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Influence of Compressive Pre-strain on Tensile Fatigue
in Two Types of Aluminum Alloys
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The effect of pre-strain on fatigue behavior in various
kinds of materials has been reported on several times thus far
(Ref 1-11). That being said, however, the number of actual
systematic research works on this topic is quite few, and it is
still unclear whether pre-straining is of any benefit in fatigue
properties, presumably depending on the material and its
microstructure. Furthermore, in particular, the effect of
compressive pre-strain on pulsative (tensile) fatigue behavior
has not been reported on in correlation with cyclic plastic
strain response for the materials strengthened by different
mechanisms, which is very important in engineering applica-
tion. However, it has so far been considered that the
measurement of cyclic plastic strain response under the
condition of tensile fatigue is extremely difficult because of its
smallness. In the present study, the influence of compressive
pre-strain on fatigue properties in two types of aluminum
alloys (5056-H34 Al alloy and 6061-T6 Al alloy) has been
investigated. 5056-H34 Al is the alloy strengthened mainly by
solid solution, while 6061-T6 is the precipitation-strengthened
alloy (H34: work-hardened and stabilized, T6: solid-solution
treated and artificially aged).

The mechanical properties, which were obtained by the
tensile test at the strain rate of about 1.5 x 10™%/s, are shown in
Table 1. The UTS and the 0.2% proof stress of 6061-T6 with
precipitation strengthening are higher than those of 5056-H34.
The specimen is cylindrical in nature with the gauge length of
13 and 7 mm diameter. Compressive pre-strains of 0.4 to 3.2%
were applied to these alloys prior to fatigue testing and the
fatigue lives have been measured and compared to those in the
materials without pre-straining. The stress-controlled fatigue
test was conducted using Dynamic Servo FT-5, SAGInoMIYA,
Japan at a frequency of 10 Hz under the pulsative (zero-
tension) condition of sine wave, i.e., the stress ratio R = 0 in air
at room temperature. Furthermore, in order to study the cyclic
stress-strain response (CSSR), similar fatigue tests were carried
out during the repetitions until 1,000 cycles at the frequency of
1 Hz for both specimens with pre-straining and without
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pre-straining. Additionally, the fatigue property of the conven-
tional low carbon steel containing 0.22%C (ferrite + pearlite
structure) has also been studied for comparison.

Figure 1 shows the fatigue life (S-N curves) for three kinds
of materials, presenting the relationship between the applied
maximum stress normalized by UTS and the number of cycles
to failure.

In 5056-H34 Al alloy (Fig. 1a) the influence of pre-straining
on fatigue life appears to be insignificant or rather even
favorable, although there has been considerable scatter in
experimental data. In 6061-T6 alloy (Fig. 1b) the significant
influence of pre-straining on fatigue life has been observed.
0.8% pre-straining produced the reduction in fatigue life more
than 0.4% pre-straining, but even greater amount of pre-
straining (3.2%) did not result in further reduction in fatigue life
within the present experimental condition. The maximum
reduction in fatigue life is 60-70%. In carbon steel the influence
of pre-straining was not detected (Fig. 1c), as similarly shown
in 5056-H34 Al alloy.

Figure 2 exhibits the CSSRs, i.e., the variation of plastic
strain amplitudes during cycling, in two types of aluminum
alloys. Eighty-five percent of UTS in each material is applied to
the specimen as the maximum stress. Regardless of pre-
straining, rapid decrease in plastic strain amplitude during early
cycles and the subsequent gradual decrease have been observed
for both alloys.

As seen in Fig. 2(a), it is of interest that in 5056-H34 Al
alloy similar behaviors have been observed both in the
specimens with pre-strain of 0.8% and without pre-strain, and
that pre-straining of 3.2% reduces the plastic strain amplitude
to some extent. As for 6061-T6 alloy, on the other hand,
considerably higher plastic strain amplitudes in the pre-
strained specimen (0.8 and 3.2%) than in the non-strained
specimen are produced during cycling. It has been considered
that such production of the higher plastic strain amplitude
results in the reduction in the fatigue lives of pre-strained
6061-T6 alloy.

Stoltz and Pelloux (Ref 12, 13) have reported that the
alloys having shearable precipitates shows a small Bausch-
inger effect, whereas the alloys containing nonshearable
precipitates exhibits a very large Bauschinger effect. Fur-
thermore, the hysteresis behavior of the materials containing
nonshearable particles cycled at a high strain amplitude has
been reported by Stoltz and Pelloux (Ref 12, 13) and Asaro
(Ref 14, 15). These researchers have shown that such
materials exhibit concave-shaped hysteresis loops, depending
on the applied plastic strain amplitude, and have attributed
this behavior to the back stress raised by the existence of the
strong particles. The TEM observation has also revealed that
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Table 1 Mechanical properties of materials used

UTS, MPa 0.2%PS, MPa Elongation, %
5056-H34 292 204 21
6061-T6 323 290 14
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Fig. 1 Fatigue life curves (Applied maximum stress normalized by
UTS is used). (a) 5056-H34 Al alloy, (b) 6061-T6 Al alloy, and (c)
low carbon steel

many dislocations are located at the broad faces of the
precipitates-plates in the alloy containing nonshearable pre-
cipitates cycled (Ref 16).
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Fig. 2 The variation of plastic strain amplitude during cycling. (a)
5056-H34 Al alloy and (b) 6061-T6 Al alloy

Therefore, it is considered that the pile-up of dislocations to
the precipitates in 6061-T6 alloy by pre-straining presumably
causes the remarkable Bauschinger effect (Note the significant
difference between the plots of specimens with and without
pre-strain at the first cycle), and such production of larger
plastic strain amplitude is not terminated in the first reversal but
obviously continues during cycling, presumably leading to the
shorter fatigue life in this alloy.

The stress values in the present work are calculated using
the original cross section area of the specimen. The effect of
the change of the section area on fatigue life is negligible
compared to the data scattering in the case that the
compressive pre-load is less than 1%. However, in the case
of large compressive pre-loading (3.2%), it seems that its
effect should be taken care of, i.e., since the true applied
stress due to the area increment caused by pre-straining
should be lower than the conventional stress, the data points
in the S-N curve (Fig. 1) of the specimens largely pre-strained
should be slightly shifted to the lower side and those in CSSR
(Fig. 2) should be shifted to the upper side.

From the above consideration, it has been concluded that the
fatigue life reduction caused by compressive pre-straining is
clearly produced in precipitation-hardened alloy (6061-T6) and
not in solid-solution hardened alloy (5056-H34), and that the
fatigue life reduction in 6061-T6 alloy is attributable to the
higher plastic strain amplitude during cycling in the pre-
strained specimen which is originally produced by the Bausch-
inger effect at the first stress reversal.
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