JOURNAL of

MATERIALS and MECHATRONICS:A

e-ISSN 2717-8811
JournalMM, 2025, 6(1), 226-240
https://doi.org/10.55546/jmm.1669215

Arastirma Makalesi / Research Article

Fatigue Life Estimation of Welded Joints in Mobile Cranes with Ultra High Strength Steels
Using the Structural Stress Method

Osman Bahadir OZDEN?Y", Baris GOKCE?, Abdullah ERDEMIR?

* MPG Machinery Production Group Co., Konya, Tiirkiye,
ORCID ID: https://orcid.org/0000-0003-1231-2936, bahadir.ozden@outlook.com
2 Mechatronic Engineering Department, Necmettin Erbakan University, Konya, Tiirkiye,
ORCID ID: https://orcid.org/0000-0001-6141-7625, bgokce@erbakan.edu.tr
3 MPG Machinery Production Group Co., Konya, Tiirkiye,
ORCID ID: https://orcid.org/0000-0002-7267-3111, aerdemir@mpg.com.tr

Gelis/ Received: 04.04.2025; Revize/Revised: 21.04.2025 Kabul / Accepted: 13.05.2025

ABSTRACT: In this study, static and dynamic finite element analysis (FEA) of a mobile crane
design model were per-formed and stresses of welded joints were examined by the structural hot spot
method. Especially in the welding of ultra-high strength steel (UHSS), choice of welding parameters
affects mechanical properties. According to the FEA results, specimens containing different materials
and welding parameters were prepared for investigated regions and an evaluation approach was
proposed by performing destructive tests applied in this study. In this way, uncertainties in the
production of welded joints are avoided by using destructive test results and FEA evaluations. As a
result of the analysis, the hotspot value for maximum principal stress in critical regions of welded
joints was found to be 527.54 MPa, and S960QL material was selected. As a result of these studies,
UHSS materials were preferred and the minimum fatigue life estimate for welded joints was
calculated as 13665 cycles and a mobile crane was produced.
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1. INTRODUCTION

Mobile cranes are work machines used to carry heavy loads to the desired location. The ability
to meet the desired function and the safe operation of the crane depend on the designs before
manufacturing. Analytical calculations in large structures can take a long time to be calculated due to
hyper-static situations, and therefore, more practical and accurate evaluations can be made by
performing analyzes using the finite element analysis (FEA). While evaluating the safe operation of
cranes, fatigue life in terms of general structure is as important as working under static loads (Lu et
al., 2014). Especially in mobile cranes, more occupational accidents and loss of life can be
experienced compared to other crane types (Al-Humaidi and Tan 2009, Im and Park 2020). Many
studies have been conducted on the most important causes of these accidents and loss of life (Cheng
and Teizer 2014, Shin 2015, Raviv et al., 2017, Sadeghi et al., 2021). As stated in many studies, the
design, analysis and calculations of mobile cranes are important for manufacturers due to the high
number of work accidents and the effects of crane manufacturers. For this reason, it is especially
important to make correct fatigue life calculations of welded joints.

The use of high-strength steels with high yield strength can be preferred both for obtaining a
more reliable structure and for obtaining lighter structures. With the development of material
technology, steels up to 1500 MPa yield strength can be used (Esterl et al., 2019). Steels with very
high yield strength, called ultra-high strength fine grained structural steels, can also provide sufficient
material toughness (Berg and Stranghoéner 2016). With the selection of ultra-high-strength materials,
greater load carrying capacity can be achieved with smaller and lower weights. Currently, studies are
ongoing to evaluate the fatigue life of welded joints in ultra-high strength steels such as S960 material
and to develop 1IW recommendations (Ahola et al., 2024, Ahola et al., 2025, Xu et al., 2025).

Generally, the structures with the lowest fatigue life are the welded joints. In welded joints,
many parameters such as voltage, current, feed rate, shielding gas, filler wire, environment conditions
and weld geometry can affect the microstructure of the heat affected zone (HAZ). These parameters
also can affect the phase formed in that area with the weld cooling (Gaspar 2019, Moravec et al.,
2019, Mician et al., 2020). Therefore, the selected parameters can affect the safety of the structure
under static and dynamic loads (Tsutsumi et al., 2022).

In this study, destructive tests were carried out for welded joints and the selected welding
parameters and the mechanical properties of the material were determined for evaluation as a result
of FEA. As a result of a mobile crane design, the welded joints with the lowest fatigue life were
examined using the structural hotspot stress approach, under the scenario created by performing FEA.
Suggestions have been made for the evaluation of welded connections, especially in complex
structures. By evaluating the studies conducted in the literature, fatigue life estimations have been
made according to the recommended FAT classes in critical regions in complex structures. In
addition, hardness measurement tests have been carried out to emphasize the importance of the
hardness of the HAZ regions in welded structures. Although similar methodologies exist, the
integration of hotspot stress analysis and destructive validation in mobile crane structures using UHSS
materials remains underrepresented in literature.
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2. MATERIALS AND METHODS

2.1 Creating a Finite Element Model

Having too many parameters that can affect the life of the structure in welded joints can cause
many uncertainties during the evaluation phase. While estimating fatigue life in welded joints
according to IIW (Hobbacher 2016) and Eurocode 3 standards, it is assumed that appropriate
selections are made for welding parameters, selections are made according to fatigue strength class
(FAT) tables according to weld type, shape and shapes, and life cycles are calculated according to S-
N curves (Berg and Stranghoner 2014, Fustar et al., 2018, Pamuk and Durgutlu 2018, Akyildiz et al.,
2021, Gok and Baltact 2021). While evaluating the results of FEA, there are approaches such as
nominal stress method, structural hotspot stress method, effective notch method (effective notch) and
fracture mechanics method (Paris law) (Sonsino et al., 2012, Niemi et al., 2018). As shown in Figure
1, according to the complexity of the structure, the method chosen and the accuracy rate and effort
vary.

Accuracy

Linear Elactic Fracture Mechanics (LEFM)

Effective notch methog

Structure Complexity
Figure 1. Accuracy-structure complexity according to fatigue evaluation approaches (Ozden et al., 2022)

Solidworks, the computer-aided design software for the mobile crane, and Ansys, the FEA
software, were used for the design and analysis processes. After all processes are completed, the
production phase begins. Figure 2 shows the mobile crane, whose final design has been completed
after analysis and improvements. In this study, the structures on the truck chassis were examined.

Figure 2. Mobile crane design
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Figure 3. Analysis model classifications

For the analysis made for the upper group of the vehicle chassis, it is divided into groups as
vertical boom, main boom and booms. Extension booms are classified as 1st, 2nd, 3rd..., 8th boom.
With these classifications indicated in Figure 3, evaluations were made according to the results of the
analysis.

Analyzes were made according to the specified scenarios and the results were evaluated
according to the criteria described under the heading of design criteria in the DIN EN 1993-1-8
standard. For the stresses occurring in the weld seam, the static load and fatigue calculations
according to the scenario applied depending on the static load were made according to 1IW and EN
1993 standards.

In the finite element network of the analyzed model, 452775 elements and 689069 nodes were
used. Quadratic mesh types are preferred in order not to cause shear locking and hexagonal mesh
types are preferred in order to obtain more accurate results. While preparing the finite element mesh,
the quality of the mesh structure was increased by making necessary corrections according to the
skewness values. The skewness criteria refer to the deviation from the ideal element shape (equilateral
triangle and square in 2 dimensions). The skewness quality value for the analyzed model is 0.25 on
average and the skewness standard deviation value is 0.20. According to the element quality
evaluation criterion, an average value of 0.85 was determined.

Since the model consists of more than one part, the contact definitions of the parts are made.
Among these definitions, there are bonded and no separation contact definitions, and as stated in the
introduction, they are linear contact definitions. In joint definitions, fixed, cylindrical, revolute joint
properties are defined according to the degree of freedom. Flexible is defined instead of rigid in joint
definitions and definitions closer to reality are obtained. All definitions are defined linearly and since
the material properties are below the yield strength, they are defined linearly. As a scenario, analyses
were performed in the horizontal position of the crane where maximum stresses occur. Other
kinematic configurations were not examined because they were less stressed. Boundary conditions
were defined from the feet in contact with the ground. If there are forces in the sliding direction,
definitions were performed with remote displacement instead of fixed joint. In addition, joint
definitions are used to model the behavior of the structure in various regions. Elastic properties of
materials are considered important because linear analysis is performed in the analysis. While
preparing the analysis model, sheet metal parts were converted into shell parts. Radius, chamfer, hole,
tooth, wedge, etc., which will not be used as a reference in the analysis model, which has no effect
on the analysis of sheet metal and solid parts. geometry has been removed from the model. Machine
elements, hydraulic, electrical, electronic, etc., which will not be examined structurally. hardware has
been removed from the model. The effects of the components that will affect the results of the analysis
in terms of mass properties, although they will not be examined structurally, are included in the
analysis with various definitions.

2.2 Criteria for Finite Element Analysis Results
For the designs made, the geometric and loading conditions specified for the scenarios and the
analysis results were evaluated, and the regions with a safety factor above 1.5 were determined as
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safe zones. Analyzes were made according to different scenarios and the results were evaluated
according to the normal stress and shear stress criteria in the DIN EN 1993-1-8 standard. For unsafe
areas, the design in that area has been improved and more efficient designs have been obtained for
resistance to load. In Equation 1,2,3, the criteria for shear stress, normal stress and equivalent stress
according to EN 1993-1-8 were evaluated as a result of FEA, and design or material changes were
made.

fvw,d < fu /\/5 (l)
ﬂwymZ
. 09f, 2
' ymZ
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While evaluating the structural stress method, stress values can be taken from 2 or 3 points and
hotspot stresses can be determined (Hobbacher 2016). The hotspot stress is calculated with Equation
4 by taking the stress values from 2 points according to the maximum 0.5.t (thickness) fine mesh size
value and applying extrapolation. In Equation 5, hotspot stress is calculated by quadratic extrapolation
from 3 points. The calculated hotspot stress values are calculated by determining the FAT class, and
the fatigue life (N) is calculated by finding the maximum and minimum hotspot stress difference
(Achs) with the formulation created according to the S-N curve in Equation 6.

oy =1.670,, —0.670, (4)
s = 2520, 4 — 2.240,, +0.720, ,, (5)
Aot =N.C (6)

2.3 Materials Used in Welded Joint Production

For welded joints, there are many factors that can affect the mechanical properties after
processing during production and may cause discontinuity in the weld pool. Preheating, interpass
temperature, shielding gas selection, voltage, current etc. These choices greatly affect the mechanical
properties of the welded joint. Destructive tests should be performed in order to determine the
mechanical properties according to the selection of these parameters. Finite element analysis results
should be evaluated according to the mechanical properties of the structure to be produced,
determined as a result of the tests.

S960QL and S690QL ultra high strength steels are preferred for base material and workpiece
in welded joints. For the welding filler material, filler material-1 (FM-1) in S960QL steel and filler
material-2 (FM-2) in S690QL steel was preferred. Destructive tests were performed to verify the
parameters. The chemical compositions of the materials used are indicated in Table 1.
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Table 1. Chemical compositions of used materials, wt %

C Si Mn Cr Ni Mo Ceq

S960QL 0.17 0.22 1.24 0.2 0.06 0.599 0.54

S690QL 0.13 0.27 1.19 0.25 0.05 0.151 0.41
FM-1 0.081 0.8 1.75 0.41 2.22 0.533
FM-2 0.089 0.53 1.54 0.26 1.23 0.24

In order to determine the preheating values of the materials used in welded joints, Ceq (Carbon
Equivalent) values were calculated according to the chemical composition values. Preheating value
was preferred for t8/5 time, in which bainitic phase formation was preferred after welding. This
process affects the hardness of the weld bead, the heat affected zone (HAZ) and the base material.
Hardness and mechanical properties are checked for compliance with tests performed according to
the selected welding parameters. At the end of the tests, it was concluded that it is suitable if the
hardness values are less than 350 HV and the yield strength value is at least 960 MPa.

2.4 Proposed Method

In finite element analysis, the solution time of large and complex structures can take a very long
time. While preparing the analysis model, geometries that will affect the results at a very low level
and negatively affect the mesh structure should be removed. Depending on the number of nodes and
elements of the network structure, solution time can take a long time. The use of shell modeling
instead of solid modeling also affects the solution time, as it will cause great changes in the number
of nodes and elements in the network structure. Therefore, in finite element analyzes of machines
with large and complex structures such as mobile cranes, geometries that will affect the results should
be simplified, and linear definitions should be preferred in shell modeling and material, connection,
geometry settings.

Before performing the FEA of the structure, preference should be made for welded joints
according to the 4 different approaches indicated in Figure 1. The most accurate results can be
achieved with the linear elastic fracture mechanics approach, but it can take a very long time in large
and complex structures. For large and complex structures such as mobile cranes, the structural hotspot
stress approach may be preferred as in this study. In this way, works that may take a long time before
production can be completed in a shorter time with the choices made.

The mechanical properties evaluated for the critical weld regions determined as a result of FEA
and the welding parameter can change after production. It was recommended to prepare welded joint
specimens according to the specified parameters, perform destructive tests, and evaluate them
according to the determined mechanical properties, especially for FEA in the welding of ultra-high
strength steels.

The studies in the literature for weld T joints, the study called 1D Ped1 (Pedersen et al., 2010),
the study called ID Gal2 and ID Gall (Galtier and Statnikov 2004), the study called ID Stal (Statnikov
et al., 2004), and the 1IW recommendation (Hobbacher 2016) results are shown in Figure 4. In these
studies, the material of the welded joints was not taken as a basis and the results were shared in
general. In addition, there are many studies that were developed by comparing according to 11W
recommendations (Zhu et al., 2022, Fass et al., 2023, Baumgartner et al., 2024).

The studies in the literature for weld T joints, the study called ID Pedl (Pedersen et al., 2010),
the study called ID Gal2 and ID Gall (Galtier and Statnikov 2004), the study called ID Stal (Statnikov
et al., 2004), and the IIW recommendation (Hobbacher 2016) results are shown in Figure 4. In these
studies, the material of the welded joints was not taken as a basis and the results were shared in
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general. In addition, there are many studies that were developed by comparing according to W
recommendations (Zhu et al., 2022, Fass et al., 2023, Baumgartner et al., 2024).
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Figure 4. Hotspot stress method fatigue test results for T joints in the literature

63 test results were taken from the studies in the literature and curves were created according
to 50%, 97.7% and 2.3% probability distributions as shown in Figure 4. FAT 109 was determined
according to 97.7% probability distribution, FAT 265 was determined according to 2.3% probability
distribution and FAT 170 was determined according to 50% probability distribution. Standard
deviation was determined as 147.01 according to stress range values. Since FAT 109 class will obtain
higher conversion values than FAT 100 class, which is one of the IIW recommendations, according
to 97.7% probability distribution, FAT 100 or lower classes are recommended for more conservative
results.

3. RESULTS AND DISCUSSION

FEA of the structure was carried out and critical points were examined. The most critical
regions were evaluated from the extension booms, vertical boom and main boom groupings. They
were named region under investigation (RUI), and critical areas were named RUI-1 in the vertical
boom group, RUI-2 in the main boom group, and RUI-3,4,5 in the extension boom group. The
analysis results of the general structure and these regions are shown in Figure 5.

Figure 5. General structure analysis results and RUI regions
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RUI regions and FAT classes were determined in detail and according to 1IW. While making
FAT classifications for the RUI-1 region, single-sided corner welding type was selected in the vertical
boom group and FAT 90 class was selected according to the structural stress method. The same weld
type is selected in the welded region in the RUI-2,3,4,5 regions. FAT 100 class was selected from the
nominal stress structural stress method tables according to the double-sided beveled type called K
butt weld. In Figure 6, the regions examined for FAT classifications are indicated with a red ellipse.

(€)

Figure 6. Analysis results for FAT classifications of welded joints (a) RUI-1, (b) RUI-2, (c) RUI-3, (d) RUI-4, (e) RUI-
5

Stress values were taken up to 60 mm distance by taking the weld end of the examined critical
welded joints as reference. The hotspot stresses of the regions were determined to estimate the fatigue
life. Maximum principal, von-Misses and shear stress values are shown in Figure 7, and according to
the results, the region with the highest maximum principal stress value is the RUI-3 region, and the
hotspot stress was found to be 527.54 MPa. It can be seen that a horizontal graph is obtained in the
RUI-2 region and the hotspot stress was found to be 246.28 MPa. The hotspot stress of the RUI-1
region was found to be 274.27 MPa. The hotspot stress of the RUI-4 region was found to be 250.43
MPa. The hotspot stress of the RUI-5 region was found to be 261.87 MPa.

233



Ozden, O. B., Gokge, B., Erdemir, A. JournalMM (2025), 6(1) 226-240

600

RUI-1 700

4 RUI-1
3 RUI-2 RUI-2
> ====RUI3 600 - = = = RUI-3
5 Y .
A PN - - == RUI4 _ N\ - == RUI4
£ S =t RUI-5 £ se0f —a—RUIL-5
- - J
= 400 =
= £ 400
£ 300 @
= w
L 2 300
g &
‘= 200 -
Ru £ 200
7 =
=
= 100 100
0 PEPY (/O TN [REPRPY [P T [NPUPY [T (5T U P .-.ﬁ.n.tn[ 0
0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60
Distance From Weld Toe (Reference) [mm] Distance From Weld Toe (Reference) [mm]
(a) (b)
200 RULT
180 F RUI-2
= === RUI-3
160 ----RUI-4
& 140 | ———RUL3
=
=
S 120
£ 100 f
: I~
w F~
= 80 S .
= 60 S
7 S~
40 ~
~ -~
20 qoaseanonsnseaa oo AAAS e oAt s tesan
0 L L L e T L Tra L L
0 5 10 15 20 25 30 35 40 45 50 55 60
Distance From Weld Toe (Reference) [mm]

(©)

Figure 7. RUI regions stress results (a) Maximum principal stress (b) Equivalent (von-Misses) stress (c) Shear Stress

The hotspot stress values for the maximum principal stress determined by the structural stress
method are used for fatigue life estimation. While estimating the fatigue life, the minimum stress is
assumed to be 0 MPa and harmonic loads are assumed. In this case, the stress range is equal to the
hotspot stress. In Figure 8, the S-N curve is drawn for the FAT classes determined according to the
RUI regions. These FAT S-N curves have a probability accuracy of 97.7% relative to 11W. According
to the results, 70877 cycles were found for the RUI-1 region, 97938 cycles for the RUI-2 region and
13665 cycles for the RUI-3 region, 251647 cycles for the RUI-4 region, 82954 cycles for the RUI-5
region. Since the results were above 10000 cycles, it was accepted in terms of fatigue life. In the
production of RUI welded joint zones, for which fatigue life was estimated according to the results
of FEA, the selected welding parameters can affect the mechanical properties of this zone.
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Figure 8. Fatigue life results according to S-N curves and hotspot stress range of RUI regions

Therefore, destructive tests were carried out according to the determined parameters in the
critical welded joints examined by FEA and their mechanical properties were determined. In this
study, welded joint design was carried out within the RUI-1,2,3,4,5 regions, specimens were prepared
according to the parameters and destructive tests were carried out. S960QL, an ultra-high strength
fine grain structural steel, was selected for RUI-1 zone materials and S690QL for RUI-2,3,4,5 zone
materials. These selections were made according to the criteria that provide the safety criteria of EN
1993-1-8 for the equivalent stress values coming to that region. M21 (80% Ar + 20% CO2) group
shielding gas was selected with a flow rate of 12 lt/min for MAG welding in order to provide the
penetration depth value and to protect it from the harmful effects of the atmosphere. For faults that
may occur due to unforeseen reasons, ultrasonic, magnetic particle and penetration non-destructive
tests (NDT) were performed after welding to prevent discontinuities that may occur in the weld seam.
1.2 mm filler material was used and welded according to 100 C° preheat and 200 C° interpass
temperature. Table 2 specifies the welding parameters for the welded joint specimens prepared for
destructive testing at the RUI sites.

Table 2. Chemical compositions of used materials, wt %

Specimen | U Vsp Heat Input
[A] [V] [mm/s] [kJ/mm]
RUI-1-1. pass 250 26 ) 1.04
RUI-1-2. and 3. pass 200 25 5 0.8
RUI-1-4. pass 200 25 5.83 0.69
RUI-2,3,4,5-1. pass 240 24 5.84 0.82
RUI-2,3,4,5-2. pass 240 24 5 0.96

Hardness measurements of base metal, HAZ and weld zones were made and evaluations were
made. It was ensured that the hardness of 350 HV remained in all specimens. In Figure 9 weld seam
design in images (a) and (b) for RUI-1, macro images in images (c) and (d) and ways for hardness
measurement are indicated. In the RUI-2,3,4,5 regions, the base material and workpiece thicknesses
are the same and are 10 mm. In Figure 9, weld seam design in images (e) and (f) of RUI-2,3,4,5
regions, macro images in images (g) and (h) and ways for hardness measurement are indicated.
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(b)

30 mm

(©) (d)
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I
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(e) () (9) (h)
Figure 9. (a) RUI-1 base material and workpiece 30 mm, (b) RUI-1 weld seam number of passes, (c) RUI-1 weld seam
macro view, (d) RUI-1 hardness measurement path, (e) RUI-2,3,4,5 base material and workpiece thicknesses, (f) RUI-2

and RUI-3 weld seam design, (g) RUI-2 and RUI-3 weld seam macro view, (h) RUI-2,3,4,5 path for hardness
measurement

The hardness measurements taken from the base metal, HAZ and weld zones according to the
paths in Figure 9 (d) and (h) are shown in Figure 10. The maximum hardness for RUI-1 was found to
be 349 HV in the weld zone. In RUI-2,3,4,5, the maximum hardness was found to be 292 HV in the
HAZ region. These hardness values realized in UHSS materials are found to be suitable because they
are below 350 HV.

310 Base HAZ Weltet HAZ Base 360 Base HAZ b i | HAZ Base
300 |Material Zone Material Material Zone Material

Hardness [HV]
Hardness [HV]

— |1
—-—12
—h—L3

220

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 : — — — —
. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Mesarument Point Mesarument Point

(@) (b)
Figure 10. Hardness measurements for (a) RUI-1, (b) RUI-2,3,4,5 fatigue life results according to S-N curves and hotspot
stress of RUI regions

Statistical results of hardness measurement tests performed for all critical regions are given in
Table 3 and Table 4. While L1 measurement values were higher in RUI-1 tests, L1 measurement
values were determined to be lower in other measurements. Standard deviations were determined to
be 17.46 in RUI-1 measurements and 8.97 in L1 at the highest and 8.97 in other measurements. This
situation was interpreted as being related to multiple passes and cooling times.
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Table 3. RUI-1 statistical results

Standard

Measure Mean . Variance Minimum Maximum RMSE
Deviation
L1 261.07 17.46 304.91 239.00 291.00 7.82
L2 257.13 15.41 237.54 238.00 283.00 5.88
L3 252.20 13.12 172.20 237.00 274.00 5.46

Table 4. RUI-2,3,4,5 statistical results

Measure Mean Star?da}rd Variance Minimum Maximum RMSE
Deviation
L1 319.87 8.97 80.51 302.00 336.00 7.99
L2 324.53 11.81 139.41 309.00 350.00 5.85
L3 324.13 10.36 107.35 308.00 342.00 6.08

While evaluating the welded joint area in the FEA, the yield strengths were taken as 960 MPa
for RUI-1 and 690 MPa for RUI-2,3,4,5. As a result of the destructive tests, the mechanical properties
and yield strengths were found to be 1050 MPa for RUI-1 and 730 MPa for RUI-2,3,4,5. Tensile
strengths were found to be 1080 MPa for RUI-1 and 800 MPa for RUI-2,3,4,5. According to the
destructive test results, it was found to be more positive than the mechanical properties evaluated in
the FEA, and the welding parameter selections were deemed appropriate for production. Weld seam
design was made for the critical welded connection areas determined by FEA and it was found to be
suitable for the production of mobile cranes as a result of destructive tests. As a result of the
calculations, destructive tests and FEA evaluations, ultra-high strength steel was selected and the
mobile crane machine was produced. With the calculations made according to 1IW and EN 1993 in
welding joints, it was concluded that the structure is safe. It is predicted the discontinuities that may
occur in the weld seam due to such as cold cracks, porosity and slag inclusions will be detected by
NDT tests and a smooth weld seam will be provided.

4. CONCLUSION

UHSS steels can provide high strength of the structure and reduce their weight by improving
them with FEA of the structure in which they were used. Parameters such as voltage, current,
preheating, interpass temperature and shielding gas determined in the welded joints of UHSS steels
affect the mechanical properties after welding. Since there is no analytical formulation of the
parameters, they are examined by experimental studies. In this study, after evaluating the FEA,
destructive tests of the critical welded regions were carried out and their mechanical properties were
checked. With this evaluation approach, the effects of welding parameters for production after the
design process were determined.

In this study, UHSS steels were preferred in critical welded areas of the crane. The critical
welded junction sites were investigated with FEA and were named as RUI-1, RUI-2, RUI-3, RUI-4,
and RUI-5 as a result. RUI regions were investigated using the structural hotspot stress method
approach. Static and dynamic FEA were performed and improvements were made to meet the safety
criteria according to Equation 1, Equation 2 and Equation 3. Due to the high axial force and moment
in the RUI-1 region, 30 mm thickness was selected and S960QL material was chosen. For RUI-2 and
RUI-3 regions, evaluations were made by choosing S690QL steel. By determining the design that
provides the safety, the hotspot stresses were calculated according to the maximum principal stress
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values in the final design, 274.27 MPa for the RUI-1 region, 246.8 MPa for the RUI-2 region, and
527.54 MPa for the RUI-3 region, 250.43 MPa for the RUI-4 region, 261.87 MPa for the RUI-5
region. It was made according to the hotspot stresses in the S-N curves of the FAT class selected
while estimating the fatigue life. According to I1W recommendations documents, FAT 90 class was
chosen for RUI-1 and FAT 100 class was selected for RUI-2 and RUI-3. For dynamic stresses, the
hotspot stress range was calculated by assuming harmonic loads and determining the minimum
hotspot stress of 0 MPa.

Fatigue life was estimated according to the hotspot stress range in the S-N curves of the FAT
classes and it was found 70877 cycles for RUI-1, 97938 cycles for RUI-2 and 13665 cycles for RUI-
3, 251647 cycles for RUI-4, 82954 cycles for RUI-5. Since it was above 10000 cycle value, a mid-
cycle structure was obtained and the design was considered suitable for FEA.

After the final design was evaluated, welding parameters were determined according to the
weld seam designs and UHSS materials, and destructive tests were carried out with the prepared
specimens. In the welding of UHSS materials, it has been observed that the mechanical properties of
the post-production welded joints have improved as a result of the tests. Furthermore, it was decided
that the selection of welding parameters was correct and the production of the mobile crane was
carried out. In this study, especially if UHSS materials are used in the designed structures, FEA and
destructive tests should be evaluated together, since the selected welding parameters affect the
mechanical properties. Although similar methodologies exist, the integration of hotspot stress
analysis and destructive validation in mobile crane structures using UHSS materials remains
underrepresented in literature.

5. ACKNOWLEDGEMENTS

The authors gratefully acknowledge the support of “MPG Machinery Production Group Inc.
Co.” in this study.

6. CONFLICT OF INTEREST

Authors approve that to the best of their knowledge, there is not any conflict of interest or
common interest with an institution/organization or a person that may affect the review process of
the paper.

7. AUTHOR CONTRIBUTION

Osman Bahadir OZDEN contributed to determining the concept and/or design process of the
research, managing the concept and/or design process, data collection, data analysis and interpretation
of the results, preparation of the manuscript, critical analysis of the intellectual content, and final
approval and full responsibility. Baris GOKCE contributed to data analysis and interpretation of the
results, critical analysis of the intellectual content. Abdullah ERDEMIR contributed to data analysis
and interpretation of the results, critical analysis of the intellectual content.

238



Ozden, O. B., Gokge, B., Erdemir, A. JournalMM (2025), 6(1) 226-240

8. REFERENCES

Ahola A., Leitner M., Gronlund K., Brunnhofer P., Buzzi C., Moshtaghi M., Bjork T., Fatigue
Assessment of as-Welded and Hfmi-Treated High-Strength Steel Joints under Variable
Amplitude Loading Using Local Approaches. Welding in the World, 1-14, 2025.

Ahola A., Salerto S., Loisa T., Lipidinen K., Bjork, T., Fatigue Strength of Single-Sided Fillet Welds
in Overlapping Ultra-High-Strength Steel Sheets. Welding in the World 68(5), 1225-1239,
2024.

Akyildiz U., Poyrazoglu O., Demirel M. Y., Anodik Oksidasyonun Aa7050-T7451 Alasiminin
Yorulma Performansina Etkisi. Politeknik Dergisi 26(1), 191-198, 2021.

Al-Humaidi H., Tan F. H., Mobile Crane Safe Operation Approach to Prevent Electrocution Using
Fuzzy-Set Logic Models. Advances in Engineering Software 40(8), 686-696, 2009.

Baumgartner J., Hobbacher A., Levebvre F., Recent Update of the liw-Recommendations for Fatigue
Assessment of Welded Joints and Components. Procedia Structural Integrity 57, 618-624, 2024.

Berg J., Stranghoner N., Application of Design Concepts at High Frequency Hammer Peened Welded
Ultra High Strength Steels, IABSE Symposium: Engineering for Progress, Nature and People,
Madrid, Spain, 3-5 September 2014,2014.

Berg J., Stranghoner N., Fatigue Behaviour of High Frequency Hammer Peened Ultra High Strength
Steels. International Journal of Fatigue 82, 35-48, 2016.

Cheng T., Teizer J., Modeling Tower Crane Operator Visibility to Minimize the Risk of Limited
Situational Awareness. Journal of Computing in Civil Engineering 28(3), 04014004, 2014.

Esterl R., Sonnleitner M., WeiBlensteiner 1., Hartl K., Schnitzer R., Influence of Quenching Conditions
on Texture and Mechanical Properties of Ultra-High-Strength Steels. Journal of materials
science 54(19), 12875-12886, 2019.

Fass M., Hecht M., Baumgartner J., Bauer N., Evaluation of the Approach Based on the Maximum
Principal Stress from the liw-Recommendation for Welded Joints under Proportional,
Multiaxial Stress States. Welding in the World 67(10), 2323-2332, 2023.

Fustar B., Lukacevi¢ 1., Dujmovi¢ D., Review of Fatigue Assessment Methods for Welded Steel
Structures. Advances in Civil Engineering 2018, 2018.

Galtier A., Statnikov E., The Influence of Ultrasonic Impacttreatment on Fatigue Behaviour of
Welded Joints in High-Strength Steel. Welding in the World 48(5-6), 61-66, 2004.

Gaspar M., Effect of Welding Heat Input on Simulated Haz Areas in S960ql High Strength Steel.
Metals 9(11), 1226, 2019.

Gok D. A., Baltact A., Design and Fatigue Life Analysis of Air Suspension Z Type Leaf Springs
Used in Heavy Commercial Vehicle. Politeknik Dergisi, 1-1, 2021.

Hobbacher A., Recommendations for Fatigue Design of Welded Joints and Components, Springer,
2016.

Im S., Park D., Crane Safety Standards: Problem Analysis and Safety Assurance Planning. Safety
science 127, 104686, 2020.

LuF. Y., ZhuW.,, XuG. N,, Yang R. G., The Life Evaluation to Determine Remanufacturing Access
Period of Telescopic Boom for Mobile Crane, Applied Mechanics and Materials, Trans Tech
Publ, 2014.

Mician M., Harmaniak D., Novy F., Winczek J., Moravec J., Trsko L., Effect of the T 8/5 Cooling
Time on the Properties of S960mc Steel in the Haz of Welded Joints Evaluated by Thermal
Physical Simulation. Metals 10(2), 229, 2020.

239



Ozden, O. B., Gokge, B., Erdemir, A. JournalMM (2025), 6(1) 226-240

Moravec J., Novakova I., Sobotka J., Neumann H., Determination of Grain Growth Kinetics and
Assessment of Welding Effect on Properties of S700mc Steel in the Haz of Welded Joints.
Metals 9(6), 707, 2019.

Niemi E., Fricke W., Maddox S.J., Structural Hot-Spot Stress Approach to Fatigue Analysis of
Welded Components. HW doc 13, 1819-1800, 2018.

Ozden O. B., Gokge B., Erdemir A., Investigation of Welded Joints in Finite Element Analysis, 2nd
International Congress on Scientific Advances (ICONSAD’22),2022.

Pamuk O., Durgutlu A., Patlama Kaynag1 Yontemi ile Birlestirilen Ostenitik Paslanmaz Celik (Aisi
3161)-S235jr Kompozit Malzemelerde Patlayici Oraninin Mikroyap1 Ve Yorulma Ozelliklerine
Etkisi. Politeknik Dergisi 21(3), 527-534, 2018.

Pedersen M., Mouritsen O., Hansen, M. R., Andersen J. G., Wenderby J., Comparison of Post-Weld
Treatment of High-Strength Steel Welded Joints in Medium Cycle Fatigue. Welding in the
World 54(7-8), 208-217, 2010.

Raviv G., Fishbain B., Shapira A., Analyzing Risk Factors in Crane-Related near-Miss and Accident
Reports. Safety science 91, 192-205, 2017.

Sadeghi S., Soltanmohammadlou N., Rahnamayiezekavat P., A Systematic Review of Scholarly
Works Addressing Crane Safety Requirements. Safety science 133, 105002, 2021.

Shin 1. J., Factors That Affect Safety of Tower Crane Installation/Dismantling in Construction
Industry. Safety science 72, 379-390, 2015.

Sonsino C. M., Fricke W., De Bruyne F., Hoppe A., Ahmadi A., Zhang G., Notch Stress Concepts
for the Fatigue Assessment of Welded Joints—Background and Applications. International
Journal of Fatigue 34(1), 2-16, 2012.

Statnikov E., Muktepavel V., Blomqvist A., Comparison of Ultrasonic Impact Treatment (Uit) and
Other Fatigue Life Improvement Methods. Welding Research Abroad 50(5), 28-40, 2004.
Tsutsumi S., Fincato R., Luo P., Sano M., Umeda T., Kinoshita T., Tagawa T., Effects of Weld
Geometry and Haz Property on Low-Cycle Fatigue Behavior of Welded Joint. International

Journal of Fatigue 156, 106683, 2022.

XulJ.,DuD., SongJ., Li D., Li Y., Fatigue Performance Analysis of Steel Joints with High Frequency
Mechanical Impact (Hfmi) Based on the Notched Stress Method. International Journal of
Structural Integrity, 2025.

Zhu J., Barsoum I., Barsoum Z., Khurshid M., Evaluation of Local Stress-Based Fatigue Strength
Assessment Methods for Cover Plates and T-Joints Subjected to Axial and Bending Loading.
Fatigue & Fracture of Engineering Materials & Structures 45(9), 2531-2548, 2022.

240



