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Abstract Experimental fatigue data for high-frequency
mechanical impact (HFMI)-treated butt welds with low
stress concentrations have been collected and analysed
using the effective notch stress (ENS) method given by
the International Institute of Welding (IIW). The aim of
this study is to suggest a more reliable fatigue assessment
procedure for HFMI-improved butt welds with low stress
concentration factors. In total, 165 published test results for
butt welds subject to R = 0.1 and R = 0.5 axial load-
ing are presented. Kn,min values for the ENS approach are
suggested in order to avoid computational problems due to
low stress concentrations at the weld toe. Minimum notch
stress concentration values are suggested based on the mate-
rial yield strength (fy). All the data is presented with respect
to previously proposed and verified material fy correction
method. For HFMI-treated butt welds in the ENS system,
the use of the Kn,min values with the fy correction repre-
senting one fatigue class (approximately 12.5 %) increase
in strength for every 200-MPa increase in fy has been
proposed and verified.

Keywords Fatigue strength · Fatigue improvement ·
High-strength steels · Notch effect · Weld toes

Nomenclature

fy Yield strength
fy,o Reference yield strength
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FAT The IIW fatigue class, i.e. the nominal or effective
notch stress range in mega pascals corresponding to
95 % survival probability at 2× 106 cycles to failure
(a discrete variable with 10–15 % increase in stress
between steps)

K Stress concentration factor
m1 Slope of the S-N line for stress cycles above the knee

point
m2 Slope of the S-N line for stress cycles below the knee

point
R Stress ratio (σmin/σmax)
Nf Cycles to failure
�S Nominal stress range
t Plate thickness of the specimen
ρ Radius
σ Nominal stress (linear-elastic)
σN Standard deviation in Log(Nf )

Subscripts

k Characteristic value corresponding to 95 % survival
probability at 2 × 106 cycles to failure (continuous
variable)

f Effective
s Hot spot stress
m Mean value corresponding to 50 % survival probability

at 2 × 106 cycles to failure
n Notch stress
w The notch factor or limit of a weld defined as the ratio

of the ENS to SHSS

1 Introduction

The fatigue strength of high-frequency mechanical impact
(HFMI)-improved welds has been investigated recently, and
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the design procedures for this improvement method have
been proposed after an extensive literature review [1]. The
presented fatigue resistance curves have been defined based
on the nominal stress (NS), the structural hot-spot stress
(SHSS) or the effective notch stress (ENS) using stress
analysis procedures as defined by Commission XIII of the
International Institute of Welding (IIW) [2, 3].

Previous investigations in terms of the NS method
included a single set of improvement procedure with vari-
ous FAT values that depend on the specimen geometry [4,
5]. These were based on the three commonly used test spec-
imens, namely longitudinal non-load-carrying attachments,
cruciform joints and butt welds. Further evaluations were
performed for HFMI-treated fillet welds (longitudinal non-
load-carrying attachments and cruciform joints) by using
the local assessment approaches (the SHSS and the ENS)
[6]. In the SHSS approach, two sets of characteristic values
were suggested separately for load-carrying and non-load-
carrying fillet welds. Meanwhile, in the ENS method, only
one set of FAT values was defined for all types of fillet
welds. All of these suggestions have been compiled and
presented by Marquis et al. [1].

In the ENS method, it has been frequently pointed
out that possible computational problems may arise when
assessing the mild notches with relatively low stress con-
centrations (K) [3]. These kind of notches can be observed
at weld toes that have been ground, have small flank angles
(e.g. butt welds) and/or are in thin plates. One way to solve
this problem for as-welded joints has been given by Fricke
[3]. The notch factor or limit Kw of a weld has been defined
as the ratio of the ENS to the SHSS. A minimum value of
Kw = 1.6 has been recommended. In other words, both
the SHSS and the ENS at a weld toe need to be checked,
and the latter assumed to be 1.6 times the former if it is
found to be less. On the contrary, Pedersen et al. [7] have
reported Kw ≥ 2 based on a comprehensive work on the
evaluations of notch stress for as-welded butt joints. Son-
sino et al. [8] have studied on design slope problems about
the fatigue assessment of thin/flexible welded joints (e.g.
butt joints) using the ENS approach. In that study, the use
of an S-N slope of 5 while maintaining the FAT 225 has
been suggested for these particular geometries. These men-
tioned studies have considered the problematic issues only
as-welded joints, especially for butt welds. In the case of
HFMI-treated butt welds, on the other hand, the computa-
tional issues in local assessment methods (e.g. ENS, SHSS)
are considered to occur mostly due to the application of
treatment at the weld toe region such that it results with
an impacted material which is highly plastically deformed
causing changes in the material microstructure and the local
geometry as well as the residual stress state [1]. Hence,
the beneficial effect of these physical changes should be
implemented in a way that fatigue strength improvement

can be adequately represented also for the local assessment
methods.

For the HFMI-treated welds with low K , Marquis et al.
[1] have defined the minimum SHSS concentration val-
ues, Ks,min, depending on different steel grades. This has
been promising for the use of the SHSS approach. How-
ever, when HFMI-treated butt welds (a kind of mild notch)
are analysed in the ENS system using Kw ≥ 1.6 from
Fricke [3] and Ks,min values from Marquis et al. [1], still
relatively weaker data points may be obtained even though
similar characteristic values are observed with respect to
HFMI fillet welds in the NS system [5]. In this study, weaker
data points are considered as the fatigue data of HFMI-
treated butt welds in the ENS method without including
the aforementioned physical changes at the weld to region.
Thus, the characteristic values are certainly far below FAT
classes which were given by Marquis et al. [1]. Nonetheless,
FAT classes should also be valid for HFMI-treated welds
with mild notches. Therefore, additional special considera-
tions, which is defined as the minimum ENS concentrations
(Kn,min) based on the fy , are needed for HFMI butt welds
in order to overcome this inconsistency.

The aim of this paper has been to suggest a more reli-
able fatigue assessment procedure for HFMI-improved butt
welds with low stress concentration factors. It has been
observed that already-known FAT classes for HFMI fillet
welds in the ENS method are also applicable with Kn,min.
These Kn,min values are given in this study. Fatigue strength
assessments which are based on constant amplitude stress
ratios at R = 0.1 and R = 0.5 fatigue test data for
HFMI-improved butt welds have been presented. Fatigue
data has been evaluated both with and without the previ-
ously proposed correction for the material yield strength
[5].

2 Analysis methods

2.1 Correction for HFMI-treated butt welds using
ρf = 1 mm

As mentioned previously, the design proposals for HFMI-
treated fillet welds were presented in terms of local
approaches after evaluating all test data together by consid-
ering the yield strength correction method [6]; see Fig. 1. In
that proposal, the increase in FAT classes for HFMI welds
were shown as a function of yield strength using m1 = 5 [4].
Since the characteristic curves for improved joints have not
been previously defined by the IIW, the dashed line in Fig. 1
shows the characteristic value for joints in the as-welded
condition.
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Fig. 1 Proposed maximum increases in the number of FAT classes as
a function of fy from [6]

In the current study, instead of using Kw , the notch factor
or limit Kn,min of a butt weld has been defined as the ratio
of the ENS to NS; see Eq. 1.

Kn = σn

σ
(1)

At this point, it should be noted that the author is aware of
possible difficulties for evaluating the NS in complex struc-
tures. However, with the help of the simplicity of the butt
weld geometry, the basic definition of the NS, force divided
by the area of interest, can be assumed herein. The special
considerations are suggested for butt welds with low Kn to
overcome the mentioned computational issues. For this con-
sideration, Kn,min values are defined according to the fy

correction method [5] and the already-known FAT values
which were derived for the ENS concept using ρf = 1 mm;
see Table 1. In other words, all the benefits coming from
HFMI treatment method are implemented in Kn values.
Thus, it means that calculated Kn values obtained for butt
welds from the finite element analysis and tabulated Kn,min

values need to be checked, and the latter is assumed to be
used depending on fy if it is found to be less.

2.2 Published data

In this study, it has been decided to perform the notch stress
analysis considering an artificial notch radius ρf = 1 mm,
using procedures as described by Fricke [3]. Only HFMI-
treated butt weld test results were considered as a mild
notch; see Fig. 2. All the available data were extracted from
the literature. Preliminary observations were performed on
the data which was obtained at R = 0.1 fatigue loading
because of consistency with the previous studies [5, 6]. Fur-
ther evaluations were also done using butt weld data which
were subjected to R = 0.5 fatigue loading.

Table 1 Suggested minimum ENS concentrations (Kn,min) for HFMI-
improved butt joints and the already-known FAT classes for HFMI-
treated fillet welds as a function of fy

fy [MPa]

As-welded, m1 = 3 [3] Kw,min

All fy 225a 1.6

Improved by HFMI, m1 = 5 [6] Kn,min

235 < fy ≤ 355 320 No restriction

355 < fy ≤ 550 360 No restriction

550 < fy ≤ 750 400 2.10

750 < fy ≤ 950 450 2.40

950 < fy 500 2.70

aThe existing IIW FAT classes for the ENS approach for as-welded
joints. Note that some studies suggest that FAT 200 is a better fit for
the experimental data

The analysed 165 data points from 15 data sets for R =
0.1 and R = 0.5 are summarized in Tables 2 and 3, respec-
tively. These tables show thickness, fy , HFMI treatment
method and the number of test specimens for each data set.
In cases where fy was not specifically reported, values were
taken from published data sheets [10]. Wherever possible,
failure modes other than at the weld toe and run-outs have
been excluded. The yield stress of steel grades varied from
267 to 960 MPa, and specimen thickness varied from 5 to
16 mm.

The ENS concentration factors, Kn, at the weld toe were
evaluated using 3D finite element models having a weld toe
radius ρf = 1 mm for each specimen geometry. Second-
order solid elements were considered, and the maximum
element size close to the weld toe and/or root and overall in
the model was limited to R/10 and 1 × t in all of the anal-
yses. The number of elements over 360◦ arc was 62. Weld
toe angle was idealized to 30◦ for the case of butt joints
as recommended by Fricke [3]. This approach was used for
all specimens, even if information on the real weld profile
would have been available. In the finite element analyses,
symmetry was used, and a unit stress was applied to the ends
of models to obtain maximum principal stresses at the weld
toe. Moreover, the SHSS concentration factors, Ks , values
were also evaluated in order to show the unity of them for
butt welds; see Tables 2 and 3. The Ks was determined tak-
ing the stress value at a distance of 2 mm from the transition
between straight and curved parts [3].

Marquis et al. [1] have suggested minimum FAT class
reduction due to the stress ratio influence. These penalty
values with respect to the maximum increase in the num-
ber of FAT classes as a function of fy are shown in
Table 4. In this study, FAT values from Table 1 were reduced
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Fig. 2 Investigated joint type

accordingly by using Table 4 for theR = 0.5 data in Table 3.
Namely, three FAT class reduction were made for stress
ratio R = 0.5.

3 Results

Results of the finite element analysis for the ENS method
are given in Tables 2 and 3. Values from analysis in paren-
theses are multiplied by a 10 % stress magnification factor
due to a possible misalignment [2]. The structural stress val-
ues 2 mm away from the weld toe are also presented in order
to show the unity of them. Other important details, such as
fy and specimen thickness, of considered studies are also
shown in these tables.

Tables 5 and 6 present results of the regression analy-
sis of all the data based on the R ratio in the ENS system.
Results are shown separately for both without and with
Kn,min values. The regression analyses were performed both
with and without the previously proposed and verified mate-
rial fy correction method. Since the fy correction procedure
requires the selections of a reference yield strength, fy,o =
355 MPa was selected for this analysis. The best-fit regres-
sion mean curves and the characteristic curves are based on

a forced S-N slope of m1 = 5. Figure 3 shows the avail-
able fatigue data for HFMI-treated butt welds in the ENS
system without the Kn,min values. Figure 4, on the other
hand, shows the same data by taking into account the sug-
gested Kn,min values based on the material fy from Table 1.
Separate columns in each figure show the results without
and with the yield strength correction method. The best
fit regression mean and characteristic lines from Tables 5
and 6 are also shown.

4 Discussion

4.1 Effects of the fy correction method

For R = 0.1 data analysis, it is obvious from Table 5
and the first rows of Figs. 3 and 4 that the fy correction
method results with reduced σN and lower �Sm, whereas
it increased �Sk values. For R = 0.5 data results, which
are presented in Table 6 and the second rows of Figs. 3
and 4, the fy correction method results with reduced σN
and lower �Sm, though it did not change �Sk values so
much. Nevertheless, the scatter bands in all analysis were
clearly decreased after the fy correction. This was normal

Table 2 Experimental R = 0.1 constant amplitude axial fatigue data for HFMI-treated butt welds with stress concentration values obtained from
finite element calculations

Reference Steel fy [MPa] Treatment Plate Number of K a
n K b

s

type method thickness [mm] specimens

in series

[11] Q235B 267.4c UPT 8 13 1.97 (1.79) 1.05

[12] S355 355c PIT 5 13 1.80 (1.64) 1.00

[13] S355J2 422d UIT 16 12 2.11 (1.92) 1.09

[13] S355J2 422d HiFIT 16 17 2.11 (1.92) 1.09

[11] 16Mn 390c UPT 8 6 1.97 (1.79) 1.05

[12] S690 690c PIT 5 10 1.80 (1.64) 1.00

[11] SS800 700c UPT 8 5 1.97 (1.79) 1.05

[13] S690QL 786d UIT 16 17 2.11 (1.92) 1.09

[13] S690QL 786d HiFIT 16 12 2.11 (1.92) 1.09

[14] E690 763d UP 9.5 8 1.99 (1.81) 1.06

[12] S960 960c PIT 5 6 1.80 (1.64) 1.00

aKn includes a 10 % stress magnification due to misalignment [2]. Values from FE analyses are in parentheses
bStructural stress calculated 2 mm away from the weld toe
cNominal fy
dMeasured fy
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Table 3 Experimental R = 0.5 constant amplitude axial fatigue data for HFMI-treated butt welds with stress concentration values obtained from
finite element calculations

Reference Steel fy [MPa] Treatment Plate Number of K a
n K b

s

type method thickness [mm] specimens

in series

[13] S355J2 422c UIT 16 13 2.11 (1.92) 1.09

[13] S355J2 422c HiFIT 16 11 2.11 (1.92) 1.09

[13] S690QL 786c UIT 16 10 2.11 (1.92) 1.09

[13] S690QL 786c HiFIT 16 12 2.11 (1.92) 1.09

aKn includes a 10 % stress magnification due to misalignment for butt welds [2]. Values from FE analyses are in parentheses
bStructural stress calculated 2 mm away from the weld toe
cMeasured fy

and expected since these values were adjusted at a reference
yield strength fy,o = 355 MPa for HFMI-treated speci-
mens. The mean values are higher without the fy correction
method because data sets based on stress ratio include
several steel grades with 355 < fy ≤ 960 MPa.

4.2 Effects of the special considerations (Kn,min)

Tables 5 and 6 present the computed best-fit mean and char-
acteristic values without and with the Kn,min values for the
ENS method based on R ratio. Figures 3 and 4 show these
evaluations graphically. For R = 0.1 data, the use of the
Kn,min values without the fy correction increased the �Sm
and σN values, whereas did not change �Sk value so much.
The Kn,min values with the fy correction also increased
the �Sm and �Sk values whereas decreased the σN . For
R = 0.5 data, the use of the Kn,min values without the
fy correction increased the �Sm and σN values whereas
decreased the �Sk value. The Kn,min values with the fy cor-
rection increased the �Sm and σN values, whereas it did not
change the �Sk value so much. The increase in �Sk value
for R = 0.1 data was expected since the Kn,min values were
applied to more than half of the data points, namely 58 data
points out of 119 were adjusted using the Kn,min values. For

Table 4 Minimum reduction in the number of FAT classes in fatigue
strength improvement for HFMI-treated welded joints, from Marquis
et al. [1]

R ratio Minimum FAT class reduction

R ≤ 0.15 No reduction due to stress ratio

0.15 < R ≤ 0.28 One FAT class reduction

0.28 < R ≤ 0.4 Two FAT class reductions

0.4 < R ≤ 0.52 Three FAT class reductions

0.52 < R No suggestions have been made.

The degree of improvement

must be confirmed by testing

R = 0.5 data, on the other hand, the �Sk value increased
slightly even though 22 data points out of 46 were adjusted
using the Kn,min values.

In all analysis the fy correction was done at a reference
yield strength fy,o = 355 MPa. Results of this study for
R = 0.1 data (�Sm = 528 MPa, �Sk = 409 MPa and
σN = 0.32) are consistent with respect to the previously
evaluated and reported mean and characteristic values for
HFMI-improved fillet welds (�Sm = 519 MPa, �Sk =
406 MPa and σN = 0.32 from [6]). Hence, fatigue strength
of HFMI-improved butt welds with low Kn now can be
assessed by the Kn,min values and the fy correction method
for the ENS system. This was shown for HFMI-improved
butt welds in this study.

The proposed S-N curve for 550 < fy ≤ 750 MPa
is FAT 400, and the corresponding Kn,min value is 2.1.
These values claim FAT 190 for fatigue strength of a par-
ent material which is above the IIW recommended FAT 160
[2]. Several studies on the effect of plate edge condition
have been done, and it has been shown that FAT 190 can
be obtained particularly for higher-strength materials with
roughness Ra < 9 µm by laser cut [9]. Hence, this should be
checked carefully as applying the proposed Kn,min values.
Additional tests on the parent material should be carried out
if necessary.

For the special consideration, the minimum Kn values in
Table 1 were determined based on HFMI-treated butt weld
data, FAT classes from Table 1 for fillet welds and notch
stress values in Table 2 as well as considering the Ks,min

values from Marquis et al. [1]. By this approach, instead of
using Kw in accordance with σs , which is close to unity for
butt welds, the use of Kn as the ratio of ENS to NS, Eq. 1,
found to be a more practical and easier-to-implement solu-
tion. In other words, the ENS approach can be performed
with the elimination of the SHSS calculation for HFMI-
treated butt welds by considering the material yield strength
correction method.
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Table 5 Effective notch stress analyses of published HFMI-treated butt weld data from Table 2 for R = 0.1. Slope of m1 = 5 was assumed

Special consideration (Kn,min) Total data points Without fy correction With fy correctiona

�Sm �Sk σN �Sm �Sk σN

Without 119 506 364 0.43 494 379 0.35

With 119 543 365 0.52 528 409 0.32

afy correction to reference yield strength fy,o = 355 MPa

4.3 Fatigue data versus the FAT proposals

The proposed approach was checked by the fatigue data of
HFMI butt welds which was presented before. The available
HFMI butt weld data was analysed based on two different
stress ratios by considering ρf = 1 mm and the fy correc-
tion method. The results are shown based on different steel
grades in Fig. 5 for R = 0.1 and in Fig. 6 for R = 0.5.
The minimum ENS concentrations were also used as sug-
gested by the limits from Table 1. The corresponding FAT
classes from Table 1 are given as a solid line for R = 0.1
data in Fig. 5. Three FAT class reductions for R = 0.5
as suggested by Marquis et al. [1] in Table 4 are shown in
Fig. 6. In other words, FAT 250 and FAT 320 are shown for
355 < fy ≤ 550- and 750 < fy ≤ 950-MPa steel grades in
the case of fatigue data subjected to R = 0.5.

All the available data is conservative with respect to the
S-N curves for R = 0.1 in Fig. 5. On the other hand, with
the exception of three data points for 750 < fy ≤ 950 MPa
in Fig. 6, the available data is also conservative with respect
to the S-N curves. In other words, the proposed S-N curves
fit well enough compared to the HFMI butt weld test results
based on different stress ratios. These results were expected
because the data was adjusted accordingly for Kn,min values
presented in Table 1. It should be noted that Kn,min val-
ues were defined based on the assumption of already-known
FAT classes for HFMI-improved fillet welds also valid for
HFMI-improved butt welds.

Dashed lines in Fig. 5 represents the existing IIW char-
acteristic curves for as-welded state. It is clear that the S-N
curves for HFMI-improved butt welds follow the data bet-
ter than do the lines for the as-welded. The HFMI curves
allow significantly more applied stress in the high cycle

region as compared to the lines for the as-welded. In the low
cycle region, however, the proposals in this study can result
in lower allowable stresses, especially for lower strength
materials. Similar conclusions can be drawn for test results
obtained from R = 0.5 stress ratio in Fig. 6.

4.4 A demonstration on R = −1 fatigue data

Neher et al. [15] have recently investigated the fatigue
strength of welded components improved by HFMI. Fifteen
of HFMI-treated butt welds which were manufactured from
high-strength steel with fy = 700 MPa were tested under
constant amplitude loading at R = −1. Although various
failure modes which included weld toe, weld root and par-
ent material were observed, fatigue data set has been needed
and is valuable for this type of joint and loading. There-
fore, a comparison of the data with the already-known FAT
classes was necessarily done in terms of the ENS system.
The plate thickness of the specimen was 8 mm. For this type
of butt joint, Kn was calculated as 1.79 using ρf = 1 mm
at the weld toe. In Table 1, however, Kn,min is suggested as
2.1 for steel grade fy = 700 MPa. Therefore, the latter one
was considered for fatigue strength assessment in the ENS
method. In Fig. 7, evaluated fatigue data points from Neher
et al. [15] and previously proposed FAT class (400 MPa)
from Yıldırım et al. [6] for this type of steel grade are pre-
sented in the ENS system. For R = −1 data, the HFMI
design curve corresponds to the HFMI curve with stress
ratios R ≤ 0.15. From the fatigue design point of view, it
is obvious that with the exception of only one data point
which was failed at weld root, FAT 400 is conservative with
respect to data points.

Table 6 Effective notch stress analyses of published HFMI-treated butt weld data from Table 3 for R = 0.5. Slope of m1 = 5 was assumed

Special consideration (Kn,min) Total data points Without fy correction With fy correctiona

�Sm �Sk σN �Sm �Sk σN

Without 46 388 293 0.32 355 295 0.21

With 46 400 291 0.38 368 296 0.24

afy correction to reference yield strength fy,o = 355 MPa
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Fig. 3 Available fatigue data
for HFMI-treated butt welds
presented in terms of the ENS
without Kn,min. Calculated Kn

values are from Tables 2 and 3

(a) (b)

4.5 Further observations

The fatigue data in this study consisted of test results
obtained from two different stress ratios (R = 0.1 and
R = 0.5), and 1 × 104 ≤ Nf < 1 × 107 cycles. All
of the S-N curves for HFMI welds presented in this doc-
ument were assumed to have a slope of m1 = 5 in the
region 1 × 104 ≤ Nf < 1 × 107 cycles and m2 = 9 for
1×107 ≤ Nf . This represents the more general design case

of variable amplitude loading. Special cautions concerning
R ratios and variable amplitude were previously given for
HFMI welds which were assessed based on the NS method
[5]. Those cautions are also valid for the ENS method used
in this study.

As mentioned previously, Pedersen et al. [7] have
reported a comprehensive work on the evaluations of Kw

for as-welded butt joints. In that study, Kw ≥ 2 has been
suggested even for as-welded butt joints considering an

Fig. 4 Available fatigue data
for HFMI-treated butt welds
presented in terms of the ENS
with Kn,min. Calculated Kn

values are from Tables 2 and 3,
whereas adjusted Kn values are
from Table 1

(a) (b)
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Fig. 5 Experimental data for
HFMI-treated butt welds for
R = 0.1 based on the ENS with
Kn,min. Design curves are from
Table 1

(a) (b)

(c) (d)

(e)

empirical relation between K and plate thickness. The IIW

recommended Kw ≥ 1.6 was compared with the results for

Kw ≥ 2. It was observed that Kw ≥ 1.6 only affects butt

joints thinner than 7 mm, whereas Kw ≥ 2 affects up to

20 mm. This is found to be consistent with the results which

are presented in this study for HFMI-improved butt welds

since most of the plate thickness are larger than 7 mm in

this study. It is worth repeating that notch stress concentra-
tion factor is also dependent on the weld profile, especially
the weld angle. However, this influence is excluded as a
constant angle of 30◦ is used.

In this study, only few experimental data for high-
strength steels of fy > 950 MPa were analysed for R = 0.1
data. The proposed characteristic curves are slightly con-
servative with respect to this data. Furthermore, no data

Fig. 6 Experimental data for
HFMI-treated butt welds at
R = 0.5 which is presented in
the ENS system with Kn,min.
Reductions for design curves are
from Table 4

(a) (b)
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Fig. 7 Fatigue data points from
Neher et al. [15] are shown with
FAT class for fy = 700 MPa
from [6]. The ENS value is from
Table 1

point was found for fy < 355 and fy > 950 MPa in the
case of R = 0.5 stress ratio. Therefore, more studies are
encouraged for these types of steel grades and stress ratios.

5 Conclusion

This study shows one way of assessing HFMI-treated butt
welds in the effective notch stress system. A comprehen-
sive evaluation of the published data for butt welds with low
stress concentration values subjected to R = 0.1 and R =
0.5 constant amplitude is analysed. In total, 165 improved
butt welds have been evaluated in view of the minimum
notch factors for the ENS approach. These notch factors
have been defined based on the extracted fatigue data. Lim-
its of the stress concentrations at the notches have been
suggested according to the material yield strength. Finite
element analyses have been performed as defined by the
IIW. Fatigue strength assessments have been done based on
the previously proposed yield strength correction method.

According to the findings, the following conclusions can
be drawn:

– The already-known FAT classes for HFMI-improved
fillet welds have been suggested to be used also for
HFMI butt welds by using the Kn,min values.

– For the ENS system, the use of the special consider-
ations with the yield strength correction representing
one fatigue class (approximately 12.5 %) increase in
strength for every 200-MPa increase in fy has been
proposed and verified.

– In the ENS approach with Kn,min, previously proposed
four fatigue class improvement with respect to the same
weld detail fy ≤ 355 have been verified for butt joints.
Meanwhile, this improvement has been extended to

represent seven fatigue class improvement for steels
with fy > 950 MPa.

– The previously proposed FAT class reduction for HFMI
welds subjected to R = 0.5 has been verified for the
available data.

– The already-known characteristic curves are found to
be conservative with respect to the available fatigue test
data.
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