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ABSTRACT

Introduction. The aim of this study is to investigate the performance of crane runway beams with triangular corrugated webs. These
beams are increasingly popular in industrial construction because of to their enhanced shear resistance and structural efficiency. Flat
webs have several disadvantages, including high stress levels and excessive material consumption. Optimizing the geometry of cor-
rugations makes it possible to improve strength and reduce the overall construction cost. Methods and Materials. The study is based
on numerical modeling using the finite element method (FEM) in LIRA-CAD 2022 software and full-scale experimental testing. The
performance of beams with both corrugated and flat webs was analyzed under wheel loads from cranes with lifting capacities of 10,
30, and 50 tons. Deformations and the distribution of normal and shear stresses were evaluated. Results and Discussion. The numeri-
cal model demonstrated high accuracy, with a maximum deviation of only 2.9% from experimental results. Crane runway beams with
corrugated webs exhibited lower shear and normal stresses, reduced deflections, and more uniform force distribution. They also proved
to be more economical due to lower material consumption and reduced labor intensity. Additionally, the corrugated beams showed
enhanced economic performance, reducing material costs. Conclusion. Triangular corrugated web beams outperform traditional flat
web beams in structural and economic terms. The findings support the use of optimized corrugation profiles to increase load-bearing
capacity and reduce production costs. These results are relevant for optimizing crane beam design in industrial structures.
KEYWORDS: crane runway beam, flat web, corrugated web, static load, overhead crane, shear force, normal stresses, shear stresses,
cost analysis
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AHHOTALMA

BeepeHue. Llenb nccnefoBaHnsa — 13yunTb NnoBefeHne NOAKPaHOBbIX 6aNloK C TPeyrofbHbIMK rodPUPOBaHHBIMU CTEHKaMMK,
KOTOpble HaXoAAT Bce Horiee WNPOKOe MPUMEHEHVE B MPOMBILLIEHHOM CTPOUTENbCTBE Gnarofapa NOBbILEHHON YCTONUYNBOCTU
K COBUTY Y KOHCTPYKTUBHOW 3 deKTNBHOCTW. [TNOCKMe CTEHKU NMEIOT PAA HEAOCTAaTKOB — BbICOKME HaNPSXKeHNA 1 60NbLLOI pac-
xog. OnTuMm3sauma reomeTpuv rodppoB NMO3BOJNIAET MOBLICUTb MPOYHOCTb U CHU3UTb CE6eCTOMMOCTb KOHCTPYKLMK. MeToabl n Ma-
Tepuanbl. PaboTta 0CHOBaHa Ha YNCIEHHOM MOAENNPOBaHNN METOAOM KOHeUHbIX 3nemeHToB (MK3) B nporpamme LIRA-CAD 2022
1 MOSTHOMACLUTAOHbIX SKCMEPUMEHTAJIbHbIX MCMbITaHWAX. Bbina nccnegosaHa paboTa 6anok ¢ rodprpoBaHHON 1 NMNOCKOI CTEHKON
npwv Harpy3kax oT KpaHoB rpy3onoabemMHocTbio 10, 30 1 50 ToHH. OueHmnBanuch fgedopmauny u pacnpeneneHrie HanpaxeHuin
u casvira. Pesynbratbl 1 06cyaeHmne. PacueTHasa Mofesb NPOLEMOHCTPUPOBASIA BbICOKYHO TOUHOCTb (MaKCMMarbHOE OTKSIOHEHNVE
OT 3KCnepumMeHTa — 2,9%). NMopkpaHoBble 6ankn ¢ rodpUpPOBaHHON CTEHKOW MOKa3ann MeHbLLNe KacaTeslbHble 1 HOPMasibHble Ha-
NPs>KeHUA, MeHbLUVEe NPOrbbl 1 6onee paBHOMEPHOE pacnpepeneHmne ycunuii. Takke OHY OKasanncb 6oee SKOHOMUYHBIMM 3a CYeT
MeHblLLero pacxofa. 3akntoueHue. lodppupoBaHHble 6anKm C TpeyrobHbIM NpoduneM NPeBOCXOAAT 6anky C MIOCKON CTEHKON Kak
MO MPOYHOCTHBIM, TaK 1 MO SKOHOMMYECKUM XapaKTepncTukam. MiccnenoBaHue noaTBepKaaeT LenecoobpasHoCTb NPUMEHEHNA
rodppripoBaHHbIX CTEHOK B MPOEKTUPOBaHMM NMOAKPaHOBbIX 6aflOK 1A NOBbILLEHWA HeCYLL el CMOCOGHOCTY 1 ONTUMM3aLMK 3aTpar.

KJTIOYEBbBIE CJIOBA: noakpaHoBas 6anka, nnockas cTeHKa, roppripoBaHHas CTEHKA, CTaTUYeckas Harpyska, MOCTOBOW KpaH, Mo-
nepeyHas cua, HopMasibHble HaMpPAXeHWs, KacaTeNbHble HANPSKEHUs, SKOHOMUYECKINI aHanm3

ana UuTUPOBAHUA:
OkaHos [1.A., BpaHues A.A., bo3kypT M.B., Huet6air C.E., Mongamypatos X.H. OnpegeneHuve 3¢deKkTMBHbIX NapaMeTpoB Tpey-
rofibHON rodprPOBAHHON CTEHKU NOAKPaHOBbIX 6anok. HaHomexHonozuu 8 cmpoumenscmae. 2025;17(2):132-150. https://doi.

org/10.15828/2075-8545-2025-17-2-132-150. - EDN: YIYSOF.

INTRODUCTION

The primary objective of this research is to investigate
the performance and deformability of welded crane run-
way beams with triangular corrugated webs. To address
this problem, several key objectives must be achieved:
(1) to determine the optimal web configuration for three
crane runway beams of different sizes under three load-
ing conditions: a load of 0.95 kN per wheel from a 10-ton
capacity overhead crane for the first type of crane runway
beam, a load of 2.25 kN per wheel from a 30-ton capacity
overhead crane for the second type, and a load of 3.35 kN
per wheel from a 50-ton capacity overhead crane for the
third type (2) to identify the most efficient corrugation
parameters and (3) to compare the weight, labor intensity,
and economic efficiency of crane runway beams with flat
and corrugated webs.

Corrugated web I-section steel beams have gained at-
tention in structural engineering due to their potential to
enhance shear resistance while maintaining overall struc-
tural efficiency. This study explores the impact of web cor-
rugation on the flexural and shear performance of crane
runway beams through numerical simulations and experi-
mental validation. Using Lira-CAD (Lira-Computer-aided
design software), finite element models were developed to
analyze simply supported and cantilever beam configura-
tions under concentrated and uniform loading. The results
indicate that while corrugated webs have a negligible effect
on flexural resistance, they significantly improve shear ca-
pacity. Additionally, drop tests on composite beams with
corrugated webs highlight their energy absorption charac-
teristics under impact loads, revealing that shorter beams

exhibit instability. Further investigations into A parametric
study also examined the influence of web openings, show-
ing that their presence can alter ultimate strength by up to
15%. These findings contribute to optimizing the design of
crane runway beams by identifying key parameters affecting
load capacity, energy absorption [1—5].

In this study, shell elements were used to model the
crane runway beam with a triangular corrugated web.
The selection of shell elements is justified by their abil-
ity to accurately capture both in-plane and out-of-plane
deformations while maintaining computational efficiency.
The corrugated web was discretized using four-node shell
elements with six degrees of freedom per node, allow-
ing for realistic simulation of bending, shear, and axial
deformations.

The finite element analysis was conducted using
LIRA-CAD 2022, employing a nonlinear static analysis
approach. The nonlinear performance was considered to
account for geometric imperfections and material non-
linearity. The boundary conditions were applied to repre-
sent a simply supported beam, with constraints imposed
to prevent rigid body motion while allowing for realistic
structural deformations under applied loads.

Mesh convergence analysis was performed to ensure
accuracy, where different mesh densities were tested, and
the final mesh size was selected based on the balance
between computational efficiency and solution accuracy.
The numerical results were validated against experimental
data, demonstrating good agreement with a maximum
deviation of 2.9% in displacement values.

Corrugated web beams are widely studied for their
enhanced shear resistance and structural efficiency. This
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research aims to determine optimal parameters for trian-
gular corrugated webs in crane runway beams by analyzing
their mechanical behavior under various loading condi-
tions. Finite element (FE) simulations and experimental
tests confirm that corrugation improves shear buckling
resistance, influences stress distribution, and affects struc-
tural stability. Studies on castellated-corrugated beams
highlight reduced load capacities due to combined web
post-buckling and flange buckling effects. Additionally,
the connection method between crane rails and runway
beams significantly impacts local stress distribution.
Further analysis of cold-formed built-up beams with
corrugated webs reveals that web thickness, shear panel
properties, and connection types influence flexural rigidity
and bending capacity. FE modeling of trapezoidal cor-
rugated webs also demonstrates distinct torsional perfor-
mance compared to conventional I-beams. These findings
contribute to optimizing crane runway beam design for
improved shear resistance and structural performance.
[6—10].

Crane runway beams are subjected to complex loading
conditions, including lateral-torsional buckling, and geo-
metric imperfections, which can lead to structural failures
over time. Studies indicate that factors such as rail-beam
connection detailing, and stress concentrations signifi-
cantly impact the durability and safety of these structures.
Furthermore, non-destructive testing methods and nu-
merical simulations provide valuable insights into crack
formation and stress distribution, enabling more effective
maintenance strategies. The 2021 study by Kovacevic et
al. highlights the importance of optimizing design param-
eters, improving load distribution, and implementing ad-
vanced monitoring techniques to enhance the service life
and structural reliability of crane runway beams [11—17].

The structural performance of crane runway beams is
influenced by various factors, including shear lag effects,
lateral torsional buckling, and the impact of crane rails
on bending stiffness and load-bearing capacity. Recent
research highlights the importance of numerical simula-
tions and finite element analysis in evaluating the stress
distribution, deformation, and stability of crane runway
girders. Strengthening techniques, such as welding ad-
ditional steel members to increase load-bearing capacity,
have also been explored to enhance the structural integrity
of runway beams. These studies provide a foundation
for optimizing crane runway design, ensuring safety and
long-term durability under varying operational condi-
tions [18—25].

A corrugated beam consists of flanges made from
various metal sections and a transversely corrugated
(curved) web. The web may feature different corruga-
tion profiles, such as triangular, sinusoidal, trapezoi-
dal, and rectangular shapes. The flanges of such beams
are fabricated from steel profiles or shaped sections, or
welded sheets. Corrugated web beams have seen wide-

spread adoption in many countries due to their enhanced
performance.

In recent years, crane runway beams have gained sig-
nificant attention owing to the growing construction of
industrial buildings. Their reliability, strength, and ef-
ficiency contribute to improved production and logistics
processes while ensuring safety under heavy load opera-
tions. Crane runway beams, as load-bearing elements,
transfer loads from crane wheels and provide structural
stability by distributing longitudinal and lateral forces,
including seismic effects, to connected columns.

Several studies, including those by Wei et al. [26] and
Progress in Steel Building Structures [27], have addressed
the design of crane runway beams with corrugated webs.

The material used in the study complies with GOST
380-2005 [29], which minimizes the variability of proper-
ties within a single steel grade. The mechanical charac-
teristics were applied in accordance with the test report
(Appendix A).

Despite prior research on corrugated-web beams, gaps
remain regarding the optimal design parameters, includ-
ing web thickness, corrugation height, and angle. The
present study addresses these gaps by systematically ana-
lyzing the impact of corrugation gecometry on the struc-
tural performance of crane runway beams, with a focus on
replacing flat webs and stiffeners with corrugated webs to
enhance strength and reduce labor-intensive manufactur-
ing processes [30].

Additionally, issues related to crane runway beams,
such as weld cracking and damage to fastening joints,
highlight the need for further investigation. The study
aims to provide practical recommendations for the design
and application of corrugated-web beams in industrial set-
tings, ensuring improved safety, reduced material usage,
and enhanced structural efficiency.

METHODS AND MATERIALS
2.1. Methods

This research focuses on the feasibility of replacing flat
webs with corrugated ones to improve the physical, me-
chanical, and economic properties of crane runway beams.
The selected design is justified by the absence of detailed
specifications regarding the thickness, length, depth, and
corrugation radius of welded I-section crane runway beams
in scientific literature and regulatory documents across the
Commonwealth of Independent States (CIS).

In Kazakhstan, triangular corrugations are predomi-
nantly used for constructing beams with transversely cor-
rugated webs [28]. Beams with trapezoidal and rectangu-
lar corrugations are commonly used in Sweden, Finland,
the United States, Japan, and the Netherlands, while
sinusoidal corrugations are employed in Austria, Ukraine,
Poland, and Russia.
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The methodology includes numerical analysis of crane
runway beams with flat and corrugated webs to evaluate
their load-bearing capacity, stability, effective parameters,
and to improve economic efficiency and reduce labor in-
tensity. The experimental investigation was conducted on
a simply supported beam with a triangular corrugated web.

Due to the absence of precise calculation methods for
crane runway beams with corrugated webs, physical test-
ing is essential for practical application in construction.
The geometric parameters, materials, loads, and bound-
ary conditions used in the experiment are detailed below.

When specifying the dimensions of the corrugation,
the following notation is used: a bXc / d, where a is the
corrugation length (mm), b is the corrugation depth
(mm), c is the web thickness (mm), and d is the corru-
gation bend radius (mm).

As a result of theoretical and experimental studies
conducted in 2019 [28] at the KazGASA laboratory, ef-
fective geometric parameters for a 2 mm thick web were
identified. Tests were carried out on a large-scale model
(scale 1:1) of a corrugated beam with constant cross-
section (flange 150%6 mm, web 600X2 mm, corrugation
parameters 280%45%2/30 mm) and a span of 4200 mm
in Figure 1.

The load magnitude during beam testing was mea-
sured using an electronic dynamometer and confirmed
by a manometer.

Deflections were recorded using electronic deflec-
tometers (accuracy 0.01 mm), and the influence of model
displacement due to compliance was accounted for and
eliminated. Deflectometers measured vertical displace-
ments at load application points and supports. The design
load Fp for the tested beams was set at 60 kN. Loading
was applied in increments: 10 kN for the first two steps
and 5 kN for subsequent steps. Prior to the experiment,
a test loading was conducted up to 35 kN with an incre-
ment of 5 KN. Due to relatively small deflections, this
load step was selected. After each step, a holding period
was observed, and deflectometer readings were recorded.

The tests were conducted using a single-span scheme
with concentrated load applied at mid-span (Figure 2)
and hinged support conditions. The boundary conditions
were applied to both ends of the beam model at the nodes
of the end plate surface by limiting the required degrees
of freedom. The beam at the left part has a fastening along
the axes X, Y and Z and at the right part along the axes
Yand Z.

The general view of the beam and its geometric di-
mensions are shown in Figure 2.

The triangular corrugations of the web, with round-
ed peaks, had a wavelength of L = 280 mm and a wave
height of h_ = 45 mm. The material selected for the web
and flanges was 3SP steel according to GOST 380-2005
[29] corresponding to grade S245 , with the following

Fig. 1. Tested geometry
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Fig. 2. Loading Scheme, and Test Stand of the Corrugated Beam: a — Loading Scheme of the Tested Model; b — Test

Stand for Full-Scale Experiments; c — Experimental setup

characteristics: yield strength o,= 245 N/mm? and ten-
sile strength o, = 370 N/mm?. The actual yield strength
was o, = 339.7 N/mm?, and the tensile strength was
0, = 435.4 N/mm?[28]. The beams were manufactured
at the production facility of Yusem Tau LLP in Almaty,
Kazakhstan. The general view of the corrugated beam is
shown in Figure 2.

The beams were loaded using hydraulic jack
DG-25 hydraulic jacks through a steel plate measuring
100%x20 mm and with a length equal to the flange width
(L = 150 mm). The loading schemes are presented in
Figure 2.

The deformation properties of the beams were ex-
amined alongside the analysis of the stress state of the
elements, as limited information is available on the defor-

mation behavior of thin-walled corrugated webs, which is
of particular interest for construction practice.

The use of the finite element method (FEM) in the
Lira-Computer-aided design (LI-RA-CAD) 2022 soft-
ware for numerical modeling of crane runway beams with
corrugated webs was justified by its proven efficiency in
solving structural mechanics problems. FEM accurately
accounts for the complex geometry of corrugations, the
heterogeneity of the stress-strain state, and allows for
validation of results by comparing them with experimen-
tal data, as was successfully done using the test results
(Table 1).

To validate the finite element method (FEM) cal-
culations, we employed a large-scale model (scale 1:1),
which allowed us to closely approximate the computa-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2025;17 (2):
132-150

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS

Table 1. Experiment Results

Maximum Load Bending Shear Force Deflection R E e
F KN Moment at at Supports Q , kN (mm) Y Y, mm teristics of the
GLrTy Mid-Span M, kNm PP e t Specimens
150 157.5 75 8.04 13.28 Local Buckling
of the Flange

tional conditions to real-world scenarios. As a result, the
discrepancy between experimental and theoretical data
was found to be negligible.

The Figure 3 demonstrates the correlation between
displacement and force for both experimental and nu-
merical (LIRA) results, showing a similar trend in both
cases. The numerical model closely approximates the
experimental values, with minor discrepancies. At lower
loads, differences are minimal, but as the force increases,
the gap widens. At 150 kN, the experimental displacement
is 13.28 mm, while LIRA predicts 12.90 mm, a 2.9% dif-
ference. This deviation is likely due to boundary condition
imperfections and unaccounted residual stresses. Despite
this, the LIRA model provides an accurate structural re-
sponse assessment, with deviations remaining within an
acceptable range.

In LIRA-CAD, the finite element method (FEM)
is used to analyze the structural performance of crane

runway beams. The beam is discretized into finite ele-
ments, and for each element, a specific type of finite
element is employed to capture its structural response
accurately. The software utilizes a numerical solution
approach, where the element stiffness matrix defines the
relationship between nodal forces and displacements.
The analysis type employed in this study includes non-
linear analysis, ensuring an accurate representation of
the beam’s performance under load. After solving the
system of equations, the nodal displacements are ob-
tained, followed by the internal forces that characterize
the structural response.

Despite the robustness of the numerical modeling
approach using LIRA-CAD, challenges could arise re-
garding the accurate definition of boundary conditions,
particularly in the areas of welded joints and supports,
optimization of the finite element mesh to capture the
complex corrugation geometry, and potential nonlinear

Experimental

140 ~®- Lira
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100+

801 2 4

Force (kN)
h 1

60 2.

20r s 4

L 1 1

Displacement (mm)

8 10 12

Fig. 3. Comparison of Flange Displacements in the Beam Between Physical and Computer Experiment
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effects under high loads. These issues required careful
verification and validation of the results.

Three load magnitudes and three sizes of crane runway
beams were selected, and their deformations and stresses
were analyzed. Each structure was subjected to corre-
sponding static loads from the overhead crane wheels. The
experimental investigation was carried out on a simply
supported beam with a triangular corrugated web.

Experimental studies of corrugated beams are a crucial
part of validating various hypotheses regarding the prin-
ciples of operation and the efficiency of design solutions.
Both Kazakhstani and international construction codes
lack specific requirements for the thickness, length, depth,
and curvature radius of corrugations.

The conducted tests enabled a comparative analysis
of the deformation properties of beams with identical
cross-sections under similar operating conditions and
allowed verification of the computer simulation data. The
results obtained from the LIRA-CAD 2022 simulations
confirmed the program’s suitability for further numerical
studies of corrugated I-beams.

The numerical model was validated using FEM by
comparing its results with experimental data from Bry-
antsev’s study (Figure 4), confirming its accuracy and
reliability. Subsequently, optimal dimensions for the cor-
rugated web were determined, and effective parameters
were identified.

Table 1 presents the results of the experimental data,
including key mechanical parameters measured during the
study. The table summarizes the maximum load (F_ )
in kN, the bending moment at mid-span (M) in kNm,
the shear force at the supports (Q,) in kN, and the de-
flection values (Y, and Y,) in mm. The recorded values
are as follows: a maximum load of 150 kN, a bending
moment of 157.5 kNm, and a shear force of 75 kKN. The
deflection at measurement points is reported as 8.04 mm
and 13.28 mm, respectively. These results provide insights

into the structural performance of the tested specimens
under applied loads.

Computer modeling of the beams was performed using
the LIRA-CAD finite element analysis software. Bound-
ary conditions were applied to both ends of the beam
model at the nodes of the end plate surface by restricting
the necessary degrees of freedom. The beam was fixed
along the Y and Z axes at both ends. The material used
for the web and flanges was S245 steel according to GOST
380-2005 [28]. The yield strength is o,= 339.7 N/mm?>.
Since the unit of measurement in LIRA-CAD 2022 is
t/m?, it is converted to 34,639.76 t/m2. The elastic modu-
lus is E = 206,000 MPa, and Poisson’s ratio is v = 0.3.
The ultimate relative strain under compression and ten-
sion was taken as 0.025 (2.5%). Nonlinear deformation
of structures is considered in the calculation (Figure 5).

The Table 2 presents the key results of experimental
testing conducted on crane runway beams. The param-
eters listed include the maximum applied load F, _in
kN, the corresponding bending moment at mid-span M,
in kNm, and the shear force at the supports Q_in kN. Ad-
ditionally, the table provides the deflection values at mid-
span: theoretical deflection Y, and experimental deflection
Y., both measured in millimeters. The data highlights the
discrepancy between theoretical and experimental deflec-
tions, which is critical for validating numerical models
and improving the accuracy of future design calculations.

The difference between meshes Ne 3 and 4 is 0.78%,
therefore the calculations were continued with Ne3 and
a plate size of 5X5 mm.

According to the results of computer modeling, the
difference in beam deflections between the physical
experiment (13.28 mm) and the computer experiment
(12.9 mm) is 2.9%. The discrepancy is attributed to in-
accuracies in the beam installation within the test stand
and the inability to fully account for all parameters in the
calculation.

Fig. 4. Model of the Beam
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11 — exponential ~
Comments ‘ I
| Download diagram from file
Parameters for stress-strain diagram
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Parameters Values Draw sig (for FE of plates)
Eo(-) 2.06e+007 t/m?2 Maximum principal stre
Eo(+) 2.06e+007 t/m2
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o(-) -34649 4 t/m2 Eps -
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K
Save diagram to file
(®) Current diagram (O All diagrams of problem
Fig. 5. Setting the Parameters for Nonlinear Material Deformation
Table 2. Results of Experimental Data
Maximum Load Bending Moment Shear Force Deflection Y
F, maxr KN at Mid-Span M _, kNm at Supports Q_, kN (mm)Y, e
150 157.5 75 8.04 13.28
Table 3. Mesh Independence Study
Mesh Ne i,pcs i s Pcs €, mm %
1 211 10,1 -
2 421 13,6 34,65
3 841 12,9 51
4 1681 12,8 0,78

The dimensional characteristics of the beam with a flat
web were taken from the series of crane runway beams is-
sued by the Central Research Institute for Steel Structures
(TsNlIproektstalkonstruktsiya), Almaty, in 1982 [31].

Subsequently, models of crane runway beams with
corrugated webs were developed, and numerical analy-
ses were performed. The results were compared and de-
scribed, taking into account all geometric features [32].

These coordinates, shown in Figure 6, were then input
into the post-processor of the Structure Computer-aided
design (SCAD) Tonus computational suite to determine

the geometric characteristics. The Tonus software is de-
signed for the generation of cross-sections and the cal-
culation of their geometric characteristics based on the
theory of thin-walled members.

Previous research (Maximov et al., 2016) has demon-
strated that the implementation of a corrugated web in
beams significantly enhances their strength and stability.
A steel savings of up to 20% can be achieved by utiliz-
ing a thinner web. Theoretical and experimental studies
conducted by A.A. Bryantsev in 2019 at the KazGASA
laboratory identified optimal geometric parameters for
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Fig. 6. Assignment of coordinates for the corrugated web 640x80x6/30 in the SCAD Tonus postprocessor:

a - Coordinates; b - General view

corrugated webs with thicknesses of 6, 8 and 10 mm. The
most efficient configuration is a web with a corrugation
length of 480 mm and a corrugation depth of 80 mm [29].

In current study, the results differ due to the specific
loading conditions and operational characteristics of
crane girders. One plain web girder and eleven triangular
corrugated web girders with varying profiles were selected
for comparison. The reference object for comparative
analysis is a girder with a plain web, illustrated in Figure 4.
The dimensional characteristics of the plain web girder
are presented in Table 4 [31].

The Figure 7 illustrates the geometric dimensions of
a crane girder with a plain web. The web height (h ) is
640 mm, and its thickness (t ) is 6 mm. The upper flange
has a width (b') of 250 mm and a thickness (t.') of 10 mm,
while the lower flange has a width (b_?) of 6000 mm and
a thickness (t?) of 10 mm. The total height of the girder
(h) is 660 mm. These dimensions serve as a reference
for comparative analysis with corrugated web girders in
structural performance evaluation.

The coordinates of the extreme points of the corru-
gated web were also determined, as shown in Figure 8.

The crane girder is subjected to the load from the
weight of the overhead crane. Cranes with lifting ca-
pacities of 12.5, 32, and 50/12.5 tons were selected.
The corresponding wheel loads were taken as 0.95 kNN,
2.25 kN, and 3.35 kN, respectively, in accordance with
GOST 25711-83 [33]. The calculation considers the
weight of the crane-supporting structures, the maxi-
mum force exerted by the crane wheel, and the sum of
ordinate forces.

The load is applied from two crane wheels with a step
equal to the crane base width B (Figure 9). For light
cranes, there are two wheels on one side. The crane base
for a lifting capacity of 10 tons is 4.4 m, for 30 tons is
5.1 m, and for 50 tons is 5.6 m.

Figure 10 below illustrates the application of a con-
centrated load of 0.95 kN from the crane wheel, without
eccentricity. The analysis was performed using LIRA-
CAD 2022.

The Figure 10 presents the numerical models of crane
girders analyzed in the LIRA-CAD software. Model (a)
represents Crane beam with a flat web, while model (b)
represents Crane beam with a corrugated web. These
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Table 4. Comparative Dimensional characteristics of the plain web

Nanob%

1_ 2 _
h, -web t, -web b,' - upper t ﬂal:‘zzer b2 - lower L ﬂal:gv:er h - total
height thickness flange width thickness flange width thickness girder height
640 6 250 10 200 10 660
840 8 250 10 200 10 860
990 10 320 12 200 10 1012
S
~ 67(
S
S
S 10 | 1000 3
6000
Fig. 7. Dimensions of the crane girder with a flat web
S
Fig. 8. Dimensions of the corrugated web 640x80x6/30
| (Y ) |
| ) |

B
6000

Fig. 9. Load application scheme for the crane runway beam
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Fig. 10. Beam models in the LIRA-CAD software, where: a — Crane girder with a flat web; b — Crane girder with a cor-

rugated web

models were developed to compare the structural per-
formance of both configurations under crane wheel loads,
evaluating parameters such as stress distribution, defor-
mations, and load-bearing capacity.

Cost Efficiency. The cost estimation of crane runway
beam fabrication was carried out, considering differences
in the manufacturing process.

Input Data:

1. Steel grade: S245.

2. Steel cost: € 1.5/kg.

3. Labor costs:

Assembly and welding of components: € 0.8/kg.

Additional welding of stiffeners (only for the flat-web
beam): € 0.4/kg.

4. Beam mass:

Flat-web beam: 440.7 kg.

Corrugated-web beam: 419.3 kg.

The difference in labor intensity lies in the manufac-
turing process of the beams. The flat-web beam requires
three operations, including assembly, welding, and the
additional welding of stiffeners. In contrast, the corru-
gated-web beam involves only two operations, assembly
and welding, as stiffeners are not required. The applicable
standards governing the materials and production pro-
cesses include EN 10025-2, which defines requirements
for hot-rolled structural steel, including the S245 grade.
Additionally, EN 1090-2 specifies the execution of steel
structures, outlining the requirements for assembly and
welding, while EN 1993-1-1 (Eurocode 3) establishes the
design principles for steel structures.

RESULTS AND DISCUSSION

The study evaluates the structural performance of
crane girders with flat and corrugated webs under various
loading conditions. By integrating numerical simulations
and experimental testing, the analysis focuses on stress
distribution, deformation performance, and load-bearing
capacity. The following results highlight the advantages of

corrugated-web girders in terms of mechanical efficiency
and material optimization.

To further quantify these advantages, a detailed com-
parison between flat and corrugated web configurations
is necessary. This comparison helps identify the impact
of different web designs on the structural efficiency of
crane runway beams.

The reduced moments of inertia and reduced mo-
ments of resistance will be compared, as a parameter was
selected that remains consistent across all established
corrugation shapes. This approach allows for a compre-
hensive evaluation of both the overall stability and the
load-bearing capacity of the web.

Figure 11, 12, 13 illustrates the variation in the equiva-
lent moment of inertia and equivalent section modulus
relative to the central axis Y1 for different crane girder web
types, highlighting the structural efficiency improvements
achieved with corrugated web configurations compared
to a flat web.

The reduced moment of inertia is calculated using the
following formula:

! 1000 -1 0

eq b A

where:

qu is the equivalent moment of inertia, cm*/kg,

I is the moment of inertia, cm*,

p is the density of steel, g/cm?,

A is the cross-sectional area, cm?.

The reduced section modulus is calculated using the
following formula:

1000 - W
Weq = —, (2)
p-A

where:

Weq is the equivalent section modulus, cm?/kg,

W is the section modulus, cm?,

p is the density of steel, g/cm?,

A is the cross-sectional area, cm?.
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Fig. 11. Equivalent Structural Properties of Crane Girder Webs with a Thickness of 6 mm and a Bending Radius
of 30 mm
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Fig. 12. Equivalent Structural Properties of Crane Girder Webs with a Thickness of 8 mm and a Bending Radius
of 30 mm
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Fig. 13. Equivalent Structural Properties of Crane Girder Webs with a Thickness of 10 mm and a Bending Radius of

30 mm

The Figures 11, 12, 13 illustrate the variation in the
equivalent moment of inertia and the equivalent section
modulus relative to the central axis Y1 per unit mass of
corrugated steel for crane girder webs with different thick-
nesses (6, 8 and 10 mm).

Taking into account that the flange thickness has
a greater impact on the moment of inertia than the web
thickness, and that the thickness is uniform in all variants
except for the upper flange of the beam with a 10 mm web
thickness (where the flange thickness is 12 mm), across all
three thicknesses, the equivalent moment of inertia shows
a clear increasing trend with the web size, reaching peak
values at 640x80 for the 6 mm, 8§ mm and 10 mm webs.
The highest equivalent moment of inertia is observed in
the 10 mm thick web, peaking at 689.39 cm*/kg. In con-
trast, the lowest values are seen for the flat web across all
cases, with the minimum recorded for the 6 mm web at
3.82 cm*/kg.

The equivalent section modulus follows a similar pat-
tern but with smaller variations. The highest values are
observed in the 10 mm web at 154.53 cm?/kg, while the
lowest occur in the 6 mm web at 12.74 cm?3/kg.

Overall, increasing the web thickness enhances both
moment of inertia and section modulus, indicating better
structural performance. However, the efficiency gain di-
minishes for larger web sizes, suggesting an optimal range
for thickness selection in crane girder designs.

The data presents a comparative analysis of vari-
ous corrugated web configurations for metal structures
with a standard thickness of 6 mm, 8§ mm, 10 mm. The
parameters of cross-sectional area, equivalent flat web
thickness, and steel consumption provide insight into
how modifications in corrugation characteristics influ-
ence structural performance. As the corrugation length
increases, a positive trend is observed, with improvements
in the equivalent section modulus and moment of inertia.
Additionally, increasing the corrugation depth enhances
these properties, indicating improved load-bearing capac-
ity. The most optimal results are recorded for the 640% 80
configuration, where the highest values are achieved.

The Figure 14 illustrates the stress characteristics of
crane girder webs under different wheel loads. As the
load increases from 0.95 kN to 2.25 kN, all stress values
become more negative, indicating higher stress levels.
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Fig. 14. Stress distribution in crane girder webs under different wheel loads

The shear stress for a flat web reaches the most negative
value at —783 kN/m? under a 2.25 kN load, represent-
ing the maximum shear stress recorded. Conversely, the
normal stresses along the X-axis for a corrugated web
demonstrate the least negative values, with a minimum
of —542 kN/m? at 0.95 kN and -625 kN/m? at 3.35 kN,
indicating lower stress levels compared to the flat web. The
shear stresses for both flat and corrugated webs show an
increasing trend after 2.25 kN, suggesting a redistribution
of forces at higher loads. These findings highlight that flat
webs experience higher stresses than corrugated webs,
reinforcing the structural efficiency of corrugated designs
in reducing both normal and shear stresses.

The Figure 15 demonstrates the shear force distribu-
tion for flat and corrugated web crane beams under in-
creasing loads. The maximum shear force along the X-axis
in the flange is observed for the flat web at 10.5 kN/m
under 3.35 kN of load, while the corrugated web reaches
10 kN/m under the same load. At 0.95 kN, the shear
force along the X-axis is significantly lower, with values of

5.5 kIN/m for the flat web and 5 kN/m for the corrugated
web. For the shear force along the Y-axis in the flange, the
flat web reaches a peak of 8.5 kIN/m at 3.35 kN, while the
corrugated web records 6kNt/m under the same condi-
tions. At the lowest load of 0.95 kN, shear forces remain
minimal, with values of 2.5 kN/m for the flat web and
2. kN/m for the corrugated web.

The trend indicates that shear forces increase propor-
tionally with applied load, with flat web configurations
generally experiencing higher shear stresses than their
corrugated counterparts. However, the corrugated web
shows a more uniform stress distribution, reducing the
peak values compared to the flat web.

The displacements of the flanges along the X-axis are
consistently lower for the corrugated web compared to the
flat web, indicating improved structural stability under
increasing crane wheel pressure, as shown in Figure 16.

The Figure 16 illustrates the displacements of the
flanges along the X-axis for both flat and corrugated web
configurations under increasing pressure from a single
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Fig. 16. Flange Displacements Along the X-Axis Under Different Load Conditions
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Table 5. Cost comparison

Beam Type Total Mass (kg) Material Cost (€) Welding Cost (€) Total Cost (€)
Flat-Web Beam 440.7 661.05 528.84 1137.70
Corrugated-Web Beam 4193 628.95 335.44 940.20

wheel of an overhead crane. Although the displacement
values for the corrugated web are consistently greater
than those for the flat web, both remain within accept-
able limits.

All three graphs consistently demonstrate the advan-
tages of the corrugated web over the flat web in terms of
structural performance. The graphs illustrate the differ-
ences in the stress-strain characteristics of flat and cor-
rugated web crane girders. In the flat web (represented
by the blue and gray lines), stresses are higher than in
the corrugated web (orange and yellow lines), indicating
a greater susceptibility of the flat web to both normal and
shear stresses. The corrugated web, in turn, distributes
loads more efficiently, reducing localized stress concen-
trations.

In terms of shear forces, the flat web (solid lines) expe-
riences higher transverse forces than the corrugated web
(dashed lines) along both the X and Y axes. This suggests
that the flat web is more susceptible to transverse forces,
whereas the corrugated web redistributes loads, minimiz-
ing shear force concentration.

Additionally, the deflection magnitude in the flat web
(blue line) is higher than in the corrugated web (yellow
line), indicating that the corrugated web exhibits greater
stiffness, thereby reducing vertical deformations in the
structure.

Since the connection of the flanges to the web is per-
formed using automatic welding, the influence of residual
welding stresses was not analyzed separately in this study
and was not included in the computational model. The
primary focus was placed on the general stress-strain
states of the structure under static loading. It is assumed
that the effect of welding-induced stresses may have a lo-
calized nature, which does not significantly impact the
overall structural strength within the adopted assump-
tions.

Overall, the corrugated web demonstrates superior
performance by reducing stresses, transverse forces, com-
pared to the flat web, highlighting its structural efficiency.

Economic Analysis

A comparative cost analysis was conducted for both
flat-web and corrugated-web crane runway beams. The
analysis takes into account material costs, welding and
assembly costs, and the final total cost of manufacturing
each type of beam.

For the flat-web beam, the material cost is calculated
as 661.05 €, based on a total weight of 440.7 kg and a steel
price of 1.5 €/kg. The manufacturing process involves
three operations: assembly and welding of elements, as
well as welding of stiffeners. The cost for assembly and
welding is 352.56 €, while the additional cost for weld-
ing stiffeners is 176.28 €. Consequently, the total welding
cost amounts to 528.84 €, leading to a final total cost of
1137.70 €.

In contrast, the corrugated-web beam requires fewer
operations, as no stiffeners need to be welded. The ma-
terial cost is slightly lower at 628.95 €, due to a reduced
total weight of 419.3 kg. The welding and assembly cost
is calculated at 335.44 €, resulting in a final total cost of
940.20 €.

The comparative results demonstrate that the cor-
rugated-web beam is a more cost-effective option due
to lower material consumption and the elimination of
stiffener welding, reducing both labor intensity and overall
manufacturing costs in Table 5.

CONCLUSION

The finite element method (FEM) in LIRA-CAD
2022 has proven effective for modeling crane runway
beams with corrugated webs, accurately accounting for
complex geometry and stress-strain heterogeneity. The
comparison between experimental and numerical results
(Figure 3) demonstrates a close correlation, with devia-
tions remaining within an acceptable range. At 150 kN,
the experimental displacement was 13.28 mm, while the
LIRA model predicted 12.80 mm, showing a 2.9% differ-
ence due to boundary condition imperfections and unac-
counted residual stresses. Despite minor discrepancies,
the numerical model provides a reliable assessment of
structural performance.

The results of this study highlight the structural advan-
tages of corrugated web crane girders over their flat web
counterparts. The findings confirm that the corrugated
web provides better load distribution, reduces stress con-
centrations, and improves overall stiffness, which aligns
with previous research on the mechanical efficiency of
corrugated steel structures.

In terms of stress characteristics, the corrugated web
consistently exhibited lower normal and shear stresses
compared to the flat web, as demonstrated by the graphi-
cal data. This reduction in stress values suggests that the
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corrugation enhances the web’s ability to redistribute
loads, minimizing localized stress peaks and potential
structural weaknesses. These findings are consistent with
earlier studies on the mechanical performance of cor-
rugated plates, which indicate improved resistance to
buckling and increased durability under cyclic loading
conditions.

The analysis of shear forces further supports the
structural efficiency of the corrugated web. The flat web
showed higher transverse forces along both the X and Y
axes, indicating a higher susceptibility to shear deforma-
tions. Conversely, the corrugated web exhibited a more
uniform force distribution, which can contribute to longer
service life and reduced maintenance needs.

Regarding vertical displacements, the results dem-
onstrate that the corrugated web exhibits significantly
lower deflections than the flat web. The increased stiff-
ness observed in the corrugated web suggests improved
stability under varying load conditions, a key factor in
ensuring the long-term reliability of crane girders. This
outcome aligns with numerical simulations and experi-
mental studies on the deformation behavior of corrugated
steel beams, where optimized wave geometries effectively
enhance rigidity without excessive material consumption.

Despite the evident advantages of the corrugated web,
further investigations are necessary to refine design meth-
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