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The objective of this thesis was to investigate the fatigue behavior of the start and end
locations of longitudinal welded joints, as well as methods used in industry to assess and
improve their service life. The study was conducted as a literature review using scientific
publications and theses.

Based on the literature, the exceptional fatigue susceptibility of weld ends is due to the
combined effects of three factors; the local three-dimensional notch effect caused by force
transmission, initial cracks generated by the transient phases of welding, and harmful
residual tensile stresses. Since the traditional nominal stress method does not account for
this stress concentration with sufficient accuracy, the industry is increasingly shifting
towards more accurate calculation models, such as the effective notch stress method and
fracture mechanics.

The conclusion of this study is that weld ends should be viewed as precisely designed
components instead of random production outputs. Over-design of structures can be avoided
and service life significantly extended by mitigating stress concentrations through structural
design or by eliminating residual tensile stresses through mechanical post-processing.
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Tédmin kandidaatintydn tavoitteena oli tutkia pitkittdisten hitsausliitosten aloitus- ja
lopetuskohtien viasymiskayttaytymistd, seké teollisuudessa kiytettyja menetelmid niiden
kayttoidn arvioimiseksi ja parantamiseksi. Tutkimus tehtiin kirjallisuuskatsauksena
kayttden tieteellisid julkaisuja ja diplomitoita.

Kirjallisuuden perusteella hitsin pdiden poikkeuksellinen visymiskéyttdytyminen johtuu
kolmen tekijan summasta; voimansiirron aiheuttamasta paikallisesta kolmiulotteisesta
lovivaikutuksesta, hitsauksen synnyttdmistd halkeamista, seki haitallisista
vetojddnndsjannityksistd. Koska perinteinen nimellisen jdnnityksen menetelma ei ota tété
jénnityskeskittymid huomioon riittdvélla tarkkuudella, teollisuudessa siirrytdén kohti
tarkempia laskentamalleja, kuten effective notch stress menetelméa ja
murtumismekaniikkaa.

Tutkimuksen johtopaitoksend on, ettd hitsin piitd tulisi kohdella enemmén suunniteltavina
osina, kuin satunnaisina valmistuksen tuotoksina. Rakenteiden ylisuunnittelua voidaan
vélttdd ja niiden kdyttoikaa pidentdd huomattavasti lieventimalld jannityskeskittymié
rakennesuunnittelun avulla tai poistamalla haitallisia jddnnosjannityksid jélkikasittelyn
avulla.
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1. Introduction

Welded steel structures form the framework for countless applications in mechanical
and civil engineering, such as construction machinery, cranes, vehicles, and bridges.
During their service life, these structures are typically subjected to cyclic, or alternating
loads, which means that fatigue strength, rather than static strength, is usually the
determining factor in their design. Fatigue damage can occur at stress levels
significantly below the material’s yield strength, and it almost invariably begins at
points of structural discontinuity. One discontinuity is the start and end location of a
weld, a deviation that is necessary for manufacturing purposes in an otherwise
continuous weld. During arc ignition and extinction, the welding process is less stable
than during steady-state welding, which is why geometric deviations and local stress

concentrations naturally form at these transient points.

A typical structural detail where these start and end locations occur are longitudinal
stiffeners. When a stiffener is attached to the main load-carrying plate, the weld cannot
continue indefinitely. This leaves a start and end location in the structure that are

highly susceptible to fatigue.

The topic of this bachelor’s thesis is a literature review on the fatigue strengths of weld
start and end locations. The most common cause of damage in steel structures is fatigue
in welded structures, and the start and end locations of welds are often the weakest
points of the joint. This topic is highly significant in applications using welded steel
structures, where structures are exposed to continuous cyclic loads. The importance of

this topic is further highlighted by the industry’s shift toward higher strength steels.

1.1 Background

Welded joints are structurally critical points, as they combine geometric
discontinuities, microstructural changes, and residual stresses from manufacturing.
Although the fatigue design of welded joints is a well-established part of a mechanical

engineer’s work, traditional analyses often focus on the uniform, continuous welds. In



practical manufacturing welds are not infinitely long: every weld has a start and end
location. Particularly in robotic welding and in structures containing short welds, the

number of these transient regions is high.

The starting point of this study is the observation that the start and end locations of a
weld often form a significant local stress concentration. Furthermore, shrinkage caused
by the cooling of the weld can generate tensile residual stresses in the crater area and

even cause hot cracks.

The fatigue of welded structures has been extensively studied for over a century, and
the fundamentals of the phenomenon have been comprehensively documented in
industry standards and guidelines, such as the Eurocode 3 standard and the guidelines
of the International Institute of Welding (ITW). Traditionally, fatigue life has been
estimated using S-N curves based on nominal stress, in which different joint types are

classified into fatigue classes based on their geometry and loading mode.

Controlling the fatigue resistance of welded steel structures is critical in heavy

machinery manufacturing, but there is a significant knowledge gap regarding the start
and end locations of welds. Although the fatigue behavior of continuous welds is well
understood, the weld ends often constitute the weakest point in the structure, and their
precise impact on overall strength is not known with sufficient accuracy. The problem
is that geometric discontinuities that form at the weld ends, and the associated residual

stresses, cause local stress peaks that act as nucleation sites for fatigue cracks.

General standards and calculation models provide only rough estimates of the effect of
weld ends or assume that the weld geometry is ideally uniform, or they are attributed to

the imperfections of manual welding without making any particular distinction.

The aim is to compile a review of the start and end locations in order to identify the
phenomena discovered so far, the types of connections that have already been studied,
and the challenges that have been identified. The research is approached through the

following questions:



-What is the quantity and quality of research addressing the start and end

locations of longitudinal welds?

-In what context and from which perspectives have start and end locations

typically been examined in the research?

-What test setups and parameters have been used to study this topic?

-What general observations and challenges are associated with assessing the

fatigue life of the start and end locations?

With greater understanding of this topic, technical, economic and environmental
benefits are accomplished. From a technical perspective, structural safety is improved.
Economically, more precise dimensioning enables improved material efficiency,
leading to savings in raw materials and lighter structures. From an environmental
perspective, material savings reduce the carbon footprint, and in transport equipment, a
lighter structure reduces fuel consumption and wear on vehicle components and

infrastructure.

1.2 Scope

To keep this bachelor’s thesis within manageable scope, the study mainly focuses on
steel structures and welds aligned with the load direction, i.e. longitudinal welds. This
limitation is justified because, in longitudinal joints, the transfer of force between the
parts of the structure causes an exceptionally high stress concentration specifically at
the start and end locations of the weld. Unlike in transverse welds, where stress can be
distributed more evenly along the entire length of the joint, the ends of longitudinal
welds are often the most critical points in the entire structure in terms of fatigue. Other
materials, such as aluminum, as well as other loading cases and joint types, have been
excluded from this review to keep the scope of the work focused and the analysis

consistent.
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2. Research methods & data

This chapter describes the research strategy used in the literature review, defines the

key concepts of the study, and outlines the nature of the source material used.

2.1 Definitions & terminology

To understand this work, it is important to define the terminology used, which is often
inconsistent in the scientific literature. In this review, a longitudinal weld or
longitudinal attachment/stiffener means a structural detail in which a stiffener or other
welded component is oriented in the direction of the principal load acting on the
structure and the principal stress it induces. Such longitudinal stiffening plates and
stiffeners are needed in steel structures to improve the buckling resistance of long, thin
plate sections or to increase the local bending stiffness of the structure without having
to increase the thickness of the entire plate. They can also serve as mounts for various
parts or accessories. Although these attachments are often non-load-carrying by design,

loads are transferred to them due to local stiffness differences.

The start and end location of a weld is the area where the welding process is either
initiated or terminated. At these transient points, the continuous, regular geometry of
the weld is disrupted. In the literature, several terms are used inconsistently to refer to
these parts of the weld, such as weld ends, weld start/stop, weld terminations, or weld
run-outs. In this work, these terms are considered synonyms. Furthermore, the weld toe
refers to the interface where the base metal and weld metal meet, and where fatigue

cracks most often originate.

2.2 Information search and search strategy

The research data was collected through a systematic literature search using scientific
databases available through LUT University (such as Scopus, ScienceDirect, and IEEE

Xplore) as well as the Google Scholar search engine. The search utilized, among
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others, the following keywords and combinations thereof: "longitudinal attachment

nn nn

fatigue," "weld ends fatigue life," "weld terminations stress concentration," and "weld

start-stop defects."

The search strategy quickly revealed a problem with the topic: there is relatively little
experimental data focused on fatigue at the start and end locations of welds. Because of
this, the review also included studies which might have been more focused generally
on the fatigue of longitudinal stiffeners or the effective notch stress method (ENS), but
which, as part of their results, significantly addressed the local geometry and stress

state at the start and end locations.

2.3 Description of source material

The literature review is based primarily on international peer-reviewed scientific
articles in which the phenomenon has been studied either experimentally or with FEM
methods. Sources include, for example, Dimitrakis and Lawrence’s (2000)
comprehensive research report on the fatigue of longitudinal stiffeners, Cook’s (2025)
recent article on the effect of the angle of entry at the starting point, and Huther et al.
(2022)’s study on load history. In addition, industry standards guiding the field (such as
ISO 5817) and university theses dealing with applied numerical modeling have been

used as source material.

The primary objective of the data collection was to find quantitative fatigue data, such
as S-N curves, of how much the start and end locations shorten the service life of a

longitudinal stiffener compared to a continuous weld. As will become apparent later in
this review, the availability of consistent and comparable fatigue data is limited due to

variability of welding processes and the differing test setups used in studies.

To provide the reader with an overview of the source material in this review, all key
literature used in this thesis has been summarized in Table 1. The table lists the year of
the study, the author, and a summary of the study’s perspective. The purpose of this

table is to present the variety of literature.



Table 1. Year, author, and description of literature focused on this bachelor's thesis.

12

Year Author Description

2000 Dimitrakis & Lawrence Improving fatigue life

2011 Malikoutsakis et al. Modeling and fatigue
assessment

2014 Malikoutsakis et al. Fatigue assessment of thin-
welded joints

2014 Goransson & Radberg Fatigue life analysis of weld
ends

2018 Ljungdahl Fatigue life analysis using FE-
calculation

2022 Huther et al. Influence of overload on fatigue
behavior

2025 Cook Influence of reentrant angle on
fatigue life

2025 Giannella et al. Fatigue life assessment &
cracking scenarios

2025 Wang et al. Relationship between fatigue

and weld quality
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3. Fatigue behavior and structural durability of longitudinal

welded joints

This chapter focuses on two main themes: the physical understanding of the problem
and its industrial solutions. The first three subchapters examine the root causes of the
fatigue occurring at the weld ends, while the final two subchapters shift the focus to

industrial applications. The information is based on current literature.

3.1 Loading and fatigue of longitudinal welded joints

This chapter examines the loading mechanisms and fatigue behavior of longitudinal
welds, such as longitudinal stiffeners. A particular focus is on understanding the
physical reasons why stresses concentrate in the structure precisely at the start and end
locations of the weld, and how this phenomenon leads to the formation of fatigue

damage.
3.1.1 Force transmission in longitudinal joints

A longitudinal welded joint refers to a structural detail in which a welded bracket or
stiffener is oriented parallel to the direction of the principal stress acting on the main
plate. Although such longitudinal stiffeners are often designed in structural calculations
as so-called non-load-bearing members, they always contribute to the actual force

transfer in the structure due to local stiffness differences (Huther et al., 2022).

When an axial tensile load is applied to the main plate, the plate stretches. Since the
longitudinal bracket is welded to the plate, it must follow the deformation of the main
plate. This forced compatibility results in part of the load on the main plate being
transferred to the bracket via the weld. The load must "bend" as it transfers from the
main plate to the stiffener. As a result, a complex stress state develops between the

bracket and the main plate. (Dimitrakis & Lawrence, 2000)
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Force transfer does not occur uniformly along the entire length of the weld; it is
strongest at the ends of the joint i.e. at the start and end locations of the weld. At these
transient points, the cross-section of the structure, and thus its stiffness, changes
abruptly. As a result, forces are strongly concentrated at the ends of the weld, causing a
significant local stress concentration right at the weld interface i.e. the weld toe.
(Giannella et al., 2025) The longer the welded stiffener, the more force is transferred to
it along the length of the weld, and the greater the stress concentration formed at the

ends of the weld (Dimitrakis & Lawrence, 2000).

This structural phenomenon is the main reason why the ends of longitudinal welds are
particularly susceptible to fatigue damage. Unlike in transverse welds, where forces
can travel more directly across the entire width of the joint, in a longitudinal joint a
significant portion of the transmitted load is discharged through a small point back into
the base plate at the end of the stiffener. For this reason, the geometry and quality of
the weld ends often become factors that determine the service life of the entire

structure. (Dimitrakis & Lawrence, 2000; Huther et al., 2022.)

3.1.2 Stress concentrations at the ends of welds

The start and end locations, shown in figure 1, of a longitudinal weld create a sudden
geometric discontinuity in the structure, which acts as a significant structural notch.
When forces are concentrated at the ends of the stiffener as described previously, this
geometric change multiplies the local stress compared to the nominal stress of the base

material. This phenomenon is called stress concentration.

End location Continuous weld
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Figure 1. [llustration of the start and end location and the continuous part of the weld.

Dimitrakis and Lawrence (2000) emphasize that the poor fatigue resistance of
longitudinal stiffeners is specifically due to the extremely high three-dimensional stress
concentration at the ends of the weld. In their studies, the elastic stress concentration
factor (Ky) at the end of a longitudinal weld was measured using numerical models to
be as high as 2.64. This means that the local stress at the weld interface can be
significantly more than twice as high as the average stress in the surrounding plate.
Such a three-dimensional notch effect is considerably more complex than, for example,
the two-dimensional stress state found in transverse welds, which is why its accurate

assessment requires the use of the 3D finite element method (FEM).

In addition to the macroscopic structure, the stress concentration is exacerbated by the
microscopic sharpness of the weld interface. Giannella et al. (2025) note that in the
finite element method, the weld toe and root at the start and end locations of a weld can
often be modeled as sharp V-notches with a radius of curvature of zero (p = 0 mm). At
the base of such a sharp notch, the stress theoretically increases to an infinitely large
value, which is why the fatigue strength of these points is often evaluated using

methods based on local peak stress.

The magnitude of the stress concentration is also influenced by the overall dimensions
of the stiffener. Dimitrakis and Lawrence (2000) demonstrated that, for example,
increasing the width of the base plate relative to its thickness or increasing the length of
the stiffener itself can further exacerbate the stress state at the weld end and shorten the
fatigue life. The longer the stiffener, the more load is transferred to it along the weld.
This transferred load is released as a sharp stress peak back into the base plate at the

end of the stiffener.

Together, these factors make the stress peak at the start and end locations of a
longitudinal weld extremely dangerous for structural integrity. This local stress peak is
the primary reason why fatigue cracks in longitudinal joints typically originate

precisely at the start and end locations.
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3.1.3 The nucleation and growth of fatigue cracks

The fatigue crack that initiates at the ends of longitudinal stiffeners typically originates
at the weld toe, right at the end of the stiffener. This phenomenon is a direct
consequence of the intense three-dimensional stress concentration discussed in chapter
3.1.2. In addition to the local stress peak, crack initiation is accelerated by microscopic
discontinuities at the weld interface, such as welding slag inclusions, undercuts, or
abrupt transitions to the base material. These microscopic defects act as pre-existing
cracks, from which fatigue damage begins to develop immediately during the first load

cycles. (Dimitrakis & Lawrence, 2000)

The crack initiation phase is followed by the crack propagation phase. In longitudinal
welds where the base plate is subjected to axial loading, the crack tends to propagate
perpendicular to the direction of the maximum principal stress. In the initial stage, the
crack grows from the weld toe into the base plate, typically in the form of a semi-
elliptical surface crack. As the crack grows deeper, its shape evolves until it eventually
penetrates the entire thickness of the base plate. Thereafter, the crack continues to grow
as a through-thickness crack in the width direction of the plate until the remaining
intact cross-section can no longer withstand the applied load and the structure fails

completely. (Giannella et al., 2025)

When assessing the durability of welded steel structures, it is essential to understand
the relationship between the nucleation and growth phases. Unlike in machined and
smooth components, where crack initiation can account for the majority of a structure’s
service life, the crack initiation phase in welded joints is often very short. Giannella et
al. (2025) emphasize that when examining the service life of the start and end locations
of'a weld, the crack growth phase dominates the overall service life. For this reason,
numerical models based on linear elastic fracture mechanics (LEFM) are increasingly
used in the analysis of these critical points; these models specifically simulate crack
propagation from the weld end toward final fracture (Giannella et al., 2025; Dimitrakis

& Lawrence 2000).



17

3.2 The effect of geometry and weld quality on fatigue life

Although the global force distribution in a longitudinal welded joint creates conditions
conducive to stress concentration, the ultimate fatigue life is determined by the local
geometry of the weld end, and any welding defects present in the area. This chapter

examines the impact of these factors in detail.

3.2.1 Local geometry: re-entrant angle and radius of curvature

The local geometry of the weld toe is typically defined by two main parameters: the re-
entrant angle (or flank angle) and the weld toe radius. These can be seen in figure 2.
The ratio of these two parameters determines how sharp the geometric notch in the

structure is, which in turn directly affects the magnitude of the local stress peak.

Figure 2. Illustrations of reentrant angle & weld toe radius.
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The entry angle refers to the angle at which the weld bead meets the surface of the base
material. Cook (2025) specifically investigated the effect of the entry angle at the weld
start location on fatigue life. The study found that a steep angle of approach
significantly exacerbates the notch effect. Cook’s (2025) results showed that by
reducing the angle of approach at the starting location, there was no significant

improvement in the structure’s fatigue resistance.

The radius of curvature, on the other hand, describes the smoothness of the transition
zone between the weld and the base material. In a perfect theoretical model, the radius
could be zero, which would correspond to an infinitely sharp notch. In practical
welding, however, the radius varies depending on the welding parameters used, the
welding process, and the welding direction. Dimitrakis and Lawrence (2000)
emphasize that at the ends of longitudinal welds, the radius is often irregular and
significantly smaller than in the continuous portion of the weld. This is due to the
transient nature of the welding process: at the arc ignition and extinction points, the
molten metal does not have time to form as smooth a transition as in a steady-state

welding process.

The smaller the radius of curvature and the steeper the re-entrant angle, the higher the
local stress concentration factor. For this reason, a macroscopic examination alone is
insufficient for assessing the durability of longitudinal welds; a reliable life expectancy
prediction always requires consideration of the local geometry at the start and end

locations of the weld. (Cook, 2025; Dimitrakis & Lawrence, 2000)

3.2.2 Welding defects at the start and end locations

Due to the transient nature of the welding process, the arc ignition and extinction
locations are significantly more prone to welding defects than the stable central portion
of the weld. In longitudinal stiffeners, these defects are located precisely at the point
where the structure’s highest stress concentration occurs, making them particularly

critical in terms of fatigue resistance.
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The most common defect at the end of a weld is crater formation, which can be seen in
figure 3. When the arc is suddenly extinguished, the molten metal cools and shrinks
rapidly without a supply of filler material. This leaves a pit-like crater, at the end of the

weld. As a result of rapid cooling and contraction, porosity and microscopic crater

cracks may also form in the crater area. (Dimitrakis & Lawrence, 2000)

Figure 3. Crater formed at the end of the weld.

At the starting locations, fusion problems are particularly evident. When the arc is
struck, the base metal is still relatively cold, so the heat input may not be sufficient to
melt the base metal adequately. This can lead to cold laps or lack of penetration, in
which case the weld pool merely settles on the surface of the base material without
forming a proper metallurgical bond. In this case, a very sharp, crack-like

discontinuity remains between the base metal and the weld. (Wang et al., 2025;



20

Dimitrakis & Lawrence, 2000) It must be noted, that even though Wang et al’s. study is
based on transverse welds, some of the findings of the study can also be applied to

longitudinal welds.

The danger posed by these welding defects in the transient zone stems from the fact
that they act as pre-existing cracks within the structure. As discussed in chapter 3.1.3,
this means in practice that the crack initiation phase is skipped. The crack begins to
grow immediately during the first load cycles. Wang et al. (2025) emphasize in their
study that surface discontinuities and defects at the start and end locations significantly
reduce fatigue life, and their presence directly correlates with the joint’s ultimate
fatigue resistance. The larger and sharper the defect formed at the end of the weld, the

faster fatigue damage progresses toward critical fracture.

3.2.3 Applicability of welding categories and standards

In industry, the quality and acceptability of welds are generally assessed using
international standards, such as SFS-EN ISO 5817. This standard classifies welds into
quality classes (B, C, and D) based on the size of the discontinuities and welding
defects present in them. Although the standard provides a clear framework for quality
control and the evaluation of basic welds, its direct applicability to the start and end

locations of longitudinal welds has sparked critical debate in the scientific literature.

(Wang et al., 2025)

The problem is that ISO 5817 was developed primarily to evaluate the uniform,
continuous portion of a weld, and it does not directly address the structural load
direction or global force transmission. Wang et al. (2025) investigated the correlation
between the quality of the start and end locations and fatigue resistance and found that
surface discontinuities at these transient points behave differently than in a continuous
weld. The study showed that the strict limit values of the standard do not always
correlate directly with the actual reduction in fatigue life. Certain visual craters or
deviations may lead to rejection according to the standard, even though the actual

fatigue life of the structure could still be acceptable depending on the local stress state.
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On the other hand, it is possible that a transition visually accepted according to the ISO
5817 standard may still act as too sharp a notch under longitudinal loading and trigger

fatigue failure prematurely. (Wang et al., 2025; Dimitrakis & Lawrence, 2000)

This presents a significant industrial challenge. If the ends of longitudinal stiffeners are
evaluated solely on the basis of general quality and welding standards, there is a risk of
either unintentional under-design of the structure or, conversely, performing
unnecessarily expensive repair measures and post-processing, such as grinding, just to
be on the safe side. For this reason, in modern fatigue design, quality classification
based solely on standards is not in itself a sufficient guarantee of the durability of
longitudinal stiffeners. The actual strength of the weld ends and the notch effect should
therefore be verified using more precise analysis methods based on the local stress

state. (Wang et al., 2025)

3.3 Residual stresses and load history

In addition to geometric notch effects and welding defects, the fatigue resistance of
longitudinal welded joints is significantly influenced by the internal stress states of the
structure, residual stresses, as well as the actual load history experienced by the
structure. This chapter examines the role of these factors in the durability of the start

and end locations.

3.3.1 Residual stresses caused by welding

During the welding process, a large amount of heat is introduced locally into the
structure, melting the base metal and filler metal. As the weld pool begins to cool, it
tends to contract in accordance with the principles of thermal expansion. However, the
surrounding base metal, which is significantly cooler, resists this contraction. As a
result of this forced compatibility, strong tensile residual stresses form in the weld
metal and the surrounding heat-affected zone, the magnitude of which can often reach

the material’s yield strength. Conversely, further away from the weld, balancing
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compressive residual stresses form in the base material. (Dimitrakis & Lawrence,

2000)

In longitudinal stiffeners, these residual tensile stresses are particularly critical. Unlike
in transverse welds, the tensile residual stresses in the direction of the longitudinal weld
act in the same direction as the external principal load applied to the structure. Huther
et al. (2022) note that these highest tensile residual stresses are concentrated precisely
at the ends of the longitudinal stiffener, i.e., at the start and end locations of the weld.
This means that even before the first external load cycle, the weld interface is already

under significant tensile stress.

In terms of fatigue, the effect of high residual tensile stresses is devastating. They
significantly increase the local mean stress. Even if the structure is subjected only to
pulsating or even compressive external loads, high residual tensile stress keeps the
weld in a state of continuous tensile stress locally. This prevents crack closure at the
lowest levels of the load cycle, leaving the crack open and prone to growth throughout

the entire cycle. (Huther et al., 2022)

Since residual tensile stresses maximize the crack growth force and accelerate crack
propagation, they, together with the geometric stress concentration discussed in chapter
3.1, make the start and end regions of a longitudinal weld by far the weakest link in the

structure. (Dimitrakis & Lawrence, 2000; Huther et al., 2022)

3.3.2 The effect of overloading

Under actual operating conditions, structures are often subjected not only to normal,
varying base loads but also to random, significantly higher stress peaks, i.e., overloads.
Because a strong geometric stress concentration forms at the start and end locations of
a longitudinal weld, even a relatively small global overload in the main plate can cause
the material’s yield strength to be exceeded in the local area of the weld toe, resulting

in local plastic deformation. (Huther et al., 2022)
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When the tensile overload is removed, the base material surrounding the weld end,
which is still behaving elastically, tends to return to its original shape. This elastic
recovery locally compresses the plastically deformed area. As a result of this
phenomenon, the original residual stress state of the weld end changes significantly:
the harmful tensile residual stresses caused by welding discussed in chapter 3.3.1 may
relax, i.e., dissipate, or compressive residual stresses that improve strength may even

form in the area. (Huther et al., 2022; Dimitrakis & Lawrence, 2000)

Huther et al. (2022) specifically investigated the effect of overloading (such as the
proof load applied during the commissioning phase of equipment) on the fatigue
behavior of longitudinal welded joints. Their results showed that tensile overload
significantly extends the fatigue life of the joint by slowing crack growth. This is
because the resulting compressive residual stresses keep any microcracks closed for
most of the load cycle. On the other hand, it is important to consider the direction of
the load: if the structure is subjected to compressive overload, it can relax the
beneficial compressive residual stresses and restore the stress state at the weld end to

one that is unfavorable for fatigue (Huther et al., 2022).

The impact of load history makes it challenging to predict the service life of
longitudinal welds. Laboratory results obtained under constant-amplitude loading may
differ significantly from the actual service life of a structure if the structure experiences
random overloads during service that continuously alter the residual stress state at the

weld ends (Dimitrakis & Lawrence, 2000).

3.4 Methods for assessing and calculating fatigue in practice

To prevent damage to longitudinal welded joints as early as the design stage, various
fatigue life assessment methods are used in industry. These methods range from simple
rules based on standardized classifications to complex finite element methods (FEM).
This chapter examines the most common calculation methods used in industry and their

suitability specifically for analyzing the start and end locations of welds.
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3.4.1 Nominal and structural stress methods

The most traditional method for assessing the strength of welded structures, and the
one still most widely used in industry, is the nominal stress method. In this approach,
the strength of the structure is determined by comparing the average stress in the base
material to standardized fatigue strength curves (S-N curves). Different joint types,
such as longitudinal stiffeners, are classified in these recommendations and standards
(e.g., [IW and Eurocode) into specific FAT classes based on their assumed notch

effect. (Goransson & Radberg 2014)

The most significant advantage of the nominal stress method is its ease of use, as it
does not require complex modeling of the local geometry. However, the method is
problematic when evaluating the start and end locations of longitudinal welds. As
noted in chapter 3.2, the local geometry and weld quality at the weld ends can vary
greatly, meaning that the actual local stress concentration may deviate significantly
from the average assumed by the FAT class. Dimitrakis and Lawrence (2000) note that
relying solely on nominal stress in longitudinal stiffeners often leads to inaccurate life

predictions, resulting in the structure being either over- or under-designed.

To obtain a more accurate assessment, the structural stress method, also known as the
“hot-spot” method, is often used in design. This method accounts for the increase in
stress toward the weld toe caused by the global geometry of the structure (such as the
structural discontinuity formed by the stiffener and the base plate). The stress is
determined using the finite element method (FEM) or strain gauges at specific
distances from the weld toe, and based on these values, the stress is extrapolated to the

weld interface. (Ljungdahl 2018.)

Although the hot-spot method is more accurate than the nominal method, it is not
without its problems when analyzing the start and end locations of a weld. Ljungdahl
(2018) notes that the extrapolation of hot-spot stresses has been developed primarily
for two-dimensional stress states and continuous welds. However, at the ends of

longitudinal stiffeners, the stress field is strongly three-dimensional and nonlinear,
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which makes the determination of standard extrapolation points and the interpretation
of results unreliable. For this reason, the industry has had to move toward even more

localized analysis methods. (Ljungdahl 2018; Goéransson & Radberg 2014.)

3.4.2 Effective notch stress method

Since the traditional nominal stress method and the hot-spot method have proven to be
inaccurate in the complex three-dimensional stress state at the ends of longitudinal
welds, the industry has increasingly shifted to using the Effective Notch Stress (ENS)
method. This method is based on determining the local maximum stress in the structure

by assuming a specific effective radius of curvature at the weld toe or root.

The basic idea behind the ENS method is to circumvent the difficulty of modeling the
actual, highly variable and irregular geometry of a weld. Instead of attempting to
accurately model random defects or extremely sharp notches at the weld toe, the weld
toe is replaced in the finite element method (FEM) with an idealized rounding radius.
(Goransson & Rédberg 2014.) The International Institute of Welding (ITW) typically
recommends an effective radius of r = 1.0 mm for general structural steels. In thin-
sheet structures where the sheet thickness is less than 5 mm, a smaller reference radius
of r = 0.05 mm is often used to achieve an accurate notch effect. (Malikoutsakis et al.

2014)

The greatest advantage of this method in the evaluation of longitudinal welded joints is
that it takes into account the local geometry of the structure and the actual three-
dimensional stress concentration caused by force transmission without relying on
unreliable extrapolation. Goransson and Rédberg (2014) and Ljungdahl (2018)
demonstrated in their master’s theses that the ENS method is exceptionally well-suited
for analyzing complex industrial welded components, such as the start and end
locations of longitudinal stiffeners in industrial machinery. In this method, the
maximum principal stress (or von Mises equivalent stress) is read directly from a dense
element mesh generated based on the rounded notch, and the resulting stress value is

compared directly to the FAT class determined by the ENS method. (Ljungdahl 2018.)
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Although the method provides significantly more accurate results than nominal stress,
it also presents challenges. The ENS method requires significantly more computational
power and modeling work, as the element mesh must be extremely dense within a 1.0
mm radius to obtain reliable results. Furthermore, the method assumes that the weld
quality is at least at the normal industrial level. If serious welding defects discussed in
chapter 3.2.2, such as deep crater cracks or significant cold bridges, have formed at the
end of a longitudinal weld, the industrial 1.0 mm fillet radius may underestimate the
actual sharpness of the notch effect. In such cases, a reliable assessment of service life
may require even more advanced methods based on fracture mechanics. (Géransson &

Rédberg, 2014; Malikoutsakis et al., 2011)

3.4.3 Methods based on fracture mechanics

As noted in Section 3.2.2, welding defects or very sharp geometric discontinuities often
form at the start and end locations of longitudinal welds, acting as pre-existing cracks
in the structure. As a result, the crack initiation phase is often non-existent, and the
structure’s service life is determined almost exclusively by the crack propagation
phase. In such cases, traditional stress-based methods may be insufficient, and the most
accurate service life prediction is achieved using Linear Elastic Fracture Mechanics

(LEFM). (Giannella et al. 2025; Dimitrakis & Lawrence 2000.)

In an assessment based on fracture mechanics, it is assumed that an initial crack of a
certain size already exists at the toe of the weld, which is often described using the
equivalent initial flaw size (EIFS). The assessment is made with the stress intensity
factor K, which describes the intensity of the stress field at the tip of the crack. When
estimating service life, the crack growth rate is simulated numerically, for example
using Paris’s law, cycle by cycle, until the crack reaches a critical size and the structure

fails. (Giannella et al. 2025.)

Giannella et al. (2025) utilized a numerical crack growth analysis based on fracture
mechanics using the finite element method (FEM) to investigate the fatigue resistance

of complex weld joints. Their results demonstrated that advanced 3D fracture
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mechanics can predict with high accuracy not only the ultimate service life of the
structure but also the actual, and often complex, crack growth scenario (crack path)
from the end of the longitudinal stiffener deeper into the base plate. Another major
advantage of the LEFM method is its ability to directly account for the residual stresses
discussed in chapter 3.3 in the calculation of crack opening and closure (Dimitrakis &

Lawrence 2000).

Although fracture mechanics offers a physics-based and accurate method for assessing
the strength of weld joints, its use in industrial design remains limited. The method
requires significant computational capacity, in-depth expertise in crack growth
modeling, and precise material properties. Furthermore, it is difficult to reliably
determine the size and shape of an actual initial crack. For this reason, the LEFM
method is typically used in industry when a crack has already been found in a structure
during inspection and the remaining service life needs to be calculated, or when
evaluating extremely critical joints where the ENS method alone does not provide

sufficient reliability. (Giannella et al. 2025.)

3.5 Improving the fatigue strength of longitudinal welds

As demonstrated in previous chapters, the start and end locations of longitudinal
welded joints pose a significant fatigue risk due to high local stress concentrations,
welding defects, and unfavorable residual stresses. However, the fatigue strength of
these critical points can be significantly improved through various measures. This
chapter presents methods used in industry to reduce notch effects and extend service
life. The methods can be broadly divided into structural solutions implemented during

the design and welding phases, as well as post-welding treatments.

3.5.1 Welding and structural solutions

The most effective and often most economical way to improve the fatigue resistance of
a welded joint is to address the issue during the design phase and during the welding

process itself, thereby avoiding the need for separate and costly post-weld treatments.
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Structural solutions aim to alter the structure’s global load transfer so that the “bend”
described in chapter 3.1.1 becomes shallower and the stress peak at the end of the

stiffener is reduced.

One significant structural measure is the design of the end of the longitudinal stiffener.
Dimitrakis and Lawrence (2000) found in their research that the fatigue life of a
longitudinal stiffener can be significantly extended, by up to 360 percent in their tests,
by using a separate “stress diffuser” at the end of the stiffener. In practice, this means
chamfering or tapering the stiffener end or using a transition piece so that the structural
stiffness of the component decreases gradually before the weld ends. In this case, the
force accumulated in the stiffener is transferred back to the main plate more evenly
over a longer distance, preventing a single, extremely severe stress peak from forming

at the weld toe.

The welding technique and the design of the weld bead can also have a significant
impact on the local geometry. In their master’s thesis, Goransson and Radberg (2014)
studied the effect of the weld end shape and found that by designing and executing a
rounded weld end, notch stress can be significantly reduced. In practice, this means that
the weld is not terminated with a sharp stop directly at the end of the stiffener, but
rather the weld is continued as a continuous bead around the end of the stiffener. The
rounded geometry distributes the stress concentration over a wider area compared to a

conventional straight-cut weld end.

In addition, attention must be paid to the placement of the start and end locations
themselves, so that the craters and cold welds mentioned in chapter 3.2.2 do not
coincide with the structure’s most critical stress peak. From a manufacturing
perspective, it is possible to utilize separate start and end tabs (run-on and run-off tabs).
These allow the transient phase of the welding process, including any defects, to be
shifted outside the actual workpiece. After welding, these additional sections are
removed by machining, leaving only high-quality welds with stable geometry in the

structure itself. (Dimitrakis & Lawrence 2000; Wang et al. 2025.)
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Although run-on and run-off tabs could shift the transient phase of the welding process
outside of the actual workpiece, applying this method to longitudinal weld is extremely
challenging. Longitudinal reinforcements are typically placed in the center areas of a
wider, possibly already load-bearing plate field, and they are significantly shorter than
the base plate itself. In this kind of structure, the tabs would have to be welded directly
to the base plate. Since the additional pieces must be removed by cutting or machining
after welding, the process would inevitably damage the base plate, which is an

unsustainable solution in terms of the structure’s load-bearing capacity.

3.5.2 Post-weld improvement methods

Although the design and welding solutions presented in chapter 3.5.1 are often the
most cost-effective, they are not always sufficient for the most critical applications or
situations where a structure that has already been welded or is in service needs to be
repaired. In such cases, the fatigue strength of the start and end locations of a
longitudinal weld can be improved using post-weld improvement methods. These
methods are based either on eliminating local geometry and welding defects or on

modifying the harmful residual stress state.

One of the most widely used methods is weld toe grinding. Grinding removes
microscopic initial cracks in the weld toe, which accelerate the transition to the crack
growth phase. At the same time, grinding increases the radius of curvature (p) of the
weld toe, which reduces the stress concentration in the area. Wang et al. (2025) and
Dimitrakis and Lawrence (2000) note that removing surface discontinuities through
machining can restore the strength of even a poor-quality weld to an excellent level.
Grinding, however, is a slow and expensive manual process, and if performed

incorrectly, it can leave new, sharp scratches on the structure.

In addition to improving geometry, fatigue life can be significantly extended through
mechanical post-weld treatments. The primary objective is to modify the residual stress

state. Such methods include shot peening and High-Frequency Mechanical Impacting
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(HFMI). In these methods, the weld interface is mechanically modified by hammering,

which causes localized plastic deformation in the surface layer of the material.

As noted in chapter 3.3.1, the tensile residual stress created by welding is one of the
main causes of the poor strength of weld ends. HFMI treatment or shot peening
eliminates this detrimental tensile stress state, replacing it with deep and strong
compressive residual stress. At the same time, HFMI hammering slightly rounds the
weld entry angle. Mechanically induced compressive residual stress keeps any
microcracks closed for a significantly larger portion of the load cycle, which
significantly slows down crack nucleation and growth (Huther et al. 2022; Dimitrakis

& Lawrence 2000).

In addition, there are heat-based post-weld treatments, such as TIG dressing, in which
the weld toe is remelted without filler material. This removes non-metallic inclusions
from the structure and rounds off the transition to the base metal. However, what all
these post-welding treatment methods have in common is that they significantly

increase manufacturing costs.
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4. Discussion

Based on the data collected and the literature review, it can be concluded that there is
surprisingly little research that focuses purely on the start and end locations of
longitudinal welds. The time distribution of the research is fragmented: the topic was
studied at the turn of the 1990s and 2000s, after which the collection of S-N data
appears to have declined. However, in recent years the topic has resurfaced, largely due
to increased computational power and the adoption of advanced 3D fracture mechanics

and FEM methods.

The topic is typically examined from two very different perspectives. On one hand,
research focuses on quality assurance and welding technology, with emphasis on
welding defects and standards. On the other hand, the topic is studied from a structural
and computational perspective, in which case the weld ends are viewed as geometric
notches. My interpretation is that the most challenging part for the industry lies
between these two worlds: numerical models often assume weld quality to be constant

and ideal, while quality standards do not take into account the local stress state.

Inconsistencies in the experimental data can be explained by the fact that the studies
have used very different base materials. For example, Malikoutsakis et al. (2014)
focused on thin-sheet structures, while other studies examine thicker plates. The
welding processes used, and consequently the heat input and residual stresses, also vary
greatly. For this reason, it is difficult to obtain systematic fatigue data specifically for
the start and end locations. There is huge variation in the experimental results. One of
the key findings is that the fatigue life of a weld end cannot be standardized using a

single parameter: it is always a complex sum of multiple variables.

The most important finding of this study is that the ends of longitudinal welds are
details that are entirely exceptional in terms of structural integrity, and traditional

assessment methods do not apply to them. As Wang et al. (2025) demonstrated, visual
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quality control alone is not sufficient, as a visually acceptable weld may contain too

sharp a notch in terms of fatigue.

My interpretation is that engineers should view the start and end locations as

designable components, rather than as random outcomes of the manufacturing process.
Since experimental research is expensive, the industry’s most reliable tool to managing
these problems is the integration of high-quality numerical evaluation methods into the

normal design process, with the combination of appropriate post-processing treatment.

To improve the understanding of the fatigue behavior of the start and end locations of
longitudinal welds and to make service life predictions more reliable, future research
should focus on systematic and standardized experimental tests that isolate the analysis
to the weld ends. Due to the fragmentation of current literature, it would be beneficial
to have a comprehensive S-N reference database in which variables, such as plate
thickness and welding process, are clearly specified. This would enable the creation of

more accurate design guidelines for welded structures.

It would also be beneficial to develop guidelines that successfully integrate traditional
visual quality standards with modern calculation methods, such as the effective notch
stress method, so the two different perspectives between designers and welders can be

brought closer to each other and be understood by both.
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5. Conclusions

This bachelor's thesis examined the fatigue behavior of the start and end locations of
longitudinal welded joints, methods for assessing their durability and potential
improvements. The aim was to answer questions regarding why these areas are prone

to fatigue, how they are studied and what solutions are available.

In conclusion, it can be stated that the start and end locations of longitudinal welded
joints constitute the most critical point in steel structures, as they simultaneously
combine a three-dimensional stress concentration caused by force transmission,
transient welding defects acting as pre-existing cracks, and tensile residual stresses that
accelerate fatigue. Based on research, traditional design based on nominal stress and
general quality standards is often insufficient to reliably predict the service life of the
weld ends. Instead, the industry is increasingly shifting toward local analysis methods

such as effective notch stress or fracture mechanics.

Based on the literature review, research on this topic is inconsistent, depending heavily
on the test setups and plate thickness used. The limited nature of systematic S-N data,
which focuses purely on the start and end locations, poses challenges for the creation of
universally applicable design guidelines. To ensure structural integrity, it is therefore
essential to either reduce the stress concentration at the weld ends through structural
design or convert harmful residual tensile stresses into compressive stresses using post-

weld treatment methods.
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