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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 6paxyseanis 6nauey Mooupikayii Xxeounux nopio oepesuHu npu po3paxynKax
oepes'anux KoHcmpykuyii. Bono 30cepediceno na KoHcmpyKmugHux eliemeHmax, 6Ki04alouu 6anKu, KOJ0HU ma nepexpecHo-
NamMinoeani nauneni, 0e N03006#cHA MIYHICIb 3HAUHOIO MIPOIO 6U3HAYAE Hecyyy 30AMHICIb MA HCOPCMKICb. 3anpoOnoHo6ano
Memo00102i10, W0 0038071A€ MOYHO B6PAXO0BYBAMU 3MIHU MEXAHIYNHOI NOBEJIHKU 6HACNIOOK 00pOOKU KOMROZUUIMHUMU
Mmamepianamu, 3a0e3neyyiouu mMoOYHYy OUIHKY MIYHOCMI Ma NOKPAW(EHHA eKCnayamauiiunoi npudamuocmi oOepee'aHux
Koncmpykuyii. Bnpoeaoicenns koegivicnmie y cmpykmypui po3paxyHkKu O0eMOHCHMPYE, W0 mMOOughikayis moxce 3HAYHO
nioguwumu eKCnyamayiitii Xapaxkmepucmuku ma mepmin ciyxicou oepes’anux koncmpykuii. Ileit nioxio 3axnaoace ocnogy
0714 GKJII0YEHHA MOOUDIKOGaHUX 61acmUBOCHMell 0epesUHI 6 MAllOYmMHI CIAHOApmMu NPOEKMYBAHHA MA HAOAE IH)CEHepPam
npakmuyuni incmpymenmu 01 0inbuwt HaAIlIHO20 MA 006208IUHO20 NPOEKMYBAHHA 0ePes ' aHUX KOHCMPYKYIL.

Kniouosi cnosa: moougixosana Oepesuna, HANPYICEHO-0ePOPMOBAHULI CMAaH, MIYHICMb, Hecyya 30amuicm,
Odeghopmignicmb, CIMUCK, 32UH, PO3MS2.
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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 0OpOOKY, BUCOKY MIITHITh B3[IOBX BOJIOKOH, HEBEJHKI BUTPATH MPH
BUTOTOBJICHH] Ta iHmI. IIpoTe He 3Ba)karoum Ha BENMKY KUIBKICTh IepeBar AJsl ACPEBHHU XapaKTEpHI i
HEJIOJIIKH, JTO SIKUX MOJKHA BITHECTH: Yy TJIMBICTH IO BUCOKOI BOJIOTOCTI, aHI30TPOIIi0, TPUPOIHI HETOTIKH
(cyukn, xocomapysarocti) Ta immi [1,2]. Came HeTOMiKH OOMEXYIOTH BHKOPHCTaHHS IEPEBHHHU SIK
KOHCTPYKTHUBHOT'O MaTepiaiy.

[ mokpaleHHsl eKcIUTyaTalidHUX BIACTUBOCTEH, MOAONAaHHS HEAOJIKIB AEPEBHHHU, MOXKIINBE
3acTocyBaHHs Mojaudikaiii JepeBHHH 3a JOMOMOro0 pi3HHX KoMmo3uTHux MmatepiaiiB [3-10]. Came
MPOCOYYBAaHHS AEPEBUHU J03BOJISIE CTBOPUTHU MaTepiai, SKUi HOENHYE TIepeBard NPUPOJHOI AEPEBUHH Ta
HITYYHOTO KOMIIO3UTY, MiJBUILYIOUH (i3MKO-MEXaHIuHI BIACTHBOCTI, 3MEHINYIOYH BIUIUB BOJIOTOCTI a
TaKOX MiJIBUIIYE JOBrOBIYHICTH JepeBUHH. [IpH IboMy BILIHB MoJUdiKallii 3MiHIOI0UYH (Di3HKO-MeXaHiqHi
BJIACTUBOCTI JICPEBUHH, 3MIHIOE HANpyKeHO-Ie(OpMOBaHUA CTaH KOHCTPYKIii [4]. BpaxyBanHs Takoi
3MIiHM B CyYacHMX HOPMAaTHUBHHMX JOKyMeHTax BiacyTHa [11,12], Tomy omHOIO i3 3agay Hamoro
JIOCIIJDKEHHSI CTaJI0 CTBOPHTHU TEPEIYMOBH ISl BpaXyBaHHS B PO3paxyHKax JepeB’sIHUX KOHCTPYKIIii
Moau(ikarlii IepeBUHN XBOHHHUX HOPIA PI3HUMHU KOMITO3UI[IHHIMH MaTepiajaMH.

© 0.0. I'omon, O.M. Cysopos

239



Miocsysiecokutl 30ipnux « HAYKOBI HOTATKHy. Jlyyok, 2026, Ne85

AHaJni3 ocTaHHiX a0ciaigxKeHsb. B cydqacHoMy OyqiBHULITBI A€pEBHHY 3a3BHYail BAKOPUCTOBYIOT Y
BHUTJISIAI TOBIUX CTEPKHIB (Oaimkw, KOJOHW) abo (MepexpecHO-KICEH! MaHell, TaHelll 3 BUKOPHUCTaHHIM
(danepu), Ipu IIHOMY OpIEHTAIis] ACPEBHHH BHUKOHYIOTHCS B3IIOBX BOJIOKOH, II€ JIO3BOJISIE CIIPHHMATH
Oinpiui HaBaHTaXeHHS. CaMe MIIHICTh AEPEBHHU B3JOBXK BOJIOKOH € BH3HAYaJbHOIO XapaKTEPHUCTHKOIO
HECYYO0I 3AaTHOCTI Ta KOPCTKOCTI OymiBeIBHMX KOHCTPYKIii. ToMy B HOpMaTHBHIM jiTeparypi [11-13]
MOJKHA 3HAHUTH TaKi XapaKTePUCTUKHU JIEPEBUHH, SIKi BAKOPHCTOBYIOTHCS B TIPOCKTYBaHHi:

feod » fmk - PO3paxyHKOBe Ta XapaKTEpUCTHYHE 3HAUYCHHS Mil{HOCTI IIPH CTHCKY B3JI0BXK BOJIOKOH;

fe o0k - XapaKTepHCTHYHE 3HAYCHHS Mil[HOCTI IIPH CTUCKY IIOIIEPEK BOJIIOKOH;

fm.d - PO3paxyHKOBE 3HAUECHHS MIllHOCTI IIPH 3THHI;

fiog + frox - PO3paxyHKOBe Ta XapaKTepHCTHYHE 3HAUECHHS MIITHOCTI IIPH PO3TATY B3/I0BXK BOJIOKOH;
fi 90,4 - PO3paxyHKOBE 3HAUEHHS MIIlHOCTI IIPH PO3TATY MONEPEK BOJIOKOH;

Eg»s Emeen - PO3PAaXyHKOBE Ta CEPEIHE 3HAUECHHS MOAYJIS IIPY>KHOCT;

Gy + Gpeen - PO3PAXyHKOBE Ta CEPEAHE 3HAUCHHS MOIYJIS 3CYBY.
S0 300pa3uTH MOXKITMBE BUHUKHEHHS HaBAaHTAXEHHS Ta OITip, SKUH HEOOX1THHHA JIs 3211001 TaH s

pyWHYBaHHSI, HOTO MOYKHA 300pa3uTH y BUTJISAI IBOX CyKymHOCTeH (puc. 1). He3Baxaroun Ha IPUCYTHICTh

MII[HICHUX JIIMITIB Ha 3THH, PO3TAT Ta CTHCK B PO3PaxyHOK BBOJAATH psi KOoe(illieHTIB, AKi 3anexarhb Bil
YMOB €KCIUTyaTalil Ta TPUBAIOCTI HaBaHTaKeHHs. Takumu koedinientamu € [11-13]: k.4 - KoedimieHT,

SIKWI BBOJIUTH JIJISI PO3PAXyHKOBUX OIOPIB, IO CIY)KUTh BpaxyBaHHIO TPUBAIIOCTI Jii HABAHTAXKCHHS, a
TAKOXK TPH SKHX YMOBAaX EKCIUTYaTYEThCS KOHCTPYKIIS, Ky - KoedilieHT nedOopMaTUBHOCTI, KU

BpaxoBY€ PEOJIOTiUHi BIACTUBOCTI IEPEBUHH, a caMe MOB3y4icTh. Po00Ty KoediuieHTiB HaliHHOCTI MOYXKHa
300pa3uTu y BUIIISIAI cxemH (puc. 2).
A

Jlist HaBaHTasKCHHS Onip pyiHYBaHHEO

Bimnvoga

-
>

Puc. 1. Po3noaiu Aii HABaHTa)KeHHS Ta ONOPY PYyHHYBAHHSA

Came BUKOPUCTAaHHSIM BEJIWKOI KUTBKOCTI KoedilieHTIB (puc. 2) oOyMOBIIOE NPYXHY YacTUHY
poboTH EepeBUHH, L€ TMOSICHIOETHCSI HEBEIMKUMH PIBHAMH HaBAHTAXXCHHS NPH SKUX BUKOPHUCTOBYETHCS
JIepeBUHA.

IHocTtanoBka 3aBaanHHsi. MeTo0 HamMX AOCHIIKEHb € PO3pOOKAa METOIUKH BpaxyBaHHS B
pO3paxyHKax AepeB’ SsHUX KOHCTPYKLiK MoanGikail JepeBUHN XBOWHUX MOPiJ PI3HUMHU KOMIIO3ULIHHUMH
MarepiajamH, 3a JOIIOMOTOI0 OTPIMAHHUX HOBUX (i3MKO-MEXaHIYHUX XapaKTePHCTHK.

Bukiaax ocHOBHOro MaTtepianay. 3 JOCHTIHKEHb BCTAHOBJICHO, 1110 MOU(iKaIlis 30UTbIIyE MO
MPY>KHOCT] IEPEBUHU B3/I0BK BOJIOKOH, a TaKOX 301JIbIIYE OMIp ACPEBHHU CTUCKAIOYUM HANPY>KEHHSIM.
Toni BB Momudikamii MOXXKHA PO3MISHYTH, SK CITIBBIIHOIICHHS OTPHMAaHHX MOJYNIB TPYXKHOCTI
nepesuHU popmyna (1)

Ymod,E = Emeanmod/Emean 1)
1€ Epeqn - CepeHe 3HAUCHHSI MOJYIISI IPY>KHOCTI IEPEBUHU B3JIOBXK BOJIOKOH;

Ereanmoa - CEPENHE 3HAYEHHS MOJYJIS IPYKHOCTI B3J0BK BOJIOKOH MOAU(DIKOBAHOI IEPEBUHU.
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Jlis HaBaHTaKeHHS Omip pyitHyBaHHIO
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Puc. 2. CxemaTu4ne 300pakeHHs 3aM00iraHHI0 PyAHYBaHH KOHCTPYKWIHA (7, , 7o, 7o -

KoedinieHTH HaniliHOCTI)

Tak camo 5K 1 17151 MOYJIS IPY’KHOCTI MOYKHA BCTAHOBHUTH BIUTHB Ha MIITHICTh IEPEBUHU IIPU CTHCKY.
KoedimieHT BpaxyBaHHS Vpoq,r BIUIMBY HA PO3PAXYHKOBMH OMNIp MPH CTHCKY MOKHA BU3HAYMTH 3a
hopmyoro (2)

Ymod,f = fk,mod/fk (2)

3 BpaxyBaHHSIM TOTO, IO CITiBBITHOILICHHS PO3PaXyHKOBUX OTOPIB MOYKHA BU3HAYMTH 3rigHO [13],
3a (hopmyitoio (3), TO MOXKIIMBO CTBEP/KYBATH, IO MPH TAKOMY CITIBBIIHOIICHHI KOS(IIIEHT BIUIUBY Ha
MOIU(DIKOBaHY JEPEBUHY Vpoq,f MOKHA BUKOPUCTOBYBATH, SIK U1l PO3PAXYHKOBOTO OINOPY 3THHY, TaK i
po3TIATY

frox = 0,6fmk 3

Tak, BpaxyBaHHs MOJU}iKaIlii MPU po3paxyHKaX MOXKJIHUBO IUISIXOM BUKOPUCTaHHS KOE(Dilli€HTIB
Ymod,f Ta Ymod,E-

Ipuxnax BukopucTaHusa KoedinieHTiB Mogudikamii

PosrasaeMo cioci6 3acTocyBaHHS KOS(IIi€HTIB PX PO3PAXyHKY 3THHATBHIUX KOHCTPYKITIHA. Tak s
BH3HAYCHHS HECYUOI 3[aTHOCTI 3TMHATILHUX €JIEMEHTIB BUKOPUCTOBYETHCS popMyita (4) 11 0THOOCHOBOTO
3TUHY
M,z

I
Jie o, - HANPYXKEHHS MPU JIii 3TUHAILHOrO MOMEHTY M ;

IZ
YMoBoI0 X 3amo0iraHHio pyiHyBaHHS € ¢opmyina (5), sika BKazye M0 NEpEeBUILEHHS HANPY>KEHb
OibIIe JO3BOJICHUX PO3PAaXyHKOBHX, MOJKE CIIPUYMHNTH PyHHYBaHHS KOHCTPYKIIi

Um,d < fm,d (5)
BpaxyBanus moaudikamii nepeBHHH BpPaxOBYETHCS IIISIXOM BBEACHHS B PO3PAaXyHKOBUH oOmip
KoedilieHTa, 1m0 BpaxoBye Moaupikamito (6)
_ fm,k
fm,d - Kmod Vmod,f (6)
Ym
[Tpu xomOiHawii Ha COPUIHATTS 3yCHIIb Ha 3TMH 3 CTUCKOM Ta HA 3TUH 3 PO3TATOM 3aCTOCOBYIOTh
piBHsAHHSA BianoBiaHo piBHAHHA (7), (8) Ta (9), (10)

(4)

g, =

- MOMEHT iHepIIii BiTHOCHO OCi Z.

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

O; O, (o

t,0,d +km m,y,d n m,z,d <1 (8)
ft,O,d fm,y,d fm,z,d

2
O, O d O
c,0,d T m,y, +km m,z,d <1 (9)

fc,O,d fm,y,d fm,z,d
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2
O¢,0d + km Omyd + Om,zd <1 (10)
fc,O,d fm,y,d fm,z,d

Sk 1St MPOCTOro 3TUHY BpaxyBaHHS MOAX(IKaLil eMOKCHIHOIO CMOJIOIO OyJie TPOBOJUTUCH Y
¢dopmymax (11), (12) Ta (13), (14):

fto.a = Kmoa f;_:l'kymod,f (11)
feo.a = Kmoa f;'—::k]/mod,f (12)
fmya = Kmoa fr;;:k Ymod,f (13)
fmza = Kmoa f:,l_'n:'kymod,f (14)

3 BpaxyBaHHAM BHULIE 3rajaHoi iHQopmaiii 3acTOCyBaHHS KOEDIIEHTIB Vimoqr T VmodfE €
MOXKJTBHM IIiJ1 9ac pO3paxyHKy Ta MPOEKTYBAHHS KOHCTPYKIIH 3 ICPeBHHH.

BucHoBkn

1. BcraHoBneHo, mo Moau(ikoBaHa IepeBHHA € CyYacCHHM MaTepialioM, KM Ma€ MOKpalleHi

(hi3mK0-MeXaHiIuHI BIACTHBOCTI, ITiIBUIIICHY BOJIOTOCTIHKICTh Ta JOBTOBIUHICTb.

2. IlpoanamizoBaHi JTiTepaTypHi IKepena MoKa3alu, o BpaXyBaHHSI MoIudiKallil AepeBUHU MOYKHA
BHKOHATH TIPH BCTAHOBJICHHI PO3PAaXyHKOBUX OMOpPIB JepeBUHU. [Ipn oMy BpaxyBaHHS Momudikariii
Oyze BpaxoBYBATHCh 32 OMOMOTOI0 IBOX KOCDI[IEHTIB MOAUDIKALIT Vimoa,f TA Yimod,E-

3. B poboti HaBenmeHi cmocoOu 3acTtocyBaHHs KoeilieHTIB Momudikamii mpu po3paxyHKY
KOHCTPYKIIiH, SIKi MPaIfol0Th Ha CTHCK Ta 3rMH. BCTaHOBJICHO, 110 MTPH 3aCTOCYBaHHS KOe(Dili€HTIB MOYKHA
BpaxyBaTH BIUIMB Mo ]ikaii JepeBUHN XBOMHUX MOPiJ IPH PO3PaxyHKY TAKUX KOHCTPYKIIii.
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