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Abstract. Framed multi-storey wooden residential construction is developing very rapidly in
many countries around the world. The use of wooden infill beams made of wooden glued beams
and OSB (oriental strand board) increases the efficiency of design solutions. Especial difficult in the
design and manufacture of beam structures in multi-storey framed houses are the beam-column
joints, which can be hinged or supple. Preferably, these nodes are considered supple, which ensures
the spatial operation of the frame and reduces its deformability against the hinges. As a rule, nodes
are executed with steel elements which connect beams to columns by means of bolts and nails. The
following constructive decision of a frame node is offered: a rectangular glued column and a
crossbar in the form of an I-beam with an OSB-wall and regiments from a bar strengthened by
glued wood in supporting zones. Support zones of crossbars are made of continuous rectangular
section of a glued bar. For support of crossbars on a column the head with projecting beams from
sheet steel up to 4 mm thick, with apertures for fastening is put on. The overhanging length
corresponds to the width of the support zones of the crossbars. After fixing the crossbars to the
projecting beam, the support area of he column of the upper floor is connected to the upper shelf of
the crossbars with a fastening element in the form of a corner. The wall of the projecting beam is
attached to the column, the projecting beam shelf is attached to the bottom shelf of the beam. The
vertical walls of the projecting beam on both sides are attached to the wall of the support zone of
the beam. To analyze the stress-strain distribution of the I-beam in the software complex "LIRA-
SAPR" was developed a spatial computer model of the node. The stress-strain distribution of the
beam was analyzed by the fields of displacements and stresses, as well as by the deformations of
the structure. The research results allow us to conclude about the structural reliability of the
proposed node solution.

Keywords: constituent wooden beam, wood booms, OSB (oriental strand board), finite
elements method, structural model.

Introduction. In the last decade, the construction of multi-storey wooden houses has taken
on the markets of many countries. In connection with the need to solve environmental problems,
research is being conducted and new technologies for the manufacture of wooden structures are
being promoted. Thus, in Finland the share of wooden houses is 40%, in Germany - up to 20% of
the construction market, in Austria - about 30%, in the US and Canada more than 80%, in Japan is
43% of all residential buildings under construction [1]. In Ukraine, with the exception of the
western regions, wood is practically not used even in low-rise construction. And the reasons are not
only in the absence of technology, but above all in the traditional habit of reinforced concrete and
steel. Indeed, solid wood has significant limitations on load-bearing capacity, even with small runs.
But for many years, the industrial production of glued wood has almost equalized its chances with
traditional building materials, opened up opportunities to cover large runs. The second, rather
psychological than technical problem is the persistent myth of the significant flammability of wood.

In fact, even untreated wooden beams burn for at least 45 minutes, while the steel beam
begins to lose its load-bearing capacity at a temperature of 90 °C after 4 minutes, and in the
reinforced concrete cracks begin to spread, threatening fragile destruction. At the temperature of
500 °C steel in 15 minutes completely loses its load-bearing capacity, at the same time low-
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conductivity wood retains the integrity of the structure for a long period and burns slowly. The
charred layer smolders and insulates the core, making it difficult for oxygen input, slowing down
combustion.

High-rise wooden buildings have been known for more than thousand years. High pagodas
in Japan reached 19 floors and to this day still stand in high seismic and humid climates. The main
impulse for the development of multi-storey wooden buildings was the development and marketing
of various high-strength wood-based structures, such as CLT-panel, glued beams, series SCL -
structural composite wood. Technical developments and the growing availability of these materials
have allowed them to be used as load-bearing elements of the frame: columns, beams, wall panels,
floors, as well as partitions and balconies. Based on this, the question arises about their possible
correlations. There are three structural systems, which are currently used in the construction of
multi-storey wooden buildings: framed (beam-raiser), wall (panel), combined. The main structural
materials of the wall (frameless) system are CLT-panels. All bearing elements of the building are
made of them. The floors are placed directly on top of the wall panels, thus forming a platform for
the construction of the next floor. Exterior and interior walls receive the load from the interflooring.
To transfer the load, ensure stability and rigidity, the load-bearing elements are connected to each
other lengthwise by metal brackets, which are attached to the CLT-panel with a large number of
nails or bolts.

Framed buildings are a frame system, or space framework. In practice, the design of frames
in reinforced concrete and steel design structural systems are divided into framed, framed-braced
and braced. However, for wooden structures, considering suppleness of the joints, the frame system
cannot be used. Therefore, all beam frames are considered as braced systems. It should be borne in
mind that the joints of the crossbars with the columns can be both absolutely hinged and supple.
There can be no absolutely rigid node. Framed houses can be beamless, with support of CLT-panels
on columns, with a longitudinal arrangement of crossbars and leaning against them of plates and
with a cross arrangement of beams. Plate structures - beams are designed to receive loads acting
only in their area. They are used mainly as independent load-bearing structures of coatings or
floors. Further development of flat solid and through structures in modern construction are spatial
plates, consisting of regular-plate formations, which have the common name of the structure. Cross
- beam structure is a beam cage consisting of cross beams. The positive qualities of structures made
of glued wooden elements include: aesthetic expressiveness; spatial rigidity, which contributes to
the increase of the spans of the coating and the rejection of the braces of rigidity; the possibility of
increasing the ratio of the height of the beams to the width without the risk of losing the stability of
the elements; the viscosity of the system, which increases the degree of reliability of the structure in
case of local destruction; regularity and uniformity of structural elements, simplicity of a
constructive form of beam elements and as a consequence possibility of their manufacturing on the
automated lines; high degree of factory readiness of a covering.

Analysis of existing research. Dmitriev P.O., Savitsky M.V., Purhov V.V., Inzhutov LS.,
Labudin B.V., Karelsky O.V., Belinska T.I. were engaged in research of problems of construction
and work of wooden houses. In work [2] the world experience of multi-storey wooden houses is
analyzed, recommendations on the decision of fundamental questions of designing are given. In
work [3] modern tendencies of wooden house-building are considered, the review of the
implemented significant projects is given. In [4] the issues of fire safety of wooden structures in
comparison with reinforced concrete are considered. In [5] the combined constructive systems -
wood - steel where steel elements provide spatial rigidity of the building and perceive seismic
influences are proved. In [6] modern node fastenings of I-beams for low-rise frame construction
are described (fig. 1). All fasteners are hinged and can take little effort.

Research objective. Especial difficult in the design and manufacture of beam structures in
multi-storey framed houses are the beam-column joints, which can be hinged or supple. Preferably,
these nodes are considered supple, which ensures the spatial operation of the frame and reduces its
deformability against the hinges. The design of the node is determined mainly by the size, number
of connecting elements and the strain in them. As a rule, nodes are executed with steel elements
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which connect beams to columns by means of bolts and nails. Such units have limited bearing
capacity and high requirements for tolerances during installation.

Fig. 1. Supporting nodes of [-beams

All efforts at development of constructive decisions of nodes are directed on reception of
equally strong connections with the greatest possible rigidity. This article considers the design and
study of the stress-strain distribution of the column assembly with the beam of a frame multi-storey
wooden house using a unified steel head with brackets for supporting glued I-beams with a wall of
OSB and reinforced support parts.

Constructive solution of the node and stress distribution in its elements. The most
vulnerable place in the frames of buildings are the joints of columns with crossbars, which are
performed during installation. The following constructive decision of a frame node is offered: a
rectangular glued column and a crossbar in the form of an I-beam with an OSB-wall and regiments
from a bar strengthened by glued wood in supporting zones.

In the absence of an effective structural solution of the node, in the area of fastening the
crossbar to the column with bolts or nails can be observed areas of wrinkling of the wood and the
concentration of stresses in the shelves of the crossbars. It is offered for support zones of crossbars -
to execute continuous rectangular section of a glued bar. For support of crossbars on a column the
head with consoles from sheet steel up to 4 mm thick, with apertures for fastening is put on. The
overhanging length corresponds to the width of the support zones of the crossbars.
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Fig. 2. Constructive solution of the frame node
a) general view of the node; b) the supporting part of the I-beam; c¢) steel head

After fixing the crossbars to the projecting beam, the support area of the column of the
upper floor is connected to the upper shelf of the crossbars with a fastening element in the form of a
corner (Fig. 2). The upper stretched fastener in the form of a corner is attached to the column of the
upper floor and the upper shelf of the beam. The wall of the projecting beam is attached to the
column, the projecting beam shelf is attached to the bottom shelf of the beam. The vertical walls of
the projecting beam on both sides are attached to the wall of the support zone of the beam. All
fasteners are screws. Plastic deformations in the node occur in the initial stages of loading, so the
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recommendations for the calculation at the stage of elastic work for such cases are not relevant. It is
necessary to study the work of the projecting beam and the fastener in the form of a corner in
interaction with the reinforced wall and the shelves of the crossbar.

Description of the structural model. To analyze the stress-strain distribution of the I-beam
in the software complex "LIRA-SAPR" was developed a spatial computer model of the node: a
beam of wooden beams - belts and walls of OSB, connected by glue, a column - glued wood.
Connective head made of steel sheet, which is attached to the elements with self-tapping screws.
The stiffness characteristics of bulk finite elements were set taking into account the anisotropic
properties of wood and OSB in accordance with the requirements of [7] and [8].

Fig. 3. Fragments of the structural model of the node connection

Belts and beam walls are modeled by universal spatial eight-node isoparametric finite
elements (FE Ne36), metal plates - by universal quadrangular lamellar finite elements shells
(FE Ne44), self-tapping screws - rod elements.

Geometric characteristics: belts of a beam with a section of 150x50 mm are made of wood
of 1 grade, the wall is made of an OSB-3 plate 12 mm thick. Beam span 6 m, total height of I-beam
section - 300 mm. Column - made of glued wood with a cross section of 300x300 mm. Thickness of
steel plates - 3 mm, diameter of self-tapping screws - 6 mm. The I-beam is loaded with an evenly
distributed load of 1.5-3 kN / m.p.

Research results. The stress-strain distribution of the beam was analyzed by the fields of
displacements and stresses, as well as by the deformations of the structure.

In joints of this type, the vulnerable zone is the adhesive joint of the belts and the wall of the
beam. The analysis of stresses in this zone shows that increasing the cross section in the support
zone with glued wood significantly reduces the stress and increases the bearing capacity of the node
by 1.5-2 times.
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Fig. 4. The nature of the stress distribution in the reference zone
a) normal; b) tangential
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In addition, at the I-beam section, the wall practically does not perceive the bending moment
in the node. When strengthening the support zone, the wall is included in the work on the areas
adjacent to the belts (Fig. 4). The design of the unit ensures the reliability of the connection due to
the rigidity of the box head and the corner fastener, which includes the column of the upper floor.
The proposed design solution reduces the normal stresses in the shelves and in the adhesive joint of
the shelves with the wall, reduces the stress at the junction of the corner fastener with the column.

Summary. The results of calculations of the SC "LIRA-SAPR" indicate that the proposed
design solution of the node connection can be used as a node of the frames of multi-storey
buildings. Increasing the cross section in the support area with glued wood significantly reduces the
stress and increases the bearing capacity of the node by 1.5-2 times. The research results allow us to
conclude about the structural reliability of the proposed node solution.
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AHotanis. KapkacHe OaraTomoBepxoBe JAepeB'sHE IHKHUTIOBE OYyIIBHHITBO CTPIMKO
pPO3BHUBAEThCS B 0OararboX KpaiHax CBITY. BHKOpUCTaHHS JepeB'THHMX JBOTABPOBHUX OaJoK 3
nepes'sHoro kieenoro Opyca i mutu OSB (oriental strand board) migBuinye eQeKTHBHICTH
KOHCTPYKTUBHUX pimeHb. OcoONMBY CKIAJHICTh MPU MPOEKTYBaHHI 1 BUTOTOBJIECHHI OaIKOBHX
CTPYKTYp B CKJaJi 0araTonoBepXOBUX KapKaCHUX OYJMHKIB MPEACTaBISIOTH BY3JIH CIIOJyYCHHS
0aJOK 3 KOJIOHAMH, fKi MOXYTb OYyTH IIapHIpHUMH ab0 THoAaTiauBUMHU. [lepeBakHO Ii BY3/IH
BBAXKAIOTh IOJIATJIMBUMH, IO 3a0e3leuye IMpOCTOPOBY pOOOTY Kapkaca 1 3MEHIIye HOro
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neopMaTUBHICTD B MOPIBHSAHHI 3 MIApHIPHUMU. SIK MpaBMIIO, BY3JIM BUKOHYIOTHCS 31 CTAJIEBUMU
eJIEMEHTaMHU, SIKi 3'€IHYIOTh OalKl 3 KOJOHAMH 3a JIOTOMOro 0onTiB i HareniB. TeneBizopu 3
TaKUM KOHCTPYKTHBHE DIIICHHS PaMHOTO By3Ja: MPSAMOKYTHA KJ€€Ha KOJIOHA 1 PUreNb y BUIJISAL
nBoTaBpoBoi Oanku 3 OSB-cTiHKOIO 1 mOJKaMu 3 Opyca, MOCHJIEHUMH KIIGEHOI JEPEBUHOIO B
onopHux 30HaX. OMOpPHI 30HU PUTETIB BHKOHYIOTBCS CYIUIBHOTO TNPSMOKYTHOTO TIepepizy 3
KjaeeHoro Opyca. [lng oOnupanHs pureniB Ha KOJIOHY OJSTAETHCA OTOJOBOK 3 KOHCOJSMH 3
JUCTOBOI CTali TOBIIMHOIO 10 4 MM, 3 OTBOpaMH sl KpIIUIEHHS camopizamMu. Buiir xoHcomi
BIINOBIJJa€ IHUPHHI OTMIOPHUX 30H puredniB. Ilicis 3akpiruieHHsT puUresiB 10 KOHCOJEH ormopHa 30Ha
KOJIOHH BEPXHBOT'O MOBEPXY 3'€JHYETHCS 3 BEPXHBOIO MOJIUMICIO PUTENIB KPIMUIBHUX €IEMEHTOM Y
BUTIIAA KyTouka. CTiHKa KOHCOJI KPIMUTHCS 70 KOJIOHHU, MOJIKY KOHCOJI KPIMUTHCS 10 HUKHBOT
noymili Oanku. BepTukanbHi CTIHKM KOHCOJI 3 JIBOX CTOPIH KPIMJIATHCS J0 CTIHKH OMOPHOI 30HU
Oanku. [lng anamizy HampyXeHO-1e(OpMOBAHOTO CTaHy JBOTaBPOBOi OaJKu B HPOTrPaAMHOMY
komiutekci «Jlipa-CAIIP» Oyna po3poOiena mpocTopoBa KOMI'TOTepHa MOJENb By3ia. HanpyxeHo-
neopmoBaHuil cTaH Oalky aHAN3yBaJlyd MO IMOJIAX IEPEMIlleHb 1 HampyXeHb, a TaKOX 3a
nedopmamisiMi  KOHCTpYyKUii. Pe3ymbraTH JOCHIKEHb O3BOJIAIOTH 3pPOOUTH BUCHOBOK IIPO
Ha/II{HICTD MPOMIOHOBAHOT'O PIIlICHHS BY3JIa.

KuarouoBi cioBa: ckiamoBa nepeB'sHa Oanka, mosick 3 AepeBunu, mmra OSB, meron
KIHIIEBUX €JIEMEHTIB, PO3PAaXyHKOBA MO/JIEIb.
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AnHoTanmsa. KapkacHoe MHOroO3TaXHOE€ JE€pPEBSIHHOE JOMOCTPOEHHE CTPEMUTEIBHO
pa3BUBaeTCs BO MHOTHX CTpaHax Mupa. lcmonb3oBaHue NEpeBSHHBIX JABYTaBPOBBIX OalloOK U3
nepeBsHHOTO KieeHoro Opyca u muutel OSB (oriental strand board) mossimaer 3¢ (heKTHBHOCTH
KOHCTPYKTUBHBIX perieHuil. OcoOyro CI0KHOCTh MPU MPOSKTUPOBAHUN M U3TOTOBJICHUH OATOYHBIX
CTPYKTYp B COCTaBE MHOTOITAKHBIX KapPKaCHBIX JIOMOB IPECTABIISIOT Y3JIbl COTPSIKEHUsT OAIOK C
KOJIOHHaMH, KOTOPbI€ MOTYT OBITh HIAPHUPHBIMU MU OJATIUBBIMU. [IpEMMYIIIECTBEHHO 3TH Y3JIbI
CUMTAIOT MOJATIUBBIMU, YTO 00ECIIEUYMBAET MPOCTPAHCTBEHHYIO pabOTy KapKaca M yMEHBIIAET €ro
ne(opMaTUBHOCT 1O CpPaBHEHUIO C MIApHUPHBIMU. Kak mpaBHUIIO, Y37bl BBIMOJIHSAIOTCS CO
CTaJIbHBIMU 3JIEMEHTAMH, KOTOPBIE COSMHSIOT OANKH ¢ KOJIOHHAMH C TIOMOIIbIO OOJITOB U Harejieu.
IIpennaraercss cienymoomiee KOHCTPYKTUBHOE DPELIEHUE PaMHOIO Yy3ia: MPSMOYroJibHAs KieeHas
KOJIOHHA M pUresib B BUJE ABYTaBpoBoi Oanku ¢ OSB-cTeHkoil u monkamu u3 Opyca, yCHICHHBIMU
KJIEEHOM JApEeBECMHOW B OMNOPHBIX 30Hax. OMOpHbBIE 30HBI PUreled BBINOIHSIOTCS CIUIOIIHOTO
NPSIMOYTOJIBHOTO CEUeHHs] U3 KIeeHOTro Opyca. s omupaHus pureiieii Ha KOJIOHHY OJEBAaeTCs
OT0JIOBOK C KOHCOJISIMH M3 JIMCTOBOM CTaJIM TOJIIMHOW 10 4 MM, C OTBEPCTHSMH IJIsl KPEIJICHUS
caMope3aMU. BbuleT KOHCOJIM COOTBETCTBYET IIMPUHE ONOPHBIX 30H purenel. Ilocie 3akpernenus
pureneil K KOHCOJISIM OINOPHAsl 30HA KOJIOHHBI BEPXHETO ATa)ka COEIUHSETCS C BEPXHEU IOJIKOU
pureneil KpemneKHbIM 3JIEMEHTOM B BHJE yrojika. CTEHKa KOHCOJIM KPEMHUTCS K KOJIOHHE, IOJIKa
KOHCOJIM KpemuTCs K HIDKHEW Mojike Oanku. BepTHKalbHbIE CTEHKHM KOHCOJM C JIBYX CTOPOH
KpemsTcss K CTEHKE OMOpHOW 30HBI Oanku. [l aHanm3a HanpspKeHHO-Ae(hOpMUPOBAHHOTO
COCTOSIHUSI JIByTaBpOBOil Oanku B mporpammHoM Komruiekce «JIlupa-CAIIP» Obuta paspaboraHa
MIPOCTPAHCTBEHHAs! KOMIIBIOTEpHAs MoOjeNb y3na. HampsbkeHHO-1eopMUPOBAaHHOE COCTOSTHHE
OaJKM aHATU3UPOBAIM IO TOJSAM TEepeMelleHHH M HaNpsDKeHHH, a Takke 3a JedopmanusMu
KOHCTpPYKUMHU. Pe3ynbTrarbl uHCCIENOBaHMM MO3BOJISAIOT CHENAaTh BBIBOJ O HAAEKHOCTU
IIpeIaraéMoro peluieHus y3ia.

KiroueBble cjioBa: cocTaBHas AepeBsHHAs 0anka, mosica u3 apeBecunsl, muta OSB, meTon
KOHEYHBIX 3JIEMEHTOB, PaCYETHAs MOJIEb.
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