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Abstract

This paper concerns a fatigue study on the effect of tungsten inert gas (T1G) and
plasma dressing in non-load-carrying fillet welds of structural steel with medium
strength. The fatigue tests were performed in three point bending at the main plate under
constant amplitude loading, with a stress ratio of R=0.05 and a frequency of 7 Hz.
Fatigue results are presented in theform of nominal stressrange versusfatiguelife
(SN) curves obtained from the as welded joints and the TIG dressing joints at the
welded toe. These results were compared with the ones obtained in repaired joints,
where TIG and plasmadressing were applied at the welded toes, containing fatigue
cracks with adepth of 3-5 mm in the main plate and through the plate thickness. A
deficient repair was obtained by TIG dressing, caused by the excessive depth of the
crack. A reasonabl e fatigue life benefits were obtained with plasma dressing. Good
results were obtained with the TIG dressing technique for specimens with shallower
initial defects (depth lesser than 2.5 mm).

The fatigue life benefits were presented in terms of a gain parameter assessed using both
experimental data and life predictions based on the fatigue crack propagation law.
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1. Introduction

Fatigue life of welded jointsis mainly influenced by pre-existing cracks in the weld toe
[1] inherent with welding techniques used in steel structures. The presence of such
defects, together with the stress concentration induced in the weld toe section, explains
the relatively poor fatigue strengths of fillet welds. The fatigue crack initiation from the
weld toeis despicable, and therefore the fatigue life is largely spent in crack
propagation.

In this case, for welded joints, fatigue life predictions can be done by using mechanical
fracture parameters [2]. For this purpose, solutionsfor stressintensity factors (K) can
be found in literature. Bowness and Lee [3, 4] have developed avery extensive research
to obtain database-estimated equations for the weld toe magnification factor (MKk) to
T-butt joints. The proposed Mk factors equations have been included in the British
Standard BS 7910 [5], the replacement for PD6493 [6].

Post-weld improvement techniques remove the weld defects and/or reduce the stress
concentration at the weld toe, increase the fatigue crack initiation period and afterwards
improve fatigue strength. Techniques such as: TIG and plasma dressing, burr grinding,
needle, shot and hammer peening have been studied in last decades and reported in
numerous papers [7-11]. More recently, some attention has been placed on the
investigation of high frequency peening treatment, referred to as ultrasonic impact
treatment or as ultrasonic peening, that has proved to be an efficient way for fatigue life
improvement [12, 13]. The published results indicate, in genera, large increases of
fatigue strength by using these techniques[1, 7, 11]. TIG and plasmadressing are
important industrial techniques, which produce more effective benefits than grinding
[11]. However, the efficiency of these processes seems to be lower than hammer and
ultrasonic penning [7, 11]. The fatigue strength improvement achieved through these
techniques, increases with nominal yield stress and therefore the greatest benefits are
obtained for high strength steels[7, 9, 12, 14, 15]. Recently, some work has been
focused on the application of these steels and post-weld treatments in the medium cycle
regime, i.e. 10000 to 500000 cycles[15]. Since the best benefits obtained in the high
strength steels appear to be related to the introduction of residual stresses, some studies

have been conducted in order to analyze the effect of relaxation of these stresses under



constant and variable amplitude loading and the effect of variable amplitude loading on
the benefits of the improved joints [16-18].

Despite the large number of studies in this area, the use of these techniquesin the design
codesis still very limited. One reason for this reluctance is the wide spread of results
reported by these studies [19]. The new approach of fatigue by hot spot stress, instead of
nominal stress, appears to contribute to a smaller scatter of results obtained in as-welded
specimens as well as in the improved ones[20]. There has been a standardization effort
in order to define the conditions for implementing the various improvement techniques
[21, 22]. A procedure specification was created, in order to assure that the treatment in
industrial field is applied in the same way as those specimens tested in the laboratory
[21]. Some studies have been conducted with the purpose of optimizing the application
of the improvement technique of TIG dressing [1, 15].

Recently, the recommendations of the Internationa Institute of Welding on fatigue of
welded joints have been updated [23]. In this new code, the improvement techniques are
considered by the use of an improvement factor. Thisminimum factor of the
improvement effect is established for each of the considered techniques and can be used
without any complementary experiments. For the TIG dressing, the improvement is
given by afactor in terms of stress[23-25]. The update of the Recommended Practice
for Fatigue Design of Offshore Steel Structures aso considers the improvement
techniques of grinding, TIG dressing and hammer peening [26]. For these techniques, in
this code, the improvement is given by afactor on life. However, for reasons connected
with the quality assurance of the post-welding process in offshore structures, the TIG
dressing hasa very limited application at the design stage.

Improvement treatments of the welded joints allow significant gains in fatigue strength,
enabling lighter structures, economic gains and better performances in the structure or
equipment. However, to obtain the desired improvements with the post-weld

techniques, it is necessary that the as welded joints and the improved welded joints, in
case of rewelding treatments, have certain quality requirements, to ensure the absence of
welding defects, or its limitation, as well as the fulfillment of certain requirements on
bead geometry [14, 27, 28]. Although the existing weld class system [29, 30] will
guarantee the requirements of industrial quality control, it doesn’t allow relating the
quality of the weld joint with its fatigue strength in an efficient way [31]. Recently was

developed by a manufacturer anew weld class system [32, 33], in which performed



studies shows promising results regarding the correlation between the quality of welded
joints and their fatigue strength.

The main objective of the present study isto evaluate the benefits of fatigue
improvement techniques, particularly the TIG and plasma dressing, to repair cracked
joints. Fatigue, corrosion or other service conditions can damage the weld joint. The
damaged toe can be removed or refused and this way the fatigue life will be restored or
even improved [34].The methods to repair weld cracks are reviewed [35], and the
emphasis to obtain good benefitsis put in the compressive residual stresses. In peening
treatments, the compressive residual stresses are generated at the surface; close to the
weld toe, so agood efficiency will be obtained only for shallow cracks. However, itis
reported in literature the use of rewelding techniques to repair cracks with a depth
greater than 3 mm [36]. The ultrasonic peening is also reported as an enhancement
technique to repair damaged steel bridges[37].

The use of improvement techniques to repair welded jointsis referred to in guidelines
and recommendations for maintenance of structures [38-40]. Important fatigue life
extensions were also obtained [41] in the same joints of the present study with cracks

lesser than 2 mm and repaired by hammer peening.

2. Materials and experimental procedure

2.1. Materials and rehabilitation techniques

The base material used in this study was medium strength steel, St 52-3 DIN 17100
[42], in theform of plates with 12.5 mm of thickness, and the chemical composition
presented in table 1. The welds were made by covered electrode process. Chemical
composition of the weld metal is presented in table 2.

The mechanical properties of the based material were obtained using a tension specimen
with 8 mm diameter, according with the European standard EN 10 002-1 [43]. The tests
were carried out in a servo-hydraulic machine (Instron model 1341). The load rate was
constant and the strain was measured using a strain gauge with 50 mm length mounted
directly on the specimen. The machine software calculated the strain and stress.

The mechanical properties obtained in the base material were (average value of 5 tests):
0.2 % yield stress, 6,s=384 MPa

Ultimate tensile stress, os=555 MPa



Rupture strain, eg=22.5 %

For weld material it was obtained:

0.2 % yield stress, 6,s=690 MPa

Ultimate tensile stress, os=770 MPa

Rupture strain, eg=15 %

Thewelding T specimens were produced from main plates with 12.5 mm thickness and
low penetration fillet welded with an attachment of equal thickness. From this plate,
specimens with 70 mm width and 270 mm length were cut. The weld leg length
presented a medium value of 9 mm. The specimens were made with the geometry
shown in Fig. 1.

The welded joints with fatigue cracks at the weld toe were re-habilitated by TIG and
plasma dressing techniques, using the parameters indicated in table 3. The pre-cracks
were previously induced by fatigue loading. Fig. 2a) and b) show the profile of the two
dressed joints, where the transition of the weld toe can be observed, and distinguish the
re-melted, thermal affected and base material zones.

2.2. Fatigue and complementary tests

The fatigue tests were carried out in the servo-hydraulic Instron machine with aload
control (R=0), frequency of 7 Hz with a sinusoidal wave loading. The tests were carried

out in three points bending as schematically shown in Fig. 1.

Forty four specimens were tested, distributed in the followings four series:

AW — set formed by as weld specimens, without any improvement treatment, tested

until rupture, with a constant fatigue load.

TAS — set formed by specimens in which the weld isfollowed by TIG re-fusion in the
weld toe; The used TIG welding parameters are presented in table 3.

TDR — set formed by specimens that are obtained by the following procedure:

As welded specimens are submitted to afatigue loading until the generation of big deep
cracks; this loading is performed in load or in displacement control; The process of
detecting cracks was not rigorous, and the loading was conducted without accurate

record of the number of cycles until registering an increase of 10% of the initial



deformation; After this initial fatigue loading, the specimens are repaired by TIG re-
melting using the welding parameters presented in table 3.

PDR- set formed by specimens that are obtained by the following procedure:

The same as the TDR specimens, but the re-melting repair was done by plasma; For the
plasma re-melting, in order to improve the depth of fusion, was adopted the key-hole

technique and the welding parameters are presented in table 3.

The curvature radius at the weld toe of the welded joints was measured using a
Maxtascan model micrometry table XY, with an accuracy of 0.01 mm.

Using an optical Zeiss Axiotech microscopy the microstructures of the base metal

(BM), weld metal (WM) and thermal affected zone (TAZ) were identified.

The Vickers hardness were obtained in the base, in weld metal and thermal affected
zone, particularly for longitudinal and transverse directions from the weld toe for the
four series of specimens: it was used aload of 0.3 kgf applied during 15 s. It was used a
Struers micro hardness tester model Duramin.

Residua stresses in the proximity of the weld toe were evaluated using two different
techniques: the X ray and the strain gauge. For the X ray technique were used the
Elphyse diffractometer Set X model. For the strain gauge technique, a strain gauge
rosette, TML type FRS-2-11, was attached on the polished surface and a hole of 0.4 mm
diameter was drilled using the drilling equipment Vishay RS-200.

The fracture mechanisms and fatigue initiation zones were observed using a Philips XL

30 scanning microscope.

3. Results and discussion

Fig. 3a), b), ¢) and d) show the experimental points and confidence limits (95 %) of the
S-N curvesfor the series of testsin AW, TAS, TDR and PDR specimens. Fatigue
results were fitted by using the equation Ac = Ko N,™ as approach, where Ac isthe
nominal stress range at the weld toe, N, the number of cyclesto failure, Koand m are
constant parameters. The best fit parameters obtained by linear regression are indicated
intable 4.

In apreliminary analysis of the obtained S-N curvesit can point out some relevant
aspects: did not occur the expected improvement of fatigue lifefor the specimens

of the TAS series; after reparation by plasma dressing (PDR series) the specimens
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achievefatigue lives close to the ones of the AW series; the fatigue life results
obtained for the specimensrepaired by TIG dressing were clearly lower than those
of repaired by plasma; however, the S-N curves obtained for all seriesare above
the design curves stipulated by the codes [23, 26] for thiswelded joint (detail
without improvement); The slopes of S-N curves obtained for the seriestreated by
TIG re-melting are close to those obtained in [14] for similar welded joints, but
lower than thosereferred in [27, 37].

All the specimens got broken in the weld toe, which impliesthat the fatigue lives
are strongly influenced by the profile of the weld toe [1]. Table 5 showsthe
statistical analysis of the curvature radius at the weld toe for AW, TIG dressed and PDR
series, respectively. An average weld toe radius of 6.25 mm, with astandard deviation
of 1.99, was obtained for TIG series. AW shows an average weld toe radius 30 % lower.
PDR series show a big scatter of the weld toe radius caused by big changes in bead
shape induced by the key-hole technique used in plasma dressing manufacture. In order
to obtain afusion weld depth of about 40 % of the thickness plate, it was used unusual
plasma dressing parameters. Consequently, the expected improvement in fatiguelife
caused by the toeradius increase characteristic of re-melting methods did not
occur in thiscase[11].

In Fig. 4 a), b) and c) are shown the microstructures of base metal, TAZ in TIG and
TAZ in plasma dressed specimens, respectively. The microstructure of base metal is
formed by ferrite grains and perlite eutectic. A preferential alignment of the perlite
grains was induced in the plate manufacture process. In TIG dressing, the thermal
affected zone isformed by upper and lower bainite showing some primary ferritein
grain boundaries. Thisferrite will cause alower hardness when compared to the weld
zone. In Plasma dressing, the thermal affected zone is also formed by upper and lower
bainite, showing some martensite.

Another important aspect related to thefatigueisthe hardness of the material
[15]. Fig. 5 &) and b) present the longitudinal and transversal hardness profile for TIG
dressed and PDR series, respectively. In Fig. 5 a) are presented the results of the
hardness distribution along the longitudinal and transverse directions in the specimen
TDR 10. Thelongitudinal distribution covers the weld and thermal affected zones for
TIG dressing. It was measured in a parallel line at the distance of 0.1 mm from the

upper surface of the main plate. Transverse distribution was obtained from the weld toe.



The higher values of hardness, in the thermal affected zone, are about 270 HV0.3 and in
the weld zone about 300 HV0.3. In parent metal, the values are about 180 - 200 HV 1.
Thislevel of hardnessafter TIG dressing isrepresentative of the results obtained
by othersauthorsin steelssimilar to the one used in this study. In [10] for a steel
less sensitive to microstructur e changes, after TIG dressing, wer e attained 300 HV
inthe TAZ. In [14] for asimilar steel wereattained 280 HV, but in this casethe
base material have initially a bainitic microstructure. In some structural
applications hardness levels higher than 300 HV are not acceptable. In [11, 21], for
the TIG dressing in the C-Mn steelswith arelatively high carbon content (greater
than 0.12 weight %), wasreferred the possibility of attain levels of har dness higher
than 300 HV. To overcome this problem it was suggested a second T1G run
procedure. In the present study this second T1G re-melting was not applied.

In Fig. 5 b) are presented the results of the hardness distribution aong the longitudinal
and transverse directions in the specimen PDR 2. The longitudinal distribution covers
the weld and thermal affected zones for plasmadressing. It was measured in a parallel
line at the distance of 0.3 mm from the upper surface of the parent plate. Transverse
distribution was measured at the thickness direction along aline passing through the
weld toe. The higher values in thermal affected zone are about 340 HV0.3 and in the
weld zone about 400 HVO0.3. In parent metal, the values are about 180 - 200 HV 1. For
the AW specimens the higher values of hardness, in thermal affected zone, were about
235 HV0.3 and in theweld zone about 275 HV0.3.

Thefatigue strength of the welded jointsis strongly affected by theresidual stress
field in theweld toeregion [11, 16]. Fig. 6 @), b) and c) show the longitudinal residual
stresses at the surface versus dimensionless distance from the weld toe for AW series,
TIG dressed and PDR series, respectively. In order to group the results obtained from
different techniques and from different specimens, also facilitating the comparison of
results obtained in different series, a dimensionless distance is used, in which x isthe
distance to the symmetry plane of the specimen and X is this distance for the toe of
each specimen.

The characteristic fracture surfaces obtained for the TDR and PDR series are shown in
Fig. 7and Fig. 8. Inthe TDR series, for al the specimens, it was found that the TIG
penetration was insufficient to remove the initial deep cracks (Fig. 7 @). For the PDR
series there were some specimens in which all initial cracks were re-melted (Fig. 7 c),

but in others, part of theinitial crack remain inside the parent plate (Fig. 7 b). The
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fatigue failure surfaces were observed in scanning microscopy. The most important
aspects can be observed in Fig. 8. Fig. 8 @) presents the fracture surface of the parent
metal in the specimen TDR 10 obtained in the position indicated in Fig. 7 a). A
transgranular propagation mode is observed. Fig. 8 b) and c) present the fracture surface
of the specimen PDR 3 in the positions indicated in Fig. 7 b). A transgranular
propagation mode was observed in the bottom region of re-welded zone (Fig. 8 c), but
in the upper zone of the weld (Fig. 8 b) a mist failure mode with boundary fracture was
observed.

From the analysis of these results, it was possible to conclude:

- Although the weld toe radius of TAS series was about 30 % greater than the AW
series fatigue life did not increased significantly; Also, the hardness at TAZ did not
produce significant effects on the fatigue life; The existence of undercutsin the TIG
dressed welds could explain this behaviour [15];

- TDR series present amuch lower fatigue strength than AW series; The main cause
for thisisrelated with an insufficient TIG dressing penetration to remove the deep
initial cracks[36]; This meansthat TIG dressing is not adequate to the rehabilitation of
welded joints with deep cracks (3-5mm) at the weld toe;

- Although the weld toe radius of PDR series was lesser than the AW series, the fatigue
lives of these two series are very close; Benefit effects on fatigue life of PDR series are
induced by higher hardness values and high compressive residua stresses induced by
re-fusion at the weld toe region; The decrease of residual stresseson the surface has
already been reported for re-melting methods[17];

- Plasmadressing is adequate to the rehabilitation of welded joints with deep cracks (3-
5 mm) at the weld toe; However, there were some scatter in the results caused by
insufficient re-melting of the initial cracks and by poor quality of the re-melted bead
(related to the key-hole technique). Theinfluence of poor quality of there-melted
bead in the decrease of fatigue life has already been reported [1, 15].

A gain parameter was defined to quantify the benefit effect of rehabilitated joints, given

by the equations:

G = Nrea/Nexp )
and

Nreb = Nav+ N’ regy 2



Where:
Nexp - Total life, expressed in number of cycles, of welded specimens (AW) for
an equal stress amplitude to the one applied to the repaired specimen
(AG=4848.6Ney, 21,
N - The number of cycles of the crack initiation and propagation up to the
crack depth of repair (Nas=Nep-Np);
N'ren -  Total life, expressed in number of cycles, for the repaired specimens,
obtained experimentally;
Np - The number of cycles of the crack propagation from aea, (depth of repair)
up to & (0.6 of the plate thickness), predicted by the program.
Experimental data was available to define crack initiation and propagation up to the
repair of crack and also to define the propagation period, after reparation, of residual
cracks up until the rupture.
A fracture mechanical prediction, using Parislaw relations obtained in similar
steels[44], was carried out to obtain a simulation of crack propagation period. The
predicted results, aswell asthe experimental ones obtained in the fatigue tests, are
represented in table 6. The predictionswere carried out using the crack
propagation program presented-and tested in reference [45]. The PD 6493 [6]
formulation was used for the factor equations of stressintensity.
Crack growth was analysed in two stages: from an initial defect with a depth of 0.15
mm up to avisible crack stage of reparation by re-fusion process; and from this crack up
to the final crack depth of 60% of plate thickness (~7.5 mm). The formulation for crack
propagating shape explained in reference [46] was assumed.

For the plasma repaired specimens, the gainsin fatigue against the depth of the repaired
cracks are represented in Fig. 9.The results show that the gains due repair by plasma
range from afactor of 1.14 to about 2.12 of the expected life for the as welded joint.
The obtained gain is lesser than expected, mainly in the TDR specimens. In fact, these
specimens have greater radius in the weld toe but the obtained gain is insignificant and
inadequate, caused by the insufficient performance of this method to re-melt the deep
initial cracks. For plasmadressing and in the specimens in which the total re-melt of the
initial cracks was achieved, it was obtained a good performance of the rehabilitated

joints.
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To test the performance of TIG re-melting in better initial conditions, were performed
new fatigue tests for different TDR specimens with shallower initial cracks (with depth
lesser than 2.5 mm). In these new TDR specimens the process of generation of initial
cracks has been replaced by a more rigorous one.

To detect theinitiation and propagation of fatigue cracksfrom the weld toe it was
used a strain gauge method technique [41]. Three small strain gauges were bonded
very close to the weld toe, at each side of the specimen. These strain gauges measure the
variation of the local strain at the weld toe caused by the initiation and propagation of
fatigue cracksin this place and through the thickness direction of the longitudinal plate.
Fig. 10 presents photography of atested specimen.

Asdocumented by InfanteV. and Branco C. M. [41], for identical specimensand
tests, a 25 % variation in local strain measured in the strain gauges at the weld toe
isrelated to cracks with depth lesser than 2.5 mm.

Fig. 11 presents the variation of strain along atest of fatigue, in which cracks are
initiated and propagated. These tests are carried out in the same conditions as described
in section 2.2. The tests were ended when it was attained a variation of 20 % in strainin
any one of the strain gauges.

After this process of creating the initial cracks, these specimens were repaired by TIG
dressing in the weld toe. To increase the depth of penetration were used the
parametersindicated intable 7 [1].

The mean weld toe radius obtained in these specimens after TIG dressing is 12.33 mm.
Thisvaue is much higher than the one previously obtained.

In the fatigue tests that were carried out after this rehabilitation were obtained fatigue
lives much higher than the ones obtained previously. These tests are carried out in the
same conditions as described in section 2.2. In this case it was obtained a mean gain
of 2.45, which correspond to a gain on fatigue life similar to that expected for TIG
improvement [1, 14, 23, 27].

In Fig. 3a) and Fig. 3 c) are superimposed an example of the results obtained in these
new tests carried out with TDR specimens that have got previously cracks with depth
lesser then 2.5 mm. The obtained results wer e clearly above the design curve (for
thisdetail improved by TIG) stipulated in the Code For Fatigue Design Of
Offshore Sted Structures[26].

4. Conclusions
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For the as welded joint with deep fatigue cracks at the weld toe (aeay greater than 4
mm) repaired by TIG dressing (TDR series) the fatigue lives were found to be
insignificant. TIG dressing does not proved to be adequate for the rehabilitation of
welded joints with deep cracks at the weld toe.

For the as welded joint with deep fatigue cracks at the weld toe (aea greater than 4
mm) repaired by plasma dressing (PDR series) the fatigue lives were found to be similar
to the lives of the as welded joints (AW series). However some scatter inthese results
was observed. Plasma dressing promotes the repair of welded joints with deep cracks at
the weld toe, however the quality of the re-melting bead and the total re-melt of the
initial cracks should be guaranteed.

For the as welded joint with fatigue cracks at the weld toe with depth below 2.5 mm,
repaired by T1G dressing, the fatigue lives were found to be significantly higher,
compared to the fatigue lives of the as welded joints (AW series). TIG dressingisa
good rehabilitation technique for welded joints with shallower cracks at the weld toe,

including promoting its improvement compared to the as welded ones.
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Figure captions

Fig. 1 — Geometry of the specimens; Three point bending fatigue tests.

Fig. 2—Profile of welded joints. @) TIG dressed b) plasma dressed.

Fig. 3— SN curves and confidence limits. 8) AW series. b) TAS series. ¢) TDR series.
d) PDR series.

Fig. 4 — Microstructures. @) Base metal. (Magn. 620x.) b) TAZ in TIG dressed
specimens. (Magn. 620x.). ¢) TAZ in plasma dressed specimens (Magn. 620x.).

Fig. 5— Longitudinal and transversal hardness profile @) TIG dressed. b) PDR series.
Fig. 6 — Longitudinal residual stresses versus distance from the weld toe. @) AW series.
b) TIG dressed. ¢) PDR series.

Fig. 7 — Surface fracture aspect of rehabilitated joints. @) TIG dressed. b) and c) PDR
series.

Fig. 8 — Scanning microscopy observations of surface fracture. a) Base metal. b) Near
surface of plasma dressed zone. ¢) Inner of plasma dressed zone.

Fig. 9 — Gain parameter versus the repaired crack depth (PDR series).

Fig. 10 — Instrumented specimen for detect initiation of fatigue cracks from the weld
toe.

Fig. 11 — Detection of shallow fatigue cracks in weld toe, associated to the increment of

strain.
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Table 1

Chemical composition of the steel St52-3 (percentage in weight).

C Si Mn  Cr Mo  Ni Ti Al \Y Cu Co Nb P S

0.131 0.413 1.44 0.063 0.024 0.034 0.009 0.029 0.043 0.018 0.013 0.005 0.011 0.005




ACCEPTED MANUSCRIPT

Table 2

Chemical composition of the weld material (percentage in weight).

C Si Mn Cr Ni Mo P S

0.08 045 128 05 1.87 037 0.017 0.01 i




Table 3

TIG and plasma dressing parameters.

TIG dressing Plasma dressing

Argon flux; Argon flux;

Current intensity — 110 A, Current intensity — 200 A,
Tension DC - 19 V; Tension DC — 30 V;

Linear rate -1.08 mm/s. Linear rate —2.47 mm/s.




Table 4

Parameters of S-N median curves equations Ac = Ko N, (R is the correlation
coefficient).

Série Ko m R

AW  4848.6 -0.210 0.943

TAS  5817.1 -0.224 0.967

TDR 37445 -0.236  0.963

PDR  5566.2 -0.233 0.835




Table 5

Statistical parameters of weld toe radius [mm].

Series Mean value Standard deviation
AW 411 1.23
TIG dressed 6.25 1.99

PDR 2.25 1.73




Table 6

Experimental and predicted values used to the definition of gain parameter.

Specimen Areab Ac N, Nexp N’reab G

PDR2 220 2034 16843 3504512 1185720 1.33

PDR3 518 176.6 1487 6858123 988050 1.14

PDR4 483  226.7 1007 2093198 615786 1.29

PDR5 543 2944 310 604693 127110 1.21

PDR6 474  289.1 617 659213 550079  1.83

PDR7 590 346.5 134 278782 311338 2.12

PDR8 5.06 3498 279 266504 178495 1.67

PDR9 3.63 2371 2583 1691387 1482055 1.87

PDR10 580 393.0 116 153245 116388 1.76

TDR1 6.50 354.2 60 251134 22680  1..09

TDR2 510 151.2 2209 14343932 329711 . 1.02

TDR3 480 204.7 1402 3400004 361890 1.11

TDR4 540 1220 2948 39765559 1998624 1.05

TDRS 590 1439 1269 18146433 691645 1.04

TDR6 470 2355 1043 1746694 159236 1.09

TDR7 483 2933 532 615546 61808 1.10

TDRS8 435 18238 2535 5820975 521075 1.09

TDR9 472 1771 2097 6766601 582198 1.09

TDR10 6.90 2281 118 2032848 92327 1.05




Table 7
New TIG dressing parameters.

New TIG dressing

Argon flux

Current intensity — 135 A,
Tension DC - 15V;
Linear rate -0.66 mm/s.
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Figure 3

ACCEPTED MANUSCRIPT

1000

Nomny Qress Range
A (VPa)

0 0 107

Nomingl Sress Range
Ao (MPa}
g

B W e S
SEES SRS S
oahiih aaabs
PREE SR B
R e B -
-‘-I [
‘. .- -.Jlll’
Vel
S 11936,
gt e,
' .00
RN
‘ R okt L S - -
| . 3 ) |
11!
- 1
- 4 ' } 4 +
. NEEE + +
+ . .—tres + +
+ —tbed .
' fodenhbey ‘ +
|
‘ R RN NN . 4 )
{1
{ 1L
LR B ‘ *
00-‘1]1 ’ + (B

100 0+ 107

A (VPA)

100

----- 95 % Cortdenm
s ot |
34‘ e ’ N

1o

1000

b) Endatarcse (Cycles)

107

Noming Strass Range
Ao (MPa)

107


http://ees.elsevier.com/jmad/download.aspx?id=374576&guid=3b88dc07-1af6-4d76-b41e-9b69f8e27550&scheme=1

Figure 4



http://ees.elsevier.com/jmad/download.aspx?id=374577&guid=84ff816c-0266-419e-a8dd-393bf16bc060&scheme=1

Figure 5
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Figure 6
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Figure 7
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Figure 9
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Figure 10
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Figure 11
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This study addresses the use of improvement techniques for repair T welded joints.
TIG and plasma arc re-melting are applied in joints with fatigue cracks at weld toes.
Plasma dressing provides reasonable repair in joints with cracks greater than 4 mm.
TIG dressing produces a deficient repair in joints with cracks greater than 4 mm.
TIG dressing provides good repair in joints with fatigue cracks lesser than 2.5 mm.
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