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Abstract

Introduction. The development of the construction industry in Russia involves both emerging technologies and materials
and traditional construction methods. One of the well-known tools in this country is wooden housing construction. Apart-
ment buildings are being built from wooden CLT panels, glued timber, beams made of unidirectional veneer, etc. are
commonly employed. Modern architecture seeks to create large open spaces for free planning. In wooden buildings, it is
not always possible to organize such spaces due to a limited length of lumber being produced. Studies aimed at designing
extended panels from wood are thus gaining momentum. The aim of this study is to develop new designs of wooden
panels for cladding and flooring of buildings from standard lumber, plywood and oriented strand boards with spans ex-
ceeding the standard length of boards, to identify the limits in the load-bearing capacity of such panels, as well as to
conduct their geometric calculation.

Materials and Methods. Two types of box-shaped panels made of wooden planks, plywood and/or oriented strand boards
are considered. The load-bearing capacity of the suggested structures is estimated by means of both traditional methods
of material strength and computer models.

Research Results. The design of extended panels is described differing from the known overseas analogues and is free
from the inherent disadvantages of the latter. Geometric calculation of the suggested structures is performed. The rational
size ratios of the sizes of boards that make up the panels are identified. Design limitations for individual elements of
products are established. Computer models of the panels are designed and employed in order to identify the applicability
limits of the suggested structures.

Discussion and Conclusion. As a result of the research, new designs of wooden panels for flooring and cladding of
buildings with possible spans exceeding the standard length of lumber and made with no use of costly materials have
been developed. The simplicity of the design makes it possible to organize manufacturing of products in small-size in-
dustries with complex and costly equipment involved. The panels can be employed for long open spaces in wooden
buildings and structures for a broad range of purposes.
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AHHOTAIIA

Beeoenue. Pazsutne crpoutenbHON oTpaciau Poccuu mpenamnonaraeT Kak mosiBJieHUe HOBBIX TEXHOJOTHH U MaTEpHaloB,
TaK 1 UCIIOJIB30BAHUEC TPAJUIIUMOHHBIX METOAOB CTPOUTECIILCTBA. OJIHI/IM M3 XOpOIIO U3BECTHBIX METOIOB B Hamren CTpaHe
SBIISIETCSl JICPEBSIHHOE JOMOCTpOeHHMe. B Hacrosimiee BpeMs BO3BOJSATCS MHOTOKBApPTHPHBIC JIOMa M3 JEPEBSHHBIX
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CLT-nmaneneii, MpPOKO UCIIONB3YETCs KieeHas peBecrHa, OallKi U3 OJAHOHANPABICHHOrO MinoHa U T.11. CoBpeMeHHast
apXHUTEKTypa HallpaBJIeHa Ha CO3/1aHNE 3HAUYNTEIbHBIX OTKPBITHIX IIPOCTPAHCTB JUTA CBOOOTHOH IIIaHNPOBKH. B epessiH-
HBIX 3[JaHUSIX HE BCErJa yJaeTCsl OPraHM30BaTh NOAOOHBIE MPOCTPAHCTBA M3-3a OTPAHWYEHHOCTHU JUIMH BBIITYCKAaeMbIX
MHJIOMATepUanoB. B CBs3H ¢ 3TUM aKTyaJlbHBIMH CTAHOBSITCS HCCIIEIOBAHMS, HAIIPABJICHHBIC HA CO3JJAHUE TPOTSHKECHHBIX
ma”esei u3 npeBecuHsbl. Llenpro HacTosmeil paboTHI ABISIETCS pa3pabOoTKa HOBBIX KOHCTPYKIMHA JIEPEBSIHHBIX MaHeNIeH
MOKPBITHH U TEPEKPBITHH 3IaHNi U3 CTAHAAPTHBIX NMIIOMATEPHANIOB, (paHEPH! 1 OPHEHTHPOBAHHOCTPYKEUHBIX ILTUT C
MPOJIETaMH, TIPEBBINIAIONIMMY CTAHAAPTHYIO JUIMHY JI0COK, ONpE/IeIICHUE MPEIEIOB Hecyllel CTOCOOHOCTH TaKUX IaHe-
JIeH, a TAKXKE UX TEOMETPUYECKUH pacyeT.

Mamepuanst u memoost. PaccMoTpeHs! 1Ba THIIA aHeIel KOpoOYaToro CTpoeHs, BBIIIOJHEHHBIX U3 IEPEBSIHHBIX JIOCOK,
(baHepb! 1/ OPUEHTUPOBAHHOCTPYKEUHBIX IUIUT. OLeHKa HecyIeil CHocOOHOCTH MpeiiaraeMbIX KOHCTPYKIM MTpou3-
BeZIeHa KaK IpH MOMOIIY TPaJUIIMOHHBIX METOJIOB COIPOTHUBIICHUS MATEPUAIOB, TAK U HA KOMIBIOTEPHBIX MOAEIAX.
Pesynomamut uccnedoganusn. Onrcana KOHCTPYKIUS IPOTSHKEHHBIX ITaHENEH, OTIIMYAIOIIAsics OT U3BECTHBIX 3apy0exk-
HBIX aHAJIOTOB X CBOOOIHAS OT MPHUCYIINX ITOCIETHIM HEOCTATKOB. BBITIONIHEH reOMeTpUIECKUH pacyeT MpeiaraeMbIx
KOHCTpYKIuil. OnpenesieHbl paroHaIbHbIE COOTHOIICHHMS Pa3MEPOB TOCOK, COCTABILFONINX AHETH. Y CTAHOBJICHBI KOH-
CTPYKTHBHBIE OTPAHMUYCHUS IJISI OTACIBHBIX 3J€MEHTOB H3enuid. Co31aHbl KOMIIBIOTEPHBIE MOJENH MAHEIeH, TIPH T10-
MOIIH KOTOPBIX YCTaHOBJIEHBI NPEEIbl IPUMEHUMOCTH IPEUIaraeMbIX KOHCTPYKIHH.

Odcyancoenue u 3aknouenue. B pesynprare NpoBeICHHBIX UCCIEIOBAaHUN pa3padOTaHbl HOBbIE KOHCTPYKIMU JAEPEBsH-
HBIX IIaHeJIed TIEPEKPBITUI U MOKPBITUI 3JaHUHI ¢ BO3MOXKHBIMU IIPOJIETaMU, IPEBBIIIAONIUMY CTAHIAPTHYIO JUIMHY IIH-
JIOMaTepHasioB U BBINOJIHEHHBIE O€3 HUCIONb30BaHUs JOPOTOCTOSIINX MaTepHuaioB. [IpocToTa KOHCTPYKIMH MO3BOJISET
OpraHM30BaTh BBINYCK M3JIEJIMA Ha HEOOJBIIUX MTPOU3BOJCTBAX 0€3 CI0XKHOTO U JJOporocrosiiero odopynosanus. [la-
HEJIU MOTYT NPUMCHATHCA A1 CO3AaHUA NPOTKEHHBIX OTKPBITHIX IMMPOCTPAHCTB B ICPEBAHHBIX 3ITaHUAX U COOPYIKECHUAX
Pa3INYHOTO Ha3HAYCHUSL.

KiaroueBsbie ciioBa: IaHeJb, APEBECHUHA, MTNJIOMATCPHUAJIbI, (baHepa, NEPEKPBITUC, TOKPBITUC, TPOTAKCHHBIC IPOJICTHL

s uurupoBanus. BepxoOosckuii I'.b. [IpoTsokeHHBIC NepeBIHHBIC TAHEIN TEPEKPHITHH U OKPBITHIA 30aruit. Cogpe-
MeHHble MeHOeHYUUu 6 Ccmpoumenbemee, 2padocmpoumenscmee u nianuposke meppumopuil. 2026;5(1):32-39.
https://doi.org/10.23947/2949-1835-2026-5-1-32-39

Introduction. Extended open spaces have been embraced in modern civic architecture. For them, special structures
of flooring and cladding — most frequently made of metal — are typically used. In wooden buildings, open spaces are
commonly limited by the size of standard lumber and are not beyond six meters. In order to design large facilities, beams
made of glued wood or products made of unidirectional veneer lumber (LVL) are to be employed with their spans de-
pending on the cross-section sizes. The use of these beams increases the cost of a frame structure and considerably en-
hances the thickness of flooring and roofing. Extended box-shaped panels where the power bearing elements are
"smeared" over the panel area are thus of interest.

One of the possible variants of such products are Kielsteg panels shown in Fig. 1 and allowing flooring of spaces up
to 27 meters long [1]. It should be noted that in this country a similar design was patented as early as in 2010 [2].

These products have some design features that arguably reduce their effectiveness. As wood performs better in com-
pression than in tension, it is advisable that a possibility of using boards of different thicknesses for upper and lower
paneling is explored. Plywood ribs bent during the manufacture of panels experience prestressing, which must be consid-
ered in design. Finally, the edges converging at the same joint form hard-to-reach spaces inside the panel to accommodate
effective insulation in them. It should be noted that laminated wood panels can have a highly diverse structure [3-5], and
only two of the possible variants of such products are going to be considered.

Along with the flat coverings, the panels discussed can also be used in vaults. Wooden arches are one of the oldest
and most interesting types of engineering structures in use. Initially, they emerged as a result of arched structures for
overlapping sufficiently large spaces with no intermediate supports [6]. In ancient Rome, the Pantheon and the Colosseum
came to be known as iconic structures using vaults. The structures were further developed in the Middle Ages when thin-
walled cladding emerged that was capable of withstanding significant loads with a minimum thickness, e.g., the Notre
Dame Cathedral in Paris. Modern architecture makes use of new approaches to designing vaulted structures, including
use of composite materials, parametric design by means of a special software, etc.

It is obvious that for a comprehensive review of the suggested panels, it is necessary to address some issues with the
main one being design of products and materials used to create them, as well as the geometric calculation of flat and
vaulted panels.

Building constructions, buildings and engineering structures
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a) b)
Fig. 1. Wooden floor panel by Kielsteg: a — cross section; b — an example of the use of panels [1]

Itis also important to identify the method of assessing the stress-strain of the panels. VVarious approaches are employed
to this end [7, 8]. However, the finite element method seems to be the most universal one allowing almost all the design
features to be considered.

Use of renewable natural environmentally friendly materials in structures of buildings is becoming a modern trend in
the construction industry. In the Russian Federation, more and more attention is being paid to wood use in construction,
but the limited size of lumber makes it impossible to cover significant spans with no metal or massive glued structures.
The creation of new products with lower material consumption compared to traditional structures is an urgent task [9],
and their use in cladding of significant spans, including vaulted ones, opens up avenues for creating architecturally attrac-
tive objects.

The aim of the study is to evaluate a possibility of using the suggested panels as load-bearing structures of flooring
and cladding, to identify their maximum spans and optimal ratios between the dimensions of the components of the
product elements.

The tasks to be addressed to this end are as follows:

— geometric calculation of panels and obtaining analytical dependencies to identify the dimensions of all of the com-
ponents of a product;

— assessment of the stress state of the forcibly curved edges of the middle layer of panels;

— designing parametric computer models of structures.

Materials and Methods. Two types of box-shaped panels with plank sheaths and ribs made of plywood or oriented
strand boards (hereinafter referred to as OSB) are discussed. The panels consist of recurrent modules with the size shown
in Fig. 2. The modules differ from each other in the shape of the edges. The first module has pre-curved edges, and the
second has rectilinear ones. Each of the suggested options has its advantages and disadvantages. In the first case, cham-
fered boards are used, however, certain effort must be applied to pre-bend the ribs, which might require presses, and the
ribs themselves will have lower safety margins due to prestressing. In case of rectilinear ribs, chamfering of the skin
boards becomes necessary, but the ribs do not have prestressing.

The basic dimensions of the panels are their height H, the thicknesses of the skins and ribs t, t and t, respectively, as
well as the width of the lumber b. The remaining dimensions shown in Fig. 2 are identified using the basic ones.

Modules for vaulted cladding come in a larger number of sizes and are more challenging to manufacture (Fig. 3).

A numerical-analytical approach was employed for the stated aim of the study. At the same time, the geometric cal-
culation of the panels is performed analytically, and the obtained dependencies are applied in the corresponding program.
Computer models of the panels were created in the SolidWorks software package.
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Fig. 3. Vault panel modules

Research Results. The first stage of the study was a geometric calculation of the panels. If in case of flat panels it
turns out to be fairly simple, for the arch elements it is a rather laborious process due to a need to identify the central
angles of the edges at radii R1 and R4, as well as the bevels of the cladding boards depending on the specified parameters.
The problem had to be addressed using analytical geometry methods, and, e.g., to identify all the dimensions of the
module of vaulted cladding with pre-curved edges, it was necessary to calculate more than fifty parameters.

The solution to the problem of geometric calculation of the vaulted panel is implemented in the Microsoft Excel
software. Fig. 4 shows a workbook sheet for a module with curved edges where the width of the board bs is initially
calculated so that the central corner of the lower skin is equal to the angle o (the designations are shown in Fig. 3), and
a text file is then written with the data necessary for a generative code. A module with rectilinear edges is calculated in
the same manner.

The curved edges of the panels are pre-bent during the panel manufacturing process as well as a plate under cylindrical
bending. Obviously, to this end, some pressure must be applied to the rib that in this case can be identified using the
methods of material resistance. A cantilever beam with a span equal to the length of the rib section between the board
sheaths is considered whose free end a concentrated force and bending moment are applied to (Fig. 5).
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Enter the initial data in the blue cells, determine the size of the b3 board (left button) and create a file for |
SolidWorks (right button)

Upper radius of the arch, mm
Rib thickness, mm
Thickness of the upper board, mm
Thickness of the bottom board, mm
Panel height, mm
The width of the middle board at a radius of R1, mm
Arch length, mm

J [ J

Fig. 4. Program for geometric calculation of a vaulted panel module with curved edges
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Fig. 5. Identifying the length of a work piece of the curved part of the rib

The ratio of these force factors is selected so that the specified deflection of the beam is ensured while the angle of
rotation of its free end is zero. Obviously, in this case, the bending moment can be expressed in terms of a concentrated
force, so the equation of the curved axis of the beam will have the form shown below. Given the fact that the stresses in
the rib should not be beyond the calculated bending resistance, the values of the maximum deflection of the rib and the
force creating it will be identified using the following expressions:

Px? 12 t2
w(x) =¥(3I —2X); Winax =%; P =R§—I.

Here R, is the calculated bending resistance of the rib material with the remaining designations clear from Fig. 5.

In manufacturing panels, it is recommended that plywood or OSB sheets used as ribs are positioned so that the fiber
direction of the outer layers is parallel to the thickness of a product.

The length of the work piece of the curved edge section is identified using an elliptical integral that takes the following
form:

I

* Px

L =] 1+[—(I —x)Z}dx.

0 2EJ
As a result of a numerical experiment where the distance between the panel skins and the amount of preliminary
bending of the rib varied, it was found that the length of the work piece of the curved section of the rib is slightly greater

than the one between the skins and can be found using the formula
L =1+0,01W2,,.

All of the above actions were necessary in order to identify the stress-strain of the arches performed in the SolidWorks
software package. This software tool provides a broad range of possibilities and can be used for modelling the behavior
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of structures made of new materials, accounting for the joint work of sheaths and a rib frame [10], as well as for comparing
different design options [11]. E.qg., the resulting three-dimensional model of an object in case of using global variables
can change when the specified variables can change in an external text file, which is handy in numerical experiments.

In order to design a panel model in SolidWorks, it sufficed to form separate modules a so-called assembly was made
from that included a required number of modules. Furthermore, in the Simulation software the object was automatically
divided into solid-state volumetric finite elements, support anchorages and operating loads were specified followed by a
static calculation.

As an example, Fig. 6 shows a module with curved edges and global variables from a Microsoft Excel text file.
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Fig. 6. Type 1 vault module model

In real-world design, it is more handy for engineers to use reference data that would provide rational dimensions of
cladding elements depending on the geometric parameters of an object and natural and climatic area of construction.
Obtaining such data is possible based on the results of a large numerical experiment where at least two hundred different
module variants will have to be considered. The aim of the experiment is to identify the appropriate parameters of the
cladding panels that could be written down in the form of simple formulas or tables, i.e., to design an engineering meth-
odology for the above structures.

A possibility of designing such a technique is implicitly confirmed in [1] that examines Kielsteg panels, as well as the
results of preliminary computer calculations for operational loads of individual modules (Fig. 7).

a) b)

Fig. 7. Computer simulation of Type 2 module: a — finite element model, b — deformed circuit
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Discussion and Conclusion. As a result of the literature review, new types of cladding panels and floors made of
wood, plywood and/or OSB have been set forth. Unlike the traditional glued plywood panels, the cladding of the sug-
gested products is made of planks, and the middle layer is a system of ribs made of sheet materials. This solution enables
a considerable increase in the span overlapped by the panels and therefore allows for extended open spaces in wooden
buildings. The panels can be either flat or curved in a circular arc on the short sides making it possible for them to be
employed in vaulted cladding.

As a result of the geometric calculation, the basic size ratios of the panels were identified and a software program was
developed in order to obtain the specified characteristics of the vaulted products. Computer models of the panels have
been compiled and preliminary calculations performed proving the applicability of the resulting structures as elements of
building cladding with spans up to 15 meters. Large spans can also be blocked provided that a construction lift is designed.

Panels of the specified design are also applicable in flooring of buildings, however, in this case the spans will be
slightly smaller. This is due to the higher load on flooring. Other types of similar panels are being considered, including
those employing thin-walled steel curved profiles as a middle layer. Applications for inventions have been submitted for
the products described in the study.

Further research directions involve analytical identification of a rational ratio of the thickness of the boards of the
panels and design of an engineering methodology to calculate them with no use of complex computing systems.
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