM fracture surface in the intergranular creep crack. K=80 MPa x m 112
• IN718. 

600°C 

Figure 6- SEM fracture surface in the intergranular creep crack. K=50 MPa x m 112
• IN718. 700°C 
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both K¡ and the net stresses attained the highest 
values. It is known that, in creep ductile 
materials, creep ductility and creep strain at 
fracture increase with stress. Also, the time to 
failure decreases with increasing stress. 
Hence, it is expected that, in these two 
specimens, a significant increase in creep 
strains at the crack tip has occurred. The 
initial levels of K¡ applied were not sufficient 
to cause local rupture at the crack tip, unlike 
the other specimens where it is suggested that 
local rupture appeared befare crack blunting. 
Therefore, the crack blunting process at the 
crack tip has dominated, and the predominant 
damage mechanism was creep deformation. 
Fracture has occurred only when the creep 
ductility of the material was exhausted, and 
this process took the time of the incubation 
period. CCGR is also lower in the two 
specimens, since the local conditions at the 
crack tip have favored the foímation of crack 
blunting and higher creep strains at the crack 
tip, which are expected to retard the crack 
propagation, depending probably, also, on the 
stress redistribution process at the crack tip. 

Hence, in creep cracking, there is a very 
important time dependent behaviour. 1 f the 
test conditions do not allow the rupture process 
at the crack tip, to accelerate the fracture 
process, creep deformation starts instead, and 
crack blunting mltiates, due to the 
accumulation of creep strain in the highly 
stressed region at the crack tip. Failure will 
then occur by a creep ductile mechanism with 
the exhaustion of the creep ductility of the 
material. The present results seem to indicate 
that, when this rupture mechanism occurs, 
CCG R is lower than when the rupture process 
is initiated early, before crack blunting ( so 
called creep-brittle behaviour ). 

SEM fracture surface observations at 600°C 
are shown in Fig. 4 and 5, and refer to the 
same specimen at two values of K; 50 and 80 

MPa Jm respectively. The increase in K 
caused an increase in surface roughness due to 
the increase in both the quantity and depth of 
secondary cracks, and also the increase in the 
number of cavities. Both fracture surfaces 
show slip bands on the grains at approximately 
45° with the crack propagation direction, from 
left to right. There are oxidation products in 
the grain boundaries and sorne grain boundary 
sliding, especially in Fig. 5, for K=80 

MPa Jm. Sorne second phase particles are 
visible, mostly in the grain boundaries which 
are not crossed by the crack. 1t is apparent that 
oxidation damage is as significant as creep, 

although, at this temperature of 600°C, void 
growth and the formation of cavities are 
expected to be Iimited. 

At 700°C the very fast growth rates obtained 
(Fig. 3 ) are due to the higher temperature, 
enhancing oxidation and creep-brittle 
mechanisms. The SEM fracture surface in 

Fig. 6 from a zone where K=50 MPa Jm, 
shows an increase in roughness as compared 
with Fig. 4 at 600°C. There is also a higher 
density of slip planes at 700°C accompanied by 
more extensive oxidation, deeper secondary 
cracks and grain boundary sliding. 

4. CONCLUSIONS 

Using the stress intensity factor, K, to 
characterize growth rate, slower rates are 
observed for the initially quarter circle cracks 
in the CC specimen than in the CT case, 
together with a greater degree of crack 
tunneling. Also, an incrcase in temperature for 
600 to 700°C shows an expected increase in 
growth rate. 

Disparities observed between growth rates in 
the CC geometry at 600°C are found to be 
consistent with variations in incubation time 
for re-initiation of crack growth under 
sustained load. Lower incubation times 
generate higher crack growth rates, and are not 
found to occur for higher stress intensity 
levels. This is attributed to crack tip blunting, 
followed by crack tip creep ductility 
exhaustion, before crack growth is re-initiated. 

A limited assessment of the use of the creep 
crack growth parameter C* at 600°C shows 
reasonable consistency between data from ce 
specimens with both s!10rt and long crack re
initiation incubation times and a CT specimen 
with a short incubation time. 
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