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TeopeTH4yHO Ta eKCHEPHMEHTAJBLHO [JOCHIIKEHO XapaKTep PpoO3HOAiTLy
HaNpy:KeHb M0 BUCOTi MOMePeYHOro nepepisy 0aJI0K i3 K1e€HOi fepeBHHU B 30Hi
YHCTOr0 3rMHY 3 apMyBaHHSIM Ta 0e3 Hboro. IIpoBegeHo NMOpiBHAHHSA 3MiH
HANpy’KeHb B CTUCHYTIif Ta PO3TATHYTiif 30HaX B HEAPMOBAaHUX Ta APMOBAHHUX
3pa3kax BiI NMOYATKy 3aBaHTa;KeHHsI i 10 pyiiHyBaHHsi. BusiBieno 3minm
MOJIOKEHHSI HeHTpaJbHOI JiHil B po3paxyHKOBOMY NonepevyHoOMY Hepepisi 3
NMO0YaTKy 3aBAHTAKeHHH i 10 PylHHyBaHHs, 1110 NPU3BOAUTH 10 HEMOKJIMBOCTI
BHKOPHCTAaHHS B PO3PaxXyHKaX IeOMeTPHYHUX XapPaKTepPHCTHK, 30KpeMa,
NOXiIHUX BiJg IUIONIi NONEpPeYHOro Imepepidy TaKUX SIK MOMEHT ONOPY
nonepeyHoro nepepizy Wy ta MoMeHT iHepuii Iy, 060 iXx BH3HAUYeHHsS 3aB:KAU
0a3yl0Thes Ha TinoTesi, 10 HeliTpaidbHa CUJIOBA JiHis NPOXOAUTH MO LEHTPY
Baru UbOro nepepisy.

Over the course of many years of research, it has been established that edge
stresses are approximately equal, but with opposite signs, only at the initial
stage of the operation of wooden bending elements that work under transverse
bending. This is also confirmed by the works of many domestic and foreign
scientists. Given that the position of the neutral axis in the calculated cross-
section changes from the start of loading until failure, the calculation of normal
sections of bending elements according to current standards is unreliable due
to the assumption taken as an axiom that wood behaves elastically under
longitudinal tension, compression, and transverse bending. In a wooden
bending element, the material works simultaneously under both compression
and tension, meaning they function together. It has been established that the
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failure of wooden bending elements in their ultimate state predominantly
occurs due to the rupture of the outer layers of the tensioned zone. However,
the tensile strength of wood along the grain is almost twice as high as its
compressive strength. Such a paradox cannot be explained by current
standards. These standards rely on determining physical and mechanical
properties according to DSTU EN 408:2007, which does not use the force
distribution of the cross-sectional area into compressed and tensioned zones but
instead uses the geometric distribution through the center of gravity.
Determining the layer-by-layer development of relative deformations across the
height of the calculated cross-section for unreinforced or reinforced wooden
beams in the pure bending zone at all stages of operation during loading
provides an exceptional opportunity to track changes in the position of the
neutral axis and stresses at these points. The conditions created for the use of
the deformation model for calculating unreinforced and reinforced wooden
bending elements, based on the elastic-plastic behavior of the material,
completely eliminates these shortcomings. It is proposed to adopt and introduce
a deformation model for the calculation of unreinforced and reinforced wooden
bending elements based on the elastic-plastic behavior of the material into
current standards.

Kuarwouosi ciioBa:
JlepeBuHa, apMyBaHHs, HAIPYKEHHS, 3TMH, DYHHYBaHHS.
Wood, reinforcement, stress, bending, destruction

Beryn. Konerpykuii 3 kieeHoi JepeBHHH B AEKITbKA Pa3iB MarOTh MEHIIY Macy
y TOpiBHSAHHI i3 3aimi300€TOHOM YH METaJOM Ta Kpamuil omip Aii XiMi4HO
arpecHBHUM CEpEJOBHUILAM Ta €CTETHYHY NPUBAOIIMBICTD, IO TEX TyXKE BaXIIHBO.
[TopiBHSHO i3 CYIIITFHOIO IEPEBUHOIO KIIGEHA NEpeBHHA Ma€e OUIBIIY MIIHICTH Ta
MIPAaKTHYHO HE 3MIHIOE TEOMETPHYHI PO3MIpH 13 YacoM Ta 3MiHOI0 Bojiorocri. [Ipore
HAyKOBLI W Hajajl IIYKalOThb HOBI CIIOCOOM IOKpAIEHHS XapaKTEPUCTUK TaKol
JICPEBHHM, & TAKOXK YJAOCKOHAJIOIOTh €JIEMEHTH Ta KOHCTPYKIIT 3 ii 3acCTOCYBaHHSM.
Binrak 3’sBHIMCS KJI€€HI apMOBaHI IEpeB’siHI KOHCTPYKIIi i3 BHUKOPHCTAHHIM
pi3HHMX BHIIB CTajeBoi apMaTypu Ta 3 KOMOIHOBaHUM apMyBaHHIM 3
BUKOPHUCTAaHHAM BHCOKOMIITHAX KOMITO3UTHUX MaTepiaiiB [1-7]. Taki koHCTpyKii
MOTPeOYIOTh 1 HOBUX MMITXOIIB IO IX PO3PaxyHKiB.

CTaH nuTaHHA Ta 3a7a4i J0caizKeHHsl. Buxos1au 3 MipKyBaHb, IO PO3BUTOK
nedopmalliit JepeBUHA B30BXK BOJIOKOH Ta HANPYKEHb B CTHCHYTIN Ta PO3TATHYTIH
30HaX PO3PaXyHKOBOTO MOMEPEYHOro Nepepily NpH 30UIbLICHHI HaBaHTaXEHb
MIPOXOJUTH 110 PI3HOMY BHACIIJOK aHI30TPOIIii, a MIIHICTh Ha PO3TAr B JIBa pa3u
Oinbla 3a MIIHICTb AEPEBUHM Ha CTHCK, HEHTpalbHa CHJIOBA BiCh B 3THHAJIBHOMY
€JIEMEHTI 3 IEPEBUHH 3MIITyeThCs 10 HU3Y [8-10] 1 He 3HAXOTUTHCS B TOUII ICHTPY
Bary MoNepevHoro nepepizy. TakuM YMHOM MOJKHa KOHCTATyBaTH Te, IO KpaioBi
Halpy>XeHHS TMPUOJWU3HO PiBHI, TUIBKHM 3 MPOTHISKHUM 3HAKOM JIMIIE Ha
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MOYaTKOBIA cTafil poOOTH NEpEeBMHM 3TMHAIBHOTO €JIEMEHTa, IO IPAIloE Ha
roriepeyHuii 3ruH. Lle minrBeppkyeTses B podoTax BiTum3HAHUX [8-11] Ta GaraThox
3apyOikHUX BueHHX [12-16].

Mertoo gaHoi poOOTH MOKa3aTH  HEOOXiOHICTH 70  BHUKOPHCTaHHS
nedopmariiinol Mozaeni po3paxyHKy HEapMOBaHHX Ta apMOBAaHMX KOHCTPYKIH 3
JICPEeBHHM 32 pOOOTH HA MONEPEYHHMH 3IMH Ha BCIX CTaiAX pOOOTH BIIPOIOBK
3aBaHTa)KCHH.

Mertoauka pocaigkenb. B mporeci NmpoBeJeHUX AETaIbHUX TEOPETUYHO-
eKCTIEPUMEHTAIBHUX JIOCIIPKCHD 3THHAIBHUX EJIEMEHTIB 3 IEPEBUHI BCTAaHOBIICHO,
10 PO3paxyHOK HOPMANBHUX IIepepi3iB 3rHHANBHUX EIIEMEHTIB 3MiHCHIOETHCS 3a
nitounmu HopMmamu [17, 18] € HemocToBipHUMH, TOMy IO O0a3ylOThCS Ha
TBEpP/PKEHHSX 1 akcioMax Mpy>KHOI poOOTH EPEeBUHHU 3a MOB3I0BXHBOIO PO3TATY,
CTHCKY Ta MOMIEPEYHOT0 3THHY J0 MeXi yMOBHOI mponopuiiHocTi. Lle TBepmKkeHHs
MOBHICTIO CIIPOCTOBYE aHI30TPOIIisl IEPEBUHM B 00J1acTi 1l poOOTH Ha MOB3OBKHIH
posTsr ta ctuck. 11lo ctocyeTbest BpaxyBaHHS apMyBaHHS B pO3paxyHKy apMOBaHUX
CJIEMEHTIB 3 JICPEBHHH, SKE 30BCIM B [IIOYMX HOpPMax HE pPO3IIIANAEThCS 1 HE
mepenbadeHe. A meski mkepema [19, 20, 21] BpaxoBYHOTh apMyBaHHS Yepes
BiTHOIICHHSI MOAYIIB TpyKHOCTI. IIpoTe meit crmocid He mae po3yMmiHHSA, B SIKUX
Mexax JeGopMyBaHHS NMPOXOTUTH IiIBUIIEHHS HECY4Oi 3aTHOCTI 3a PaxyHOK
apMyBaHHS 0COOJIMBO ISl apMaTypH HEBUCOKOTO Ta CEPEIHBOI0 KIacy MIIlHOCTI.

PesyabraTu mociaimkenb. B 3ruHambHOMY eleMeHTI 3 JepeBHHH Marepiai
IIPaIO€ 0/IHOYACHO Ha CTUCK Ta PO3TST, TOOTO BOHM NPALIOIOTH cyMicHO. KpiMm Toro
pYHHYBaHHSI 3THHAIBHHX €JIEMEHTIB 3 JICpEBHHM B TIIEPEBaXHIH OiLIbIIOCTI
MIPOXOJWTh 332 PaXyHOK PYHHYBaHHS KpaiHIX mIapiB po3TArHyToi 30HW. IIpore
MIIHICTh JIEPEBHMHM Ha PO3TAT B3/IOBXK BOJOKOH Maibke B JABa pa3u Oinmbima 3a
MIIHICTh HAa CTHCK. Takuil mapaJokc OmMparouuch Ha nirodi HOpMmu [17, 18]
MTOSICHUTH HEMOXUTHBO. L{e ToMy, 1110 HOpMH CITUPAIOTHCS Ha BU3HAYEHHI (i3HIHUX
Ta MexaHiyHUX BiactuBocteit 3a JICTY EN 408:2007 [22], sxuii BUKOPUCTOBYE
HECWJIOBHI PO3IMOJII Ha CTUCHYTY Ta PO3TSATHYTY 30HH, a T€OMETPUYHMN yepe3
LEHTp Bark IUIOIII IONEPeYyHOro mepepidy. MOKIMBICTE BCTaHOBIICHHS
MIOIIAPOBOTO PO3BUTKY BIAHOCHUX Jedopmaiiii 1o BHCOTI pPO3PaxyHKOBOTO
MIOTIEPEYHOT0 TIepepi3y I HeapMOBaHUX UM apMOBAHUX JEPEB’ IHUX OalloK B 30HI
YUCTOT'O 3TMHY Ha BCIX CTamisXx poOOTH BIPONOBXK 3aBaHTaXeHHs [8-16] maroThb
BHHATKOBY MOKJIMBICTh BU3HAYATH 3MiHY MTOJIOKEHHS HEUTpanbHO1 TiHii [23, 24] Ta
Halnpy>XeHb B IIMX TOYKaX. B rpaHnyHOMY cTaHi HeHTpaibHa JIiHis B 3rHHAJILHOMY
MIOTIEpEeYHOMY TIepepi3i pO3AUIsE IUIONly Ha CTHCHYTY Ta PO3TATHYTY 30HHU
npu6au3HO 3 criBBigHOMIEHHIM 60% 10 40%. Taki miaxoau 10 BUBUSHHS pOOOTH
JCPEBHHN B PO3PAaXyHKOBOMY IIOTIEPEYHOMY IIepepi3i JaloTh MOXIHUBICTh
BHUKOPHCTATH PO3POOKH MO YAOCKOHAJICHHIO AIF0YNX HOPMATUBHUX JOKYMEHTIB IS
PO3paxyHKY 3rHHAILHUX JIEpeB’THUX €JIEMEHTIB Ta KOHCTPYKIIii [ 17, 18] Ha ocHOBI
3aMpOINOHOBAHUX PEKOMEHMIAIIN 0 BHUKOPHCTaHHS nedopmaliiiinoi moaeni [25].
[Tpu ubOMy B OCHOBY pO3paxyHKOBOTO arapaTy 3aKiia/IeHi Taki nepeayMOBH:
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a) BBOIUTHCA MOHATTS “pO3PaxXyHKOBHUI TOMEPEYHUH TIepepi3” A eneMeHTa 3
JepeBUHM, 30KpeMa, B IIbOMY TE€PMiHi TIOB’I3yIOTHCS YMOBH PIBHOBArd BiJpi3aHOTO
mepepi3y eneMeHTa i MPUIyIIEeHHs 100 PO3NOoAiTy AedopManiil Ta Hapy>XEeHb B
LBOMY TIepepi3i, a TaKOX KPUTEPiil BUYepIaHHs HeCy4ol 31aTHOCTI;

0) po3paxyHKOBHM € HOPMAaJbHHI Nepepi3 A0 MOB3I0BKHBOI OCI eJIeMeHTa, B
SIKOMY B CTHCHYTIH 30HI YTBOPIOETHCS CKJIAJIKA;

B) IO BHCOTI PO3paxyHKOBOTO Iepepizy /Uil MaIuX Aedopmaiiil cnpaBeinBa
rirmoresa 1npo JiHIHHUHA po3moain aedopmartiii;

T) 3B’S30K MUK HAIpyXEHHAMH 1 JOedOopMallisiMH PO3TATHYTOI AEepPeBHHU
MIPUAMAETHCS Y BUTIIAI JTIHIHHOT 3aJI€KHOCTI,

oc=F-u, )

) 3B’S30K MDK HampyXeHHAMH 1 JaedopMamisiMi CTHUCHYTOI JE€pEeBUHU

NPUAMAETBCS y BUTIBSIII TpaHC(OPMOBAHOI JliarpamMu, IO JAOCTATHBO OIMCYBAaTH
noJiHoMoM apyroro crenens [10] — (2),

Opq =kt + kcucz,d- )

3B’S30K MK HampyXeHHAMH 1 JeopMariisiMi CTHCHYTOI IepEeBUHH, IO

NPUAMAETBCS Yy BHUIVISII TPaHC(GOPMOBAHOI JiarpaMy TaKOX MOXKHA OITHUCYBAaTH

IHIIMMK ~ QYHKLIAMH, HaNOpUKIaA, [OJIHOMOM YETBEPHOTO CTEHEHs 3a

pexomeHaauismu [25].
B pasi Bukopucranus ¢yskmii (2), Koau KpUTHYHI AedopMariii CTHCKY u,

fin,d
BiZIOMi, KO€(II[IEHTH TIPONIOHYETHCSI BU3HAYATH 32 BUPa3aMHU:
2/, f. G3)
cod . Jeo
Ky === K, =——cd
Ue fina Ue find

) PO3TIISIAIOTHCS €IEMEHTH 3 IEPEBUHH, B IKUX CHIIOBI (JAaKTOPH MMOBUHHI OyTH
MIPUKIIAICH] TAKUM YHHOM, 100 HE BUKJIMKATH KPyYEeHHS;

3) 3a pO3PaXyHKOBI MPUAMAIOTECS XapaKTEPUCTHYHI 3HAUCHHS OMOPY JICPEBHHU
B JIepeB’ THOMY €JIEMEHTI.

HeoOxinHi naHi o010 3Ha4eHb BETMYMHN KPUTHYHUX JedopMmamiii 4 Jna T
c,fin,
rpaHNYHUX Jedopmariii ctucky ans Oumbime sk 100 mopin gepeBMHN HaBEAEHI B
pobori [26].

TakuM YMHOM CTBOpEHI YMOBH Ui BHKOpUCTaHHs aedopmariitnol Mojerni
pPO3paxyHKy HEapMOBaHMX Ta apMOBAHUX 3THHAIBHHUX €JIEMEHTIB 3 JIEPEBHHHU 3
ypaxyBaHHSM HPY>XHO-IUTACTUYHOI pOOOTH MaTepiary Ha BCiX PIBHSIX HAIpyXeHO-
Je(opMOBaHOTO CTaHy Bijl HOYATKY 3aBaHTaKEHHS 1 10 pyHHYBaHHSI.

BucHoBkm. 1. Y pe3ynprari mpoBEeICHUX AOCIHIIKEHb OylMH OTpHMaHi AaHi
LI0/I0 HEAOCKOHAJOCTI PO3paxyHKy 3IMHAIBHHX €JIEMEHTIB 3 HeapMOBAHOI 4u
apMOBaHOT JEPEBUHH 32 JIFOYMMH HOPMATUBHUMU JOKYMEHTAMH.
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