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Posenanymo ocobrusocmi  HanpysxceHo-0ehopMamusrHo20 CMany HOPMATbHUX
PO3PAXYHKOBUX Nepepi3ié KOMOIHOBAHO APMOBAHUX eleMEeHmiE 3 KIeEHOI OepeuHu npu
NONepeuHOMY NPAMOMY 32UHI 3 0eQOPMAYiliHOI0 MOOCLIIO PO3PAXYHKY.

Timber is the oldest building material, which, due to its restorative, ecological
cleanliness and aesthetics, strengthens its position in the construction industry market. At
present, all calculations of constructions of solid and glued wood for different types of
loads, according to the operating norms of different countries, are carried out by the
method of boundary states, which are based on elastic wood work.

The methodology of calculation of elements from solid or glued wood for working
on a pure transverse bend using a strain model based on a series of experimental studies
and analysis of their work is developed. For the developed method, the concept of
"calculated cross-section" is used, which involves the formation of a fold in front of a
destructive state and four stages of a stress-strain state of a timber element operating
on a straight transverse bend.

The proposed method of deformation model for the calculation of elements from
wood is based on the use of complete diagrams of the mechanical state of the material
under longitudinal compression, including the downward deformation branch at the
critical stage of work.

Deformations in the calculated cross-section are determined by the curvature at
any point of the section and taking into account the smallness of their values.

On the basis of deformations, the stress in a normal cross-section is described by
two functions in three different sections: the first section is the tensile region from the
bottom of the element to the neutral line; the second section - from the neutral line to the
maximum stress in the compressed zone; the third section - from the maximum stress in
the compressed zone to the top of the element.
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The method for calculating solid and glued wood beams using a deformation model
is developed. This method takes into account the distribution of stresses in height of the
compressed and stretched zones of the calculated cross-section and provides for the
formation of folds in the compressed zone of the element in the area of pure bending. It
also fully allows to examine and experimentally investigate the stress-strain state under
load of glued beams at different stages of their work.

Knouoei cnosa: oepesuna, po3apaxynok, oegpopmayii, HanpysCenHs.
Keywords: timber, calculation, deformations, tension.

ITocTanoBka mpoOjeMH Ta aHaJi3 ocTaHHIX myOaikani. ApmyBatu
JepeB’siHi  OynmiBedbHI KOHCTPYKINI Oyyiio 3ampomoHoBaHO B HiMewuuwi
A. ®@immepom y 1926 p. Ilepmi apmoBani KOHCTpykKuii Ha mnovarky 20-ro
CTOJNITTS OyJIM HE IOCUTH BIAJIMMH 13-32 TOAATIUBOCTI B’SI31B MiX JEPEBHHOIO
Ta apmaryporo. OTHUM i3 NUIIXiB YCYHEHHS HETaTHMBHUX HEIOJIKIB IEepEeBUHHI
Ta WIJABHUIICHHSA TEXHIKO-eKOHOMIYHOI e(eKTHBHOCTI HHHI € KOMOiHOBaHE
apMyBaHHS ITepepi3iB KJICEHUX IEPEB'SHIX KOHCTPYKIIH CTAIEBOIO Y CTUCHYTIN
30HI Ta KOMIIO3UTHOIO IUIACTUKOBOIO apMaTypol0 — Yy pO3TATHYTIH 30HI
[1,2,3,4,5] 3a 1OOMOTO0 CHHTETUYHUX KJICIB.

Po3BUTOK 1 BHKOpPHCTaHHS apMOBAaHUX JEPEB'THUX KOHCTPYKLIH iHae y
JIBOX HaNpsIMKax: a) 3 BUKOPUCTaHHSM IacHBHOI (HEHANpy>XyBaHOi) apMaTypu
[6,7,8]; 6) 3 BUKOpHCTaHHSIM MOTIEPEIHRO HATIpyKeHoi apmaTypu [9,10].

Hamu Oyiio 3ampornoHOBaHO H JOCHIIPKEHO KOHCTPYKIIIO apMOBaHHX
Oanok, sk 0e3 MomepenHbOrO0 HANPYXKEHHS apMaTypu, Tak 1 BapiaHT, KOJIH
apMatypa B pO3TATHYTIH 30Hi MifIaBatack MonepeaHbOMY HarpykeHHto [11].

B paniii poboti po3riIAmaEeTbes HampyKeHO-IehOopMOBaHHHM CTaH Ha
pI3HMX CTafisIX 3aBaHTAXEHHS caMe apMOBAaHUX JiepeB’sHMX Oallok 0e3
MIOTIEPETHHOTO HAIPY KEHHS.

Buknan ocHoBHoro matepiany. JlocnimkeHas Oyo BHKOHAHO ISl TPHOX
JepeB’ssHUX Oanok. Bci BoHmM Manm posmipu momnepeunoro mnepepizy 100x150
MM Ta joBxuHy 3000 mM. Opnak, nepmia Oanka Oyja HeapMOBAaHOIO i
BigHOCMIach 10 | cepii BunpoOyBans. pyra ta Tperst Ganku Oynu apMoBaHi y
CTHCHYTIH 30HI CTaJIeBOIO CTEPIKHEBOIO apMaryporo jaiamerpoM 12 Tta 16 mm,
BIJIMIOBIJTHO, 1 3aJIeKHO BiA 1bOro BoHU BigHocwiuch a0 Il ta Il cepii
BUIIPOOYyBaHb, a B PO3TATHYTI 30HI BOHM OJHAKOBHM YHHOM apMyBaJHCh
30BHIIIHBOIO CTPIYKOBOI BYTJICIUIACTUKOBOIO apMaTypolo, SIK IIOKAa3aHO Ha
puc. 1.
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Puc. 1. Cxema apmyBanns 6asnoxk II Ta I1I cepii BunpoOyBaHb
CTaJICBOIO Ta KOMIIO3UTHOIO apMaTyporo

Po3paxyHkoBa cxema BUnipoOyBaHHS Ha 3THH HaBE/ICHA Ha pHC. 2.
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Puc. 2. Po3paxyHkoBa cxema BUIIPOOYBaHHs 0aJI0K 3 KJICEHOT JCPECBUHH

3a pesymbraTaMyd BHIIPOOYBaHb Ha 3TWH OynH OTpUMaHi 3HAYCHHS
BiTHOCHUX AedopMariiii mo BUCOTI mepepizy B 30HI YUCTOro 3ruHy. Ha ocHOBI
IIUX 3HAYEHB, 3T1THO TMpOoro3utliii [12], Oynu po3paxoBaHi HAPYKESHHS y MEXax
PO3paxyHKOBOTO Iepepizy:

f(u)=0,4=E-u, , Q)
f,(u)= Ocq = k, “Ueg + K, 'ucz,d ’ 2
e fi (U) — HampyXeHHS pPO3TATHYTOI 3OHW; f, (u) — Hampyx)eHHS

CTHCHYTOI 30HH, Utd — BIAHOCHI Ae(opMarliii 1epeBUHH 3a PO3TATY;
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Ucd — BiTHOCHI Jedopmarii JepeBHHH 3a CTHCKY; £ — MOIyNb TpPY>KHOCTI
JIEPEBUHU MIPH POOOTI HA PO3TST;

K1, ko — koediriieHTH MONIHOMY, 1110 OOYHCITIOIOTHCS 32 BUPA3aMH:

k1 _ 2- fc,o,d
uc,fin,d , (3)
k,=— feos
’ ucz.fin‘d (4)
)
ne  feod — po3paxyHKOBe 3HAYEHHsI MIL[HOCTI IEPEBHHH 33 CTHCKY B3/IOBXK
BOJIOKOH; Ucfind — TOBHI a00 KPHUTWYHI BigHOCHI Jedopmariii 3a CTHUCKY

JIEPEBUHHU B3/I0B)K BOJIOKOH.
3nauenHs fcod Ta Ucfing, @ TAKOX MOIYJIb PYXKHOCTI £ BCTAHOBIIOBAIUCH

JUIl HalIMX 0ajoK eKCIIEPUMEHTAJbHO, IIUIIXOM BHUIPOOYBaHHS Ha CTHUCK Y
Ipeci OKPEeMHX 3aroTOBOK, BUPI3aHUX i3 Ti€l )k A€pPEeBUHH, 3 SIKOT BUTOTOBIISIIMCH
Oarkw.

3rinHo BHIIEeHaBeneHUX (HOpPMyYJT OYyJI0 OTPHMAHO CMIOPH HAIPYXEHb Y
PO3paxyHKOBOMY Tiepepisi I BCiX TPhOX cepiit Oanok (puc. 3...puc. 5).

41,53

-]
—t

34,83

o, MIlIa G, MIIa

-20 -40 -60 80 60 40 20 1] 20 40 -60

Puc. 3. Hanpy>xeHHsI CTUCHYTOI Ta PO3TATHYTOI 30HU OAJNKH MEPIIOi
cepii 3a piBHS HABAHTAXKCHb:
a) M:0,4Mmax,' 6) M:0,6Mmax,' 6) M:0,8Mmax,' 2) M:0,95Mmax;
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Ha puc. 3 HaBeneHO HAIpyKEHHsS Ha PI3HHX €Talax 3aBaHTaKCHHS U1
Oarmky mepoi cepii, MO HE MICTHIIA apMaTypH, TOMi SIK Ha puC. 4 HaBEICHO
emopu ans Ganku Apyroi cepii, MO apMyBajach CTaJeBUMH CTEPKHAMHU
nIiameTpoM 12 MM Ta KOMIIO3UTHOIO CTPIYKOIO.

&

# niepepizy, Mm

40

Puc. 4. Hanpy>keHHSI CTHCHYTOI Ta PO3TATHYTOI 30HU apMOBaHOi OaJIKU
JpyTOoi cepii 3a piBHS HABaHTAXKEHb:

a) M:0,4Mmax,‘ 6) MZO, 6Mmax,‘ 6) M:0,8Mmax,' 2) M:0,95Mmax

3ycuiuisi, N0 BHHUKAIU B CTalieBiii apmarypi cTucHyToi 30HH Nc; Ta B
KOMIIO3UTHI# CTPIYIll pO3TATHYTOI 30HH Nt; BU3HAYAIUCH 3TIAHO POPMYIIL:

N.,=A.E.U, 5)
N, =A,E.u, (6)

ne A.; , Aiz — IJIoIIa MONEePEeYHOro Nepepily apMaTtypu B CTHCHYTIH Ta B
PO3TATHYTIN 30HaX, BIANOBIAHO; E.; , Ei; — MOy IPYKHOCTI CTUCHYTOI Ta
PO3TATHYTOI apMaTypH BiINoBiaHO; U, , Ut; — BiiHOCHI nedopmarii cTHCHYTOT
Ta PO3TATHYTOI apMaTypH.
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Ha puc. 5 mokasaHo emopu Uit Oaliku TPEThOI cepii, HaBEICHO eIFOPH IS
Oamku IpyToi cepii, 10 apMyBaJlach CTaJICBUMH CTEPXKHAMH JiaMeTPOM Bxke 16
MM Ta KOMITIO3UTHOIO CTPIYKOIO.

a)

Ni=165xH . MTla

40 20 -10 A 20 -0 -60

Puc. 5. Hanpy>keHHS CTUCHYTO] Ta PO3TATHYTOI 30HH apMOBaHOT OaJIku
TPEeTHOI cepii 3a piBHSI HABAHTAXKEHB!

a) M:0,4Mmax,' 6) M:(), 6Mmax,' 6) M:0,8Mmax,' 2) M:0,95Mmax

BucHoBku

3icTaBMBIIM HANpYKEHHS TPbOX cepid 0aloK, BCTAHOBJEHO, MIO
3aCTOCYBaHHS CTaJICBOi apMaTypu B CTHCHYTIA 30HI y KOMOiHamii i3
30BHILIHBOI0 KOMIIO3UTHOIO apMaTypol0 y PpO3TATHYTIH 30HI J03BOJISIE
YHHUKHYTH JIOCATHEHHS JIEPEBHHOI0 KPUTHYHUX Jedopmaliil y CTUCHYTIH 30HI
apMoBaHHX OaJOK Ha BiIMiHY BiJ HEapMOBAaHHX. AJDKE, TAKHM YHHOM, MH
3aro0iraeMo pyifHyBaHHs KpaiHiX CTHCHYTHX BOJOKOH, a OTXe, i Ha MPaKTHILI
YTBOPEHHIO CKJIQJIOK B JIEpeBHHI CTUCHYTOI 30HH. Ha rpadikax HanpyxeHs 1e
BiTOOpaXa€ThCS YITKO MOMITHHM KPHBOJIHIHHUM PO3IOAIIOM HANPYXKEHb Yy
CTHCHYTIH 30HI HeapMOBaHHUX OaJIOK Ta Maibke MPSIMONIHIHHIM — BiATIOBIAHO y
apMOBaHHMX Oaykax, J¢ HaWBigJaJeHinn BOJIOKHA [EPEBUHH CIPUHAMAIOTh
MaKCHUMaJIbHI 3yCHJIIA, Ha BIIMIHY BiJl HEApMOBaHUX 3pa3KiB, y SIKUX BHACIIIOK
MOMWIKO/XKEHb LIMX CAMHUX BOJIOKOH MaKCHMAJIbHI 3yCHJUISl CHPUIMAIOTh BXKe
BOJIOKHA, OUIBII BiJIalieH] BiJi BEPXHBOI IpaHi.
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