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AITPOKCUMALIA JTATPAMU «MOMEHT-KPUBHUHA»
JAEPEB’SIHUX APMOBAHHUX TA HEAPMOBAHHUX BAJIOK
HPAMOKYTHOI'O IEPEPI3Y

Onucano nocnioosHicms anpoxcumayii - oiacpamu  «MOMEHM-KPUBUHA» 00
@yHKyii, AK Ol apMO8aHO20, MAK [ HeaApMOBAHO20 32UHANILHO20 O0epes sIHO2O
eleMenma NpsAMOKymHo2o nepepizy. Hasedeno npuknad anpokcumayii  oiazpanm.
Ilpusedeno  npuknao  anpoxcumosawoi  QYHKYii O meopemuuyHux — ma
ekcnepumenmanbHux oauux. Onucano nocnioosHicms anpokcumayii odiazpamu 00
@yukyii. Bcmawnoeneno ocnosui mouku oOiazpamu 0151 00OCMOBIPHOCMI IX ONUCY.
Haseodeno moowcnueocmi  suxkopucmauns @Qyukyii 01 MOOeno8anus pobomu
oepesuHiu.

Kntouosi  cnosa: Odiacpama  «momenm-KpusuHa»,  Oepes’siHull  eleMeHm;
apMy8amHs, Hecy4a 30amHuicme.

IlocTanoBka mpobsemu. JlepeBuHa - 1Ie¢ OJMH 3 HAWUAPEBHIMIUX OyIIBEIbHUX
MarepianiB. KpiM TOro € oJHMM 3 HallyHIBEpCAJIBHINIMX MaTepiajiB, SIKI MOXHa
BUKOPHUCTOBYBATH, K B €JI€MEHTaX 03/100JE€HHS, TaK 1 B KOHCTPYKIIISX. T mirmicHi
XapaKTepUCTUKU TO BIJHOIICHHIO J10 Bard IOCTYMAIOThCA JHUIIE KOMIO3UTHUM
Marepianam. [Ipu oMy AepeB’siHI KOHCTPYKIII MOKHa BUKOPUCTOBYBATH B Pi3HUX
BHUaX €JIEMEHTIB, SIK1 MPAIIOTh HAa CTUCK, 3THH, PO3TAT, KOMOIHOBaHE HaBaHTAKEHHSI.
Ta ciig He 3a0yBaTH PO iX HEAOJIKH, @ CAM€ aH130TPONHICTb, MPUCYTHICTh CYUKIB, a
TaK0X CYTTE€BHUH BIUIMB IIKIJHUKIB Ta HU3bKY BOTHECTIHKICTh. CaMe 1€ 00yMOBIIIOE
MOJIINIIEHHS BJIACTUBOCTEW €JIIEMEHTIB 3 JEPEeBHMHM NUISIXOM IX apMyBaHHS 3a
JIOTIOMOTOI0 apMAaTypH, CTaleBOi Ta KOMIIO3UTHOI CTPIYKH, KOMIIO3UTHOI apMaTypu
Yl TBEPAUX COPTIB JEpeBUHU. 3rifHo [l] HaW4acTilie BUKOPUCTAHHS TaKHX
MiJCWICHNX KOHCTPYKITIA aKTyajdbHE IS 0ajoK, KpokB, ¢epMm, apok. B crarrti [2]
Oy70 oOmMCaHO BCTAaHOBJICHHS HAMPYXKEHO-Ie(OPMOBAHOTO CTaHy 3THHAIBHUX
€JIEMEHTIB 3 BUKOPUCTAHHSM IMOBHOI Jiarpamu jaeQpopMyBaHHS JE€PEBUHU, a B CTATTI
[3] posrasHyTa TOCHIIOBHICTH TOOyAOBH Tpadiky ‘“MOMEHT-KpUBWHA’ IS
MorepeyHoro mepepizy. Ha jgaHuit MOMEHT jgiarpamMud  “MOMEHT-KpHMBHUHA”
MOTIEPEYHOTO TIEPEPi3y BUKOPUCTOBYETHCS TITBKH VISl BU3HAYCHHS] KPUTHYHUX TOUOK
poOOTH TOMEPEYHOr0 TMepepily 3THHAIBHOTO EJIEMEHTa, MPOoTe, Ha MOK TyMKY,
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JiarpamMa € OJHOI0 3 XapaKTEepHUCTHK IMepepidy, 3a JAOMOMOIro SKOi MOXJIUBO
BpaxyBaTU TMPYKHO-TUIACTUYHI BIACTUBOCTI JEPEBUHU Ta POOOTY apMyIOUUX
MaTepiaiiB, a TAKOK BCTAHOBUTH JIIHCHY CyMICHY poOOTYy MaTepiaiB.

IlocranoBka 3aBaaHHsi. Po3poOuTu METOAMKY ampoKcUMmallii Jiarpamu
“MOMEHT-KpUBUHA” 10 (PYHKIII1, IKY MOKJIMBO BUKOPUCTOBYBATH B PO3PaXyHKaX.

BuxiaieHHsi OCHOBHOIO Marepianay. AmNpokcuMalilo giarpamMu “MOMEHT-
KpUBUHA™ CI1JI 311MICHIOBATH 3a TAaKOIO MOCIIIOBHICTIO:

1) BUKOpUCTOBYIOUM TIMOTE3Y IUIOCKUX Tepepi3iB, HEOOXIJHO BU3HAUUTH
HaIpyKeHO-1e(pOPMOBaHUN CTaH NEPepi3y 3 BpaxyBaHHSAM aKTyaJlbHUX MOJejei
po0OTU MaTepialiB, IKl BXOASTh B PO3MISIAYBaHY KOHCTPYKIIIIO;

2)3a anroputmoMm [4] anst AepeBuHH Ta [3] - apMOBaHOI JAepeBUHU MO0y yBaTU
rpadik “MOMEHT-KpUBUHA”;

3) st JaHOTO Tepepi3y BCTAHOBUTH OCHOBHI TOUKH Jlarpamu;

4)3a IOTIOMOT0I0 MaTEMAaTUYHUX METO/IIB IPOBECTH alPOKCUMAIIIIO JlarpaMH 10
(dyHKIIIT;

5) BCTaHOBUTH 301KHICTh (PYHKIIHM [Ji1 BU3HAUYECHHS TOYHOCTI iX ampoKcHMaIlli,
SK IO BCIM Jllarpami, Tak 1 0 KOHKPETHUX 11 TOUKax.

To06To ampokcUMaIIito CJIiji BAKOHYBAaTH 3a cXeMolo (puc. 1).

BusHnayeHHs HanpyKeHO-1e(OPMOBAHOTO CTaHY

v

[ToGynoBa rpagika “MOMEHT-KpUBHHA™

v

BcranoBIeHHS TOJIOBHUX TOYOK Jiarpamu
Armnpokcumaris aiarpamu

v

Busnauenns 301kHOCTI QyHKIIIT Ta giarpaMu

Puc. 1 Cxema ampokcumalrtii aiarpamMmu “MOMEHT-KpUBUHA” AeopMyBaHHS niepepi3y

[Ipukian anpokcuMailii giarpamu “MOMEHT-KpUBUHA” 10 (PyHKITIT M=f L %OJ Ta
3BOPOTHOI (PYHKIIIT ) p:f () onucaHi B po6oti [3]. 3a ocHOBY Oyna mpuiiHATa
OaJika.

3arajbHa MOCIII0BHICTb:

1. Hanpyoiceno-oeghopmosnuti cmar TIACUICHOTO 3THHAJIBHOTO JEPEB’STHOTO
eJIeMEHTa MPSIMOKYTHOTO TMepepidy Ta Po3paxyHKOBUM mepepi3 3riaHo [3] HaBeAeHO
BIIMOBIHO Ha puc.2 Ta puc.3.
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Puc.2. HanpyxeHo-aegopmMoBanuii CTaH 1epeB’ STHOTO MiACUICHOTO eeMeHTa

.\\ apMatypa 2012 A500C

\ nepeB gHa Oanka 18x10

Sika Carbo Dur S-512

L

-

Puc. 3. Ilonepeunwuii nepepi3 1ocaiKyBaHo1 Oanku

2. Ilobyoosa diacpamu “momenm-kpusuna”. JIjisi anpokcUMaIliii BUKOPUCTAEMO
niarpamy “MOMEHT-KpUBUHA”, sika OTpUMaHa [JIsi JOCHiIpKyBaHOi Oanku b-2
po3mipom 18x10 cMm, sika apmoBana apmaryporo 20012 AS500C B cTUCHYTIH 30HI Ta
ctpiukoro Sika Carbo Dur S-512 - B po3tsarnyTiit [5]. Jns nobynoBu aiarpamu Oyiu
BUKOPUCTaH1 PYHKIIII CTUCKY Ta PO3TATY J€PEBUHMU, SIKi 3alIPOMOHOBaH1 B poOOTI [6].
Jiarpama 300pakeHa Ha puc. 4.

3. Bcmamnognenus 2onosnux moyok oiazpamu. Jns gaHoro rpadiky BHU3HAUYUMO
. . 1 _
OCHOBHI TOYKH, a caMe: I0YaToK Jiarpamu - koopaunatu M, =0 D, - 0: touka ,

sSKa BIJANOBIJA€ EKCIUTyaTallliHOMY pIBHIO HaBaHTaXeHHS (mpubnuzno 0,6 BiX
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_ / _ -1
MaKCHUMAJIbHOTO 3HAY€HHSI MOMEHTY) M, =2381kHm /p2 =52cm ; TOYKa

makcumansHoro Momenty M =30,48xkHm | gxka macTymae 3a  KpUBUHH

V. =823cn™",
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Puc. 4. [liarpaMa «MOMEHT-KpPHUBHHA» MOMEPEYHOT0 Mepepizy OankH, sika apMOBaHa apMaTypOIO
niamerpoM 12 MM B CTUCHYTIH 30H1 Ta cTpiukoro Sika Carbo Dur B po3Tsarnyriii

4. Anpoxcumayisi BKJIIOYAa€ TEPETBOPEHHS JlarpamMu ‘“MOMEHT-KpUBHHA B
¢yHkiio. B nmaHoMy BUNAAKy [Js OMNUCY TPbOX TOYOK JOCTAaTHHO (DYHKIIIIO
MoJIiHOMa JIpyroro cremneHs. BukopucroByroun MareMaTH4HI 1HCTPYMEHTH,
BCTAaHOBUMO (DYHKIIIIO JJI1 ONUCY JllarpamMmu

2
_ RV (1
M =0,607 4) 0,00289 ( /O ) ()

5. 36ixcuicmo @hynkyii ma diacpamu. 361xkHICTh QYHKIII Ta J1arpaMu 300pa3uMo

3a pgomomMorotr rpadikiB (puc. 5), a TaKoX HaBEAEMO iX CTAaTUCTUYHY OIIHKY
(Tabm.l).

Cepenne 3nauenHs Bimxunenns ckmano A, =0,39,kHm | mo cxnanae ne
oinbmie 1,28% Big MakCUMaIbHOTO 3HAYEHHS MOMEHTY.
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Puc. 4. IlopiBHSHHS IiarpaMu «MOMEHT-KPHBHHA» Ta OTPUMAHOI IIJIIXOM arpokcuMartii GpyHkiii

=)

Tabmurs 1
CraTtucTyUdHa OIIHKA
PiBeHb 3aBaHTaKEHHS B IOMEPEYHOMY Tepepi3y apMoBaHoi Oaku, %o
15 29 43 56 68 78 87 94 99 100
KpusuHa,
-1
%’CM 8,67 | 17,33 | 26,00 | 34,67 | 43,33 | 52,00 | 60,67 | 69,33 | 78,00 82,33
Peanpunii
MOMEHT,
M, kHm 4,60 | 8,99 |13,15]17,03 |20,61 | 23,81 | 26,57 | 28,78 | 30,19 30,48
Otpumanuit
MOMEHT,
M, kHm 5,05| 9,67 | 13,85 17,61 |20,92 | 23,81 | 26,25 | 28,27 | 29,85 30,48
Binxunenus,
A, kHm 0,45] 0,68 | 0,71 | 0,58 | 0,31 | 0,00 | 0,32 | 0,51 | 0,34 0,00
Binxunenns y
BiZICOTKAX 99 | 7,6 5,4 3,4 1,5 0,0 1,2 1,8 1,1 0,0

BucnoBku. 1. OnucaHo cucTteMy anmpoKCHUMaIlil JiarpaMu  «MOMEHT-KPUBUHAY
10 (PYHKIIIT AJIs MiACUIEHOTO 3THHAIBHOTO AEPEB’THOTO €JIEMEHTA.
2. HaBeneHo mpuKiaj aipoKCUMaIlli aiarpaMu JJisl MiJCUIICHOI IepeB’ sTHOT OanKu
apMaTyporo Ta KOMIO3UTHOIO CTPIYKOIO.
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3. IIpoBeneHo MOpiBHSHHS JiarpaMu Ta (YHKIIII, 110 ONMHCY€E Tpadik «MOMEHT-
KpUBUHa». BCTaHOBIEHO, IO JaHOK METOJUKOI MOXXHA CHOPOCTUTH dlarpamy
«MOMEHT-KPUBHUHA» JI0 €JIEMEHTApPHO1 CTerneHeBoi PyHKIT (B JaHOMY MPUKIIAIl 2-X
cTerneHeBoi). BecraHoBieHo, 110 aiarpaMa ta (yHKIliS MalOTh CEPEAHE BIIXUIICHHS 110

aiarpami B po3Mipi Acep = 0,39,kHM™ | a 3aranpHe BiIXWIEHHS y BiZICOTKAaX CKIJIAJIO

1,28%. B 3B’s13Ky 3 IIUM MOKHa 3pOOUTH BUCHOBOK, IO (DYHKIlisI Ma€ JOCTATHIO
301KHITH JUIsl BAKOPUCTAHHS ii B MOJAJIBIIUX PO3PaXyHKaX.
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K.T.H., noueut I'omon I1.C.,
HanmoHnanbHbli yHUBEPCUTET BOAHOTO XO3SMCTBA
Y IPUPOJONIOIB30BaHus, T. POBHO

AIIITPOKCUMALUA TNATPAMMbBbI «<MOMEHT-KPUBHU3HA»
JAEPEBSAHHBIX APMHUPOBAHBIX U HEAPMHUPOBAHBIX BAJIOK
HPAMOYT'OJIBHOI'O CEYEHUSA

Onucanbl  TOCIEAOBATENBHOCTh  ANNPOKCHUMALIMK  JAHArpaMMbl  «MOMEHT-
KpUBU3HA» K (YHKIUU, Kak s apMUPOBAHHOIO, TaK M HEAPMHUPOBAHHOTO
M3ru0aroNIero AEPEeBsHHOIO 3JIEMEHTA MPSAMOYToJIbHOTO ceueHus. [IpuBenen npumep
anmnpokcuMmanuu auarpamm. llpuBeneHsl npumep annpoOKCUMMHUPOBAHHOW (PYHKIHUU
JUIS. TEOPETUYECKUX U SKCIIEPUMEHTAIBHBIX JTaHHbIX. ONUCaHbl TOCIEI0BATEIBHOCTD
anmpoKCUMalMu  JauarpaMMbl K (PYHKUMHM. YCTAaHOBJIEHbI OCHOBHBIE TOYKH
auarpaMmbl Ui JOCTOBEPHOCTHM WX onucaHud. I[IpuBeneHbl BO3MOXKHOCTH
UCIIOJIb30BaHUs PYHKIUH 111 MOJEIUPOBAHUS PAOOThI IPEBECUHBI.

KiroueBpie cnoBa: auarpaMma  «MOMEHT-KPHBU3HA»; [EPEBSHHBIM 3JIEMEHT;
apMUPOBAHUE; HECYIIAsi CHOCOOHOCTb.

candidate of technical sciences, associate professor Gomon Petro,
National University of Water and Environmental Engineering, Rivne

APPROXIMATIONS OF THE TORQUE-CURVITY DIAGRAM
RECTANGULAR CROSS-SECTION WOODEN REINFORCED AND NON-
REINFORCED BEAMS

The sequence of approximation of the "torque-curvature" diagram to the function
is described for a reinforced and unreinforced bending wooden element of rectangular
cross-section. It has been established that for the approximation it is necessary to go
through the following sequence: 1) using the hypothesis of flat sections, determine
the stress-strain state of the section, taking into account the current models of the
work of the materials included in the structure under consideration; 2) build a graph
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"torque-curvature" according to the previously given algorithms; 3) for a given
section, establish the main points of the diagram; 4) to carry out the
apromaximization of the diagram to the function using mathematical methods; 5)
confirm the convergence of functions to determine the accuracy of their
approximation, over the entire diagram and at specific points of the diagram. An
example of diagram approximation is given. An example of an approximated
function for theoretical and experimental data is given. The sequence of
approximation of the diagram to the function is described. The main points of the
diagram are established for their reliable description. The possibility of using the
function to simulate the work of wood is indicated. A comparison is made between
the diagram and the function that describe the "torque-curvature" graph. It was found
that this technique can simplify the "torque-curvature" diagram to an elementary
power function (in this example, two-degree). It was found that the diagram and the
function have an average deviation in the diagram in size A = 0,39kNm , and the
total deviation in percentage was less than 1.28%. In this regard, we can conclude
that the function has sufficient similarity to use it in further calculations.

Keywords: " torque-curvature" diagram; wooden element; reinforcement; strength
of building element.
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