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Jhyvkuti HayionanbHUll MexHiYHUL YHigepcumem

NEPEIYMOBH 10 BPAXYBAHHSI MOJU®IKAIIL XBOMHUX MOPIJI AEPEBUHU B
PO3PAXYHKAX JEPEB’SHUX EJTEMEHTIB TA KOHCTPYKIIIA

Jocnioscenna 6uceimnioe menooonoziro 6paxyeanis 6nauey Mooupikayii xeounux nopio oepesuHu npu po3paxynKax
oepes'anux KoHcmpykuyii. Bono 30cepediceno na KoHcmpyKmugnux elemeHmax, 6K1i04Ualouu 6anKu, KOJ0HU Ma nepexpecHo-
NamMinoeani nauneni, 0e N03006#cHA MIYHICINb 3HAUHOIO MIPOIO 6U3HAYAE HeCYyUy 30AMHICIb MA HCOPCMKICb. 3anPONOHOEAHO
Memo00102i10, W0 0038071A€ MOYHO B8PAX0BYBAMU 3MIHU MEXAHIYHOI NOBEJIHKU 8HACNIOOK 00pOOKU KOMROZUUWIUHUMU
Mmamepianamu, 3a0e3neyyiouu mMoOYHy OUIHKY MIYHOCMI Ma NOKPAW(EHHA eKCnayamauiinoi npudamuocmi oOepee'aHux
Koncmpykuyii. Bnpoeaoicenns koegivicnmie y cmpykmypui po3paxyHKu O0eMOHCHMPYE, W0 mMOOughikayis moice 3HAYHO
nioguwumu eKCnyamayiitii Xapaxkmepucmuku ma mepmin ciyxicou oepes'anux koncmpykuii. Ileit nioxio 3axknaoae ocnogy
0714 GKJII0YEHHA MOOUDIKOGaHUX 61acmUBOCHMell 0epesUHI 6 MAllOYmMHI CIAHOApmMu NPOEKMYBAHHA MA HAOAE IH)CEHepPam
npakmuyuni incmpymenmu 01 Oinbuwt HaAIliHO20 MA 006208IUHO20 NPOEKMYBAHHA 0epPes ' aHUX KOHCMPYKYIL.

Kniouosi cnosa: moougixosana Oepesuna, HANPYICEHO-0eOPMOBAHULI CMAH, MIiYHICMb, Hecyya 30amuicm,
Oeghopmignicmb, CIMUCK, 32UH, PO3MS2.

0.0. Homon, O.M. Suvorov

PREREQUISITES FOR TAKING INTO ACCOUNT MODIFICATIONS OF CONIFERS
OF WOOD SPECIES IN CALCULATIONS OF TIMBER ELEMENTS AND STRUCTURES

The study highlights the methodology for considering the impact of softwood modification in the design of timber
structures. Although timber is a widely used building material due to its environmental friendliness, low weight, ease of
processing, high longitudinal strength and cost-effectiveness, it has limitations such as moisture sensitivity, anisotropy and
natural defects that limit its structural application. Modification of timber with various composite materials improves the
physical and mechanical properties of timber, improves moisture resistance and increases durability. Such types of modifications
change the behaviour of timber structures and their stress-strain state, which is not taken into account in current design
standards, which highlights the need to update design approaches. The study focuses on structural elements, including beams,
columns and cross-laminated panels, where longitudinal strength largely determines the load-bearing capacity and stiffness.
Traditional design includes characteristic and design values of compressive, tensile, and flexural strengths, as well as elastic
and shear moduli modified by reliability factors. This paper presents the possibility of using experimental data when taking into
account the modification of coniferous wood species. In this case, experimental values are used to determine modification
factors that correct the design resistance to bending, compression, tensile, and elastic moduli. Formulas are given to illustrate
the application of these factors under uniaxial bending and combined loading conditions. A methodology is proposed that allows
for accurate consideration of changes in mechanical behavior due to processing with composite materials, providing an accurate
assessment of the strength and improved serviceability of wooden structures. The introduction of these factors into structural
calculations demonstrates that modification can significantly improve the performance and service life of wooden structures.
This approach lays the foundation for incorporating modified wood properties into future design standards and provides
engineers with practical tools for more reliable and durable wood construction designs.

Key words: modified wood, stress-strain state, strength, load-bearing capacity, deformation, compression, bending,
tension.

IocTtanoBka npo6/emu. BukopuctanHs AepeBHHU SIK MaTepiany A OyAiBeTbHUX KOHCTPYKIIH
00yMOBIICHO BEIUKOIO KimbKicTio mepeBar [1,2]. JIo OCHOBHHX IepeBar IAepeBHHH MOJKHA BimgHECTH ii
€KOJIOTIYHICTh, HEBEJIUKY Bary, JIETKy 00poOKY, BUCOKY MIITHITh B3JIOBX BOJIOKOH, HEBEIMKI BUTPATH IIPU
BUTOTOBJICHH] Ta iHmI. IIpoTe He 3Ba)karoum Ha BENMKY KUIBKICTh IepeBar AJsl AEPEBHHH XapaKTEpHI i
HEJIOJIIKH, JTO SIKUX MOJKHA BITHECTH: Yy TJIMBICTH IO BUCOKOI BOJIOTOCTI, aHI30TPOIIi0, TPUPOIHI HETOTIKH
(cyukn, xocomapysarocti) Ta immi [1,2]. Came HemomiKd OOMEXYIOTH BHKOPHCTaHHS IEPEBHHHU SIK
KOHCTPYKTHUBHOT'O MaTepiaiy.

Jnist moKpalieHHsl eKCIUTyaTaliiiHuX BIAaCTUBOCTEH, MOJOJIAHHA HEIOJIKIB JIEpPEeBHHH, MOXKIIUBE
3acTocyBaHHs Mojaudikaiii JepeBHHH 3a JOMOMOro0 pi3HHX KoMmo3uTHux MatepiaiiB [3-10]. Came
MIPOCOYYBaHHS ACPEBUHU J03BOJISIE CTBOPUTH MaTepiai, SKUi HOENHYE TIepeBard NPUPOIHOI AEPEBUHH Ta
LITYYHOTO KOMIIO3UTY, MiJBUILYIOUH (i3MKO-MEXaHIuHI BIACTHBOCTI, 3MEHIIYIOUH BIUIUB BOJIOTOCTI a
TaKOX MiJIBUIIYE JOBrOBIYHICTh JepeBUHH. [Ipu IboMy BILIHB MoJUdiKallii 3MiHIOI0UH (Di3HKO-MeXaHiqHi
BJIACTUBOCTI JICPEBUHH, 3MIHIOE HAmpyKeHO-Ie()OpMOBaHUIA CTaH KOHCTpPYKIii [4]. BpaxyBaHHs Takoi
3MIiHM B CYyYacHMX HOPMAaTHUBHHMX JOKyMmeHTax BiacyTHs [11,12], Tomy omHOIO i3 3agay Hamoro
JOCII/PKEHHSI CTaJl0 CTBOPUTH TMEPEAYMOBH JUIsl BpaxyBaHHS B PO3paxyHKax JepeB’sIHUX KOHCTPYKIIH
Moauikariii IepeBUHN XBOWHHUX MOPiA PI3HUMHU KOMITO3UI[IHHIMH MaTepiajaMH.
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AHaJni3 ocTaHHiX a0ciaigxKeHsb. B cydqacHoMy OyqiBHULITBI A€pEBHHY 3a3BHYail BAKOPUCTOBYIOT Y
BHUTJISIAI TOBIUX CTEPXKHIB (Oaimkw, KOMOHW) abo (MepexpecHO-KIC€EH! MaHell, TaHelll 3 BUKOPHUCTaHHIM
(danepu), Ipu IIHOMY OpIEHTAIlis] ACPEBUHH BHUKOHYIOTHCS B3MIOBX BOJIOKOH, II€ JIO3BOJISIE CIIPHUHMATH
Oinpiui HaBaHTaXeHHS. CaMe MIIHICTh AEPEBHHU B3JOBXK BOJIOKOH € BH3HAYAJBHOIO XapaKTEPHUCTHKOIO
HECYYO0l 3AaTHOCTI Ta KOPCTKOCTI OymiBeIBHHMX KOHCTPYKIii. ToMy B HOpMaTHBHIM jiTeparypi [11-13]
MOJKHA 3HAUTH TaKi XapaKTepUCTUKHU JIEPEBUHH, SIKi BAKOPHCTOBYIOTHCS B TIPOCKTYBaHHI:

food » fmk - PO3paxyHKoBe Ta XapaKTEpUCTHUYHE 3HAUEHHs MILIHOCTI IIPU CTUCKY B3/10BXK BOJIOKOH;

fe 90k - XapakTepuCTHUHE 3HAUEHHS MIlJHOCTI IPU CTUCKY MONEPEK BOIOKOH;

fnd - PO3paXyHKOBE 3HAYEHHs MIILIHOCTI TIPH 3THHI;

fiod » fiox - PO3paxyHKOBe Ta XapaKTepUCTHUHE 3HAYEHHS Mil[HOCTI IIPU PO3TATY B3/I0BK BOJIOKOH;
fi 90,4 - PO3PaXyHKOBE 3HAUEHHS MIIIHOCTI IPH PO3TATY MONEPEK BOJIOKOH;

Eyq, Emeen - PO3PaXyHKOBE Ta CEpeIHE 3HAUCHHS MOYJIS IPYKHOCTI;

Gy, G - pO3paxyHKOBE Ta CEPEIHE 3HAYECHHSA MOIYJIA 3CYBY.

d meen
SIk11o 300pa3uTH MOXKITMBE BUHIUKHEHHS HAaBAaHTAXEHHS Ta OITip, SKUH HEOOX1THHHA JIs 311001 TaH s
pyWHYBaHHsI, HOT0 MOXHA 300pa3uTH Y BUTJISAL JBOX CyKymHOCTeH (puc. 1). He3Baxkarouu Ha MpUCYTHICTh

MII[HICHUX JIIMITIB Ha 3THH, PO3TAT Ta CTHCK B PO3PaxyHOK BBOJAATH psiA Koe(illieHTIB, AKi 3aiexarhb Bil
YMOB €KCIUTyaTalil Ta TPHBAIOCTI HaBaHTaXeHHs. Takumu koedinientamu € [11-13]: k.4 - KoedimieHT,

SIKUM BBOJIUTH JJISE PO3PAaXYHKOBUX OIOPIB, IO CIYXKUTh BPaXyBaHHIO TPUBAJIOCTI [Iii HABAaHTAXKEHHS, a
TAKOXK TIPH SKUX YMOBAaX CKCIUTYaTYEThCS KOHCTPYKIIS; Ky - KOEQIIieHT NedOpMaTHBHOCTI, KU

BPaxoBY€ PEOJIOTiUHi BIACTUBOCTI IEPEBUHH, a caMe MOB3y4icTh. P0O0Ty KoedimieHTiB HafiHHOCTI MOYKHA
300pa3uTH y BUTIISAI cXeMu (puc. 2).
A

Ji1 HaBaHTa’KSHHA Omnip pyHHYBaHHIO

Bimmvoea

=
>

Puc. 1. Po3noaiu Aii HAaBaHTaXKeHHS Ta ONOPY PyiHYBAHHSA

CamMe BUKOpPHCTaHHSIM BEJHMKOI KUTBKOCTI KoedilieHTiB (puc. 2) 0OyMOBIIOE TPYKHY YacCTHHY
pOOOTH JIEpPEBUHM, 1Ie TIOSICHIOETHCSI HEBEIMKHMHU PIBHSAMHM HABAHTAXKCHHS MPU SKUX BHKOPHUCTOBYETHCS
JIepEeBHHA.

IMocTtanoBka 3aBaaHHs. MeTor0 HamMX JOCHIPKEHb € PO3pOOKa METOJUKH BpaxyBaHHS B
po3paxyHKax IepeB’ THUX KOHCTPYKITiH Moaudikalii 1epeBUHNA XBOWHUX MTOP1 PI3HUMH KOMIIO3UIIHHUMUI
MaTepiajgamH, 3a JOMOMOT0I0 OTPUMAHHUX HOBUX (DI3UKO-MEXaHIYHUX XapaKTEPUCTHK.

Bukaax ocHOBHOro Matepianay. 3 JOCHTIPKEHb BCTAHOBJICHO, 1110 MOU(iKaIlis 30UTbIIyE MO
MPY>KHOCTI JICPEBUHU B3JIOBXK BOJIOKOH, 8 TAKOX 301JIBIIYE OMIp JCPEBUHU CTUCKAIOYHM HAINPYKCHHSIM.
Toni BmiuB Moauikailii MOXKHA PO3IJISIHYTH, SK CIIIBBIJIHOIIECHHS OTPUMAaHMX MOJYJIB IPY)KHOCTI
nepesunu ¢popmymna (1)

Ymoa,e = Emeanmoa/Emean 1)
1€ Epeqn - CEPEIHE 3HAUCHHS MOJTYJIS MPYKHOCTI JCPEBUHU B3J0BXK BOJIOKOH;

Ermeanmoa -~ CEPETHE 3HAYECHHS MOJYJIs IPYKHOCTI B3JJ0BK BOJIOKOH MO (iKOBAHOT IEPEBUHU.
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Jlis HaBaHTaKeHHS Omip pyitHyBaHHIO

YacToTa BHHEKHEHHS
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Puc. 2. CxemaTu4He 300pakeHHs! 3aM00iraHHIO PYilHYBaHHS KOHCTPYKUIHA (7, , V5, Yo -

koedinieHTH HaxiliHoCcTi)

Tak camMo 5K 1 7151 MOYJIS IPY’KHOCTI MOYKHA BCTAHOBHUTH BIUTHB Ha MIITHICTE IEPEBUHU IIPHU CTHCKY.
KoeditienT BpaxyBaHHS Vpoq,r BIVIMBY Ha PO3PAXYHKOBUH OMIp MPH CTHCKY MOHA BU3HAYMTH 3a
tdhopmymoro (2)

Ymod,f = frmoal Sk 2

3 BpaxyBaHHSM TOTO, IO CITiBBITHOIIEHHS PO3PaXyHKOBUX OIMOPIB MOYKHA BH3HAYMTH 3rigHo [13],
3a GopmyIoro (3), To MOXKIIMBO CTBEPDKYBATH, IO MPH TAKOMY CIiBBiIHOIIEHHI KOC(IIEHT BIIMBY Ha
MOIU(DIKOBaHY JEPEBUHY Vpyoq,f MOKHA BUKOPUCTOBYBATH, SIK U1l PO3PAXYHKOBOTO OIOPY 3THHY, TaK i
po3TIATY

frok = 0.6fim 3)

Tak, BpaxyBaHHS MoAudiKkaIli Mpu po3paxyHKax MOXKIMBO IUISIXOM BUKOPHUCTaHHA Koe(imi€HTIB
Vmod,f Ta ymod,E-

[pukiaaag BukopucTanis koedinienTiB Moaupikarii

PosrnsiHeMo croci6 3acTocyBaHHs KOe(iliEHTIB U PO3paxyHKy 3THHAIBHUX KOHCTPYKIiH. Tak ams
BU3HAYEHHsI HECYYOi 3[aTHOCTI 3THHAJILHHUX €JIEMEHTIB BUKOPUCTOBYETHCS (hopmyda (4) 1uist 0IHOOCHOBOTO
3TUHY
M,z

I,
Jie o, - HAalPYXCHHSI TIPH il 3THHAJILHOrO MOMEHTY M ;

(4)

g, =

|, - MOMEHT iHepIii BiTHOCHO OCi Z.
YMoBoIO X 3amobiranHto pyiHyBaHHS € popmyrna (5), ska BKa3ye M0 NMEPEBUIICHHS HAIPYKEHb
OispIIIe TO3BOJICHUX PO3PaXyHKOBHX, MOXKE CIIPHYMHHUTH PYHHYBaHHS KOHCTPYKIIi{
Om,d < fm,d (5)
BpaxyBanus momudikanii JepeBUHU BPaxOBYEThCS IUISIXOM BBEACHHS B PO3PaxXyHKOBUH OIIip
KoedilieHTa, 1110 BpaxoBye Moaudikariito (6)
fm,d = Kmoa Tmp Ymod,f (6)
Ym
[Tpu koMOiHaii Ha COPUAHATTS 3yCHIIb Ha 3T'MH 3 CTUCKOM Ta Ha 3THH 3 PO3TATOM 3aCTOCOBYIOThH
piBHSHHS BianoBigHo piBHsHHA (7), (8) Ta (9), (10)

o O d O

t,0,d m,y, +km m,z,d <1 (7)
ft,O,d fm,y,d fm,z,d

O; O, d O,

t,O,d+km my, n m,z,d <1 (8)
ft,o,d fm,y,d fm,z,d

2
O O, O
c,0d " m,y,d 1k m,z,d <1 (9)

m
fc,O,d fm,y,d fm,z,d

© 0.0. I'omon, O.M. Cysopos

241



ISSN: 2415-3966 Miorceysiecokuii 30ipnux « HAYKOBI HOTATKH». Jlyyok, 2026, Ne85

2
(O-c,o,d J Tk, Om,yd + Om,zd <1 (10)
fc,O,d fm,y,d fm,z,d

SIK [U1s MPOCTOTO 3rUHY BpaxyBaHHs MOAM(DIKALIii €MOKCHIHOI CMOJIOK Oyjie MPOBOJAUTHCH Y
bopmymax (11), (12) Ta (13), (14):

f

ft,O,d = Kinoa ;,Okymodf (11)
fe,

fc,O,d = Kinoa Okymodf (12)

fm,y,d = Kmoa r; kymodf (13)
fm,

fm,z,d = Kmoa —— Ym Vmod,f (14)

3 BpaxyBaHHAM BHILE 3rajaHoi iHpopMmalii 3acTOCYBaHHS KOEDIIEHTIB Vmoqs T& Vmodr €
MOJKJIUBUM ITiJT 9aC PO3PaxXyHKY Ta MPOSKTYBaHHs KOHCTPYKIIiH 3 ICPCBUHH.

BucnoBku

1. Bcranosneno, mo MoaudikoBaHa IEepeBHHA € CydJaCHUM MaTepialioM, SKHH Mae IOKpaIieHi
(hi3nko-MeXaHIYHI BIACTUBOCTI, ITIABUIICHY BOJOTOCTIHKICTE Ta JJOBIOBIYHICTS.

2. IlpoananizoBaHi JliTepaTypHi JuKepea MOKa3aiu, o BpaxyBaHH:A MOADiKaLii AepeBUHI MOKHA
BUKOHATH TIPH BCTAHOBIIEHHI PO3PaxyHKOBUX OMOpIB JepeBuHU. lIpn mpomy BpaxyBanHS Monaugikarii
Oy/1e BpaxoBYBATHCh 3a JOMOMOTOI0 IBOX KOEDILi€HTIB MOAUDIKALT Vinoa,f TA Yimod,E-

3. B pobori HaBezpeHi crmocoOn 3acTOCYBaHHS KOCQILieHTIB Moxu¢ikauii Npu po3paxyHKy
KOHCTPYKIIiH, K1 MPAIfOI0Th Ha CTHCK Ta 3TMH. BCTaHOBJIEHO, 10 TIPH 3aCTOCYBaHHS KOC(i)lI_IICHTlB MOJKHA
BpaxyBaTH BIUTUB MOAM(IKaIlii AepeBUHI XBOWMHUX MOPIJl IPU PO3PaXyHKY TaKUX KOHCTPYKITIH.
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