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Crarrss mnpucBAAYeHA MeETOAMII PO3PaXyHKY Hamnpy:KeHO-1eGOpMOBAHOIO
CTaHy 3a/1i300€eTOHHUX 0aJIOK, MiACUJIEHUX HOBOK 30BHIIIHbOK CTPHKHEBO-
KOTKOBOI) CHCTEMOI0, IO JI03BOJISIE BPAaXyBaTH TePTsS CUCTEMU MiJICUIICHHS,
aificHi aiarpamMu 0eTOHY i cTaji, a Takox aedopmauliiiHy mMoaejab podOOTH
KOHCTPYKUIT MiJl HABAHTAKEHHSAM. Y J0CJiI’KeHHI MPONOHYETbCS MeTOAMKA
PO3paxyHKy TakKuX MiAcujeHux Oasok Ha npukiaaai Oaaxku BII-VI (06e3
s)KopcTKuX BaxesiB). [uasi cepii miacusenux 6anok BII-VI po3paxyHkoBmii
3ruHaJIbHUA MoMeHT ckiaB 15,508 kHwm, a BianoBigHuii ekcnepuMeHTaJIbHUM
MoMeHT ctaHoBuB 15,523 kHm. [dus gaHoi cepii 0ajiok poO30OIKHICTL —
He3HAYHa, 110 MiATBEPIXKYE aJeKBATHICTh NPUIHATOI MoeJIi PO3PaxXyHKY.

The choice of an effective and convenient strengthening method is an
important scientific and engineering problem. The paper presents a new
structure for strengthening one-span reinforced concrete beams of
rectangular cross-section. The new regulating system includes external
flexible steel bars and rollers. The specific feature of the work of this system is
the unloading of the beam’s compressed zone, which results in efficient
redistribution of stresses in the beam, significant increase in its carrying
capacity and reduction in deformability, in contrast to a traditional strutted
system that increases the negative impact of external load. In addition, the
system effectively works under asymmetrical loads.

The article reveals a computation method based on the building codes in
force, which takes into account the work of the external strengthening system.
The computation method is realized using specially designed computer
programs. The stress-strain state of the beam’s cross-sections is determined
considering the full «o-¢» diagram and a specified discrete linear diagram of
steel work. The study proposes a method of calculation of such strengthened
beams by the example of strengthened beam BII-VI (without rigid levers). The
technique takes into account the loss of tension because of friction under
contact of external wire with rollers. The procedure considers the true
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concrete and steel diagrams and the deformation model of the work of the
structure under load. For the BII-VI series of reinforced beams the calculated
bending moment was 15.508 kNm, and the corresponding experimental
bending moment was 15.523 kNm. For this series of beams the discrepancy
was insignificant, which confirms the adequacy of the calculation model BII-
VI. The discrepancy is within permissible limits, indicating the reliability of
experimental and theoretical studies, while a significant increase in carrying
capacity and reduction in the beam’s deformability confirms the expediency
of the strengthening system proposed.

KiarwuoBi cioBa: HanpyxkeHO-Ae(OpPMOBaHMI CTaH, TMiJCUJIEHHS, 3O0BHILIHA
CTPWKHEBO-KOTKOBA cUcTeMa, aAedopmaliiiiHa MOJENb.

Beryn. 3anizo0€TOHHI 3TMHAHI €JE€MEHTUM € HalOUIbIl PO3MOBCIOIKEHUMHU
HECYYMMM KOHCTpYKLissiMH OyniBenb 1 cnopya [1,6]. Jns OyniBens, 1o
nepe0yBalOTh y TpUBAJIi# eKCILTyaTallil, 4aCTO MOCTAa€ MUTAHHSA MOAEpHI3alii mif
Cy4yacHi BUMOTY a00 KOOpIMHAJIbHY 3MIHY LIJIbOBOTO MPU3HAYEHHS i1 NPUMILLEHb.
Taki 3MiHM nependavyarOTh MPOBEIEHHS PEKOHCTPYKILIl, a 4acTo, 1 MiACUJIEHHS
HECYUYUX KOHCTPYKLIIi.

IMocTtanoBka npooJemu. [Ipu npoBeneHHI NMiACUIEHHS 3a711300€TOHHUX 0aJIOK
30BHIIIHIMUA ~ CTaJIeBUMHU  KOHCTPYKIIISIMH, 30KpeMa  CTPHKHEBO-KOTKOBOIO
cuctemMoro [2,7], moctae npobiaeMa OUIHKM €PEeKTUBHOCTI iX poboTu. g uporo
HEOOXITHO pO3pOOUTH CcHeUiaJibHUl pO3paxyHKOBUH amapar, IO J03BOJIUTh
BU3HAYUTHU HAMPYKEHO-Ae(HOpPMOBaHUI CTaH MiACUICHOT OaJKu.

Metoro pobotu. Metoro poOOTH € 3ampornoHyBaTH al€KBATHY METOAMKY
pPO3paxyHKy  Hampyx’eHo-1e(OpMOBAHOIO  CTaHy  3alli300€TOHHMX  0aJsokK,
MiCUJIEHUX HOBOKO 30BHIIIHBOIO CTPUAKHEBO-KOTKOBOIO CHUCTEMOIO, 11O TO3BOJISIE
BpaxyBaTW JiiicHI niarpamMmu OE€TOHY 1 cTalli, a TakoX nedopmaliiiHy Mojaelb
pOOOTH KOHCTPYKLIT MiJ] HABAHTAXKEHHSIM.

TeopeTuuHi gociigxeHHs. B pamkax poOOTHM 3ampONOHOBAHO METOAMKY
pPO3paxyHKy MiJCUJIEHUX OaJlloOK CTPUKHEBO-KOTKOBOI CHUCTEMOI. Po3risiHeMo
aJIrOPUTM PO3paxyHKy Ha mnpukiaai miacuieHoi 6anku BIT-VI (6e3 xopcTkux
BaxeniB). [lpu po3paxyHKy npuiiMaeTbCs OAHOMPOJBOTHA IIAPHIPHO oOmepTa
Oanka, sfika 3aBaHTake€Ha BOMA 30CEPEIKEHUMU 3YCWIUIAMH, NPUKIAJECHUMU B
TPeTUHAX MPOJBOTY Ta 30CEPEKEHUM HABAHTA)XKEHHSIM Yy BHIJISIAI BJIACHOI Baru
OaNKu Ta Baru KOHCTPYKLIT MiACUJIEHHSI.

Jlis po3B’A3aHHS 3a/1a4l HEOOX1THO MaTH HACTYITHI BUXI1/IHI JaHi: TeOMETPUYHI
napameTpu nepepizy ©Oanku: bh Ta pgoxkuHy 1; mapamerpu aiarpamu
I[C(l)OpMYBaHHSI 66TOH}’Z fcd: fcka fctkO.OSa Ecda Eck: €L, &cLcks EcuLcks MAPAMETPHU
apmyBaHHs Oanku: fyy, Eg, €4, d, — alametp apmatypu, a, — BEJIMUNHY 3aXHUCHOTO
mapy OeToHy.

Po3paxyHKOBMiI1 OJOK «CTPMKHEBO-KOTKOBA CHCTEMa MIJCWICHHS» BKJIHOYAE
HACTYMHI BUXIJHI JaHi: MapaMeTpu CTPUKHEBO-KOTKOBOI CUCTEMU MiJACUIIEHHS:
das0s — AlAMETP 30BHILIHBOT apMaTypy CUCTEMH MiICHUIIEHHS, MapaMeTpH diarpamu
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«G¢-€» POOOTHU CTasli 30BHIIIHBOT apMaTypH Ta il aHAITUYHUN ONUC, fis0s, Esson
Ny — moyaTkoBe 3yCWIs B HWXHI YacTWHI TIIKM 30BHILIHLOT apmatypu, d —
AlaMeTp KOTKa TMOCepeArHi MpoJbOTy, I' — JiaMeTp KOTKIB HamiBKUIbLIEBOT
3aKiaJHol AeTani Ha OiuHii rpaHi 6anky, f - koedilieHT TepTs cTadi no crani, X;,
Y, X5, Y,... X5, Yg - KOOpIMHATH TOYOK KOTKIB HaMiBKIIbLEBOI 3aKIaaHOT AeTal
Ha O14Hiii rpaHi 6anku.

MeTtonrka BpaxoBye BTpaTH Hampy’KeHHs Hepe3 TepTs Ha KOTKax CErMEHTHOI
HaMiBKUIbLEBOT 3aKjJagHOI JeTajl B TUILI 30BHIMIHBOI apMaTypu MiACUJICHHS.
Cxema 3ycwib B TUILl 30BHIIIHBOT apMaTtypd TMIICHJIEHHS 1 Ha KOTKax
MpeACTaBJIeHa Ha puc. 1.

Puc. 1. Cxema po3noiiy 3yCujb BiJ Aii KOHCTPYKIIT MiICUJIEHHS
ne X, Y;— KoopJMHaTH KOTKIB Ta TOUYOK 3aKPIIJIEHHS 30BHIIIHLOT apMaTypH Ha OaJllii,
N; - 3ycuuis B Il 30BHIITHBOT apMaTypy CUCTEMH IT1ICUJICHHS HA BIANOBIAHIN AUISIHII, @
— KYT, 32 SIKUM BiZIOyBa€ThCsl KOHTAKT T'JIKK Ta KOTKY, W; - BEpTUKAJIbHI IEPEMIILIEHHS
(mporuHun), 4; - TOPU30HTAIBHI MEPEMILIIEHHS
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3a HaBeAeHOW BHIE cxeMowo (puc. 1) Oyno 3HaliieHe pe3yJbTyroue 3yCHILIS
Ha OOKOBIM HampaBisAlOUii AeTali Big CUCTEMU 30BHIIIHBOIO MiJACUIICHHS.
BpaxoBaHO BTpaTu 3yCWJUIA HATArTy B apMmaTypi KOHCTPYKLIi MiACWJIEHHS Ha
KOTKax 4epe3 TepTs. Po3paxyHok npoBeaeHuid 30kpema, npu 3ycuiai 2020 kr B
KOKHIH HMKHIM apMarypHiil rinmi cuctemu miacuineHHs Oanku BII-VI min yac
€KCMEPUMEHTANIBHOIO BUNPOOYBaHHs. 3yCWIJIs B 30BHILIHII apMaTypi Ha KOXKHIi
JUTSTHII, TOYMHa4 M Bij T.7 10 T.1 3HaxonuTthbes 3a popmyioro Eitnepa:

N, =
i~1 ef Pi (D)
ne NV, - 3yCUIs y Beayuilt rinii; Ny - 3yCWIIs y BeIoMiid rifii; f - koedilieHT
TEPTs CTaji Mo CTalli; ¢ — KyT, 3a IKUM BiI0YBA€TbCS KOHTAKT T'JIKK Ta KOTKY.

[Ticns 3HAXOMKEHHA pPe3yJbTYIOUOr0 TOPU3OHTAJIBHOTO 1 BEPTUKAJIBHOIO
3yCWJUISI Ha CErMEHTHIM 3akiafgHiii 1eTani OCHOBHA pPO3paxyHKOBa cxema
MiCUJIEHOT OAJIKM Ma€ BUTJISIA, MPeACTaBlIEHUl Ha puc. 2.

LoA3 F LoA3 F LoA3 W
| A2x § Azxi

e = R N N S
5/ Ny, Nix 5 Nix 4Ny
o *‘4er Ny— - . 7:_4—3 N’ly‘ﬁq"
eI | Nx A8x }El B B A8k Nx
N N PR s p ot I o S = o oo

45’ Ngy¥| Nsx Nsx ¥Nsy n;n

ki1 2Ny
k2

k3 ‘

Lo/2 Lo/2

Puc. 2. Po3paxyHkoBa cxema 0aliku, MiJICKJICHOI 30BHIIITHLOIO0 apMaTypoIO, ITi T JTi€I0
JIBOX 30CEpEMKEHNX 3yCWIb F Ta B1acHO1 Baru q

JInst mepeBipoOYHOro PO3paxyHKY Takoi MiACHIIEHOI O0anku OyJI0 3aCTOCOBAHO
QJIITOPUTM BU3HAYEHHS HAIPYKEHO-Ie(POPMOBAHOTO CTaHY HOPMAJIbHUX MEPePi3iB,
HaBeJeHUH B Aitounx Hopmax [1,2] 3 ypaxyBaHHSAM TNOBHOi Aiarpamu poOOTH
OeToHy.

OcepenHeHa KpUBU3HA BUTHYTOI OCI B Mepepi3i BUBHAYAETHCS 3aJI€KHICTIO:

4= 1 &p—¢p
4 h '

1€ &1l €2~ BIAHOCHI (piOpoBI AedopMallii GETOHY.

)

VY BIANOBIAHOCTI 10 [2] MOXJIMBI IBa PO3PaxXyHKOBI BUNAJKU:
1) Mo3/10BKHA apMaTypa npauroe MpyxKHo;
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2) MO3I0BXKHS apMarypa 3HaXOIUThCA y CTaHl TEKY4OCTi 1 HAMpY>KEHHS B Hiil
0, IOPIBHIOE PO3PAaXyHKOBOMY 3HAYEHHIO MILIHOCTI Ha rpaHuLll TEKYUOCTI -f;.
3 ypaxyBaHHAM 3aJI€:KHOCTEH, HaBeAeHUX y 1.4.2 [2] oTpuMaeMo:

AEE. ;- N \/AESg

- NJ +44.E 2 bf &%

X = ; 3)
24 F z 24.E z,
ne
k + 1
VY npyroMmy BUMAJAKY, KOJU o's ~f,a BUPA3 U1 KPUBU3HU M€ BUTJIS
Z — bfcdgclz (4)
frads + N
Bucora cTuCHYTOT 30HM OETOHY:
EC
_ @)
4
BigHocHa kpuBU3Ha:
- _ X
x= -
cl (6)

BinHocHa nedopmaliis apmaTypu:

gs :Z(xl _Zs) (7)

1€ Zs - BIACTaHb BiJ PO3TATHYTOI HWKHBOI apMaTypH 10 HaOUIbII CTHUCHYTOL
rpaHi nepepisy;
Hampy>xeHHs1 B apMaTypi BU3HAYA€EThCA 32 POPMYJIOHO:

GS — 85’ ES

3ruHajJbHUN MOMEHT, IO CIIPUIMAETHCS TIepepi3oM:
- JUTS TIEPIIIOrO BMIAJKY PO3PaxyHKY, KOJIM apMaTypa Npalfoe MpyKHO, i BECh
nepepis CTI/ICHyTI/Iﬁ

(8)

2 /(+2
bf @ (855) €e2)
MR < k+2k K+2 +GsAs(xl_Zs)
)
- IUIsl TIEpIIOTO BWIAIKY PO3paxyHKY, KOJM apMmaTypa mepedyBae y crafii
TEKYYOCTI, i BeCh Mepepi3 CTUCHYTHI:
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2 K+2
by a, (€55 €
_ Y k c(l) c(2)
My == Zk+2 s +0,4,(x,—z,) (10)
x k=1 cl
- A JIPyrOro BHMAJKY PO3PAXYHKY, KOJIM apMarTypa Mpaitoe MpyiHO iB
Hepep131 € 30Ha pO3THFy .
bf . < a
_ d k k+2
MRd =— Z 4 +O—sAs<xl _Zs)

—2

7 i k+2

; (11)
- JJIs IpYroro BUMAAKY pO3paxyHKY, KOJU apmarypa nepeOyBae y cramil
TEKY4OCTi, 1 B IEpepi3i € 30Ha PO3TATY:

bf.,~> s
My, = }—(; kzzlzk_ﬁzyk 2_fydAs(x1_Zs)

; (12)
ne

y_5M)
801

[Ticis 3HaXOMKEHHSI CyMapHOTO MOMEHTY, 10 CIpUiiMae apMaTypa Kapkacy Ta
O0eTOH 0ajKku, BU3HAYAETHCIO NOAATKOBUI MOMEHT BiJ CUCTEMHM MiAcwiIeHHs. J[is
UbOr0 3aMIHMMO CHCTEMY TMIACWJIEHHS CHJIaMM, [0 AIFOTh B MICISIX BIUIMBY
KOHCTPYKLIT NiACUICHHS Ha O0anky (puc. 2).

Hns cepii miacunenux Oanok BIT-VI po3paXyHKOBWA 3rMHajIbHMII MOMEHT
ckiaB 15,508 kHwM, a BianoBigHui ekcriepuMeHTalIbHUII MOMEHT CTaHOBUB 15,523
kHwm [8]. Jlns maHoi cepii Oanok po301KHICTE — HE3HAYHA, LI0 MIATBEPIKYE
aJIeKBaTHICTh MPUIAHATOT MOZEII PO3PAXYHKY.

BucHoBku. TakuM 4MHOM, 3alpONOHOBAHO METOAMKY BpaxyBaHHS il 3yCHJIb
CTPUKHEBO-KOTKOBOT CUCTEMHU MiJCUJICHHS, HIO 03BOJISIE JOCTOBIPHO OLIIHUTH
poOOTYy  MIACWUJIEHOTO0  30BHIIIHBOK  CTAJE€BOKD  apMaTypol  3TMHAHOTrO
3a11300€TOHHOIO €JIEMEHTY, 10 MiATBEPIKYEThCA pe3yjbTaTaMu CIIBCTaBJICHHS
JaHUX TEOPETUYHUX JOCIIKEHb 3 TaHUMU BUITPOOYBaHb.
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