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O. KoHOHYYK, KaH/. TEXH. HAYK

TepHoninbcokuil HAYIOHAILHUL MeXHIYHUL YHigepcumem imeHi leana [lynios

BPAXYBAHHSA MAJTOIUKJIOBUX HABAHTAXKEHD I1PU
PO3PAXYHKY HIACUJIEHUX 3I' MHAJIBHUX 3AJII3OBETOHHHUX
EJEMEHTIB

Pestome. Ilpogedeno excnepumeHmanbHi OOCHIONCEHHS RNIOCUNEHUX 3SUHATbHUX 3A1I300€MOHHUX
efleMenmie npu Oii Ha HUX OOHOPA306UX MA MATOYUKIOBUX HABAHMAdICEHb. B excnepumenmi ukopucmano 06a
Memoou niocunennsi. 3a 0onomozow gyeneniacmuxosux cmpivox CFRP ma noromna Wrap. Manoyuknosi
HABAHMAIICEHHSA NPUKIAOATUCy DI3HUX DIGHIE, W00 3M00en08amu HAUROWUPEHIWT pedcumMu eKCniyamayii
KOHCMpYKYiu, 30Kpema [ 6unaoku ix nepeHasawmadxgcenus. B pesynomami npogedeHux O00CHiodceHb
EeKCNEePUMEHMATLHO 8CMAHOBNIEHO OTUCHULL HANPYICEHO-0ehOPMOBANHULL CINAH MAKUX KOHCMPYKYIU 34 pi3HO20
pedxcuMy HasanmasiceHus. V 36’ A3Ky 3 mum, Wo 8 YUHHUX HOPMAX 8i0CYMHIA MemMOOUKA PO3PAXYHKY NIOCUNEHUX
32UHANBHUX  3AI300€MOHHUX — eJleMeHMi8, 30KpeMd NPUKIeEHUMU 8 pPO3MASHEeHIU 30Hi KOMNO3UMHUMU
mamepianamu, pospodieHo maxy memoouxy. Bowa adanmoeana oo eumoe /[FH B.2.6.-98:2009ma /JCTY
5.B.2.6-156:2010 i 6asyemwvcs Ha ocHO8I Oeghopmayiiinoi MoOeni ma 8paxo8ye 6NIUG MANLOYUKIOBUX
Haganmagicens. 1Iposisuiu NopieHANHSA eKCHePUMEHMANbHUX | MEeOPEeMUiHO OMPUMAHUX OAHUX, BCTNAHOBTIEHO
3a008i1bHY 30idHCHICMb. 3anPONOHOBANA MEMOOUKA PO3PAXYHKY O0360I5€ He MINbKU 3HAUMU Hecy4y 30amHicmb
MaKux KOHCMPYKYitl uu nidibpamu HeoOXIOHI napamempu eneMeHmié niOCUNeHHS, ajle U GCMAHOSUMU
HANpys#ceHo-0eopmosanutl cmamn niocuienoi KOHCmpyKyii na 6yov-axomy emani ii podbomu, noYuHa4u 6io
NepuLo2o HABAHMANCEHHS 1l 00 CMAOTi PYUHY8ANHAL.

Knwuosi cnoea. 3anizobemon, niOcuieHHs, KOMNO3UMU, PO3PAXYHOK, HOPMAIbHI nepepisu,
MANOYUKNIOBT HABAHINANCEHHS.

O. Kononchuk

CONSIDERING OF SMALL CYCLIC LOADINGSWHILE
CALCULATING OF STRENGTHENED BENDED FERROCONCRETE
ELEMENTS

Summary. Experimental research of bended ferroconcrete efgmbefore and after strengthening by
composite materials under the action of disposalnié small cyclic loading was carried out. The effefcsmall
cyclic loadings on the bearing capacity, deformaténd fracture toughness of experimental samplesfaand.
Two methods of strengthening: using carbon plastiipps CFRP, which are glued along the entire léngt
beams span and anchored in the areas of suppomtgusanvas Wrap, which is arranged in the form of U
shaped holder in the stretched zone of the conedeteg the entire length of beams span. Small dgeldings
were applied at different levels to simulate thestmmommon operation modes of constructions, thesca$
overloading in particular. As a result of the cowtied researches a real stress-strained state oh suc
constructions under various kinds of loadings wetedmined experimentally. Taking into account #e, fthat
since 2011 in Ukraine new regulations of ferrocaterconstructions design, in which the calculai®based
on the deformation model, have been adopted, akthg into account the fact, that in the currergrstards the
method, according to which the bended strengthdaesdconcrete elements are calculated, is not akdd,
there is a need to develop such method. In thigptdpe method of calculating the bearing capacityharmal
cross sections of bended ferroconcrete elememégthened by composite materials under the aaifasingle
loadings, have been improved. Adapted calculatidnbended strengthened ferroconcrete elements in
accordance with DBN V.2.6.-98:2009 and DSTU B.V¥156:2010, which takes into account the effecinadils
cyclic loadings, based on the deformation modeil,ehbeen developed on the basis of the deformedlmode
Having compared experimental and theoretical oledirdata, satisfactory similarity was found. Propbse
method makes possible not only to find bearing cipaf these structures or choose the requirechpeaters of
strengthenectlements, but also to establish the stress-strastat of strengthenestructure at any stage of its
operation starting from the first loadings and ketstage of fracture.

Key words: reinforced concrete, strengthening, composites;utation, normal cross-sections, small
cycle loadings.

83


https://core.ac.uk/display/60794488?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

IMocTanoBka mpobaemu. Ha cydacHoMy piBHI PO3BUTKY E€KOHOMIKH, TE€XHIYHOTO
mporpecy ¥ HayKOBO-TEXHIYHOI PEBOMIONII MOCTa€ HEOOXIIHICTh MIBUIKOI TepeOyaoBH
BUPOOHHUIITBA 3 BUKOPUCTAHHSAM HOBHUX BHCOKOE(DEKTHBHUX TEXHOJIOTiH. 3aMiHa TEXHOJIOTiN
Ta YCTaTKyBaHHs TIOB Si3aHa, SK TMPaBWIO, 31 30UIHIICHHSIM HaBaHTAXEHb Ha HECydi
KOHCTPYKIIii Oy/aiBelb, HEOOXIMHICTIO MEperuiaHyBaHHS MPHUMIIICHb, HAI0YIOBOIO CIOPYII,
MPOITYCKaHHSIM HOBUX KOMYHiKamii. Kpim mporo, ma gac excruryaraiii OyiBenas Ta Copy/a
HE 3aBXKIU JOTPUMYIOTHCS HOPMATHBHUX HABAaHTAXXCHb 1 BHU3HAYCHOTO TEPMIHY CIYKOH.
TpamisioTecs BUIMAIKKM, KOJIM KOHCTPYKIII dYepe3 MEXaHiuHI IOIIKO/KeHHS abo TeBHi
HEraTHBHI 30BHIIIHI BIUIMBM YaCTKOBO BTpayalOTh HECydy 3AaTHICTh, TOMY HOTPeOYyIOTh
peMoHTy. Takok HE MEHI BaXJIMBOIO € MpodiieMa SKOCTI OymiBeIbHUX MaTepialiB 1 pooiT,
10 BUKOHYIOTHCS Ha OyJiBeJbHOMY MaiiaHumky. Yepe3 iX HEBIANOBIAHICTE HOpMaM,
3BOJIATHCS HOBI OymiBii, sIKI e HE BCTYNHMBINM B EKCILIyaTallifo, MOTPEOYIOTh PEMOHTY.
HeoOXinHiCTh y MiACHIIEHHI KOHCTPYKLIH MOXE BHHHKHYTH HpPHU 3MiHI (DYHKIIIOHAJIBHOTO
MpU3HAaYeHHs OyiBii, BIPOBA/HKCHHSIM HOBOI TEXHIKHM, PO3IIMPEHHSM BHUPOOHUIITBA, IO
NPU3BOJMTH A0 301IBIICHHS HABAHTAXKEHHS HAa HECYdl KOHCTPYKIIIi.

3Bakarouu Ha Te, IO cepe KOHCTPYKIIiH, Ki BAKOPUCTOBYIOTHCS BXKE 0araTo pokiB y
IPOMHCIIOBUX Ta LMBUIBHUX OyIUMHKAX 1 COpydax MEepeBakaloTh 3a1i300€TOHHI, SIKi JTOCHTh
YacTo MiJAAI0ThCS il MaJOIUKIOBUX HAaBaHTAKEHb, BIUIMB SIKUX € HEOCTATHHO BUBYCHUM,
BUHUKA€E TOCTpa HEOOXIAHICTh BCEOIYHOTO MOCITIIKEHHS JaHO1 MpoOJIeMU Ta MOJCITIOBAaHHS
po0OOTH TaKMX KOHCTPYKITIH MICIs iX MiACHICHHS.

AHali3 ocTaHHIX Aocail:keHb i myOuaikaumiii. Y mporeci po3BUTKY OyIiBHHIITBA
MIJICUJICHHIO KOHCTPYKITIM 3aBXIW TPUIUISAIACh BEJIMKA yBara, Mmpo IO CBITYUTh 3HAYHA
KUTBKICTh JOCII/IKEHbB, SKi OXOIUIIOIOTH MIMPOKUH J1arma30H METO/IIB MiACHICHHS Ta METOANK
iX po3paxyHKy. 30KpeMmMa IOCTI/DKCHHIO TWIiJACHICHHS pO3TATHEHOI 30HW 3THHAIBHUX
3a1i300€TOHHUX €JIEMEHTIB TMPHUCBATWIN CcBOi pobotu Bb.A. Ammmos, A.f. Bbapamukos,
3.541. baixapceekwit, O.I1. Bopuciok, B.I'. Ksamia, JI.A. Mypako, O.JI. [llarix Ta ix. [1, 2].

OnHuM 13 HaWNEPCHEKTUBHIMIMX HANPSAMKIB MIJCHJICHHS PO3TATHEHOI 30HU
3TUHAJBHUX 3aJl1300€TOHHUX €JIEMEHTIB, OCOOJMBO 3HAYHMX Ta0apUTHHUX pPO3MIpPIB, €
nijcuiIeHHs: 6e3 3MIHM PO3paxyHKOBOI CXeMHU Ta HAIpPYKEHOTO CTaHy KOHCTPYKIii. Takum €
MiJICHJICHHS 3a JOIOMOrOK KOMITO3MTHHX crpidok Ta mojoreH CFRP (Carbon Fiber
Reinforced Polymers)ike, mounnatoun i3 70 — 80pokiB XX CTONITTS, NOYAI0 MIUPOKO
3aCTOCOBYBATUCSA Yy CBITI. 3a KOPJAOHOM IMPOBEJEHO BEIUKY KUIBKICTh JOCTIIHKCHBb JAHOTO
METOAy MiJICHJICHHS TakuMu HaykoBusmu, sk U. Meier, P. Ritchie, M.E. Kaminska,
R. Kotynia, R. Al-Mahaidi, A. H, A.®. bepuaacekuii, JI.A. ITanyenko, B.l. Pumimum,
A.O. umnix Ta iH. [3].

Ha croroani B Ykpaini po3poOsieHHSIM po3paxyHKY MiACHICHHX B PO3TATHYTIM 30HI
3TUHAJIBHUX 3ai300€TOHHUX EJIIEMEHTIB KOMIIO3UTHOIO CTPIYKOI 3a [ii O0JHOpPa30BOTO
HaBaHTaXeHHs 3aiimanucs Ksama B.I'., Mensnuk [.B., Mypun A.f., Knummym M.JI. Ta iH.
[1, 2]. OcHOBHa ifies, MOKJIaJCHA B iX METOJIUKY, MOJIATAE y BBEICHHI B po3paxyHok 3a CHull
2.03.01-84* &eroHHBIE W KeJIe300€TOHHBIC KOHCTPYKIIMHY» 3aMICTh IUIOINII ITOMEPEYHOTO
nepepizy BHYTPIIIHBOI PO3TATHEHOI CTaJeBOi apMaTypu A - MPUBEIEHOT IO

MOTIEPEYHOTO TIepepi3zy pobodoi apmaTypu Asred. VYci noganpin po3paxyHKH MPOTIOHYETHCS

npoBoautu 3a CHull 2.03.01-84*.

BiacytHicTh €nuHOI dITKOT METOAMKHA PO3PaXyHKy MIACWICHHX 3THHAIBHUX
3a11300€TOHHUX KOHCTPYKLIN, 30KpeMa KOMIIO3UTHMMHU Martepiajamu, ska O BiamoBimana
HOBHM HOpMaM IIPOEKTYBAaHHS Ta BpPaxOByBaJla BCl MOXKJIUBI CHIIOBI BIUIMBH, 3yMOBIIIOE
HEOOX1/THICTh iX JI0JaTKOBOTO BUBYCHHS.

Mera poGoru. Ha ocHOBI agedopmamiitHOi Mojeni po3poOUTH PO3paxyHOK
MiJICHJIEHUX 3THHAIBHHUX 3aTi300€TOHHHUX eleMeHTIB 3 aoTpumanHsM Bumor J[BH B.2.6.-
98:2009Tta JICTY B.B.2.6-156:2010 [4, 5]sxuit 6u BpaxoByBaB BIUIMB MAJIOI[MKIOBUX
HABAaHTa)KCHb.

84



IMocTranoBka 3aBnanHs (3amaui). [ MOCATHEHHS TMOCTaBIEHOI METH B POOOTI
CTaBWJIMChH TaKi 3aBIAHHS:

- BUKOHATH E€KCIIEPUMEHTAIbHO-TEOPETUYHI JTOCIIIPKEHHS HAIMPYyXEHO-
neOpMOBAHOTO CTaHy 3THHAJIBHHX 3aJ11300€TOHHUX EJIEMEHTIB, IMiJICHICHUX
KOMITO3UTAaMHU TIPU OJHOPA30BUX Ta MAJONHMKIOBUX HABAHTAXKEHHAX 1O W Michs ix
MMIICUJIEHHS,

- BCTAHOBHUTH BIUIMB OJTHOPA30BOTO Ta MAJIOIUKIOBOTO HABAHTAXKCHHS
Ha HampyXxeHo-IepOopMOBaHUI CTaH, MPOTMHU Ta IMIUPUHY PO3KPUTTS TPIIIKUH

- pO3pOOHUTH METOJMKY PO3paxyHKy HECY4Ol 3JaTHOCTI HOpPMaJIbHHUX
nepepiziB  3TUHAIBHHUX 3alli300€TOHHUX €NEMEHTIB, MIACHICHUX KOMIIO3UTHUMU
MarepiazamMu 3a Jii Ha HHUX OJIHOPA30BUX Ta MAJOIMKIOBUX HABAHTAXKCHb 13
BUKOPHUCTAHHSIM JieopMaliiitHoi MoJeni.

PesyabTaTn AocaimkenHs. [ eKkCriepUMEHTAIbHUX JOCIIKEHb OYJIM BUTOTOBJIEHI
3a1i300eToHHi Oanku 3 6ertony kimacy C 20/25, 1oBKHHOIO 2 M Ta PO3MipaMH MOTIEPEUHOTO
nepepizy 100x160mMM. ApMyBaHHS AOCHITHHX 3pa3KiB BUKOHYBAJIOCH TaKUM YHWHOM, 11100
3amo0IrT BUHUKHEHHIO TOXWIMX TPIIMIMH. JBOMA ITO3J0BXKHIMH POOOYMMH apMaTypHHUMH
crepxkusimu @10 A 500C Ta momepeunumu crepxkHsamu D6 A 240C 3 kpokom 50 mm.
[Ipuiinara craTudHa cxeMa OJHOMPOJILOTHOI BIIBHO OOMEpTOi OajKu Ha JBOX OMNOpax
nposiboToM 1800MM, 3aBaHTaKEHOT TBOMA CUMETPHYHO 30CEPEHKCHUMU CriiamMHu [6)].

[Ticns momepeaHbOTO BHUMPOOYBaHHS MOCHTIAHI 3pa3Kd IMIACUIIOBAIKMCS 3a JBOMa
cXxeMaMH. 3a MEepIIOI0 CXeMOI0 OaJKé MiJCHIIIOBATIMCS CTPIYKOIO, fKa IPHUKICIOBajacs B
HIDKHIA PO3TATHEHIN 30HI MO BCIM JOBXHWHI MPOJIBOTY Ta aHKEPYyBAJIAacs HAa MPUOTIOPHUX
TUTSTHKAX OJTHOHAIIPABJICHUM IOJIOTHOM. 3a JIPYTOr0 CXEMOIO — OJTHOHANPABICHUM MOJOTHOM,
SIK€ HAKJICIOBAJIOCS 110 BCIM TOBXKHUHI TPOJILOTY Oanku y BUTIsAAl U-moaibHoT 00601MH.

Jlo eKCHepuMEHTAIbHMX 3pa3KiB MPUKIAAAINCh OJHOPA30BI Ta MAaJOLUKIOBI
HAaBaHTAKCHHsI PI3HUX PIBHIB, SKI MOJEIIOBAIM HAWIOIIMPEHINII PEKUMHU EKCILTyaTarlii
KOHCTPYKILIIH, 30KpeMa i BUNIAJIKH iX IepeBaHTAXKEHHS.

Po3pobiiena mporpama eKCIIEpUMEHTATbHUX JOCTIIKCHBb 3a0e3leunsia OTPUMaHHS
HOBHX JIOCTOBIPHUX JaHUX MPO OCOOIHMBOCTI pOOOTH 3rUHAILHUX 32713006 TOHHUX €JIEMEHTIB
0 Ta Mmcias iX MJACWIEHHS KOMIO3WTHUMH MarepiajaMu B PO3TATHEHIM 30HI mpu i
OJTHOPA30BHX Ta MAJIOIMKIOBUX HABaHTa)KEHb BUCOKUX PIBHIB [6, 7].

VY 3B's3ky 3 TuM, mo 3 01.06.2011poky B Ykpaini HaOpasim YMHHOCTI HOBI HOPMH
npoekryBanHus: JIBH B.2.6.-98:2009ta JACTY b.B.2.6-156:2010 [4, 5]yci po3paxyHKH
OCTOHHMX Ta 3aJ1300€TOHHUX KOHCTPYKIIIM ITOBUHHI BIiJMOBIAATH JaHUM JOKYMEHTaM.
OCKUTbKM B UMHHMX HOpPMAax HE HaBEJCHO METOJAMKH, 33 KO 0 MOXxHa OyJio po3paxyBaTu
MiJCHJICH] 3rUHAIBHI 3a1i300€TOHHI €JIEMEHTH, 30KpeMa MPUKJICEHUMH B PO3TITHEHIN 30H1
KOMITO3UTHUMH MaTepiajlaMi, BUHUKA€E HEOOX1THICTh Y TAKOMY PO3PaxyHKY.

Ha ocHOBI oTpuMaHUX €KCIIEpUMEHTAJbHUX JaHUX Ta HAMpaliOBaHb HAYKOBIIB Y
HaNpsIMKY  pO3paxyHKy 3THHAIBHUX  3aJi300€TOHHUX  €JIEMEHTIB 3a  JIOTIOMOTOIO
nedopmartiiinoi mozeni [8, 9], B miii pobOTI yIOCKOHAJIEHO METOAMKY PO3PaXxyHKY HECydol
3IaTHOCTI HOPMAJbHUX IMEpepi3iB 3TUHAIBHUX 3a11300€TOHHUX €JIEMEHTIB, TMiJACHICHUX
KOMITO3UTHUMH MaTtepiajaMu MpH Mii 0THOpa30BUX HaBaHTakeHb. Ha ocHOBI nedopmartiiinoi
MOJIeNll pOo3pOoOJICHO alanTOBAaHUM PO3pPaxXyHOK MiJCHIIEHUX 3THHAIBHUX 3alli300€TOHHUX
CJIEMEHTIB 3 JOTPUMAaHHAM BUMOT [4, 5], asKuii BpaxoBYy€ Jif0 MaJOIUKIOBHX HABAHTAKEHb.

OcCoONMBICTIO  3alIPOIIOHOBAHOTO PO3pPaXyHKy € TPUBEACHHS 3a IMOKa3HUKaAMHU
neOopMaTUBHOCTI Ta IUIOINI MOTIEPEYHOTO Mepepi3y 30BHINMIHKOI KOMIIO3UTHOI apMaTypH 10
BIAMOBIIHOI KUIBKOCTI BHYTpIMIHBOI cTaieBol apmatypu [10, 11]. [Toganemmii po3paxyHoOK
NPOBOUTHCS 33 AITOPUTMOM, IO HaBeAcHUH B [5], 3aMiHMBIIM IUIONLY MOMEPEUYHOrO
nepepizy BHYTPINIHBOI PO3TATHYTOI CTajeBOi apMaTypH A32 HAa TMPUBEICHY IUIONLY

MIOTIEPEYHOr0 Tepepizy podouoi apMaTypu A, o (puc.l).
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Po3po6iennii anropuT™M po3paxyHKy € JOCUTh CKIaIHUM. ToMy mpu HOTO BUKOHAHHI
HeoOXigHo BukopucToByBaTi EOM. Jli1st 11b0r0 po3po0biieHa 6iiok-cxema (IuB. puc.2), B sAKii
HaBeJIeHa YiTKa MOCIiOBHICTh Ail MPH CTBOPEHHI MPOTpaMHu JUIsl BCTAHOBJICHHS HAIIPYKEHO-
neopMOBaHOTO CTaHY IiJICHJICHOT KOHCTPYKIIii Ha Oyab-sIKOMY eTarli ii poOOTH, MOYNHAIOYN
BiJ] IEPILIOTO HABAaHTAXEHHS 1 10 CTaAll pyiHYBaHHS.

JlaHuii anroput™ nependadae MpOBOIUTH PO3PAXYHOK SIK JJIi YMOB MaJIOIIMKIOBOTO
HABAaHTA)XCHHS KOHCTPYKIIii, TaK i ogHOpa3oBoro. OHOpa30Be HABAHTAKECHHS PO3TIISIIAETHCS
SIK OJIMH 13 BUTIQJKIB MAJIOIIUKIOBOTO, KOJIM KUIBKICTh IIUKJIIB IPUHUMAETHCS PIBHOIO OIUHUITI

i3 MakcuManbHUM piBHEM HaBaHTaxeHHS M .. KpimM 11b0oro, po3paxyHOK MOMeE 3HAYHO

CIIPOCTUTHCS 3a PaxyHOK TOTrO, M0 HE MOTPIOHO TOCTIMHO OOYMCIIIOBATH Koe]illieHTH
[IOJIIHOMA a SIK1 TSI OTHOPA30BOT0 HaBaHTa)keHHs HaBeaeHi B Tabu. 1.1 Jlomatka /] [4].
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Pucynox 1. Po3paxyHkoBa cxeMa HOPMaJIBHOTO IEpepizy 3ai1i300eTOHHOT OalIKy MiJCHIICHOI!
a) — KOMITO3UTHOIO CTPIYKOIO; 0) — KOMIIO3UTHUM II0JIOTHOM

Figure 1. Design scheme of normal cross section of stremgithéerroconcrete beams:
a) — composite strip; b) — composite canvas

Jlana Omok-cxema mepenbadae po3paxyHOK JUisi JBOX METOMIB  IiJCHIICHHS:
KOMITO3UTHOIO CTPIYKOIO Ta MOJOTHOM. [[j1s1 Apyroro MeToay po3paxyHOK BHYTPIIITHIX 3yCHIIb
€ JEU0 CKIAJHIIINM, OCKUJIBKM Iependadae migdip reOMETPUYHUX PO3MIpIB Ta KIJIBKOCTI
mapiB IMOJOTHA OCO0O0, IO TPOBOJIUTH PO3pPaxyHOK, 0a3yluWch Ha KOHCTPYKTHBHHUX
BHUMOTax.

Jl7is iepeBipKU 3alpoIOHOBAHOTO PO3PaXyHKOBOTO amapara, MPOBEACHO PO3PaxyHOK
eKCIICpUMEHTAIbHUX  3pa3KiB  3TIIHO 3 HABEJAEHOI METOJAMKOI 1 TIOPIBHSHO 3
EKCIICPUMCHTAIbHUMH TaHUMH (1uB. Ta0.1).

Taoanna 1
ExcniepumeHTanbHa it TeOpeTHYHA HeCy4a 3/1aTHICTh JOCHIIHUX 3pa3KiB, BUPOOYBaHUX
MaJIOIIMKJIOBUM HAaBAaHTAKEHHSIM

Excnepumentanbha | Teoperuana necyya [ s_ M Sr-MSR
Nel 1 1assa Gamen | . BYA Hecyua 37aTHICTh 3JaTHICTh M &®
3/m MiICUIICHHS s
Mg, KHxm M, kHX 3, %
1 bII-1 Crpiuka 18,81 19,4¢ 3,4
2 BI[-2 P 18,81 18,72 - 0,5
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3 BI[-3 19,87 19,1¢ -3,7
4 BII-4 19,7¢ 10,23 - 2,€
5 BLI-1 16,1¢ 17,0z 5,2
6 BI[-2 Honommo 15,37 16,2¢ 5,¢
7 BI[-3 16,1¢ 15, 8¢ - 1,7
8 BLI-4 15,6( 15,7: 0,

Ax OGaummo 13 Tabm.l, 3ampomoHOBaHMII PO3pPaXyHKOBHH amapar Ja€ 3aJ0BLIbHY
30DKHICTh MK TEOPETUYHO OOYHCICHUMHU MAKCUMAIbHUMH 3THHATHBHAMH MOMEHTAMH, IO
MOX€ HECTH HOpPMaJbHUU Tepepi3 MiJICUIICHUX 3aTi300€TOHHMX O0ajoK, Ta THUMH, IO
BCTAHOBJICHI EKCITIEPUMEHTAITEHUM IILITXOM.
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Figure 2. Block scheme for determining the internal efforts




BucHoBku. Ha OCHOBI NpOBEIEHUX EKCIEPUMEHTAIBHO-TEOPETUYHHUX IOCIHIKEHb

BCTAHOBJICHO [IWCHHUM HaIPy>KEHO-Ae(OPMOBAHWI CTaH 3TUHAJIBHUX 3aT1300€TOHHUX
€JIEMEHTIB, MiJCUICHUX KOMIO3UTHUMH MaTepiajlaMd 3a PI3HUX PEXHMIB HABAHTAKCHHS.
Y 10CKOHATIEHO METOUKY PO3PaxyHKY HECYUOT 3/JaTHOCTI HOPMAJILHUX TIEPePi3iB 3THHAIIBHUX
3aJ11300€TOHHUX €JIEMEHTIB, MiJACUICHUX KOMIIO3UTaMHU TPH Jii OJHOPAa30BUX HABAHTAKEHB.
Ha ocnoBi nedopmariiiHoi Mojeni po3poOJIeHO aJanTOBaHUN PO3PAaXyHOK IMiICHICHUX
3TUHAJIBHUX 3aJ11300€TOHHUX elleMeHTiB 3 jaoTpuMmanHsaM Bumor JIBH B.2.6.-98:2009ta
JACTY Bb.B.2.6-156:2010sxuit BpaxoBye 110 MaJIOIMKIOBUX HaBaHTaXeHb. Ha miacrasi
BUKOHAHUX  TOPIBHSUIBHUX  PO3PaxyHKIB ~ BCTAHOBJICHO  3aJI0BUIbHY  30DKHICTB
CKCIICPUMCHTAJIbHUX 1 TCOPECTUYHO OTPUMAHHUX NaHUX. 3aHpOHOHOBaHa METOAHKA JO3BOJISIE
HE TUIbKH 3HANTH HeCcydy 371aTHICTh TaKUX KOHCTPYKLIN 4u mifiOparu HeoOXinHI mapaMeTpu
€JICMEHTIB TIJCUJICHHS, ajlc W BCTAHOBUTHU HAIPYKEHO-AC(POPMOBAHUI CTaH IiJICUIICHOT
KOHCTPYKLIi Ha Oyab-skoMy eTami i poOOTH, MOYMHAIOYH BiJ MEPLIOT0 HABAHTAXKEHHS 1 110
cTafii pydHyBaHHS.

Conclusions. Basing on the experimental-theoretical researckat stress-strained
state of bended ferroconcrete elements strengthsiteccomposite materials under different
modes of loadings have been established. Methadlo@ilating of bearing capacity of normal
cross section of bended ferroconcrete elementsjdisrengthened by composites under the
action of single loading was improved. Adapted wlaton of bended strengthened
ferroconcrete elements in accordance with DBN V-282009 and DSTU B.V.2.6-
156:2010, which takes into account the effect ofalbneyclic loadings, based on the
deformation model, has been developed. On the bafsithe comparative calculations
satisfactory convergence of the experimental argbréttical obtained data was found.
Proposed method makes possible not only to finditgaapacity of these structures or to
choose the required parameters of strengthenedertsmbut also to establish the stress-
strained state of strengthened structure at agye sthits operation from the first loadings and
to the stage of fracture.
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