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MOJAEJIOBAHHSA POBOTH INIOITEPEYHUX IIEPEPI3IB IEPEB’STHUX
EJIEMEHTIB 3A PI3BHUX BAPIAHTIB TA BIICOTKIB APMYBAHHA

AHOTAaIlis: 3alpONOHOBAHO TOCTIOBHICTh PO3PAaXyHKY JIepEB’SIHUX EJIEMEHTIB
MiICUJICHUX BKJICEHUMHU METAJCBHUMH €JIEMEHTAaMH. 3allpOlOHOBAHO AITOPUTM IS
BU3HAUCHHS IpadiKy «MOMEHT-KPHUBHHA» 3 BUKOPUCTAHHIM ONTHMI30BaHMX JliarpamM
nedopmyBanHs AepeBuHU. [IpoBeneHO po3paxyHKU s pi3HHX (opM TmepepisiB
O0anku. IIpoBeaeHO poO3paxyHKH IMOMEPEYHOTO TMEpepidy Ta BHU3HAUCHO Tpadiku
«MOMEHT-KPUBHHA» JUIsI Pi3HOTO BapiaHTy apMyBaHHS JIEPEeB’STHOTO €NeMEHTY (3
apMyBaHHSIM CTHUCHYTOI 30HH, PO3TATHYTOI, a TaKOoXX IMPH apMyBaHHI 000X 30H).
I'padiku Bu3HAYanMMCS 3 PISHUMU BIACOTKAMH 1 CIOCOOAMHM apMyBaHHS €JIEMEHTIB.
Byno BcTaHOBNEHO, 110 HAWKpaIIMii pe3yabTaT apMyBaHHS, BUHUKAE MIPU apMyBaHHI
CTUCHYTOI Ta PO3TATHYTOI 30H, MEHII e()EKTUBHUN MpU apMyBaHHI OaJKd B
CTUCHYTIH 30H1, HAWMEHINKM eeKT apMyBaHHS PO3TIATHYTOI 30HH.

Kiro4oBi cioBa: 6aika; 3ruH; JepeBUHA; HECyYa 37aTHICTh; apMYyBaHHS; TIEpepis.

IlocTanoBka mnpobjeMH Ta aHajJi3 ocTaHHix myOikauniii. B OyaiBHMIITBI
IPOMHUCIIOBUX Ta IUBUIBHUX OYyIIBENb JyXE€ 4acTO BUKOPHCTOBYIOTHCS JI€pPEB’sIHI
eJIeMEeHTH Ta KOHCTPYKIi [1-9]. Haifuacrime B OyIiBJISIX 3aCTOCOBYIOTHCS 3TUHAJIBHI
€JIEeMEHTH 3 JepeBUHHU, 30kpema Oanku [10, 11]. BpaxyBaHHS MexaHIYHUX
XapaKTEPUCTUK TAKUX €JEMEHTIB € JOCUTh BaXXJIMBUM, TOMY III0 BOHO CIpHSIE
Cy4YacCHOMY JIOCTOBIDHOMY PO3paxyHKy IIMX €JE€MEHTIB. 3acTOCYBaHHS X
ONTUMI30BaHUX Jiarpam Je(opMyBaHHS B3JIOBXK BOJIOKOH JIEPEBUHH € AKTYaJIbHUM
JUISL  BU3HAYEHHS HAMNpyXeHO-Ie()OpMOBAHOTO CTaHy MOIMEPEYHOro IMepepizy
3TUHAJIBHOTO JIepeB’ssHOro ejneMeHty. He pa3 0Oyino 0OroBOpeHO MOXKIIUBICTh
apMyBaHHSl JIPEBMHM Ta BIUIMB apMyBaHHS Ha HECy4yy 3JaTHICTh IONEPEYHOIrO
nepepizy. IIpore BUKOpUCTaHHS apMyBaHHS BH3HayaloCh ©O€3 BpaXyBaHHA
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HeJTHIMHOCTI AedopMyBaHHS JepeBUHU. TOMYy OCHOBOIO JOCHIIKEHb € BpaxyBaHHS
HEJTIHIMHOCTI Je(OpMyBaHHS JEPEBUHM IUIIXOM BHKOPUCTAHHS OITUMI30BaHUX
niarpam  geopMyBaHHS 3a pPI3HMX BapiaHTIB 1 KOE(IIIEHTIB apMyBaHHS 3
IPOBEJICHHSM aHaJIi3y OTPUMaHUX PE3yJIbTaTIB MPHU MOJICIIOBAaHHI X pOOOTH.

Mera crarTi - 3MOAemOBaTH POOOTY MOMEPEYHOro Tepepidy 3rHHATBHUX
JIepEB’SHUX €JIEMEHTIB 3 PI3HUMH BapiaHTaMH 1 BiJICOTKAaMU apMyBaHHS.

Buk/jajieHHsi OCHOBHOro Marepiamy. J[nsg BH3HaueHHs  Hampy>KeHO-
1eOpPMOBAHOTO CTaHy 3THHAIBHOTO JIEPEB’STHOTO E€JIEMEHTY BHKOPHCTAEMO
anropuT™ onvcanuii B poodoti [12, 13]. [Ipote a5 onucanHs GyHKIIH BUKOPUCTAEMO
byHKINI, SK1 OMUCYIOTh HENIHIMHY poOoTy aepeBunu [14, 15]. AnroputMm mis
BCTaHOBJICHHS IrpadiKy «KMOMEHT-KPUBHHAY 300pakeHH Ha puc. 1.

Takoxx OyJio TPOBEACHO MOJEIIOBaHHS POOOTH PO3PaXyHKOBOTO IMOIEPEYHOTO
nepepizy MiJACUICHOTO 3TMHAJIBHOTO €JIEMEHTa METaJeBUMH MaTepiajioM 3 OJHIET
ctopoHu. IIpoBeaeHO poO3paxyHKH 3 PpI3HUM BIJICOTKOM apMyBaHHS THepepizy
MIJICHJICHUX OKpPEeMO B CTHCHYTIH Ta pO3TATHYTIM 30HaX. ['padikm «MOMEHT-
KPUBHHA» 3 PI3HUM BiJICOTKOM apMyBaHHS JJIsl 3THHAIBHOTO €JIEMEHTY, MiICHICHOTO
B CTHCHYTIN 30H1 Moka3zaHo Ha Puc.3; Taki % rpadiku, Kl TiJICUICHI 3 PO3TATHYTIN
30HI1 - Ha Puc.4.

Sx BuaHo 3 Puc. 2, 3, 4 pe3ynbrar apMyBaHHS PI3HUMHU CIIOCOOAMU JIEPEB’ THOTO
€JIEMEHTY Ma€ pi3HUU e(eKT B KOKHOMY 3 BapiaHTiB. ToMy, MOKHa CKa3aTH, IO
Halikpamuid e(eKT BiJ apMyBaHHA € IpPU apMyBaHHI OJHOYACHO CTHUCHYTOI Ta
pPO3TATHYTOI 30H. MeHmui eexT Bi apMyBaHHS Jla€ MiJCHJICHHS CTHUCHYTOI 30HH
3TUHAJIBHOTO JIEPEB’THOTO eNeMeHTy. | e MeHIuil eQexT miACUIeHHs PO3TATHYTOl
30HU. Po3paxyHKoBa Hecyda 3/1aTHICTh NEPEPi3iB OTPUMAHMX 32 JOTIOMOTOI0 Ipadiky
«MOMEHT - KpuBHUHa» HaBeaeHl B Tabmn.l, a TakoX HaBEIEHO BiJICOTOK 301JIbIIICHHS
HECy40i 3/[aTHOCTI Ta 3MIHU KPUBUHHU.
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Ta MOYaTKOBUM eTamoM o0paxyHKy 7= 0 (7 -MYIIbHUK ITHKITIB).
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Buuepnanng Hecydol 30aTHOCT B
ATHHANBHOMY HiTCHICHOMY
Oepes’ AHOMY ENeMeHTi

JocAarHeHHs I aHnni TeKYHoCTi B

META, 10 MICHIEE POSTATHYTY

30HY ITHHAIBHOTO ENEMEHTY

PviiHyEaHHA pO3TATHYTOL 30HH
IOepeEHHH E ATHHANBHOMY
MiICHIEHOMY JEpeR’ AHOMY EIEMEHTI

Puc. 1. Anroputm noOyoBu rpadika «MOMEHT-KPUBUHAY IS MIICUIICHOTO JAEPEB’ THOTO

eJeMeHTa BUKOPUCTAHHSIM ONTHUMI30BaHUX Jliarpam JeopMyBaHHS
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Puc. 2. I'padiku «MOMEHT-KpHUBHHAY ISl TIOTIEPEYHUX TEPEPi3iB 3 PI3SHUMH BiJICOTKAMU apMyBaHHS
Ta 6e3: 1)nonepeunuii mepepi3z 6€3 apMyBaHHS;

2) 3ruHanbHUM eneMeHT 3 1% cumeTpudHuM apMyBaHHIM; 3) 3 2%; 4) 3 3%
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Puc. 3. I'padikun «MOMEHT-KpUBHHAY /ISl €JIEMEHTY TiJCHUIICHOTO B CTUCHYTIH 30H1 Ta 6€3:
1) nonepeunuii nepepiz 6e3 apMyBaHHs; 2) STUHANBHUN e1eMeHT 3 1% BiICOTKOM

CUMETPUYHOTr0 apMyBaHHAM; 3) 3 2%; 4) 3 3% apMyBaHHS CTUCHYTOI 30HU
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Puc. 4. I'padiku «MOMEHT-KPUBHUHA» IJIsl €IEMEHTY IiCHJICHOTO B PO3TATHYTIN 30H1 Ta 0e3:
1) nonepeunuii nepepiz 6e3 apMyBaHHS; 2) 3THHAIBHUHN eeMeHT 3 1% BiICOTKOM CUMETPHYHOTO

apMmyBaHHsM; 3) 3 2%; 4) 3 3% apMyBaHHS pO3TATHYTOI 30HU

Ta0mmis 1
301IbIIIEHHS HECYYO0i 3IaTHOCTI 3THHATILHOTO JICPEB’ THOTO €JIEMEHTA 32 PaXyHOK
T ICHUJIEHHS
Bincorok Hecyua 3011bIIEHHS BignocHi BignocHi
apMyBaHHSI | 31aTHICTb, KHM HEeCcy4oi nedopmariii nedpopmartii
31aTHOCTI, %0 CTHCKY pO3TITY
JI€pEeBUHM, U _ | IEPEBUHHU, U
HeapmoBana 24,03 - 0,00674 0,00567
Oanka
3ruHaNBEHUN JIEpEB’ STHUH €JIEMEHT 3 CUMETPUYHUM apMyBaHHSIM
1% 31,46 30,92 0,00710 0,00588
2% 38,88 47,20 0,00706 0,00593
3% 46,30 57,28 0,00701 0,00597
3ruHaNbHUN JEpeB’ SHUN €JIEMEHT 3 apMYBaHHSM CTUCHYTOT 30HH
1% 29,60 12,03 0,00694 0,00638
2% 33,48 31,93 0,00590 0,00638
3% 36,66 37,72 0,00511 0,00638
3rUHABHUN JEepeB’ THUHM €JIEMEHT 3 ApMYBAaHHIM PO3TITHYTOI 30HH

1% 25,98 5,32 0,00676 0,00510
2% 27,98 15,20 0,00679 0,00451

3% 30,00 21,34 0,00645 0,00371




CyuacHni npo0JieMu apxiTeKTypH Ta MicTo0ynyBaHnHs. Bumyck 64. 2022 339

BucHoBKH. 3a MPOBEICHUM aHAII30M MOKHA 3pOOUTH HACTYITHI BUCHOBKHU:

1. Haiibispiie migBUIIEHHS HECY4Oi 3/IaTHOCTI €JIEMEHTY 3 JEPEBUHM HACTYIIA€
Opd OJHOYACHOMY TIiJACHIEHHI CTUCHYTOI Ta PO3TIATHYTOI 30H 3TUHAJIBHOTO
JIepeB’STHOTO CIIEMEHTY.

2. Mo>xnuBe 3aCTOCYBaHHS apMyBaHHS CTHCHYTO1 30HHM JIJIsI TIiIBUILIEHHS HECYUYOl
3IATHOCTI JIEpEB’STHUX E€JEMEHTIB, a 3aCTOCYBaHHS IiJICUJICHHS PO3TIATHYTOI 30HU
CJiJ] BUKOHYBATH Y BUIIAJIKaX, KOJM HEOOX1THO MiABUIIUTH HAAIMHICTD IT1€T 30HU 200
MIJICUIIUTU €JIEMEHT, SIKUM Ma€ 1e(EeKTH B PO3TATHYTIN 30HI.

3. HeoOximHo Big3HA4YMTH 3MiHY (opMu Tpadika «MOMEHT-KpUBUHA» IPHU
CUMETPUYHOMY apMyBaHHI, a came: 31 30UIBIICHHSM BIJICOTKAa apMyBaHHS MOTO
dbopma HaGIMKAETHCS 10 IPSMOJTIHIAHOI.
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Annotation
Gomon Petro, candidate of technical sciences, associate professor, National
University of Water and Environmental Engineering, Rivne

Modeling of cross-sections of wooden elements for different options and

percentages of reinforcement

A detailed analysis of literary sources on the study of strengthening of wooden
elements by various methods was carried out.

The calculation sequence of wooden elements reinforced with glued metal
elements 1s proposed. An algorithm for determining the "moment-curvature" graph
using optimized wood deformation diagrams is proposed. Calculations were carried
out for various forms of beam cross-sections. Calculations of the cross-section were
carried out and "moment-curvature" graphs were determined for different options for
the reinforcement of the wooden element (with the reinforcement of the compressed
zone, the stretched zone, as well as with the reinforcement of both zones). Schedules
were determined with different percentages and methods of reinforcing elements. It
was established that the best result of reinforcement occurs when reinforcing
compressed and stretched zones, less effective when reinforcing a beam in a
compressed zone, the smallest effect of reinforcing a stretched zone.

To simulate the work of reinforced wood, the mechanical characteristics of "pine"
wood with a moisture content of 12% and metal, namely the characteristics of A400S
reinforcement, were used. Moment-curvature plots are given for cross-sections with
different percentages of reinforcement and reinforcement in compression and tension
zones. An increase in the load-bearing capacity of a bending wooden element due to
various options and percentages of reinforcement reinforcement is presented.

It is necessary to note the change in the shape of the "moment-curvature" graph
with symmetrical reinforcement, namely, with an increase in the percentage of
reinforcement, its shape approaches a straight line. Based on the analysis, conclusions
were drawn. The volume of further experimental and theoretical research on this
issue is given.

Keywords: beam; bending; wood; bearing capacity; reinforcement; section.



