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HagejeHi pe3y1bTaT aHaJi3y BIUIMBY MOBTOPHUX HABAHTAKEHb HA MPOTUHHU
pUresisi paMu 3 IITYYHHM PeryJIOBaHHsIM 3ycWib. BcTaHoBJIeHO, 110 TIpH
piBHsx 3aBaHTaxeHHs Fcye= 0,3 Fy — 0,45 Fy cradinizanis nmporuHiB puresst
paMu 3 INTYYHHM PeryJiOBaHHSIM 3yCHJb BiI0yBa€Tbesi 10 I ATOT0 IUKIY
HaBaHTa;KeHHsI-po3BaHTa:keHHs. [Ipu piBHi 3aBanTakenns Fcyc~ 0,3Fu —0,7
Fu crabimizamis mnporuniB pamm BigdyBaerbcsi [0 IIOCTOTO IUKJIY
HABAHTAKeHHSI-PO3BAHTaKeHHsI. 30ibIIeHHs piBHA HaBaHTaxeHnb (Binx 0,45
Fu mo 0,7 Fu), micas craéizizanii podoTH pamMy 3 IITYYHHM PeryIiOBaHHIM
3ycuiab, NPU3BOAUTHL 10 3poctaHHs mnporuHiB. IloBropHa cradigizaimis
NPOTrHHiB pHUrejiB paM 3 INTYYHHM peryJIlOBaHHIM 3yCHJIb BiI0yBa€eTbcst
NPOTArOM HACTYNHMX II ITH IHUKJIIB HABAHTA'KEHHS-PO3BAHTAKEHHSI MicJs
30inb1IeHHs Horo piBHs. Ctabinizanis :x nporuHiB BigdyBaerbcs Biapasy micas
3MeHIIeHHs PiBHS HABAHTAXKEHHsI B paMax.

The aim is to analyze the effect of repeated low-cle loading on deflections in
two-hinged reinforced concrete frames with artifical force regulation with
similar two-hinged reinforced concrete frames withat artificial force
regulation. To study U-shaped reinforced concreterémes with artificial force
regulation, reinforced concrete frame samples wermanufactured, which had
the following dimensions in the axes: span | = 2000m, height h = 1100 mm,
cross-section of the frame beam — 160 x 100 mm, ssssection of the frame
column 180 x 100 mm.
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The frame crossbar and uprights are reinforced withspatial frames with four
symmetrically arranged @14A400C rods. The upper rod in the crossbar nodes
are rounded and inserted into the uprights beyond he lower edge of the
crossbar by 200 mm (twenty diameters). The transvee reinforcement in the
uprights and crossbars is made in the form of closewelded frames of @5Vr-|
rods installed in the crossbar with a pitch of 60and in the upright 70 and 50
mm in the near-wall zone. The prestressed tightengnof the frame is made of
@18 A400C rod reinforcement. The frame tests weregsformed according to
the scheme of a two-hinged system, loading the catmar with two concentrated
forces at a distance of 75 cm from the axis of theprights. The forces were
created by a hydraulic jack, and the force was meased by a calibrated ring
dynamometer.

The results of the analysis of the influence of regated loads on the deflections
of the frame crossbar with artificial force regulation are presented. It was
established that at loading levels &~ 0.3 Fu — 0.45 F, the stabilization of the
deflections of the frame crossbar with artificial brce regulation occurs by the
fifth load-unload cycle. At loading levels kyc= 0.3 Fu — 0.7 Fu, the stabilization
of the frame deflections occurs by the sixth loadnload cycle. An increase in
the load level (from 0.45 k to 0.7 R), after stabilization of the frame with
artificial force regulation, leads to an increasen deflections. Re-stabilization of
frame beam deflections with artificial force reguldion occurs during the next
five load-unload cycles after increasing its levelStabilization of deflections
occurs immediately after reducing the load level inhe frames.

Kirouosi ciioBa:

3amizo0eToH, 6eTOH, apMaTypa, pama, 3yCHJLIs, IPOTHH, PO3PaXyHOK, AedopMariis,
HAIIPYXXECHHA

Reinforced concrete, concrete, reinforcement, fidioree, deflection, calculation,
deformation, stress

3a1i300€TOHHI paMH MIMPOKO 3aCTOCOBYIOTHCS Y OYIIBHHITBI NPOMHCIIOBHX,
LMBUTPHHX Ta CHCLiaJbHUX CHOpPYA (MOCTH, TYHENi, MIIOXiIHI MepeX0oan, ONOpHi
CHCTEMH HIKHIX MOBEPXiB TPOMAJAChKHX OymiBenp Towio). BoHM chpuiiMaroTh
OCHOBHI HaBaHTa)KEHHs, OUIBIIICTD 3 IKUX MalOTh MOBTOpHMH xapakrep [1]. [IpoTe,
HE3BKAIOYM HA NIMPOKE BUKOPUCTAHHS 3alli300€TOHHUX paM y OyIiBenbHii
NPaAKTHIl, EKCIIEPUMEHTATBHUX JOCIIKEHB 1X POOOTH IPOBEAEHO HEAOCTATHEHO [2],
11 CTOCYETHCS TAKOX aHaJi3y MPOTHHIB i Ti€f0 TOBTOPHUX HABAHTAKCHb.

Mertoro € aHami3 BIUNTUBY MOBTOPHUX MAJIOLUKIIOBUX HaBaHTa)KEHb Ha MPOTHHU
B JBOXIIAPHIPHHUX 3aTi300€TOHHUX paMax i3 MTYYHUM PETyTIOBaHHSM 3YCHJIb 3
AHAJIOTIYHUMU  JTBOXIIAPHIPHUMH 3aTi300CTOHHHUMH pamMamMu 0e3 MITYYHOTO
perymoBaHHs 3ycuib [3 - 9].

Koncrpykuist nocaigaux pam. s nocnimkenns [1-mogiOHUX 3a11i300€ TOHHUX
paM 3 LITyYHHM DEryJIOBaHHSAM 3YCHJb OYyJIM BUTOTOBJICHI 3a1i300€TOHHI 3pa3KH
paM, siki Maimu posmipu B ocsx: mpomit | = 2000 mM, Bucora h = 1100 mm,

217



rorepedHui nepepi3 purens pamu — 160 x 100vm, nonepeynnii nepepiz CTIHKN
pamu 180 x 10Qum (puc.1, puc.2).
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218



Purenb i criifiku pamu apMOBaHO MPOCTOPOBHMH KapKacaMH 3 CHMETPUYHO
posramoBanumMu dotupma crepxusimMu P14A400C. BepxHi cTepkHi y By3nax
pHUreNs 3a0KpyIJIeH 1 3aBeleHi B CTIMKK 3a HIKHIO TpaHb purens Ha 200 mm
(mBamusTs giamerpis). [lonepeuna apMaTypa B CTiiKaXx i purei BUKOHAHA Y BUTIISI
3aMKHEHUX 3BAPEHUX PaMOK 13 cTepkHiB @5Bp-I, BcTaHOBIEHHUX B pHUreli 3 KPOKOM
60, a B criiitii 70 Ta 50 MM B mpuononHii 30Hi. [TonepeaHb0 HANpyKeHa 3aTSHKKA
paMu BUKOHaHa 3 cTepxkHeBoi apmaTypu D18 A400C.

[Tpu BunpoOyBaHHI PU3M MIIHICTH OeTOHY B Billi 28 11i0 ckiana: fc
= 28,77 MIla, rpanmuni gedopmamii — g4 = 206,0x1, mowarkosmii Momymb
npyxnocti Ec = 23,2x16 MIla. 3a pesyabratamu BUNPOOOBYBaHL apMaTypHHX
CTEp>KHIB BCTAHOBJICHI TaKi XapaKTEpUCTUKH: Mexa Tekydocti oy = 406,1 MIla,;
Meska MinHocTi oy = 506,2MI1a; makcumanbHi tedopmarii, siKi BiAIIOBIJAIOTE Gy,
gsu= 256,2x1®, moxyns npyxuocti Es = 2,08x 16 MITa.

BunpoOoByBaHHS paM BHKOHYBQJH 33 CXEMOIO JBOLIAPHIPHOI CHCTEMH
3aBaHTAXYIOUM PUTENIb IBOMA 30CEPEIDKCHUMH CHJIAaMH Ha Bimmani 75 cM Big oci
cTifiok. 3yCHIUIA CTBOPIOBAIM TiIPaBIiYHAM JIOMKPATOM, a CHJIy BUMIpIOBaN
TApOBaHUM KiJIbIIEBHM JTUHAMOMETPOM (puc.2).

IIporuau purenie pam P2-K i P2-KP po3BuBajiuCs MPAaKTHYHO MPOIMOPIIHHO
3poctanHio HaBaHTaxeHHs (puc. 3). [Ipu HaBantaxenHi F = 20xH nporun purens
pamu P2-K cknae 8,97mwM, a pamu P2-KP Bigmosigao 8,46Mm.
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Puc.3.3mina nporunis purens pamu: 1 —P2-K; 2 —P2-KP

IIporus purens pamu P2-K npu naBantakeuni F = 37,5kH, cranosus 13,68mm.
[Iporun pwurenss pamu 3 IITYYHHUM pETYJNIOBAaHHSM 3yCWIb, OpPU IBOMY XK
HaBaHTakeHHI cTaHOBHB 11,89MM, 1o Ha 13,1%MeHIIe MporuHy pureiis pamu 6e3
HITYYHOTO PEryIIOBaHHS 3yCHITb.

XapakTep pO3BUTKY IMPOTHHIB Ha MEPIIOMY UKJII HaBaHTa)keHHs pamu P2-TTP1
IIEHTHYHUI XapaKkTepy po3BUTKY mporuHiB B pami P2-KP. Ilicns po3BaHTaskeHHS
HiCNIs MEePIIOTo LUKIY B PUTEINi pPaMH BHHHUK 3QJHIIKOBHI TPOTHH, PIBHUH feyc res=
=3,29 MM, mo cxiagae 81,2% Bix MaKCUMAanbHOTO NMPOTHHY B LUKJI MPH PiBHI
posBanTaxeHHs 10 Feye = 12kH (puc. 4).3 HaCTyMTHUMH LUKJIAMH HaBaHTaXCHHS
3aJIMIIKOBI NMPOTHMHM JeIo 3poctanu. Ha apyromy muxii BOHHM 301JBLIMIIMCS IO
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feyeres= 3,37MM, a Ha I’ ATOMY — 1O feycres = 3,43MM (79,4%Bia MakCHMaIbHOTO
NPOTHHY Ha I siToMy nukii 1 84,7 %Bix MakCHMaJIBHOTO MPOTHHY HA MEPIIOMY
IUKII).

B pami P2-ITIP1 micis crabimizamii piBeHbs HAaBaHTAXXECHHS OyB 301IBIICHUHN 10
Feyc = 24kH, 1110 BUKJINKAIO YTBOPSHHS! HOBUX TPILIMH | BAHUKHEHHS IJIACTHYHUX
nedopmarnii B 0eToHI CTHCHYTOI 30HM. [licis po3BaHTa)KEHHS BUHWK 3HAYHUHN
3aMUIIKOBHIA TIPOTHH feyeres= 4,57 MM (64,4%Bin moBHOTO TIporHHy). [IpoTsirom
HACTYIHHX I’ ATH LUKJIIB IPUPICT POTHUHY HE TepeBHIyBaB Afcyc res= 0,15MM i 10
JIECSATOTO LUKy CTa011i3yBaBCsl.
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Puc. 4. 3mina nporunis purens pamu P2-ITP1 npu noBTOpHUX HABAaHTAXKEHHSIX !
1 —Ha nepioMy LUKIIi HABAHTAXKEHHS; 2 — Ha IIOCTOMY LMK HABaHTAXCHHS; 3 — Ha
YOTHPHAALSATOMY LMK/ HaBaHTAXKSHHS 0 PYHHYBaHHS

[oBuuit nporun purenst pamu P2-[1P1 Ha nepuioMy nukii Opu HaBaHTaXKCHHI
Feye = 18xH cknaB feye = 4,05mM. Ha apyromy 1ukiti moBHUI MPOTHH 301MbIIHBCS
Ha 1,9%, a Ha m'aToMy — Ha 6,2% Mo BIJHOIICHHIO JO IOBHOTO MPOTHHY Ha
nepmoMy Iukii. [Ipu 30UTbIIeHHS piBHS HaBaHTaKeHHS pamu 10 Feye = 24 kH
3HAYEHHS a0COIIOTHOTO MPOTHHY TEXK 3p0ociio. MakcuManbHU HPOTHH Ha IIOCTOMY
KT CKIaB foye= 7,09MM 3 moCTymoBHM 30iTBIIICHHAM Ha JIECATOMY UKL 710 foye
= 7,66 mm. ITicist 3MCHIICHHS PIBHS HABaHTa)KCHHS SIK IMOBHI, TaK 1 3aJIMIIKOBI
MIPOTHHM MIPAKTHYHO HE 301IBITYBAIHCS, @ KPHUBI HABAHTAXXCHHS 1 PO3BAHTAXCHHS
(axtraHo 3nmuBamcs. ToOTo, K 1 3HAUESHHS 3aIMIIKOBHUX ITPOTHHIB, TaK i 3HAYCHHS
MOBHUX TIPOTHHIB CTa0UT3yBIMCA JO T ATOTO IMKIY KOXKHOTO  PiBHS
HABaHTaXCHHS.

Ha gotmpHamusromy nwmkii pama Oyja HaBaHTa)XEHa JO pyHHYBaHHS. 3a
HaBaHTaxeHHs F = 35kH kpuBa nmporuHy 3MiHMIa HaUpsM BHUITYKJIOCTi, TOOTO
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cTaia oOepHEeHa /10 OCi HaBaHTakeHHs. MakcuMansHui nporuH pamu P2-T1P1 npu
F = 44,05kH cxnas f = 16,01mm.

B pami P2-TIP2 Bxe Ha nepiioMy UK HaBaHTaxeHHs pH Feyc = 28 kH B 3Ha4HIl
Mipi BiZOyaHCS TPOIECH TPIIIUHOYTBOPEHHS, a 3aJeKHICTh MK MPOTHHAMH 1
HaBaHT)XCHHSAM MaJla KPHUBONIHIMHMHA XapakTep. A Ha IIOCTOMY ITUKI KpHUBi
MIPOTHHIB MPY HaBaHTKEHHI 1 pO3BaHTaXCHHI Maibke CITIBIANai, a BUITYKIICTh
000X KpUBUX HampaBlieHa JI0 oci nedopmartiit (puc. 5).
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Puc. 5.3mina nporusis puresns pamu P2-1TP2 npu noBropHUX HaBaHTaxeHHAX: 1 —Ha

MePIIOMY IUKJIl HAaBaHTAXKEHHS; 2 —Ha CbOMOMY IIUKJII HABaHTAXKCHHS; 3 —HA JICB’ ATOMY
LUK PO3BAHTXKEHHS; 4 — HA TPUHAILITOMY LIUKJIl HABAHTKEHHS 10 PyHHYBaHHS

ITicnst po3BaHTaXXEHHS IMCISA TEPIIOTO ITUKIY B PUTENi paMu 3aJUIIKOBHMA
nporuH cKiaB feyeres= 5,57MM TP HETTOBHOMY PO3BaHTAXEHHI pamMu J10 Feye = 12
kH, mo ckmamae 33,7% Big MakCHMalbHOIO MPOTHHY B MHKI. IIpoTsarom
HACTYMHHX I’ ATH LUUKJIIB IPUPICT POTHUHY HE TepeBHIyBaB Afeyc res= 0,13MM i 10
CbOMOTO LUKy cTabiii3yBaBcs. [1OBHHI MPOTMH Ha CHOMOMY LIHKII CKiaB fey—
=7,12mm, mo cxnanae 47,8%Bix MaKCUMaTbHOTO MPOTHHY PaMH.

[Micns craGimizanii piBeHb HaBaHTa)keHHs1 OyB 3MeHIIeHWH 10 Feye = 18 xH,
BHACITIZIOK YOTO 3AJTUIIKOBI IPOTUHH MPAKTUYHO HE 301JTBIITYBAIUCS.

Ha tpunamusgTomMy mukim pama Oyina JOBaHTaKeHa 1O pyHHyBaHHS. [Ipu
nepeBuIeHHI HaBaHTaxeHH:A F.. = 30 xH mporun purenst pamu modaB CTPiMKO
36impuryBatucs. [1pn HaBaHTaxeHH] Fepe = 40 kH nporus purenst pamu ckiaaB feye res
= 14,88mmM.

BucnoBku. Ilpu piBusix 3aBantaxenus Feyc~ 0,3 Fy — 0,45 Fy crabinizamis
MIPOTHHIB PUTEIISl PAMHE 3 IITYIHUM PETYIIOBAHHIM 3YCHITb BiIOYBAETHCS JIO IT' ITOTO
MKy HaBaHTa)XEHHA-po3BaHTakeHHs. [Ipu piBHi 3aBaHTaXkeHHs Feyc= 0,3F,—0,7
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Fu crabinizamist nporuHiB pamMu BiiOYBAETHCS IO MIOCTOTO LUKy HaBaHTAXKCHHS-
PO3BaHTAKEHHS.

36inbineHns piBHsA HaBaHTaxenb (Bim 0,45Fy no 0,7 F), micis craGimizarii
poOOTH paMH 3 INTYYHUM PETYIIOBAHHAM 3yCHJb, NPH3BOMUTH JO 3POCTAHHS
MIPOTHHIB.

IToBTOpHa cTabimizallisi MPOTHHIB PHUTEIiB paM 3 IITYYHUM PETYITIOBAHHIM
3yCUJIb BiZAOYBAETHCS TPOTATOM HACTYIMHHUX ITSTH ITUKIIB HaBaHTaKEHHS-
pO3BaHTaXEHHs Tmicysl 30UIbIIeHHS #Woro piBHA. Crabimizamis  HPOTHHIB
BiZIOYBa€ThCs Bifjpa3y Micis 3MEHIICHHS PIBHS HABAaHT)XECHHS B paMax.
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