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HamionaibHUI YHIBEPCUTET BOJHOTO TOCIIOJAPCTBA
Ta MPUPOJOKOPUCTYBaHHs, M. PiBHE

HEPEAYMOBMU UISA IPOI'HO3YBAHHSA POBOTHU ITACUBHO
APMOBAHHUX 3I'MHAJIbHUX JEPEB’AHUX EJIEMEHTIB
METAJIEBUMU MATEPIAJTAMU

O01pyHmog8ano O0oYiNbHICMb APMYBAHH CMANbHOW APMAMYpPoI0 eleMeHmia 3
YiIbHOI ma K1e€Hoi depesunu. Bcmanogneno ocHo6Hi nepedymosu OJisi apMy6aHHs
o0epes sIH020 eleMeHma, wo Npayroe Ha NONePeYHULl 32UH, MemanesuMu Mamepiaiamu.
Bcmanoesneno nanpyosiceno-oegpopmosanuit. cman 0 0epes’siHuUX elemMeHmis 3
APMYBAHHAM CMUCHYMOI ma po3msaeHymoi 30Hu. Po3pobneno aneopumm 0
BUKOPUCMAHHS PI3ZHUX (DYHKYIU Ol BUSHAYEHHS HANPYIHCEHO-0epPOPMOBAHO20 CIMAHY
depesuHru, a MmMaxkoldc nodyoosu epa@ixKy «MOMeHmM-KPUBUHA» OJisl PI3HO20 BUOY
aApMy8aHHs 0epesuHU MemaieeuMu Mamepiaiamu.

Knrouosi cnosa: depesuna, depes’sinuii enemenm, apmMy8aHus, CymicHicms pooomu,
oeghopmayii.

IHocTanoBka nmpodjemu. HeoHopa3zoBo 3rajyBaioch npo Te, 0 OJAUH 3 TPOCTUX
1 JTIOCUTh CYTTEBUX IUISXIB TMOKPAIIEHHS BIACTUBOCTEH IEPEBUHU 1 IMIIBUIICHHS
(G13UKO-MEXaHIYHUX BJIACTUBOCTEHM €JIEeMEHTa B IIJIOMY € apMyBaHHS ILUIBHUX Ta
KJICEHUX JIEPEB'SHUX TEpepi3iB KOHCTPYKIIA METaJeBUMU MaTeplaiaMu, TAaKUMH K
apMarypa, JHCTOBa CTajlb, (pacoHHHi mpokar. Ile m03Boisie CyTTEBO 3O0UIBIIMTH
MILHICTh HOPMAJIBHUX TMEpepi3iB, MIABUIIMTUA HAIMHICTh €JIEMEHTa Ta CYTTEBO
3MEHIIY€E MOT0 MPOTUH Bij J1i 30BHIIIHHOTO HABAHTAXKEHHS.

Bnepuie apmyBaHHS JepeBUHH OyjI0 3alpONOHOBAHO HIMEUBKMM BUYEHUM A.
®dimepom e B nanekomy 1926 pomi B Himeuuuni. [lepmnmMu KOHCTpYKUISIMU, SIKi
Oynu apMoBaHi, 11e OyJM 3THHAIBHI €IEMEHTH. APMYBAJIHCS BOHU 3/1€0UTBIIOTO 32
JIOTIOMOTOI0 TIBSIXiB, HAreliB Pi3HOTO BHIY 3’€IHaHb 3yOuyaToi KoHCTpyKmii. Bei mi
BUJIA 3’ €JJHaHb MaJli OCHOBHUM HEMOJIK - 1I€ iX MoAaTiauBicTh. [IpoTe y m’saTaecsatux
POKax JABAISATOTO CTONITTS BiIOYBCS CTPIMKHN PO3BUTOK XIMIYHOI TPOMHCIOBOCTI ,
0 BOJHOYAC CIPHUSIO CTBOPEHHIO HOBHX BHCOKOC(DEKTHBHHMX CHHTETUYHUX Ta
KOMITO3UTHHX KJieiB. CaMe 3aCTOCYBaHHS ITUX KJIEIB I03BOJISIIIO CTBOPUTH JIOBIOBIYHI
Ta MIIHI KJICHOBI 3’ €THAHHS Ta 3a0€3MEYNTH CyMiCHY POOOTY pi3HOTO BUTy MaTepialliB
TaKuX sIK IEPEBO Ta METaJl.
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3arajiioM, MOKHA BUJIUIUTH JBa CIOCOOU BUTOTOBJICHHSI apMOBAHUX JE€PEB’ IHUX
KOHCTPYKIIIN: Mepiuii croci0 - 1e MacuBHUM croci0 BUKOPUCTAHHS apMaTypH, A€ B
3TUHAIBHUX JEPEB’IHUX €JIEeMEHTaX BUKOPUCTOBYETHCS apMatypa 0e3 monepeaHboro
HaIpyKEHHS; IPYTUid Croci0 - akTUBHUN Jie apMaTypa MOoNepeIHbO HANPYKYEThCS B
3TUHAJIBHOMY €JIEMEHTI.

[IIo6 cnporHo3yBatu 3arajbHy pPOOOTY apMOBAHOTO 3TUHAIBHOTO E€JIEMEHTA,
MOTPIOHO PO3MJISTHYTH MOro, SIK MAaCHBHUM, TakK 1 3 MOMNEPEIHHO HANPYKEHUM
(axTUBHUM) apMmyBaHHSM. Bike panime B poGotax [1-4] He pa3 3raayBanoch, IIO
HalKpalM METOJOM JUIsl aHalli3y poOOTH KOHCTPYKIIN € BHUKOPUCTaHHS Tpadiky
“momeHT-kpuBuHA”. CaMe el rpagik Halkpalle 3acTOCyBaTH B MOJAJBIIOMY JJIS
MPOTHO3YBaHHS HAIPY>KEHO-1€(POPMOBAHOTO CTaHy 3TMHAIILHOTO €JIEMEHTY Ha Pi3HUX
CTaJisIX pOoOOTH, BCTAHOBJIEHHS BEJIMUUHU MPOTUHY 3TMHAIBHUX €JIEMEHTIB, a TaAKOXK
JUTSl BU3HAYEHHS IOTUYHUX HAIpPY>KEHb MO BCIM JIOBXKUHI OAJIOK.

AHaJi3 NPaKTUYHUX TA TEOPETUYHHMX HOCiIKeHb. [l Toro, mob maHy
npoOJieMy MOKJIIMBO PO3TJISHYTH KOMIUIEKCHO, TO HEOOXIJHO MaTh MEXaHI4H1
BJIACTUBOCTI JEPEBUHM Ta apMarypu (MeTajieBOi Ta HEMETaJIeBOi), MEPEBAXKHO
nedbopMaTUBHI Ta MIIHICHI XapakTepucTUku. OcoOIMBO Taki MapaMeTpu MOBUHHI
CTOCYBaTUCA KPUTUYHUX IMOKa3HUKIB [5-12], TOOTO MOKa3HMKIB, SIKI BIAMOBIAAIOTH
MaKCUMaJIbHUM HalpyXEHHSIM JOCIIKYBaHUX MaTeplaiB.

Jlocuth TIMOOKI €KCHEPUMEHTAbHO-TEOPETUYHI JOCTIKEHHS 3HaXOJUMO B
poborax [2,10,11].

Mu npoBenu TakoX JIesKi JOCTIIXKeHHs 3 1aHoi npoonematuku [10,12-18].

IlocTaHoBKa 3aBjaHHs. BCTaHOBIEHHS CyMICHOCTI pPOOOTH JEPEBUHH 3
CTaJI€BOI0 Ta KOMIIO3UTHOIO TUIACTUKOBOIO apMaTyporo B Oasikax, SIKl MPaloloTh Ha
MONEPEYHUM 3TUH BiJ] TOYATKY 3aBaHTAXEHHSI 10 BUUEPIIAHHS HECY4Oi 3JaTHOCTI.

BukiaaneHHss 0CHOBHOro marepianay. Po3risiHemMo HarnpyXeHO-Ie(popMOBaHUN
CTaH 3TUHAIBHOTO JAEPEB’STHOTO €JIEMEHTa MIiJCUJIIEHOTO METAJIEBUMU MaTepialamu.
[Ipy wpoMy mONEpeAHHO BHU3HAUYMMO OCHOBHI MIIHICHI Ta AedOpMaTUBHI
XapaKkTepUCTUKU MaTeplajiB B IMOIMEpeyHOMY TMepepi3l. BpaxoByrouu iCHyBaHHS
onTuUMi3oBaHuX Aiarpam negopmyBaHHs [10,11] BUHUKaE MOKIIUBICTH 30UIBIIUTH
TOYHICTh pO3paxyHKy. JlJisi BCTAHOBIIEHHS HaIpyXEHO-I€(POPMOBAHOTO CTaHY
MONEPEYHOro IMepepizy apMOBAaHOTO €JIEMEHTa, K 1 JIJIi HeapMOBAHOT'O €JIEMEHTA,
3aamMocs JBoMa (PYHKIISIMU «HAMpyXKEHHS — Jegopmalliss» JIEepEeBUHHU 32 OCbOBOTO
ctucky (1) ta ocroBoro po3rary (2). Takox nBoMa QyHKIISIMU pOOOTH MeTaly IpHu
CTUCKY Ta po3TAry BianoiaHo (3) ta (4).

o,.= /., ) (1)
c,, ) 2)
o,.=f.\u.) G)
o, =1lu,) @)
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JIns miiCKIIEHOTO apMaTy PO 3TMHAIBHOTO €JIEMEHTa CUCTEMa PIBHSIHb PIBHOBArH
Ma€ BUTJIS, TaKUW CaMUM, SIK 1 U1 HEMIJICHICHOTO €JIEeMeHTa, TOOTO MPOEKIlisl BCiX
BHYTpIIIHIX 1 30BHIINIHIX 3yCWJIb Ha MOB3JOBXHIO BICh X €JIEMEHTAa IOBHHHA
nopiBHioBatd () Ta cymMa BCiX MOMEHTIB MO BIJHOIICHHIO JO OCl z Ma€ TaKOXK

nopiBaioBatu 0 (5).
Z Nx,arm = 0’

2 M. =0;
B TakoMy Bumaaky MoOXHa nepenOayuTH HACTyIHI BapiaHTH HaIpy>KEHO-
1e(OpPMOBAHOIO CTAaHY JUIsl MIACWICHOI'O 3TMHAJIBHOIO JE€PEB’SIHOTO €JIEMEHTa, 110
nokasano Ha Puc. 1.

)

Puc. 1. Crazii HanpykeHO-1e(hOPMOBAHOTO CTAHY IMiICUIICHOTO 3STUHAIBHOTO JIEPEB’ THOTO
€JIeMEHTa METAJIEBUMHU MaTepiaTaMu

BpaxoBywoun Te, 110 Hanmpy>KEHHS BHHUKA€ OJHOYACHO B JIEPEBUHI Ta MeETall
CHUCTEMa PIBHSHb pIBHOBArH (5) JUIsl HAIIOTO Mepepizy MpUKMe BUTIISIA
NWC +NSC _NWZ _NSI =0;

_ (6)
Mi _Mw,c o Mw,t o Ms,c - Ms,t = O’
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ne M 1M _ —3ruHanbHi MOMEHTH, SKI BUHHKAIOTh BiJ] Jii 30BHIIIHBOTO MOMEHTY
M ., MO CIpHUIAMAIOTHECA JEPEBUHOIO MIJICHIEHMMH CTHUCHYTOK Ta DPO3TATHYTOIO
30HaMHU JI€PEBUHU;
M 1 M, —s3runanbHI MOMEHTH, IKi BUHHKAIOTh BiJl JIii 30BHIIIHBOTO MOMEHTY M,
, BIIMIOBIIHO Y CTUCHYTOMY Ta PO3TATHYTOMY METAJII;
N, 1 N s — DIBHOJIIOUI BHYTPIMIHIX 3yCHIb y CTUCHYTIH Ta PO3TATHYTIi 30HaX
JI€PEBUHU;
N . i NS’ , — PIBHOJII0YI BHYTPIIIHIX 3yCHJIb y CTUCHYTIH Ta PO3TATHYTIH 30HAX
MOTIEPEYHOT O TIepepisy.
BuyTtpimiHi 3ycusis, sSiki BUHUKalOTh B HOPMAJIbHOMY IONEPEYHOMY Mepepisi

3TUHAJIBHOTO €JIEMEHTA, 3 BpaXyBaHHsAM (PYHKIIIHN 1epopMyBaHHS IEPEBUHU

No =bey ] £ )= 4,1, ) ™
0 c
N, =y [ du= A S ) ®)
0 t
Uy
MW,C = b ) ycz ‘[ uw; fW,C (u w.e )du - AS,CfW,C (uS,C )yS,C ; (9)
O C
2 I uwt
Mw,t - b ’ yt J. u é fw,t (uw’, )du - As,tfw,t (us,t )ys,t‘ (10)
0 t

3HayeHHs BHYTPINIHIX 3yCWJb, IO CHOpUHAMae apmarypa B CTUCHYTIA Ta
PO3TATHYTI 30H1 OyJie pIBHUM

N(‘f‘ :A\'{’f;f‘(u(‘f‘) (11)
th = 1 vt(uvf) (12)
)i(S AM ,A , — TIOma NonmepeYyHoro IMepepidy €NEMEHTIB MIACHUIECHHS BIAIOBiIHO

CTHUCHYTOI'O Ta PO3TATHYTOIO,

u_ ,u_, —BITHOCHI nedopManii B MICHIECHUX €IEMEHTaX.

< r?d

3HayeHHs1 3TUHAJIBHOTO MOMEHTY, WO CIpUiiMae MeTajeBe MiJACWICHHS B
CTUCHYTIN Ta PO3TATHYTIA 30HAX MOKJIMBO BU3HAUUTH

M, =Ny, =A f (u )y, (13)

M, =Ny, =A.f u,., (14)

Ae Yy, ,Y,, - BIACTaHb B HEHTPAIbHOI JIHII 10 CHIH, SIKY CIPHAMAIOTH CIEMCHTH
T1ICUJICHHS BIJIMOBITHO CTUCHYTOTO Ta PO3TATHYTOTO;

OCHOBOIO U151 PO3PaxXyHKY JepeB’siHO1 Oanku € rpadik «MOMEHT—KpuUBUHA» [3,4].

ANTOpUTM BU3HAYEHHS HECY4YOi 3JaTHOCTI apMOBAHOTO €JEMEHTa 3 JIEPEBUHU

HaBeJeHui Ha Puc. 2.
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3anaemes: , , ; , s
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, - BII[CTaHbf;ﬁg m;)Hpr MJP eRNX EIeMEHTIB B1J ‘Kpax@ Oanku; ¢
BcTanoBuMO mo4aTKOBY KpUBUHY Ta IUKJ PIBHOBAru
£ —1.100° i—1
v
3agaemMocst 3HAUEHHSIM HEUTPaJIbHOI JTiH11 ,
Ta MOYaTKOBHM €TaroM 00paxyHKY ( -JMYUTBHUK LUKITIB).
v
AKWO BusHauaeMo BiICTaHb BiJl HEUTpabHOI J1HIT 10

A 4

METaJIeBUX €JIEMEHTIB CTHCKY Ta PO3TATY:
N, +N >N _ ,+N

yc,n = yc,n~1 _O’OIh +
AKUWO BuzHauaemo BiIHOCHI Aedopmallii CTUCKY Ta
[PO3TATY HEOOXIJHI ISl pO3PaXyHKY:

Nﬁﬁ%ﬂﬁ<AQ,+N

yc,n = yc,n~1 + O’OIh 9 3
vV =V +001Ah uw.c = giyc,n uw.t = éytn

HI v
BuzHauaeMo 3HaYEHHSI BHYTPIIIHIX 3yCHIIb:

No 4N, =y, [ fo ) dut 4,1, ()~ 4., ()

BuzHaueHHs 3rHHaTbHOTO MOMEHTY, 1110 CIIPUUMAETHCS TIEPEPI3ZOM:

M,=M, +M,+M, +M, =b-h, j u fo.(u Ydu+b-h,’ j u S Ydu+
« o (. ). R S Y o (. ). « o (..
TAK ¥ TAK ¥
Buuepnanus Hecyuoi JIOoCATHEHHS TpaHUIll TEKY4IOCTi B PylinyBaHHS pO3TATHYTOI 30HU
BIIaTHOCTi B 3TMHAJIBHOMY MeTa.J'Ii, j11(¢] Hi}.‘[CI/IJ'IIOG PO3TATHYTY ACPCBUHU B 3rUHAJIIBHOMY
HiI{CI/IJ‘IeHOMy eJ‘IeMeHTi 30HY 3rMHAJIBHOT'O CJIICMCHTY HiZ[CI/IJ'IeHOMy eJ‘IeMeHTi

Puc. 2 AnropuT™ BU3HAYCHHS HECYYOi 3aTHOCTI HA OCHOBI OOYZ0BHU TpadiKy «MOMEHT-KPHUBHHA
JUISL TI/ICUJICHOTO JIepeB’ STHOTO €JIEMEHTA
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BucnoBkn. 1. CTBOpeHO YyHIBEepCadbHUWU aITOPUTM JJIsI BCTAHOBJIEHHS
HaIpyXeHO-1e(pOPMOBAHOTO  CTaHy  JE€pPEB’SHOT0  3TUHAJBLHOIO  €JIEMEHTa
MPSIMOKYTHOI (JOPMH Ha P13HUX PIBHIX 3aBAHTAXKCHHS.

2. 3anporoHOBAaHUI aNrOPUTM J03BOJSIE BUKOPUCTOBYBATH JJisi BU3HAUYCHHS
HaIpyKeHOo-1e(pOPMOBAHOTO CTaHY PI3HOTO poay GYHKIIIT AehopMyBaHHS.

2. Jlns BU3HAYEHHS HECY4YOi 3aTHOCTI 3TMHAJIBHOTO JEPEB’STHOTO €JIEMEHTa 3
BUKOPUCTAHHSM  [MACMBHOIO  apMyBaHHS  BPaxXxOBYIOThCA  (Di3UKO-MEXaHIUYHI
BJIACTUBOCTI, SIK JICPEBUHU, TaK 1 METAJIIEBUX MaTepiajiB, SIKI 3aCTOCOBYIOTHCS IS
apMyBaHHS €JIEMEHTA.
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PREREQUISITES FOR PREDICTING THE WORK OF PASSIVELY
REINFORCED BENDING WOODEN ELEMENTS WITH METALLIC
MATERIALS

A detailed analysis of literary sources on the strengthening of solid and glued
wooden elements of rectangular cross-section was carried out. Based on the literary
analysis, the purpose and objectives of the research are given.

It is possible to distinguish two methods of manufacturing reinforced wooden
structures: the first method is a passive method of using reinforcement, where
reinforcement is used in bending wooden elements without prestressing; the second
method is active, where the reinforcement is prestressed in the bending element.

In order to consider this problem comprehensively, it is necessary to have
mechanical properties of wood and reinforcement (metallic and non-metallic), mainly
deformable and strength characteristics. In particular, such parameters should apply to
critical indicators, i.e. indicators that correspond to the maximum stresses of the
materials under study.

To establish the stress-strain state of the cross-section of the reinforced element,
as well as for the unreinforced element, it is necessary to specify two functions "stress-
strain" of wood under axial compression and tension. Also, the two functions of metal
work in compression and tension.
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The expediency of reinforcing elements made of solid and glued wood with steel
reinforcement is substantiated. The basic prerequisites for the reinforcement of a
wooden element working on transverse bending with metal materials have been
established. The stress-strain state is established for wooden elements with
reinforcement of the compressed and stretched zone. An algorithm has been developed
for the use of various functions to determine the stress-strain state of wood, as well as
to construct a "moment-curvature" graph for various types of wood reinforcement with
metal materials.

The need for further experimental and theoretical research is substantiated.

Keywords: wood; wooden element; reinforcement; compatibility; deformation.
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