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Abstract
Although in the last decades the applicable regulations for the design of steel structures have been deeply improved accounting
for modern design approaches and technologies, in a few industrial fields, concepts and formulations derived from centuries-old
experience are even nowadays the governing rule. This very often limits the potential offered by the technological innovations in
high-performance material, such as quenched and tempered (QT) steels. After having verified in the scientific literature, in the
commercial one and in several open material databases that some main data necessary to the comprehensive characterization of
QT steel used in building large metal structures are lacking, an extensive experimental campaign was undertaken to achieve an
updated and specific fatigue strength characterization for certain types ofmaterials. The aim is to overcome the strict requirements
of current regulations on the application of both parent QTmaterials and welded homogeneous and heterogeneous joints between
different steel strength. The experimental campaign allowed filling the knowledge gap as well as providing further understanding
whether the use of high-strength steel is effective in the improvement of performances of large steel structures, whose fabrication
procedures are typical of building sites rather than workshops. Their extensive application in current building practice is expected
to be highly beneficial in terms of weight and costs.
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1 Introduction and motivation of work

The use of high-strength steel (HSS) is becoming more and
more common since these materials allow lighter, slender and
simpler structural designs. In general, the use of HSS contrib-
utes to weight reduction, which compensates their higher cost
[1].

The use of HSS, coupled with advanced production tech-
nologies, has high potential for weight reduction in welded
structures. However, due to the lack of knowledge about fa-
tigue strength and behaviour under dynamic loading more in
general, the current rules of regulatory bodies, such as the
classification societies in the shipbuilding field or Eurocode
for large civil constructions, do not yet allow to take advan-
tage of the full potential of HSS in the design of lighter steel
structures [2].

Basically, steel structural design depends on three design
and technological constraints, in addition to the satisfying
functional and operational needs of the final product:

& Strength (strength to static, dynamic, cyclic, impulsive
loads, etc.)

& Stiffness (allowable deformation of the product and limits
for elastic buckling)

& Maintenance of performance over time (corrosion and
more generally performance degradation)

These design constraints depend on the mechanical prop-
erties of the materials and on the geometrical layouts of the
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structure. Generally, the material selection and the design of
the structure are combined to be in compliance with the codes
requirements.

In order to obtain different stiffness of the structure, it is
necessary to take actions either on its geometrical configura-
tion, still satisfying the operational and functional needs of the
product (e.g. varying the thickness of the plates or adopting
stiffeners of different cross-sectional properties or even mod-
ifying the structural layout). In case of large structures, steel
continues to be the most widely adopted material and welding
the mostly used joining technique.

However, once the steel strength is selected, while the elas-
tic properties are ranging in a rather narrow range (e.g. steel,
aluminium or composite materials), the tensile properties have
a rather limited effect on the stiffness of the structure.

The problem of corrosion and degradation is usually ad-
dressed by designers with the adoption of an oversizing mar-
gin in line with recommendations of scantling rules.
Typically, thicknesses of plates and reinforcement sections
higher than those assessed at the design stage are adopted;
therefore, the degradation phenomena are included in the de-
sign considering the results of the statistical analyses of the in-
service data obtained from monitoring and inspection of sim-
ilar structures.

Depending on the selected steel strength, the mechanical
characterization can exhibit a wide variation: to give an exam-
ple, the yield stress of steel can vary from 235 MPa of mild
steel (typically adopted for normal constructions) to
1100 MPa of HSS (adopted for particular cases).

A similar argument applies to the fatigue resistance of the
material, although uncertainties in this respect are definitely
much higher and problems for welded structures are also re-
lated to technological joining processes that alter the mechan-
ical characteristics of the material and, locally, also the geom-
etry of the area where fatigue fractures typically occur.

Many investigations, beginning from the 1960, have
researched the influence of yielding and ultimate strength on
fatigue strength of parent material and welded specimens.
Several investigations have been performed about 50 years
ago when fatigue tests were gathered and statistically evaluat-
ed as comprehensively reported, e.g. in [3–7], where several
references about this issue are also cited and discussed.

Basically, the designer has a significant flexibility to meet
the structural requirements by selecting HSS and tuning thick-
nesses and cross sections to meet the structural strength re-
quirements of the structure. In fact, often, this freedom, as well
as other design constraints, is limited by regulations still an-
chored to the use of “traditional” steel, such as EN 10025-2
Grade S235 and Grade S355. Their mechanical properties are
considered relatively well-known and affected by limited un-
certainties, in particular as far as fatigue strength and ultimate
strength associated to collapse buckling phenomena are
concerned.

The solution of adopting a stronger steel to cope with
high tensile stress states is therefore not easily practica-
ble for the designer in current practice, and consequent-
ly it is necessary to select alternative solutions such as
redesign structural details geometry or use thicker insert
plates in critical areas.

From a general point of view, these solutions involve the
following disadvantages:

& Increased engineering hours
& Increased fabrication hours
& Increased number of welds and, consequently, more heat

affected zones (HAZs)

The adoption of an HSS would reduce or eliminate these
inconveniences.

Another aspect that must be considered is related to the cost
of HSS in the design and manufacturing of welded structures.
In general, market analysis using data available in the litera-
ture has shown that the price per tonne of QT steel is higher
than that of conventional steel: 900 ÷ 1500 €/t and 650 ÷ 800
€/t, respectively.

The assessment of the economic impact related to the use
of HSS cannot just be limited to the cost per unit of weight of
the material because several other aspects must be considered
such as:

& Lower thicknesses imply a reduced quantity of steel for
the same structure.

& Reduction of the number of inserts with increased thick-
ness to reinforce the areas with high stresses concentra-
tions. Often, in openings corner or in way of discontinu-
ities of plated structures, an insert of increased thickness is
added in order to reduce the stress level and to improve the
fatigue strength. If the whole structure or a large part is
made by higher strength steel, there is less need of such
inserts.

& Reduce warehouse costs due to the lowered use of high
thickness plates for the inserts.

& In general, high reduction of management, maintenance
and repair costs.

In the scientific literature, there are several materials online
databases ([8–14]) showing the main characteristics of the
building material and, in particular, for several types of steel.

In general, the databases classify the various materials in
terms of productor/seller and in terms of mechanical charac-
teristics versus steel type. Those lists are useful because they
allow to:

– Identify the productor/seller of material
– Identify the classifications according standard rules, e.g.

ASTM or ISO standards
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– Assess the availability of the products for the construction
(thickness of plates, stiffener profiles, etc.)

– Assess the availability of any data of mechanical charac-
terization, possibly to be confirmed only by few dedicated
tests by designers

– Quickly compare different materials with similar
characteristics

– Obtain a rough estimate of the cost

Design codes like Eurocode 3 [15] do not show explicit
dependency on material, which implies significant safety mar-
gins. In general, HSS is still seldom investigated, leading to
lacking of understanding of their strength and fatigue behav-
iour. Many fatigue studies are actually focused on testing
structural details rather than investigating the plain material
behaviour, e.g. [16].

Several studies are focused on the analysis of the base
material, such as De Jesus et al. [17] that compared the fatigue
behaviour of EN 10025-2 Grade S355 and EN 10025-6 Grade
S690 steel strength. Carvalho et al. extended the study report-
ed in [17] to a wider range of structural steel, namely, to the
S235 steel [18].

Lillemäe-Avi et al. [19] investigated the fatigue strength of
high-strength steel. The study includes both EN 10025-2
Grade S355 and EN 10025-6 Grade S690 steel strength and
focuses on the influence of surface roughness, internal inclu-
sions, hardness and residual stress field on the fatigue strength.

No other comparison data on welded joints between differ-
ent steel strength have been found in open literature.

Therefore, an extensive campaign of experimental tests has
been conducted to obtain updated values to be compared with
those reported in the design codes (e.g. EN 1993-1-3:
Eurocode 3: Design of steel structures [20] or classification
societies rule, such as the ones of the International Association
of Classification Societies [21] and related individual rules for
shipbuilding) for the mechanical characterization in fatigue
conditions for the following materials:

& The ferritic-perlitic steel EN 10025-2 Grade S355 (steel
A), widely used for structural applications

& Two quenched and tempered steel strength having yield
strength between 400 and 500 MPa (steel B, S460) and
600 and 700 MPa (steel C, S690)

Those materials have been examined both as base material
and welded joints in different combinations (homogenous
joints and heterogeneous ones). In particular, butt welds full
penetration joints have been made on plates 10 and 20 mm
thick and a cruciform joint made of 20 mm thick plates.

Table 1 shows the complete list of the prepared specimens
highlighting the combinations of different materials (homog-
enous joints and heterogeneous ones), the type and welding
techniques and the thickness of the plates. Homogenous joints

have not been made using steel C because they are currently
considered of limited application interest. On the other side,
the heterogeneous joints with steel B have been realized, as it
is often necessary to adopt inserts with increased thickness to
strengthen high stress concentration areas.

All the specimens were made using the welding processes
typically used on building sites (i.e. submerged arc welding,
SAWand flux cored arc welding, FCAW), thus replicating the
operating conditions used during fabrication and actually be-
ing made by qualified welders on site as parts for a
construction.

Eachweld of the three steels was basically performed in the
sameway currently used for the Grade S355 steel A and hence
with no preheating and no post-welding heat treatment as long
as usual workshop welding procedures rather than laboratory
ones were aimed at. In short, specimens were actually built by
workshop welders using normal procedures, equipment and
techniques of large welded structures fabrication in view of
the application of steels B and C during construction without
substantially modifying the working process. Welding param-
eters were selected according to standards (UNI EN ISO
15614-1:2017) as previously mentioned. The cited standard
does not report welding parameters, but independently from
fabrication procedure, it recommends tests for weld joint qual-
ification, which were satisfactorily carried out to qualify steel
B and steel C welding processes. Hardness measurements,
micrographs and other qualification tests were independently
carried out by the steel construction company, and their results
and full details of the welding procedure approval are unfor-
tunately not available, being considered confidential in com-
merce. However, all welds were in compliance with quality
level B of ISO 5817, and hardness measurements were in
compliance with ISO 15614 standards.

Butt and fillet welds between homogenous/heterogeneous
joints have beenwelded using plates of the same thickness and
with the adoption of jigs to minimize shrinkage.

All the specimens were tested in the as welded (AW)
condition.

2 Planning of the experimental campaign

After summarizing the motivations of this work in the
introduction, the planning of the experimental campaign
is described in the following. The aim of this work was
to obtain a data set to be used within construction prac-
tice. Hence, experiments were planned to satisfy the
needs of the designers and to overcome the limitations
introduced by the regulations, which imply over-
conservative safety factors when the information about
the material characterization are not available. Indeed,
designers often rely on S-N curves based on tests car-
ried out up to 2 or 5 million cycles, while for modern
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high-strength materials, such criteria could not match
with the real behaviour of these steels.

The following experimental tests have been planned for
base material and for welded joints, previously qualified ac-
cording to UNI EN ISO 15614-1 to confirm the possibility of
practical implementation in current workshop practice, [22].

2.1 Long-life fatigue test of parent material

The purpose of these tests is to estimate the well-beyond-the-
usual-life fatigue strength of the material.

Usually, fatigue strength data are available in scientific
literature for high-strength steel, with typical tests carried out
up to a few million cycles, as confirmed by the bibliographic
analysis carried out before the execution of the tests [8–12, 23,
24].

However, it seemed useful, in addition, to confirm those
data and to obtain a first-hand fatigue characterization of high-
strength steel materials, to exploit the possibility of having
strength data even in the range of tenths of million cycles to
confirm or possibly to revise the traditional extrapolation
adopted for S-N curves. Fifty million cycles have been select-
ed as run-out limit of this test since one hundred million cycles
is a typical target life for many structures like ships and off-
shore structures or some civil structures. Considering the ma-
rine structures, the value of 1E+8 cycles is related to an aver-
age life of 25 years subjected to a cyclic loading, induced by
the waves of the sea (at about 0.1–0.2 Hz).

Fifty million cycles run-out limit was eventually se-
lected as a compromise between testing feasibility and
actual structural behaviour, taking into account that in
reality, structures are subject to variable amplitude load-
ing. Moreover, it was of interest to understand what
actually happen to QT steels at a very high number of
cycles, as there are very limited available and up-to-date
data in open literature.

Rotary bending fatigue strength tests were carried out up to
50 million cycles on tests specimens made by steel A, steel B
and steel C. A series of at least 15 specimens was tested for
each material (Fig. 1).

The tests were carried out with the classical proto-
type equipment shown in Fig. 2. Three out of the six
used machines are shown. Rotating four-point bending
test of a cylindrical specimen fitted with suitably ta-
pered conical ends was carried out by applying constant
force by means of calibrated springs. The load ratio was
obviously equal to R = − 1, and the midspan of the
specimen was loaded by constant bending and therefore
constant stress range, whose application frequency de-
pends on the applied spring force. During the test at
different load levels, the load application frequency
ranged between 40 and 45 Hz.

The cross section of each specimen has a nominal diameter
of 7.5 mm, and the constant bending specimen span is 25 mm.
However, for the determination of the stress level, the actual
diameters of each specimen tested was measured by means of
a calliper whose accuracy was 0.02 mm.

For the determination of the number of cycles to
failure, the complete fracture or the deformation of the
specimen making rotation impossible was considered. In
fact, the latter criterion corresponds to cracks with a
depth of about half the diameter or more. As men-
tioned, a test limit (run-out) of several million cycles
(50 million, except in a few cases) to investigate the
fatigue phenomena in a range reasonably related to that
of structures in operation. When the run-out limit of 50
million cycles was reached, the test was interrupted, and
the test of the same specimen restarted at a higher load
level.

Fig. 1 Two specimens of the tested series (steel B)

Table 1 List of the prepared and
tested samples (BW butt-weld
plate, FW fillet weld) and cruci-
form joint

Combination of materials Welding type Plates dimension [mm] Welding technique Thickness [mm]

Steel A/steel A BW 2000 × 600 FCAW 20

1200 × 800 SAW 10

Steel B/steel B BW 2000 × 600 FCAW 20

1200 × 800 SAW 10

Steel A/steel B BW 2000 × 600 FCAW 20

1200 × 800 SAW 10

Steel A/steel C BW 2000 × 600 FCAW 20

1200 × 800 SAW 10

Steel B/ steel B FW 2000 × 400 FCAW 20
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2.2 Fatigue test on butt-welded joints and a cruciform
joint

The fatigue tests on welded joints were carried out on typical
standardized dog bone specimens with weld reinforcement
(no flushing of the welds). In Fig. 3, a sketch of the specimens,
an overview of two ruptured specimens, a butt-weld and cru-
ciform specimen, is shown after the fatigue test. Figure 4
shows a 10-mm-thick cross-weld specimen after the fluores-
cent magnetic particle test to reveal the crack at the weld toe.

Carefully applying the recommendations of the
International Institute of Welding [IIW document XIII-2140-
16, [2]] for the performance of fatigue test on welded joints,
the width of the specimens was maintained equal to three
times its nominal thickness (60 mm for the 20 mm thick spec-
imens and 30 mm for those 10 mm thick). The head of the
specimens has been holed to allow them to be properly aligned
and clamped to the testing machine in case of relatively high
applied loads.

The tests were carried out using a resonance electrome-
chanical machine, under load control and with a load applica-
tion frequency ranging between 85 ÷ 90 Hz. The load ratio
used for the whole test campaign was conservatively main-
tained at R ≤ 0.1. For the determination of the number of cy-
cles to failure, the complete fracture of the specimen was
considered.

For each test batch, 12 to 15 specimens were prepared
and tested; when the run-out limit of 5 million cycles was
reached, the test was interrupted and the test restarted at a
higher load level. Similarly to parent material tests, the
stress applied on each specimen was calculated by measur-
ing the actual thickness and width of the plate on the spec-
imen taken from the butt test pieces. On the cruciform
specimens, the weld throat height was measured on all
four-corner seams, and then the strength section was cal-
culated by multiplying twice the average weld throat
height by the width of the specimen. Hence, the load-
carrying cross section area was duly considered by using
the throat thickness to obtain the acting nominal stress.

3 Results of the fatigue tests

In order to show the differences and analogies between a tra-
ditional steel such as the steel A and the steel B and steel C, for
both base material and welded joints, the diagrams of the
obtained results are shown and commented in the following.

The data have been analysed according to the recommen-
dations of the International Institute ofWelding [2]; hence, the
run-out tests (interrupted tests) were normally excluded from
the statistical analysis.

Figure 5 shows the results obtained for the base material
with a fatigue life up to 50 million of cycles. Noticeably, the
slope trend is rather high with respect to the one suggested by
steel construction standards [2]. While up to 2 million cycles,
the rule slope is m = 3, beyond it is equal to 5, but experimen-
tal one is higher than 10.

The experimental data on homogenous joints are shown in
Fig. 6. The angular misalignment corrections according to the
formulae of the International Institute of Welding, namely, as
recommended in Appendix 6.3 of ref. [2] for angular mis-
alignment between flat plates (fixed ends), have been applied
to the test data. The data corrected considering the angular
misalignment were labelled with the suffix “corr.” in each
plot. Actually, misalignment was measured on all specimens
before testing them. Therefore, data have been corrected in
order to additionally show test results excluding the misalign-
ment effect and thus allowing further comparisons and usage
of the obtained S-N curves.

There are no differences in fatigue strength between the
analysed materials, and the dispersion band is convincingly
very limited. However, the angular misalignment introduces a
slightly worsening effect in fatigue strength on steel B.

The heterogeneous joints results data are shown in Fig. 7,
and if compared with the behaviour of the homogenous joints,
no substantial differences were exhibited in fatigue strength;
indeed, the experimental data are all in rather limited disper-
sion band, although a bit larger than the curves in Fig. 6. In
this case, a reduction of the fatigue strength of about 11% can
be observed.

In Fig. 8, a diagram is shown to highlight the fracture side
in each heterogeneous butt-weld; the diagram considers just
the specimens that reached the rupture (no run-outs) on the
welds where the steel A is joined to the steel B and steel A is
joined to the steel C. Weld quality of all joints was basically
very similar. Most of the ruptures occurred at the weld toe on
the steel A side; because of the lower tensile properties of this
steel, such result could have been hypothesised initially but
could not be given for granted before the tests. On the other
hand, the scientific literature and the regulations tend to agree
that the fatigue strength does not vary substantially for steel
with different static strength.

Conversely, the result obtained for the base material,
shown in Fig. 5, where the fatigue strength of the steel C is

Fig. 2 Rotating bending test machines (3 out of 6 shown)
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higher than that of steel A and the steel B, seems to be
confirmed.

Moreover, the heterogeneous joints do not seem to influ-
ence in a different way the strength of the various materials.

Fig. 3 Top: Sketch of welded
specimens. Bottom, from left to
right: Butt-welded 20 mm speci-
men after the test and detail of
fracture initiated at the weld toe;
cruciform joint fractured at the
root after the test (fracture loca-
tion highlighted by the arrow)
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Figure 9 shows the fatigue tests results on a cruciform joint
made by steel B. The dispersion band is still rather limited,
witnessing good data consistency. A smaller number of run-
outs show that the welding process and the local geometry of
the joint have a significant impact onto the fatigue strength,
even more than the material properties. Nominal stress was
defined as the applied force divided by the load-carrying cross
section area of the specimen, i.e. considering the actual weld
throat thickness. Average value of the throat thickness of the
four welds of each joint was evaluated. Negligible deviations
were found, and the overall average (all specimens) was
9.99 mm.

Figure 10 shows in the same diagram all the tests carried
out.

The tests on the base material were carried out with a load
ratio equal to R = − 1 while those on welded joints with a load
ratio equal to R = 0.1. In addition, the tests were performed at
different loading conditions: rotary bending fatigue tests were
conducted on the parent material while axial fatigue tests on
welded joints.

In order to make a direct comparison, the data relevant to
the parent material have been corrected to shift them from R =
− 1 to R = 0.1, according to [2] as mentioned.

As regards the different loading condition applied, refer-
ence was made to the results obtained by Amirian et al. [25]:
in this study, HSLA100 steel was analysed both in axial ten-
sion and rotary bending loading condition, and the results
showed a difference of about 13% between the two tests.
This percentage difference was applied to the base material.

Figure 10 allows evaluating the effect of the welding pro-
cess on the fatigue strength and that of the different geometry
of butt and cruciform joints. It is important to underline that
the data obtained lead to slopes of S-N curves of the base
material (m > 10) similar to all steel strength and considerably
higher than that of welded joints (m~4). Noticeably, slopes are
increasing from fillet weld cruciform joint (FW) to butt-weld
joint (BW), to parent material specimens, as expected.

Figures 11, 12, 13 and 14 show the S-N curves of the
welded joints (homogenous and heterogeneous) highlighting
the influence of the welding technique used to build the spec-
imens (submerged arc, SAW and flux-cored arc welding,
FCAW). In general, there are no substantial differences de-
pending on the welding technique and the thickness, as shown
in Fig. 15 where all data are gathered (without run-outs).

Figure 15 shows all the experimental data obtained from
welded joints and base material. As explained in Fig. 10, the
base material data have been adjusted to take into account the
different load ratio and the different load condition applied.
The data obtained from the tests on base material specimens
were compared with the work of Lillemäe-Avi et al. [19].

All the data are also compared with the curves suggested by
the Eurocode EN 1993-1-9 for the detail category FAT 90
(butt-welded full penetration, rough finish), FAT 36 (corner
welding normally stressed with respect to the flange) and FAT
160 (for rolled or extruded products with machined edges,
seamless hollow sections). According to paragraph 6.7.2 of
[2], FAT 36 and FAT 90 have been lowered at 2 million cycles
by 20%making them steeper to allow for the greater effects of
residual stresses.

Fig. 5 Fatigue teste results on
base material

Fig. 4 Butt-weld 10-mm-thick specimen after the fatigue test; fluorescent
magnetic particle test to reveal the crack at the weld toe (the crack is
highlighted by a red arrow)
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Comparing FAT 36 curve with the data obtained from the
tests conducted on the cruciform joint, it is shown that expect-
ed behaviour of the Eurocode for this type of joints is rather
conservative, while the slope of the curves is very similar up to
5 million of cycles.

However, the FAT 90 curve shows a different slope with
respect to the experimental data by overestimating the fatigue
life in the low-cycle field (below a fatigue life of 1E+5 cycles)
and predicting an underestimated fatigue life for applied
stresses around the fatigue limit (2 million of cycles).

Fig. 6 Results obtained from
fatigue tests on butt-weld ho-
mogenous joints made of steel A
and of steel B. The data are as-
recorded and re-evaluated con-
sidering the angular misalignment
effect according IIW recommen-
dations [2] (data labelled with
suffix “corr.”)

Fig. 7 Results obtained from
fatigue tests on heterogeneous
butt welding full penetration
joints between steel A and steel B
and between steel A and steel C.
The data are as-recorded and re-
evaluated considering the angular
misalignment effect according
IIW recommendations [2] (data
labelled with suffix “corr.”)

Failed specimens per heterogeneous 
joint
Steel A-Steel B 22

Steel A-Steel C 24

Fatigue failure locations on 
heterogeneous joints per steel strength
Steel A 34

Steel B 5

Steel C 7

Percentage of fatigue failures locations 
on heterogeneous joints per steel 
strength
Steel A (34 on 46) 74%

Steel B (5 on 46) 11%

Steel C (7 on 46) 15%

Fig. 8 Fracture position percentage ratio in steel A-steel B and steel A-steel C heterogeneous joints
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Finally, the FAT 90 curve is well superimposed to the exper-
imental data in the middle between these two zones.

The base materials appeared as aligned with the recent data
of the literature [19]; in fact, from a qualitative point of view,
the same slopes of the curves were obtained.

The average slope of the S-N curves is m = 4.2 for the
experimental data against the typical m = 3.0 value suggested
by the Eurocode and by various other regulations up to 2 or 5
million cycles.

4 Conclusions

This paper experimentally investigated the fatigue strength of
two high-strength quenched and tempered steel having yield
stress between 400 and 500 MPa (steel B) and 600 and
700MPa (steel C) and, typically, used in large and heavy steel
construction. For comparative purposes, the same experimen-
tal tests were also carried out on amore common steel (ferritic-
perlitic steel EN 10025-2 Grade S355), named steel A.

Fig. 9 Results obtained from the
cruciform joint made with steel B
with nominal thickness of 20 mm
and nominal weld throat thickness
of welding of 10 mm. The data
are as-recorded and re-evaluated
considering the angular misalign-
ment effect according IIW rec-
ommendations [2] (data labelled
with suffix “corr.”)

Fig. 10 Overall diagram with the
results of the fatigue tests on base
material (corrected from R = − 1
to R = 0.1 and also from bending
fatigue to axial fatigue) and
welded joints

Fig. 11 S-N curves of the
homogenous butt joints steel A-
steel A using different welding
technique. The data are as-
recorded and re-evaluated con-
sidering the angular misalignment
effect according IIW recommen-
dations [2] (data labelled with
suffix “corr.”)
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Particular attention was paid to the fatigue strength of the
material for which the available information was very limited,
dated or not fully available in open literature [17–19].

Based on the results obtained, the following conclusions
can be drawn:

& The fatigue test results on the base material confirmed that
the higher the tensile strength of the material is, the higher
the fatigue strength is; therefore, the following ranking
was confirmed: steel C and, then, steel B and steel A.

& The results obtained from the heterogeneous joints (A-B and
A-C), as well as the homogenous joints (A-A and B-B),
confirm the possibility to use the high-strength steel for the
construction of certain parts of the product, i.e. those more
stressed, for which the larger economic effort is justified.

& Slopes of S-N curves for the base materials were found,
qualitatively, larger than the conventional slopem = 3; this
result is highly beneficial for fatigue strength assessment
and is in compliance with the results reported in the liter-
ature [19, 26, 27].

Fig. 12 S-N curves of the
homogenous butt joints with steel
B grade steel using different
welding technique. The data are
as-recorded and re-evaluated
considering the angular misalign-
ment effect according IIW rec-
ommendations [2] (data labelled
with suffix “corr.”)

Fig. 13 S-N curves of the
heterogeneous butt joints with
steel A-steel B using different
welding technique. The data are
as-recorded and re-evaluated
considering the angular misalign-
ment effect according IIW rec-
ommendations [2] (data labelled
with suffix “corr.”)

Fig. 14 S-N curves of the
heterogeneous butt joints with
steel A-steel C using different
welding technique. The data are
as-recorded and re-evaluated
considering the angular misalign-
ment effect according IIW rec-
ommendations [2] (data labelled
with suffix “corr.”)
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& There are no substantial differences on butt-weld joints,
and this confirms the independency of fatigue strength
from the tensile strength of metallic materials as stated
by scientific literature and regulations.

& Although the S-N curve of heterogeneous butt-welded
joints did not differ substantially, it is worth noting that
most of the cracks in the HAZ occurred on the steel A side
of the specimen (74%), while the percentage of ruptures
on the side of the other steel strength is much more limited
(11% in steel B and 15% in steel C, respectively). It can be
argued that, in case of steel A welds, residual stresses are
relatively more influencing being the material yielding
point lower, hence creating higher cyclic straining.
Therefore, expected failure position in heterogeneous
joints is that of the lower material strength.

& It was found that tested QT steels can be welded by ap-
plying the same welding processes currently applied for
more common steel strength such as steel A in yards or on
site, i.e. without pre-heating and special post-welding
treatments, without substantially modifying their fatigue
strength behaviour. This implies saving cost and complex-
ity of the operation and increase the productivity.

& It should be borne in mind that the limit states linked to
structural stiffness are generally satisfied bymodifying the
structural layout and the structural element geometries (i.e.
thickness and cross sections) because the different types of
steel offer relatively similar elastic modulus values.

& It can be seen that the cost saving of reducing the used
material, as an increase in strength leads to a general re-
duction of the thicknesses, must always be compatible
with what is permitted by the phenomenon of buckling,
which could become the limit state governing the design.

Stress analysis methods permit to extend the results of tests
on simple geometry to complex structural details by numerical
calculation and then to analyse complex details such as the
one presented in [16].

Eventually, it is believed that the data presented in this
paper are ready to use for design purposes and can be further
analysed to develop and validate fatigue assessment ap-
proaches by researchers of the field.
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