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MMigcuieHHs 3a1i300eTOHHUX eJIeMEHTIB, TAKUX SIK 0aJIKU Ta IVIUTH LIHPOKO
3aCTOCOBYIOThCS1 'y OyniBesbHi mnpakTuui. B ocraHHi poku o0csru
3aCTOCYBAHHS MiJACHJIEHHsS] BHUCOKi, 10 O0YMOBJIEHO 3HAYHHUM 3POCTAHHSM
MUTOMOI Baru peKOHCTPYKUil B OyaiBHMUTBI. ByliBelbHi KOHCTpYKUIT
noTrpedyOTh MiACUJIEHHS, siKe 3a0e3leYuTh [0CTATHIO pOo0OTO3JATHICTH Ta
HaAiliHicTL B yYMOBax HopMmaibHOI ekcmiyartauii. IlpuBeneHi pesyabTaTn
aHaJi3y MNOBedIHKM TiJl HABAHTA’KEHHSIM 3TUHAJILHUX 3aJ1i300€ TOHHHX
eJIeMEHTIB MiICHJIEHUX CaMOperyJab0BaHOI0 3aTSIXKKOI0 i 3BUYaiiHOI0 6aJIKOI0
Ta PO3IJIAHYTO MAaTEeMaTUYHY MOJeJIb PO3PAXYHKY CUCTeMH MiICHIEeHHS.

Strengthening of reinforced concrete elements such as beams and slabs is
widely used in construction practice. In recent years, reinforcement
application has increased due to a significant increase in the share of
reconstruction in construction. This is the result of changes in stress, physical
deterioration of existing buildings because of their poor maintenance and
other factors, which leads to bearing capacity loss; that is why structures need
to be strengthened to ensure sufficient performance under normal
maintenance and reliability.

The variety of methods mentioned can be divided into 3 groups: strengthening
with a change in the constructive and design scheme of a reinforced concrete
member; strengthening without changing the work pattern of structures by
building up their cross-sections with additional external reinforcement;
strengthening by prestressing beams with horizontal ties.

Tie bars can be of three types - horizontal, sprengel and combined ones. When
applying prestressed tie bars, the strengthened elements change their original
constructive scheme because they turn into a combined system. Due to this,
conventional bending elements are compressed noncentrally, and at their
supports additional bending moments are created, which in turn influence the
initial span moments. In this case, in all the variants of reinforcing beams with
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tie bars there are still significant reserves of increasing their carrying
capacity.

The results of analysis behavior under the load of bended reinforced concrete
elements reinforced by a self-regulating tightening with a conventional beam
are given and the mathematical model of the amplification system calculation
is considered.

KouoBi ciioBa: 3atskka, niepepis, HanpyxeHHs, nedopmaitii, MioHicTh
tendons, cross-section, stress, strain, strength.

Beryn. [lincuneHns 3amiz00eTOHHUX €JIEMEHTIB, TaKWX SK OaJIKW Ta TUTUTH
(peOpucTi, OaraTomycTOTHI Ta iH.) HIMPOKO 3aCTOCOBYIOTBbCSA Yy OyIiBebHil
npakTvni. B octaHHi pokm o00cArM 3acTOCyBaHHS IiACWIEHHS 3pOCHH, IO
00YMOBJIEHO 3HAQUHUM 3POCTaHHSIM MUTOMOI Baru pPeKOHCTPYKLil B OyAiBHHULTBI.
Lle BinOyBaeTbcs BHACHIZOK 3MiHM HaBaHTaXeHb, (Pi3MUHOTO 3HOCY ICHYFOUMX
OyniBenab i crmopya, BHacliJOK He3alOBibHOI IX eKcIUlyarauii Ta iHLIOro, IO
NpU3BOONTE 10 BTpaT Hecydoi 3AaTHOCTI, TOMYy  OyniBenbHI KOHCTPYKLIil
noTpeOyIoTh MiACUJIEHHS, fAKke 3a0e3Ne4yuTh  JOCTaTHIO POOOTO3IATHICTH Ta
HaliliHiCTh B yMOBaX HOpMallbHOT ekcrutyararii. [1].

AHani3 ocTaHHiX gocaixkeHb. BigoMmi [oBoni  pizHOMaHiITHI MeTonM
MiJACHICHHS 3aJli300€TOHHUX €JIEMEHTIB, M0 3TMHar0Thcs [2-13]. HaykoBoro Ta
KOHCTPYKTOPCBKO-TEXHOJIOTIYHOIO OCHOBOIO 3aCTOCYBaHHS TaKMX MiACUIEHUX
KOHCTPYKIIi{ y OYHTiBHHUIITBI € MOCITIKCHHS BiTIM3HIHUX Ta 3apyOiKHIX aBTOPIB:
€.M. ba6iva, A.M. BamOypu, B.I'. J[lemuunu, 3.5. bruixapcekmii, I'.I.
Bepamuiscrkoro, B.O. Boomux, A.A. I'BozneBa, A.B. [onumesa, €.0. ['puHeBHYa,
O.J1. lllarina, ®.C. 3amanieum, M.I1O. [30ama, B.I'. Kpauii, ®.€. Knumenka, @.
Jleonrapara, €.0. JlyukoBcekoro, B.B. Muxaiinoa, H.M. Omnyopiea, C.O.
[Miuyrina, E.I'. Parma, JI.I. Cropoxenka, E. ®peticine, L[3sa [e, Richard W.
Plavidal, Thomas Keller Ta iH. Po3po6iieHi MeTonm MOXKHa pO3AUUTH HAa 3 BEJHKi
TPYNU: TMiACWIEHHA 31 3MIHOIO KOHCTPYKTHMBHOI Ta pPO3PaxyHKOBOi CXeMH
3a/1i3006TOHHOrO ~ eeMEeHTa; MiACHIeHHA 0e3 3MiHM CXeM POOOTH KOHCTPYKLi
HapOLIyBaHHAM iX Mepepi3iB, MONATKOBUM 30BHIIIHIM apMyBaHHSM; MiACUICHHS
0aJIK¥ rOPU3OHTATBHUMHU 3aTKKaMH.

IMocranoBka MeTH i 3aga4 gocaimkeHs. CrucremMa MiICUICHHS Mae Ha MeTi
BITHOBJICHHA 1 30iIbIICHHS HeCydoi 3MaTHOCTI 3aj1i300€TOHHMX 3THHAHUX
€JIEMEHTIB, 3MEHIIEHHS iX 1e()OPMATUBHOCTI Ta BUTHHIB.

Metonuka aocaigkeHb. HaTskHa KOHCTPYKLs MiACHIEHHA Mae€ BUIJIAN
I3epKaJIbHO CUMETPUYHO PO3TALIOBAHOI 3aTSDKKM B IMPUOMOPHHUX 30HAX Oanku 3
HAaxMJIOM MO310BXKHbBOI oci Oanku. [lomepeuHa apmarypa Oanku, 3akpirmiieHa
OIHMM KiHLIEeM Ha BEpXHii rpaHi Oanku Gnmkde 10 11 cepenuHr 3 0OMeXEeHHAM
3MillIeHHsI 10 CepeirHM, a iHIIMM KiHUIEeM Ha HIKHIill rpaHi 0anku Onwkde no ii
orop 3 0OMEKeHHSIM 3MIIIEHHS /10 OTOp i 3 MOXKJIMBICTIO MO3I0BXHBOTO PO3TATY
MPUOTIOPHUX 30H. Y SKOCTi 30BHIIIHBOI apMaTypu BUKOPHCTOBYBalIach apMaTypa
@8 MM ximacy A400C, HeoOXimHO BHM3HAYMTH MepeMmilieHHs By3diB 1, 2, 3
CTEp’KHEBOT CHCTEMH, 300pakeHOT Ha PUCYHKY 1, Tuioma MONepevyHoro mepepizy
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_ 2
CTEP)KHIB JIOPiBHIOE 4, =0,503cm . HoBxuHu crepxkHiB: 111=6cMm; 121=6c¢Mm;

131=6,26¢cMm; 112=18cMm; 122=15,5¢cMm; 132=14cMm.
¥ ~

Puc. 1. Cxema cTepKHEBOT CHCTEMMU:

a) po3Mipu; 0) HanpaBJICHHS il CUIT
Buxopsuu 3 yMOB piBHOBaru By3:iiB 1, 2, 3 mig Ji€lo HaBaHTaXeHb P 1 Py Py
BiJITIOBiTHO i 3yCYJIb B CTEPIKHAX Nll, N12, N21, N22, N31, N32, SIKI HEOOXiHO
3HalTH, OyJ0 MOOYIOBaHO CUJIOBUI TPUKYTHHUK AJISI KOXKHOTO By3Jia. 32 TEOPEMOIO
CHHYCIB 3HAXOJMMO:

I P -sind ’
= =X
.si 0 P -sin37.27°
anmzl’oﬁg.pl N, :%:0,6902.13l
sin61.32° sin 61.32
P, -sin105° P, -sin41.33°
=2 - =10316-P. =2 >y o .
2 sin69,44° 2 V= goag OTONE
. 0 Lo 0
NSIZMzLQB@PS N32=wz1.0136-ﬂ
sin80° sin80 )

AOGCONIOTHI BUIOBKEHHS CTEPKHIB BU3HAYAIOTHCS 3aJI€/KHICTIO:

— Ny -1y Al = Ni -1y

il — E A i2
cm " sl

- Ecm ! AS2 (2)
A, =A,, =0,503 cu’

Skwmo s — TUIoma TOTEPEYHOTO Tepepily CTEep)KHIB, TO
Npu 3alaHOMY 3HaueHHI P 3HaXomUMO BENTMYMHU aOCONIOTHUX BUJIOBXKEHb

KOXXHOI'O CTEPIKHA.
Al,, =6,892-107 Al,=13584-10" AL, =6,767-10"
AL, =11,953-107 Al,, =6,937 107 Al,, =15,516-10"°

Tak sk 3HaueHHA aOCOJIOTHMX BHUIOBXKEHb CTEPXKHIB Malli BETMYUHHU TIO
BiJHOIIEHHIO IO JTOBXWHU CTEP>KHIB, TO JJIS 3HAXOKEHHS TMOJOKEHHS IIapHIpiB
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1, 2, 3 micns medopmauii (touku ', 2', 3') MoxkHa BimKTacTH Ha TPOAOBKEHHI
KO’KHOTO CTEpXHS BEIMYHMHY MOTO BHUIOBKEHHS i MPOBECTH i3 OTPUMAHOT TOUKU
NEePHeHANKYIAP Y HAnNpsAMKY crepxHs. OTpuMaHa TaKUM YHHOM TeOMETPHUYHA
nmo0ynoBa € JiarpamMor0 TepeMimeHb. AOCOIIOTHE BHUIOBXKEHHS OYIb-IKOTO
CTEpKHS 33/1aHOI CTEpP)KHEBOI CHUCTEMM MAOpiBHIOE aireOpaidHiii CyMmi Mpoexwii

. A . .
ropu3oHTaIbHOro AY i BepTHKATLHOrO 4 nepeMilleHb MapHipa 3a HampsIMKOM

CTEPIKHA, IMBUCbh PUCYHOK 2.
i ¥

4 AX

. . . - A
Puc. 2 - Jliarpama nepemites 3-ro By3Jia 3 BU3HAYCHHIM MIPOEKLii Ax &V
HepeMillleHb MapHipa Ha HAaNpsIMOK 1-ro cTepxHs

Bupazumo abcomoTHE BUIOBKEHHS ALy g Al yepes NMpoeKuil Ax g 2.
Al = Ay-sin84° — Ax-cos84” | Al,, = Ax-cos19” —Ay-sin19° 3)

Maemo crucTeMy piBHSHB 3 TBOMA HEBiIOMUMH. 3BiZCH 3HAXOAUMO:
Ax=742-10" (em) Ay =9,93-107 (cm)

. A .
ITepemineHns Ax Ta Y st 1-ro, 2-ro Ta 3-ro By3JiB 3HaXoAUMO
aHaJIOTivHO.

OTXxe, MaeMo:
Ax =4,06-10" cm Ay =637 107 cm.

Ax=531-10" cu Ay=715-10" cm.
Ax=742-10" cu Ay=993-10" cu_

i 1-ro By3na:
114 2-T0 By3Ja:

Ui 3-ro By3Ja:

Ay {1y 90

Puc. 3 - Jliarpama nepemimens 3-ro By3iia 3 BA3HAYECHHSAM MPOEKIILiii Ax j &
MepeMilleHb apHipa Ha HAMPSIMOK 2-I'0 CTEPXKHS
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3HAXOOUMO I KOXKHOTO BY3Jla 3arajbHy BeIWYHMHY MepeMilleHHs A 3
3aJI€KHICTIO:

_ 2 2
A=+/Ax* + Ay @

1106 BM3HAUMTH K po3nomiisieTses cuina P mixk Bysmamu 1, 2, 3 3actocyemo
rimoTesy, 3TigHO SKOI Tepenaj CWI MiX MOMEPEeYHOI apMaTypor OO0epHEeHO
MPOTIOPLIHHII BUAOBKEHHIO B3JOBX HampsiMy Iii cuiam P mpwm ommiit i Tilt ke
BenuuuHi P.

=117,64

1 1 1 1 1 1
kj=—=—=14285 ky=—= =8333 k,=—=
"7 A, 0,007 PTA, 0012 A, 00085

Koediuient nponopuiitHocti po3nonineHHs cuiu P 6yne nopiBHIOBaTH:

k
n=——=-—
ky+k,+k, (5)
K +k, +k, =142,85+117,64+83,33 = 34382
142,85
o= 0415 =100 343, _ 8333 o0
343.82 MR YEYY ML REVEY S

Tyt n,+n, +n; =1

Pesynbrati mocnimxens. st miacuneHol 6aaky po3paxoBaHO 3HAUSHHS CHIIH
P o 3 cramisM HaBaHTa)XKeHHS, pe3yIbTaTH 3aHECeHi 10 Tadmumi 1:

Tabnuna 1
Crapii HaBaHTa)XeHHS Ta 3yCWUIUIS B apMaTypi
Ne E
P meop , kH
1 7.5 0,774
2 54,5 5,6388
3 177,5 18,377

3Besnena tabnuug cun Py kH 3 ypaxyBaHHAM
BH3HAYEHMX Koe(illieHTIB

Posnoninumo npuitHaTi cunu P Mixk By3namu 1-3 3 ypaxyBaHHAM BHU3HAu€HUX
koediuieHTiB Ta 3HaxoauMo cunu N. PesynbTaty npeacrasieHi y Tadmui 2,3:

Tabmuma 2

Cuna P P, P, P,
0,774 0,774 0,452 0,5085
5,6388 5,6388 3,298 3,704
18,377 18,377 10,750 12,073
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Tabauus 3

3Benena tabnuud cun Ny kH 3 ypaxyBaHHAM BU3HAU€HUX KoedillieHTiB

Cuna P Nyy Nyy Nyy Nyg Ny Nagy

0,774 0,817 0,466 0,515 0,534 0,318 0,515
5,6388 5,959 3,402 3,821 3,891 2,326 3,754
18,377 19,42 11,08 12,237 12,683 7,581 12,237

[Micns nmpoBeneHWX PO3paxyHKiB €MIOPY MOMEHTIB BiJl CUCTEMH TMiJCHJICHHS Ta
NPUKIaJEHOr0 30BHIIIHBOTO HAaBAaHTAKEHHAM Y TpeTHHax OajkM, MoKa3aHa Ha
PUCYHKY 4.

P 12332 759 p.e83 Pr 2128 P22 gy ps7sef e 12237

e |
o

i i) 11,08
f o 36,614 Ry 12237
: SIS e
3 5]
A0y o)
Tiya (10
13y (i
15y {edF)
e (R4
Nx | 1O 4]
.'-?_|'J ‘-? 12
5,11 911
L 17,06
215 2315 .
¥\ 541
71,20 fas
1704 Hf 3
Ml yy 202810
| /| 403 257
Oy L
T |
297 498
ALITHIRSN [waie| L
1831 e s
6133
M| -, 0
-
Fe9 13 | BATE
2368 120095
§g
43145 ! 4141
54817 54879

Puc. 4 . Emropa Bix aii cucteMu nmiACHICHHS Ta MPUKIAAEHOTO 30BHIITHHOTO HABAHTAXKECHHS

BucHoBku. Cuctema miICHICHHS J03BOJISE BiIHOBUTH i 30UIBIINTH HECydy
3aTHICTh 3THHAHWX €JIEMEHTIB Ta MiIBUIOUTH I1X XKOPCTKicTh. [limcuienHs
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