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3anponoHOBAHO HOBY METOAMKY BHU3HAYEHHS JOTHYHHMX HAINPYXKEeHb B
3rUHAJIBHOMY JIepeB’SIHOMY  e€JIEeMeHTI 3 BpPaxXyBaHHSIM  HeJIHIHHOCTI
negopmyBanns marepiaay. Ilo0yaoBano giarpamMm JOTUYHHMX HANpY:KEHb B
JAepeB’SIHOMY 3TMHAJILHOMY eJleMeHTi 1o Bcid goBxkuHi Oanku. byJo
NMPOAHAJI30BAHO 3MiHYy JOTUYHHX HANpPyKeHb B 0ajui Ta BH3HAYEHO
3HAXOMKEHHSI MAKCHMMAJbHMX [JOTHYHHUX HANPY:KeHb Ta IX MOJI0KEeHHS.
3po0JieHO BUCHOBKH.

Wood structures have a number of advantages. It is less weight, resistance to
chemically aggressive environment, high fire resistance when properly
processed (even compared to reinforced concrete), as well as aesthetic appeal,
which is also very importantly. Various methods of reinforcing wooden
structures have been proposed and investigated to improve the performance of
wood elements, increase load-bearing strength and decrease flexibility. This
made it possible to reduce the overall dimensions of the cross section of the
reinforced element of wood and increase the spans. A new design of combined
reinforcement of glued wood beams was proposed, in which steel rod
reinforcement of periodic profile was arranged in the grooves of the compressed
zone, and the stretched zone was reinforced with external composite tape. These
reinforcements of the compressed and stretched zone had a positive effect on the
overall strength and reduced deflections of such beams, but the destruction of
some beams was due to chipping of wood along the fibers. Nowadays, the
definition of tangential stresses is reduced to the definition of tangential stresses
using the "Zhuravsky" formula, which can be used to determine stresses in
elastic elements. However, wood is not an elastic element. Therefore, the task
was to determine the tangential stresses in the cross section taking into account
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the nonlinear deformation of wood. We have built three plots of tangential
stresses for wooden beams, which are supported on two supports. The first
diagram is for a beam on which a uniformly distributed load acts, the second
beam with a concentrated force acting in the center of the beam and also with
two concentrated forces and a section of pure bending. As can be seen from the
figures, the plot of tangential stresses is not rectilinear, there are maxima of
tangential stresses in the areas, and therefore there are dangerous sections
where destruction can begin. It should also be noted that the maximum
tangential stresses are not in the center of the section, they are just below the
center. This fact is confirmed by the destruction of beams by cutting between
the compressed and stretched area, namely the cut below the cross-sectional
center of the wooden beam. The article describes a method for determining
tangential stresses along the entire length and height of a wooden beam, taking
into account the nonlinear operation of wood. The diagram of the maximum
tangential stresses, which we obtain when calculating wood using classical
methods, namely the theories of elasticity does not correspond to the actual
diagram. Tangential stresses should be determined taking into account the
elastic-plasticity of wood.

Karouosi ciioBa:
JlepeBuHa, apMyBaHHS, HANIPYKCHHS, 3THH
Wood, reinforcement, stress, bending

Beryn. KoncTpykuii 3 JepeBMHHM MarOTh psa IepeBar y TMOPIBHSAHHI 3
aHAJIOTTYHMMM 13 METally Ud 3aJl1300€TOHY, a caMe: B JIeKUJIbKa pa3iB MEHIIa Maca,
BUILIMHK omip Nii XIMIYHO arpeCMBHUM CEpEIOBHILAM, BHCOKa BOTHECTIHKICTH 3a
NPaBUIBLHOTO BUKOPUCTAHHS aHTUIMIPEHIB (HABITh y MOPIBHAHHI 13 3a711300€TOHOM),
€CTEeTUYHA NMPUBAOIUBICTh Ta €KOJIOT1YHA uMcToTa. [ yJgockoHaneHHs poOOTH
€JIEMEHTIB 3 JICPEBUHH, IIJIBUIIEHHS HECY4oi 3JaTHOCTI Ta >XOPCTKOCTI OyJo
3apONOHOBAHO Ta JAOCIIIKEHO PI3HOMAHITHI CIOCOOM apMyBaHHs JEpeB’sTHUX
KOHCTpyKIiii [1, 2, 3,4, 5, 6, 7]. Lle qaj10 MOXJIMBICTh 3MEHIIIUTH TaOAPUTHI PO3MIpH
MOTEPEYHOro Nepepizy apMOBAHOIO €JIEMEHTA 3 JePEBUHU Ta 30UIbIIUTH IPOJIBOTH.
B po6orax [7, 8, 9] 3anponoHOBaHO HOBY KOHCTPYKLIIF0 KOMOIHOBaHOTO apMyBaHHs
0aJloK 3 KJIEEHOI IEPeBUHU, MPH SIKOMY Y Ia3aX CTUCHYTOI 30HU BIAIITOBYBajach
CTajleBa CTEpXHEBa apmaTypa MeploAWYyHOro NpouIo, a po3TATHyTa 30HA
apMyBaJlach 30BHIIIHBOIO KOMIIO3UTHOIO CTPIYKOBOIO. Take MiACHIIEHHS CTUCHYTOI
Ta PO3TSATHYTOI 30H MO3UTHBHO BIUIMHYJIO Ha 3arajbHy HECy4y 3JaTHICTb Ta
3MEHILUJIO TPOTHMHHU, NPOTe pyHHYBaHHS JEAKMX OajJOK BHHHMKAIO 3a PaxyHOK
CKOJIIOBAaHHA JI€PEBUHU B3JOBXK BOJIOKOH. B Ham 4yac BU3HAYeHHS OTHUYHHX
HAIPY>KEHb 3BOJUTHCS /10 BU3HAUCHHS LUX HANPYKEHb 3a JIOTIOMOTOI0 (QopMyinu
XKypascbkoro. Ane 10 GopMyily MOKHA BUKOPHCTOBYBATHU JIMIIE JJIs1 BUBHAYCHHS
JOTUYHUX HANPY>KEHb B MPYKHUX €JIEeMEHTaX, [0 MPaIlOl0Th Ha MONEPEUHNUN 3THH.
[Ipote nepeBuHA € MPY>KHO-IJIACTUYHUM aHI30TPONHUM MarepiajgoMm. Tomy, Oyia
MOCTABJICHA 3a/lauya PO3POOUTH COCI0 BU3HAUYEHHS JNOTUYHHMX HAMpPY>KEHb B Oy/ab-
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SKOMY TIepepi3i 0ajloK i3 JEepEeBHHHM 3 BPAaXyBaHHIM HEIIHIMHOTO AehopMyBaHHS
Mmarepiany.

Cran nuTaHHd Ta 3a7a4i JocaigkenHs. Ha nanuii yac 3HaXopKEHHS JOTUIHUX
HaIpy>XeHb B JIEPEB’THUX 0ajKaxX BHU3HAYAETHCA 3a AomoMoroio Gopmymnu (1), sKy
nie 1855 pomi 3anpornoHyBaB BYCHUM-MEXaHIK J.I. XKypaBcbkuid. s
(dopMyIa B TOH "yac 3aCTOCOBYBaJIaCh ISl IPOEKTYBAaHHS 3TI3HHIHUX MOCTIB, a came
JUIA BU3HAYCHHS OTUYHHUX HAINPYXEeHb B JEpeB’sHUX Oalkax 3 MPSIMOKYTHOIO
(bhopMOIO TOTIEPEUHOTO TIepePizy

1.b,

T =

I€ 7 - JOTHYHI HANpYKEHHS, 10 BHHUKAIOTh B3JIOBX BOJOKOH; ( - NOTHYHI
HAMpPY>KEHHS 1110 BUHUKAIOTh B IEBHOMY Nepepi3i 1 3a1eKaTh BiJ 3MIHU 3rHHAIBHOTO

MOMEHTY; S, - CTaTUYHUN MOMEHT IMOJIOBHUHM Nepepidy; [/, - MOMEHT I1HepIli

z z

nepepisy; b, - LIMPUHA ONEPEYHOTO HEpepisy.

®opmyna (1) BpaxoBye poOOTY Ipu yMOBI, IO AEPEBUHA MPALIOE K MPYKHUN
€JIEMEHT 1 HEe BPaxoBYE€ 11 MPYKHO-TJIACTUYHI BIaCTUBOCTI.

MeTto10 1aH0i pobOTH € PpO3POOUTH CIIOCIO BCTAHOBICHHS JOTUUHUX HAMPYKEHb
B 3rMHAJILHOMY JIEPEB’THOMY €JIEMEHTI 3 BpaXyBaHHSIM HEJIIHIHHOCTI JieopMyBaHHS
nepeBuHU. BcTaHOBIIEHHS Miclsi BUHUKHEHHS! MAKCUMAITbHUX JOTHYHUX HANPY>KeHb
Ta BU3HAYCHHS X PO3TO/ILTY IO BUCOTI 1 IO JOBXXHHI OAJIKH, a TAKOK BU3HAYCHHS 1X
3HAYECHb.

Buknag ocHoBHOro wmarepiaay. BusHaueHHs JOTUYHUX HanpyXeHb B
3TUHAJIbHOMY €JEMEHTI 3 BpaxyBaHHSIM MPY)KHO-IUIACTUHOI poOOTH Martepiaiy
PO3IOYMHAEMO 3 PO3IJSIAY caMoro eseMeHry. JUis po3risiny LbOro MpoLecy
MPUIMAEMO KOHCOJIbHO-3aKPIIUICHUH 3TUHAJIBHUN €JIEMEHT /0 SKOrO0 Ha Kparo
npuKJIazeHa cuna [, mo nokasanuit Ha puc. 1.

F

| I
J/ | I +x

Puc. 1. CxeMa KOHCOJIbHO-3aKPITJIEHOTO 3THHAIBHOTO €JIEMEHTY
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Skuo BUpi3aTH €JIeMEHTapHY YacTHUHY 3TMHAJIBHOTO €JIEMEHTY MH OTPUMAEMO
eJIeMEHTapHy YacTHUHKY, PO3MIpU fAKOi TokazaHl Ha puc. 2. llg ememenrapHa
YaCTHHKA 3HAaXOJUThCA B CKJIQJHOMY HaIpyXKeHO-1eQOpMOBaHOMY CTaHl, 00 Ha
YaCTUHKY JI€ Tapa PI3HUX 32 BEIUYMHOIO CHJI Bif Jii 3rHHAJILHOTO MOMEHTY, Ta
BHHHUKAIOTh JOTHYHI HAMIPYKEHHS, SIK1 IIf0 PI3HUIIIO B CHJIAX CIIPHHAMAIOTh.

F. | ' F

—=r — = —D —=

T

X
dx

Puc. 2. Po3mipu enemMeHTapHOT YaCTUHKY JIepeB’sTHOT OAIKM 31 CKJIaTHIM HAIPY>KEHO-

nehOpMOBaHUM CTAaHOM

OTXe, BCTAHOBITIOEMO HAIIPYXKEHHSI, SIKi JIIFOTh HAa €JIEMEHTapHy YaCTHHY OaJKu.
SIKI10 CIPOEKTYBATH Ha TOJIOBHI OC1, TO MH OTPHMAEMO TaKi PIBHSIHHS PIBHOBArd

Tyl =Ty2

2
r,=bx(F —Fy ) @)

e - JOTUYHI HANpY>XEHHs, SKI JIIOTh MO OCl y Ta KOMIEHCYIOTh OJUH

y1Ty2
OJIHOTO; 7, - JOTWUYHI Hampy>KeHHs, [0 JIIOTh B3J0BXK BOJIOKOH 1 € HanlOUIbII

HeOe3MeYHUMHU JIJIsl IEPEBUHU; F

1> Fy2 - BHYTPIIIHI 3yCUJUIA, IO ALIOTh B IEPLIOMY

Ta IpyroMy mepepisi; b - MIUpUHA TIepepi3y; x - JOBKUHA eIeMEHTApHOI YaCTHUHKH.
BpaxoBytoun momepenHi piBHSHHS pPIBHOBarv, MOKHA CTBEPKYyBaTH, IO
BU3HAYCHHS JOTUYHHUX HAMPYKE€Hb 3BOJUTHCS JIO BH3HAYCHHS CHJI, IO JIIOTh Ha
JaHUX JUISHKaX. PO3MiIssHEMO TMONepevHui TMepepi3 3THHAIBHOTO EIIEMEHTY
BUXOJISIYU 3 HOTO HANPYKEHO-1€(POPMOBAHOTO CTaHY, 110 MPEJCTABICHUI Ha pHC. 3.
3anumemo piBHAHHA 3ycuib Fy | Ta F) ,, AKi BAHMKaIOTh B 1epepisi 1 Ta 2 puc.

Fo=b [ flohu; 3)

Uehl

Fea=b [ floku . @

Ucn2

ne F,,F., - BHYTPIIIHI 3yCHIUIA LIO AIOTh B MEPIIOMY Ta IPYroMy Inepepizax
BIAMOBIHO; u,.),u, j,; - BITHOCHI neopMarii 1€peBUHH B TONEPEYHOMY HEPILIOMY
nepepisi Ta BITHOCHI AedopMallii IEPEBUHU u,. 5,u. 5, B APYTOMY IONEPEIHOMY
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nepepisi; f (G) - QyHKIis, SiKa ONKCYE HANPYKEHHS B JEPEBUHI B 3aJICKHOCTI Bif
BITHOCHHX JedopMarriii.

¥

_ | mepepiz 2
nepepiz 1

Puc. 3. Hanpyxeno-aedopmoBanuii cran B nepepizax 1 ta 2 Big aii MoMeHTIB M, Ta
M,

JUis BU3HAUEHHSA BHYTPIIHIX 3yCHIb F, |,

F,, CKOPHCTa€EMOCH IOJIHOMOM
YETBEPTOrO CTENEHS, IKU 3anporioHOoBaHuil B po6oTi [10] 1 onncye nedopmyBaHHs
JIEpEeBUHU 32 POOOTH MPU CTUCKY B3JOBX BOJOKOH 33 PEXHUMY >KOPCTKOIO

MNPUKIAJACHHSA HABAHTAXKCHHA

I (5)

7€ o - HaNpyXeHHs, M0 BUHUKAIOTH B JEPEBUHI NMPU CTUCKY BiJl BITHOCHOI

nepopmaii u, , w; - KOe(]ILIEHTH MOJIHOMIAJIBHOI 3aJ€XKHOCTI, SIKI OTpPUMaHI
IUIAXOM €KCIIEPUMEHTAIBHUX JOCIIKEHb JIEPEB’ IHUX 3PasKiB, u,., , - TPAHUYHI

BIIHOCHI Jiepopmartii.

[IpoBenemMo po3paxyHOK JOTUUYHUX HAMPYKEHb, IKI BUHUKAIOTh B JIEPEB’ THOMY
€JIeMEHTI NPU MaKCHUMaJIbHOMY MOMEHTI. JlJis 1bOro 3amuiuemMo pIiBHSHHSA AJs
BU3HAYCHHS BHYTPIIIHIX CHWJI, SKI JIIIOTh Ha €JEMEHTapHUU Tiepepi3 puc. 2 B
nepepizax 1 Ta 2 3a 1onoMoroxo npointerpoBaHux pyukiiit (6) 1 (7)

4 W uk 4 w Uk
_ k cl & c,hl
Fep=by, E Tl | e E Tl kol (6)
k=1 Uc,0,d k=1 Uc0,d
4 W uk 4 W uk
_ k c,2 k c,h,2
Froi=byes| ) —— 7 |=Wena| ) 7= (7)
k+1 k=1 k+1 k-1
k=1 Ue0,d k=1 Uc,0,d

130



1€ y.i,V., -BLICTaHb BlJ HEUTPaNbHOI JiHII 0 BEpXY ONEPEYHOT0 Nepepi3y Oanku
BIJIIOBIJIHO B IEpEPI31 OJAUH Ta 1BA; V., {, Ve po - BIICTAHb B HEUTPAJIbHOI JIIHIT O

TOYKH, JI€ BU3HAUYAOTHCS JOTUYHI HAIIPY>KEHHA BIAMNOBIIHO B IIEpepi3l OJUH Ta JBa;
Uoqsu., - BIUIHOCHI Jedopmalii B KpalHIX BEPXHIX BOJIOKHAX IIONEPEYHOIO

nepepisy OJMH Ta JIBA; u, j1,U. » - BUIHOCHI Aeopmallii 1€ BUSHAYAEThCA TOTUYHI

nedopmariii B mepepisi OJIMH Ta JBa BIAMOBIIHO. MeToiMKa BUSHAYCHHS TTOJIOKEHHS
JAHUX TOYOK, BCTAHOBJICHHS 3HAYCHHb BITHOCHUX jaedopmaliii JACpEeBUHU IIiJl
HAaBaHTAXEHHSM Ta HaNpyXeHO-IeOpPMOBAHOTO CTaHy B Iepepi3l paHiiie
ommMCcyBanoch B ctatTi [11].

byno nobOyaoBano Tpu emopu-rpadiku po3NOAUTY MO JOBXHHI MaKCUMaJIbHAX
JOTUYHUX HAIpPYKEHb JUIsl EepeB’STHUX Oalok, skl omepTi Ha Bl OMOpH 3a Mii
PIBHOMIPHO PO3MOJUICHOTO Ta 30CEpeKECHUX HaBaHTaxeHb. [lepmmii emropa-
rpadik BCTaHOBIEHUH 11 MAaKCUMaJIbHUX JTOTUYHUX HANpPYyKeHb OaJKH, Ha AKY JIi€
PIBHOMIPHO PO3MOJIJIEHE HABAaHTAXXECHHsI 1 MpeAcTaBieHnil puc. 4. pyruit emropa-
rpapik MaKCUMaJIbHMX JOTHYHUX HANpPY>XEHb OTPUMAaHUM JUIsi Oajnku 13
30CEPEIKEHOI0 CUJION, IO Ji€ MOocepenrHl OajKku 1 moka3zanuil Ha puc. 5. Takox
BCTAHOBJICHO PO3MOALT MaKCUMAaIbHUX AOTUYHUX HANPYXEHb Uil OAJIKU 3 JIBOMa
30CEPEIKEHUMHU CUJIAMH Ta JUISTHKOIO YUCTOro 3TUHy (puc. 6). SIk BUIHO 3 emtop-
rpadikiB po3mOALNT MO JOBXKHHI MaKCHMaJIbHUX JOTUYHHX HaIpYy>K€Hb HE €
npsMolniHiiiEMM. Ha meBHUX JiNSHKAaX € MakCUMyMH, a OTXe € 1 HeOe3meuHi
nepepizy, J1e MOKe MEBHOIO MIPOI0 PO3MOYATUCS PYWHYBaHHS.

Takox crmij 3BepHYTH yBary Ha Te€, U0 MaKCUMAaJbHI JOTUYHI HANPYKEHHS HE
3HAXOATHCS B IICHTP1 MIepepi3y, a BOHU 3HAXOATHCS 110 HEUTPaIbHIN IIONIHHI, sTKa
3MIIIYETHCS B CTOPOHY PO3TATHYTOI 30HH MPO IO 3aCBIIYYIOTh aBTOPU B PoOOTax
[12, 13, 14, 15, 16] Ta nokazaHo Ha puc.7.

Came nei gakTt 1 MATBEPIKYE PYWHYBaHHS OajlOK MIISXOM PO3PUBY BOJOKOH
MK CTHCHYTOIO Ta PO3TATHYTOIO 30HOIO, a came 3pi3y M0 HEeUTpalbHIM IMJIONIKHI
HUKYE LIEHTPY Mepepi3y AepeB’siHo1 OamKu.

Puc. 4. Po3paxyHKoBa cxema, ernopa MOMEHTIB Ta rpadik 3MiHH MaKCUMaJIbHUX
JOTUYHUX HAIPYKEHb B ONEPEUHOMY Mepepi3i eNeMeHTa, sIKI BUHUKAIOTh BiA Jil
PIBHOMIPHO PO3MO/IIJIEHOTO HABAHTAXEHHS
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|
2 i
Puc. 5. Po3paxyHkoBa cxema, €rmopa MOMEHTIB Ta €M0pa 3MiHH MaKCUMaJIbHHUX

JOTUYHUX HAIIPY>KEHb B MONEPEYHOMY Tepepi3i eIeMeHTa, K1 BUHUKAIOTh B 111
30CEPEIKEHO] CUITN

max

i b
L |
I\ MF MF /i
|
T l
|

T

max

Puc. 6. Po3paxynkoBa cxema, €mopa MOMEHTIB Ta €Mopa 3MiHA MaKCHMaJIbHIX
JOTUYHUX HAIIPY>KEHb B TIOTIEPEIHOMY TIepepi3i eeMeHTa, IKi BUHUKAIOTh Big Iii
CUMETPUYHO PO3MILIICHUX 30CEPEIHKCHUX CHIT

Puc.7. PylinyBanHs GaJiku 3 KJICEHOI JEPEBUHH BCEPENUHI MPOJIbOTY BiJl JOTUYHHIX
HaIpyKeHb
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