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3anponoHOBAHO peKOMeHJALil HA OCHOBiI MpOBeAeHHWX TEOPEeTHYHHX Ta
NPAaKTHYHUX [I0CJTiIKEHb, 010 KOHCTPYIOBAHHS 3THHAJLHUX €JIEMEHTIB 3
HiJIbHOI Ta KJIEEHOI /€PEBHMHHM 3 MACHBHHM Ta MNoONepeAHbO-HANPYKEeHHUM
KoMOiHOBaHMM apmyBaHHAM. HaBeaena noeranna nmoc/1iioBHiCTh BUKOHAHHS
NMPOEKTYBAHHS 3THHAJBHUX [IePeB’IHAX eJIeMEeHTIB 3 MepeBipKoIo0 3a Mepioio
Ta JPYrolw rpynor rpaHu4HHX cTtaHiB. OnucaHa nociigoBHICTH mepeBipku
Hecy4ol 3JaTHOCTI 3rMHAJBHOIO ejeMeHTyY. BceTaHoBJieHO, HeoOXigHicTBL Yy
BH3HAYEeHHi HaNpYy:KeHO-1e()OPMOBAHOIO CTAaHY eJIeMEHTa 3 MODYI0BOIO
rpadikiB 3a/1€:KHOCTI KPMBHHU BiJ Ail MOMEHTY.

Wood is one of the most needed natural materials on the planet. At the same
time, it is a renewable material. For more than one century, wood has been used
as a building material. In modern construction, most structures are used as
processed wood. Modern production allows using high-tech equipment to
produce glued wood of various sizes. It is the use of wood in glued construction
that allows you to expand the range of its use. It is this version of wooden
structures that is used in massive structures such as halls, bridges, and
stadiums. However, technological growth should not stand still, so there is a
need to increase the rigidity and reliability of these structures. The best way to
increase stiffness and reliability is to create a composition with stiffer, stronger
and more reliable materials. Previously, we gave the definition of the stress-
strain state of bending wooden elements with passive reinforcement and the
definition of tangential stresses in wooden beams taking into account the
nonlinearity of material deformation. In previous works, the method of
modeling the work of wooden beams with sequential loading was described. The
simulation of cross-sections of flexural wooden elements under different options
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and percentages of reinforcement was described. for prestressed elements and
without prestressing. Also, our work was aimed at determining the deflections
of bending wooden elements with various reinforcement options and with
prestressing. However, taking into account the description of the work of
reinforced and non-reinforced wood, no recommendations were provided for
the design and calculation of the bearing capacity of such structures. The work
describes the design of wooden bending elements based on the main previously
published scientific works. The article also touches on the problem of the
strength of bending wooden elements under the action of maximum normal
stresses, tangential stresses and maximum bending deflection. Based on the
theoretical and practical studies, recommendations were given for the design of
bending elements from solid and glued wood with passive and pre-stressed
combined reinforcement. It is established that determination of strength and
design of wooden beams have a similar step-by-step verification for limit states
of the first and second groups. At the same time, it is necessary to calculate the
stress-strain limit state of the cross-section and establish the dependence of the
curvature of the cross-section on the action of the external moment.

Karouogi cioBa:
JlepeBsiHi KOHCTPYKLIT, Oaku, apMyBaHHS, MOMEPETHE HATIPYKEHHSL.
Wooden structures, beams, reinforcement, prestressing.

Beryn. JlepeBuna € oqHOO i3 HAROLTBIN HEOOXITHUX MPUPOTHUX MaTepiaiB Ha
MIaHeTi IS BHUKOPUCTaHHA B 0araTthox ramy3sx. [lpy nboMy BOHa €
BiTHOBIIIOBAILHMM MatepiasioM. [IpoTsroM He OTHOro CTOJNITTSA JepeBHHA
BHUKOPHUCTOBYETbCS, sIK OyniBenbHMil martepian. Ha nmanwmit yac y OyniBHMUTBI B
OIMBIIOCTI KOHCTPYKLiM BHUKOPHUCTOBYIOTbCS 00poOyieHa nepeBnHa. CydacHe K
BUPOOHMLITBO [O3BOJISIE 33 JIOMOMOTOI0 BHMCOKOTEXHOJIOTIYHOro OOJaTHaHHS
BUTOTOBJISITH KJIGEHY IEPEBUHY PI3HUX PO3MIpIB 1 11€ 103BOJISIE POIIMPHUTH CIIEKTP
il mouinbHOro BHWKOpHcTaHHsA. Came Takuii BapiaHT [epeB’sSHUX KOHCTPYKLIN
3aCTOCOBYETHCS y BEJIMKOMPONITHUX CMOpPYydaX TakuX K 3aJli, MOCTH, CTaIiOHH.
[Tpote, TexHOIOTIUHUIT pO3BUTOK HE MMOBUHEH CTOSTH HA MICIli, TOMY € HEOOXiTHICTh
B 30UIBIIEHHS JKOPCTKOCTI Ta HAmIMHOCTI JaHWX KOHCTpyKuUiil. Haiikpamumm
cnoco0oM Juist 301IbIIEHHS YKOPCTKOCTI Ta HA/AIMHOCTI € CTBOPEHHS KOMMO3MLIii Ha
OCHOBI JIEPEBUHH 3 OiJIbII XKOPCTKUMH, MILIHUMHU Ta HaAIHHUMU MaTepiaJlaMH.

CraH nuTaHHA Ta 3a1a4i JOCHIIKeHHs. 3a OCTaHHI AECSATHIIITTA JOCIIIKESHHS
JlepeB’THUX apMOBaHMX KOHCTPYKUiM HaOymo 1mwmpokoi momymspHocti. Lle
MATBEPKYE BENMKA KUIbKICTh HAayKOBHMX Tpalb YKpaiHCBKMX Ta 3apyOiKHHMX
BUeHHMX. Bci BueHi koTpi 3aiiManmcsd OaHWUM THUTAHHS MiATBEPIKYIOTh, IO
BHUKOPHCTAHHS apMyBaHHS B I€PEB’THUX KOHCTPYKLIAX 301IbIIYE X )KOPCTKICTS [ |-
3]. 36inblIeHHs YKOPCTKOCTI I03BOJISIE 3MEHIIMTH TIPOTUH 3TUHAJILHOTO €JIEMEHTY
Ta BUKOPHCTOBYBATH €JIEMEHT /I MepeKpuTTs Oinbimx nponbsoTiB. Came ui aBa
acCTeKkTH BUBOJAWTH JIepeB’siHI KOHCTPYKUIl Ha iHIIWI piBeHb. B cBoro uepry,
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PO3BUTOK apMOIUIACTiB Ta MOCTYIHICTH CHHTETHYHHMX BOJIOKOH 3POOMIM came
KOMIO3UTHY apMaTypy e(QeKkTHBHOIO aJIbTepPHATHBOIO TIPH apMyBaHHi IepEBUHHU.
[MpoBeneHi mocmimkeHHs YKpailHCHKMX Ta 1HO3EMHMX HAyKOBIIB ITiJATBEpAMIN
XOpOoLi BapiaHTH MiJICUJICHHS 3THHAIBHUX EIEMEHTIB 3 AEPEBUHM 3aCTOCYBAHHAM
MeTaJeBUX Ta KOMIIO3UTHUX apMYIOUMX eJIeMEeHTiB [4, 5].

B pobGortax [6,7] Oyno po3poGiieHO crocoOu BU3HAYEHHS HaIpyKeHO-
neopMOBaHOTO CTaHy pPO3PaXyHKOBOTO HOPMAaJIbHOTO TONEPEeuHOro mnepepizy
3TMHAJIbHUX IEpeB’SHUX €JIeMEHTIB 3 MacHBHUM apMyBaHHSAM 3a CIPUHHATTS
3pOCTalOYOro 30BHIIIHEOr0 HaBaHTa)KEHHS Ta BU3HAYEHHs JOTUUHHX HArpy>XeHb 3
BpaxXyBaHHSM HeliHiliHOCTI nedopmyBaHHs Matepiany [8]. B poGoti [9] Oymno
OMHUCAaHO PO3pOOJIEHY METONUKY MOIETIOBaHHS pPOOOTH JlepeB’SHUX Oalok 3
MOCNIIOBHAM 3aBaHTakeHHsM, a B [10, 11] omwcaHo MozemoBaHHS poOOTH
HOpMAaJIbHUX MONEePEYHUX Tepepi3iB 3THHANBHUX JIePeB’SHUX EIEMEHTIB 3a Pi3HUX
BapiaHTIB Ta BiJICOTKIB apMyBaHHS I MACHBHO Ta TIOMEPEIHbO HAMPYKEHUX
enemenTiB. Takox pobutn [12-13] Oynu crnpsMoBaHi Ha BHU3HAUYEHHS TPOTHHIB
3TUHANBHUX JIepeB’STHUX €JIeMEHTIB 3 pIi3HMMHU BapiaHTaMW apMyBaHHS Ta 3
nornepenHiM HarpyxeHHs M. [IpoTe, BpaxoBytOUM OMUC pOOOTH apMOBaHOI i He
apMOBaHOi NEepeBWMHHW, OyIM He HamaHi peKoMeHIauii Mo MPOeKTYyBaHHIO Ta
PO3paxyHKy HEeCy4ol 3JaTHOCTI TaKUX KOHCTPYKIIiT.

Mertoro nanoi poOOTH € Ha OCHOBI MPOBENCHUX MOCHTIMKEHb, K TCOPETUUHUX
TaK 1 MPaKTUYHHX HagaTH PEeKOMeHHauii LI0A0 KOHCTPYHOBAHHS 3TMHAJIBHUX
€JICMEHTIB 3 LIJTbHOI Ta KJICEHOT NEPEBUHH 3 NACKBHUM Ta NOMEPeIHbO-HAMPYKEHUM
KOMOIHOBaHUM apMyBaHHSM.

[lepenymoBM TIpoeKTyBaHHS Ta TepeBipku Hecyuoi 3paTHocTi. [lpm
MPOSKTYBAaHHAM [EPEB’SHMX  3TUHAIBHUX eNIeMEHTIB 1H)KEHEepP-KOHCTPYKTOP
MOBUHEH 3a0e3MeYnTH MILHICTb, HA/IIHHICTh Ta €KOHOMIUHICTb KOHCTpYKLii. Tomy
cnig mependavyaTd MOXJIIMBI BapiaHTH pYHHYBaHHA Ta BUXOAY KOHCTPYKLii 3
HOpManbHOI ekcrutyaTtauii. Cxema migOopy Ta MepeBipKW eNeMeHTIB 3 JepeBUHU
MOKHA 300pa3iTH Ha CXeMi pUCYHKY 1.

Sk BUOHO 3 puc. 1, 3aMpoNOHOBaHa cxeMma i MPOEKTYBaHHsA Ta MepeBipKu
KOHCTPYKLI € CXO)KUMHU. BOHM Bipi3HAIOTHCS JINIIE TUM, LIO MPH MPOSKTYBaHHI
MOTPiGHO BCTAHOBIIIOBATH TEOMETPUYHI XapaKTEPUCTHKU MOMEPEUHOro mnepepizy
nepeB’siHOI O6arku. Crif 3ayBa)KMTH, 10 NPOEKTYBaHHS KOHCTPYKLIHM B 3aJI€KHOCTI
BiJl IOMYCTMMOIO NPOTUHY € JOCUTh BaXXITMBUMM, TOMY LIO caMe TPaHUYHHI CTaH
MO HEeMPHUAATHOCTI N0 HOpPMaibHOI eKciulyaTalil Hactynae pasimre. [lpote i
nepeBipka Ha MILHICTh 32 HOPMAIbHUMHM Ta MOTUYHUMM HAMPYKEHHSIMU €
000B’A3KOBUMU.
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ITpoeKTyBaHHA 3rHHATEHOTO
JIepeB’ AHOTO eIIEMEHTA

Ieperipka Hecyuoi 3MaTHOCTI Ta
*KOPCTKOCTI 3THHATHHOTO
JIepeR’ THOTO eleMeHTa

I

i

Bu3HaYeHHA TeOMETPHUHHX XapaKTepHCTHK
TIoNepedHOro Nepepisy B 3alekHOCTi Bl
MaKCHMAIBHO NONYCTHMOTO NPOTHRY elleMeHTa

Ileperipka KOPCTKOCT] 3THEANBHEOTO eeMeHTa B
3ANEKHOCTL Biﬂ MAaKCHMAaNbHO JOMYCTHMOIO
IPOTHEY eleMeHTa

N 1

TlepeBipka Hecy4oi 3OATHOCT] STHHAIBHOTO
eNeMEHTa B 3alI&KHOCTI Bifl II0Y0TO
MaKCHMa/IBHOTO 3THHANBHOTO MOMEHTY

Tlepepipka Hecy4oi 31aTHOCTI 3THHAIBHOTO

eleMeHTa B 3al&XHOCT] Bill BHEHKAIOUHX
OOTHYHHX HAaNPVHEHD

Puc. 1. Cxema nocniioBHOCTI MiAOOpPY Ta MepeBipKy IepeB’ SHUX 3rMHATLHUX
eNIeMeHTIB

Sk Bimomo, A TOCSATHEHHs OubIIol e(heKTUBHOCTI JepeB’THUX KOHCTPYKLIN
CJTiJI TIPOEKTYBATH MOMEpeYHuii nepepi3, skoMora BuliM. Tomy 3a3Buuaii BUCOTY
repepi3y epeB’IHOTO elNeMEeHTY BUOMparoTh a00 3a 0OMEeXKEeHICTIO copTaMeHTa, abo
3 BpaxyBaHHSIM BTpaTH 3araibHOl crilfikocti. ToMy, 3a3BWYail CrHiBBiTHOIIEHHS
LWIMPUHY TIepepi3y J0 BUCOTH cITiji npuitMaTy 6mu3bkuM 1o 1:3. Toni sik edekTUBHY
JOBKUHY 3TMHAJILHOTO eJIEMEHTY MOYKHA BU3HAUUTHU 3 rpadiky, sKuil 300paxxeHuit
Ha puc. 5 [14], BpaxyBaBmm cmiBBigHOImeHHS | 1m0 3. SIKkmio TakuM YHHOM
3aMpOeKTYBaTH 3rWHANBHUN €JIEMEHT TO iX Hecyda 3aTHICTh Oyne BUYepIyBaTUCh
OJTHOYACHO | 3a JIPYrolo IpyIo0 TPaHNYHUX CTaHIB (TPaHMYHUM MPOrMHOM) 1 MpH
JNOCATHEHHI MaKCUMaJIbHUX 3HAUeHb HECY4Ol 31aTHOCTI 10 HOPMaJILHUM Nepepizam.

[poekTyBaHHS JepeB’THOrO 3TMHAIBHOTO €NIEMEHTY CITii MPOBOOUTH B TaKiil
TMOCITiIOBHOCTI

1) Bu3Ha4YeHHs T€OMETpUYHMX Mepepi3y B 3aJIeKHOCTI Bifl pO3paxyHKOBOTO
MPOJILOTY, 3 BpaxyBaHHIM rpagiky puc.5 [14].

2) IMobynoBa rpatiky MOMEHT-KpUBUHA I BU3HAYCHOTO TIepepi3y 3 3a1aHUMHU
XapaKTepPUCTUKAMHU (IeTaIbHO OMUCAHO B poOOTax: [6] mia Gamok 6e3 apMyBaHHS,
[7] nns Ganok 3 apMyBaHHAM Ta [8] It €leMEeHTiB 3 IONepeIHIM HaMpyKEHHSIM ) Ta
anpoKchMallis oro 10 QyHKIIH.

3) BcraHoBJeHHs HOMyCTHMME HABAHTAXKCHHsA, MPU SIKOMY JOCATAETHCS
MAKCHUMalbHO IOMyCTUMHUI Nporud M., . JInA UbOro LUIAXOM IHTErpyBaHHs Mo

TOBKWHI 0aTKi 00 METOOM CKiHYEHHUX eJIEMEHTIB CITiJi BU3HAYNUTH TPOTHH, IS
pi3HOTO PiBHS HAaBAaHTAXEHHS 3 BpaXyBaHHIM 3aKpiTUICHHS 3TUHAIIBHOTO eJIEMEHTY
[14].
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4) 3a rpadikoM MOMEHT-KPMBMHA BHU3HAYUTH MaKCUMAaJbHUI 3TUHATBHUIA
MOMEHTY, 10 MO)X€ CHpPUIHATH TONepevyHnii mepepi3 AepeB’sHol Oaiku Ta
BU3HAYMTH 30BHILIHE HABAHTAXKEHHS MNP SIKOMY HOCATAETbCSA Ll 3TUHABHUIA
MOMEHT.

5) O6paTu 3 IBOX BapiaHTIB 30BHIIIHHOrO HABAHTAXKEHHS rpaHUYHe (MEHIe 3
JIBOX).

6) TlepeBipuTH MIlIHICTh 3TMHAJIBHOTO JEPEB’STHOTO EJIEMEHTY 332 JHOTUYHUMU
Hanpy>KeHHAMH BUKOPUCTOBYIOUH po3poOku [8].

7) BcTaHOBUTH HEOOXiMHY KiJIbKICTh €JIEeMEHTIB HEOOXIIHMX Ui CIPUNHSATTS
HaBaHTa)XEHHSL.

[NepeBipka Hecy4oi 3HaTHOCTI Ta JKOPCTKOCTI 3TMHAJBHOTO IEpeB’sTHOTO
eJIeMEeHTY HeoOXiIHO BUKOHYBATH B TaKii MOCIiIOBHOCT:

1) TobynmyBatu rpadik «MOMEHT-KPUBWHAY» [UIs BU3HAYEHOTO Tiepepizy 3
3alaHUMK XapaKTepUCTHKaMHU (IeTaJbHO omucaHo B podoTtax: [6-8]), Ta mpoBecTn
fioro ampokcumaltito 10 GpyHKIii.

2) BcraHOBUTM [OMYCTUME HaBAaHTKEHHA, TIPH SKOMY OOCATAETHCH
MaKCHMaJIbHO JOTYCTUMHUiA NpOrud M ;.q . JUist 11bOTO LIIAXOM IHTErpyBaHHS TO

JIOBXHHI Oallki abo METONIOM CKiHYEHHHMX EJIEMEHTIB CITiJ] BU3HAYWTH MPOTUH 3
BpaxXyBaHHSIM 3aKpiljIeHHs 3TuHaibHOrO eneMeHTy [14]. TlpoBectu mopiBHSIHHS
PaHUYHOr0 HABAHTAXKEHHS 3 MPUKJIAJICHUM HaBaHTAXKEHHSM.

3) 3a rpadikoM «MOMEHT-KPUBHHA» BU3HAYUTH MAKCUMAIbHWUN 3rUHANbHUI
MOMEHT, 1110 MO CIPUIHSITH TIoNepeyHuil epepi3 nepes’ssHoT Oanku. [TopiBHSITH
MiFOYMii MaKCUMaJbHHUII MOMEHT BijJ 30BHIIIHLOTO HABAHTAXEHHS, 10 i€ Ha
3TMHAIIbHUI €JIEMEHT 3 MaKCHMalbHUM MOMEHTOM, M0 MOXe CHpPUHHITH
roriepeaHmii epepis [8].

4) IlepeBipuTi MiLlHICTh 3TMHAJILHOIO JEPEB’SHOTO €IEMEHTY 3a HOTUYHUMH
HanpyXeHHAMHU BUKOPHCTOBYIOUH po3poOku [8].

5) 3poOKUTH BHUCHOBKM IO OOTPYHTYBAaHHIO HECY4YOi 3JaTHOCTI 3THHAIbHOTO
JiepeB’THOTO €lIEMEHTY.

BucHoBkH. Ha 0CHOBI IPOBEACHUX TEOPETHYHHX Ta NMPAKTHYHUX HAMPALIOBAHb
Oyno HamaHoO peKoMeHAalil, LIOA0 KOHCTPYIOBAHHS 3TMHAJIBHUX €JIEeMEHTIB 3
UiMbHOI Ta KIGEHOI [epeBMHM 3 NacUBHUM Ta TONEpeJHbO-HAMPYKEHUM
KOMOIHOBaHUM apMyBaHHAM. BcTaHOBIIEHO, 110 BU3HAYECHHS HECY4oi 34aTHOCTI Ta
MPOSKTYBaHHs MPOXONATh JOCUTH CXOXKY MOCTANHy TNepeBipKy 3a TpaHUYHUMHU
CTaHaMW Tiepuioi Ta Apyroi rpynu. [Ipy mpoMy € 0OOB’SI3KOBMM BW3HAUCHHS
HanpyXeHOo-I1eOpMOBAHOTO TPAHWYHOTO CTaHy I[ONMEPEYHOro mepepizy Ta
BCTaHOBJIEHHSI 3aJISKHOCTI KPUBHHY Tepepizy Bif Nii 30BHIIIHHOTO MOMEHTY.
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