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Abstract. The growing demand for industrial and logistics infrastructure has
intensified the need for efficient and economically viable structural systems,
particularly in crane runway applications. Welded I-beams with corrugated webs have
emerged as a promising alternative to conventional flat-web designs, offering notable
advantages in terms of production efficiency, weight reduction, and structural
performance. This study investigates the technological strategies involved in
manufacturing such beams, with a focus on minimizing labor intensity and material
usage through process optimization. A comparative analysis is conducted between
beams with flat and corrugated webs, drawing upon experimental data and practical
observations from automated production lines. The research highlights the
implementation of rotary corrugation machines, automated welding stations, and
mechanized assembly platforms. A key innovation lies in eliminating transverse
stiffeners, made possible by the enhanced out-of-plane stability provided by the
corrugated profile. This not only reduces the number of fabrication steps but also
contributes to overall simplification of the production workflow. The findings indicate
that the use of corrugated webs results in a weight reduction of up to 6.9%, depending
on the design load, and a decrease in labor intensity by up to 40% when compared to
traditional flat-web I-beams. These improvements are achieved without compromising
structural integrity or regulatory compliance. In conclusion, the study demonstrates
that corrugated web beam technology is a viable solution for modern steel
construction. It enhances productivity, lowers manufacturing costs, and supports
broader adoption of efficient beam systems in industrial and civil engineering contexts.
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Anparna. Huoycmpusanvlx dcone  JOSUCTUKANBIK — UHQDPAKYPLIIbIMEA 0e2eH
CYPaHbICMbIY — apmybl, acipece Kpaw JHcon0apvl  Jicyuenepinoe, muimoi  api
IKOHOMUKANBIK ~ MYPRbIOAH — He2i30elceH  Komep2iul  KOHCMPYKYUALApea  0e2eH
Kaosicemminikmi Kyweummi. [ogpnencen Kadbvipeacvl 6ap 0anexepieHeeH KOCMABpIvl
KpaHacmol apKaniblkmap 0aCMypii H#ca3vlk Kabvipeavl baikanapaa barama peminoe
Kapacmuipbliaobl HcoHe OHOIPICMIK MEXHONO02USHbL OHMAIAHObIPY, KYDbLILIMObIK
carmMakmsl — azaumy J#CoHe  Oepikmikmi —apmmelpy — MYPEbICblHAH  OipKamap
apmuikwslivikmapea ue. Ocvl 3epmmeyoe MYHOAU aApKAIblKMapovl O0aublHOAYed
apHanean MexHONO2UANBIK MACIIOep Kapacmulpblivii, eHOeK Wbl2bIHOApbl MeH
Mamepuanovlk mymuolHyObl azaumyea 0ablmmanzan yoepic muiMOilieiH apmmuolpy
arcondapel manodamaowl. Kazwix owcone cogpnencen Kabwvipeanapvl 6ap Kpawacmol
apKanbIKMapaa CcaniblCmulpmMaivl manoay HCypizinoi, o1 aemomammaHOblpbLIeAH
OHOIpICMIK Jicellinepoer alblHEaH IKCNePUMEHMMIK Oepekmep MeH OaKbliayiapead
Hezciz0eneen. 3epmmey OApbICbIHOA 20ghpieyee ApHANEaH POMAYUAILIK MAWUHALAPOb,
a8mMoMammanoObIPLLIAH — 0JHeKepiey JHCYUeNepin  JCoHe MEeXAHUKANAHObIPLLIZAH
JAHCUHAKMAY HCADOLIKMAPHIH KOLOAHYObIH MAHbL30bLIbIbL aman Kepceminedi. Hezizei
MEXHONLO2USLIbIK, APMBIKUUBLIbIK — 20(hpleH2eH KaOblPRAHbIH HCO2APbL OPHBIKMbLIbIZbL
apxacvlHoa KejloeHey KamauowulK djleMenmmepinen dac mapmy mymkinoiei. Byn
6HOIpicmiK npoyecmi e0ayip ceyindemin, MeXHOIOSUAIbIK ONepayusiiap CAaHbiH
KblcKapmyea blKnal emeoi. 3epmmey Homudicenepi KepcemkeHOell, 2ogpieHzen
Kabvlpeansl KOJNOAHY apKACbIHOA KPAHACMbL APKANbIKIMbIH CATIMARbL HCYKmeme mypine
Kapaii 6,9 %-ea Oeuin, an enybex wwieviHbl 40 %-ea Oeuin momenoetioi. bByn
ApPMLIKWBLILIKIMAD KYPHIILIM CEeHIMOINII MeH HOPMAmuemix maianmapovl cakmai
omulpuin  Jicyzece  acaovl. KopwvimulHObLiall Kele, 2o¢hprencen  Kabwvipeaiap
MEeXHONIO2UACLIH  KPAHACMbL  apKalblKkmapoa KOoNOaHy Kaszipei 3amanesl Oonam
KYPObLIbICLIHOA OHOIpIc muiMOiniein apmmulpyobly, WbIRbIHOAPObl MOMeHOem)OiH
JHCOHe OHepKICINMIK NeH a3amMammvlK UHHCeHepusioa KONOAaH) asCbIH KeHeumyoiy
MuUimoi #convl 6OIbLIN MAOBLIAOYL.

Tyiiin ce3nep: xpanacmwsl apkanvikmap, 2o@pieHeeH KaOvlpea, OHeKepleH2eH
KOCmaesp, oHOIpic MmexHoN02UACHl, MEMALl KOHCMPYKYUALAD, A8MOMAammaHObIpbLIeaAH
OaneKepiey, eHOeK UbIRbIHbIH MOMEHOem).
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Aunortauus. Pocm nompebHocmu 6 UHOYCMPUANLHOU U  JOSUCTUYECKOU
ungpacmpykmype ygenudui Cnpoc Ha 3¢ ekmugHole U IKOHOMUYECKU 0DOCHOBAHHbBIE
Hecyujue KOHCMpPYKYuu, 0CcoOO6eHHO 8 cucmemax Kpanogvlx koHcmpykyuu. Ceaphvle
08ymasposvie NOOKpaHosvie OAIKU ¢ 20QpUPOBAHHOU CMEHKOU CMAHOBAMCS
NepCcneKmusHol anbmepHamueol mpaouyuOHHbIM NOOKPAHOBLIM OANKAM C NIOCKOU
CMEHKOU, OeMOHCMPUPYs. NpeuMyujecmeda 6 mMexHOI02UYHOCIU NpoUu38o0cmad,
CHUDICEHUU MAcCCbl U NOBblULeHUU NpoYHocmu. B nacmoswem uccnedosanuu
PACCMampusalomcs mexHono2uyecKue nooxoovl K U320MOGNeHU0 Makux Oanox ¢
aKYeHmoM Ha CoKpawjexnue mpyoo3ampam U pacxood Mamepuanos 3a Cuém
onmumuzayuu npoyeccos. Ilposedén cpagnumenvuviii aHaiuz nNOOKPaAHO8bIX O6ANIO0K C
NJIOCKOU U 20(hpUPOBAHHOL CMEHKAMU HA OCHOB8E IKCNEePUMEHMATbHbIX OAHHbLX U
HAOMOO0EHULl €  A8MOMAMUZUPOBAHHBIX NPOU3BOOCEEHHbLIX JAuHull. B pabome
noouepKusaemcs 3HaueHue npUMeHeHUus pOmayuoHHbIX MAwuH 01 20ppuposanus,
aA8MoOMamu3upoBaHHoOU  C8apKU U  MexaHusupoeanHmou  coopxu. Kiouesoe
MexXHoN02UYeCcKoe NPeuMyuwecmeo 3axkiodaemcs 8 omkaze om nonepeunsvix pebep
oHcécmrocmu, 061a200apsi NOBLIUEHHOU YCIMOUYUBOCIIU 20PPUPOBAHHO20 NPODUIAL.
Omo  cywecmeenHo  coKkpawjaem — KOIUYeCmM80 — onepayuii U - ynpowaem
npou3eoocmeenHulll npoyecc. Pe3ynbmamul nokasvleéaiom, umo UCHONb30BAHUE
20Ghpuposannoll cmeHKu NO360JAem yMeHvluums maccy oarku oo 6,9 % (8
3A8UCUMOCIU OM PACYEMHOLL HA2PY3KU), a mpydoémrxocms — 0o 40 % no cpagrenuro
¢ MPAOUYUOHHBLIMU Oankamu. Omu npeumywecmsea oocmueaiomces o6e3 ywepoa 0ns
HAOEXNCHOCMU KOHCMPYKYUU U coomeemcmeusi Hopmamusam. Taxkum obdpazom,
npuMeHenue MexHONo2UU 20QPUPOBAHHBIX CMEHOK 6 NOOKPAHOBbIX OANKAX
npeocmasisiem coboul 3¢ghghexmusroe peuterue 0 COBPEMEHHOZO0 CIMPOUMeIbCmEd
MemanioOKOHCMPYKYUll, — nosviuiaioujee  npou3goOUmMenIbHOCmb,  CHUdcaoujee
sampamsl U pacuiupsoujee 803MONCHOCMU NPUMEHEHUS 8 NPOMBIULIEHHOU U
2PAANCOAHCKOU UHICEHEPUU.

KuroueBble ciioBa:. nooxkpanosvie 6anKu, 20@pupo8anHas CMeHKd, ceéapHbvie
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1 INTRODUCTION

The increasing demand for industrial and civil infrastructure has led to the growing importance
of optimizing structural components in steel-framed buildings. Among these, crane runway systems
play a critical role in the operation of overhead lifting equipment and must ensure high reliability
under variable and cyclic loads. A key factor influencing their performance is the stability of the beam
web, particularly in I-section crane runway beams. When subjected to elastic-plastic deformation and
potential overloads, the structural integrity of the web determines the overall energy absorption
capacity of the system. Therefore, the search for optimal cross-sectional configurations is a crucial
research direction in improving the resilience of steel frameworks.

Recent advances have shown that replacing traditional flat webs with corrugated ones can
significantly enhance the buckling resistance of the web, even when using thinner steel plates. This
structural improvement not only reduces the need for transverse stiffeners but also lowers material
consumption and simplifies the manufacturing process. Despite these advantages, normative
documents in Kazakhstan and abroad still lack clearly defined methods for the design and calculation
of crane runway I-beams with corrugated webs. This creates a gap between practical needs and
regulatory support, underlining the necessity of developing new approaches and adapted analytical
tools for structural engineers.

Modern structural solutions in the field of light metal structures (LMS) aim to achieve high
techno-economic performance by utilizing thin steel sheets and implementing mechanized or fully
automated production lines. The comprehensive use of efficient LMS, automated manufacturing,
large-block assembly, as well as high-strength steels and lightweight thermal insulation materials for
enclosing structures, enables a significant increase in the pace of building and structure construction.

One of the promising directions in the field of load-bearing metal structures is the application
of welded I-beams with thin corrugated webs. In Kazakhstan, construction systems such as "Alma-
Ata" and "BGS-Kazakhstan" have been developed and applied in practice, including in roof and floor
beams, as well as in columns of single-story and multi-story building frameworks. Based on extensive
research and design studies, a range of standard profiles and regulatory documents has been
developed to support the use of such systems, even in seismic zones. The importance of these
developments is evidenced by the inclusion of corrugated-web I-beams in the Eurocode adaptations
for Kazakhstan. Between 1981 and 2015, over 250 buildings were constructed using these beams,
designed by the "Institute Proektstalkonstruktsiya" (Almaty), with long-term operational success.

The purpose of this study is to conduct a comprehensive analysis of the performance of welded
I-section crane runway beams with corrugated webs under overhead crane loading, and to develop
engineering-based methods for calculating their behavior, including optimization of the corrugation
geometry (length, pitch, and depth).

2 LITERATURE REVIEW

A corrugated beam is a beam with flanges made of metal of various cross-sections and a
transversely corrugated (bent) web. The corrugated webs of beams can have triangular, sinusoidal,
trapezoidal, rectangular, and other profiles (Misiek, 2021). The flanges of such beams are made of
rolled steel, shaped profiles, electric-welded pipes, or reinforced concrete elements. Beams with
corrugated webs are widely used in many countries.

In recent years, crane runway girders have received increased attention due to the growing
construction of industrial buildings. Their reliability, strength, and efficiency contribute to improving
production and logistics processes, as well as ensuring safety when handling heavy loads. A crane
runway girder is a load-bearing structure that supports the loads from the wheels of an overhead crane
moving within a workshop. Additionally, as structural elements of the frame, crane girders help
decouple columns from the frame plane, transfer longitudinal forces from braking and wind loads to
vertical connections between columns, and mitigate the impact of seismic and other external factors,
thereby improving the coordinated performance of the entire structure.

Several design solutions for crane runway girders with corrugated webs have been proposed in
the literature (Wei, 2015). The effectiveness of corrugated webs in welded [-beams has been studied
from various perspectives, including load-bearing capacity, strength (Hlal, 2024), stability, and
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durability (Yuan, 2024). Methods for reinforcing crane girders(Sebastiao, 2023), stress-strain
behavior (SSB), and their response to various impacts have also been analyzed (Kettler, 2023). The
application of corrugated webs in box-section crane girders has been studied in (Wei, 2015).

In certain industrial building conditions, the use of crane runway girders with corrugated webs
becomes necessary, as these significantly influence their strength and stability. Steel savings of up to
20% can be achieved through the use of thinner web plates compared to flat web girders, eliminating
the need for stiffeners due to improved stability achieved by the corrugation folds, whose peaks
extend beyond the web plane. However, apart from studies by (Wei, 2015) and (Bryantsev &
Okanov, 2024), further research on girders with corrugated diaphragms and triangular web profiles
remains limited (Bradford, 2002).

This study focuses on the analysis of the strength characteristics and optimization of corrugated
web parameters in crane runway girders(Bryantsev, 2019), aiming to improve calculation
methodologies and expand their application in construction (Bryantsev, 2019).

3 MATERIALS AND METHODS

The manufacturing process of crane runway girders includes the stages of preparation,
assembly, and welding of structural elements. The technological operations differ depending on the
type of girder web: flat or corrugated.

3.1. Manufacturing of a girder with a flat web

At the initial stage, the girder body, which includes the web and two flanges, is assembled in
the fabrication area. After positioning the elements, they are fixed in place to prevent deformation.
The girder body is then transferred to the welding section, where the web is welded to the flanges.

After completing this operation, the semi-finished product is returned to the assembly area for
the installation of stiffeners, which are necessary to increase the load-bearing capacity of the structure.
The stiffeners are installed with precise adherence to design dimensions and geometry (Bryantsev,
2024). The girder is then sent back to the welding section for the final welding of the stiffeners. This
additional stage of assembly and welding increases the overall manufacturing time of the structure.

3.2. Manufacturing of a girder with a corrugated web

The manufacturing technology of a girder with a corrugated web has significant differences.
After fabricating the main body, which consists of the corrugated web and two flanges, welding is
performed as the first stage(Bryantsev, 2020).. Due to the structural advantages of the corrugated
web, which provides stability and rigidity without the need for stiffeners, additional assembly and
welding stages are not required. Once the end elements are welded, the structure is considered
complete.

Thus, the manufacturing process of a girder with a corrugated web is characterized by lower
labor intensity, resulting from the reduction of technological operations and fewer material transfers
between workstations. This ensures time and resource savings in production (Shuryn, 2020).

A flat steel sheet is fed between two toothed rollers that rotate toward each other (Figure 1). A
set of removable plates (teeth) of various sizes allows for adjusting the corrugation parameters. The
experimental version of this machine confirmed the correctness of the selected corrugation method.
When operated by a single worker, the machine was capable of corrugating sheets up to 1,600 mm in
width and 8.0 mm in thickness at a speed of 10 to 12 m/min, which is three to four times faster than
forming corrugations using press equipment (Ibrahim, 2006).

One of the advantages of this corrugation method is that the sheet maintains a constant cross-
section along its entire length, whereas press-based corrugation may lead to local thinning of the sheet
and significant changes in the steel's properties. Thanks to its compact dimensions, the machine was
easily integrated into the main production line for girder fabrication. Additionally, the flexible
technology developed on its basis fully addressed the issue of corrugated web production (Figure 2)
and allowed for an annual production capacity increase of welded I-beams under the "Alma-Ata"
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system from 10,000 to 12,000 tons, equivalent to the fabrication of 600,000 to 800,000 m? of roofing
and flooring elements (Kettler, 2021).

The Figure 1 illustrates the process of forming corrugations in a steel sheet using a rotary
machine. The steel sheet passes between two rotating rollers, which are equipped with removable
plates designed to shape the material into a corrugated profile. The upper and lower rollers rotate in
opposite directions, gradually bending the sheet as it moves through the machine. The spacing
between the rollers is adjustable, allowing for control over the depth and shape of the corrugations.
This method ensures uniform deformation of the sheet while maintaining a consistent cross-section
along its entire length, making it an efficient technique for manufacturing corrugated structural
elements (Kudryavtsev, 2021).

Figure 1 — Schematic diagram of steel sheet Figure 2 — Corrugated webs in the assembly shop.
corrugation on a rotary machine.

The comparative analysis of the manufacturing processes for flat-web and corrugated-web
crane runway beams reveals a clear advantage in favor of the latter. The use of corrugated webs
eliminates the need for transverse stiffeners, thereby reducing the number of fabrication steps and
significantly lowering labor intensity. The integration of rotary corrugation machines into production
lines further enhances efficiency by enabling faster, uniform, and more stable web formation without
compromising steel properties. This streamlined approach results in time and cost savings, increases
production capacity, and supports the widespread implementation of corrugated web technology in
the fabrication of high-performance steel beams.

4 RESULTS AND DISCUSSION

The evaluation of cost-effectiveness and manufacturing efficiency plays a crucial role in
assessing the practical advantages of using corrugated web I-beams in crane runway systems. To
quantify these benefits, a detailed comparison was conducted between beams with flat and corrugated
webs under various load conditions. The analysis includes structural weight distribution, material
utilization, and labor intensity across key production stages. Graphical data and tabular results were
used to illustrate the reductions in weight and complexity associated with the corrugated web
configuration. This section presents the findings of the comparative study, supported by numerical
and experimental observations, and highlights the economic and technological advantages that
support the broader adoption of corrugated web technology in beam fabrication.

4.1. On Cost-Effectiveness

The factory cost of the structure consists of the cost of raw materials and manufacturing
expenses. Calculation of the total weight of all crane runway girders for a 10-ton load
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Comparison of Component Weights for Flat and Corrugated Web Girders
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Figure 3 — Comparison of Component Weights for Flat and Corrugated Web Crane Girders (10t Load).

The Figure 3 illustrates the weight distribution of different components in crane runway girders
with flat and corrugated webs. The comparison highlights that the total weight of the girder with a
corrugated web is 4.9% lower than that of the girder with a flat web. This reduction is primarily
achieved by eliminating the need for stiffeners while maintaining structural integrity. The use of a

corrugated web allows for weight savings, leading to more efficient material utilization and reduced
production costs.

Comparison of Component Weights for Flat and Corrugated Web Girders (30t)
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Figure 4 — Comparison of Component Weights for Flat and Corrugated Web Crane Girders (30t Load).

The Figure 4 compares the weight distribution of different components in crane runway girders
with flat and corrugated webs for a 30-ton load. The results show that the total weight of the girder
with a corrugated web is 6.5% lower than that of the flat web girder. This reduction is achieved by
eliminating stiffeners while maintaining structural stability, leading to improved material efficiency
and reduced manufacturing costs.
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Comparison of Component Weights for Flat and Corrugated Web Girders (50t)

Flat Web
800 mmm Corrugated Web

Weight (kg)

Components of the Crane Girders (50t)
Figure 5 — Comparison of Component Weights for Flat and Corrugated Web Crane Girders (50t Load).

The Figure 5 compares the weight distribution of different components in 50-ton crane runway
girders with flat and corrugated webs. The results demonstrate that the total weight of the girder with
a corrugated web is 6.9% lower than that of the flat web girder. This weight reduction is primarily
achieved by eliminating stiffeners while maintaining the necessary structural integrity. The use of a
corrugated web improves material efficiency, reduces production costs, and simplifies the
manufacturing process.

4.2. Labor Intensity

Since 1989, second-generation rotary-type machines have been installed in the republic’s
manufacturing facilities, capable of corrugating sheets up to 1950 mm in width and 12.0 mm in
thickness at a processing speed of 8 to 10 m/min (Figure 6). The labor intensity of fabricating girders
with corrugated webs accounts for 83% of that required for manufacturing thin-walled girders without
stiffeners and 60% to 74% of that for thin-walled girders with stiffeners. This reduction in labor
intensity is attributed to:

e Standardization of corrugation parameters and flange cross-sections, optimizing the
manufacturing process;

e Minimization of the number of assembly components, reducing material handling and
assembly complexity;

e Extensive use of single-sided flange welds, which simplifies the welding process and
enhances efficiency;

¢ Elimination of transverse stiffeners, reducing the need for additional manufacturing steps;

e High productivity of advanced corrugation equipment, allowing for increased output with
reduced processing time;

e Implementation of automated assembly of welded I-sections on mechanized stands with
hydraulic fixation of section components (web and flanges), followed by integration into a unified
girder element (Figure 7). Alternatively, inventory stands at production facilities can be utilized,
depending on the production volume and the availability of specialized equipment;

e Mechanization and automation of the flange welding process, improving efficiency and
reducing manual labor.

The adoption of these technological advancements has resulted in a significant decrease in
production time and labor costs, enhancing the overall efficiency of manufacturing girders with
corrugated webs.
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Figure 6 — Rotary Machine for Continuous Corrugation of Steel Sheets.

The machine is designed for the continuous corrugation of steel sheets with a maximum width
of 1950 mm and a maximum thickness of 12.0 mm.

Figure 7 — Assembly of Welded [-Beams with Corrugated Webs in Mechanized Production Areas.

To address these challenges, relevant developments have been carried out to improve the
technological processes for manufacturing welded [-beams with corrugated webs. In particular, a
specialized device has been designed for the production of girders with corrugated webs, with a
projected capacity of up to 10,000 tons of metal structures per year. Given its compact dimensions,
this equipment can be integrated into one of the modular buildings of the "Alma-Ata" type, ensuring
efficient and scalable production.

Relevant efforts have also been undertaken to implement automated submerged arc welding
(SAW) for the flange joints of BGS beams, utilizing a serial welding machine with adjustable wire
feed speed, ADF-1202 (Figure 8).

Subsequently, similar work was carried out to automate the welding of flange plates in a carbon
dioxide environment and in a mixed gas environment with argon (Figure 9).

The welding quality in both methods complies with the requirements of regulatory documents.

Since the web thickness typically ranges from 3.0 mm to 5.0 mm, the flange welds are usually
performed from one side. However, when welding thicker webs, double-sided welding is applied,
with the beam positioned optimally for the welding process. The fillet weld sizes are either made
equal or welded with unequal fillets to meet the regulatory requirements for fillet dimensions
depending on the thickness of the welded components.

After attaching various fastening elements to the beam using semi-automatic or manual
welding, the structure undergoes anti-corrosion treatment in a specialized sandblasting chamber.
Subsequently, the metal structure is primed once and dried in a drying chamber. Figure 10 presents
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a welded I-beam of the "BGS-Kazakhstan" system, fully treated with anti-corrosion protection and
ready for delivery to the customer.

SR

Figure 10 — Positioning of a Welded I-Beam Profile with a Corgated Web on a Rotator for Welding Flange Joints with
Unequal Fillets.

The table 1 provides a comparative analysis of labor intensity for different beam types,
including corrugated web beams, beams without stiffeners, and beams with stiffeners. The data
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illustrate that beams with corrugated webs require the least labor effort across all manufacturing
stages, making them the most efficient option in terms of production complexity and cost.

Table 1
Labor Intensity of Structure Manufacturing
Beam with Corrugated Web Beam without Stiffeners Beam with Stiffeners
Operation Units of o Units of o Units of o
Measurement ’ Measurement ’ Measurement °
Preparation and 7,5 100 8,1 108 7,9 104
Transportation
Processing and
Component 6,2 100 6,8 110 8,5 137
Fabrication
Assembly 3,5 100 3,5 100 4.4 126
Welding 3,2 100 5,9 184 7,9 247
Finishing, Painting, 6,0 100 73 122 6,9 115
and Loading
Total 26,4 100 31,6 120 35,5 134

Among the key differences, welding stands out as the most labor-intensive stage, particularly
for beams with stiffeners, where additional reinforcement significantly increases workload.
Processing and fabrication also demand considerably more effort for beams with stiffeners due to the
complexity of additional structural elements. While preparation, transportation, and assembly efforts
remain relatively similar across all beam types, the finishing and painting process requires slightly
more effort for beams without stiffeners.

Overall, corrugated web beams demonstrate the lowest total labor intensity, reducing welding
and processing complexity. This suggests that using corrugated web beams can enhance
manufacturing efficiency by streamlining production while maintaining structural integrity.

5 CONCLUSIONS

Based on the conducted research, the following specific conclusions are drawn in accordance
with the stated objectives:

1. Corrugated web I-beams have demonstrated considerable potential for use in crane runway
systems, particularly those subjected to dynamic and cyclic loading. The triangular corrugation
profile enhances the out-of-plane stability of the web, thereby significantly increasing the beam’s
resistance to local and global buckling. This structural improvement makes it possible to eliminate
the need for transverse stiffeners, which are typically used in flat-web beams to prevent buckling. As
a result, the overall beam geometry becomes more efficient, lighter, and simpler to fabricate, without
compromising structural safety or service performance.

2. The comparative weight analysis of flat versus corrugated web beams under various crane
load scenarios (10t, 30t, 50t) showed a consistent and measurable reduction in the total weight of the
structure — ranging from 4.9% to 6.9%. This weight reduction is directly attributed to the elimination
of stiffeners and the optimized load distribution across the corrugated web. Lower beam weight
contributes not only to material savings but also to easier transportation, reduced installation efforts,
and potential savings in foundation costs due to lighter loads.

3. The production of beams with corrugated webs requires significantly less labor compared to
beams with flat webs and stiffeners. This is due to the reduction in the number of assembly
components, fewer welding seams, and minimal repositioning between technological stations. The
analysis revealed that labor intensity can be reduced by approximately 20%—40%, depending on the
specific design and beam configuration. This makes the use of corrugated webs a highly practical
solution in terms of production efficiency and industrial scalability.

4. The introduction of second-generation rotary corrugation machines and mechanized welding
stands into beam production lines has led to substantial improvements in output quality and
consistency. These systems allow for the continuous, high-speed formation of corrugations in steel
sheets while preserving uniform thickness and material properties. When combined with automated
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welding technologies, the result is a streamlined manufacturing process that reduces fabrication time,
minimizes human error, and enhances structural integrity.

5. The study strongly supports the application of triangular corrugation profiles with

standardized geometric parameters — specifically in terms of corrugation pitch, depth, and wall
thickness. Through numerical modeling and experimental validation, these parameters were found to
significantly influence the stiffness, load-bearing capacity, and deformation characteristics of the
beam. The research also highlights the importance of considering web eccentricity and localized
stress concentrations in design, recommending their inclusion in future engineering calculation
methodologies and national code provisions.
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