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Annomayusa. B cTaTbe BBINOJIHEH aHAIU3 OTEYECTBEHHBIX HICTOYHHUKOB HOPMAaTUBHON U HAyYHO-TEXHUYECKOM
JUTEPaTyphl IO BOMPOCY MPUMEHEHUS THYTBIX apMaTyPHBIX CTEP)KHEH B jKeJIe300€TOHHBIX KOHCTPYKIIHUSX.
UccnenoBansl TpeboBaHMs 3apy0eXHBIX HOPM MPOCKTUPOBAHUS, CBSA3aHHBIC C OMPEEIIEHUEM COBMECTHOU
paboThl THYTHIX apMaTYPHBIX CTEpP)KHEH M O€TOHA KOHCTPYKIHMH, 00eCIIeYeHHEM IPOYHOCTH OETOHa Ha cKa-
JBIBAaHUE U OTPaHUYCHHEM TPEAENbHBIX Aedopmanuii apmarypsl. CocTaBlieHbl pEKOMEHAAUH [T TPOSKTH-
pPOBaHHA C y4eTOM TpeOOBaHUH MO0 00ECTIeYeHUIO HECYIIel CITOCOOHOCTH KOHCTPYKITMA U COBPEMEHHBIX pea-
T YPOBHS TEXHUYIECKOTO TIOTEHITHAJIA TIOAPSAIHBIX OpTaHH3aI .
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BBenenue

[Tpy mpOEKTHUPOBAHUU Y3JIOB KeNe300€TOHHBIX KOHCTPYKIMM MPUMEHSIOTCS THYThIe apMa-
TYpHBIE CTEPKHU U1 Nepelaul yCHINN, aHKEPOBKH CTEpKHEH, MonepeuyHoro apmupoBanus. Hapy-
IIEHUE MTapaMeTPoB 3aruda cTep)KHel MPUBOIUT K HECOOTBETCTBUIO CBOMCTB KOHCTPYKIIHMIA TpeOoBa-
HUSM HOPMaTHBHBIX JOKYMEHTOB. Bo n3bexanue nosiBienus ¢pakTopoB oOpylIeHus 100 A0pOro-
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CTOSIIIET0 PEMOHTA KOHCTPYKUIUHU HEOOXOAMMO BBITIOJHSTH JAHHBIEC Y3JIbI B COOTBETCTBUU C PEKO-
MEHAAIMUSIMHI HOPM IIpoeKTHpoBaHus. OAHAKO B PEIAKLIUAX KaK OTE€YECTBEHHBIX, TAK U 3apyOEIKHBIX
HOPM IPOCKTHPOBAHUS UMEIOTCSI IPOTUBOPEUHS, a TPEOOBAaHMS K THYTBIM CTEPXKHIM HE JETaJIN3H-
POBaHbI B JOCTATOYHOU CTETICHH.

Heo6xoanMo onpenenuts NpoTUBOPEUUS U MPOOETbl B HOPMAaTHBHBIX TOKYMEHTAX JUis 00ec-
MEYECHUs PAllMOHAIILHOTO MPOEKTUPOBAHUS U YA00CTBA BBIIOJIHEHUS MOAPSAIHBIX PadOT C y4eToM
obecriedeHrs HeOOXOAMMOM HecyIiel crocOOHOCTH KOHCTPYKIMIA M COBPEMEHHBIX pealnii ypOBHS
TEXHUYECKOTro MOTEHIMalla MOJAPSIHBIX OpraHu3auuid. J{jas 3Toro ciemyer paccMOTPETh BIHSHHE
MHOTOYHCIICHHBIX TApaMETPOB FHYTHIX CTEPXKHEH HA MPOYHOCTh KOHCTPYKIIUU U COTIOCTaBUThH MME-
IOLMECS] B HOPMAaTUBHOM JOKYMEHTAIlMU JaHHbIE C MOKAa3aTesIMU HAay4yHBIX HccaeaoBanuil. Hayd-
HBIE HCCJIEIOBAHMUS B 00JaCTH THYTHIX apMATypPHBIX CTEPKHEW aKTHBHO IMPOBOJAATCS] YIEHBIMU BCETO
MHpa, OCOOCHHO BBIJEIAIOTCS MyOauKamuu eBporneickux aBTopoB Frederic Monney, Miguel Fer-
nandez Ruiz, Aurelio Muttoni u ux skcniepuMeHTalbHbIe UccaenoBanus. B Poccuiickoit denepanmu
BOIPOC MPOYHOCTH KOHCTPYKIIHMH C TPUMEHEHUEM THYThIX apMaTypHBIX CTepP)KHEN paccMaTpuBaeTCs
B MEHBIIIECH CTENIECHU.

TpeOoBaHNsi HOPMATHUBHBIX J0KYMEHTOB P® 1 3apy0e:KHBIX HOPM NPOEKTUPOBAHMS

B nokymenTax, o0ecrieunBarommux HOPMaTHBHO-TEXHUYECKOE PETryTUPOBaHUE B Chepe CTPOH-
TenbeTBa Ha Tepputopun Poccuiickoit @enepanuu (CIT 63.13330.2018, TOCT 34028-2016, 'OCT P
52544-2006), npeacraieHsl TpeOOBaHUS K IPUMEHEHHIO THYTHIX apMaTYPHBIX CTEP)KHEH 1 mmapamMeT-
pam 3aru6oB. OHAKO CYIIECTBYIOT HEKOTOPbIE PACXOKICHHS B ICHCTBYIOIIUX HOPMATHBHBIX aKTaX,
B PEKOMEHJIAIMAX 110 THOKE CTepyKHEeW. [lmaMeTp OonpaBKH yCTaHABIMBACTCS B 3aBUCUMOCTHU OT JIHa-
MeTpa rHyToro crepkHs. CorinacHo OCHOBHBIM HOpMaTuBHBIM JoKyMeHTaM (CIT 63.13330.2018) nua-
METPBI IIPYTKOB MPE/ICTaBJIEHBI ABYMS IPYIIIIaMH, & CTPOIIOBOYHbIE NEeTau — Tpems rpymnnamu (IToco-
oue k CII 63.13330.2018). Takke B JOKyMEHTax, periaMeHTHpYyIomuX Texuuueckue ycnosus (TY)
it apmatypubix crepxkuen (FOCT 34028-2016, TOCT P 52544-2006), npencTaBieHbl TPU TPYIIILI
JMaMEeTPOB OMPABOK JJISl UCIIBITAHUS MPOKaTa Ha U3ruo ¢ pasrudom (tadm. 1).

Tabmuia / Table 1
TpeOGoBaHMs HOPMATUBHBIX T0KYMeHTOB P® K 1namMeTpy ONpaBKU HYTHIX CTePKHel
Requirements of regulatory documents of the Russian Federation
for the diameter of the mandrel of bent bars
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B esporetickux cranmaprax BS EN 1992-1-1 MuanManbHbIN paguyc u3runda ycTaHaBIHBaA-
eTcs aHaJOTMYHBIM 00pa30M M 3aBUCHUT OT IJIACTUYECKHX CBOMCTB CTajel MCIOJIb3yeMbIX KIacCOB
crepxueit. B kogekce CIIIA ACI 318-19 paanyc u3ruba crep>kHEl TakkKe 3aBHCHT TOJIBKO OT JHa-
MeTpa crepkHs (tadm. 2) [1, 2].
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Tab6muma / Table 2
TpedoBanus 3apy0esKHBIX HOPMATHBHBIX JOKYMEHTOB K JHAMETPY ONMPABKHU FHYTHIX CTEP KHEH
Requirements of foreign regulatory documents for the diameter of the mandrel of bent bars

BS EN 1992-1-1 ACI 318-19
Huametp crepxHsa, | MuHMMaiIbHBIN pa- Junamerp MuHNManbHbIA JUaMeTp
MM ouyc 3aruba, R, MM CTEPKHSI, MM onpasku, D
8 16
10 20
12 oa 10-25 6d
16 32
20 70
o5 87 29, 32, 36 8d
32 112
0 140 43, 57 10d

@DakTOpbI, BJAUAIONIHE HA TAPAMETPHI 3arM00B CTEPKHENH

JIis KOHCTPYKUMH C THYTBIMH apMaTypHBIMU CTEPKHAMHU BO3MOXHBI CIIETYIOIINE BApUAHTHI
paspyuienus [3-5]:

e paspylleHHe apMaTypHOrO CTEpXHs B Ipoliecce THOKU apMaTyphl U IpHU JI€HCTBUU KC-
IUTyaTalMOHHBIX Harpy3ok (puc. 1);

e paspyuieHre O0eToHa H3-3a OTCIOCHHSI OETOHHOTO MOKPBITHS MEPIEHANKYISPHO TUIOCKO-
cTH u3ruda (puc. 2a);

e paspyuieHue 6eTOHa U3-3a OTCIOEHHsI OETOHHOI'O NOKPBITUS apalIeNIbHO IIOCKOCTH U3-
ruba (puc. 20);

e BblIEpIrUBaHue (IPOCKAIb3bIBAHUE) APMATYPHOI'O CTEPXKHS (pUC. 2B).
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Puc. 1. PaspyweHue apMaTypHOro CTEpP)XHs B Npouiecce rubku apmatypbi [4]
Fig. 1. The destruction of the reinforcing bar during the bending of the reinforcement

Uto0b1 n30exkaTh pa3pylieHus: apMaTypbl B IpOIlecce U3roTOBICHUS (TMOKU apMaTyphl), Be-
JUYMHA TUTACTUYECKON AeopMaliii B U30THYTOM CTEpPKHE He JI0JKHA MPEBbIIATh IPEASIbHbBIX Je-
¢dopmanuii apmatyproii ctanu ('OCT 34028-2016) ¢ onpeeneHHBIM 3aacoM. 3anac J0KeH ObITh
YCTaHOBJIEH € Y4€TOM OYyIyIIUX JAOMOJHUTENbHBIX Ae(opMannii Npyu HATMYUK BHEIIHEW HArpy3KH,
MOJI3y4ecTH OETOHA U TeMIIepaTypHbBIX BO3JIEHCTBUI Ha dTane sKcityaranuu. [peaensusie nedop-
MallM¥ 3aBUCST OT KJIacca U MapKH CTalld. JTO yCIOBUE OCOOCHHO BaXKHO COOIIOAATH MPU UCIOJNb-
30BaHUM apMaTYpHBIX CTaJIeil ¢ Masloi MIIOIIAKON TEKYUYECTH.
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Puc. 2. PaspyuweHne KOHCTPYKLUU C NPUMEHEHUEM FHYTbIX CTepPIXKHen:
a, 6 - paspyweHue 6eToHa n3-3a 0TCNoeHUs 66 TOHHOro NOKPbLITUSA NePNeHAUKYASAPHO
Y napannenbHO NIOCKOCTU U3rnba; B - NpocKanb3biBaHUE apMaTypHoro ctep)xHs [1]
Fig. 2. Destruction of the structure using bent bars. a, 6 - destruction of concrete due to peeling
of the concrete cover perpendicular and parallel to the bending plane, B - slip of the reinforcing bar

OTHOCUTENBHOE YIJIMHEHUE € KPAMHETO BOJIOKHA MOXKET OBITh OMPEETIECHO M0 U3BECTHOMY
BBIpakeHUIo [6]:
_d
"~ D+d’
rae D wud-— agumamerpsl onmpaBKu H apMaTypHOTO CTEPKHS COOTBETCTBEHHO.
CpaBHEeHHE OTrpaHUYECHUNA MUHUMAJIBHBIX JHAMETPOB OIMPABOK JUIsl 3arMOO0B apMaTypHBIX
CTEepHEH 1Mo yCIoBUIO orpaHnueHus npenenbHbix qedopmaruii (IOCT 34028-2016) u pexomenaa-
uusm B cootBercTBuM ¢ (CII 63.13330.2018) nmpuBeneno mist craneit kiacca AS00c (puc. 3), cpas-
HUTEJbHBIE TUAarpPaMMBI [T CTajel IpyruX KJIAacCOB UMEIOT aHAIIOTMYHBIN XapakTep
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Puc. 3. MMHUManbHoO fonycTUMbie U peKoMeHAyeMble AuaMeTpbl ONPaBoK AN CTEPXXHEN nepuoguue-
ckoro npodunsa knacca A500c ana pasnuuHbIX HOMUHaNbHbIX AUaMeTPOB U3rnbaemMolr apMaTypbl
(pucyHok BbinonHeH [1.C. BUHOKYpPOBbIM)
Fig. 3. Minimum permissible and recommended diameters of mandrel for bars of periodic profile of class A
500c for various nominal diameters of bent armature (drawing by D. Vinokurov)

['paduk, nmpencraBiaeHHbIN Ha pUC. 3, MOKA3bIBAET, YTO JUIS BCEX PACCMATPUBAEMbIX KIaCCOB
CTajM apMaTypHbIX crepxkHeit (A240, A400, A500c) mpu quametpe crepxHs d < 20 MM nedopmanuu
CTaJli IPU MUHUMAJIBHOM ArameTpe ornpaBku, npuHuMaeMoM 1o (CII 63.13330.2018), npeBsimator
npexnenbhble 3HaYeHus (COCT 34028-2016). [Ins crepxkueit d > 20 MM peKOMEHIyeMble MUHUMAITb-
HbI€ 3HAYEeHMsI IMAMETPOB ONPABKU 3HAUUTEIHHO BBIIIE, YEM PACCUUTAHHBIE B COOTBETCTBUU C BBI-
pakeHueM (2), 1, ciae10BaTeNbHO, peieibHble 1ehopMaluy He TMPEBBIIAI0T PEKOMEHyEeMbIX 3Ha-
yeHui [6].

Tpebyemble MeHbIINE 3HAUYCHHS K AMaMeTpaM ONpaBKu JUIsl CTep kHel U3 kinacca ctanu A240
(o cpaBHeHuto ¢ TpeboBanusmu K kiaccam A400, AS00) oOycioBieHbl OOJBIIMMU 3HAYECHUSIMH
npenenabHbIX nedopmaruii ctamu A240 € = 25%, a nus craneir A400 u A500c € = 14% u € = 16%
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cootBetcTBeHHO ('OCT 34028-2016, TOCT P 52544-2006). Crans A240 Oonee miacTuyHa, IMO-
ATOMY JIJIsl Hee MO>KHO MCIOJIb30BaTh OMPABKU MEHBIIIETO JUAMETPA.

B npouecce ruOku BHEIIHUE BOJIOKHA CTEP>KHEH HCIIBITHIBAIOT PACTATUBAIOIINE HATIPSKCHHUS.
[Ipu npuMeHeHN MUHUMaJIbHOTO JUAaMETpa OMPaBKU JIsl apMaTyPHBIX CTep KHEH nedopMaiuu co-
MIOCTAaBUMBI C IPEEIbHBIMU JIeopMaUsIMU apMaTypbl (puc. 3), JONOTHUTEILHBIC PACTITUBAIOIINE
HaANpPsDKEHUS OT AKCIUTYaTallMOHHOM HArpy3Ku MPEeBBICAT HOPMHUPYEMbIE 3HAYCHUS MIPEIeIbHbBIX JIe-
dopmaruii cranu. B coorBercTBuu ¢ 3tuM B CIT 63.13330.2018 nimeroTcst peKOMEHJaIuu 00 HCIIOb-
30BaHUU B U3rMOAEMbIX AJIEMEHTaX paJnycoB 3aruda crep>kHei, paBHbIX 10 nuamerpam apmaryp-
Horo crepokHs I = 10d (momyckaercsi CHUKEHUE BEJIMYMHBI pajnyca 3aruda IMpu yCIOBUH HATUYHS
MPSIMOTO YYacTKa aHKEPOBKH JI0 Hadayia 3aruda crepyxss). OqHako naHHOe TpeOoBaHUE 0000IIEHO
JUI BCEX TUIIOB CTaJIel, Harpy30K, JUaMETPOB apMaTypHBIX CTEp)KHEH U KJIaccoB OETOHA, 4To, B
CBOIO O4Y€pe/ib, MOXKET BBI3bIBATh 3aBBIIICHHbIC TPEOOBAHUS K pajnycaM 3aruda cTep kKHel mpu Hc-
MOJIb30BaHUN COBPEMEHHBIX OETOHOB C MOBBIIICHHOW MPOYHOCTHIO0. B HOPMAaTHBHBIX TOKyMEHTaX U
HAy4YHBIX MyOJUKALUAX OTCYTCTBYIOT KOMIUIEKCHBIE METOJUKHU IO OMPEACNICHUIO IMapaMeTpoB 3a-
ru0a cTep)KHEH ¢ y4eTOM MepeyrciIeHHBIX (PaKTOPOB.

Yeon 3aeuba apmamyproeo cmepowcus SBISETCS OJHUM U3 OCHOBHBIX MapaMeTPOB THYTOTO
cTepxHs. B cooTBeTCTBUU C BhIpaykeHUEM (2) MOKHO C€JIaTh BBIBOJ, YTO YroJl 3aru0a cTepKHel He
BIIUSICT HA TUAMETP OIMPABKHU MPHU OMPEIETICHUN POYHOCTH THYTOTO CTepkHs. J[aHHOE IpeInoioxe-
HUE TIOATBEPKIAETCS Pe3yJIbTaTaMU SKCIIEPUMEHTOB, IPOBEICHHBIX B paMKaX UcclieJoBaHui [7, 8].

[To pe3ynpTaTam SKCIEPUMEHTATbHBIX JTaHHBIX MOKHO HAONIOAATh, UTO MPU 3arubde cTepxk-
HE TIpeJielt MPOYHOCTH U MPEees TeKY4YeCTH Bo3pacTaroT (puc. 4, 5), 4To CBUICTENBCTBYET O IPEBbI-
meHuu AeQopmaliiii 3SHa4YeHH mpeena TeKy4ecTH CTajll Mpy 3arude. ITo 03HAYaeT, YTO CTalb CTa-
HOBUTCS MIPOYHEE, HO MCHEE TUIACTUYHOHN U Oosiee xpyrnkoi. JKene300eTOHHbIE KOHCTPYKIIMH C ap-
MaTypHBIMH CTEP>KHSAMH, AeopMalii KOTOPBIX MPEBHIIAIOT MIPEIeT TEKYUECTH B Mpoliecce THOKH,
pa3pymaTCs 3a KOPOTKHIA IPOMEXYTOK BpEMEHHU 0€3 BUANMBIX JleopMannii 1 MHBIX IPEAIIECTBY-
fomux paxropos [7-9].
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Puc. 4. 3aBucUMOCTb Npeaena TeKyuyecTU cTanum oT yrna sarmba apmaTypHoro ctep)xHs [8]
Fig. 4. Dependence of the yield strength of steel on the bending angle of the reinforcing bar
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Puc. 5. 3aBucuMocCTb Npeaena NPoOYHOCTU CTaNu OT yrna 3arnba apMaTypHoro ctepyxHs [8]
Fig. 5. Dependence of the tensile strength of steel on the bending angle of the reinforcing bar

Ilepuoouyeckuii npoghuns, HAHOCUMBIN HA TOBEPXHOCTh ApMaTyphl IIPU €€ IPOU3BO/ICTBE, SB-
nsieTcss Hanbouiee BaXKHBIM ITapaMeTpoM, BIUSIONINM Ha CHETUICHHE apMaTypHBIX CTEp)KHEH ¢ 6eTo-
HOM, U JOJDKEH oOecleuyrBaTh INPUEMIIEMOE COYETaHUE TaKMX IOKas3aTeslel, Kak MaKCHMallbHas
IIPOYHOCTh CUEIUIEHHUS, OTPAaHUYEHHE POTUOOB U PACKPBITHS TPELIMH, a TAK)Ke MUHUMAJIbHBINA pac-
II0p, BBI3BIBAIOIIMI OTKAJIBIBAHME 3ALIUTHOIO CJIOSI U IPOAOibHOE packansiBaHue [10]. B oreue-
CTBEHHOM M 3apyOeKHOM TPAKTHKE U3TOTOBJIEHUS apPMATYyPHBIX CTEP)KHEN MPUMEHSIOTCS pa3InyHbIe
TUIBI NpodusIel: KOJIbIEBOM, CEpHOBUIHBIA IBYCTOPOHHUH, CEPHOBUIHBIN YETHIPEXCTOPOHHUI,
CMELIaHHBIN.

BnusHue Thna npoduis Ha paboTy kKene300€TOHHBIX KOHCTPYKIMN C TPUMEHEHUEM THYThIX
apMaTypHBIX CTEpKHEW He 0003HauUE€HO B OTEUECTBEHHBIX U 3apyOEKHBIX HOPMATHBHBIX JOKYMEH-
tax. [y onpenenenus BAMSHUS TUIA Po(UiIs apMaTypbl Ha IPOYHOCTh CMATHUS OETOHA MTPOBEACH
OmBITHBIN AKcTiepuMeHT [ 10]. Onpeneneno BIUsSHUE HA CMATHE O€TOHA ABYX THUIIOB MPOGUIs — cep-
MOBHJTHOTO ¥ YETHIPEXCTOPOHHETO CEPIIOBUIHOTO (pHC. 6).
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Puc. 6. Bupbl uccnegyeMbix nepuoauyeckux npopunen apMmaTypbi:
a - cepnoBUAHbIN NPodUnb, 6 - UeTbIPEeXCTOPOHHUI ceprnoBUAHDbIN Npodunb [10]

Fig. 6. Types of periodic reinforcement profiles under study:
a — crescent profile, 6 — four-sided crescent profile
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YcTaHoBieHO, YTO 0ojiee paBHOMEPHOE paclpeiesieHue M0 NepUMETPy CEYECHHUs IIIOIIAN
CMSITHA IONEPEYHbIX pedep apMaTypbl ¢ YETBIPEXCTOPOHHUM CEPIIOBHIHBIM MEPUOJUUECKUM IIPO-
(buiieM NPUBOJNUT K YMEHBIICHHIO TIONIEPEYHBIX eopManuii OeToHa U, KaK CIeJCTBHE, K Ooiiee paB-
HOMEPHOMY pacHpeeseHUIO HanpskeHni pacriopa. O1HaKo, Kak IOKa3aIi ONbITHbIE JaHHbIE, UME-
IolIasics pa3HUIla B MOMEPEYHOM JABJICHUM HE OKa3aja 3HAUYMTENIbHOTO BIUSHHS HM Ha XapakTep
HapyIleHHs CLEIUICHHUsI ¢ 0ETOHOM apMaTyphl UCCIIEAyEMbIX BUAOB Npoduseil, HU Ha BEJIUYUHY Har-
PY3KH, PEIIIECTBYIOIIEH MOMEHTY pa3pyiienus oopasiuos [10].

[TomMumo paspylieHus apMaTypHBIX CTEpKHEN B Ipoliecce TMOKU U 3KCIUTyaTalluu ¢ paclio-
JIOKEHUEM M30THYTOTO CTEPIKHS B KOHCTPYKIIMH UMEETCS] ONTACHOCTh PACKAIbIBAHUS OemOHA B 30He
3aru0a apMaTypHOTrO CTEPKHS IPH BO3JECHCTBUN KaK HOPMAJIbHBIX, TAK U KACATEJIbHBIX HAIPSKEHUN
[5, 11]. JdedexT oTcnanBaHus MHULUUPYETCS Pa3BUTHEM TPELIMHBI B IUIOCKOCTH M3ruba. J1a Tpe-
IIIMHA BO3HUKAET B 00JIaCTH 3aruba CTep:KHsA BBUAY BBITAJKUBAHMS KIMHOBUAHOIO o0beMa OeToHa

7).
(puc " 6
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Puc. 7. CxeMa packanbiBaHusl 6eToHa B MecTax 3armba apMaTypHbIX CTEepIKHe:
a) 6eTOHHbIN KNIWH, 06pa3ylowumiica B 06nacTu 3arnba ctep)xHs; 6) popMma 6eTOHHOro KN1Ha;
B) CXeMa paBHOBecUs CuJl; r) obnacTb 3armba u orpaHudeHHbIn KnuH [5]
Fig. 7. The scheme of splitting concrete at the bending points of reinforcing bars.
a) a concrete wedge formed in the bend area of the bar, 6) the shape of the concrete wedge,
B) the balance of forces scheme, r) the bend area and the limited wedge

KiuHoBHIHBII 00beM OETOHA MOXET CO3/[aBaTh KOHTAKTHBIC JABJICHHS, TPEBHIIIAIOIINC
MPOYHOCTH OETOHA HA OJTHOOCHOE CXKaTHe. DTH OOJNbIINE KOHTAKTHBIC HAMIPSKEHUST BOSMOYKHBI, T10-
CKOJIBKY 3Ta 00JIaCTh OrpaHUYCHA PACTATHBAIONIMME CHJIaMH, Pa3BUBAIOIINMUCS BHE IUIOCKOCTH B
obnacTtu otkona [5].

B coBpeMEHHBIX MMOAX0/1aX OTCYSCTBECHHBIX M 3apPyOCIKHBIX HOPM OTCYTCTBYIOT YKa3aHUS TI0
pacdeTy MpOYHOCTH O€TOHAa BHYTPH 3arnbda cTepiKHEl, OTHAKO UMEIOTCSI aBTOPCKHUE METOJIMKH pac-
geTa TaKuX y3JI0B Ha OCHOBE 3KCIIEPUMEHTAIBHBIX JaHHBIX [11]. AHaIU3 JaHHBIX METOIMK ITO3BO-
JISeT YCTAaHOBUTD, YTO MPOYHOCTh COCTUHEHUS 3aBUCUT OT CIEAYIOIUX (aKTOPOB: JUAMETPOB OM-
pPaBKH M apMaTypHOTO CTEpPIKHS, MPOYHOCTH OCTOHA Ha CXKaTHe, 3alUTHOTO CJIOS, yria 3aruda
cTepxHA (puc. 8).
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Puc. 8. Fpaduku 3aBucUMoOCTEN NPOYHOCTU KOHCTPYKLIMKU C THYTbIMU apMaTyPHbIMU CTEPXKHAMMU OT:
a - 3awuTHoOro cnos 6eToHa, 6 - guaMeTpa onpaBKy, B - yrna 3arnba apmatypbi [1]
Fig. 8. Graphs of the dependences of the strength of a structure with bent reinforcing bars on:
a - the cover ratio of concrete, 6 - the diameter of the mandrel,
B - the angle of bending of the reinforcement

[TpumeHeHHe N-ro KOJIMYECTBA THYTHIX CTEPKHEN B KOHCTPYKIIMU MOXKET OKa3bIBaTh IPYIIIO-
BOE BJIMSIHAE Ha MPOYHOCTH OeToHa B MecTax 3aru0oB crepxkueit [11]. Teopernueckue u sxcmepu-
MEHTaJIbHbIE UCCIIEI0OBaHMS O BIMSIHUU JAHHOTO (hakTopa He MPOBEIEHBI, OJTHAKO €ro HeOOX0IUMO
YUUTHIBATh MPU PACIIOIOKEHUN CTEPIKHEN HA PACCTOSIHUU MEHbILIE IPUBEIEHHOTO B BHIPAKEHUU (2)

(puc. 9):
Cslim

@
=133-(24+=],
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Puc. 9. Cxema ans yueTa rpynnoBoro BAUSHUSA FHYTbIX apMaTypPHbIX cTep)kHel [11]
Fig.9. Scheme for accounting for the group effect of bent reinforcing bars

[Ipumensiemble Ha PAKTUKE CTAHKU JJIsl THOKU apMaTypbl OCHAIIEHBI 0a30BBIMU POJIMKAMH
nuamerpom 1o 150 mm. CremoBarenbHo, obecrieueHne HEOOXOIMMBIX PaJInyCOB 3arH00B CTEPKHEH
(10d) B cootBetcTBUM ¢ TpeboBanusMu (CIT 63.13330.2018) He mpencTaBiseTcsi BO3MOXHBIM B paM-
KaX MacCOBOT'O CTPOUTENLCTBA C TOUKH 3PEHUS PA3BUTHS TEXHHYECKOTO MOTEHIIHANIA.

Ha ocHoBe manpHEHIMX HccIe0BaHU MOTYT OBITH Pa3paOOTaHbl HOBBIE MOAXO/IbI K MPOEK-
TUPOBAHUIO y3JI0B C TPUMEHEHUEM THYTHIX apMaTyPHBIX CTEPIKHEH, TO3BOJISIONINE YIIPOCTUTH U YIe-
IIEBUTH TPOIIECCHI TIPOU3BOJCTBA PAOOT, HANIpUMeEp, THOKA ¢ OOJNBIINM JHAMETPOM OMPABKH MOXKET
OBITh 3aMEHEHA HECKOJIBKUMH U3TH0aMU C MCTIOIB30BAaHUEM OTNIPABKU MEHbBIETo pazmepa (puc. 10)
[11-13].
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Imand
B S

————

Puc. 10. 3arn6 apMaTypHOro cTep)XHs B ABYX U 6onee TouKax
C NpuMeHeHneM oNpaBoK MeHbLiero auametpa [11]

Fig. 10. Bending of the reinforcing bar at two or more points using mandrels of smaller diameter

3akjaouyeHue

1o pe3ynpraTaM aHainM3a COBPEMEHHOI'O COCTOSIHUSA BOIIPOCA IPUMEHEHUS THYThIX apMaTyp-
HBIX CTEPKHEH B 5K€J1€300€TOHHBIX KOHCTPYKIIMSIX Ha OCHOBE OT€YECTBEHHOM U 3apy0exHOU Hay4HO-
TEXHUYECKON U HOPMATUBHOM JINTEPATYPHI CEIaHbI CIEIYIOIINE BEIBOIBIL:

64

CymectBytoniye TpeOoBaHUsI HOPMATUBHBIX JOKYMEHTOB K JMaMeTpaM ONpPaBOK OCHO-
BaHbl HA BEJIMYMHE JUAMETpa THYTOTO CTEPKHS, IPUMEHSIEMOr0 B KOHCTPYKLIUHU, OJTHAKO
HET yKa3aHWi O MHOTOUYHUCIIEHHBIX (hakTopax (yroi 3aruda CTEpXHs, yCTaJOCTHasI Ipoy-
HOCTb CTaJIi, IpO(UIb APMUPOBAHUS U T.JI.), BIUAIOIINX HA TPOYHOCTh KOHCTPYKLIUU. A
TaKXe OTCYTCTBYIOT METOJIMKHU JJIsl pacueTa UCXOs U3 YCI0BHs 00ecreueH s TPOYHOCTH
0eToHa Ha CKaJIbIBaHUE.

MuHumanbHble TpeOOBaHUS I PAJANYCOB (IMaMETPOB) 3arMO0B CTEPIKHEHN COMOCTaBUMBI
C IpeAenbHBIMU JepopMalusiMi apMaTypbl COOTBETCTBYIOIIMX KiaccoB. Hamuume skc-
IUTyaTallMOHHBIX PaCTATUBAIOIINX HANPSDKEHUN JUIsl CTEPAKHEHM, COTHYTBHIX 110 MUHUMAJb-
HBIM TPeOOBaHUSAM, CIIOCOOCTBYET Pa3BUTHIO JieopMaluii, MPEBBIIIAIONIUX JOMYCTUMBIE
3HaueHus. [{aHHBINH (akTOp HEOOXOAMMO YUUTHIBATH MPEXKAE BCErO MPHU HCIOIb30BAaHUU
CTaJIE¥ C MaJIOH TUIOIAJAKON TEKYYECTH.

VYrou 3aruba crep>kKHei He BIMsAET Ha BEJIMYMHY TpeOyeMoro JuaMeTpa OInpaBKH MpH 3a-
rubax cTep>KHEeW ¢ TOYKM 3peHHus paboThl apMAaTypHOI'O CTEpPXHs, HO OKa3bIBAeT 3HAUU-
TeJbHOE BIUSHHUE Ha TPOYHOCTh OETOHA B MECTaX 3aruO0B CTEPKHEH.

ITpu 3arube crepkHelt mpeaes NPOYHOCTH U Mpeesl TEKy4eCTH BO3PacTaroT, UTO CBHJIE-
TEJbCTBYET O MPEBBILICHUHN JieopMaluii 3SHAYSHUH MTpe/iesia TEKyUeCTH CTalld MU 3aruoe.
Cranb cTaHOBUTCS MPOYHEE, HO MEHee IUIAaCTUYHON U Ooisiee Xpynkoi. JlaHHOe siBIeHHe
0COOEHHO KPUTHYHO B MPOLECCE MCIIOJIb30BAaHIH KOHCTPYKLUH MPU NEHCTBUM LIUKINYE-
CKHX Harpy3oK.

Tun npous monepeyHoro ceyeHus CTep>KHel He OKa3bIBaeT 3HAUUTEILHOTO BIMSHUS Ha
XapakTep paspyLIeHUs] KOHCTPYKIUHU U MPENEIbHYI0 HAarpy3Ky, BOCIPUHHUMAEMYIO KOH-
CTPYKILIUEH.

O6opynoBaHHe B YCIOBUAX MacCOBOTO CTPOMTENbCTBA (IIPH MPUMEHEHUU POJIMKOB TH-
004HOro craHka auameTpoM He Oojee 150 MM) He MO3BOJISIET M3TrOTABIMBATH T'HYTHIE
crepxHH ¢ codmoaenreM Tpedosanmii CIT 63.13330.2018 (r = 10d). HeoO6xoaumbI uccie-
JIOBaHUS M0 MPUMEHEHUIO UHBIX TUIIOB THYTBIX CTep KHEH (Hanmpumep, ¢ M3ruOoM CTEpKHS
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B JIBYX M 00Jiee TOUKAaX), a TAK)KE PAaCCMOTPEHHUE CXeM paboThl THYTHIX CTEp)KHEH C pajau-
ycamu 3aru6a B npejienax OT MUHUMAaJIbHO JOMYCTUMBIX JO MAKCUMaJIbHO PErIaMEHTHPY-
embIx ' = 10d, mockoybKy B HOpMaTHBHBIX JOKYMEHTaX IMOBEJICHNE KOHCTPYKIIMH B JaH-
HBIX AMANa30HaX HE PACCMAaTPUBACTCS.

BKJIALL ABTOPOB | CONTRIBUTION OF THE AUTHORS
ABTOp noaTBepXXAaeT 0TBETCTBEHHOCTb 3a cnepytoliee: paspaboTka KoHLenuMn 1 an3anHa nccnenosa-

HUA; C60p OaHHDbIX; aHaNn3 n HTepnpeTauna pe3ysibTaToB; NOAroToBKa U pefakTnpoBaHUe TEKCTAa.

The author confirms responsibility for the following: study conception and design, data collection, anal-

ysis and interpretation of results, and manuscript preparation.

KOH®JIMKT MHTEPECOB | CONFLICT OF INTERESTS

ABTOpbI 3a8BNSAOT 06 OTCYTCTBUU KOHPIMKTa UHTEPECOB.
The authors declare no conflict of interest.

CIIMCOK UCTOYHHMKOB

10.

11.

12.

13.

ACI 318M-19 Building Code Requirements for Structural Concrete.

EN 199211:2004 Eurocode 2: Design of concrete structures. Part 1: General rules and rules for build-
ings. 225 p.

Ajaam A., Darwin D., O'Reilly, M. Anchorage Strength of Reinforcing Bars with Standard Hooks.
SM Report No. 125, The University of Kansas Center for Research, Inc., Lawrence, KS, April 2017,
372 p. URL: https://kuscholarworks.ku.edu/handle/1808/24641 (nata obpamenus 23.04.2024).
Sasakil K., Fujibayashi M., Tona M., Sato A., Hisari Y., Miyagawa T. Investigation of the Cause of
Reinforcing Steel Fracture Induced by Alkali-Silica Reaction and Study on Maintenance // Third In-
ternational Conference on Sustainable Construction Materials and Technologies, Kyoto, Japan, Au-
gust 18-21, 2013, Tokyo. URL.: http://www:.claisse.info/2013%20papers/data/e281.pdf (mata obpa-
menus: 23.04.2024).

Monney F., Fernandez R.M., Muttoni A. Design against splitting failures in reinforced concrete due
to concentrated forces and minimum bend diameter of reinforcement // Engineering Structures. 2021.
Vol. 245. Ne 1. P. 23. https://doi.org/10.1016/j.engstruct.2021.112902

Shaposhnikova Y., Kuznetsov V. Reinforcing clamps: stress-strain state of bent reinforcement // E3S
Web of Conferences XII International Scientific and Practical Forum Environmentally Sustainable
Cities and Settlements: Problems and Solution, Hanoi, Vietnam, April 20-21, 2023, Hanoi.
https://doi.org/10.1051/e3sconf/202340303009.

Mwero J., Ochieng S.O. Residual Strength of Reworked Steel Reinforcement Bars. // Journal of Sci-
entific and Research Publications. 2018. Vol. 8. Ne 6. P. 66-76.
https://doi.org/10.29322/1JSRP.8.6.2018.p7811.

Ikhwan K.S. Effect of Bending and Straightening to the Strength of Reinforcement Steel Bar // The
1st Conference on Ocean, Mechanical and Aerospace, Science and Engineering, Batam, Indonesia,
November 18-20, 2014. URL.: https://isomase.org/JOMAse/Vol.15%20Jan%202015 (xaTta obpariie-
Hus 23.04.2024)

Barcley L., Kowalsky M. Critical Bending Strain of Reinforcing Steel and Buckled Bar Tension Test //
ACI Materials Journal. 2019. Vol. 116. Ne 3. P. 53-61. https://doi.org/10.14359/51715583.

XoTpk0o A.A. I[aBJ'IeHI/IG Ha OeTOH apMaTypHOTO CTCPIXKHA C pa3JIMYHbBIMU BUAAMU MCPUOANYICCKOIO
npoduis // Bectauk [onorkoro rocynapcreennoro yausepcurera. Cepusi B: Tlpukiiagnbie HayKu.
CrpoutennctBo. 2008. Ne 6. C. 49-53. URL: https://elib.psu.by/handle/123456789/9745 (nata obpa-
menus 23.04.2024)

Monney F., Yu Q., Fernandez R.M., Muttoni A. Anchorage of shear reinforcement in beams and
slabs. // Engineering Structures. 2022. Vol. 265. No 1. P. 32.

https://doi.org/ 10.1016/j.engstruct.2022.114340.

Domski J., Katzer J., Zakrzewski M. Mechanical characteristics of used bent rebars as a factor limiting
their reuse // The 9th International Concrete Conference, Dundee, Great Britain, July 4, 2016, Dandee
URL.: https://discovery.dundee.ac.uk/ws/portalfiles/portal/18078009/Proceedings.pdf (nara o0Oparue-
aust 23.04.2024).

Warsianto H., Narayudha M. Bending of reinforcing bars testing method and influence on structures.
/l TEKNIK. 2009. Vol. 30, Ne 2. P. 79-82.

65 ISSN 2227-6858 www.dvfu.ru/vestnikis


https://kuscholarworks.ku.edu/handle/1808/24641
http://www.claisse.info/2013%20papers/data/e281.pdf
https://doi.org/10.1051/e3sconf/202340303009
https://doi.org/10.29322/IJSRP.8.6.2018.p7811
https://isomase.org/JOMAse/Vol.15%20Jan%202015
https://elib.psu.by/handle/123456789/9745
https://discovery.dundee.ac.uk/ws/portalfiles/portal/18078009/Proceedings.pdf

BECTHWK MHXXEHEPHOM LLKOJ1bl OB®Y. 2024. Ne 3(60) | FEFU: SCHOOL OF ENGINEERING BULLETIN. 2024. No. 3(60)

14.

Markovich A.S., Kuznetsov V.S., Abu Mahadi M.I., Shaposhnikova Yu. A. Journal of mechanics of
continua and mathematical sciences. Special Issue. 2019. Ne 4. P. 78-89
https://doi.org/10.26782/jmcms.spl.4/2019.11.00009.

REFERENCES

10.

11.

12.

13.

14.

ACI 318M-19 Building Code Requirements for Structural Concrete.

EN 199211:2004 Eurocode 2: Design of concrete structures. Part 1: General rules and rules for build-
ings. 225 p.

Ajaam A., Darwin D., O'Reilly M. Anchorage Strength of Reinforcing Bars with Standard Hooks. SM
Report No. 125, The University of Kansas Center for Research, Inc., Lawrence, KS, April 2017, 372
p. URL.: https://kuscholarworks.ku.edu/handle/1808/24641 (accessed: April 23, 2024)

Sasakil K., Fujibayashi M., Tona M., Sato A., Hisari Y., Miyagawa T. Investigation of the Cause of
Reinforcing Steel Fracture Induced by Alkali-Silica Reaction and Study on Maintenance. Third Inter-
national Conference on Sustainable Construction Materials and Technologies, Kyoto, Japan, August
18-21, 2013. URL: http://www.claisse.info/2013%20papers/data/e281.pdf (accessed: April 23, 2024)
Monney F., Fernandez R.M., Muttoni A. Design against splitting failures in reinforced concrete due
to concentrated forces and minimum bend diameter of reinforcement. Engineering Structures, 2021,
vol. 245, no. 1, p. 23. https://doi.org/10.1016/j.engstruct.2021.112902

Shaposhnikova Y., Kuznetsov V. Reinforcing clamps: stress-strain state of bent reinforcement. E3S
Web of Conferences XII International Scientific and Practical Forum Environmentally Sustainable
Cities and Settlements: Problems and Solution, Hanoi, Vietnam, April 20-21, 2023.
https://doi.org/10.1051/e3sconf/202340303009.

Mwero J., Ochieng S.O. Residual Strength of Reworked Steel Reinforcement Bars. Journal of Scien-
tific and Research Publications, 2018, vol. 8, no. 6, pp. 66-76.
https://doi.org/10.29322/1JSRP.8.6.2018.p7811.

Ikhwan K.S. Effect of Bending and Straightening to the Strength of Reinforcement Steel Bar. The 1st
Conference on Ocean, Mechanical and Aerospace, Science and Engineering, Batam, Indonesia,
November 18-20, 2014. URL.: https://isomase.org/JOMAse/Vo0l.15%20Jan%202015/ (accessed: April
23, 2024)

Barcley L., Kowalsky M. Critical Bending Strain of Reinforcing Steel and Buckled Bar Tension Test.
ACI Materials Journal, 2019, vol. 116, no. 3, pp. 53-61. https://doi.org/10.14359/51715583.

Hot'ko A.A. Pressure on concrete reinforcement bars with different types of periodic profile. Vestnik
Polockogo gosudarstvennogo universiteta. Serija B: Prikladnye nauki. Stroitel'stvo, 2008, no. 6,
pp. 49-53. (In Russ.). URL.: https://elib.psu.by/handle/123456789/9745 (accessed: April 23, 2024)
Monney F., Yu Q., Fernandez R.M., Muttoni A. Anchorage of shear reinforcement in beams and slabs..
Engineering Structures, 2022, vol. 265, no. 1, p. 32. https://doi.org/ 10.1016/j.engstruct.2022.114340.
Domski J., Katzer J., Zakrzewski M. Mechanical characteristics of used bent rebars as a factor limiting
their reuse. The 9th International Concrete Conference, Dundee, Great Britain, July 4, 2016. URL.:
https://discovery.dundee.ac.uk/ws/portalfiles/portal/18078009/Proceedings.pdf (accessed: April 23,
2024)

Warsianto H., Narayudha M. Bending of reinforcing bars testing method and influence on structures.
TEKNIK, 2009, vol. 30, no 2, pp. 79-82.

Markovich A.S., Kuznetsov V.S., Abu Mahadi M.I., Shaposhnikova Yu.A. Journal of mechanics of
continua and mathematical sciences. Special Issue, 2019, no. 4, pp. 78-89
https://doi.org/10.26782/jmcms.spl.4/2019.11.00009.

MHOOPMALNA OB ABTOPAX | INFORMATION ABOUT THE AUTHORS
BuHoKypoB [laHun CepreeBuy — acnvpaHT, MIHCTUTYT CTPOUTENbCTBA M apXUTEKTYpPbI, YPanbCKuit peaepasnbHbii yHU-

BepcuTeT UM. nepBoro MpeauaeHTa Poccum B.H. EnbunHa (EkaTepmHbypr, Poccuitickas ®epepaumns)

< danil.vinokurov.1999@mail.ru
Danil S. Vinokurov, Postgraduate Student, Institute of Construction and Architecture, Ural Federal University named

after the first President of Russia B.N. Yeltsin (Yekaterinburg, Russian Federation)

Cratbst moctynuiia B pegaxuuto / Received: 01.05.2024.
JlopaboTana mociie periensuposanust / Revised: 23.07.2024.
Ipunsra k my6imkauun / Accepted: 20.09.2024

66 ISSN 2227-6858 www.dvfu.ru/vestnikis


https://kuscholarworks.ku.edu/handle/1808/24641
http://www.claisse.info/2013%20papers/data/e281.pdf
https://doi.org/10.1051/e3sconf/202340303009
https://discovery.dundee.ac.uk/ws/portalfiles/portal/18078009/Proceedings.pdf

