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FATIGUE ANALYSIS OF A MEDIUM STRENGTH Al-Mg ALLOY 5083

J.D. COSTA*, C.M. BRANCO** and J.C. RADON*#¥*

The paper reports the results of a fatigue crack propagation
study on the Al-Mg 5083-0. da/dN, AK data was obtained in
tension and bending for three different stress ratio values.
The fatigue crack propagation of both straight and semi-ellipti
cal cracks was analysed. For that purpose crack aspect ratio
data was generated and a good correlation was obtained against
available theoretical solutions in the literature.

Crack closure data was obtained and used to calculate effective
values of AK. Fatigue crack growth rate when plotted as a
function of AKgs has shown not to be dependent of stress ratio.
For R>0.8 the amount of crack closure at the crack tip 1is
negligible. Short crack growth data was obtained in square
section specimens with a sharp notch.

INTRODUCTION

The medium strength aluminium alloy 5083-0 is largely used as a structural mate—
rial due to its excelent weldability and strength. The fracture toughness beha—
viour at low temperatures is ductile with no temperature transition as shown
in previous work carried out by Costa and Branco (1), where Q0D and J results
were obtained in the temperature range 200 to +150°C. Fatigue data is however
comparatively scarce in comparison with 2000 and 7000 series aluminium alloys.
Hence the main objective of this research program is to characterize the fatigue
behaviour of a 5083 aluminium alloy, both for long crack and short crack propaga—
tion.

In previous work by the authors (2) fatigue crack propagation results were
obtained in CT and OCT specimens. The (CT specimens were provided with a central
semi—elliptical notch. The influence of stress ratio (R=0; 0.5 and 0.8) and crack
shape (full depth and semi—elliptical) was assessed. Crack closure data were
obtained for three values of stress ratio. The crack closure parameter U initially
proposed by Elber (3) was used to obtain the effective values of AK, AK e The
crack velocity da/dN when plotted versus X gave a very good correlation indepen
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dent of stress ratio.

For short cracks there is evidence in the literature by Ritchie (4), Miller
(5,6), that for the same X 1level crack growth rate is higher than for long cracks.

In Ritchie's work (4), comparison of results obtained in specimens with micro-
—corner cracks against long crack data obtained in CT and OCT specimens confirm
this trend. The absence of crack closure in chort cracks seems to be the main
cause to explain the higher crack growth rates in very short cracks. However
there is insuficient data to demonstrate this conclusion specially when short
crack growth from tiny notches at specimen surface is concerned.

In this paper fatigue crack propagation data is presented for aluminium alloy
5083-0, both for short cracks and long cracks. The parameters analysed were stress
ratio, loading mode (tension and bending) and crack aspect ratio. Crack closure
measurements were also taken and the results were used in the fatigue predictions.

EXPERIMENTAL

Costa (7) has obtained the chemical composition and mechanical properties of
of the Al-Mg alloy 5083-O and these are:4.58Mg; 0.5584h; 0.37%Fg; 0.5W;; 0.127Cy;
0.1%Zn; 0.057Sn;  0.05%Ti.

Longitudinal direction of the plate material:0j;;g=320.8YPa; OYS=I&MPa; €¢=18.2%.

Cyclic stress-strain curve; %R =0.273 (2Nr)_0'66“

Fatigue crack propagation was obtained in CT, CT specimens and square bars.
The specimen thickness was 12mn and the loading modes were tension and bending.
The tension tests were carried out in a load—controlled servohydraulic machine.
The load wave was constant amplitude sinusoidal with a frequency varying from
20 to SOHz. The bending tests were performed in a fatigue testing rig specially
built for that purpose. The frequency used in the bending tests was 25Hz.

For both bending and tension tests three different stress ratio values were
applied (R=0.05; R=0.5 and R=0.8). The short crack specimens were provided with
a micro corner notch with approximately 50um long in both directions. This micro-
_notch was obtained by pressing a razor blade against the specimen surface with
a controlled force of 100gr. The micro-notch dimensions were checked in all
the specimens before the fatigue tests.

Crack length measurement in the long crack specimens was made with an AC
potential drop system in the depth a direction and a travelling microscope in
the ¢ direction (crack length). The short crack measurements were mde in a
metallographic microscope with 1000x magnification. For that purpose the specimen
was taken during the test from the fatigue machine at periodic intervals, poli-
ched and etched, and finally observed at the microscope. With this technique
it was possible to detect cracks short as 20um long from the notch root. The
readings were made at both directions of the corner crack.

Crack closure measurements (opening loads) were obtained with a micro Elber
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type gauge placed near the crack tip with the measuring points above and below
the crack surfaces. The plots load against crack opening were obtained and fram
these the opening loads were obtained for different X values.

For the CT and OCT specimens the da/dN; AK plots were obtained with the
five points polynomial method defined in the ASIM specification (8). The tangent
method (8) was chosen for the square specimens with micro-corner cracks.

RESULTS AND DISCUSSTON

Crack shape results are presented in Figures 1 and 2. The curves refer to
the plots of a/c against the normalised crack depth a/B both for short corner
cracks and semi-elliptical cracks in tension and bending. The short corner crack
data is only for a/B <0.1. Some scatter was obtained in the a/c results in
chort cracks. This is due to the fact that crack initiation took place in most
cases in one direction only (a or c) causing therefore delay in the other direc—
tion. However, as the crack grows and a/B increases crack propagation tends
to equalize in both directions and the scatter is reduced near a/c=1 for higher
values of a/B. In the range a/B values presented, no influence was observed
of stress ratio and loading mode.

The influence of loading mode (bending or tension) can be seen in Figure
2 for the long cracks. In bending the crack aspect ratio increases from a/c=0.3
to a/c=0.6 for a/B=0.3 and afterwards decreases markedly. In tension there is
a considerable increase of a/c till 0.9 for R=0 and 0.8 for R=0.5. After 0.8
there is a slight reduction in the a/c values. This behaviour shows that in
tension the cracks tend to stabilize in the semi—circular shape while in bending
the trend is towards the semi—elliptical shape. The influence of stress ratio
in the crack shape is therefore different for bending and tension without any
visible explanation.

In the micro corner cracks AK was computed with the Pickard polynamial equa—
tions (9). The theoretical curves in Figure 2 were obtained with the Raju and
Newman equation (10). Also the AK values for the semi—elliptical cracks were
calculated with this equation. The agreement between the experimental crack
aspect ratio values and the theoretical predictions in Figure 2 is good.

Tn Figure 3 a typical plot da/dN and dc/dN against a and c is shown for
the cormer short cracks with size below 1000 um. It is seen that crack growth
rate increases with crack length till crack depths near 100 pm. Between 100
and 300 um crack growth rate decreases and afterwards the growth rate is approxi-
mately constant. Crack closure may explain this behaviour since the crack surfa—
ces are open for cracks less than 100 un long and closure increases gradually
for sizes between 100 and 300 um tending towards a stable value for crack depths
above 300 um a typical size for the beginingof the long crack regime.

The U factor is plotted against AK in Figure 4 including the results for
the CT and OCT specimens. For the CT specimens the results in curve 1 of Figure
4 show that crack closure is very important specially for R=0. For this stress
ratio value, U is less than 0.75 for AK < MPa/m and reaches 0.35. For &K
> 7MPa/m U is independent of &K (U=0.75). For R=0.5 the values of U are above
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those of for R=0. Crack closure is only observed for AK < MPavm (U~1 for AK
>MPavm). For R=0.8 crack closure was not observed and therefore U=l for all
X values tested. In the (CT specimens and for R=0 the U values are lower than
those in the CT specimens and U does not remain constant as in the (CT specimens.

Figure 5 shows da/dN plotted against AKer in the CT specimens and for the
three values of R. AKgp was calculated from the U values plotted in Figure 4.
A good correlation was obtained between da/dN and AKef without any dependence
of stress ratio. Hence in this alloy the mean stress effect on crack propagation
is mainly due to crack closure.

Region IT of crack propagation shows two slopes in the da/dN; AK diagram.
This is often found in other aluminium alloys and FOC metals as reported by
Yoder et al (11), Pusch (12) and is explained by the relation Costa (13) between
the dimension of the cyclic plastic zone in plane strain and certain microstructu

ral parameters such as subgrain size, grain size and dispersoid spacing who
create three transition points in the da/dN; X curve.

The da/dN; X results for the micro—corner cracks are plotted in Figure
6 together with the long cracks data in CT and OCT specimens and for the three
stress ratio values. For micro—cracks with sizes below 300 um the crack growth
rate is higher than for the long cracks (CT and (CT specimens). Also fatigue
crack propagation still takes place for AK values below the threshold level
AK,, for long cracks (e.g. MKy, = 3.3Pavin for R0 and MKy, = MPa/m for R=0.5).
For cracks greater than 300 im there is a good agreement between the results
in the CT and OCT specimens. The long cracks curve for R=0.8 vhere crack closure
is insignificant fits very well with the experimental data in short cracks thus
confirming the fact that crack closure is virtually absent in microcracks. Note
that as crack closure is increasing with crack length the curves da/dN; X for
specimens with long cracks join with the corner crack data when the crack length
is above 300 wm (Figure 6).

CONCLUSIONS

1. Good correlation was obtained both in bending and in tension between the
experimental results of crack aspect ratio (a/c versus a/B) and the theoreti-
cal predictions.

2. Both for through and semi-elliptical cracks fatigue crack growth rate does
not depend on stress ratio when correlated against MK, for crack closure.

3, For micro—racks with size below 300 Um and for stress ratio values of R=0
and 0.5 fatigue crack propagation occurs for MK values below the threshold
X, for long cracks. For R=0.8 fatigue crack growth rate for short cracks
and long cracks is not significantly different and this suggests that crack
closure is virtually absent in short cracks.
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in High Strength Aluminium Alloys).
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Figure 1 - a/c against a/B. 5083-0 AL
alloy. Micro—corner crack.

Figure 2 -.a/c against a/B. 5083-0 AL
alloy. Central semi—elliptical notch.
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Figure 3 - da/dN against a
5083-0.
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Figure 4 - U against AK. AM-Mg alloy

5083-0.
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Figure 5 - da/dN against M. Al-Mg

alloy 5083-0.
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