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AnoTtanisi. OnucaHo crmoci0 MoNepeIHbOr0 HAMPYKCHHS IUITXOM BKJICIOBAHHS apMYIOUHUX
eIEMEHTIB B JiepeB’siHy Oanky. BcTaHoBieHO pauioHaJbHY TOCTIIOBHICTb BHUKOHAHHS
MOTIEPETHBOT0 HANPYXEHHSA. 3MOJEIFOBAHOTO Ta CHPOTHO30BAaHO POOOTY AepeB’sHOI Oanku 3a
MONIEPETHBOTO HANPYKEHHS Ta OTPUMaHI TEOpeTHYHI Tpadiku «MOMEHT-KPUBHHAY» IS
HalHEO0E3MEYHINIOro Mepepi3y B CEPEIUHI MPOITHOTY.

Kiarw4oBi cioBa: nepeBuHa, KpUBHMHA, HECyda 3JaTHICTh, apMyBaHHs, MONEPEIHE
Hanpy)XeHHs, KOMITO3UTHA apMaTypa.

IloctanoBka mnpodJjemu. bes3zamepedyHuM HEIOTIKOM JEPEBUHHM TIPH BUKOPHCTaHHI B
OymiBHUITBI € ii HamMipHa THYUYKICTH [1]. OgHUM 3 CTIOCOOIB TiABUIIICHHS JKOPCTKOCTI €JIEMEHTIB 3
JICPEBUHH € BUKOPUCTAHHS IIONIEPEIHBOTO HANPYXECHHS Ta apMyBaHHS OUIBII JKOPCTKHUMHU
eneMeHTamMu. CaM TIpOIlEC BUTOTOBIICHHS TMOMEPEAHbO-HANPYKCHUX 3THHAIBHUX EJIEMEHTIB
3ampoONOHOBAaHUN HAMH € JIOCHUTh NPOCTUH. 3 1HIIOro OOKYy BHM3HAYCHHS HEOOXITHUX 3YCHIIb,
HEOOXITHOTO BHUTHHY Oayku, o0 3a0e3neunTH HaaidHy poOoTy, 3amoOiraHHs pyHHYBaHHIO
€JIEMEHTY B TOM e Yac € JIOCHTh CKJIaTHIM ITPOIECOM Ta TOTPeOYe T0TaTKOBOI yBarH.

AHaJIi3 OCTaHHIX [KepeJ JdOCHiIKeHb Ta mnyOJikamiid. BuBUeHHs AaHOT TEeMaTHKHU
3aiiManucs pi3HI BUeHIi. 3a3BHYail BUBYAIOCH JJOJAaBaHHS PI3HOTO POAY apMyBaHHS B JIepeB’siHI Ta
JIEPEBOKJICEH] 3TUHABHI eneMeHTH [2-11]. Opniero 3 HalIIKaBImUX PoOiIT € mipars [7], B sKiit Oymo
3alpONOHOBAHO apMYBaHHs JepeB’SHUX OAJOK 3a JOMOMOTOI0 Pi3HOTO BUIY apMmarypu. [Ipu npomy
BHBYABCS 11 BIUTMB Ha MIIHICTh Ta )KOPCTKICTh. ABTOpaMH OyJI0 BiI3HAYEHO MO3UTUBHUI BILJIUB Ha
KOPCTKICTh Oanky, 30UIBIICHHS 3YCHJUIA, 33 SKOrO HACTylae TpaHWUYHUN mporuH. Takox 3
BpaxyBaHHSM HOBOTO MIAXOAY A0 BU3HAYEHHS HANpPY>KEHO-Ie(OPMOBAHOTO CTAHYy 3 BpaxyBaHHAM
NPY>XKHO-TTACTUYHOI poOotu nepesunu [12, 13], Oyno mocTaBieHo 3a1ady BAOCKOHAIUTU POOOTY
JiepeB’THUX apMOBAHUX 3TUHAIBHUX €JIEMEHTIB Ta TEOPETUYHO 3MOEIIOBATH iX pOOOTY.

IlocTanoBka mijeii i 3aBaaHb AociaixxkeHb. byno mocrtaBieHo 3amady 1o 301IBIICHHIO
HECy4oi 3/IaTHOCTiI 3a TPAaHWYHUMHU CTaHAMHU «APYroi» Tpymu. A caMe 3MEHIICHHS MPOTHHIB B
3TUHAJILHUX €JIEMEHTaX MPHU TOMY X MOMEHTI. byno yxe Bimomo, mo Oy/ab-sike apMyBaHHS OLIbII
KOPCTKMMHU MarepiajJjaMd B CTHUCHYTIM Ta pPO3TATHYTIM 30HI CyTTEBO 30UIBLIyE KOPCTKICTh
KOHCTPYKITiH. OTHUM 13 TaKMX CIOCOOIB € TIOTIEPeHE HANIPYKEHHS, SIKE€ € TPOCTUM Y BUKOHAHHI.
Came onuH i3 crmocobiB MONEpPeIHbOTO HANpPYXKEHHS HaBeIeHHH B cTaTTi. I[HIIOI HEe MeHII
BaYKJIMBOIO 33/1a4€I0 € OMMCAHHS NMEPEeIyMOB Ul BU3HAYEHHSI HAIIPYXEHO-Ae(OPMOBAHOIO CTaHy, B
SIKOMY Tiepe0yBa€ 3STHHAIBHUN €IEMEHT Ha PI3HHX €Tarax 3aBaHTaKCHHS.

BukJjaa ocHoOBHOro martepiajy. Po3rinsHeMo oaMH 3 COCO0iB MONEPEAHBOTO HANPYKEHHS,
a came crocio, 3a AKuM Oanka OTpUMYE BHYTPIIIHI HAMIPYKEHHS 33 PaXyHOK BIAMYCKY 3TMHAJIBHOTO
€JIEMEHTY Ticis Al 30BHIIIHBOIO HABAHTAXKEHHS LIUIIXOM BKJICIOBAaHHS apMOBAaHUX €JIEMEHTIB [ 14].
[TpuHIKT TakOTO HAMPYKEHHS MOYKHA OMHUCATH B TaKii MOCIIIIOBHOCTI:

1. CTBOpIOEMO B 3TMHAJIBHOMY €JEMEHTI BWUIHMH, MPUKIAJAI0YM HAa €JIEMEHT 3O0BHIIIHE
HaBaHTaxeHHs (Puc. 1). IIpn 1ibomy BHCOTa IPOTUHY €IEMEHTA CKIajaTuMe f,.

-59 -



CyuacHi 6ydisenvhi koncmpykyii 3 memany ma depesunu, 2023. — Bun. Ne 27 (cTop. 59-66)

Puc. 1. CTBOpeHHs BUTMHY 3rMHAJIbHOIO €JIEMEHTY JJIsl CTBOPEHHS IONEPEIHBOI0 HAIPYXKEHHS (1€
| — 3ruHaANBHUI JepeB’ITHUI eIeMEHT; 2 — MONepeuHuil epepi3 3ruHaIbHOTO 1ePEB’ THOTO
€JIEMEHTY)

2. ApMyeMO HIKHIO 30HY 3ruHajgbHOTO enemeHTy (Puc. 2). Ilpu mpomy Ham HEOOXiTHO
3HAaTH, NpPU SKOMY caMe HaIpyXEeHO-Ie(OPMOBAaHOMY CTaHi OyJ0 BCTAHOBJIEHO ApPMOBAHMU
€JIEMEHT, 1100 MOXJIMBO CIPOTHO3yBaTH HOTO pOOOTY.

|

Puc. 2. BxiieroBaHHSI apMyI04Oro €JIEMEHTa B PO3TATHYTY 30HY 3TMHAJIBHOIO JIEPEB’ STHOTO
esieMeHTy (1e | — 3ruHaNbHUN AepeB’ SHUM eNIEMEHT; 2 — apMyIOUnid MaTepian)

3. Bianyckaemo 3ycwiuis F, SKMM MH CTBOPIOBAIM BUTHH, B 3THHAJIBHOMY JEpEB’STHOMY
€JIEMEHTI, TIPH I[IbOMY €JIEMEHT X0ue Ha0yTH MOTo MOYaTKOBO1 (hOpMH, IPOTE IIbOMY Oy/e 3aBaKaTh
apMaTtypa, sika Oyae crpuiiMaTH 4acTUHY HaBaHTa)KEHHS Ta 3aJUIINTh HeBelMukHUil BuruH (Puc. 3).
Came B IbOMY TTOJIOXKEHHS IMOTPIOHO Oy/1e apMyBaTH 1 TPOTUIICKHY 30HY 3THHAJILHOTO EIEMEHTY.

2 l /
oy 2
Puc. 3. BriietoBanHs apMaTypu B CTUCHYTY 30HY 3THHAJIBHOTO JIEPEB’IHOTO e1eMeHTY (1e 1 —
3TUHAJLHUN JIEPEeB’ STHUH €JIEMEHT; 2 — apMaTypa po3TATHYTO1 30HU; 3 — apMaTypa CTUCHYTOI 30HH)

PiBeHp momepeaHHOr0 HAMPYKEHHS, a caMe KPUBUHH, Ky HAOyBae 3THHAJIBHHUI E€IEMEHT
MICJIS TIONIEPEHBOTO HAMPY)KEHHS 3aJIC)KHUTh BiJI TIOYaTKOBOI KPUBUHH JEPEB’STHOTO €IEMEHTY, a
TaKO’ BiJ] IJIOMII Ta (Pi3UKO-MEXaHIYHUX XapaKTEPUCTUK MaTepialiB, 0 apMYIOTh 30HU OaJKH.

Jlnsi BU3HAYCHHS TIONIEPEAHBOTO HANPY)KEHHSI BCTAHOBUMO HAIPYKEHO-e(OPMOBaHi CTaHH
3TUHAIBHOTO €JIEMEHTY, SIKi BUHHUKAIOTh MICJISI BKJICIOBAHHS Ta BIAMYCKY 30BHIIIHBOTO 3YCHIUIS.
[Tpu iboMy MOKHA BUIITK 3 pIBHS Hampyx)eHo-ae(hopMoBaHOTO cTaHy (puc. 4).
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Puc. 4. Tpu crazii HanpykeHOTO A6(OPMOBAHOTO CTaHY IIPH TMOMEPETHHOMY HANPYKCHH1
3TUHAJIBHOIO JEPEB’THOTO EJIEMEHTY

Ha Bcix cramisix HampyXeHO-Ie(OpPMOBAHOI'O CTaHy 3TMHAIBHUN €IEMEHT 3HAaXOAMUTHCS Y
BiZ’€MHIN KpuBHMHI. HWOKHS 9acTHHA 3TMHAJIBHOTO €EMEHTY CTHCHYTA, a BEPXHS PO3TATHYTa Ha
BCixX craaisx. Ha mepiiii cTaaii cTucHyTa 30Ha CKiIagae OUIbITY YaCTHHY, HIXK pPO3TATHYTA, BIIHOCHI
nedopmarlii CTUCHYTOI HIDKHBOI 30HM KyIud Ma€ KpIMUATHCHh Marepiaji, SKAW apMmMye Oanky,
CKJIQIal0Th caMe IIi BiTHOCHI Aedopmarlii Ta € MOYaTKOBUM CTapTOM JJisi poOOTH apMOBAaHOTO

CIIEMEHTY.
PiBHsAHHS piBHOBaru Ha nepurii cranii Oyzae piBauM (1)
M, =M ,+M,,; (1)
Ny =Ny
ne M, - MOMEHT BiX [ii 30BHIIIHLOTO HaBaHTaxeHHs; M, ,, M, - BHyTpIIIHI MOMEHTH, 11O
CIPUKMAIOTh CTHCHYT4 Ta PO3TATHyTa 30HU: N, ,N,, - BHYTPIlIHI 3yCHIUIL, IO CHpUKMae

CTHUCHYTA Ta PO3TATHYTA 30HH.

Ha ppyriii cramii mpu 3MEHIIEHHI 3TMHAJBHOIO MOMEHTY Big M, 10 MoMeHTy M,
MPOXOANUTh BHYTPILIHIM mepepo3noain 3ycuib. OKpiM MOMEHTY, IO CIpHIMae CTHUCHYTa Ta
PO3TATHYTA 30HW BUHUKA€ MOMEHT 1 Y PO3TSATHYTOMY apMOBAaHOMY €JIEMEHTI, IIPH IIbOMY PiBHSHHS
BHYTPIIIHBOI piBHOBAru 0yJie 3MiHEHO Ha (2), IpU I[bOMY 3MIHUTBCS pIBHOBAra BHYTPIIIHIX 3yCUJIb,
II0 CIIPOEKTOBAHA Ha BICh X 3 MOSBOIO BHYTPIIIHHOTO 3yCHIUIA, 1[0 CIIPUIMAE PO3TATHYTA apMaTypa
N

cs,l*
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M,=M_,+M,,-M_,;

sc,2°

. (2)
Nt,2 + Nsc,Z - Nc,2 = 09

ne M

eJIEMEHT.
Tpers crazist xapakTepH3yeThCs BIICYTHICTIO 30BHIIIHBOTO HABAHTAXKCHHS, a 1€ CIIPUYMHSIE
piBHOBary MiK BHYTPIIIHIMH 3YCHJUISIMH 3THHAJIBHOTO IIONEPEAHbO-HANPYKEHOTO EIIEMEHTY.
PiBHsIHHS piBHOBaru Jyisl TaKoro nepepisy oyae piBae (3)
M =M +M,,;

Nt,3 + Nsc,3 - Nc',3 = 0’

3 OCTaHHBOTO PIBHSHHS PIBHOBAaru 3po3yMisio, IO BCE IOTEPEIHE HANpPYXKEHHs 3a0e3medye
caMe apMylo4HMid Marepiaj. 3amumeMo YoMy JOPIBHIOE 3THHAIBHHM MOMEHT Ta BHYTDIIIHE
3yCWILIS, 10 cripuiimac BiH (4) Ta (5).

N

sc,2

- 3TUHAJIBHUI MOMEHT Ta BHYTPIIIHE 3YCHJUIA, IIO CIpHiIMae apMOBaHUM

sc,2 0

)

NSC,3 = Asc]psc (I/l) (4)

MSC = NSCySC = ASCf:YC (u) sc (5)

BuxopuctoBytoun Bimomi ¢GOpMynIM 3 BH3HAYEHHS BHYTPIMIHIX 3YCHJIb B JCPEB’STHOMY
3TUHAJIPHOMY €JIEMEHTi, a TaKoX BHYTPIMIHI 3yCHIUII B apMylO4YOMy Martepiajli MOXKIHBO
noOynyBatu rpadiki «MOMEHT-KPHBHHA» Ul TONEPEIHBO-HANPYKEHOTO EJIEMEHTY. 3araibHa
¢dopma takux rpadikis Oyne matu Gpopmy Puc. 5.
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Puc. 5. 3aranbHuit BUISI TpadiKy «MOMEHT-KPHBHHAY» MIPH MTOTIEPEIHBOMY HaIPY>KEHHI1
3THHAIBHOTO JIEPEB’THOTO EJIEMEHTY

MopenmoBaHHsl 3THHAIBHOTO E€JIEMEHTY ITiJ] 4ac MOMEpPEeIHbOr0 HANPYKCHHS Hala€e 3MOTY
BU3HAYUTU BHYTPIIIHI HANpyXEHHs, SKi BUHHUKAIOTh B EJIIEMEHTI, pPO3paxyBaTh 3aJHIIKOBY
KPUBHUHY, a TAKOX TPOTUH eleMeHTy. [1i1 Yac BUKOPUCTaHHS €JIEMEHTY, SIK HeCy4oi KOHCTPYKIIIi,
MIOTIEPEYHHH Tepepi3 B eIEMEHTI MOKe 3HAXOIUTH, SIK 3 IOJATHOIO, TaK i 3 BiJl'€MHOIO KPUBHUHOIO.
Oco0muBOCTI IUX ABOX HAMPYXKEHO-Ie(HOPMOBAHUX CTaHIB MPOSIBISETHCS B 3MiHI ITOJOKECHHS
CTHCHYTOI Ta PO3TATHYTOI 30HU. B mepimiomMy BHUIAIKy CTUCHYTa 30HA 3HAXOMUTHCS B HIDKHIN
YaCTUHI €JIEMEHTY, @ BEPXHIO YaCTUHY 3aliMae po3TATHyTa 30HA. [licist Toro, ik KpUBHUHA 3MIiHIOE
CBilf 3HaK 3 BiJ’€MHOTO Ha JOJAaTHIM, BEpXHS YaCTHHA CTA€ CTUCHYTOIO, a HIDKHS PO3TSATHYTOIO
(Puc. 6). JIng nux ABOX BHUIMAJAKIB PIBHSHHS PIBHOBAru OyAyTh TaKOX Pi3HUMH.
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Puc. 6. HanpyxeHo-neopmMoBaHi CTaHU MOMEPEIHBO HAMPYKEHOTO 3THHAILHOTO JEPEB’ IHOTO
€JIEeMEHTY

B nepmiomy Bunaiky Ha o4aTKy poOOTH piBHSHHS piBHOBAaru OyIyTh PIBHUMHU

My=M_,+M ,—M ,-M_;
Ny=N.4+N.,—N, =0

[Ipu ppyromy BapiaHTI 3aBaHTaXEHHS HaANpPYXEHO-Ie(pOpMOBaHUN CTaH 3TUHAIBHOTO
€JIEMEHTY OyJle ONMHUCYBATUCS HACTYITHUMH PiBHSIHHIMHU

My=M_,+M, ,+M. ,+M,,;
N 4+N_4—N.,—N;, =0

Buxinnumu mapamerpamMu OynyTh BigHOCHI aedopMarlii CTHCKY Ta pO3TATY B KpaiHiX
BOJIOKHAX JEPEBHHH, BITHOCHI 1eopMallii B eJIeMEHTaX apMyBaHHs, I0YaTKOBA KPUBHHA TIEPEPi3y.

Buxignum e pe3ynbTaTOM € Yy3arajdbHeHMH BHITIAN TpadiKy «MOMEHT-KpUBHUHA» IS
HaifHeOe3eYHIIIoro nepepizy 3SrHHANBHOTO eeMeHTy Oyae matu Burisyg Puc. 7.

M A

M e
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Puc. 7. 3aranpHuii BUISI TpadiKy «MOMEHT-KPHBHHA» IIPH POOOTI TOMEPEIHBO HAMIPYKEHOTO
3THHAIBHOTO JIEPEB’THOTO EIEMEHTY

Uy

max
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BucHoBku. B pesynprari MogentoBaHHS poOOTH 3THHAIILHOTO JIEPEB’THOTO €JIEMEHTY MOXHA
3pOOHMTH BHCHOBOK, IO TPH IONEPEAHBOMY HANpPY)KEHHI MOMEPEYHUI mepepi3 MpPOXOAWUThH 3
OCHOBHHX HampyxxeHo-aedopmoBanux craHu. KojkeH 3 SKHX Ma€e CBOIO OCOOIMBICTH PO3PaXyHKIB.
BcranoBneno, mo po0oTa eneMeHTy Ma€ ABa HalnpyKEHHX CTaHH 3 JOJaTHOIO Ta BiJ €MHOIO
KPUBUHOIO. 3TUHAIBHUHA €JIEMEHT MO JOBXHHI Mae pi3HI pPiBHI NONEPEIHBOTO HANPYKECHHS B
nepepizi, MOXXe MaTH Pi3Hy CXeMy 3aBaHTaXEHHS 3a TaKMX YMOB, B TOH ke 4ac IpH HOro poOOTi B
CKJIaJi KOHCTPYKILIi OyIiBIi YM CIIOPYIM CIOCTEPIraeThes i€ HIIUH Hampy)eHO-1e(hOpMOBaHUN
craH. OTXe, pO3paxyHOK TaKMX EJIEMEHTIB MOTPIOHO BHKOHYBATH TUIBKM IUIIXOM CKJIAJHOTO
MO/ICJIFOBAHHS 3 BPaxXyBaHHAM BCiX 30BHIIIHIX (haKTOPiB.
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Annotation: An undeniable disadvantage of wood when using it in construction is its
excessive flexibility. One of the ways to increase the stiffness of wooden elements is to use
prestressing and reinforcement with stiffer elements. The manufacturing process of pre-stressed
bending elements proposed by us is simple. However, determining the necessary effort, the
necessary bending of the beam to ensure reliable operation, preventing the destruction of the
element is quite difficult.

One of the methods of prestressing is described, namely, the method by which the beam
receives internal stresses due to the release of the bending element after the action of the external
load by gluing reinforced elements. The principle of such tension can be described in the following
sequence: 1. We create a bend in the bending element by applying an external load to the element.
2. We reinforce the lower zone of the bending element. At the same time, we need to know under
which stress-strained state the reinforced element was installed, so that its operation can be
predicted. 3. We remove the applied force with which we created the bend in the flexible wooden
element, while the element wants to acquire its original shape, but this will be prevented by the
armature, which will absorb part of the load and leave a small bend. It was established that the level
of prestressing, namely the curvature acquired by the bending element after prestressing, depends
on the initial curvature of the wooden element, as well as on the area and physical and mechanical
characteristics of the materials reinforcing the beam zones. To determine the prestress, it is
necessary to establish the stress-deformed states of the bending element, which occur after gluing
and release of the external force. At the same time, 3 levels of the stress-strain state can be
distinguished. 1. At the first stage, the compressed zone is more than the stretched zone. The
relative deformations of the compressed lower zone, where the material is to be attached, is the
initial start for the work of the reinforced element. 2. At the second stage, the external bending
moment decreases, the internal redistribution of forces takes place, in addition to the moment
perceived by the compressed and stretched zone, a moment also occurs in the stretched reinforced
element. 3. The third stage is characterized by the absence of an external load, and this causes a
balance between the internal forces of the bending prestressed element. The equilibrium equation
for three stages was obtained. When using the element as a load-bearing structure, the cross-section
in the element can be with both positive and negative curvature. The peculiarities of these two
stress-strain states are manifested in the change in the position of the compressed and stretched
zones. In the first case, the compressed zone is located in the lower part of the element and the
upper part is occupied by the stretched zone. After the curvature changes its sign from negative to
positive, the upper part becomes compressed, and the lower part becomes stretched. As a result of
the simulation, it is possible to conclude that the cross-section of a bending wooden element
undergoes 3 main stress-deformed states during prestressing and two during its operation.

Key words: wood, curvature, bearing capacity, reinforcement, prestressing, composite
reinforcement.
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