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ABSTRACT

Discussions between D-BAA and the NLR have shown that significant
variability in fatigue crack growth properties is possible for the
industry standard damage tolerant aluminium alloy, 2024-T3 sheet. This is
important for two reasons: (1) design assumptions and (2) comparisons of
different candidate materials, such as 6013-T6, with 2024-T3. Another
important topic is the possibility of changes in damage tolerance
properties owing to long term natural ageing.
In this report a comparison was made between 2024-T3 aluminium alloy
sheet crack growth obtained from two NASA reports (from 1958 and 1959)
and an NLR report (from 1966) to examine batch to batch variability of
fatigue crack growth rates. Two other NASA reports (from 1969 and 1988),
which refer to test specimens from the same batch of material, were used
to determine if there is any long term natural ageing effect on fatigue
crack growth properties.
From the results it can be concluded that:
1.
There is a significant effect of long term natural ageing on crack
growth properties of 2024-T3.
2.
Significant variability in fatigue crack growth properties is
possible for different batches of 2024-T3.
3.
The effect of long term ageing is less than or similar to the
effect of batch-to-batchvariation.
4.
The effect of cycle frequency has to be considered even when tests
are done in laboratory air.
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Summary
Discussions between D-BAA and the NLR have shown that significant variability in fatigue
crack growth properties is possible for the industry standard damage tolerant aluminium alloy,
2024-T3 sheet. This is important for two reasons: (1) design assumptions and (2) comparisons
of different candidate materials, such as 6013-T6, with 2024-T3. Another important topic is the
possibility of changes in damage tolerance properties owing to long term natural ageing.
In this report a comparison was made between 2024-T3 aluminum alloy sheet crack growth data
obtained from two NASA reports (from 1958 and 1959) and an NLR report (from 1966) to
examine batch to batch variability of fatigue crack growth rates. Two other NASA reports (from
1969 and 1988), which refer to test specimens from the same batch of material, were used to
determine if there is any long term natural ageing effect on fatigue crack growth properties.
From the results it can be concluded that:
1. There is a significant effect of long term natural ageing on the crack growth properties of
2024-T3.
2. Significant variability in fatigue crack growth properties is possible for different batches of
2024-T3.
3. The effect of long term ageing is less than or similar to the effect of batch-to-batch variation.
4. The effect of cycle frequency has to be considered even when tests are done in laboratory air.
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1 Introduction
Discussions between D-BAA and the NLR have shown that significant variability in fatigue
crack growth properties is possible for the industry standard damage tolerant aluminium alloy,
2024-T3 sheet. This is important for two reasons: (1) design assumptions and (2) comparisons
of different candidate materials, such as 6013-T6, with 2024-T3. Another important topic is the
possibility of changes in damage tolerance properties owing to long term natural ageing, which
has already been demonstrated to be deleterious to corrosion resistance. With increasing age
there is a trend towards more intergrannlar corrosion at the expense of general pitting.

2 Batch variability
Schijve [I] compared fatigue crack growth data of 2024-T3 Alclad sheet material from several
manufacturers to examine batch-to-batch variation. The investigation also included
differentbatches from the same manufacturer. Constant amplitude fatigue tests were carried out
at the NLR with the same test conditions: specimen dimensions, cycle frequency, environment
and testing machine. It was found that the variability between batches from the same
manufacturer was similar to the variability between batches from different manufacturers.
In the investigation three stress amplitude levels were used with the same mean stress level,
resulting in three different R-values: R = 0.037, R = 0.27, and R = 0.47. The results are shown
in figure 1 (scatterbands) and listed in table 1. Each test series (same R,AK) contained 21
specimens. The standard deviation of the log(da1dn) values of each test series was calculated in
order to describe the scatter in crack growth rates. The results are listed in table 2 and shown
in figure 2. There is a tendency towards a higher standard deviation with increasing AK.
The Schijve results have also been compared with NASA (NACA) fatigue crack growth test data
from the following reports [2, 31:
- NACA TN 4394, prepared by McEvily, A.J. and Illg, W., September 1958.
- NASA TN D-52, prepared by McEvily, A.J. and Illg, W., October 1959.
The test conditions (specimen dimensions, cycle frequency and testing machine) for these tests
differed from the NLR test conditions. The crack growth rate data are listed in tables 3 and 4.
Figure 3 compares these data with the NLR data. Although tested at different frequencies and
at slightly different R-values (0.033-0.02) the data from NACA TN 4394 fit into the scatterband
for R = 0.037 from reference 1. The NASA TN D-52 data illustrate the effect of negative Rvalue (R = -1).
Taken as a whole, the crack growth results in figure 3 show that there is an effect of cycle
frequency: lower frequencies result in slightly higher crack growth rates. This effect is discussed
in the next section.

3 Frequency and thickness effects
3.1 Effect of frequency

The effect of cycle frequency is interrelated with the effect of atmospheric humidity. This is
discussed in ref[4]. Figure 4 illustrates both effects and shows that reducing the frequency
increased crack growth rates more in dry air than in wet air at low AK, but did the opposite at
high AK. This figure also shows that the humidity effect decreases with decreasing frequency,
i.e. at low frequencies there are only slight differences in crack growth rates in dry or wet air.
The data used in the present report are all from tests carried out in laboratory air. Although one
might think that the humidity effect can therefore he neglected, figure 3 shows that there is still
a frequency effect, which has to be taken into account when comparing crack growth rate data.

3.2 Effect of sheet thickness
Constant amplitude tests in normal and nominally dry air on plate and sheet materials
demonstrate that crack growth rates tend to be higher in thicker section materials. (Note that
specimen thickness, rather than sheet thickness, has a negligible influence for 2024-T3, but not
for some materials, notably aluminium-lithium alloys.)
The data used in the present report are from test specimens with sheet thicknesses ranging from
2.0 to 2.6 mm. It is assumed that in this thickness range the thickness effect is negligible.

4 Long term variation
To investigate the effect of long term natural ageing, NASA fatigue crack growth test data for
2024-T3 sheet material were used from the following reports [5, 61:
- NASA TN D-5390, prepared by Hudson, C.M., August 1969.

- AGARD report no.732, annex G, E.P. Phillips, 1988.
The long term natural ageing effect can be studied because the materials tested came from the
same batch, which was manufactured before 1949.
The crack growth rate data are listed in tables 5 and 6. Figures 5-7 compare data for the same
R, but tested in different decades. The crack growth rates for the Phillips 1988 data (ref[6]) were
slightly higher than those for the Hudson 1969 data (Ref. 5) at the same frequency. Note,
however, that figure 7 shows a frequency effect for the Hudson 1969 data (0.5 Hz versus 30
Hz), and that the Phillips 1988 data still are above the Hudson 1969 data even though the latter
were obtained at a lower frequency (14 Hz versus 30 Hz).

5 Discussion
Tlie batch-to-batch variation in crack growth is characterized by the scatterbands obtained from
the data in reference 1 and shown in figure 1 for R = 0.037, R = 0.27 and R = 0.47. The
scatterband representing R=0.47 is smaller, indicating a somewhat lower variability. This is also
indicated by the calculated standard deviations, table 2 and figure 2.
Figures 8 and 9 show that the NASA 1969 and 1988 data (Refs. 5 , 6) fit mostly in the
scatterbands for the NLR 1966 data (Ref. 1) although there are slight differences in R values and
cycle frequencies. This means that the effect of long term ageing on the NASA material is less
than or similar to the effect of batch-to-batch variation. Nevertlieless, both effects should be
considered as significant, taking into account the log-log method of data presentation.
The frequency effect in laboratory air could not be studied over the total AK-range, since the
test frequencies were generally adjusted to the applied stress amplitude. Therefore the low
frequency data mostly relate to higher AK-values and the high frequency data to lower AKvalues.

6 Conclusions
In this report a comparison was made between 2024-T3 aluminum alloy sheet crack growth data
obtained from two NASA reports (from 1958 and 1959) and an NLR report (from 1966) to
examine batch-to-batch variability of fatigue crack growth rates. Two other NASA reports (from
1969 and 1988), which refer to test specimens from the same batch of material, were used to
determine if there is any long term natural ageing effect on fatigue crack growth properties.
From the results it can be concluded that:
1. There is a significant effect of long term natural ageing on the crack growth properties of
2024-T3.
2. Significant variability in fatigue crack growth properties is possible for different batches of
2024-T3.
3. The effect of long term ageing is less than or similar to the effect of batch to batch variation.
4. The effect of cycle frequency has to be considered even when tests are done in laboratory air.
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sheet thicbers: 2.0 m m

specimen width 160 mm

Material: 2024-T3 AAlcd

slleer tllickness: 2.0rnm

specimen width: 160 mrn

Material: 2024T3 Alclvd

Table 2 Calculated standard deviations of log (daldn) as a function AK

Table 3 Crack growth results from McEvily and Illg (Ref. 2)
Report: NACA TN 4394 [2]
Material: 2024-T3 bare
frequency: see table
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Table 4 Crack growth results from MoEvily and Illg (Ref. 3)
Report: NASA TN D-52 [3]
Material: 2024-T3 bare
frequency: see table
specimen width: 305 mm
sheet thickness: 2.1 mm
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Table 5a Crack growth results from Hudson (Ref. 5)
R=-1

Table 5b Crack growth results from Hudson (Ref. 5)
R=0

Table 5c Crack owth results from Hudson (Ref. 5)
R = 0.g

ickness: 2.3 m m

Table 5d Crack growth results from Hudson (Ref. 5)
R = 0.5

Table 5e Crack growth results from Hudson (Ref. 5 )
R = 0.7

Table 6a Crack growth results from Philips (Ref. 6)
R=-1

Table 6b Crack rowth results from Philips (Ref. 6)
R=o.?andR=O

Fig. I Constant amplitude fatigue crack growth rate scatterbands representing material
batch variability [Ref. I]
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Fig. 2 Batch variability as function ofAK[Ref I ]
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Fig. 3 Constant amplitude fatigue crack growth results from McEvily and lllg [Refs. 2, 331
compared with two of the scatterbands from figure 1
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Fig. 4 Frequency effects on 1 mm 2024-T3 Alclad sheet [Ref 41

Fig. 6 Comparison of constant amplitude fatigue crack growth rates for R = 0.5

Fig. 7 Comparison of constant amplitude fatigue crackgrowth rates for R = - I

Fig. 8 Comparison of crack growth rates for R = 0 and a scaiterband representing
crackgrowth data for R = 0.037

Fig. 9 Comparison of crackgrowth rates for R = 0.5 and a scatterband representing
crack growth data for R = 0.47

