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Crack growth kinetics of 7050-T73651 aluminium 
alloy under constant load at 150~ 
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Crack growth tests at 150 ~ under constant load conditions were performed on compact tension 
specimens of 7050-T73651 aluminium alloy. The d.c. potential drop method was employed to 
monitor crack lengths throughout the tests. Fracture mechanics parameters such as the stress 
intensity factor (K) and energy-rate line integral ( C* ) were used to establish correlation with the 
crack propagation rates. As a result of experiments it was found that crack growth rates (da/dt) 
versus K, over discrete ranges of rates, can be described as a power-law equation in the form 
da/dt=AK". The parameter C* appears to correlate well with the crack propagation rates through 
a single power law over a wide range of rates. 

1. In troduc t ion  
Creep crack growth appears to be a major problem in 
components used in power generation and in various 
branches of process industries. Even some airframe 
components, especially leading edges, would be heated 
temporarily up to 150 ~ during the flight of an air- 
craft. The aluminium alloys used in airframes lose 
strength rapidly at temperatures above 150~ The 
speed of civil supersonic transport is therefore limited 
to Mach 2.2, corresponding to a saturation skin tem- 
perature of about 125 ~ The airframe structures are 
required to give a service life of 20000 30000 h [1]. 
Accordingly, creep behaviour of aluminium alloys is 
expected to be one of the dominant factors even at 
temperatures as low as 125 ~ 

The damage-tolerance based design of components 
and their lifing can only be employed when sufficient 
data are available concerning the crack growth kin- 
etics of materials. Several parameters describing crack 
growth under creep conditions have been investigated 
over recent years. The general approach in these stud- 
ies is that with these parameters, the crack tip stress 
and strain fields can be described under certain limit- 
ing conditions, and the crack growth rate can be 
correlated with them. Correlations in terms of stress 
intensity factor K [2], the net section stress or a refer- 
ence stress in the uncracked ligament [3, 4] and non- 
linear fracture mechanics concepts like the C* integral 
[51 have been found to be satisfactory under certain 
conditions. 

The aim of this study was to assess the success of the 
stress intensity factor and C* integral in describing 
the crack growth kinetics at 150~ of the 7050- 
T73651 aluminium alloy used in airframe structures. 

2. Experimental procedure 
2.1. Test material and specimens 
The test material was a cold-rolled plate of 7050- 

T73651 aluminium alloy. The chemical composition 
of the alloy is given in Table I. The T73651 temper 
applied to the plate by the manufacturer was solu- 
tionizing at 477~ followed by double ageing at 
121 ~ for 24 h and at 163 ~ for 24 h. 

13 mm thick compact tension (CT) specimens were 
manufactured according to ASTM E 399 standard 
(Fig.l). They were cut in L-S  orientation so that load 
was applied in the rolling direction while cracks 
propagated in the short transverse direction. The 
mechanical properties of the as-received material in 
different directions are given in Table II [6]. 

2.2. Testing procedure 
All specimens were precracked at room temperature 
under sinusoidal tension load cycles with a frequency 
of 2 Hz using a closed-loop serve-controlled hydraulic 
machine. The fatigue loads were selected such that the 
stress ratios, R, were between 0.1 and 0.4 and the 
maximum load was less than one-fourth of the speci- 
men limit load, as suggested in the related standards. 
Fatigue precracking was continued until the crack 
length to specimen width ratio, a/W, was about 0.5. 

Creep crack growth tests were performed at 150 ~ 
and under two different loads, 5.41 and 6.10 kN. The 
specimens were heated in a three-zone resistance fur- 
nace to provide uniform temperature distribution in 
the test section of the specimen. Temperature accuracy 
was _+ 2~ Load-line displacements were recorded 
using a high-temperature extensometer equipped with 
a linear variable differential transformer (LVDT). The 
output voltage of the LVDT was recorded as a func- 
tion of time on a strip chart recorded with a sensitivity 
of 0.04 mV mm-1 .  The d.c. potential drop (DC PD) 
method was used to monitor crack lengths during 
creep testing with a constant-current supply of 10 A. 
The output voltage was measured with the help of 
a nanovoltmeter. The initial and final crack lengths 
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Figure 1 CT specimen with current (I) input-output leads, and 
potential pick-up (V) lead positions. 

T A B L E I Chemical composition of 7050-T73651 aluminium alloy 
(wt %) 

Zn Mg Cu Zr Ti Cr Mn Si Fe AI 

6.20 2.25 2.30 0.12 0.06 0.04 0,10 0.12 0.15 Rest 
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Figure 2 Crack length plotted against time (P = 5.41 kN, 
T - 150~ 

T A B L E  II Mechanical properties of 7050-T73651 aluminium 
rolled plate in two directions 

Direction UTS cry E Elongation 
(Nmm -2) (Nmm -2) (Nmm 2) (%) 

L 510 447 72200 10 
ST 502 423 72800 7 

were also measured optically and compared with that 
predicted by DC PD technique. 

2.3. Determination of crack growth rates 
The crack lengths were calculated using the calib- 
ration formula [7] 

a / W  = A Jr- A I ~  Jr- A21~ 2 -}" A3[~ 3 (1) 

where ~=(r/ro)/(rref/grefO ). Here, V and Vo 
are voltage differences measured in the test specimen 
during the test period and at the beginning of the 
test, respectively, whereas Vrof and GerO are those 
measured in the reference specimen. The calibration 
constants were evaluated in the test piece as 
A = -- 0.450 77 41, A 1 = 0.757 523, A 2 = - 3.412 055 x 
10 .2 and A3 = - 2.57 1994x 10 .2 

Crack growth rates were calculated by taking the 
first derivative of the third-order polynomial fitted to 
the available crack length-time data. 

2.4. Determination of fracture mechanics 
parameters 

The stress intensity factor K has been calculated from 
the expression recommended in ASTM E 399-83 

standard. The path-independent energy-rate line integ- 
ral, C*, was evaluated using the formula given for CT 
specimens [8] :  

2 ( n -  1)P6 
C *  = 

(n + 1 ) B ( W -  a) 

or 2P6 
C* - f o r n > 5  (2) 

B ( W  - a) 

where P is the load, g is the load-line displacement 
rate, B is the specimen thickness, W is the specimen 
width, a is the crack length and n is the stress exponent 
in power-law creep. 

3. Results and discussion 
Both crack length versus time and crack propagation 
rate versus time curves represent the we!l-known char- 
acteristics of a creep curve (Figs 2 and 3). The same 
type of typical curve was also observed in load-line 
displacement versus time records. L o g ( d a / d t ) - l o g K  
plots consist of three discrete regions (Figs 4 and 5). 
The data in these regions were fitted to the relation 
log(da/dt)  = a + b log K by the least-squares method. 
The b values obtained are shown on the plots. In 
contrast to the three discrete regions in (da /d t ) -K  
relations, single linear correlation was obtained for 
logarithmic plots of (da /d t ) -C*  (Figs 6 and 7). 

These results show that for stress intensities lower 
than 44% of K~c, no significant time-dependent crack 
growth has taken place at 150~ in 7050-T73651 
during 150 h. From the data given in Figs 2 and 3, it is 
evident that for higher loads, the general trend is the 
increase in crack growth rates with time during the 
tests. However, there was an apparent decrease in 
growth rates in the preliminary stages of the tests. This 
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Figure 3 Crack  growth  rate as a function of t ime (P = 5.41 kN,  
T = 150 ~ 
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Figure 5 Crack  growth  rate as a function of the stress intensi ty 
factor (P = 6.10 kN,  init ial  K = 30.53 M P a  m 1/2, T =  150~ 
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Figure 4 Crack propagation rate as a function of the stress intensity 
factor (P = 5.41 kN, initial K = 24.76 MPa m 1/2, T= 150~ 

initial  decrease is a t t r ibu ted  to the decay of deforma-  
t ion rate  as observed in p r imary  creep in smoo th  
specimens.  As the test progresses,  the creep cracking 
p h e n o m e n o n  prevails.  

1432  

i 0 

E i= 

o 
__1 

-2 

-? 

/ /  

ii// t / 
i I ~/// 

I I/ ////I 
iii i i// 

/// ~/(/~ 
r # 
/ / , /  

-~, I I , I i I I I I 

0 2 4 6 B 10 
Log [C ~ (J m "2 h- 1)1 

Figure 6 (~)  Crack  growth  rate as a function of the energy-ra te  

line integral ,  C*(P = 5.41 kN, T =  150~C). ( - - )  Log(da/dt) = 
- 4.8539 + 0.955 l o g C *  or da/dt = (1.3999 x 10 - s )  (C*)  ~ 

C o m p a r i s o n  of Figs 4 to 7 indicates  that  the cor- 
re la t ion of da/dt with C* is much bet ter  than  with K. 
W h e n  corre la ted  with C*,  the ra t io  of rates at  the top 
of the scat ter  band  to that  at  the b o t t o m  of the band  is 
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Figure 7 (A) Crack growth rate as a function of the C* integral 
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Figure 8 Scatter bands for crack growth r a t e -C*  relationships 
obtained under two different loads ( T -  150~ 

less than 15 (Fig. 8), but the same ratio in the case of 
K is more than a factor of 75. The poor correlation of 
creep crack growth rate with K has to be expected also 
because of the large-scale yielding observed in test 
pieces. 

In addition, one can follow the suggestion of Riedel 
and Rice [9] to determine the characteristic time for 
the transition from a small-scale creep to extensive 
creep of the whole specimen which is given as 

K ~ ( 1  --  v ~) 
q - (3)  

E(n + 1)C* 

where v is Poisson's ratio, E is the elastic modulus and 
n is the exponent in Norton's creep law. 

The transition time ti can be used as a first approx- 
imation to determine whether K or C* is a valid 
parameter to characterize creep crack growth. If the 
time needed for a crack length increment, for instance 
by 1 mm, comes out to be shorter than ti, then K may 
be a valid parameter to describe crack growth kinetics. 
Otherwise, C* will give a more satisfactory result. 

Values of t i have been evaluated from data obtained 
for two load values used. For  example, in the test done 
under 5.41 kN, K has increased from 27.668 to 
40.081 M P a m  1/2 whereas C* has increased from 
261.779 to 179 187.201 J m -2 h -1. The correspond- 
ing q values have dropped from the initial value of 
2.3701 to 0.0072 h. Therefore the time required for the 
crack to grow by 1 mm has decreased from 147.956 to 
0.725 h. The ratios of these times to the transition 

times are calculated to be between 62.43 and 100.7, 
respectively. According to these data, values of tj are 
much smaller than times needed for an increase in 
crack length by l ram. This means that extensive creep 
occurs ahead of the crack tip before any significant 
crack advance takes place. It can therefore be con- 
cluded that the C* integral is more appropriate than 
K for correlation with the crack propagation rate for 
the aluminium alloy tested in this work. 

Finally, it is worth mentioning that selection of the 
time for an increment of 1 mm in crack length for 
comparison is somewhat arbitrary. Thus, the useful- 
ness of the characteristic time is only in terms of 
providing initial guidance in the choice of K or 
C* rather than as an absolute criterion for validity of 
the particular parameter. 

4. C o n c l u s i o n s  
The following conclusions can be drawn from the 
results of this study. 

1. Under creep conditions, the energy-rate line integ- 
ral satisfactorily describes crack growth kinetics. This 
has been proved in 7050-T73651 high-strength alumi- 
nium alloy tested at 150 ~ 

2. Evaluation of data according to the transition 
time concept introduced by Riedel and Rice proves 
that extensive creep occurred ahead of the crack tip. 
This again shows the suitability of the C* integral in 
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characterizing the crack growth behaviour of a test 
alloy. 
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