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Posenanymi i npoananizosani ioomi y wupoxkiii 6y0igenvHill npakmuyi mexuonoeii none-
PEOHBLO2O HANPYIHCEHHS 3ani300emonHUX KoHcmpyKyitl. Texnonoziuni Memoou 6u2omosnents
NONepeoHbo HANPYHCEHUX 3aNi300eMOHHUX KOHCMPYKYIU NPUUHAMO NOOLIAmMU 3d CHOCOOOM
i wacom namsaey apmamypu, 3a cnocooamu ii yknaoku i HanpyscenHs ma 3a Kpinienns y 6emoni
Hanpyscenoi apmamypu. 3a cnocobom i yacom namsey apmamypu 6ci HonepeoHbO HANPYHCeHi
KOHCMpYKYii 00°’€Onani y 06i epynu: enemeHmu 3 HAMASOM APMAmypu Ha Ynopu 0o 6emo-
HYBAHHS WA eeMeHmU 3 HamsA2oM apmMamypu nicis 6emoHy8anHs HA 3ameepoiiuil 6emon.
Taxi cnocobu nonepeonbo20 HANPYICEHHA, AK NPAGUNO, HE YWiNbHIOIOMb OEmOHHY cyMiui
i momy 3aauuaiomsvest He UKOPUCTIAHUMY pe3epsu MIYHOCMI, 6000HENPOHUKHOCHI I MOPO30-
cmitikocmi mamepianie.

B npeocmaeneniii pobomi po3pobnenutl opueiHaibHull NPAKMuUYHULL CROCIO NONEPEOHbO2O
HAanpyJceHHs. apmMamypu 3a1i300emonHux 8upoois, wo exkayae 0obpe 8idomi onepayii: yKiaoxky
apmamypu y opmy, Hamse apmamypu, Hacmyniy gixkcayiio apmamypu. Biopistae sanponono-
éanuii cnocio me, wo ONsL NIOGUWEHHS. CMYNelst NONEPeOHbO20 HANPYIICEHHs KOHCMPYKYii ma il
MiyHOCMI KiHYi apmamypu 3aKpiniioms aHKepamu Ha pyXoMux mopysax gopmu, a namse i
BUKOHYIOMb WLIAXOM WBUOKO20 00epmaHts 3an08HeHOI bemoHom 3aKkpumoi ghopmu 3 0OHoYaAC-
HUM YWiTbHEHHAM Oemony.

Hamse apmamypu 30iticnioemvcs maxkum yunom. Popma, wo 3anosnena 6emoHHO0 CyMi-
W0 3 0esKUM HAOIUUKOM 8 20PLOSUHI, WeUoKo obepmaemucs. 11i0 i€io 8I0YeHmposux cui
CYMil po3noOinAEmuCsl i 6iOKUOAEMbCS 00 PYXOMUX MOPYie hopmu, ywyinoHioemucs i uepes Oito
MUCKY PO3CYBAE iX.

Ockinbku Kinyi apmamypu 3aKpinieni Ha mopysx aHKepamu, mo 60Ha HamA2acmucs. Y yen-
MpAnvHil Yyacmuri opmu 6emoHHa cymiut YWIinbHIOEMbC 8ibponopunem. Cmamuune Ha8aH-
MasicenHs Ha nopuieHb nepedacmuvcs wiaphipom. Tak, namse apmamypu ma ywinoHenuss 6emony
8i00Y6aI0MbCsL 0OHOYACHO 3a 00HY onepayito. Ilicna npudbanns 6emoHom HeobXiOHOT MiyHoOCmI
Gopmy 3HIMaIOMb 3 KOHCMPYKYIL.

Pospobneno memood o0HOwaCHO20 NONEPEOHbO2O HANPYHCEHHS | NPECYBAHHSA 3ANI300eMmOH-
HUX KoHcmpykyii. Lleti memoo 30ilicHi0embcst 3a 00NOMO2010 GUKOPUCMAHHS Ol I0YEeHMPOBUX
eun obepmanns. Hagedeni sanesxicnocmi 01 GU3HAUEHHS MEXHONOIUHUX NAPAMEMPIE — WUBUOKO-
cmi obepmants Gopmu 3 OEMOHHOIO CYMIWUWAIO, BETUYUHU MUCKY | NONEPEOHbO2O HANDYIHCEHHS
apmamypu. JJonognena giooma knacugikayis Memoois ucomogieHHs NONepeonso HanpyICeHux
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3a1i300€MOHHUX KOHCIMPYKYITI MEXAHIYHUM METMOOOM HAMSALY APMAMypu «HA OEMOHHY CYMiuLy,
w0 30MUCHIOEMbCSL 3a8051KU Oii 8I0YEHMPOBUX CUIL.

Knrwuoei cnosa: 6ioyenmposi cunu, MiyHicmv, HONEPEOHE HANPYHCEHHS, CBIJCOYKIA0eHd
bemonHa cymiut, npecy8anis, WilbHiCmb, MEXAHIYHUL CNOCIO .

Chekanovych M. H. A method of prestressing reinforced concrete structures that increases
their strength

The study considers and analyzes technologies of prestressing of reinforced concrete struc-
tures known in wide construction practice. Technological methods of manufacturing prestressed
reinforced concrete structures are divided by the method and time of tensioning of steel, by meth-
ods of its placement and pretension and by fastening of pretention bars in concrete. According
to the method and time of tensioning of steel all prestressed structures are combined into two
groups: elements with pretentioning before placing of concrete and elements with posttensioning
on hardened concrete. Such methods of prestressing, as a rule, do not compact concrete mix
and therefore reserves of durability, water and frost resistance of materials remain unused.

In the presented work the original practical way of preliminary tension of steel of reinforced
concrete products is developed, it includes well-known operations: playcing of steel in the form,
tension of steel, the subsequent fixing of steel elements. What distinguishes the proposed method
is that in order to increase the degree of prestressing of the structure and its strength, the ends
of steel bars are fixed with anchors on the moving ends of the form, and their tension is performed
by rapid rotation of the concrete-filled closed form with simultaneous compaction of concrete.

The tension of steel is performed as follows. The form, filled with concrete mixture with some
excess in the throat, rotates quickly. Under the action of centrifugal forces, the mixture is dis-
tributed and thrown to the moving ends of the form, compacted and due to the action of pressure
pushes the ends apart.

Since the steel bars are fixed at the ends of the form by anchors, they are strained. In the cen-
tral part of the form, the concrete mixture is compacted with a vibrating piston. Static load onto
the piston is transmitted by a hinge. Thus, the tensioning of bars and compaction of concrete
occur simultaneously in one operation. After concrete reaches the required strength, the form is
removed from the structure.

A method of simultaneous prestressing and pressing of reinforced concrete structures has
been developed. This method is carried out using the action of centrifugal forces. Dependences
for determination of technological parameters — speed of rotation of the form with concrete mix,
value of pressure and pretensioning of steel are provided. This new mechanical method of ten-
sioning of steel on concrete mix, which is carried out due to the action of centrifugal forces, is
added to the existing classification of methods of manufacturing prestressed reinforced concrete
structures.

Key words: centrifugal forces, strength, prestress, freshly-placed concrete mix, pressing, den-
sity, mechanical method.

Beryn. OcHoBa mporpecy 6araro B 4OMy BH3HAYA€THCS HOBUMH TEXHOJOTiSIMHU
B CyCHNbCTBAaX. He BUKITIOUEHHSM € Taiy3b OymiBHUITBA. OpUTiHANBHI PILICHHS CTa-
I0Th B HaroJli U1l OTPAMaHHS SKiCHO HOBHX Pe3yibTarTiB. it monepeqHp0 HalpyKeHUX
3aJ11300€TOHHMX KOHCTPYKLIH TaKUM HOBUM DILLIEHHS MOXK€ OyTH CYMILIEHHS Pi3HUX
TEXHOJIOTIYHUX OIepaliif B OJHY, 10 Ja€ IepeBary K B YaCOBUX paMKax, TaK i 3 TOUKH
30py eHeproButpar. J{ist 3a1i300e TOHHUX KOHCTPYKIIIH 3aBISKH TIONIEPEHEOMY HaIPY-
JKEHHIO I0CATAETHCS X JKOPCTKICTD 1 TPILIMHOCTIMKICTD, a IPU IPECyBaHHI — 3MILTHEHHS
OetoHy KOHCTpyKIii. CyMillIeHHsI IIMX JIBOX MPOLIECIB B OJWH Ta III¢ i BUKOHAHHS X
3a paxyHOK BiIIICHTPOBHUX CHJI IIPEACTABIIETHCS MEPCIICKTHBHUM JUISL PO3BHUTKY Tally3i
OyniBauuTBa [1-10].

AmHaJji3 ocTaHHIX 1ocaiTkensb i myoaikamiii. TexHomori4HI 0COOTMBOCTI BUTOTOB-
JICHHS MOTIEPEHBO HANPY)KEHUX 32113006 TOHHUX KOHCTPYKIIH MPUAHATO MOJUIATH 32
€crocoOoM 1 4acoM HaTAry apMaTypH, 3a crocoOamu i YKJIAAKU 1 Hampy»XeHHsS Ta 3a
KpimyieHHS! y OETOHI Hampy>KeHOl apMaTypu. 3a CIIOCOOOM 1 YacoM HaTATY apMaTrypu
BCI MONIEPETHBO HANpPYKEeHI KOHCTPYKINi 00’ €HAHI Y JIBI TPYIIH: €IEMEHTH 3 HATATOM
apMaTypy Ha ynopu J0 OSTOHYBaHHS Ta €JIEeMEHTH 3 HATATOM apMarypH Ticis O6ero-
HyBaHHA Ha 3arBepAinuii 6eToH [1-9]. Taki cmocoOu momeperHpOro Harpy>KeHHS, SK
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MPaBUIIO, HE YIIUIBHIOIOTH OETOHHY CyMIII 1 3a/IMIIAI0THCSA HE BUKOPUCTAHUMHU PE3ePBU
MIITHOCTI, BOAOHETIPOHUKHOCTI 1 MOPO30CTIHKOCTI.

3 iHIIOT CTOPOHHU BigoMuid MeTon (OPMYBaHHS 3a1i300€TOHHUX BHPOOIB Y BHIVISII
TpyO, Manp KiNbIEBOTO Mepepizy 3a paXyHOK BiALEHTPOBUX CHII. TyT OETOHHA CyMill
y TpyO4acTiit ¢popmi ipu ii 06epTaHHI PO3MOMIISIETHCS PIBHOMIPHO 1O GOpMi 1 YIIiIb-
HAETHCS. B IbOMY BHIIAIKy BUTOTOBIICHHS MTO3J0BXKHS poOoda apMarypa He HarpyxKy-
€THCS 1 KOHCTPYKIIiS Y TIO3JJOBXKHBOMY HAMpPSIMKY HE € TIONEPETHHO HAMPYKESHOO.

IMocTanoBka mpo6aemu. OCKIIBKU BIJIOMI METOAM TEXHOJIOTII MONEPEIHBOTO
HaNpYyXEHHS 1 yIIUIbHEHHS 0ETOHY HE BKJIAJAlOThCS B OIHY TEXHOJIOT1YHY OIEpaLio,
HE OJJHOYACHI 32 4aCOM BHUKOHAHHS, TO BUHHKAE HEOOXiTHICTh PO3POOJICHHS ajbTep-
HATHBHOTO OPHWTIHAILHOTO METOMy, IO 3a0e3MeYMTh BHUCOKY MIIHICTh YKOPCTKICTh
1 TPILIMHOCTINKICTD. 3aNUIIAETbCd HE BUKOPHUCTAHUM pe3epPB MILIHOCTI OyHiBelbHUX
MarepianiB. Y 3B’s3Ky 3 UM po3poOka METOLy MONEPEIHbOTO HApyKeHHS 3ai1iz00e-
TOHHHUX KOHCTPYKIi Ha OCHOBI Jii BIIIEHTPOBUX CHII MPEICTABILIETHCS MEPCICKTUB-
HOMO y raiy3i OyaiBHuLTBA [1-4].

MeTo10 I0CTiTKEHHsI € po3po0Ka METOLY OXHOYACHOTO IIONEPEIHBOTO HAIpy-
JKCHHS 1 IPECYBaHHS 32113006 TOHHUX KOHCTPYKIIIH 338 JOITOMOTOI0 BUKOPHUCTAHHS Bifl-
LEHTPOBUX BUJI OOEpTaHHS.

Bukian ocHoBHOro Mmarepiajy aociizkeHHs. IIpencrTaBisieTbCsl TEOPETHUHO
MOYJIMBHUM CIOCI0 HATATY apMaTypH BiTHOCHO CBIXKOBKJIaJICHOT, 0OTHCHEHOT OCTOHHOT
CyMillIi, ie HAaTAT apMaTypHy BiiOyBaeThCs 32 4aCOM Yy IIpoIieci OETOHYBaHHS KOHCTPYKIIiI.

B po6oTti po3pobneHnii OpuTiHATBHHA MPAKTUIHHNA CIIOCIO TONEepeTHhOro HaIpy-
JKCHHS apMaTypH 3a1i300€TOHHHUX BUPOOIB, KU BKJIHOYaE T0Ope BiOMI omeparii:
YKJIaIKy apMatypH y Gopmy, HaTAT apMatypH, HacTynHy (ikcauito apmatypu [8]. Bin-
PI3HSAETHCS 3aIIPONIOHOBAHUMN CITOCIO TUM, IO JIJIS MiJBUIICHHS CTYTICHS TIONEPEIHBOTO
HaTpyXeHHS KOHCTPYKIT Ta 1i MIIHOCTI KiHII apMaTypu 3aKpilUIIOIOTh Ha PyXOMHX
TOpUAX (hopMH, a HATAT ii BUKOHYIOTH IIUIIXOM 00€pTaHHS 3alIOBHEHOI OETOHOM 3aKpH-
Toi popMH 3 OTHOYACHHUM YIIITBHEHHSM OeToHy [11].

Konctpyxkuis y hopmi iz uac OeTOHyBaHHSI 1 HATATY apMaTypu 300paxkeHa Ha puc. 1,
Jie Hampy>keHa apMarypa | 3akpilieHa aHKepaMu 2 Ha PyXOMHUX TOPISIX 3 3aMKHEHOi
¢dopmu 4, obnaaraHoi BiOpomopniHeM 3 mrapHipoM 6 Ta oOMexXyBayamu 7; dopma 4
BCTaHOBJICHA Ha 00epToBUii cTeH ] § 1 BMillye OeTOHHY cymit 9.

Puc. 1. Koncmpykyis y gpopmi nio uac 6emonysanus ma Hamsey apmamypu

Harar apmarypu BinOyBaeThcsi TakuM 4rHOM. Dopma, 110 3aroBHEHA OETOHHOIO
CYMIIIIIO 3 ACSKUM HaJJTUIIIKOM, IBUIKO 00epTaeThes. [1i Ni€ro BiAIEHTPOBUX CHIT
CYMIII BIIKUTAETHCS IO PYXOMHUX TOPIIIB (POPMH, YITITBHIOETRCS 1 Yepe3 Te po3CyBac ix.

OcCkiNbKU KiHIII apMaTypH 3aKpilUICHI Ha TOPLSAX aHKEPaMH, TO BOHA HATATA€ThCA.
VY meHTpanbHii yacTuHi GopMu OETOHHA CyMilll VINIIBHIOEThCS BiOpomopiaeM. Cra-
TUYHE HABAHTA)KCHHS Ha MOPIICHb NEpeNacThCsl MIapHipoM. Tak, HaTAT apMarypu
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Ta yIIUIEHEHHS 0eTOHY Bi/10yBaIOThCs OHOYACHO 32 OHY omeparliro. [licis npuadaHus

0eTOHOM HE0OXiHOT MIITHOCTI (POPMY 3HIMAIOTh 3 KOHCTPYKIIii.

3aBIsIKH YIIUTBEHEHHIO OETOHY IIEHTPU(YTyBaHHIM Ta BiOPOIPECYBaHHSM ITiIBUIILY-
€ThCSI HOTO MILIHICTh. BHCOKa CTymiHb YIIITbHEHHSI OETOHY Ha TOPISX KOHCTPYKIIii, /1e
3HAXOAWUTHCS 30HA aHKePYBaHHS HAIPYKEHOI apMaTypH, CIIPHSE MOTINIIEHHIO CYMICHOT
poboTH apMaTypu 3 0ETOHOM Ta eKCILTyaTaliiHUX BIACTUBOCTEH KOHCTPYKIIT B LIIJIOMY.

ITinBuIeHHsT MiHOCTI OETOHY IPU BUTOTOBJIEHHI KOHCTPYKIIH 3allpOIIOHOBAHUM
CIoCcOOOM 3MEHIIIYE PI3HUIIO MiXK MOKa3HHKAMH MIIIHOCTI OCTOHY 1 MarepiaiiB, IO
BXOJIITH JIO CKJIay Ba)KKOoro OETOHY, HalpuKJaj, KBaplly, rpanity. Lle mnae 3mory 3po-
OWTH BUCHOBOK IIPO MiABUIIEHHS ¢(EKTUBHOCTI BUKOPUCTAHHs OyIiBeIbHUX MaTepia-
JIB TIPY HaBEJICHOMY CIIOCOOI.

Hartsr apmatypu 3a1iicHIOETHCSI HA OOTUCHEHY OETOHHY CyMilll MiJl Yac OETOHYBaHHS
KOHCTPYKIIii, TOMY BiTHECTH HOTO JIO OJTHOTO 3 IBOX TPAJAUIIHHO MPUHHATHX TPYI CITO-
co0iB Oyiro 6 momuiTkoBuM. Ha MmificTaBi 1{bOro MPOMOHYETHCS TOTIOBHUTH iICHYIOUY Kila-
cudikalio cnocobiB BUTOTOBJICHHS MOMEPEIHBO HANPYKEHUX KOHCTPYKIIii ciocodoM
HATATy apMaTypH Ha OeTOHHY cyMiml (puc. 2).

Puc. 2. Cnocobu namsey, yKiaoxku, HanpysjiceHHs ma 3aKpinients y Oemoui apmamypu
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Yacrora obepranHsa Gopmu 3a 1 XBUIUHY BU3HAUAETHCS HA CTAJil PO3MOAUICHHS
CYMIIIIi 32 BUPa30M:
600

n osn. a0 (1)
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8

JI€ ¥, — PO3Mip TOPJIOBMHH ONaTyOHOI (hopMH.
Tuck Ha pyxomi Topui onanyoHoi Gpopmu npu i oOepTaHHI BU3HAYAETHCS 3aJI€KHi-
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ae n, — 9acTora obepranus popmu 3a 1 XBHIIMHY Ha cTaii yIIiIbHEHHS CyMiIIi

i HOHepe,I[HLOFO HaNpyKEHHs apMaTypu; r, — BiICTaHb MiXK PyXOMMMH TOPLSIMH OIa-
ayOHOi (opmH; p — BeNMUMHA THUCKY, 1110 HepeIaeThCsl uepe3 TOPIOBHHY HA TOPILI
dopmu; T — cymapHa cuiia TepTs.

IMonepeaHe HAPYXKEHHS B apMaTypi BU3HAYAETHCS 32 BUPA30M:

P-F-N
o, =—, 3
s 4 3)

s

Tyt F — mmomna pyxoMoro topist; N — cyMapHa BEJIMYWHA CHIIM BTPAT MTOTIEPETHBOTO
HaNpY>KEHHs; A — TIIOIIA MONEPEYHOTO MEPEPI3y apMaTypH.

[IMomo cnocoOy HampyXeHHs apMaTypH, TO HOTO CJiJ BIHECTH JIO TPyl MeXa-
HIYHHUX CIOCOOIB, 5AKi, B CBOIO YEpry, ni}:[p03,uin;1}0TL Ha MiArPyId 3a BUIOM TMPUBOJTY
JUISL HAaTATY apMaTypH, a caMme: HaTsDKHI MeXaHi3MU 1 JIOMKpaTH, BaHTaXHI, TBUHTOBI
Ta Ba)KeIeBi HpI/ICTpOI 3anporoHoBaHUii cr1ocid He MOXKHA BITHECTH 10 YKOIHOI 3 IINX
HiATPYI, TOMY iX CJiJl JOIIOBHUTH CIIOCOOOM HATATY apMaTypH 3 BUKOPHCTAHHSAM IIPH-
CTpOiB HEHTPU(DYTOBHX.

Po3mmpenHs TpaaumidHOI CXeMH CHOCO0IB JJa€ MOXIIUBICTh JUIS TIONITYKY HOBHX
LUIAXIB YAOCKOHAJIEHHS TEXHOJIOT1i BUPOOHUIITBA MONEPENIHBO HAMPYKEHUX 3ai300e-
TOHHHX KOHCTPYKIIiH, 30KpeMa 3a paxyHOK CIIOC00iB, 1¢ BUKOPHUCTOBY€ETHCS HATAT apMa-
TypH Ha OOTHCHEHY OCTOHHY CYMIIII JIO 11 3aTBEp/AiHHSA y KOHCTPYKIIii. 3a TAKUMH CIIO-
co0amy, AK MPaBWIO CYMIIIYIOTbCSA HATAT apMaTypH 1 OOTHCHEHHS OETOHHOI CyMilli,
110 CIIPHSIE IMiIBUIIICHHIO IUIBHOCTI 1 MIITHOCTI OETOHY, @ TAKOX MOMIMIIIEHHIO CYMiCHOT
po0OTH apMaTypH i OETOHY B KOHCTPYKIIii.

BucHoBku i npono3umnii. TakuM yuHOM, pO3pOOIEHO METOA OJAHOYACHOTO TOIE-
pPENHBOTO HAIpPYXXEHHs 1 MpecyBaHHS 3ai300€TOHHUX KOHCTPYKIINA 32 JOMOMOTOO
BUKOPUCTAHHS BiJIIEHTPOBHUX BWJI oOepTaHHs. HaBeneHi 3ale:KHOCTI Uil BU3HAUCHHS
TEXHOJIOT1YHUX TapameTpiB. JlomoBHeHa Kiacuikaiis METOIIB BUTOTOBIIEHHS MOIe-
PEIHBO HANIPY>KCHUX 3aJ1i300€TOHHUX KOHCTPYKIIIF MEXaHIYHIM METOIOM HaTsTy apMa-
TYpH «Ha OETOHHY CYMIIID», IO 3MIHCHIOETHCS 3aBIAKHA il BIIIICHTPOBHUX CHII.
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