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Abstract

Weld toe treatment by ultrasonic peening (IIW.Doc.XIII-1817-00; J. Mech. Strength 21(1999)289; Welding World (3/4)(2001);
Welding World (37)(1996)72) or TIG dressing (Trans. Jpn. Welded Soc. 17(2)(1986)3; Int. J. Fatigue 21(6)(1999)587; Metal Con-
struction 19(2)(1984)143; Int. J. Fatigue 20(9)(1998)677) improves the fatigue performance of welded joints and structures signifi-
cantly. This has been verified by many constant amplitude fatigue tests. However, there is the need to check their benefits for
structures subjected to variable-amplitude loading. Therefore, fatigue tests were performed on fillet welded joints in 16Mn steel
for three different conditions: as-welded, TIG dressed and after treatment by ultrasonic peening.

The beneficial effects of both TIG dressing and ultrasonic peening were found to be less under variable amplitude than under
constant amplitude loading. In particular, under constant amplitude loading TIG dressing increased the fatigue strength by 37%
and the fatigue life by 2.5 times. In contrast, under variable-amplitude loading the corresponding benefits were 34% increase in
fatigue strength and 1.7-1.9 times increase in fatigue life. The improvement in fatigue performance due to ultrasonic peeing
depended on the applied stress, being negligible at stresses approaching yield, but greater than that due to TIG dressing in the
low stress/high-cycle regime. Under constant amplitude loading, ultrasonic peening increased the fatigue strength by up to 84%
and the fatigue life by 3.5-27 times. In contrast, under variable-amplitude loading the corresponding benefits were 80% increase
in fatigue strength and 2.5-17 times increase in fatigue life.

For either constant or variable-amplitude loading, the improvement in fatigue strength of the welded joints due to ultrasonic
peening was greater than that due to TIG dressing, but only in the low stress/high-cycle regime.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction and TIG dressing, comparative fatigue tests were per-
formed under both constant and variable-amplitude
loading on fillet welded joints in a structural steel in
three different conditions: as-welded, joints treated by
ultrasonic peening and joints treated by TIG dressing.

This paper details the tests and presents the results
obtained.

Weld toe treatment by ultrasonic peening [1-4] or
TIG dressing[5-9] have, on the basis of constant ampli-
tude fatigue tests, been shown to improve the fatigue
properties of welded joints and structures significantly.
However, actual structures are generally subjected to
variable-amplitude loading, in which the stress ampli-
tude and the mean stress may vary at any time. It is
evident that this will cause some effect on the fatigue
properties of welded joints and structures and the ben-
eficial effect of weld toe improvement techniques. In
order to check the effectiveness of ultrasonic peening

2. Test materials and test method
2.1. Test materials and preparation of the specimen

The test specimens consisted of 8 mm thick plates
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Fig. 1. Geometrical characteristics of specimen.

were welded by the manual metal arc process using
J507 electrodes and the welding parameters given in
Table 2.

2.2. The method of ultrasonic peening

Ultrasonic peening was performed by directing the
gun at the weld toe and perpendicular to it. The peen-
ing needles were arranged along the weld. Slight press-
ure was applied to the peening gun in order to direct
the peening treatment.

A two-pass treatment was applied at a speed of 1.2
m/min, using an excitation current of 1.3 A.

2.3. Method and parameters of TIG dressing

TIG dressing was performed according to related
documents [5-9] with the TIG re-melting parameters
recommended by IIW. Preheating treatment was not
required for the steel used. TIG dressing was per-
formed with the specimen in horizontal level. There

Table 1
Mechanical properties of 16Mn

Material Yield strength Tensile strength Elongation rate
(MPa) (MPa) (%)

16Mn 390 590 24

Table 2

Welding parameters

Diameter of Welding speed Welding current Welding voltage

was no arc restarting occurrence during the period of
operation. The TIG dressing parameters are shown in
Table 3.

2.4. Method of fatigue test

The tests were carried out in a 100 kN HF fatigue test-
ing machine.The static load accuracy for the full range
of the testing machine was 0.2%, while the accuracy of
the dynamic load amplitude of vibration was 2%.

Testing method: The specimens were divided into
three groups: as-welded, specimens treated by ultra-
sonic peening and specimens treated by TIG dressing.
All three groups of specimens were tested under both
constant and variable-amplitude loading.

Load application: The specimens were fatigue tested
axially under tensile loading. The stress ratio (R) was
0.1 for the constant amplitude tests.

2.5. Load spectrum for the variable-amplitude fatigue
tests

A block program loading sequence was used in the
variable-amplitude fatigue tests. This consisted of three
blocks of constant amplitude stress, referred to as the
minimum (i.e. smallest), medium (i.e. intermediate) and
maximum (i.e. largest), applied in the sequence shown
in Fig. 2. The mean stress was maintained constant for
all blocks, at 0.55 x maximum stress. The difference
between the maximum and medium stress levels was 27
MPa and the difference between the minimum and
medium levels was about 18 MPa. Consequently, the
stress ratio was close to 0.1 for all stress cycles. The
actual stress levels applied in the tests are detailed in
Table 4.

3. Analysis and results of constant amplitude fatigue
tests

The test results obtained from the as-welded speci-
mens under constant amplitude loading are presented
in Table 5. Those for specimens treated by ultrasonic
peening (UPT) or TIG dressing (TD) are given in the
Tables 6 and 7, respectively.

electrode (mm) (mm/min) (A) V) The results are plotted in Fig. 3, together with S-N
m _

40 130 160 2176 curves of the form S. N = C. These were fitted to each
set of results, as detailed in Table 8.

Table 3

Parameters of TIG dressing

Current Diameter Current Voltage Speed of travel Heat input Shielding

type of wire (mm) (A) V) (m/min) (kJ/cm) gas

Direct current 3.2 140-160 15-20 0.1 13-20 Argon
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