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This study reviews the current state of research and limitations on the fatigue strength of web-
flange connections in steel runway beams for overhead cranes. It evaluates key factors influencing
fatigue strength, including stress-strain behavior, notch classifications, and various web-flange
configurations (welded, rolled, combined). The research stresses the need for accurate fatigue life
assessments, particularly for both new and older structures built with simplified standards. Key
findings show the impact of notch classifications and stress interactions due to bending, tensile, and
compressive forces. The study aims to improve calculation methods, offering recommendations for
refining fatigue verification techniques, and assesses connection configurations' effectiveness in
achieving desired fatigue life. The practical implications point to increased steel crane runway beams’
durability through better fatigue life prediction and localized stress analysis.

Keywords: web-flange connection, runway beams, fatigue strength, stress-strain state,
durability, crack formation

Introduction

Overhead cranes and their supporting structures, particularly steel runway beams, are critical

components in many industries. A significant number of these structures, designed decades ago, remain in
operation and are vital to the economy. The global overhead crane market is expected to grow by 5,5 %
annually by 2031, according to extended market analysis (Transparency Market Research, 2021). Steel
runway beams serve as primary supports for overhead cranes and are subjected to localized dynamic
cyclic loads from crane wheels, leading to metal fatigue over time and increasing the risk of localized
failures (Melchers & Beck, 2018). These failures often manifest as localized cracks at the web-flange
connection of runway beams, as numerous inspection results have shown (Fig. 1). Therefore, accurately
calculating fatigue strength in these zones is essential during both the design stage and over time,
especially for structures designed many years ago, in order to accurately assess their remaining service

life.

Fig. 1. Typical fatigue cracks in the web-flange connection area of steel runway beams
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The web-flange connection can take various configurations (Fig. 2), such as welded plates, rolled
sections, or combined configurations, e.g. as shown in Eurocode standard.
Rolled profile Welded connection Combined connection
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Fig. 2. Different types of web-flange connections in runway beams

The choice of different beam configurations not only impacts construction costs but also plays a
crucial role in determining the fatigue strength of the web-flange connection, influenced by the type and
quality of welds, which create localized stress concentrations. The web-flange connection in crane
runway beams primarily endures compressive stresses from crane wheels, which are key in defining notch
classes in national and international standards. However, fatigue strength calculations in this area are
complex due to additional local tensile and bending stresses during crane operations, leading to a complex
stress-strain state. The role of various loadings along with the crack initiation in the mentioned area are
also briefly explained in the article (Rykaluk & Hotata, 2014). While existing standards provide general
guidelines, they do not clearly address the benefits or drawbacks of different connection types or their
impact on the structure’s residual service life, instead offering simplified methods for stress and fatigue
analysis described in EN 1993-6 (2007), NEN-EN 13001-3-1, EN 1993-1-9 (2005), EN 1991-3 (2006)
and DBN V.2.6-198:2014 zi zminoiu Nel.

To ensure the longevity of both new and existing crane runway structures, further research is
needed to better understand the fatigue behavior of the web-flange connection and assess the
effectiveness of different beam configurations.

Objective of this article

The purpose of this study is to conduct a literature review on the research related to the fatigue
strength of the web-flange connection in steel runway beams. The focus will be on analyzing scientific
sources that investigate the complex stress-strain state caused by the actual behavior of cranes and the
fatigue strength of this connection. The aim is to identify the key challenges, limitations and opportunities
in existing research, which will form the basis for further studies aimed at improving fatigue calculation
methods and providing clear recommendations on the effectiveness of using crane runway beams in
different configurations.

Histrorical development

The issue of calculating fatigue strength for steel runway beams under cyclic loading is becoming
increasingly relevant due to many existing beams being designed decades ago using simplified fatigue
calculation rules. August Wohler’s 19™-century tests on cyclic loading established the S-N curve (Fig. 3)
and fatigue limit, foundational for today’s fatigue analysis. Later, Palmgren and Miner improved the S-N
approach by accounting for cumulative fatigue damage under variable loads, relevant for crane runway
beams.

D, = L7 & (1)

Miner's rule states that failure occurs when the accumulated damage equals or exceeds a certain
threshold, typically set at 1.
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Fig. 3. Example of S-N curves according to Eurocode 3 and 1IW

Before Eurocode, older national standards like DIN 15018, NEN 2019, and FEM 1.001 were
widely used. With the formation of the European Union and the need for harmonized safety standards
under the Machinery Directive (2006/42/EC), there was a push to develop unified standards across
Europe. This led to the creation of the EN 13001 series and Eurocode, which replaced these national
standards with consistent guidelines. Although FEM 1.001 served as a basis for EN 13001, a major
difference was the introduction of the stress history parameter =, based on the Palmgren-Miner approach
for cumulative fatigue damage:
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Final version of Eurocode was much more comprehensive than previous standards and included the
calculation of stresses in welds using the Hot Spot Stress Method, more detailed notch class definitions
for different crane runway beam configurations (albeit with more conservative values), and a more
detailed methodology for calculating stresses in the web-flange connection of crane runway beams. These
changes raised concerns about differences in fatigue strength predictions compared to older standards,
leading to questions about the actual remaining lifetime. Despite differences in notch classes between EN
13001 and Eurocode, both recommend a simplified formula for calculating compressive stresses in the
web-flange connection, which applies to both welded and non-welded connections (Fig. 4):
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Fig. 4. Effective load length according to EN 1993-6 (2007)
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The same formula is proposed by DBN V.2.6-198:2014 zi zminoiu Nel under section 9.2.2.

However, the stress distribution for different types of welds and rounding (in the case of rolled profiles)
will differ, often resulting in high stress concentrations in this area. On the other hand, Eurocode allows
"ignoring stresses caused by horizontal forces from crane movement" (EN 1993-6, 2007, p. 34), despite
the fact that these are caused by crane acceleration/braking, which are an integral part of its operational
cycle, creating a risk of underestimated fatigue failures in runway beams. Meanwhile, the Ukrainian DBN
V.2.6-198:2014 and DBN V.1.2-2:2006 standards allow omitting dynamic factors in fatigue stress
amplitude calculations (DBN V.2.6-198:2014 zi zminoiu Nel, p. 83; DBN V.1.2-2:2006, p. 19), whereas
most European standards consider these impacts in crane loads. Most standards use the nominal stress
method, ignoring local stress concentrations in welds. While more advanced methods like finite element
analysis are allowed and partially described in the international I1W standard, these methodologies do not
correlate with the generally accepted rules for stress calculations in crane runway beams described in
Eurocode and EN13001, making the process quite complex.

Given the factors influencing fatigue strength according to existing standards, it can be concluded
that further research in this area will help develop clearer recommendations for assessing the complex
stress-strain state and fatigue strength of the web-flange connection in runway beams.

Experimental challenges

As described above, the actual operation of cranes creates a complex stress-strain state in the web-
flange connection of runway beams, which is difficult to account for using simplified stress calculation
methods according to standards. Notch classes also differ significantly between various standards. To
better understand the actual structural behavior in this area under cyclic loading, several experimental
studies have been conducted, highlighting various challenges and limitations as outlined below.

In a study (Citarelli & Feldmann, 2019), existing runway beams were tested under cyclic loading to
evaluate fatigue failure in the web-flange connection. The analysis combined direct testing and numerical
evaluation of notch classes, with results used to suggest amendments to current standards. The
probabilistic model described in the article has been proved by the additional research on the basis of the
maximum likelihood method (D’Angelo, 2015; Pollak & Palazotto, 2009; D'Angelo et al.,
2014). The study found a characteristic fatigue strength of 116 MPa, much higher than the 71 MPa
specified in Eurocode for fully welded connections. However, the effects of bending and different runway
beam configurations, which can influence stress concentrations, were not fully addressed.

In the research (Polus et al., 2022), the effect of different connections between a 60x60mm square
rail and the runway beam on compressive stresses in the web-flange connection area was studied using
numerical and analytical methods. The study found that rigid rail attachment to the beam showed minimal
error between Eurocode’s analytical method and digital calculations (4-8 %). However, flexible con-
nections resulted in significant deviations (22 %-27 %), and elastomeric bearing pads under the rail
further increased the discrepancy by up to 59 % (Fig. 5). Similar research is done (Marcinczak, 2017) on
resilient elastomeric bearing pad with the thickness of 6 mm. The study only considered central loading,
neglecting additional bending stresses from crane braking forces and eccentricities

Model Continuous block rail flexibly fixed to | Continuous block rail mounted on
the beam flange the elastomeric bearing pad
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72.4 08.8 -26.7 234 57.0 -58.9

Fig. 5. Continuous block rail mounted on the elastomeric bearing pad
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The study (Rykaluk, et al., 2018) examined fatigue failures in welded runway beams under cyclic
loading, with a focus on the complex stress-strain state of the web, where cracks could initiate. They derived
analytical formulas to calculate these stresses, with a deviation of less than 15 % between calculated and
experimental values. However, the formulas did not account for variations in the web-flange connection
type (welded, rolled, or combined), rail-to-flange attachment (rigid or on a pad), or horizontal forces from
the crane, all of which influence stress in this zone. Additionally, various crane rail connection types were
analyzed, showing increased compressive stresses compared to a continuous rail (Fig. 6).
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Fig. 6. Distribution of localized compressive stresses

The smallest stress increase occurred in stepped chamfered contact (50 %), and the largest in
orthogonal contact (around 150 %), which is not considered by the standard and could serve as an
additional topic for research aimed at determining clear recommendations, as noted by the authors.

In the work (Petrosian, 2002), the effect of eccentric loading on local stresses around the weld in
the web-flange connection of crane runway beams was examined. The study found that in some cases, the
eccentricity caused by incomplete rail support exceeded the normative eccentricity values, leading to
underestimation of stresses in current standards. It was also shown that the distance between transverse
stiffeners affects the size of tensile fibers in the beams, causing local twisting, but had little influence on
compressive stresses at the beam's mid-span. The study did not consider different web-flange connection
configurations, and the eccentricity analysis was based on a rigid foundation, excluding the stiffness of
the pad between the rail and flange.

In the study (Caglayan, et al., 2010), it was found that the connection of transverse stiffeners to the
top flange creates zones of increased fatigue damage, as confirmed by experimental tests. Another
research (Tong, 2007) highlights the importance of stress concentrations and reduction with increasing
cope radius and decreasing total depth. However, the study did not account for different rail-beam attach-
ment types, which influence local stiffness and stress distribution.

Other researchers, (Kettler & Unterweger, 2020; Kettler et al., 2019; Kettler et al., 2017), high-
lighted the significant impact of crane loading eccentricity on fatigue damage. However, their study did
not consider the effect of different beam configurations on stress levels at the web-flange connection.

These studies, along with others, reveal key challenges and potential improvements for fatigue
calculation methods in steel runway beams. Most of them focus on isolated individual factors and do not
consider the direct influence of different connection types on fatigue strength under a complex stress-
strain state. Further research is needed to evaluate the effectiveness of crane runway beams in different
configurations.



86 Roman Samchuk, Roman Khmil
Conclusions and Prospects for further research

Based on the extensive literature review conducted on the research related to the fatigue strength of
the web-flange connection in steel runway beams, the accurate verification of fatigue strength in this area
is critical for ensuring the longevity and durability of crane-supporting structures. Existing research
shows that key factors include the fatigue strength of the connection, which can vary depending on the
standards, and the complex stress-strain state in this zone, which is challenging to capture with the
simplified methods proposed in the standards. This is primarily due to compressive stresses from crane
wheels, bending stresses from local twisting caused by eccentric loading, and horizontal crane forces,
which are an integral part of the loading cycle. The situation can be further complicated by tensile stresses
around stiffener attachments and at beam supports, making the analysis even more conservative. It's
essential to consider how different connection types affect fatigue strength under such complex stress-
strain conditions. Developing more detailed approaches, including the use of analytical methods and finite
element analysis, would allow local stress concentrations from welds to be accounted for and the
effectiveness of using different crane runway beam configurations to be assessed, ensuring the calculated
service life of structural elements.
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P. A. Camuyk, P. €. Xmins
HarmionansHuit yHiBepcuTeT «JIbBiBCEbKA MOJITEXHIKAY,
Kadenpa OyaiBenbHUX KOHCTPYKITii Ta MOCTIB

OBMEXEHHS B OLIHIII BTOMHOI MIITHOCTI 3’ €THAHHS IIOJUYKH TA
CTIHKHA CTAJVIEBUX ITIITIKPAHOBUX BAJIOK - OI'JIA

O Camuyx P.A., Xuinw P.€., 2024

CraneBi miIKkpaHOBI 0ailkd, sKi TPalOTh KIOYOBY POJIb B 3a0e3NedcHHI Oe3mepepBHOI, Oe3medHol
po0OOTH MOCTOBHX KpaHiB, MMOCTIHHO MiANAIOTHCS TUHAMIYHIM ITOBTOPIOBAHUM HAaBaHTaXKCHSIM BiJ KOJIC Kpa-
Ha, IO MPHU3BOAUTH O BTOMH METajJy Ta MiJABMIIYE PU3MK MICIEBUX MHOIIKOKEHb. HacminkoMm Takux mo-
IIKOJIKEHb € YacTO JOKaIbHI TPIIIMHU B MICIIi 3’€HAHHS MOJMYKH Ta CTIHKH MiJKPAHOBUX OAJIOK, K BUIHO
3 YHCJIEHHMX IHCHEKUiH X KOHCTPYKTHUBHHX €JIeMEHTIiB. LI crarTs posrisgae cydacHHH CTaH HayKOBHX
JIOCTIJIKCHB Ta iICHYF0Ui OOMEKCHHS MO0 OI[IHKH BTOMHOT MIITHOCTI 3'€ JTHAHHS ITOJIMYKH Ta CTIHKH CTAJICBUX
miaKpaHoBuUX 0agok. OCHOBHOIO METOIO € OIiHKA KJIFOYOBUX (DaKTOPIB, IO BILIMBAIOTH HA BTOMHY MIIIHICTh
IIUX 3'€lHaHb, TAKUX SK CKIAJHUN Harpy>keHO-IeGopMOBaHHMH CTaH NPH pealbHUX YMOBaxX EKCIUTyaTallii,
KJIac HAApi3iB Ta Pi3HOMAHITHI KOH(QIryparii 3'€lHaHb CTIHKH Ta MOJHYKH, BKJIFOYHO 31 3BapHUMH, IPO-
KaTHAMHU Ta KOMOIHOBaHUMH 3'€ THAHHAMH. JOCITiPKeHHS MiAKPECTIoe HeOO0X1IHICTh TOYHOT OI[IHKKA BTOMHOL
MIITHOCTI Ta TepMiHy CIIy>)KOM SK HOBHUX, TaK 1 CTapuX KOHCTPYKILiH, 30yZOBaHHX 3a CIPOLICHUMHU CTaH-
napramu. OCHOBHHH (OKyc 3po0JIeHHI Ha aHali31 iICHYIOUHMX Ipanb Ta BUABICHHI OOMEXeHb 3 METOIO PEKO-
MEHJAI 100 MOJANBIINX TOCTIKeHb. BHBICHI pe3yibTaTH MiAKPECIIOTh 3HAUYHUI BIUIMB Pi3HHUX
KJIaciB HAJpPi3iB Ta CKIAJHOTO HANPYKEHO-Ie(OPMOBAHOTO CTaHy Y Iill 30HI, BUKIMKAHOTO CYKYITHUM BILIH-
BOM 3TMHAJIbHUX, PO3TATYIOUMX Ta CTHUCKAIOYMX HAlpy)KeHb, HA BTOMHY MIIHICTh MiIKpaHOBHX Oanok. [lo-
CIIJDKEHHS CIIPUSE BIOCKOHAICHHIO ICHYIOUMX METOJIB PO3PaxyHKy Ta Ja€ peKOMEHAamii I MaiOyTHIX
JIOCITIJDKEHb, CIPSIMOBAaHMX Ha BIOCKOHAJCHHS MiJXOJIB MEPEeBIpKM BTOMH Ta BU3HAYCHHs €()EeKTHBHOCTI
BUKOPHCTAHHSI ITiIKPAHOBHUX OallOK B PI3HUX KOHQIrypamisx s 3a0e3medeHHst He0OXiTHOTO pecypcy. 3pen-
TOIO, TPAKTUYHI BHCHOBKHM JIOTIOMAraloTh IiJBUIIUTH JIOBTOBIYHICTH CTAJIEBUX ITIJKPAaHOBHX OalloK depes
BIOCKOHAJICHE MPOTHO3YBAaHHS BTOMHOTO TEPMIiHY CIYXOH, IOCSTHYTOrO 3a PaxyHOK AETaJbHOI OLIHKH
pi3HKMX KOH(Irypaliii 3'eHaHb Ta JIOKATI30BaHUX aHaNi31B HAIPY)KEHb.

KiiouoBi cjioBa: 3’€IHAHHS MOJUYKH TAa CTiHKH, MiAKpaHOBi 0ajku, BToMHa Minuicts, H/C,
JOBIOBiYHICTH, TPIIHHOYTBOPEHHS.



	10 JTBP-2-10_2024_Самчук

