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1. Introduction 

1.1 Background of the research 

Nowadays, the application of high strength steel (HSS - a steel material is considered as HSS 
if its nominal yield strength is higher or equal than 420 MPa) materials is spreading in civil 
engineering fields, especially in design of long span bridges. There are numerous advantages 
of applying HSS (S420 – S960) materials. When tensile and yield strength of structural steel is 
increasing, the design stresses can be increased, thus reduction in weight and cross-section 
dimensions can be reached. However, in the case of long span structures, where the application 
of HSS could be economical, fatigue problem is an issue and structures should be designed for 
fatigue. The fatigue strength of structural steel material is in clear relationship with yield 
strength. With increasing yield strength, the fatigue strength increases. However, in the case of 
welded structures fatigue strength of as-welded structural detail is independent of yield or 
tensile strength, as proved by many previous investigations [1–4], as shown in Fig. 1. Thus 
application of HSS in fatigue sensitive structures cannot be economical based on the current 
scientific knowledge. 

 
Fig. 1: Relationship between fatigue strength and ultimate tensile strength of steel [3]. 

In order to utilize the favourable properties of HSS and increase the fatigue lifetime of welded 
details, different post-weld treatment methods were evolved. Post-weld treatment methods are 
classified into two main classes [4, 5]: weld geometry improvement methods and residual stress 
methods. The weld geometry improvement methods modify the local geometry of the weld toe, 
but there is no significant change in residual stress field. The most economical weld geometry 
modification treatments are machining methods, which are usually grinding treatments (burr or 
disc grinding). From residual stress methods, the most commonly used and effective approaches 
are the High Frequency Mechanical Impact treatments. These methods vanish tensile residual 
stresses, and introduce favourable compressive residual stresses at treated regions. Besides the 
residual stress field modification, the method modifies the local geometry of weld toe. Applying 
HFMI treatment method, the crack initiation phase of fatigue life can be activated, and the 
damaging tensile residual stresses can be reduced. The fatigue properties and behaviour of as-
welded and post-weld treated steel structural details have numerous unanswered questions. In 
the current thesis some of these unanswered questions are investigated, and new explanations 
are given to fatigue phenomena regarding high strength steel welded structural details.  
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1.2 Problem statement 

High strength steels cannot be applied economically in fatigue sensitive structures, if the 
favourable fatigue properties of base material cannot be utilized. One solution can be the 
application of post-weld treatment, which can increase the fatigue strength of a welded 
structural detail. At the same time, the mechanical behaviour and the fatigue strength 
improvement effect of these post-weld treatments are not known properly. On the other hand, 
the investigations of as-welded structural details focused only on some commonly used detail 
classes, and the latest fatigue test results, which were studied, were conducted in the 1990s. The 
main aim of the thesis is to investigate the fatigue strength increasing methods, in case of both 
as-welded and post-weld treated specimens. Two post-weld treatment methods are investigated 
in the current study: grinding technique and the High Frequency Mechanical Impact (HFMI) 
treatment method. In the thesis the following questions are studied: 

 Is it correct that fatigue strength of as-welded structural detail is independent of the steel 
grade for each fatigue classes? 

 How can the fatigue strength improvement factor of the investigated post-weld 
treatment techniques (grinding; HFMI) be determined? 

 What are the ideal parameters of the different (grinding; HFMI) post-weld treatments?  

1.3 Solution strategy 

Answering these questions both experimental and finite element analysis are applied to study 
the fatigue phenomena of as-welded and post-weld treated structural details. The following 
investigations are executed to answer the previous questions: 

Fatigue properties of two different as-welded structural details (cruciform and plate edge gusset 
joints) using two different steel grades are investigated based on an experimental research 
program. The fatigue test results are evaluated and converted to the same log-log system by 
applying the effective notch stress method. The fatigue test results are analysed and the 
experimentally obtained S-N curves of these two structural details are compared by statistical 
tool to study the difference between the normal and high strength steel specimens. 

The grinding post-weld treatment method is studied by re-analysing own and previously 
executed fatigue test results. The analysed structural details are as-welded and ground; 
cruciform; plate edge gusset and longitudinal attachment joints. The fatigue strength 
improvement effect of these treatment techniques is investigated. The relationship between the 
treated zone geometry and the improvement efficiency of grinding is analysed by numerical 
tools, and enhanced improvement factor calculation method is developed for design purposes.  

The efficiency and specialties of the high frequency mechanical impact (HFMI) treatment 
method is investigated in the thesis. The relationship between the yield strength and the 
efficiency of the HFMI post-weld treatment method is analysed. The fatigue behaviour of 
HFMI-treated specimens and applied base materials are connected, the maximum possible 
fatigue strength of the HFMI treated specimens is determined and a new calculation method is 
developed to find the ideal geometrical parameters of the HFMI treatment by numerical 
simulation.  
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2. Relationship between steel grade and fatigue strength of as-welded details  

An experimental research program is carried out at the Budapest University of Technology and 
Economics Department of Structural Engineering to investigate the fatigue behaviour of (i) 
cruciform and (ii) plate edge gusset type joints. These two investigated structural details 
frequently appear in bridges in Europe. The concept of research program is that two different 
structural detail categories are investigated. One, which has been investigated in numerous 
previous studies, like non-load-carrying cruciform joints; and another, which is less examined 
in former papers, like plate edge gusset connections. A total of 25 fatigue tests have been 
conducted on cruciform (X-type – as shown in Fig. 2) and plate edge gusset (II-type – as shown 
in Fig. 3) type joint specimens. Both types of specimens with a thickness of 10 mm (X-10-norm 
and II-10-norm) are manufactured from NSS (S235-J0) and HSS (S420-N-J2) material to 
investigate the fatigue properties for both steel grades. All specimens are loaded by sinusoidal 
cyclic loads at constant amplitude.  

 
Fig. 2. Photo of an X-10 type specimen and the 

positions of strain gauges. 

 
Fig. 3. Photo of an II-10 type specimen and the 

positions of strain gauges. 

During the test process the applied stress ranges are measured via strain gauges placed on the 
specimens. The measured data was analysed, and the fatigue crack initiation and propagations 
phases are determined. According to the recorded data it can be observed, the crack initiation 
phase is the dominant part of the fatigue lifetime of the X-type specimens, as shown in Fig. 4a. 
The fatigue lifetime of the II-type specimens can be divided into two approximately equal 
phases: (i) crack initiation and (ii) crack propagation, as shown in Fig. 4b. According to the 
determined fatigue lifetime phases, it can be observed that the fatigue crack propagation part 
(macro crack growth) for cruciform joints is significantly smaller than for plate edge gusset 
joints, which might have effect on the differences between the fatigue behaviour of as-welded 
specimens and base material.  

a)  b)  
Fig. 4: Typical measured stress range of an a) X-type and b) II-type specimens. 
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Fig. 5. Experimental S-N diagram of X-type and II-type specimens. 

From the test results the experimental S-N curves of the investigated structural details are also 
determined and presented in Fig. 5 separately for both specimen types. Studying the diagrams, 
it could be concluded that there are no large differences in the fatigue lifetime between 
specimens made of S235 and S420 steel grades in the analysed parameter domain. However, 
upon evaluating the mean curves it seems that the S-N curve slopes are different for the different 
steel grades, which might be beneficial for the HSS application in bridges, where the usual 
average stress change range is low. 3D numerical models are developed to apply the effective 
notch stress (ENS) approach on the investigated test specimens. The aim is to ensure direct 
comparability of the X-type and II-type specimens on the same S-N diagram and to check the 
fatigue behaviour differences between the two specimen types. Settings of the numerical model 
follows the recommendation recommendations of the IIW [6] for the solid element models used 
for evaluation based on effective notch stress approach.  

(a)  

(b)  

 

  
Fig. 6. Calculated ENS from FEM of a) X-type and b) II-type specimens. 

The 1st principal stress field is determined at the fatigue critical point and specific stress 
distributions are shown in Fig. 6. These values are used to evaluate the characteristic S-N curves 
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applying linear regression using a forced slope (m = 3). The calculated effective notch stresses 
based on the maximum 1st principal stress and the relevant fatigue lifetimes taken from the test 
program are evaluated and presented in Fig. 7-8. Results prove that the ENS method is 
applicable to cruciform structural details with high accuracy according to the current 
experimental and numerical research program, all data points fit the similar trend. The mean 
and characteristic S-N curves, determined from data points of the tests results are located above 
the FAT225 S-N curve, the obtained difference is +27.28 MPa (Fig. 7). However, investigating 
the plate edge gusset specimens, it can be observed that the characteristic S-N curve is below 
the recommended FAT225 curve. The difference is -80.90 MPa by 2x106 fatigue lifetime (Fig. 
8). It means, the ENS method using FAT225 detail category is not adequate for II-type 
structural details, as already identified in the international literature. The current results call 
attention that the ENS method should be applied carefully, and it is recommended only for 
previously tested and studied structural details, where applicability of the method has been 
previously verified. A numerical parametric study is executed to investigate the effect of the 
mesh size and rounding radius on the S-N curves. The numerical calculations showed for X-
type joint the rref = 1 mm fits well to the FAT225 curve, however, for the II-type joints a radius 
of rref = 0.5 mm would be required to fulfil the safety requirement of the IIW recommendations.  

 
Fig. 7: Results of ENS method for X-type specimens. 

 
Fig. 8: Results of ENS method for II-type 

specimens. 

The mean experimental S-N curves of NSS and HSS specimens are determined by free slope 
regression analysis and compared for X-type and II-type details separately. The slope of the 
relevant S-N curves is determined and statistically evaluated. The statistical analysis is 
performed according to Schneider and Maddox‘s study [7]. According to the statistical 
evaluation, it can be stated that the fatigue behaviour of the welded cruciform high strength 
steel specimens differs from the normal strength steel specimens. The fatigue lifetime of the 
HSS specimens are greater in the lower stress range region than the NSS specimens. The slope 
of the experimental S-N curve of this type of specimen is approximately 4; thus applying HSS 
material in the stress range region below 100 MPa can be more favourable from fatigue point 
of view. On the other hand, the plate edge gusset joints do not show this auspicious property. 
Comparing the fatigue lifetimes of HSS and NSS specimens, it can be observed in this case that 
plotted results fit on the same S-N curve. Thus there is no significant difference between the 
fatigue behaviour of NSS and HSS as-welded specimens for this structural detail. The 
difference in the fatigue properties between the two structural details is explained by the 
different length of the crack initiation and propagation phases, as proved by the test results.  
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3. Investigation of grinding post-weld treatment methods 

These types of post-weld treatments are one of the most economical and simplest approaches 
for fatigue lifetime improvement of welded steel structural details. In this research program, 
previous experimental results are collected and analysed about burr and disc grinding. A new 
experimental research program is conducted to investigate the effect of disc grinding on the 
fatigue lifetime of plate edge gusset joints. The numerical models of investigated specimens are 
developed, and the application possibility of ENS method for determination of fatigue lifetime 
improvement effect of grinding is studied.  

3.1 Fatigue test results of post weld treated specimens 
Previously published and own fatigue test results of as-welded and ground steel specimens are 
parallel investigated and their results are evaluated. The investigated test results belong to 
experiments with different specimen geometry, different loading modes and different steel 
grades. Thus a larger spectrum of fatigue classes could be investigated. One of the investigated 
experimental program is carried out by Pedersen et al. [8] at the Aalborg University in 
Denmark, investigating T-joint specimens. The specimens were produced from Domex 700 
steel, manufactured by a Danish crane manufacturer company and loaded by four-point bending 
in the laboratory. The as-welded and treated weld geometry of the test specimen can be seen in 
Fig. 9.  
 

 
Fig. 9: Micrographs of as-welded (AW) and burr ground (BG) T-joint specimens [8]. 

The second experimental data set comes from a study by Puthli et al. [9]. The effect of grinding 
post-weld treatment was investigated by fatigue tests of longitudinal attachments. The research 
program was carried out at the Karlsruhe Institute of Technology, in Germany. The specimens 
were produced from S690QL steel and loaded by uniaxial tension forces. This two research 
programs investigated the effect of burr grinding on the fatigue behaviour of the tested specimen 
type. The effect of disc grinding treatment method is analysed by our own fatigue test results 
as well. Total of 18 fatigue tests are carried out on plate edge gusset joint (II-type specimens). 
The geometries and dimensions of the specimens are similar as previously presented specimens.  
The ratio between fatigue strength (Nf = 2x106) of as-welded and disc ground specimens is also 
calculated based on the same S-N curves. The measured values and IIW recommendation are 
in good agreement (proposed ratio is equal to 1.5), however those are recommended for burr 
ground details. The question is, what is the origin of the favourable behaviour of disc grinding? 
To answer the previous question numerical investigations are executed using effective notch 
stress method. 
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3.2 ENS numerical models for studying grinding techniques 
To investigate the effect of geometry modification, the effective notch stresses of as-welded 
and treated specimens are compared. To calculate the effective notch stresses for each specimen 
the numerical model of all the investigated specimens (taken from international literature 
together with own test results) are developed. The parameters of as-welded specimens to be 
used in the finite element models for the application of the ENS method are given in the IIW 
recommendations [6, 10]. For treated specimens, the geometry of the as-welded specimen is 
modified according to the input data of the treatment process.  
 

 
Fig. 10 The effect of burr grinding on T-joint specimens.  

The numerical model of the treated specimen is built in the same way as the as-welded one, 
however the effect of grinding is taken into account (Fig. 10 - Fig. 12). The symmetry of the 
detail is used to reduce the number of the applied elements. The boundary conditions 
correspond to the symmetry conditions. The loading types are in correspondence with the 
conducted fatigue tests. However, a reference loading force is applied in all cases to determine 
the ratio of as-welded and ground ENSs at fatigue critical points. Linear elastic calculations are 
carried out on the numerical model; thus the numerical stress concentration factors are equal to 
the measured ones. The ENS of a specimen is the calculated 1st principal stress at the critical 
fatigue point of the studied detail. 

 
Fig. 11: Geometry modification by disc grinding and the numerical model. 

 
Fig. 12 The effect of burr grinding on longitudinal attachment joint specimens. 
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3.3 Evaluation of experimental and numerical results 
The objective of the statistical evaluation is to answer the question, how large is the geometry 
modification effect on the fatigue lifetime increase in case of grinding type post-weld treatment 
methods. Bases of comparison are experimental S-N curves of as-welded and treated 
specimens. The ENS based S-N curves of the T-type, II-type and longitudinal attachment 
specimens are statistically evaluated and compared. The effective notch stress for all test 
specimens are determined by using the developed numerical model. The results are plotted and 
compared based on the effective notch stresses determined on the as-welded and burr ground 
numerical models. Fig. 13a and Fig. 14a present the results, if effective notch stresses are 
evaluated based on the as-welded numerical model and the fatigue lifetimes obtained from the 
experiments. The results show the as-welded and the burr ground specimens are located on two 
different S-N curves. These comparisons clearly show the fatigue lifetime increasing effect of 
the grinding treatment. However, if the treated test results are evaluated based on the updated 
numerical model which contains the modified shape of the ground weld geometry (Fig. 13b and 
Fig. 14b), the test results of the as-welded and weld treated specimens are overlapping and 
located on the same S-N curve.  

In case of longitudinal attachments, the statistical analysis of as-welded and treated S-N curves 
could not be performed, because the fatigue test results are not published in Puthli’s study. 
However, the fatigue strengths (Nf = 2x106), calculated from test results, were given for as-
welded and burr ground specimens as well. Therefore, the numerically and experimentally 
calculated fatigue strength improvement factors are compared. The results show good 
agreement between test results and numerical calculations; the differences are less than 2 %. 
This evaluation means that the fatigue lifetime increasing effect of the burr and disc grinding 
comes mainly from the modification of the weld geometry. Results also prove that 
implementation of treated weld geometry in the numerical model can follow the fatigue lifetime 
increasing effect of grinding; ENS method is applicable for treated specimens as well, which 
has been not used in the literature previously. It can be stated that the effective notch stress 
method is a useful tool to investigate the fatigue lifetime of post-weld treated specimens (ground 
details) as well as using the modified weld geometry in the numerical model. The same fatigue 
detail class is applicable for the as-welded and weld treated specimens if the effective notch 
stresses are calculated based on the actual geometry of the test specimens. 
 

 a) b) 
Fig. 13. Experimental S-N curves of as-welded and burr ground T-joint specimens based on effective stresses 

calculated on a) as-welded model; b) using updated weld geometry. 
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a) b) 
Fig. 14. Experimental S-N curves of as-welded and disc ground II-type specimens based on effective stresses 

calculated on a) as-welded model; b) using updated weld geometry. 

Moreover, applying ENS method the optimal treatment geometry can be also determined. 
Based on numerical calculations the ideal grinding radius and depth of undercut is determined 
(Fig. 15) in the current thesis for one specific structural detail. 

 
Fig. 15. Difference between the “worst” and “best” configurations. 

The previously presented results and conclusions have been confirmed and cited by Ahola et 
al. in their recent study [11] made in 2020 and the applicability of the proposed method is 
verified and suggested to application. 

4. Investigation of HFMI weld treatment methods 

The high frequency mechanical impact (HFMI) treatment method is one of the most promising 
fatigue strength improvement techniques. The fatigue behaviour and lifetime properties of 
HFMI treated structural details were previously analysed by experimental and numerical tools 
in a detailed manner. However, in these investigations the test results from different sources 
were analysed together, and the different manufacturing and testing parameters were neglected 
within the evaluation process. In the thesis, numerous previous experimental results are 
collected and re-analysed. Thus different manufacturing and testing parameters are now taken 
into account and only coherent results are compared. The aim of the review on previous 
experimental results is to get new and more accurate knowledge about the effects of the HFMI 
weld treatment method with a special focus on the relationship of steel grade and HFMI 
improvement factor.  

4.1 Published experimental results 
Two types of structural details are investigated in the current research program: (i) cruciform 
joints (Fig. 16a) and (ii) longitudinal attachments (Fig. 16b). These structural details were 
frequently researched in the international literature.  
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a) 

b) 
Fig. 16. A typical investigated a) cruciform and b) longitudinal attachment specimen. 

The currently analysed database is taken from previously published papers and research reports. 
All test results belong to fatigue tests at constant amplitude fatigue loading with R = 0.1. The 
test results are plotted in a logS – logN system and regression lines with a slope of m = 5 are 
used comparing HFMI results with predefined fatigue detail class. 

4.2 Fatigue strength improvement factors of HFMI for different steel grades 

For both cruciform joints and longitudinal attachments, the experimental S-N curves of as-
welded and HFMI-treated specimens are determined from previous test results. For calculations 
and investigations, the nominal values of the stress ranges are applied. The regression lines and 
fatigue test results for cruciform and longitudinal attachment joints are shown on Fig. 17. In all 
cases red sign shows the as-welded and blue signs mark the HFMI-treated fatigue test results. 
Regression lines of as-welded results are determined with a forced slope of m = 3, as suggested 
by IIW [6]. The slope of HFMI-treated S-N curves is assumed to be equal by m=5, as 
recommended by Marquis [12] and proved by numerous previous research results [13, 14]. To 
compare the effect of HFMI treatment method on different steel grades, the improvement 
factors are determined for all different experimental programs. The ratio of HFMI-treated 
fatigue strength to as-welded fatigue strength can demonstrate the improvement effect of HFMI 
treatment. The results show that fatigue strength increasing effect of HFMI treatment has a large 
scatter (between 1.5 - 2.5). It means approximately 60 % difference between the investigated 
steel grades. The question is the following: Is there any relationship between the rate of fatigue 
strength improvement and the steel grade of the applied material? 

a) b) 
Fig. 17 S-N curves of typical a) NSS specimens (Kuhlmann’s experiments (2006)) and b) HSS specimens 

(Kuhlmann’s experiments (2009)). 
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Investigating the fatigue strength of HFMI-treated specimens, it can be observed that there is a 
relationship between HFMI-treated fatigue strength and yield strength (Fig. 18a). According to 
this phenomenon, it can be stated that fatigue strength of HFMI-treated details increases with 
the yield strength [15]. However, there is another aspect; during design the effect of HFMI 
treatments is taken into consideration with an improvement factor. In the thesis, the 
improvement factors are calculated from fatigue test results, and only coherent results are 
considered. It means, the improvement factor is determined only from one test procedure 
applying the same steel grade. This improvement factors are plotted against the yield strength 
of investigated steel material (Fig. 18b). Analysing Fig. 18b it can be observed that 
improvement factor decreases with increasing yield strength, despite the fatigue strength 
increases, as shown in Fig. 18a. 

a) b) 

Fig. 18 a) FAT of HFMI-treated specimens and b) HFMI improvement factors for cruciform joints. 

It means that for a detail using higher steel grades, higher fatigue strength can be reached (Fig. 
18a). However, the efficiency of HFMI treatment is decreasing by yield strength increase. 
Based on the current results and investigating the previous studies, it can be observed that HFMI 
improvement factors and yield strength are in inverse relationship. Therefore, it can be stated 
the efficiency of post-weld HFMI treatment method decreases by increasing yield strength. 
Based on this observation and the relationship between the yield strength and the HFMI-treated 
fatigue strength, the fatigue strength of as-welded structural details cannot be independent of 
the steel grade, it increases with increasing yield strength. Thus the fatigue strength of as-
welded structural details cannot be independent of steel grade.  

4.3 Maximizing the fatigue strength of HFMI-treated structural details 
The reason of the relatively low fatigue strength of as-welded structural details comes from the 
tensile residual stresses and weld defects at the fatigue sensitive points (Fig. 19a). The HFMI 
treatment eliminates these effects; thus the fatigue strengths of treated specimens can 
approximate the fatigue strength of base material. Moreover, the introduced compressive 
residual stress can increase the fatigue strength of the treated zone over the fatigue strength of 
the base material, as schematically shown in Fig. 19b. If the compressive residual stress is taken 
into account, the effective mean stress at the treated zone can be compressive, thus the fatigue 
strength of the investigated zone can be higher, than the fatigue strength of the base material of 
the structural detail. Therefore, the fatigue crack initiation point moves from the weld toe to the 
base material. The critical point will be in the base material. Thus the fatigue strength of the 
investigated detail cannot be higher, than the fatigue strength of the base material.  
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a) b) 
Fig. 19: Fatigue strength of a) an as-welded and b) HFMI-treated specimen at different positions. 

The fatigue strength of HFMI-treated details can be determined according to the IIW 
recommendations based on Yildirim’s formula. This model shows a good agreement with the 
previous fatigue test results. However, the formula is determined by pure statistical tools, and 
there is no theoretical background behind this model. For a better understanding of fatigue 
mechanism, the comparison of Yildirim’s formula, fatigue test results and fatigue strength of 
base materials are conducted, and the accuracy of these models are determined. The difference 
between the models and the actual test results are calculated and the accuracy of each method 
is determined. Moreover, the predicted S-N curves of Yildirim’s and Base Material method is 
plotted in the same system, and they are compared to fatigue test results made on HFMI-treated 
specimens. According to the analysis, it can be observed that the accuracy of Yildirim’s and the 
Base Material (BM) method is approximately the same for the cases, when the investigated 
research programs are the basis of Yildirim statistical analysis (Fig. 20). However, if the 
comparison is conducted on an independent data set, the accuracy of the BM method seems to 
be better (Fig. 21). On the other hand, the BM method gives the opportunity to rate the 
conformance of the post-weld treatment method. If the difference between the fatigue strength 
of HFMI-treated detail and base material is significant, it can be assumed that the post-weld 
treatment has not been applied properly. Moreover, the BM method has another favourable 
application, because it originates relationship between the fatigue properties of the HFMI-
treated structural details and the fatigue behaviour of the base material. 

  
Fig. 20 Comparison of Yildirim’s and Base Material 

model using Kuhlmann’s test results [16]. 
Fig. 21 Comparison of Yildirim’s and Base Material 

model using Leitner’s test results [17]. 

4.4 Analysing the ideal parameters of HFMI treatment methods 
For a more effective and economic application of the HFMI-weld treatment, the ideal 
parameters of the method should be determined. These parameters belong to the cases, when 
the maximum fatigue strength improvement can be reached with the minimal modification of 
the fatigue critical zone. In this investigation, the following assumptions are taken: 
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 the ideal parameter set of the treatment process belongs to structural detail loaded by 
constant stress range, 

 using the ideal level of HFMI treatment is enough to reach the minimum groove depth, 
which is required to eliminate the weld defects at the weld toe, 

 if the local work hardening effect of HFMI treatment is neglected; it will reduce the 
calculated fatigue strength leading to conservative calculations, 

 the fatigue properties of the weld material and the heat effected zone after treatment is 
the same as for the base material; the fatigue strength reduction in the as-welded 
condition originates only from the tensile residual stresses and weld defects. 

Applying these assumptions, the fatigue strength of the investigated point depends on the stress 
range and stress ratio. The parameters of the HFMI treatment are the groove depth (d) and 
radius of indenter (r). From these variables the value of compressive residual stresses and a new 
stress concentration factor can be determined by a numerical model as shown in Figs. 22-23.  

Fig. 22: Longitudinal residual stress distribution based on HFMI 

simulation. 
Fig. 23: ENS distribution of HFMI-

treated details. 

Based on a parametric finite element analysis, the stress concentration factor (K – concentration 
of the treated specimens taken from numerical model) of the treated structural detail (Fig. 23) 
and the compressive residual stress due to the HFMI treatment (σres, Fig. 22) is determined. 
Taking into account the outputs and the previously defined assumptions, the fatigue lifetime of 
the treated zone is determined. The optimal configuration is reached, when the fatigue lifetimes 
of the treated zone (Nf

HFMI) and the base material (Nf
BM) are equal (Eq. 1).  

 BM H FM I
f fN N  (1) 

The stress amplitude (Sa) and the mean stress (Sm) are different in these two investigated 
positions (BM – base material and HFMI – treated position). Thus the use of Haigh-diagram is 
necessary to equate the fatigue lifetime of the investigated zones (Fig. 24). In this investigation, 
the nominal loading parameters are given. These values belong to the base material (Sa

BM and 
Sm

BM). To determine the allowable stress amplitude-mean stress pairs for the treated zone, the 
parameters should remain on the same constant life diagram (Fig. 24b). If the loading 
parameters of base material and treated zone are converted to an equivalent R = 0 loading 
situation, they should be the same values (Eq. 2). The stress amplitude at the treated zone can 
be determined from the nominal stress amplitude at the base material, ratio of these two values 
is the stress concentration factor (K).  
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a) b) 

Fig. 24: Constant life diagrams a) with different fatigue life and b) with same fatigue life. 

According to Eq. 1 and Fig. 24b expression of Eq. 2 can be given: 

 
1 1

BM BM BM HFMI
a m a mS M S K S M S

M M

    


 
. (2) 

Eq. 2 is solved for the required mean stress at the treated zone (Sm
HFMI). The fatigue lifetime of 

the base material and the treated zone will be the same, if this mean stress is applied at the 
treated zone as given by Eq. (3). 

    1 1

1

BM
mHFMI BM

m m

K S R
S S

M R

 
  


 (3) 

The required compressive residual stress (σres) at the treated zone can be calculated from Sm
HFMI  

and 
mS   (the actual mean stress from the cyclic load at the treated zone). In this case, 

mS   

represents the mean stress at the treated zone, if the residual stress equals to zero. Numerical 
calculations were required to compare the possible and ideal parameters. The K value for a 
given input parameter pair (d and r) are determined by finite element analysis. Then the 
determined K value is applied in Eq. (3) to determine the required 

res .  

This value (
res ) is calculated from the input parameters by numerical simulation of HFMI 

treatment as well. If this two (
res ) values are equal, the ideal geometrical parameters of the 

treatment are found. The numerical calculation results are given in Fig. 25 for one particular 
case showing the numerical calculation results and the range of the ideal parameters.  

 

Fig. 25: The ideal stress concentration factor – compressive residual stress pairs and FEA results.  
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5. New scientific results 

According to the currently accepted theories, the fatigue strength of as-welded structural 
details is independent of the steel grade. However, the theoretical background of this 
assumption has been not investigated in details and it has been validated only for several 
structural detail types considering test results coming from different research programs, which 
are not always comparable. My investigations aim to compare the fatigue properties of normal 
and high strength steel structures for two detail classes using the same manufacturing process, 
steel material and testing protocol.  

 Main contribution 1 

I designed and executed an experimental research program investigating the fatigue 
behaviour of two as-welded joint types. Within the experimental program 14 cruciform 
joints and 11 plate edge gusset type joints are tested, both are manufactured from normal 
strength steel and high strength steel. Based on the experimental research program the 
following conclusions are drawn: 

 I determined the fatigue lifetime and nominal stress range relationship for the 
investigated specimens and calculated the crack propagation velocity.  

 I showed the fatigue strength of as-welded structural details made of normal 
strength steel and high strength steel can be different depending on the 
distribution of crack initiation and propagation phases within the total lifetime. 
For structural details having dominant crack initiation phase, the fatigue strength 
will be not independent of the steel grade.  

 I showed the fatigue strength of as-welded joints made of normal strength steel 
and high strength steel can be considered equal, because the crack propagation 
phase is dominant for this structural detail class.  

Related publications: [MBJ1], [MBJ2], [MBJ5], [MBJ6] 

 

One of the most economical and commonly used fatigue strength improvement technique is the 
grinding type post-weld treatment method. According to the previous recommendations, the 
fatigue strength improvement effect of these treatments can only be calculated based on 
experimental based modified fatigue detail classes. My investigations aim to apply numerical 
modelling techniques to determine the fatigue lifetime of post-weld treated structural details.  

 Main contribution 2 

I designed and executed an experimental and numerical research program investigating 
the improvement effect of grinding type post-weld treatment technique (disc and burr 
grinding). Fatigue tests and numerical calculations are executed on as-welded and 
ground joints to investigate the effect of grinding type post-weld treatment method on 
the fatigue life of the analysed structural details. Based on the executed research 
program the following conclusions are drawn:  
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 I determined the fatigue strength improvement factors of the investigated 
specimens and developed a new calculation method. I proved the fatigue 
strength improvement effect of grinding techniques can be determined by finite 
element analysis using effective notch stress (ENS) method. I proved the 
effective notch stress method applying the recommended model parameters for 
the as-welded specimens (rref = 1 mm) can be applied for ground specimens as 
well, if the actual geometry of the treated zone is applied in the numerical model.  

 I showed a unique application of the effective notch stress method to determine 
the necessary geometrical parameters of grinding techniques to reach a prescribe 
fatigue strength for an investigated structural detail.  

Related publications: [MBJ3], [MBJ7] 

 

One of the most commonly applied and effective post-weld treatment methods are the High 
Frequency Mechanical Impact (HFMI) treatment methods. Yildirim’s research results showed 
that there is a relationship between the fatigue strength of HFMI-treated details and the steel 
grade of the base material. Previous studies compared only the fatigue strength of HFMI-
treated details and did not compare relevant as-welded and HFMI-treated results. My 
investigations aim to determine the fatigue strength improvement factor of HFMI-treated 
structural detail classes.  

 Main contribution 3 

I investigated the improvement effect of High Frequency Mechanical Impact treatments. 
I collected fatigue tests made on as-welded and HFMI-treated structural details and re-
analysed the test results to determine the fatigue strength improvement factor depending 
on the steel grade. Based on my investigations the following conclusions are drawn: 

 I proved the fatigue strength improving effect of HFMI treatment decreases by 
increasing yield strength in case of cruciform and longitudinal attachment joints. 
I proved there is a relationship between the fatigue strength of as-welded 
cruciform and longitudinal attachment joints and the steel grade of the base 
material. This observation is proved by the fact that fatigue strength of HFMI-
treated specimens is higher for specimens made of higher steel grades, but the 
fatigue strength improving effect of HFMI treatment decreases for increasing 
steel grades. 

Related publications: [MBJ4] 

 

The nominal fatigue strength of HFMI-treated structural details can be determined from the 
fatigue strength of as-welded structural details by applying an improvement factor. This 
improvement factor can be calculated from the yield strength of the base material using 
Yildirim’s design equation. This method is based on statistical analysis of previous fatigue test 
results, having no clear theoretical background. My investigations aim to give theoretical 
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background to the maximum possible improvement factor and to determine the ideal 
parameters of HFMI-treatment method. 

 Main contribution 4 

I analysed the relationship between the fatigue strength of base material and HFMI-
treated specimens and numerically investigated the HFMI post-weld treatment method. 
Based on my investigations the following conclusions are drawn: 

 Based on the reassessment of previous fatigue test data, I proved the maximum 
possible fatigue strength of HFMI-treated structural detail is the fatigue strength 
of the base material (Base Material method). Therefore, the quality of the HFMI-
treatment can be verified by the Base Material method.  

 I developed a numerical model to simulate the HFMI treatment method and 
showed the numerical simulation of HFMI treatment can be applied to determine 
the ideal parameters of the treatment. Based on the Base Material method, I 
introduced a calculation method, in which the ideal geometrical parameters of 
HFMI treatment can be determined. 

Related publications: [MBJ4], [MBJ8] 
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The author’s publications where the main contributions were published 

Research articles 

[MBJ1] Mecséri, B. J., Kövesdi, B. "Fatigue properties of cruciform and flange-gusset joints 
using normal and high strength steels". Periodica Polytechnica Civil Engineering, 
64(2), pp. 511–523. 2020. DOI:10.3311/PPci.12435 

[MBJ2] Mecséri, B. J., Kövesdi, B. "Discussion on the Hot-Spot and Notch Stress Based 
Fatigue Assessment Methods Based on Test Results". International Journal of Steel 
Structures, 20(4), pp. 1100–1114. 2020. DOI:10.1007/s13296-020-00345-1 

[MBJ3] Mecséri, B. J., Kövesdi, B. "Assessment of grinding weld treatment methods using 
effective notch stresses". Welding in the World, 64, pp. 1033–1046. 2020. 
DOI:10.1007/s40194-020-00894-3 

[MBJ4] Mecséri, B. J., Kövesdi, B. "On the Fatigue Strength Improvement Factor for High 
Frequency Mechanical Impact Treatment Method". Periodica Polytechnica Civil 
Engineering, 64(3), pp. 631–639. 2020. DOI:10.3311/ppci.15074 

 

Conference papers 

[MBJ5] Mecséri, B. J. J., Kövesdi, B. "Crack propagation modelling for high strength steel 
welded structural details". In Journal of Physics: Conference Series (Vol. 843, p. 
012045). Institute of Physics Publishing. 2017. DOI:10.1088/1742-
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[MBJ6] Mecséri, B. J., Kövesdi, B. "Experimental fatigue analysis of high strength steel 
structures", in: 8th European Conference on Steel and Composite Structures, Eurosteel 

(2017). ce/papers. 2017. DOI:10.1002/cepa.290 
[MBJ7] Mecséri, B. J., Kövesdi, B. "Varratjavító eljárások fáradási élettartam-javító 

hatásának kísérleti és numerikus vizsgálata". In XIII. Magyar Mechanikai 
Konferencia. Miskolc. 2019. 

[MBJ8] Mecséri, B. J., Kövesdi, B. " Investigation of the effect of High Frequency 
Mechanical Impact treatment ", in: 9th European Conference on Steel and Composite 

Structures, Eurosteel (2021). accepted  
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