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Paccmampueaemcs axmyanvhwiil 6 Hacmosuee 8pems 60npoc onpedenenus ONUHbL 30Hbl nepedaiu Ha-
NPAANCEHULL ¢ NPeOBaAPUMENbHO HANPANCEHHOU apmamypbl Ha bemoH. C yeavio onpedeneHust OIUHbL 30Hbl nepe-
0ayu HaAnNpsAdCeHUll, a Makdice ONUHbL 30Hbl AHKEPOBKU KAK XAPAKMePUCMUK CYEenjeHusi npedsapumenbHo Ha-
NPSICEHHOU apMamypvl ¢ OemoHOM NpPeodaodHceHbl 08a BAPUAHMA MOOUPUYUPOBAHHOU YCMAHOBKU, NPUHAMOU
6 memoouxe ECADA. Memoouxa ECADA basupyemcs Ha usmepenuu u anaiusze yCUuiull 6 npeosapumesbHo
HANPIICEHHOU apmamype Ha Cmaousix Hanpadicenus u nepedadu ycunus obcamus. Oba eapuanma, npeocmas-
JleHHble 8 OaHHOU pabome, UMem C80U OOCMOUHCMEA U MO2YM ObIMb UCNONb308AHbl 01 ONpedeieHUs. 8bilie-
VKA3aHHbIX Xapakmepucmuk. Haubonee npuemnemviii eapuanm MoOuGuyupoSanHou YCmaHosKu Obll 3anpoex-
muposan u uzeomosnen. Taxoice Obll nPoseden NPOOHBIN IKCHEPUMEHM C Yeabl0 NOOMBEPICOEHUS BOZMONCHO-
CMU UCTIONb308AHUSL OAHHOU YCMAHOBKU OJisl ONpeOdeNeHUs C8OUCNG CYENIEHUS apMamypbl ¢ 6EMOHOM, 8 4acm-
HOCMU ONUHBL 30HbL Nepedai HanPsHCeHU.

Knroueevie cnoea. sicene3obemonuvie d1emenmyl, nped8apumenbHo HANPSINCCHHAS, apMamypd, 30Hd
nepeoayu HanpsAsCceHull, 30Ha AHKEPOBKUL, U3MepeHUe YCUTUIL.

OnpenesieHne JIHHBI 30HBI MlepeIadn HaNpsikeHn . [lepeiaua IpeaBapuTEILHOTO HAMPSKEHUS C ap-
MaTypbl Ha OKPY)KAIOMIKi ee OETOH MPOUCXOMUT OIaromapsi CIeIUICHHI0, KOTOPOE CYIIECTBYET MO TPAHUIIEe KOH-
TakTa apMarypsl ¢ 6eToHoM. CBOWCTBA CIICTUICHUS TIPEABAPUTEIIFHO HAIPSHKEHHOM apMaTyphl ¢ OETOHOM Xapak-
TEPU3YIOTCSI BEMIWHON JUTHHBI 30HBI TIEpeIavn TPEABAPUTEIHHOTO HAIPSHKCHHUS TIPH €€ OTIYCKE M JITMHOM 30HBI
AQHKEPOBKHU B IMPEIEIBHOM COCTOSHHUHU. B cooTBeTcTBHM ¢ TepMuHOJOrHel, npunsroid 8 Model Code 2010 [1],
a 3ateM u B TKIT EN 1992-1-1 [2],miuHa 30HBI IEepefayd HaNpsOKEHHM OIPENENAeTCs Kak JJIMHA ydacTKa,
Ha KOTOPOM HAIPSDKEHHS B HAMPSTAOIIEeM dJieMeHTe (KaHare, CTEPXKHE, MPOBOJIOKE) M3MEHSIOTCS OT HYJIS
JI0 YCTAHOBUBLIMXCA dP()EKTHBHBIX 3HAUCHUIA.

VueHsle Tpeaarain pasinyHble SKCIEPUMEHTAIBHEIC METOJAUKH ONpPEAEIICHUS JUIMHLI 30HbI MEPEIadn
HaNPSOKEHUI TIPEABAPUTENLHO HANPSIKEHHOM apMaTypsl Ha 6eToH (pucyHok 1). OnHO#M U3 HUX SBJISETCS U3Me-
peHure TPOAOJBHBIX AeopMmanmii 6eTOHAa TPH OTIYCKE MPEABAPUTENILHO HAMPSKEHHON apMarypbl Ha JUIHHE
30HBI TIEpeaun Hanpsokenud (pUcyHOK 1, 6). M3-3a HU3KOM TOYHOCTH M 3aBHCMMOCTH OT TOJIIMHLI CJIOs OETOHA
HaJl apMaTypoil JaHHas METOAMKA HE HAXOIWT MPUMEHEHHS B COBPEMEHHBIX 3KCIEPUMEHTAIBHBIX HCCICI0BA-
Hustx. HemoctaTok MeTOMUKY u3MepeHus nedopManuii B IpeIBapUTEIbHO HAPSLKCHHON apMaType 110 JUTHHE
30HBI TIEpeJayll HAIPSHKEHUH COCTOWT B TOM, YTO KpaHE CIOXKHO MPOM3BECTH M3MEPEHHS Pa3MEIICHHBIMHA
B apMaType JaTYMKaMH, He HAPYIIHB CIEIJICHUE apMaTyphl ¢ 6eToHOM (pHCYHOK 1, 2).

Ipu KCTOTB30BaHUK METOIMKN W3MEPEHHS BEJIWYNHBI BHITATHBAHUS apMaTyphl U3 Tejia GeToHa CO CTo-
POHBI 3arPYKCHHOTO TOpPIA JEMEHTa HE BOCIPOM3BOMATCS YCIOBHsI, UMCIONIME MECTO MpPHU Tepeiaue yCHIns
00XKaTuUsI C HAMPATAIOIIUX JICMEHTOB Ha OETOH 3a CYET CHJI CLEIUICHHs], 1 He Bocnpou3Boautcs sdgdexr Xoiepa
JUISL TIPEIBAPUTENIBHO HAMPSKEHHON apMaTyphl, KOTOPBIA 3aKIIIOYAETCS B YBEIMYEHUH TUIOIIAIN MOMEPEYHOTO
CeYeHHsI apMaTypHI JI0 CBOETO MEPBOHAYAIBLHOTO 3HAYEHHUS II0CIE OTIYCKa CO CTOPOHBI TOPL@ JIEMEHTa, y KO-
TOPOTO MPOU3BOJMJICS OTIYCK apMatypsl (pucyHok 1, a) [3].

BOIBIIMHCTBO METOIMK AKCIIEPUMEHTAIBHOTO ONPEAEIICHUS IIMHBI 30HbI TIEPEIauyn HAPSHKEHUH Tpej-
BAPUTEJILHO HAMPSKEHHON apMaTyphl 0a3MpyeTcs Ha MOJyYEHWH BEIUYMHBI BTATMBAHKS apMaTyphl HA KOHIIEBOM
Y4YACTKE DJIEMEHTA 10 OTHOIIEHHIO K OKPYKAIOIIEMY €€ OETOHY KaK KOCBEHHOTO nokasaTens (pucyHok 1,6) [4].

dopmyna, npemtokeHHas [ MHOHOM, CBSI3bIBACT BEJIMYNHY BTATHBAHUS HA KOHIIEBOM yYacTKe 3JIEMEHTa
C JUIMHOM 30HBI MIEPENAYN HANPSHKEHHS U BKIOYaeT B ceOs kodhuuuent a [5].

=a—, (1)

rae |y — anuHa 30HEI epenaun HANPSDKEHUH; O — BEIMYMHA BTATUBAHUSA apMaTyphl Ha CBOOOIHOM TOpIIE H3/ie-
s (pucyHOK 1, 0); &y — OTHOCHTeNbHAs AedopManys apMaTypbl HEIIOCPEACTBEHHO Hepe] Iepenadeil yCums
obxaTus; o —K03((ULNEHT, 3aBUCAIINI OT IIPUHATOTO 3aKOHBI CIEIUICHHS U, COOTBETCTBEHHO, pacipeeieHus
HaIpsDKEHUI B apMaTtype 10 JUIMHE 30HbI [Iepeladi HalpsDKEHHUH.
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KoadduureHT o 3aBUCUT 0T (HOPMBI SMIOPHI PACIIPEICIICHIS KaCATSIbHBIX HANPSHKCHUN CIICTUICHUS ap-
MaTypbl ¢ OCTOHOM IO JJIMHE 30HBI Iiepejadu HanpspkeHuil. [IpobiemMa cOCTOUT B MPABWILHOM ONPEACICHHUN
BeJIMUMHBI K03 duumenrta o. MHOrue y4eHsie, 0a3upysch Ha CBOMX IKCIEPUMEHTAILHO-TEOPETHYECKHUX HCCIIe-
JOBaHMAX, MPEJIaraiy pa3ndHble 3HaYeHHs 3TOro koddduimenra — ot oo = 1 1o o = 4 [6]. Takxke eciu roBo-
PHUTh O TIPOU3BOJICTBE IPEIBAPUTEIBHO HAMPSIKEHHBIX KeJIe300€TOHHBIX KOHCTPYKIHUIA 110 CTEHI0BOM TEXHOJIO-
run O6e3omnarybodHoro gopmoBaHus B ciundopmepax, ClIeqyeT YIUTHIBAaTh, YTO OTIYCK MPEABAPUTEIHHO Ha-
NPSDKEHHOM apMaTyphbl [IPU HAPE3Ke JKeJIe300€TOHHBIX 3JIEMEHTOB MPOUCXOAUT MTHOBEHHO, U U3BECTHBIE JKCIIE-
pHMEHTANIbHBIE METOJUKH OIpE/CICH s [UIMHBI 30HbI IepeIaull HAMPSHKCHUS] HE COOTBETCTBYIOT TPEOOBaHHSIM.
B cBsI3U C 3TUM CTOUT BOIPOC O HAXOXKJICHUU WHOW METOJMKH SKCIICPUMEHTAIBHOTO OMPEIICIICHUSI ITTHHBI 30HBI
nepeaynl HaNpsDKEHUST KaK XapaKTePUCTUKU CLCIUICHUSI IPEIBAPUTEIFHO HANIPSIKCHHOM apMaTyphl ¢ OETOHOM,
CBOOOJTHOTO OT HAa3BaHHBIX HEJIOCTATKOB U3BECTHBIX METO/IUK.

H3MEPHTEIH AehopMalHi

(Can

a

H3MEPHTENH JAehopMartHit

=D
0
TEH30JATIHKH

3

TCH30JATIHKH
2

o

0 i

a —MeTOIMKA BbITATHBAHNS apMAaTYpPhI U3 Tejia 0eTOHA; 6 — MeTOAMKA ONpe/ie/eHNs] BTATHBAHUS aApMATYpBbI;
6 —MeTOUKA olpe/eJIeHUs IIPOJOJIbHBIX JedopManuii 6eTOHA; 2 — MeToAuKa onpeneeHus gJedopmanuii B apmartype;
0 —BeJIUYUHA BTATHBAHMS APMATYpPbl HA CBOOOJHOM KOHIIEe U3/ e/ IHs

Pucynok 1. —CxemaTnyeckoe H306paxkeHne IKCIePHMEHTAILHBIX METOXHK
onpeeJeHUs JUIMHBI 30HbI NlepeJaYl HANPSKeHH I

Meroauka ECADA. Marti Vargas, J.Ru3 IlonmurexHuueckoro YHuBepcuTeTa BajeHCHH MpeTOMKII
NPUHIMITHAIEHO HOBYIO METOJHMKY ONPEICICHHUS AJIMHBI 30HbI Mepeladud HAMPSHKCHUI U JAJIMHBI 30HBI aHKEPOB-
kd. Jra Meroauka moiyumia HazBanne ECADA «Ensayo para Caracterizar la Adherencia aradi Destesado
y Arrancamiento» — Meto ompeieicHAs] XapaKTEpUCTHK CHEIUICHHs MPU OTIyCKe W BbITsAruBanuu [7—10].
JaHHass METOJ¥Ka MO3BOJSIET HMPOU3BOIUTH M3MEPEHHs YCHIIUS MPEABAPUTEIILHOTO HAMPSDKEHUSI B apMaType
B JKelIe300€TOHHOM 2JIEMEHTE Ha BCeX CTaIusIX paboThl KeJle300€TOHHOTO 3JIEMEHTa, BKJII0Yasl OTIYCK Mpe/Ba-
PHUTEIHHOTO HAIPSDKEHUS. Y CHINE B MPEIBAPUTEIHLHO HANPSHKEHHOW apMaType U3MEPSCTCs] CHIIOBBIM JHHAMO-
METPOM BHYTPH MEXaHHM3Ma, MOJICITUPYIOIIETO )KECTKOCTh XKeIe300eTOHHOTO 00pasna. Kpome Toro, MoxeT mpo-
U3BOJUTRLCS M3Mepenue aedopmaruii apMaTypsl CO CTOPOHBI HATPYKEHHOTO KOHIIA 00pasiia (pUCyHoK 2, 1mo3. 9).
IIpu 3TOM IpH OTHUX U TEX K€ HAYAIBHBIX YCIOBUAX PACCMATPUBAIOTCS 3JIEMEHTHI C Pa3IMYHON JJTMHOM 3a/1e-
KU apMaTyphl B Teso OertoHa. J[imuHa >kelie300€TOHHOTO 3JIEMEHTA, B KOTOPOM (PUKCHUpPYETCS YMEHBIICHUE Tep-
BOHAYAJIBHOTO YCWIHS TPEABAPUTEIBHOTO HAMPSDIKCHHS, COOTBETCTBYET JUIMHE 30HBI MEPEIadydl HAMPSIKCHHA.
B meroanke ECADA ucnbITaHre ONBITHBIX 00pas3ioB MpeaiaracTCsi HAYMHATH ¢ HAMMEHBIICH IHHON 3aIe/IKH
apMarypbl B TeJ0 OETOHA U 3aTeM IIOIIAroBO YBEJIMYUBATH €€ M0Ka He OyJeT JOCTUTHYTA JUIMHA 30HbI Mepeaadn
HarnpspkeHuit. JJaHHbIA METOJ| OTJMYAeTCs TeM, YTO YacTh OETOHHOIO 3JEMEHTA C MPEIBAPUTEILHO HAMPSKEH-

99



2017 BECTHHUK IIOJIOLIKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCUTETA. Cepus F

HOUM apMaTypoii 3aMEHAETCS MEXaHU3MOM, MOJISTUPYIOIIUM XECTKOCTh JJIEMEHTA IPH PaCTSHKEHUU (PUCYHOK 2).
Wzonupyromias 000J109Kka HA HEKOTOPOH JUIMHE KOHTAKTa apMaTypbl ¢ OSTOHOM HEOO0XOAMMA JJIsl TOTO, YTOOBI
WCKITIOYHUTH BIUSHUE (P dekTa 000iMBI, CO31aBa€MOT0 TUTACTUHOW KOHIIEBOH paMbl.

Jnuna 3army6nenus MexaHnu3M, MOJEIUPYIOLIHHA
CTEPXKHS JKECTKOCTh 00pasia
3

v

2

1 —npeaBapuTEILHO HANPSIZKEHHAS] apMATYpa; 2 — U30IMPYIOLIast 000/104Ka YCTAHOBJIEHHOM NJIMHBI;
3 —IJIacTHHA KOHIEBOI paMbl; 4 —0NOPHI KOHIEBOH PaMbl; 5 —aHKepHas IUIACTHHA; 6 — CHJIOBOW IHHAMOMET;
7 —ankep; 8 —:kes1e300eTOHHBII Y1eMeHT; 9 —u3MepuTeb xedopmanmii [7; 8]

PucyHok 2. —CxeMa KOHCTPYKLHH UCNBITATEJIbHOI YCTAHOBKH
JUIS1 ompe/eIeHusI JIHHBI 30HbI NepeIayn HANPsIKeHHil M JIMHBI aHKepoBKH 1o MeToauke ECADA [7]

MexaHu3M HpeacTaBiIseT cOOOH JBE CTalbHbIE IIACTHHBI TomuHor 10 100 MM (pucyHok 2, mos. 3, 5)
C omopamu KOHIIEBOH pambl (mo3. 4). JKene300eTOHHBII 3JIEMEHT C MPEABAPUTEIHLHO HAMPSHKCHHONW apMaTypoi
HUMEET pa3Mephbl MOMEPEYHOr0 CEUCHUSI MEHBIIUE, YeM PACCTOSHHE B CBETY MEXY OMOPAMHU KOHIIEBOW PaMBI.
[MosTOMy MUIaCTHHA KOHIIEBOW paMbl MPH IEpefadye YCHIHS C KeJe300eTOHHOTO 3JeMEHTA U €€ OMHpPAHUuU
Ha OIMOPbI KOHIEBOW paMbl TAK)KE UCTIBITHIBAET U3rub (pucyHok 3). KecTkocTh MeXaHU3Ma B HATPABJICHUH YCH-
JIMS TIPEABAPUTENLHOTO HATPSKEHUS MOJAETUPYETCS Ha3BAHHBIMHU CTAIBHBIMHU [UIACTUHAMM, UCIIBITHIBAIOIIUMHA
u3rud, U ONOpaMHu KOHIEBOM paMbl, UCHBITHIBAIOIIUMHU MPOAOJILHOE CxkaTue. [1ogbop TpedyemMoil kKeCTKOCTH
MEXaHU3Ma OCYIIECTBISAETCS YKCIIEPUMEHTAIBHO MM PACUETOM C MCIIOJIb30BAHUEM IPOrPAMMHBIX KOMILIEKCOB
Ha OCHOBE METOJIa KOHEYHBIX 3JIEMEHTOB. XapaKTEPHCTHKH MEXaHHU3Ma, MOJEIMPYIOIIETO KECTKOCTh JKeIe30-
OeToHHOTrO dyeMenTa ganHoi metoaukn ECADA, npusenensi B [7; 8; 10].

a3 | a4 a2

T +

d X

a; — M3MEHeHHe MPOruda aHKEePHOil MJIACTHHBI MOCJIe OTIYCKA M0 CPABHEHHIO C MOJIOKEHHEM <10 OTHYCKa»;
a, —M3MeHeHne YKOPOUYeHHs ONopP KOHIEBOW paMbl IMOCJIe OTIIYCKA [0 CPABHEHHIO C MOJIOKEHHEM <10 OTIHYCKa»;
83 — M3MEeHeHHe JJIHHBI 6ETOHHOTO 3J1eMeHTa (YYaCTOK ¢ H30IHPYIIeil 060.,109KO0iT)
nocJjie 0THyCKa M0 CPABHEHHIO C MOJIOKEHHEM <10 OTIMYCKa»,
a4 — U3MEHeHHe MPOruda KOHIEBOI MJIACTHHBI MOCJIe OTIYCKA [0 CPABHEHHIO C MOJIOKEHHEM <10 OTIYCKa»

PucyHok 3. —M3MeHeHHe NPOrudoB U JJIMH 3J1eMEHTOB CHCTEMbI
nocJjie OTHYCKA NpeBapHTeNLHO HANPSXKEHHOMH apMaTypsl B 6a30B0ii ycTaHoBKe o MeTognke ECADA

s momydeHust Hanboyiee TOYHBIX Pe3ylbTaTOB MEXaHWU3M, MOACTHPYIOUIHHA KECTKOCTh 3aMEHIEMOTO
JJIEMEHTA, JIOJDKCH MMETh PaBHYIO C HHM KECTKOCTh. IIpu 3TOM 0oJiee MpeAnoYTUTEIBHBIM SBISETCS CIydaid,
KOT/1a )KECTKOCTh MEXaHM3Ma OOJIbIIIE KECTKOCTH 3aMEHAeMOro dyieMeHTa (pucyHok 4, ). Cinydail, pu KOTOPOM
JKECTKOCTh MEXaHHM3Ma MEHbIIE KECTKOCTH 3aMEHIEMOTo 00paslia, SBJISCTCS HAMXYIIIUM BCICICTBUEC TOTO,
4TO OY/IET UMETh MECTO 3aHMKCHUE 3HAUCHHSI JJTHHBI 30HbI [IEpeIaul HAMPSDKEHUH (pUCyHOK 4, 6).
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a — 3aBbllIeHHE 3HAYEHHUsI [UTHHBI 30HbI Nepegaun Hanpsukenui (J[31TH);
0 — 3aHIIKeHHe 3HAYEHNsI UIHHBI 30HbI nepenayn Hanpsoxennit (I3ITH) [7]

Pucynok 4. —CxemaTnyeckasi JHarpaMma pacnpeieeHusi HanpseKeHu i
B NMpeIBAPHTEILHO HANPSZKEHHOH apMaType mocJie oTimycka mo meroquke ECADA

IIpeniaraemasi MeTOAMKA MCIBLITAHWIT. ABTOpAMH YCOBEPIICHCTBOBAHA YCTAHOBKA ISl pean3alii Me-
TOAMKHU SKCIIEPUMEHTAILHOTO ONPEEICHHUS [UIMHBI 30HbI IIepeady HAMPSHKSHUI U1 MPeBApUTENbHO HAIPS-
JKCHHOM apMaTypbl jkesie300eToHHBIX dsteMeHToB ECADA, TO eCTh MPH €€ UCIOIb30BaHUH U3MEPSETCS YCHIIHE
B MPE/BAPHUTEIILHO HANPSDKEHHOW apMaType U ee aedopManii co CTOPOHBI 3arpy)KEHHOTO KOHI[A B HEKOTOPOM
KOJIMYECTBE 00PA3L0B Pa3JIMYHOMN JIHHBI MPH OTIIyCKE MPEIBAPUTENHLHOrO HampshkeHus . Llenpio ycoBepiueHeT-
BOBAHMS SIBISUIOCH YIIPOLICHUE MEXaHU3Ma, MOJICIIMPYIOIIETO KECTKOCTh XKeJIe300eTOHHOTO 00pasia, co3JaHue
BO3MOKHOCTH BBIMOJIHATH PACUET €TI0 )KECTKOCTH IS KAXKIOTO KOHKPETHOTO KeJe300€TOHHOTO 3JICMEHTA.

I'maBHOE OTIMYKE MEXaHHU3Ma, MOJICIUPYIOLIETO )KECTKOCTh 00pa3ia, OT MPEACTABICHHOTO B METOIUKE
ECADA coctouT B TOM, 4TO B mpeiaracMoil MoAu()UKAIMK TUIUTHRIC JIEMEHTHI KOHIIEBOW PaMbl 3aMEHCHBI
0anoYHBIMHM U3 MPOKATHBIX npoduieit (sapuanm 1). 3MeHsisi momepeuHoe ceyeHue 0AnoK, MOKHO MPOIIE
1 0oJiee TOYHO MOJEIMPOBAThH KECTKOCTh UCIIBITHIBAEMOTO KeJe300€TOHHOro o0pasia npu OTIyCKe Mpe/Ba-
PHUTEIBHOTO HANpsDKEHHUS B apMmaTtype. Pacuer aedopmaruii mapHUpHO onepToi Oanku, paboTaroiieid Ha W3-
ru0, Mpu JEWCTBHM COCPEIOTOYCHHOTO YCHIIHMS IPEIBAPUTEIBHOIO HAMPSDKEHHS B apMarype sIBIsieTcst Oosee
MPOCTHIM [0 CPABHEHHIO C PACYETOM IMPSIMOYTOJIbHOM IUTUTHI, )KECTKO ONEPTOM IO yriiaM Ha OTMOPbI KOHIEBOM
paMbl TIpH JAEHCTBUH TOTO K€ COCPEJOTOUYCHHOTO YCHIIMS B LIEHTPE IUIHTHI. Kpome TOro, ¢ LeNblo HCKITIOUYCHUS
nedopMupoBaHUs CTaJbHBIX OAIOK M3 MPOKATHBIX MPOQuUIIeH, 3aMEHSIOIINX B YCOBEPIIEHCTBOBAHHOM yCTaHOB-
K€ IUIACTHHY KOHIICBOW paMbl U HEKOHTPOIUPYEMOTO OOMSTUS pedep xele300eTOHHOro o0pasia B MECTe ero
OMHUPAHUs MPU OTIYCKE MPEIBAPUTEIHFHOIO HAMPSDKEHUS MPEUIoKeHa HOBast (hopMa HCIBITHIBACMBIX 00Pa3IoB
C YTOJIICHUSIMHU B MECTE OMUPAHUS HA KOHIEBYIO pamy (eapuanm 2). lllupuHa yTONIIEHUN ONPEIEIsAETCS pac-
CTOSIHUEM B CBETY MEX]y OIIOpaMH KOHIIEBOU paMbl (PUCYHOK 5). YToieHue xeae300€TOHHOTO JIeMEHTa pe-
KOMCHJIyeTCsI BBITIOJHATh KOPOYE, YeM JUIMHA M30JUPYIOMICH 000JI0YKH, YTOOBI MPEJOTBPATUTD BIUSHHUE CHKH-
MAIOIIUX HATIPSKCHUH, BOSHUKAIOIINX B IMOMEPSYHOM CCUCHHH 3JICMCHTA M3-32 YTOJIIICHUS 00pasia.

_______________________________________________ oo —4= - - - = 4sPo-
\ \

al —u3MeHeHHe NMPOrnda aHKepHOI 0aJIKH MOCjIe OTIYCKA 10 CPABHEHHIO C MOJIOKEHUEM 10 OTITYCKA»;
82 — u3MeHeHHe YKOPOYeHHsI OII0OP KOHIIEBOIl paMbl MOCJIe OTIYCKA M0 CPABHEHHUIO C MOJI0KEHHEM 10 OTILYCKa»;
a3 — u3MeHeHHe UIHHBI 6€TOHHOTO 3JIeMeHTa (Y4aCTOK ¢ M30JIMPYIOLIeii 060109K0ii)
1ocJie OTIYCKA N0 CPABHEHHIO € MOJIOKEHHEM 10 OTIYCKa»

PucyHok 5. —Mi3MeHeHue nporu0oB M JJIMH 3J1eMEHTOB CHCTEMbI I0CJIe OTIYCKA
Npe/IBAPUTEIbHO HANPSIZKEHHOI apMaTyphl B npejiaraemMoii ycranopke mo meronuke ECADA
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Kak ObUTO OTMEYEHO BbIlIE, IPOU3BOJICTBO MHOTOMYCTOTHBIX JKEJIE300€TOHHBIX IUIUT B cliundopmepax
[PEJNosaraeT MrHOBEHHBIN OTIYCK apMaTypbl. IMEHHO O3TOMY B YCOBEPIICHCTBOBAHHOMN YCTAHOBKE METO/IH-
ku ECADA npenycMaTprBaeTcsi BO3MOKHOCTD IIEPEPE3aHusl aIMa3HbIM HHCTPYMEHTOM IIPEABAPUTEIILHO Ha-
OPSOKCHHOM apMaTyphl JKeIe300€TOHHOTO 00pa3ila Mpu MTHOBEHHOM OTIyCKe apMatypbl (Kak B pealibHbIX
KOHCTPYKIIUSIX 6e30Mmamy00uHON TEXHOJIOTHH). B MaHHOM BapuaHTe MpeiaracTcsi HauaTh UCTIBITAHUE OTIBIT-
HBIX 00pas3I0B ¢ HAUOOBIICH NPEmoIaraeMoil JNTIHHOMN 3a/Ie)IKK apMaTyphl B Tej10 6eToHa. [lociie ucnbiTaHus
o0pa3ia mnpejaiaraeTcs yKopaunBaTh €ro rnepepe3aHueM ajMa3HbIM HHCTPYMEHTOM M UCIHBITHIBATH MOBTOPHO.
DTOT MPOLECC MOXKET MPOAOJIKATHCS JI0 TEX IOP, MOKa He OyeT onpe/eneHa JJIHHA 30HbI TepeIadd HampsKe-
Huil. TakuM 00pa3oM BO3MOMKHO CHH3HMTh MaTepPHANIbHBIE U BPEMEHHbIE 3aTPaThl HA MPOBEICHNE IKCIIEPUMEHTA.

Y4uThIBast HOBYIO MPEJIOKEHHYIO0 KOHCTPYKIUIO YCTAHOBKH, MOYKHO aHAJTMTHYECKH OMUCATH H3MEHCHUE
yeunust (APes) B IpeaBapUTEIbHO HANPSHKEHHOM apMatype (pucyHOK 6) mociie ee oTmycka (JUIMHa 3a1elIKu ap-
MaTyphl B TeJI0 OETOHA paBHA MK OOJIbIIE JUTUHBI 30HBI [IEPEIaud HANPSKEHHIT) B 3aBUCUMOCTH OT MOTU(UKa-
1uu (BapuaHT 1wtk BapuaHT 2) CiieMyoniMu GOpMyIamMu:

[(E 3 L
AR&Sﬂ = Ap [Ep [As o sist= L AL -AP| Leff,l 4 sep , @
'Sist 48|:E5 a sl ASEE s
EE I:)i 2cm Le - Lcon L3 L
A est2 ~ ApEEme pist— :h AI-m + . ELC [ﬁ o2 ) _Apest e ¢ ) (3)
sist 4|:ESD 52 48E SD 4 A ;E s

rae APes;1 — M3MCHEHHE yCHIMS B NPEABAPHUTEIBHO HANPSIKCHHOW apMmaType mocie ormycka (Bapuant 1);
APegip— U3MEHEHHE YCHITHS B TIPE/IBAPUTEIIBHO HATIPSHKCHHOM apMaType moclie OTIyckKa (BapuaHT 2); A,— IUIOIIa b
TIONEPEYHOTO CEUEHHs IPeIBAPUTENLHO HANpPsSKEHHOH apmarypsl, E, — Moxyns ynmpyroctu npeaBapuTeIbHO
HAIIPSKEHHOH apMaTypel, Agp sist— M3MEHEHHE OTHOCHTENBHBIX AeopMamuii B MEXaHH3ME, MOJAETUPYIOIIEM
JKECTKOCTh 00pasna; Lgjsi— momHas AmuHa MexaHu3Ma, MOACIHPYIOIIETo KECTKOCTh 00pasna; ALy, — u3MeHeHue
JUTHBI y4acTKa apMaTypel B 000JI0UKE 1OCHE OTITYCKa; Lot — 3 dekTHBHAsA [iMHA aHKepHOH O6anku;, Es— Momyns
YIPYTOCTH aHKEpPHOW OajKH, OIop KOHIEBOIl paMbl M OaJIKM KOHIIEBOH paMsbl; |1 — MOMEHT MHEPIIMM aHKEPHOM
Oanku; lgy — MOMEHT MHEPLUMHU KOHLEBOH paMbl; Lsep— JUIMHA ONOP KOHLEBOM paMbl; As— IIOIa/lb IIONEPEYHOTO
CEYEHHs OIIOp KOHLEBOH paMbl; Leon— JTMHA KOHCOJIN KOHIIEBOH paMmbl; Lefr,— 3 (eKTUBHAS A7IMHA KOHIIEBOW PaMBbl;
Py — ycunme o6xatus, mepeaaBaeMoe Ha OETOH.

JITHHA 331 IKH Mexarmzy,

|

|

| MonermpyTommit
Veunue B apMarype ! skecTxocts obpasma

Ycunue npengapHTeIbHOTO VerimHe Ipe IBapUTETBHOTO
pi| HAOPLEEHUA HaNpPSKeHHA Mepen APt

0TIy CKOM dpMaTyphl
Punt Ho-regn_npe_mia]%“e_nh_ﬁopo P

HANPSKEHHA MeXaHH3Me, MOTie THPYIOMeM JKeCTKOCTE
Pl P oﬁpagua

H3MeHeHHA B YCIIHIL
3aperHCTPHPOBAHHELE

BO BpeM: HCIBITAHHA

Paccrosfane

Pucynok 6. —CxemaTnyeckasi AMarpaMMa yCHJIHS, BOSHHKAIOIIEro B apMaType

C napyroit cropoHsl, ycuine obxarusi, nepesatoiieecss Ha 6etoH (Py) U uU3MeHeHMe AJIMHBI y4acTka,
Ha KOTOPOM OTCYTCTBYET CIIEIUIEHHE apMaTyphl ¢ 6eToHOM (AL,), MOryT ObITh HaliAEHBI 110 (HOPMYJIAM:

— @

AL =L B, =L G—4 (5)
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3nech, B popmynax (4) u (5), Py— ycunue mpeaBapuTeIbHOTO HATPSHKEHHS TIEPE OTIyCKoM; E.— Momyss ynpy-
rocti O0eToHa; A; — IUIOLIAb MOMEPEYHOTO CCYCHHUS OETOHHOTO 3JIEMEHTA M0 JUTHHE H30JIMPOBAHHOIO yYacTKa;
Lm— [utiHA H30TMPOBAHHOTO yYaCTKa; € — OTHOCHTEBHBIE AedopMari GETOHA HAa y4acTKe, HE MMEIOLIEM CIie-
IUICHHUS C apMaTypoil; v — KO3 (UIMEHT pacrpeesieH!s] HANPSDKSHUIA, Te UMEET MECTO YIIHpEeHHE OETOHHOTO
obpasna (v = 2 —ms Bapuanta 1; v = 1 —mwis Bapuanra 2). KoahuiueHT v mosydeH MeToJoM KOHEUHbIX JJ1e-
MEHTOB C MOMOIIIBI0 IporpaMMHoOro Komiuiekca SCAD.

[oxacrasmss Beipaxenwust (4) u (5) B BeIpakeHUsI COOTBETCTBEHHO (2) 1 (3) monygaem

AR, = B , (6)
3
Lsist LEff 1 LSEP

VEQAEEEC*'A\:EEP) pﬁ][Ep+48EE_;D|31+ ALE,

RLALE L, " L2con [qLeff,z - Lcon)
_(AE+AE)[AE 4ED,
" Lsist szf 1 Lsep

+ 1

A [E, 48(E0, A[E,

W3menenus (II0TEpH) yCUITHS MPEABAPUTEIBHOIO HANPSUKEHUS B apMaType B MPEIaracMoM MEXaHH3Me,
MOJIEITUPYIOIIEM KECTKOCTh 00pasiia, BRIYMCIICHBI TIPH MOMOIIM BhIpaxeHuit: (6) — st Bapuanra 1; (7) —mwis Ba-
puanTa 2. BEINONIHEHO CpaBHEHHE C JAHHBIMU UCXOHON YCTAHOBKH [7] PH COMOCTABUMBIX HAYAIBHBIX YCIOBHSIX.

O6a BapuaHTa NpEMIAraeMol YCTAHOBKH, KaK CJIEAYET M3 PAaCyeTOB, JAIOT MUHUMAJIBHOE 3aBbILICHHE
3HAUYEHWs JJIMHBI 30HbI IEpeaun Hanpsokenui (B npeaenax 5,1%).IIpuHnmas BO BHUMAHUE MEHBIIEE 3HAUCHUE
3aBBILIEHUS [JIMHBI 30HBI TIEPENavYn HANPSOKEHUH M yHpolleHue pacuera (OTCYTCTBUE OIHOTO U3 CJIAraeMbiX),
1eJeco00pasHo NMPUMEHEHHE BapHaHTa 2 MPEAiaracMoi YCTAaHOBKH JJIs ONMPEAEIICHUS [UTMHBI 30HBI TIepeiaun
HANpPsKEHUI NPEIBAPUTENBHO HATPSHKEHHOM apMaTypHl JKeJIe300€ TOHHBIX JIEMEHTOB.

OnbITHAsE yCTAHOBKA /UIsA MIPOBedeHus ucnbITanuii. [Tociie aHanu3a qByX BApUAHTOB MOAU(UIMPOBAH-
HOM METOIMKH ObLIa 3aIPOEKTUPOBAHA M U3TOTOBJICHA KOHCTPYKLHS 1l IPOBEACHUS UCTIBITAHMI (PUCYHOK 7, a),
COCTOSAIIAs U3 JKECTKOM pambl 1, comeprkaniell Ha Topie oTBepcTHs s apMarypsl 2. JKecTkas pama BBIIOJIHEHA
W3 KBaJIPATHBIX TPYO ¢ AHHOM cToporbl 50 MM. BHYTpH )KeCTKOM paMbl pasMelieHa CheMHast onanyoka 3, BBIIOJI-
HEHHas U3 OAJIOK NIBEJUIEPHOTO ceueHust BbicoTod 100MM ¢ paciiMpeHHeM Ha OJJHOM KOHIIE K TOPLEBOMY JIEMEH-
TY KECTKOMN pamsl.

A

()

1 —KecTKasi pama; 2 —IpeIBAPUTETbHO HANIPSIZKEHHAsI apMaTypa; 3 —onajayoka; 4 — MexaHu3M,
MOJIeTHPYIOIIMIi KeCTKOCTb 06pa3ua; 5 —onopbl KOHIEBOI paMbl; 6 —aHKepHasi 0aJIKa; 7 —KOHIEBas 6ajiKa

PucyHok 7. —YcTaHOBKa JIIs1 ONpe/iesieHMsl JJIMHBI 30HbI Nlepeayn HanpsuKeHuii (a)
¢ MeXaHU3MOM /LISl HATSZKEHHSI MPeIBAPUTEILHO HANPSIKEHHOM apMaTyphl JKeJ1e300eTOHHBIX 31eMeHTOB ()

MexaHn3M, MOJEIUPYIOLIHI )KECTKOCTh UCTIBITYEMOTr0 00pa3a 4, BBINOIHEH ¢ BO3MOXXHOCTBIO OTACICHNUS
OT YKECTKOH pambl. V3roToBIEeH M3 METANIMYECKUX OaJOYHBIX JJIEMEHTOB, COJICPIKAINX Pa3/IeIMTENbHbIE CTOWKH 5
13 KBaJpaTHBIX TPYO ¢ IMHON cTOpoHBEl 50 MM, yCTaHOBJICHHBIE NapauIeIbHO APYT APYTY, U aHKEpHYIO Oanky 6,
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PACTIONIOKEHHYIO TIEPIICHANKYISIPHO Pa3IeNUTENIFHBIM CTOHKaM. AHKepHas 0ajka M3TOTOBJICHA W3 IIBEIUICPOB
BbICOTOH morepeuHoro ceyennsi 100 MM, a KoHIeBast 6anka 7 — U3 LIBEJJICPOB BBHICOTOH IONEPEYHOTO CEUCHUS
100 MM u mmactus Tosamuaoi 10 mm. Kpome Toro, st ynoOCTBa HATSKCHUST apMaTyphl pa3pabOTaH M H3rOTOB-
JIEH MEXaHU3M JIJIsl HATSDKEHHST apMatypbl (PUCYHOK 7, 6), KOTOPBIH MPEACTaBIsAeT CO00M CheMHYI0 pamy u3 TpyO
KBa/IPaTHOT'O MOTMEPEYHOr0 CeYCHHs ¢ [UIMHOM cTopoHbl 50MM.

Ipoonsiii 3xcnepumenm. DKCUCPUMEHT MpoBoanics ¢ obpasmom apmarypsl S1400guamerpom 5 mMm
(BBICOKOTIPOYHAST TIPOBOJIOKA), TIOMEIIICHHBIM B ECTKYIO PaMy, BHYTPH KOTOPO#l pasMelieHa CheMHast omainyoka
1 TIPOIYCKAJICS] CKBO3b MEXaHM3M, MOACTHAPYIOIINH KECTKOCTh UCTIBITYeMOro o0pasia. BayTpu Mexanmnsma, Moe-
JIMPYIOLIEro »ECTKOCTh MCIBITYEMOro 00paslia, YCTaHOBJIEHO M3MEPHUTEIBHOE yCTPOicTBO «TepeM» Juis u3Mepe-
HUS1 JIMHEHHBIX ieopMaLii, cofepaliiee JaTYMKH JIMHEHHBIX TIEPEMEIIECHNH 1 ITO3BOJISIONIEe MPOU3BOIUTE COOP
U PETUCTPAIUIO BO BPEMEHU MMOKA3aHUM 3THX JaTYUKOB. [0 OCTOHMpOBaHMS ObLIO MPOM3BEACHO HATSHKCHHUE apMa-
TYPBI Ha XKECTKYIO paMmy IMpHU IMOMOIIM MEXaHU3Ma ISl HATSKCHHSI apMaTyphl U THIPABIAYECKOrO TIOMKPATA, BHI-
MOJIHEHO €€ 3aKpeIUICHHE Ha CBOOOIHBIX KOHIAX (pHKCATOpaMH apMaTrypbl. B kadecTBe (UKCATOpOB apMarypbl
UCIIOJIhb30BAIACH AHTOBBIC 32)KUMBbL. OIMH (UKCATOP apMaTyphl PAacHojarajics ¢ OJHOTO TOPLA JKECTKOW pPaMbl,
BTOPOH (UKCATOP apMaTyphl pacroarajics ¢ Apyroro KOHIA )KECTKOW paMbl 32 aHKepHOU O0akoid. [1pu aToM 9acTh
Tpe/IBapUTEIHbHO HAIPSHKEHHOM apMaTypsl 0 O€TOHMpOBaHMS ObIIa M30JMPOBAaHA BBEICOKOMOJIEKYJISPHBIM ITOJH-
STHIEHOM (TUTACTHITMHOM), TEM CaMbIM ObLiTa OTPETYJIMPOBAHA JUTHHA y9IACTKA apMaryphl, HMEFOIIETO CIETUICHIE
¢ 6eronom. Ilocie GeroHmpoBaHUs M HAOOpa OETOHOM 3aJlaHHON MPOYHOCTH MPOW3BEICHA TIepeaada YCHIUs 00-
JKaTHs ¢ TIPEABAPUTEIBHO HAIPsDKEHHON apMaTypbl Ha OCTOHHBINM 00pasell. Bl mpuMeHeH MrHOBEHHBIA OTITYCK
apMaTypel MPU TOMOIIH TIepPepe3aHus apMaTypbl MEXaHH3UPOBAHHBIM aJIMa3HBIM WHCTPYMEHTOM, QaHAJIOTUYHO Ha-
pe3ke T 6e30manyooyHoro GopMoBaHMs B IPOU3BOACTBEHHBIX yciaoBHsX. OOpasel TeCTUpOBaIICsS CTYNEeHYaTo,
obpesancs ¢ mrarom B 100mmM (prcyrok 8). [Ipu moMoly H3MepUTeIBHOTO cpeacTBa «Iepem» Ipou3BoAUIICs cOop
JAHHBIX O JIMHEHHBIX nedopManusx B apmatype. JJIMHA 30HBI NEpelavyd HATPSDKCHHUHA ONpENesuiach Kak Hau-
MCHBIIIAs JUTMHA 3/ICJIKH TPEIBAPUTEIIEHO HAMPSKEHHON apMaTypsl B OCTOH, MPU KOTOPOI HAOIIOAAIOCh OTCYT-
CTBHC WU HE3HAYUTEIBHOC U3MCHEHUE JTMHCHHBIX TIEPEMEIIICHHI B JaTYMKE, 3aKPCIUICHHOM Ha apMatype. Kpome
TOTO, BEIYHCIICHUE YCHIIMS B apMarype MO JaHHBIM JIMHEWHBIX Je(hopMaIiiii JyOnnpoBaIoch HEIOCPEACTBEHHBIM
M3MEpEeHUEM YCHIIHS B JMHAMOMETpPE MEXIY aHKEPHOH OaTKoH ¥ AaHTOBBIM 32)KHMOM Ha KOHIIE apMaTypHl.

Q 100 200 300 400 500 Goo 700 800 900 1000
-0,031

-0,033

-0.035

0,037

0,034

-0.041

OTHOCHTENLHBIETHHEHLIE Je) op MALEEH a1 Ma TYPBI

-0.043

-0.045
JTHHA 22 TeTKH aD MATYPbIB G€TOH, MM

Pucynok 8. —H3MeHeHHe 0THOCHTEILHBIX JIHHEHHBIX AedopMammii
B apMaType ¢ U3MeHEeHHeM JIHHBI 3a/1eJIKH apMaTypbl B 0eToHe (MM)

Kak BunHO 13 rpaduka, IpeCcTaBICHHOIO HA PUCYHKE 8, HE3HAYUTEIIbHBIC OTHOCUTEIBHBIC Ae(opMarim
B apMaType MOSBISIOTCS MPHU YMEHBIICHUH [UIMHBI 331eJKu apMatypsl B 6eton n0 400 MM, pe3ko yBeauuu-
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BalOTCS MPHU YMCHBIICHUH 3a/eiKu apMatrypbl B 0eToH MeHee 200 mwm. J[nuHa 30HBI Hiepeqadn HAMpPsDKEHUH
OymeT HamMEHbBIICH JIMHON 3aJeJIK apMaTyphl B OE€TOH, IPH KOTOPOH HAONIOAIOTCS M3MEHCHUS B JIMHEH-
HBIX JedopMalusx apMaTypsl.

3akmoyenne. Ha oCHOBaHMHU TPOBEICHHOTO MCCIICIOBAHUS MPEIUIOKEHBI [BA BapHaHTa MOAH(UIUPO-
BaHHOW YCTaHOBKH, NpuHsiTON B Meromuke ECADA mns ompeneneHus JUIMHBI 30HBI TEpEAayd HAPSKCHUN
Tpe/IBapUTEIHbHO HAIPSDKEHHON apMaTyphl kele300eToHHoro snemenTa. O0a BapuaHTa, PECTaBICHHBIC B JIaH-
HOH paboTe, IMEIOT CBOM JOCTOMHCTBA U MOTYT OBITH MCITOJIB30BAHBI IS ONPECIICHIS BBIIICYKa3aHHOM Xapak-
tepucTukd. Hanboree nmpremiieMsIit BapuaHT MOAH(DHUIIMPOBAHHON YCTAHOBKM OBLT 3aIIPOEKTUPOBAH M M3TOTOB-
neH. Taxoke ObUT TpoBeneH MPOOHBIN SKCIIEPUMEHT C IENbI0 MOATBEPKICHHS BO3MOXKHOCTH HCIIOJIB30BAHUS
JAHHOM yCTaHOBKHM ISl OTIPENIEICHUS] CBOMCTB CLEIUICHHUS apMaTyphl ¢ OETOHOM, B 9aCTHOCTH JJIMHBI 30HHI IIe-
penayn HanpsHKeHUH.
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SETTING TO DETERMINE THE LENGTH OF THE ZONE OF TRAN SMISSION OF STRESS
IN THE PRE-STRESSED REINFORCEMENT CONCRETE ELEMENTS

N. RYABENKO, V. TUR

The actual problem of determination of bond betwmestressed reinforcement and concrete is consitler
In order to estimate a transmission length and achemrage length as main characteristics of bondvieen

reinforcement and concrete two modifications of B@Amethod are suggested. ECADA method allows deter-

mining transmission length by means of measuriegféihce supported by the tendon before and aftease.
Both variants presented in this paper are explaiaed have its advantages; they both can be usedstimation
of the characteristics mentioned above. More reab@mvariant of modified test plant has been calted and
manufactured. Trial experiment has been held ireptd prove the possibility of using the plant determination
of bond characteristics such as transmission length

Keywords: reinforced concrete elements, prestressed reinfoect, the transfer area stress, area of
anchorage, the measurement effort.
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