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Introduction

The use of aluminium alloys is becoming more
extensive, particularly in the mining and
transportation industries, due to their high
strength to weight ratio. The sections are
normally extruded but due to their large size,
welded I-beams are produced from extruded
flanges and rolled plate.

The aim of this project was to test small
and large specimens in fatigue and compare
the results with the design curves of specifi-
cation BS8118. The small specimens were
prepared by butt-welding aluminium alloy
plates with different filler metals. Large
specimens were fabricated from 6061 plates
welded to extruded 6061 flanges.

Experimental procedures and results

Preparation and testing of small
specimens

Small plates of 5083-H22 and 6061-T6 were
butt-welded with two different filler metals as
indicated in Table I. The plates were welded
along their length using MIG (metal inert gas)
welding. Each plate was 12.7 mm thick, 300
mm wide and 600 mm in length.

A number of tests were performed on the
parent plates and the welds. These included
microstructure, hardness, bend, tensile and
fatigue tests.

Metallography of small specimens

This was done in order to evaluate the

microstructure of the welds and the parent
metal adjacent to the welds. The weld
combination of 5083/5083 showed lack of
fusion along the interface of the weld and
parent plates. The combination of 6061/6061
showed a considerable amount of evenly
distributed porosity (Figure 1). Good fusion
was observed, which was consistent along the
interface. The 6061/5083 weld combination
showed randomly distributed porosity and
good fusion (Figure 2).

Hardness tests on small specimens

Hardness tests were done using a 5 kg load on
a Vickers hardness testing machine. Tests were
done on the parent metals, the weld metals
and the heat affected zones (HAZ). The results
are shown in Table II.

Tensile tests on small specimens

The specimens tested each had a gauge length
of 75 mm and a width of 20 mm. Three
transverse and three longitudinal specimens
were cut from the 6061-T6 and 5083-H22
plates. Six transverse specimens were cut
across the weld combinations. Three of these
were machined to the same thickness as the
parent plate. The results are shown in Table III.
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Table I

Weld combinations1

Parent plate 1 Parent plate 2 Filler metal

5083 5083 5356
5083 6061 5356
6061 6061 4043
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Figure 1—Micrograph showing porosity, a finer root run and coarser top run. Etched, 87x

Figure 2—Randomly distributed porosity in the root run. Etched, 87x

Table III

Mean values of tensile test results1

Test piece 0.2% Proof UTS, Elongation,
stress, Mpa MPa %

5083 (T) 193 293 18
5083 (L) 207 294 18
6061 (T) 277 308 15
6061 (L) 276 304 16
5083/5083 (W) 171 177 3
5083/5083 (MW) 167 173 3
5083/6061 (W) 176 203 4
5083/6061 (MW) 172 198 4
6061/6061 (W) 181 200 4
6061/6061 (MW) 154 170 3

T=transverse specimen, L=longitudinal specimen W=welded specimen, MW=welded and machined specimen

Table II

Hardness test results1

5083 6061 5083/5083 6061/6061 5083/6061

Weld metal - - 59 Hv 57.8 Hv 60.1 Hv
HAZ - - 74 Hv 75.2 Hv 73.6 Hv
Parent metal 91.7 Hv 114 Hv - - -



The fracture surfaces of 6061/6061 specimens revealed
oxide particles and lack of fusion. Failure mostly occurred at
the HAZ (Figure 3) and some porosity was observed. These
defects appeared to be the reason for the inferior mechanical
properties of the welded and machined specimens.

Fatigue tests on small specimens

Eight specimens were cut across the welds for fatigue testing.
Each specimen was approximately 200 mm long, 20 mm wide
and 12.7 mm thick and tested in the four point bending
configuration. The following equation was used to calculate
the stress, σ, using the bending moment, M, the moment of
inertia, I, and one half the specimen thickness, y.

The fatigue test results for the small specimens are
shown in Table IV and are plotted as S-N curves in Figure 4.

Preparation and testing of large specimens

Four beams were fabricated for fatigue testing. Each beam
was made up of two extruded thick-forked T flanges in
aluminium 6061-T6 welded to a flat 15 mm web of 6061-T6
alloy. The fork in the leg of the T was designed to
accommodate the web and to hold it in place during welding.
The flanges were manually fillet welded using a 4043 filler
wire. The beams were 500 mm deep, 5500 mm long and 200
mm wide.

Fatigue tests on large specimens

Four beams were subjected to fatigue testing. The beams
were simply supported and subjected to fatigue testing using
a central cyclic load at a frequency of 1 Hz. The minimum
load used was 10 per cent of the maximum to keep the beams
in position. The beam span was 5 000 mm.

An initial load of 140 kN was used for the first beam.
According to BS8118 design curves, failure of the beam
would occur after about 100 000 cycles at a load of 140 kN
and a resultant stress of 90 MPa. Failure did not occur, even
after more than 300 000 cycles. The load was increased five
times, when eventually failure occurred. Table V shows the
loads used and the cycles performed for each load.

Beam 1 finally failed at a total of 766 793 stress cycles at
a load of 230 kN. Using Miner’s law of cumulative damage,
the single load that would have brought about failure after
766 793 cycles was found to be 177.4 kN.

Beams 2, 3 and 4 were subjected to loads of 200, 220 and
250 kN, respectively. The corresponding number of cycles to
failure is shown in Table VI.

Failure mode of large specimens

The fatigue crack seemed to initiate at the root of the weld on
the lower short tine of the fork. It propagated upwards and
downwards towards the flange. It simultaneously penetrated
through the thickness of the weld. At this point, the crack
was visible and continued to propagate inwards. 
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Figure 3—Fractured specimens of the 5083/5083 combination

Table IV

Fatigue test results for welded plate specimens1

5083/5083 weld 5083/6061 weld 6061/6061 weld

Stress, MPa Cycles to failure Stress, MPa Cycles to failure Stress, MPa Cycles to failure

123 198 716 82 200 217 123 49 762
144 69 509 123 70 567 133 40 299
156 46 739 144 60 416 144 18 791
164 24 498 154 45 888 164 17 487
181 18 623 172 38 966 185 9 670
197 10 585 181 33 957 197 7 063
205 9 007 185 16 953 205 5 399
- - 205 11 508 - -
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After a number of cycles, a crack appeared on the
opposite side of the beam in the radius just below the long
fork tine and also propagated upwards and downwards.
Another crack was observed in the weld of the long fork tine
and propagated upwards and downwards. The two cracks
eventually merged about halfway along the tine. Thereafter,
there was only one crack, which propagated downwards
towards the flange and upwards in the web. 

The crack eventually penetrated the bottom flange and
propagated more rapidly towards the edges of the flange,
eventually leading to failure and beam collapse.

In each case, the fatigue crack initiated at the weld at a
distance of about 10 to 20 per cent from the centre of the
beam. Failure did not occur at the centre of the beam because
the beams were imperfect and there was a tolerance gap
between the fork and the web. 

All the beams failed in tension and cracking occurred at
approximately 450 mm from the middle point of the beam.
Cracking appeared to initiate in the notch formed at the triple
point between the weld, the flange and the web.

Figure 4 shows the results obtained during small-scale
and large-scale fatigue testing. These results are compared to
the linear curve for the BS8118 (Class 35). The results for
the small-scale specimens lie in a similar region as the design
curve, whereas the large scale specimens lie above the design
curve.

Metallography on sections from large specimens

Figure 5 shows porosity as expected.

Hardness tests on large specimens

Vickers hardness tests were carried out on the parent metal,
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Figure 4—Fatigue curves for the small and large scale specimens1

Table V

Loads used on Beam 1 and cycles sustained1

Load kN Calculated max, stress, MPa Predicted cycles to failure, Ni Actual cycles, ni

140 90 100 000 385 168
160 103 80 000 84 966
180 116 45 000 44 711
200 129 30 000 85 155
220 142 23 000 62 288
230 148 18 000 104 505

Table VI

Loads and cycles to failure for all the beams

Beam no. Load, kN Skin stress, MPa Weld stress, MPa Predicted cycles to failure Actual cycles to failure

1 177.4 equiv. 115 80.5 50 000 766 793
2 200 130 91 30 000 466 849
3 220 142 99.4 28 000 670 355
4 250 162 113.4 15 000 270 084



the weld and the HAZ of sections taken from the beams. The
results obtained are shown in Table VII. The weld metal was
consistently softer than the HAZ and the parent metal and
may therefore be expected to be weaker.

Discussion

The welding of aluminium presents serious difficulties, two
of them being its strong tendency to oxidize when molten,
forming tenacious oxide films and its extreme reactivity with
the atmosphere and absorptions of hydrogen. Oxide films
may become entrapped in the weld metal, forming disconti-
nuities therein. During solidification, absorbed hydrogen may
result in gas pores in the weld. These two effects may be
expected to reduce the fatigue properties of welded
components. Spheroidal gas pores may have a reduced effect
on fatigue properties due to a reduced stress concentrating
effect.

The beams in question were welded under industrial
conditions and a certain number of defects in the welds may
be expected. The results obtained showed that small pores in
the weld metal were not a major problem since there was no
direct association between the point of fracture initiation and
porosity. Fracture initiation consistently appeared on the
inner side of the triple point between the weld metal, the

flange and the web on the side of the shorter tine of the
work. Furthermore, the point of fracture initiation was at
some distance from the middle of the beam. It is therefore
clear that fracture initiation was not at the point of maximum
nominal stress but rather at a point of high stress concen-
tration, clearly indicating the detrimental effect of notches in
welded fabrications.

Despite the presence and effect of defects in the beams,
their fatigue properties exceeded by far the properties
specified in BS8118. This shows that the code is conservative
and that its application would lead to structures with
substantial safety factors.

Conclusions

In all the I-beams, the fatigue crack initiated in the notch
formed at the triple point between the weld, the flange and
the web and at some distance from the middle of the beam.

The small-scale fatigue test results were in reasonable
agreement with BS8118. The large-scale fatigue test results
showed that the BS8118 is conservative.
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Figure 5—Micrograph showing the weld/web interface. Etched, 200x

Table VII

Hardness test results for beams 2 to 4

Beam 2 Beam 3 Beam 4

Weld 58.6 Hv 65.4 Hv 60.2 Hv
HAZ 72.8 Hv 75 Hv 74.9 Hv
Parent metal 92.9 Hv 98.8 Hv 100.4 Hv




