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Abstract

The improvement and optimization of post-weld treatments in the case of austenitic 316L stainless steels are, to a large extent, a
condition of the service life of the associated structures. In this regard, mechanical brushing and heat treatment are post-weld
techniques dedicated to the assembly of mechanically welded structures applicable in the aeronautics, food, and transport sectors.
In this study, two techniques are applied to welded joints: mechanical brushing and heat treatment at high temperature. The base
material is austenitic stainless steel with molybdenum (AISI316L) in sheet of 5-mm thick. The adopted welding process is Arc
Welding under Metal Inert Gas (MIG). Monotonic Tensile test, micro-hardness measurement, low cycle fatigue, micro-hardness
measurement, and MES (scanning electron microscopy) observation were conducted in order to qualify the welded, brushed, and
heat-treated weldment. Compared with the welded and brushed samples, the treatment with heat annealing specimen maintains
the longest lifetime and the lowest consolidation stress +0.4% imposed strain rate and 10 /s as displacement speed. The
annealing heat treatment has a softening effect on the welded structure during the test of the cycle fatigue; this is consistent with
the micro-hardness levels measured in the weldment.

Keywords Cyclic behavior - Stainless steel - Mechanical brushing - Annealing - Micro-structure

1 Introduction

Several studies have dealt with various technics for post-
treatment of welded joints. They have revealed that such tech-
niques improve the fatigue strength of the welded steel struc-
tures. These techniques can be classified in weld geometry
improvement methods and residual stress methods [1, 2].
Mechanical and thermal post-welding treatment techniques
are applied in order to overcome the effects related to fatigue
failure of welded joints [3]. The post-treatment techniques
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such as re-melting, shoot peening, grinding, ultrasonic
peening, and special welding techniques allow a smooth tran-
sition between the different zones of the weldment, reducing
the stress concentration. Mainly, this results in an extended
crack initiation phase in the fatigue life. As reported by Kim
et al. [3], these methods are usually applied to improve the
fatigue strength of steel structures after welding and to extend
the fatigue life of the treated specimen [4], in the context of
mechanical brushing.

Weiss et al. [5] and Schwind et al. [6] suggested respec-
tively element addition technique nitridation, carburization
etc.) and welding procedure controlling in order to improve
the strength of the weld. The post-weld heat treatment is also
considered as a possible remediation. Generally, austenitic
stainless steel could not be strengthened by the heat treatment.
Thus, the heat treatment is only used in the case where a
severe corrosion takes place to reduce the residual stress and
improve the corrosion resistance. However, it has been report-
ed that the creep-fatigue resistance cannot enhanced by heat
treatment in 316L austenitic stainless steel [7].

The austenitic stainless steel weldment is susceptible to
sensitization after post-weld heat treatment at around 873 K
for the relief of the residual stress [8]. Moreover, Liu et al. [9]

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40194-020-00997-x&domain=pdf
http://orcid.org/0000-0002-9855-2246
mailto:guizanihichem@yahoo.fr

68

Weld World (2021) 65:67-78

reported that after a long-time exposure to high temperature,
d-ferrite is easy to transform into carbides and some other
kinds of brittle inter-metallic phase, which adversely affect
the toughness. Therefore, special attention should be paid to
the selection of heat treatment conditions to avoid the harmful
side effects [9].

In the present paper, two treatments are applied to an
austenitic stainless steel SS316L grade, after being
welded by the MIG process. These two techniques con-
sist of a heat treatment of hyper quenching and a me-
chanical brushing by fiber disc brush. The two treat-
ments are carried out separately on joints welded in
two passes. The objective of our study is to assess the
effects of two thermal and mechanical treatments, on
the behavior in monotonic tensile test and cycle fatigue,
on micro-hardness, and on the evolution of the micro-
structure in the welding zone (the heat affected zone
and the melted zone).

2 Experimental protocol
2.1 Preparation and welding

A stainless steel 316L sheet with a thickness of 5 mm is
welded by Metal Inert Gas/Arc Welding Gas Metal (MIG/
GMAW) process in two passes (Fig. 1). The used shielding
gas is 90% of Argon and 10% of CO,, and is suitable for the
welding standards of stainless steels. The reason for going
with 10%CO, is that this gas contributes to the stabilization
of the regime of the electric arc in MIG/MAG welding [10,
11].The chemical composition (wt%) and the mechanical
properties of the base material, 316L austenitic stainless steel,
are listed in Table 1 (the gage length: 12.4 mm).

The preparation of the edges as well as the geometry of the
specimens is shown in Fig. 1.

The operating conditions of the welding are summarized in
Table 2.
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Fig. 1 (a) Fatigue specimen dimensions. (b) Welded sheet metal. (c) Tested and damaged specimen
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Table 1 Chemical composition and mechanical properties of the base material

AISI316L Fe Cr Ni Mo Mn Si Co Cu C (%)
Balance 18.63 9.05 242 2.1 0.95 0.21 0.21 0.03
Yield stress (MPa) Tensile strength (MPa) Elongation (%) Young modulus (GPa) Poisson ratio
195 515 28 193 0.29

2.2 Filler metal

The filler metal consists of a solid wire (diameter equal to 0.8
and 1 mm) made of stainless steel AISI308L supplied by the
manufacturer FIREP. The mechanical properties and chemical
composition (wt%) are shown in Table 3 (the gage length:
12.4 mm).

2.3 Brushed specimen

Samples were brushed under conditions according to our pre-
vious work [12] (Table 4).

Table 5 shows the dimensions of the brush used in the
brush finishing process of the welded joints.

2.4 Heat-treated specimens

For the annealed specimen, the operating parameters of
the thermal treatment are conducted in accordance with
Table 6.

During the heat treatment, the samples are maintained at
a furnace temperature of TH=1100 °C for tH=120 s and
then quenched with circulating water at 20 °C. The levels
of the two parameters tH and TH are based on preliminary
works and bibliographic reviews [13—17]. In order to avoid
residual deformation, oxidation, and excessive aging, these
parameters are chosen according to the thickness of the
specimens [18]. We use a high furnace temperature in or-
der to overcome or clear some welding operation effects,
like the formation of residual ferrite phase and the residual
stress of thermal origin.

3 Results and discussion
3.1 Micro-hardness evolution
In the case of the annealed specimen (WAS), the micro-

hardness profile is more regular than that of the welded
sample (WS: which is the reference sample) that means

absence of ridges and wells of micro-hardness distribution.
In the case of the welded and brushed specimen (WBS),
there is a total absence of the hardness wells (Fig. 2). The
minimum value in the heat affected zone (HAZ) is reached
for the reference samples WS: HV0.2=150.1, and the
maximum value is reached for the brushed samples:
HVO0.2=225. In the melted zone (MZ), the micro-
hardness decreases with 5% by treatment at high tempera-
ture and increases with 10% by mechanical brushing of the
welded joints.

Mechanical brushing remarkably increases the micro-
hardness at the surface of the samples in all areas of the
weld. However, heat treatment softens the weld but elimi-
nates micro-hardness peaks between the various areas of
the weld. In this case, the profile of the micro-hardness is
more homogeneous. At the same treatment temperature
(1100 °C), the found results are the same as those obtained
by Kamariah et al. [19] and Sistiaga et al. [20] using the
same material of our study.

This softening is the result of the implementation of
forced micro-structural magnification by heat treatment
[19]. It is worth noting that the ferrite phase & is harder
than the austenite phase. Consequently, the reduction of
the & content by transformation following the heat treat-
ment leads to the lowering of the hardness in the 316L
welded joints. This is supported by the studies of
Yadollahi et al. [21] and others [22, 23].

3.2 Cyclic behavior of welded joints

The study of the cyclic behavior of MIG-welded 316L
austenitic stainless steel is carried out on the basis of
tensile-compression tests conducted at different levels of
imposed total deformation amplitude, using an exten-
someter with a gauge length equal to 12.5 mm and an
opening between extensometer’s spouts of 10 mm.
These tests are performed until the stress-strain buckles
stabilize. The used test pieces are as follows: welded
WS, welded and brushed WBS, and finally, welded
and annealed one WAS.

Table2 MIG welding parameters
Parameters

U)

1(A) V, (mm/s) En (kJ/mm) 0O, (Umin)

First pass/second pass

24-26

120-150 3,3-4,1 0,8-0,9 18
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Table 3 Mechanical properties and chemical composition (wt%) of the filler material
AISI308L Fe Cr Ni Mo Mn Si C (%)
Balance 18.5 12.2 2 2 1 0.03
Yield stress at 0.2% (MPa) Tensile strength (MPa) Elongation (%) Young modulus (GPa)
195 515 28 194

3.2.1 Stress-strain hardening

Welded reference joints WS The preliminary tests are carried
out at an imposed total deformation amplitude of + 0.4% with
aloading ratio R =— 1 and a frequency = 0.5 Hz. In Fig. 3, an
example of the curves of cyclic hardening until rupture is
presented, obtained on the welded joint during our study.

For the value of imposed Act/2=+0.4% (Fig. 3 (a)), the
loops are symmetrical and regular reaching stress limits of =
280 MPa of zero mean value. For the last 100 cycles (Fig. 3
(b)), the loops are clearly open showing a high plasticity at this
level of deformation. This level of stress can be explained by
the presence of precipitates in the filler material preventing the
movement of dislocations [24]. Other studies confirm these
results by the fact that austenitic stainless steels tend to form,
under a cyclic loading, walls, persistent slip bands, and cells
which are obstacles to the dislocation movements [25].

Before breaking and for the last 100 cycles, a noticeable drop
in stress amplitude is observed as well as a marked tightening of
the openings of the loops due to damage at the separating zone of
the base material and that of the filler metal (Fig. 1 (c)).

Comparison of the cyclic behavior of the three samples The
same loading conditions of section are used to carry out the
same tests on the three samples: WS, WBS, and WAS.
Figure 4 shows the stabilized loops corresponding to the cy-
clic behavior of the three grades of the test pieces.

The imposed behavior at deformation of +0.4% on the
brushed and annealed variants shows considerable variability
compared with the reference one in terms of stress amplitude
and plastic strain.

There is an asymmetry of the loop compared with the loop of
the WBS brushed weld and that of the WS reference. These latter
loops are more oriented towards compression with stress

Table 4  Brushing parameters [12]

amplitudes Ao of 290 MPa and 470 MPa, respectively. On the
other hand, the loop of the hyper-tempered sample WAS is per-
fectly symmetrical with Ao =560 MPa. The asymmetry of the
loop disappears after heat treatment at 1100 °C of the welded
joints.

The WS and WBS samples have a pronounced resem-
blance in compression and a slight difference in the tensile
zone of the loop. This small difference on both sides can be
explained by the contribution of mechanical brush finishing in
terms of surface hardening and its limitation to the surface.
The slight dissimilarity of the cyclic behavior indicates that
mechanical brushing has an effect on the behavior of the
welded joints of steel grade 316L.

Comparison of monotonic and cyclic behaviors In Fig. 5, both
the cyclic and monotonic behaviors of the different samples
are exposed.

The movement speed of the jaws of the machine for both
types of loading is of the order of 10 s™'. In all the three
cases, the cyclic behavior reflects the same aspect of the
monotonic loading in traction. The brushed sample WBS is
the most compliant for both types of loading. Early stabiliza-
tion at the imposed strain Ae/2 =0.35% is noted for the un-
treated material. For the brushed sample, stabilization is
around Ae/2=0.55% and for the hyper-tempered sample, it
is of the order of Ae/2=0.45%.

Ductility is well marked for the heat treatment inducing
the widest hardening field among the three cases. The
stress level reached in annealed case is the lowest. The
latter also has the largest elastic domain among the three
specimens. The stress levels are high in the hardening zone
of the brushed material. The hardness levels in the surface
layers, revealed in Fig. 2, may explain the premature plas-
ticization of all these samples. It should be noted that

Parameters Va (mm/min) Nb (rpm) En (%) Np ()

Levels 126 920 4 9

Where Va is the sample feed rate, Nb is speed rotation of brush, En is
brush filament penetration rate [12], and Np is the number of brushing
passes
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Table 5 Characteristics of the brush

Brush diameter Dy, =250 mm
Diameter of the filaments D¢=0.1 mm
Length of the filaments L¢=80 mm

Filaments material Stainless steel

Width of the brush l,=30 mm
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Table 6 Heat-treatment parameters

Parameters ~ Maintaining time tH (s) ~ Holding temperature TH (°C)

Value 120 1100

brushing induces a hardness gradient between the surface
and the core of the material.

The hardening work is accompanied by a significant in-
crease in the case of the heat treatment leading to a consider-
able mechanical resistance in comparison with the reference
and brushed samples; this is largely explained by the relaxa-
tion of the residual stresses resulting from the welding process
and the almost complete transformation of the ferrite into aus-
tenite [26]. On the other hand, a loss of ductility appears ob-
vious for a heat treatment of this type. The ductile zone is the
most extended for the reference case. Ward et al. [26] con-
cluded that the tensile ductility for austenitic stainless steel of
the 316 family depends on and can even be controlled by the
morphology, distribution, and stability of the & phase. This
result is proved by several literatures. In the studies carried
out in [27-31], the authors concluded that the rupture often
begins near the ferrite phase or at the edges delimiting the
ferrite-austenite phases. At the end of the monotonic traction
test, the rupture of the specimens takes place in the same
location which is the bonding interface between the base ma-
terial and the melted zone.

The relatively low hardness of the quenched material gives
rise to high ductility compared with the other two tested sam-
ples. Although the brushed sample shows the highest hard-
ness, its ductility range is comparable with that of the refer-
ence (i.e., non-brushed and welded) sample. For this reason,

Fig. 2 Profile of micro-hardness
in the weld zones of samples WS,
WAS, and WBS

Micro-Hardness HV0,2

-600

=@- HV0.2-WS -#-HV0.2-WBS
400

-400

the effect of hardening by mechanical brushing of the surface
layers is limited for our 5-mm thick samples.

4 Cycle fatigue
4.1 Fatigue life

To obtain the curves of evolution of the stress amplitude Ao/2
(MPa) as a function of the service-life (N cycles), the tests of
the cycle fatigue are carried with an imposed amplitude of
strain of Ae/2 =0.4%, a frequency of 0.3 Hz, and a strain rate
of 10 s~!. The obtained results are depicted in Fig. 6.

All the samples undergo a pronounced hardening from
the first tens of cycles: 50 cycles for the reference sample,
30 cycles for the brushed sample, and 110 cycles for the
super-saturated sample. Beyond this plateau, the harden-
ing continues but with a lower slope and remains consid-
erable. Stabilization is noted for the various specimens but
at distinct levels of stress and cycle number. The WAS
over-tempered sample takes a greater cycle number in this
stage whereas the stress level of the WBS and the refer-
ence WS only stabilizes for a shorter cycle number range.
At this stage of stabilization, the reached stress levels are
high in the case of WS and WBS, and are significantly
higher compared with the case of WAS. Heavy brushing
affects the stress levels in general and especially allows
them to reach the peak. The 3 cases are the seat of a
subsequent softening until the final rupture. The softening
interval taken by the WAS sample is wider than that of
the reference WS and the WBS. On the contrary, the

HV0.2-WAS

100
-200 0 200 400 600

Distance to weldment center (micrometer)
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Fig. 3 Cyclic hardening curves of the welded joint: reference sample WS. (a) 100 first cycles. (b) Last 100 cycles before failure

number of cycles at the final rupture is very important for The level of hardening and cyclic softening of the various

the heat-treated specimen. samples tested in our study are determined according to Egs. 1
For an imposed deformation level of 0.4%, the annealed  and 2 (Kchaou et al. [25]):

material has the longest life before break. It offers a longer life

than the non-treated (reference) sample.

Hardening rate = Ivie_Ffist eyele 19 (%) (1)
Ofirst cyle
4.2 Cyclic hardening and softening
During cyclic loading of the specimens, there can be a soften-  Softening rate = Ipic”ONR/2 #100(%) (2)
ing, a hardening, or an alternating phenomenon followed by Ofirst cycle

stabilization.
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Fig. 4 Stabilized loops of the various samples: Aet/2=+0.4%, R=—1,f=0.5 Hz
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Fig.5 Comparison of the cyclic and monotonic behaviors of the samples:
(a) welded reference, (b) welded and annealed, (c) welded and brushed

All the samples exhibited a hardening then a softening
before the final rupture. This is an equivalent behavior of the
base material. To highlight these two phenomena, the obtain-
ed results are summarized in Table 7.

The appearance of the peak is delayed by 200 cycles after
annealing of the welded joint. For the other two cases, this
peak appears for comparable numbers of cycles: 30 and 50
cycles, thus indicating an accelerated increase in hardening.

According to Table 7, the heat-treated sample shows min-
imal hardening and softening compared with the other two
specimens. The difference reaches 4% for both phenomena.

4.3 Influence of the loading speed

To profile the influence of the deformation, two levels are
operated: Ae/2=0.4% and Ae/2=0.8% while keeping the
same speed of displacement at 10 s and a frequency of
0.3 Hz (Fig. 7). Figure 8 shows the curves of the stress vari-
ation as a function of the number of cycles for the two strain
level and for all the samples.

By increasing the imposed strain from 0.4 to 0.8%, a sig-
nificant cyclic hardening is noted in all cases. This hardening
is much accelerated for the welded and brushed sample. At
this stage, high levels of stress are reached.

All the samples undergo softening to failure. However,
their range is reduced for high imposed deformations.

For an imposed strain of 0.8%, WS and WBS show similar
behavior, whether in terms of cyclic hardening or in the num-
ber of cycles at break. This indicates a non-significant effect of
brushing at a certain level of loading.

The hyper-tempered specimen keeps the lowest stress level
but the longest rupture life compared with the other two cases.
The imposed deformation influences the rate of cyclic hard-
ening, the softening interval, and the service life of the various
samples. This also illustrates a positive sensitivity of the
stresses to the strain rate. This result was found in similar work
carried out by De Baglion [32] on austenitic stainless steel
304L under ambient conditions.

For a material of the same family (i.e., SS304), Rao et al.
[33] proved that the filler metal of austenitic stainless steel 304
contains a very high density of dislocations. The existence of
entangled dislocations as well as fragile (precipitated) parti-
cles in the weld is responsible for early hardening during cy-
clic loading.

Regarding the high softening rate of the welded joint, ac-
cording to Kchaou et al. [25], it can be explained by the high
density of dislocations which annihilate and rearrange into a
cellular structure during cyclic loading.

5 SEM analysis

To highlight the mechanisms of damage and the failure of the
samples by cycle fatigue, observations are made by scanning
electron microscope (SEM) on the failure facies of the tested
samples.

5.1 Reference sample: WS

For the most WS samples, the rupture takes place in
heat-affected zone and the melted zone as indicated by
the initiation of cracks (Fig. 8 (a)). This sample shows a
rupture following an internal cracking from the melted
zone to the base material. The structure is characterized
by the existence of solid particles as well as inclusions
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Fig. 6 Evolution of the cyclic stress amplitude for the different samples

acting as obstacles to micro-cracks (Fig. 8 (a, b, and
¢)). The existence of these obstacles stimulates the coa-
lescence of the cracks and reduces the time life of the
specimen. The main propagation zone of the cracks is
characterized by a planar ductile striation contrary to the
brutal and accelerated rupture zone which is the seat of
a three-dimensional cellular structure (Fig. 8 (c)).

The presence of inclusions and solid particles is the main
causes of early hardening during cyclic loading and the ab-
sence of the stabilization phase (the gamma phase 7).

This is suitable with similar results found by Rao
et al. [33], for the welds of austenitic stainless steels
304 cyclically loaded. The authors shown that the filler
metal contains a very high density of dislocations of the
order of 8.109 cm 2. This high density of dislocations is
mainly due to the thermal stresses generated during the
welding process. This result is validated by our work
for low and high imposed deformation rates (+0.4%
and +0.8%).

In the fracture zone (Fig. 8 (e, f)), the propagation of the
micro-cracks is three-dimensional transgranular. The material
resulted in the final rupture by tearing and removal of the
facies (Fig. 8 (e, d)).

The existence of solid inclusions can be at the origin of:

» Early cyclic hardening and brittle fracture.
» Oxidation zone around the inclusions.

The presence of inclusions and solid or brittle parti-
cles in the weld (fracture facies in Fig. 8 (a, b)) has
greatly weakened the lifetime in the case of the cycle
fatigue as seen before in this paper. This is explained
by the initiation of micro-cracks around these inclu-
sions. The favorable rupture zone is the transition zone
between the base material and the melted zone. This
discontinuity zone is a stress concentration site.

High levels of hardness are observed in the HAZ,
which are significantly higher than those taken from
the rest of the test sample. This hardening is one of
the origins of the brittle fracture during cyclic loading
with high imposed deformation.

5.2 Brushed sample

For this case, an early peak of hardening by cyclic loading is
obtained in comparison with the other two samples. This rel-
atively premature curing is accompanied by multiple initia-
tions of the fatigue micro-cracks (Fig. 9 (b)). The priming sites
are below the hardened layers by mechanical brushing
(HLMB) as depicted in Fig. 9 (a). The base material is the
favorable site of rupture as well as secondary fatigue cracks.
According to Fig. 9 (a), it is observed that the propagation
is obtained in the two directions: in the brushed layers and in
the core of the unbrushed material. In the core of the material,
SEM observations showed coalescence of fatigue micro-

Table 7 Evolution of the stress

amplitudes and the rates of Aet/2 Ofirst cycle Opic Cycle ONR/2 Hardening rate  Softening rate
hardening and softening (%) (MPa) (MPa) pic (MPa) (%) (%)

WS 04 3325 431 30 378 29.6 15.9

WBS 350 450 50 400 28.5 14.2

WAS 320 402 200 365 25.6 10.1
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Fig. 7 Influence of the imposed loading speed on the fatigue life of the different test specimens

cracks (Fig. 9 (c, d)). Figure 9 (d) shows an obstacle
circumvented by micro-cracks. The saturation in micro-
cracks reduces the shearing of the obstacle and gives rise to
a cell structure facies (Fig. 9 (¢)).

Priming and propagation in the cured area by
brushing are more distinguished. The initiation of cracks
continues until the final fracture of the sample (Fig. 9

1SkU K2,0808

Fig. 8 SEM observation of the fracture facies of the welded sample (WS)

(f, g, h)) is reached. The propagation of the fatigue
micro-cracks is mainly transgranular (Fig. 9 (h)). The
fracture facies is marked by a relief (fragment) follow-
ing a brittle fracture (Fig. 9 (f)).

The multiple crack initiations under the brushed layers
(Fig. 9 (b)) can be explained by the presence of a hardness
gradient. The existence of this gradient is proved by micro-

SEeEarm B48518

SBrm B48518

18rm 848518
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Fig. 9 SEM observation of the fracture facies of the brushed sample (WBS)

hardness measurements. The effect of this level difference in
terms of micro-hardness continues until the phase of propaga-
tion of fatigue cracks (Fig. 9 (h, g)).

In the case of the brushed samples, the predominant factor
influencing the cycle fatigue behavior of the welded joints is
the micro-hardness gradient between the surface and the core
of the material.

5.3 Heat-treated sample

For the case of the annealed sample, regardless of the loading
level (£0.4% or +0.8%), the saturation peak is the lowest
among the three studied cases. The high temperature level
and the short holding time could not prevent the formation
of oxidation even in very small areas of the welded joint
(Fig. 10 (b)). The location of these areas is too close to the
surface. This may explain the channel structure after fracture
of the sample (Fig. 10 (h)). Beyond these oxidations, priming,
propagation, and coalescence take other ways and other forms
(Fig. 10 (b, c, j)).

@ Springer
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The existence of precipitates or solid particles in-
cluding solid inclusions in the weld zone (melted zone
and heat affected zone) disturbs too much the disloca-
tion movement. These barriers are either sheared or
bypassed (Fig. 10 (g, )). A third case noted by our
study is the fact that a sufficiently rigid but small ob-
stacle can be ripped leaving a crater void (Fig. 10 (e)).
Indeed, the small precipitates are generally coherent
with the matrix and are therefore sheared. Large precip-
itates may be heterogeneous with the matrix, and thus
are non-shearable [25]. Hence, barriers of this type fa-
vor the multiplication of dislocations [24]. The move-
ment of dislocations blocked by the presence of these
precipitates causes the hardening of the material and
reduces its ductility and resilience [25]. The growth
and coalescence of these micro-cracks lead to the for-
mation of fatigue cracks at the level of several grains
which propagate in the ductile bulk material and lead to
the fracture of the specimen, as illustrated in Fig. 10
(b). In this figure, existence of the cleavage facets
which appeared for a loading of +£0.8% imposed
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Fig. 10 SEM observation of the fracture facies of the hyper-tempered sample (WAS)

deformation. The probable explanation of the presence
of islands of oxidation (even in a small proportion) is
the thermal aging.

Figure 10 (c) and (d) indicate the presence of a deviated slip
which is the sign of the existence of several paths or disloca-
tion propagation paths. This leads to a three-dimensional dam-
age in the welded structure. These figures indicate
propagation-based ductile striation. Thus, it can say that the
thermal treatment has a softening effect on the welded struc-
ture. This result is confirmed by the study of the micro-
hardness.

The softening effect of the annealing treatment is demon-
strated by the micro-hardness profile in the welded joint. This
treatment has a weakening effect on the solid inclusions, thus
allowing them to either tear or shear (Fig. 10 (g, ¢)) and
avoiding the cyclic hardening.

6 Conclusion
The main results of this study are the following:

* The 3 samples show a subsequent softening until
final rupture. The softening interval taken by the
WAS sample is wider than that of the reference
WS and the WBS. On the contrary, the number of

cycles at the final rupture is very important for the
heat annealing treatment.

* For an imposed strain level of 0.4%, the brushed material
has the longest life just before fracture. It offers a longer
life than the unbrushed (reference) sample.

* Compared with WS and WBS, the heat annealing
treatment maintains the longest lifetime and the low-
est consolidation stress for the various imposed
strain rates and the different displacement speeds
tested.

» For high loading speeds, the disparities between WS and
WBS become smaller. In fact, the cyclic binding curves
for the two specimens have the same trends.

* The annealing heat treatment has a softening effect on the
welded structure. This result is confirmed by the study of
the micro-hardness in the different zones of the welded
joint.

In this paper, we investigated the importance and the
validity of two types of welded joint finishing treatment
which are mechanical brushing and hyper quenching. We
were able to relate in a sense between the micro-hardness,
the hardening, the micro-structure, and the oligocyclic fa-
tigue life of the reference and treated samples. In this
context, the main results of this paper can be a continua-
tion to improve the service life of welded joints of
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austenitic stainless steels and overcome the consequences
of high heat input welding processes.
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