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INFLUENCE OF STRESS RELIEVING BY VIBRATION ON THE FATIGUE 

HEAT TREATMENT 
BEHAVIOUR OF WELDED JOINTS IN COMPARISON TO POST-WELD 
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Abstract-Constant amplitude fatigue tests with welded specimens under fully reversed four-point bending 
as well as under axial loading have shown that vibration stress relieving does not lead to a fatigue life 
improvement of welded parts when compared to the as-welded state. Thus, a substitution of thermal 
stress relieving by a vibration treatment is not successful. This was also proved by residual stress 
measurements in the welded parts studied in this paper. 
Keywords-Weldments; Vibration stress relieving; Thermal stress relieving; Residual stresses; Fatigue 
strength; Endurance limit; S-N-curves 

NOMENCLATURE 

A, = elongation 
f = frequency 
F = force 
k = slope of the S-N-curve 

Nf = number of cycles to final failure 
P, = probability of survival 
R = ratio between minimum and maximum stress 

R,  = tensile strength 
RN,2 = Feld strength 

t = vibration time 
ua = stress amplitude e= residual stress 

An = nominal stress range 
AnB = stress amplitude 

INTRODUCTION 

Tensile residual stresses induced during production very often lead to a distortion of welded 
components and they can also affect the fatigue strength. It is a well known fact, that the fatigue 
behaviour of welded parts can be improved significantly, if the residual stresses are removed by 
means of a post weld heat treatment [ 11. However, thermal stress relieving can be very expensive 
in the case of large scale components. Since the heat treatment can also lead to a distortion of the 
component and to an oxidation of the surface, it is very often suggested, to replace post weld heat 
treatment by vibration stress relieving [2-41. However it is not known, whether the vibration 
treatment can reduce significantly the influence of the tensile residual stresses on fatigue behaviour 
and so a research project, funded by the European Community for Steel and Coal (ECSC), with 
two partners (Technical University Delft (TUD), Netherlands, and Fraunhofer-Institut far 
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,repair weld 

s p w  : egg -box  type welded joint -- Specimen : 1 - joint 
k te r io l  : St 52 - 3 Materinl ' St E 690 

Fig. 1. Specimen geometries: all dimensions in mm. 

Betriebsfestigkeit (LBF), Germany) was started. The aim of the investigation is to determine if a 
substitution of post weld heat treatment by a vibration treatment is possible. 

MATERIALS, SPECIMENS AND TREATMENT 

The fatigue tests were carried out with two types of specimens, see Fig. 1, namely T-joints of 
St E 690 and egg-box type cruciform joints. 

While the second type is known for introducing high residual stresses during welding, the 
T-joints were fixed in a clamping jig and were additionally repair welded at the weld toe in order 
to obtain tensile residual stresses in this region. 

The static material properties and the chemical composition of the two steels are listed in 
Table 1. The materials were selected due to their high yield strengths in order to obtain high tensile 
residual stresses after welding. 

After welding the specimens were divided into three test series: 

(1) as welded specimens, 
(2) vibration stress relieved specimens, and 
(3) heat treated specimens. 

Reliable guidelines for the selection of appropriate vibration parameters are not available and so 
the vibration treatment was carried out by the national representatives of the manufacturers of 
the vibration devices on the basis of their own experiences. The parameters of the vibration 
treatment and the post weld heat treatment are given in Table2. The details of the vibration 
treatment are described in the final report to the funding agency 151. 

INVESTIGATIONS 
Residual stress measurements 
In the case of the T-joints the residual stresses acting in the longitudinal direction (i.e. in direction 

of the loading stresses) were measured by means of X-ray diffraction along a line perpendicular to 
the repair weld, see Fig. 2. The residual stress distributions are shown in Fig. 3. While the resultant 

Table 1. Mechanical properties and the chemical composition [%wt.] of the materials tested 
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Fig. 2. Locations on the specimen surface where the residual stresses were measured. 
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Fig. 3. The distribution of residual stresses perpendicular to the weld. 

level of residual stresses in the thermally stress relieved specimens was neghgible, the tensile residual 
stresses in the vibrated specimens were hardly reduced by the vibration treatment, when compared 
to the as-welded state. Thus, in this case the vibration stress relief could not substitute the heat 
treatment. 

This was also proved, indirectly, by crack opening displacement measurements carried out by 
TUD on the vibrated egg-box type specimens. Due to the tensile residual stresses in the region of 
the weld toe the crack remained open even during the beginning of the compressive half-cycle of 
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loading. If the specimens were thermally stress relieved, the crack was closed as soon as the 
compressive half-cycles of loading began. 

Fatigue testing 

The T-joint specimens were submitted to fully reversed four point bending (R = - 1). All fatigue 
testing results lay around a common S-N-curve, Fig. 4, although the level of the residual stresses 
was different. Due to the stress concentration at the weld toe the locally acting stresses are higher 
than the yield strength of the material and the local yielding at the weld toe caused a relaxation 
of the tensile residual stresses during the initial loading cycles. Thus, the fatigue behaviour of the 
different samples was similar. Only a slight tendency of the thermally-stress-relieved specimens 
toward higher fatigue lives could be observed, while the as-welded and the vibrated specimens 
were mainly exhibiting shorter fatigue lives. 

In a second series of specimens the temperature during the heat treatment was increased from 
550°C to 600°C in order to improve the level of reduction of the residual stresses. Additionally, 
some specimens were investigated at a lower stress level to avoid the removal of residual stresses 
due to local yielding at the weld toe. Figure 5 shows that in this case the thermally-stress-relieved 
specimens attained higher fatigue lives at final failure, while the fatigue lifes of the vibrated 
specimens are lower. 

In order to avoid the removal of the tensile residual stresses at the weld toe under higher loading 
amplitudes the egg-box type specimens were cycled at stress ratios of R = - 1.5 and -2.5, where 
the influence of tensile residual stresses on fatigue behaviour should be noticeably higher since the 
level of the applied tensile loading stresses are much lower and thus local yielding only occurs in 
the case of very high loading amplitudes. Figure6 shows that the fatigue life of the vibrated 
specimens is the same as was observed for the as-welded specimens, while the fatigue strength of 
the heat treated specimens is much higher. 
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Fig. 6. Comparison of results. The endurance curves are according to J. L. Overbeeke and J. de Back. 

A SUMMARY STATEMENT 

The investigations have shown that a vibration stress relief cannot act as a substitute for a 
thermal stress relief since the residual stresses in the welded specimens could not be removed by 
the vibration treatment. Thus the vibrated specimens only reached the fatigue life of the heat 
treated specimens in the case of high applied stress amplitudes, where the tensile residual stresses 
were reduced during the initial loading cycles due to local yielding at the weld toe. 

From a literature survey it can be noted that a vibration treatment can be applied successfully 
to large scale welded components, where the distortions could be reduced and the geometric form 
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improved. However only in a few cases was a slight reduction of residual stresses observed [6,7] 
which is in contradiction to the name given to the “stress-relieving” vibration procedure. In this 
present investigation also no significant reduction of residual stresses could be measured. On the 
other hand it has to be mentioned that the T-joint specimens, with a weight of 50 kg, were lying 
close to the lower bound of application for a vibration treatment; this information being given by 
the distributors of the vibration devices. 

If all results of the present investigation are taken into account, a post-weld heat treatment 
cannot be replaced by a vibration stress relieving technique. Additionally, reliable guidelines for 
successful applications of vibration treatments to welded joints are still required. 
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