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Abstract. Frame structures made of composite
steel-timber I-beams with transversely corrugated
steel webs represent an innovative composite
solution in the construction industry, combining
the strength of steel with the environmental
benefits of timber. These structures offer
significant advantages, including a high strength-
to-weight ratio, improved thermal and acoustic
performance, enhanced seismic resistance, and
high corrosion resistance. From an economic
perspective, their use reduces overall construction
costs due to lower self-weight, high
manufacturability, and ease of installation. The
combination of a thin profiled steel web and
massive timber flanges ensures optimal utilization
of the physical and mechanical properties of both
materials, increasing the load-bearing capacity and
stiffness of the elements while reducing their
weight by a factor of 2-3 compared to traditional
steel or solid timber beams The technological
aspects of manufacturing elements of constant and
variable cross-section are revealed, including the
mechanical pressing of the corrugated wall into the
wood and glue joints based on two-component
epoxy mixtures. The ability to adjust the height of
frame cross-sections allows for the optimization of
material consumption depending on the bending
moment diagram, which increases the efficiency of
structures. The advantages of such structures in
thermal insulation and prevention of thermal
bridges, improved acoustic comfort, long-term
durability, and corrosion resistance due to the use
of galvanized steel are highlighted.

For Ukraine, the implementation of frame
structures made of composite steel-timber I-beams
is of strategic importance. They will contribute to
increasing the competitiveness of domestic
production, reducing dependence on imported
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materials and technologies, and supporting the
development of the country’s scientific and
engineering potential. Further development and
standardization of these structures open broad
prospects for creating energy-efficient, reliable,
and economically viable buildings, which is
critically important in the context of infrastructure
reconstruction and modernization.

Keywords: frame structures; steel-timber
beam; composite beam; HTS beam.

INTRODUCTION

Definition and concept of steel-timber
composite structures

Frame structures made of steel-timber I-
beams represent an advanced type of
composite profile construction that integrates
the properties of two different materials — steel
and timber [11, 12].
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Steel-timber 1-beams are also known as
"composite beams" or "HTS beams,"”
indicating their belonging to the category of
high-tech hybrid structures.

Fig. 1 Frame made of composite steel-timber I-
beams with a transversely corrugated
steel web:

1 — timber beam flange;

2 —web made of steel profiled sheet with
a trapezoidal corrugation shape;

3 — reinforcing plywood plates

Puc. 1 Pama KoOMIIO3UTHOTO METaNOEPEB’ SITHOTO
JIBOTABPOBOTO IEpepi3y 3 IMONEPEYHO
ro()poBaHOIO CTIHKOIO:

1 — mosic 3 KJI€EHOT IePEBUHM;

2 — cTiHKa 3 MONEePEeYHO-TO(POBAHUM
TpaIeeBUAHNM IIepPepi3oM;

3 — miacuITIorYi fiepeB’ THi HaKIIaIKU

The fundamental idea underlying these
hybrid solutions is to use the strengths of each
material to compensate for their individual
weaknesses.

The principle of material optimization is
central to the concept of steel-timber I-beams.
Steel, especially in a thin corrugated form, is
extremely effective in resisting shear forces,
making it ideal for the beam web. Timber, in
turn, in the form of solid or glued flanges,
perfectly withstands significant normal
stresses along the fibers and, due to its
massiveness, provides the flexural-torsional
stability of the beams [1, 2, 6, 13, 17, 23, 24,
25].
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Fig. 2 Variable cross-section frame made of
composite steel-timber I-beams with a
transversely corrugated steel web

Puc. 2 Pama 3MmiHHOTO TIepepi3y, BUTOTOBIICHA
3 KOMIIO3UTHHX MeTaJ'IO-I[epeB’SIHI/IX
JIBO-TaBPOBHX OaJOK 13 IONEPEYHO
ro)pOBaHOIO CTAJICBOKO CTIHKOIO

Thus, each material is placed in the part of
the cross-section where it functions with
maximum efficiency under typical loads
(bending moments and shear forces). This
approach leads to the creation of a significantly
more efficient overall cross-section compared
to using either of these materials separately for
the same structural function [5, 10]. This is a
direct application of construction mechanics
principles to achieve higher performance.

Relevance and
development in Ukraine

prospects  for

The current state of the construction market
in Ukraine, amidst infrastructure damage and
destruction, necessitates the development of
new effective structural forms. These forms
must have less dependence on production
bases, allow for the use of local renewable
materials, and ensure speed and ease of
building erection [7, 8, 9]. Timber is one of the
most accessible materials in this context. The
Ukrainian market for metal structures is
saturated with proposals from foreign
enterprises, leading to capital outflow from the
country and a gradual decline in scientific and
engineering personnel. An urgent scientific
and practical task is to increase the efficiency
of metal structures so that domestic factories
can compete with foreign manufacturers
without fundamental re-equipment. This will
allow the country to preserve production
capacities, eliminate capital outflow, and
maintain a high level of scientific potential in
the industry.
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MATERIALS AND METHODS

Components: transversely corrugated
steel web and timber flanges
The design of frame elements from

composite steel-timber I-beams with a
transversely corrugated steel web involves
N M
LITTITL LTI AT
-
. R "

milling a longitudinal groove in the timber
flanges of the I-beams (element 1 in Fig. 3),
into which a steel profiled sheet is glued or
pressed (element 2 in Fig. 3). The width of this
groove precisely matches the height of the
steel profile's corrugation.

Fig. 3: Construction of metal-and-timber I-beam: a — general appearance; b — cross-section; ¢ — shape of the
corrugated wall teeth for pressing into the wood belt.

Puc. 3: KoHcrpykuisi MeranonepeB’sHOI JBOTABPOBOi OalKW: a — 3araJlbHUKA BUIVIAL, b — momepeyHuit
nepepis; ¢ — hopma 3yO11iB Toh)POBaHOI CTIHKH JIJIs 3alPECOBYBAHHS B ICPEB’ IHUH T05IC.

Galvanized metal sheet is used as the web,
most often made of S550 GD + Z steel
according to DIN EN 10147. The thickness of
the steel sheet is usually 0,5-0,8 mm. The
performance of these beams largely depends
on advanced manufacturing technologies and
careful material selection. The thinness of the
steel web (0,5-0,8 mm) is key to reducing
weight, but it is the corrugated profile that
provides its stability, and the specific steel
grade ensures the necessary strength.

Connection methods: mechanical pressing
and adhesive bonding

To ensure a reliable connection between the
steel profiled sheet and the timber flanges, two
main methods are proposed: mechanical

pressing of the rigid corrugated steel web into
the timber flanges or connection using a two-
component epoxy adhesive that demonstrates
good adhesion to both metal and timber
surfaces [18, 19].

Assembly, pressing, or gluing processes are
carried out on specialized technological lines,
the length of which can vary depending on the
required length of the elements (Fig. 4). The
reliability of the composite structure's
performance critically depends on the quality
of the connection between steel and timber.
Mechanical pressing relies on friction and
form-fitting, while adhesive bonding is based
on chemical adhesion. The use of specialized
technological lines indicates industrial, high-
precision manufacturing that can be adapted to
various element lengths.

=" _ B

Fig. 4: The technological line for connecting steel joints with timber belts. Photo by WST Tragwerke GmbH
Puc. 4: Texnosoriuna JiHis Uil 3’€IHAHHS CTAIEBUX €JIEMEHTIB i3 JepeB’sHUMHU nosicaMd. POTO BUKOHAHO

WST Tragwerke GmbH
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Features of designing variable cross-
section elements

Steel-timber 1-beams can be manufactured
as elements of constant cross-section or as
structures with variable web height. The web
thickness, the height of the steel sheet
corrugation, and the dimensions of the timber
flanges are determined by calculation.

The ability to vary the cross-section height
(and, consequently, stiffness and strength)
along the length of the I-beam allows for
precise structural optimization (Fig. 5).

e l)

b

Fig. 5 Design scheme (a) , construction (b) ,
and material diagram (c) of a variable
cross-section frame.

Puc. 5: Po3paxyHnkoBa cxema (), KOHCTPYKIIis
(b) emropa wmarepiany (C) pamu
3MIHHOTO TIepepi3y

This means that material can be strategically
placed in areas with the highest stresses (e.g., at
supports or in the middle of the span for
bending moments), leading to significant
material savings compared to constant cross-
section beams designed for peak loads. This
principle of material distribution according to
the bending moment diagram is directly
applicable here, maximizing efficiency and
minimizing waste [14, 15, 16, 20, 21, 22]
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RESULTS AND DISCUSSION

The use of a metal profiled web in timber I-
beams leads to an increase in the load-bearing
capacity and stiffness of the profile, as well as
a reduction in the required cross-section height.
From a purely static point of view, the use of
steel-timber beams is expedient for spans from
7 to 24 meters, where a solid timber cross-
section typically cannot be used.

Reduction  of
consequences

Due to the lower density of timber and the
use of a thin corrugated web, the self-weight of
composite I-beams is 2-3 times less than
analogous metal and solid rectangular timber
elements. This significantly reduces building
construction costs. For example, a steel-timber
beam measuring 510/80/140 has a weight of
0,117 kN/m, which corresponds to a self-
weight load of 0,25 kN/m?. For comparison, a
glued laminated timber beam with a cross-
section of 140x420 mm weighs 0,28 kN/m,
which corresponds to a distributed load of 0,70
kN/m?. This significant reduction in self-weight
has a cascading effect on the entire construction
project. It directly leads to reduced loads on
foundations, allowing for the design of smaller,
simpler, and cheaper foundation systems.
Lighter elements also simplify and accelerate
transportation and installation processes,
potentially reducing crane usage time, labor
costs, and overall project timelines. This
provides systemic cost savings that go beyond
just the cost of the beam material itself, making
the overall construction project more
economical and efficient.

Thermal characteristics and insulation
properties

The very thin steel web (0,5 mm) gives steel-
timber I-beams excellent properties for
manufacturing thermal insulation building
elements. Their insulating properties are
significantly better than when using solid or
laminated timber beams, especially if the
formation of thermal bridges needs to be
avoided. With proper insulation installation,
condensation will not form in the web area.

self-weight and its
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Fig. 6: Thermal insulation of panels with metal-
and-timber beams

Puc. 6: Temnoi3oimisa maHeneil 3 MeTajleBo-
JICpeB'SHUMU OaKaMu

Steel typically creates thermal bridges in
composite structures. However, the thinness
and corrugated shape of the steel web in this
design, combined with the insulating properties
of timber, effectively minimize this problem.
The corrugated shape increases the heat transfer
path through the web and allows for better
integration of insulation into the web cavity,
thereby enhancing the overall thermal
performance of the composite element [3, 4].
This is a thoughtful design solution to
overcome a common problem in hybrid
structures.

Acoustic properties: vibration and noise
absorption

The light steel web in these load-bearing
systems reduces the transmission of vibrational
oscillations, which positively affects sound
absorption. In addition to structural efficiency,
this design contributes to human comfort. The
combination of materials and specific geometry
(thin web, timber flanges) creates a damping
effect on vibrations, reducing noise
transmission. This means that the beams not
only bear loads but also contribute to the overall
acoustic performance of the building, making
them suitable for applications where noise
control is important (e.g., industrial, office, or
residential buildings).

Durability and corrosion resistance

High corrosion resistance is ensured by the
use of galvanized metal webs made of S550 GD
+ Z steel according to DIN EN 10147, with a
zinc layer of at least 275 g/m? (approximately
40 pm). Under operating conditions with high
humidity and a medium degree of air
aggressiveness (e.g., industrial or urban
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atmosphere, or coastal climate with low
chloride content), the expected service life of
the protective zinc coating is 20-30 years. When
used indoors, durability can reach 50 to 100
years. Hot-dip galvanizing has significantly
better resistance to mechanical impacts
compared to painted coatings due to the
cathodic protection effect, even with minor
surface damage. Additional reliability can be
ensured by corrosion protection at the
intersection of the flanges with the steel web
when used in aggressive operating conditions.

Seismic resistance

The reduction of the frame's self-weight and
the use of a flexible corrugated web in
combination with the characteristics of timber
provide building frame structures made of
steel-timber profiles with increased seismic
resistance. Seismic forces are directly
proportional to the mass of the structure. A
lighter structure inherently experiences smaller
inertial forces during an earthquake, making it
more stable. The flexible corrugated web and
timber flanges in composite 1-beams contribute
to energy dissipation and ductility, allowing the
structure to deform without brittle failure. This
combination enhances the overall dynamic
performance and safety of buildings in
seismically active zones, making these
structures a desirable choice for such
applications.

Aesthetic qualities

The reduction of the frame's self-weight and
the use of a flexible corrugated web in
combination with the characteristics of timber
provide building frame structures made of
steel-timber profiles with increased seismic
resistance. Seismic forces are directly
proportional to the mass of the structure. A
lighter structure inherently experiences smaller
inertial forces during an earthquake, making it
more stable. The flexible corrugated web and
timber flanges in composite I-beams contribute
to energy dissipation and ductility, allowing the
structure to deform without brittle failure. This
combination enhances the overall dynamic
performance and safety of buildings in
seismically active zones, making these
structures a desirable choice for such
applications.
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Economic and production aspects

The assembly, pressing, or gluing of steel-
timber beams takes place on specialized
technological lines, allowing for the
manufacture of both constant and variable
height elements. A significant advantage is the
manufacturability of these beams: traditional
hand building tools are sufficient for their
processing. Timber itself is easily processed,
and the steel used in the web has a thickness of
0,5-0,8 mm and can be processed with hand
circular saws. As noted earlier, the self-weight
of composite I-beams is 2-3 times less than
analogous metal and solid timber elements,
which reduces building construction costs. For
comparison, let's consider a frame with a span
of 14,0 m at a design load of 3,0 kN/sg.m. The
required cross-section of a steel-timber beam
with a 510 mm steel web and 80x140 mm
flanges will have a weight of 12,30 kg/lin.m.
and a current retail price of approximately 28,0

ISSN 2522-4182

euros/m. In contrast, for the same loads and
overall dimensions, the required cross-section
of a glued laminated timber beam will be
140x420 mm, with a cost of about 26,0
euros/m. Thus, despite a slight difference in
material cost, the significantly lower weight of
the steel-timber beam frame leads to substantial
savings on foundations and installation costs.
This comparison clearly demonstrates that
while the initial cost per linear meter may be
comparable or slightly higher for steel-timber
beams, a compre-hensive economic analysis
reveals a significant advantage. The reduction
in self-weight directly leads to a cascade of
savings: smaller foundations, less need for
heavy lifting equipment, faster installation, and
potentially reduced labor costs. This provides
systemic cost savings that go beyond just the
cost of the beam material itself, making the
overall construction project more economical
and efficient.

Table 1 Comparative characteristics of metal-timber I-beams and traditional materials.
Ta6a.1 [TopiBHUTEHI XapaKTEPUCTUKH METAJIEBO-/IEPEB'STHUX IBOTABPOBUX OAIOK 1 TPAAMIIIHHIX MaTepiaiB

Characteristic

Metal-timber I-beam

Traditional metal/solid timber beams

Self-weight  (relative  to | 2-3 times lighter Base (1x)

analogous)

Load-bearing capacity Increased Lower (relative to composite)

Stiffness Increased Lower (relative to composite)

Optimal span range 7-24m Solid timber typically limited for such

spans

Thermal conductivity Significantly better insulation, prevents Less insulating, potential for thermal
thermal bridges bridges

Sound absorption Reduces vibrational oscillations, positive | Varies, often requires additional
impact measures

Seismic resistance

Increased due to reduced self-weight and
material characteristics

Varies, heavier structures bear higher
seismic loads

Corrosion resistance (steel
component)

High (galvanized S550 GD+Z steel,
service life 20-100 years)

Unprotected steel prone to corrosion
without special treatment

CONCLUSIONS AND
RECOMMENDATIONS

Frame structures made of composite steel-
timber I-beams with transversely corrugated
steel webs represent a highly promising
direction in modern construction,
demonstrating numerous advantages. They
provide increased stiffness, significant self-
weight reduction, improved thermal and sound
insulation  properties, high seismic and
corrosion resistance, and the aesthetic appeal of
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natural material. From an economic
perspective, these structures allow for
significant savings on foundations and

installation work, despite the comparable
material cost per unit length with traditional
counterparts. The simplicity of their processing
and the possibility of waste-free production
further emphasize their technological and
environmental efficiency.

For Ukraine, the implementation of frame
structures made of composite steel-timber I-
beams is of strategic importance. They will
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contribute to increasing the competitiveness of
domestic production, reducing dependence on
imported materials and technologies, and
supporting the development of the country's
scientific and engineering potential. Further
development and standardization of these
structures open up broad prospects for creating
energy-efficient, reliable, and economically
sound buildings, which is critically important in
the context of infrastructure reconstruction and
modernization.
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PAMHI KAPKACH 3 KOMIIO3UTHUX
METAJIOJAEPEB’SIHUX JIBOTABPIB 3
I'O®POBAHOIO CTAJIEBOIO
CTIHKOIO

leop CKJIAIPOB
Temana CKJIAIPOBA

AHoTanisi. PaMHI KOHCTPYKIIil 3 KOMITO3UTHHX
CTaJeBO-IEPEB'SHUX  JIBOTaBPOBUX  Oalok 3
MTOTIEpEeYHO TOMPOBAHUMH CTaJCBUMHU CTIHKAMH €
IHHOBaliiHUM ~ KOMIIO3UTHHM  DIICHHSM Y
OyaiBeNbHIH Tamy3i, 0 TOEIHYE MIIIHICTB CTaJi Ta
eKOJIOT1uHICTh JepeBHHHU. Lli KOHCTPYKIii MaloTh
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3HaYHi NepeBaru, 30KpeMa BUCOKE CITiBBiTHOIICHHS
MIITHOCTI JIO Barw, MOJIIIIICH] TeIJIOBI Ta aKyCTUYHI
BIIACTHBOCTi, TIJBHINEHY CEWCMOCTIHKICTh Ta
KOpO3iliHy CTiIHKiCTh. 3 EKOHOMIYHOT TOUKH 30DY, iX
BUKOPUCTAHHS  NPHU3BOAUTH A0  3HIDKCHHSA
3araJbHUX BHUTpPAaT Ha OYAIBHUUTBO 3aBISKH
MEHIIIN BJIACHIN Ba3l, BUCOKIM T€XHOJOITYHOCTI Ta
NPOCTOTi MOHTaXY.

[Noegnanas ToHKOI TpodibOBaHOT CcTaIeBOl
CTIHKM Ta MAaCHBHHUX [EpeB’SHUX IMOACIB
3a0e3revye ONTUMallbHE BHUKOPHCTAaHHS (i3HKO-
MEXaHIYHUX BJIACTHBOCTEH 000X Marepiaiis,
MiABUIIYIOYM HECYydy 3JaTHICTb 1 XOPCTKICTh
€JIEMEHTIB 3a OIHOYACHOIO 3MEHLICHHS IXHBOI
Macl y 2-3 pa3d TOpIBHSHO 3 TpaIulliHHUMH
MeTalneBUMH ab0  CYUUIBHUMH  JA€peB’SHUMHU
Oamkamu.  PO3KpUTO  TEXHOJOIIYHI  acCHeKTH
BUTOTOBJICHHS €JIEMEHTIB TOCTIHOTO Ta 3MiHHOTO
nepepizy, BKIIOYAIOUM MEXaHIYHE MpeCcyBaHHs
roppoBaHOi CTIHKH B JI€PEBHHY Ta KIICEBI
3’ € THAHHS Ha OCHOBI JTBOKOMITOHEHTHHUX
SMOKCUAHNX CcyMimel. MOXKIUBICTh BapiloBaTH
BUCOTY Iepepidy paMHUX KapKaciB Ja€ 3MOry
ONTHUMI3yBaTH BUTPATH Marepialy 3aJIeKHO Bin
eMIOpy  3TMHAIBHUX MOMEHTIB, IO 30UIbIIyE
edexTuBHICTH KOHCTPYKIii. Ilokasano mepeBaru
TaKUX KOHCTPYKIIH y TeII0130A1i1 Ta 3ano0iranti
YTBOPEHHIO TEIJIOBHX MICTKIB, Y TIi/IBUIIEHHI
aKyCTUYHOTO  KOMQOpPTy, JOBrOBIYHOCTI  Ta
KOpO3iiiHi CTIMKOCTI 3aBISKH BHKOPHCTAHHIO
OLIMHKOBAHO{ CTAaJI.

Jdns VYkpaiHM ~ BIOPOBAaKEHHS  paMHHX
KOHCTPYKLIH 13 KOMIIO3UTHUX METajo-AEpeB'sTHUX
JBOTAaBPOBUX OallOK Ma€ CTpaTeriyHe 3HAYCHHS.

Bounu CTIPUSITUMYTh i ABUILIEHHIO
KOHKYPEHTOCIIPOMOKHOCTI BITYU3HSIHOTO
BUPOOHMIITBA, 3MEHIICHHIO  3aJeKHOCTI  Bif

IMIOOPTHUX MaTepialiB 1 TEXHOJIOTiH, a TaKoX
T ATPAMITI PO3BHUTKY HayKOBO-TEXHITHOTO
noteHuiany kpainu. Iloganpmmii poO3BUTOK i
CTaHJApPTH3AIis [HX KOHCTPYKIH BiIKPHBAIOTH
HIMPOKI MIEPCIIEKTUBU TUIS CTBOpPEHHS
eHeproe()eKTUBHUX, HAAIHHUX 1 EKOHOMIYHO
BUTiTHUX OyJiBEJb, M0 Ma€ BUPIMIATbHE 3HAYCHHS
B KOHTCKCTI PEKOHCTPYKIi Ta MoIepHi3alii

iHbpacTpyKTypH

KarouoBi cioBa: pamHi KOHCTPYKIIii, MeTano-
JiepeB'siHI 0anku, kommno3utHi O0ainku, HTS-0amku.

101


https://doi.org/10.21303/2313-8416.2021.002033
https://doi.org/10.21303/2313-8416.2021.002033
https://doi.org/10.32347/2410-2547.2025.114.299-310
https://doi.org/10.32347/2410-2547.2025.114.299-310
https://doi.org/10.36868/IJCS.2023.02.12
https://doi.org/10.32347/2077-3455.2025.71.494-509
https://doi.org/10.32347/2077-3455.2025.71.494-509

