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Annortauus. [locmanoska 3adayu. OTHOW W3 OCHOBHBIX 3aj1a4 MPH 3UMHEM CTPOUTEILCTBE
SBISICTCS. CO3/IaHUE ONTHMAJBHBIX YCIOBHH JUIs OETOHHpPOBaHUS. B yCIIOBHAX HHU3KOM
TEMIIEPATypPhl U BIAKHOCTH, OCTOH MOXET HE IMOJIYYUTh HYKHOW MPOYHOCTH M KAa4eCTBa, YTO
MOJKET HETaTHBHO CKa3aThCs HAa JIOJTOBEYHOCTH 3/aHUsl WK coopyxeHus. [lenap maHHON
pabOoThI COCTOUT B BBISIBIICHHH KOHCTPYKTHBHO-TEXHOJOTHYECKHX OCOOCHHOCTEH NIPH YCHUIICHUH
MOHOJIUTHOM KEJIE300CTOHHON IUINTHI TEPEKPBITHS, TOJBEPTIICHCS SBICHUIO MOPO3HOU
JIECTPYKIMK TP 3UMHEM OCTOHHPOBAHWH. 3a/JladyaMU WCCIICIOBAHMS SIBJISIOTCS: MPOBEICHUEC
BH3YaJIbHO-HHCTPYMEHTAIBHOTO 00cCIen0BaHmsI 00BEKTa, 0030p CYIIECTBYIOIHUX CIIOCOOOB
YCUJICHUS. MOHOJWTHBIX IUTUT TEPEKPBITHS, TMPOBEICHUE IMMOBEPOYHBIX pPACUCTOB Ha
COOTBETCTBHE TMPOCKTHHIM HArpy3kam, pa3paboTka KOHCTPYKTUBHO-TEXHOJIOTHYECKOTO
pCEICHHST YCHUIICHHSI.

Pesynomamui. Pazpaborana Mojenb HamnpsHKEHHO-IEPOPMHPOBAHHOTO COCTOSIHUSI TUIUTHI C
Y4E€TOM PEKOMEHIyeMOI'0 BapHaHTa YCUICHHS, & TAKXKE MPEACTABICHBI PE3yIbTaThl pa3paboTKH
KOHCTPYKTHBHO-TEXHOJIOTUYCCKUX PEIICHUH IO yCHJICHHIO IUIMTHI, TOJIBEPTIICHCS SBJICHUIO
MOPO3HOW JIECTPYKIIMU BEPXHHUX CIIOeB. JlaHHOE pelieHue BKIIOYaeT B ceOS BOCCTAHOBIICHHE
3aIUTHOTO CJIOSI, YCTAHOBKY JOIMOJIHUTEIILHOW apMHUPOBAHHOW CETKH, YCTPOWCTBO HAOETOHKH
MEJIKO3EPHUCTHIM OCTOHOM.

Bvi6oovi.  Pa3paboTaHHOE  KOHCTPYKTHBHO-TEXHOJIOTUYECKOE  pEIICHHE,  BKIIOYAOIIee
BOCCTaHOBJICHUE 3alllATHOTO CIIOS, YCTAHOBKY JIOMOJHUTEILHOW apMaTypHOW CETKH U
YCTPOMCTBO HAOETOHKHU, IO3BOJISET BOCCTAHOBHUTH IPOCKTHYIO HECYIIYIO CHOCOOHOCTH U
JKECTKOCTh TUIUTHI TIEPEKPBITHS, TOBPEKICHHON NMpH 3UMHEM OCTOHHpPOBaHWH. Pe3ynbTarh
MOJCITHPOBAHUS TTOATBEPIMIN CHIDKEHHUE MaKCUMAIBHOTO TIporuda ¢ 69,2 mm no 33,9 mm, 4t0
COOTBETCTBYET HOPMATUBHBIM TpeOoBaHusAM. [IpakTrueckas 3HAYUMOCTh Pa0OThI 3aKITI0YACTCS
B BO3MOXXHOCTH TPUMEHCHHUS TMPEIIOKCHHOTO METOJa IPU YCTPAHCHWW aHAJIOTUYHBIX
JIe(eKTOB B YCJIOBHSAX JICHCTBYIOIIETO CTPOHWTENBCTBA M PEKOHCTPYKIUHM O3 3HAYUTEIHHOTO
YBEMUYCHHUSI TPY03aTPaT U HArpy30K Ha (PYHIAMEHTHL.

KioueBble cjI0Ba: MOHOJHTHBIM Kele300€TOH, 3WMHEe OETOHHPOBAaHHE, MOpPO3Has
JECTPYKIHS, TIepecylliuBaHne OeTOHA, MOHOIUTHBINA JKene300eTOH, IPOMOpakuBaHue OeTOHa,
YCUIICHUE.
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monolithic reinforced concrete slabs subjected to frost
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Abstract: Problem statement. One of the main challenges in winter construction is providing
optimal conditions for concreting. Under low temperatures and high humidity, concrete may fail
to achieve the required strength and quality, which can adversely affect the durability of a
building or structure. The aim of this work is to identify the structural and technological features
of strengthening a monolithic reinforced concrete floor slab subjected to frost destruction during
winter concreting. The tasks of the study are as follows: conducting a visual and instrumental
inspection of the structure; reviewing existing methods for strengthening monolithic floor slabs;
performing verification calculations to ensure compliance with design loads; and developing a
structural and technological solution for strengthening.

Results. A model of the stress-strain state of the slab has been developed considering the
recommended strengthening option. The results of the development of structural and
technological solutions for strengthening the slab, which has suffered from frost destruction in
its upper layers, are presented. This solution includes restoring the protective concrete cover,
installing an additional reinforcing mesh, and placing a layer of fine-grained concrete topping.
Conclusions. The developed design and engineering solution, which includes restoring the
protective layer, installing additional reinforcing mesh, and applying concrete, allows for the
restoration of the design load-bearing capacity and rigidity of a floor slab damaged during
winter concreting. Modeling results confirmed a reduction in maximum deflection from 69.2
mm to 33.9 mm, which complies with regulatory requirements. The practical significance of
this work lies in the potential application of the proposed method to correct similar defects in
existing construction and renovation projects without significantly increasing labor costs or
foundation loads.

Keywords: monolithic reinforced concrete; winter concreting; frost destruction; concrete
desiccation; concrete freezing; strengthening.
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1. BBenenue

Kax moka3siBaeT ombpIT 3UMHETO OETOHHPOBAHUS, CIA0BIM 3BEHOM B MpOIlECCE yXona 3a
OCTOHOM SIBIIIETCS HEHAIJISXKAIIN KOHTPOJh 3a MapaMeTpamMH MporpeBa KOHCTpyKuuu. B
CBSI3H C 3TUM CYIIECTBYET PUCK €T0 «IIEPECYIINBAaHUSIY MPU CIHUIITKOM WHTCHCUBHOM TPOTPERBE,
b0 3aMOpaXMBAaHUS TPU MPEKJACBPEMEHHOM OTKIIOYEHHWH OT THTatoneid cetu. [Ipu
«TepeCcyIINBaHUN» OH O0E3BOKMBAETCS, IMPOLIECC TUApATAIlMHA 3aMeUIIeTcs W oOpasyercs
MOPUCTasl CTPYKTypa, KOTOpas BIUSET HA KadeCTBO U JIOJTOBEYHOCTh KOHCTPYKITHH.
Beneacteue 3Toro OeToH HE HaOMpaeT NPOEKTHBIE CBOMCTBa, 00pa3yrOTCS TPCUIVHBI H
otcioenus [1,2].

B ciygae HecoOroIeHHsI YCIOBHM MporpeBa OETOHA, YIOKEHHAS B ONManyOKy OeTOHHas
CMeCh MOXKET 3aMep3HyTh. [locne 3amep3aHusi Bojia MpeBpaIIaeTcs B JieA M YBEIUYHUBACTCS B
obbeme. OOpaszyercss MOpO3HAs JECTPYKIHSI, MPH KOTOPOU KEJIe300€TOHHAsI KOHCTPYKITUS
MONTy4aeT TOBPEXKIEHUS, BIHMAIONINE HAa HECYNIyI0 CHOCOOHOCTH ceueHHi. B oTmenpHBIX
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ClIydasix TpoOLecC TUApaTallid MOXKET OCTAHOBUTHCSA, MpPH OSTOM JAIBHEHIIMHA TMpOrpeB
MPOMOPOKEHHOH KOHCTPYKLUH HE MPHUBEIET K HA00OpY NPOEKTHON MPOYHOCTH.

OTpunarenpHOe BO3JEHCTBHE HU3KOM TemIeparypsl Ha OETOH B IEpBYIO ouepenb
CBSI3aHO C IIPOLIECCOM 3aMep3aHusl XUMUYECKH HECBA3aHHON BOJIbI, HAXOIAIIEHCS B €ro 1nopax.

HeoOxomumocTs ~ ycuieHus  KelNe300€TOHHBIX  IUIMT  BO3HMKACT  Kak A
9KCIUTYaTUPYEMBIX 3IaHUH B CBS3M C €CTECTBEHHBIM (M3MYECKUM U MOPAIBHBIM H3HOCOM
KOHCTPYKIUM, TaK U JJIsI HOBBIX, CTPOSIIIUXCSL OOBEKTOB, 110 CIEIYIOIUM IIPUIHHAM:

- MeperulaHupOBKa, W3MEHEHUE Ha3HaueHHWs NOMeIleHWH (yBETUYEHHE Harpy3kd Ha
HepEKPhITHE);

- OIMOKH IIPU TPOEKTUPOBAHNHY;

- HapyIlIeHHEe TEXHOJOTUH IIPH CTPOUTENBCTBE, OTKIOHEHUS OT MPOEKTA;

- IOBPEXACHUS BCIECICTBUE MOXKapa u apyrue [3,4].

IIpu BBIOOpE TEXHWYECKUX PEIHICHUM YCWIEHHS IUIUTHI INEPEKPBITHS WM MOKPBITHU
OCHOBHBIMU TPEOOBaHUSAMU SBIISIIOTCS:

- obecrieuenne Oe3omacHOW SKCIUTyaTanuu (OE30TKa3HOCTh B TEUEHHE CPOKa CITYKOBI
3JIaHHS WIN COOPYKECHU);

- HaZIeXXHOCTh ¥ JIOJITOBEYHOCTH (HAIpuUMep, 0OecriedeHne HeToJaTAUBOro 00beMHEHNS
YCHIIMBAEMOW M YCUJIMBAIOLICH YacTel, €CIM APYroe He 000CHOBAHO PACUETHBIM MYTEM);

- MUHHMU3ALHsI CTOMMOCTH, TPYIO€MKOCTH, IIPOAOJDKUTEILHOCTH padoT [5].

Bonpocam ycuieHust cOOpPHBIX M MOHOJIUTHBIX )K€JI€300€TOHHBIX IIMT IOCBSILEH Psf
uccienopanuii. Tak, B pa0doTe [6] BBIIOIHEH 0030p aKTyajIbHBIX METOIOB YCHUJICHHUS COOPHBIX
KOHCTPYKIIMM C WX CpaBHUTENBHBIM aHaMu30M. B «Atmace cxem wu ueprexen» [7]
IPE/CTAaBICHBl HOAPOOHBIE KOHCTPYKTHBHBIC DEIICHHS IO BOCCTAHOBICHUIO aBAPHUHHBIX
3maHnid. MeTosl HapalmuBaHUS CEYCHHSI C OIICHKOW COBMECTHOM pabOTBI CTaporo M HOBOTO
OeroHa neTadbHO paccMOTpeH B [8]. JlOMONHUTENbHBIE THIIOBBIE PEIICHHUs COACpXKATCs B
karajore L{HMWIIpom3nanuii [9]. YUncneHHOMY MOAETMPOBAHHUIO 30H NPOAABIMBAHUS IUINT
npu HecoocHocTH KojoHH B IIK «JIMPA-CAIIP» mnocesmieHo ucciegosanue [10]. O6o0rmas
NpeACTaBICHHBIE MOAXOIbI, CIEAYET OTMETUTh, YTO CYLIECTBYIOIIUE TEXHUYECKUE PELICHUS
NOJpa3feNsIioTcsl Ha JBE OCHOBHBIE TPYINNbBL: TPaJULUOHHBIE, OasWpylouIvecs Ha
UCIIOJIB30BaHUU  JKEJIe300€TOHA, M COBPEMEHHBIC, OpPUCHTUPOBaHHbIE Ha IPUMEHEHHE
KOMITO3UTHBIX Matepuanos [11-13].

K TpaguumoHHBIM crocobam OTHOCST HapaliuBaHue (HAOETOHKA) CBEPXY HIM CHU3Y
(mompammBaHUE) OT CEYEHHS C BO3MOXHBIM NPHUMEHEHHEM aHKEpPOB I oOecredeHHs
COBMECTHOM pabOTHl YCHINBAEMOMN M YCHIIMBAIOIICH YacTeH.

[Ipy HapamuBaHUM CEYEHHS CBEPXY MAOMNOJHUTEIBHYIO apMmarypy, Kak MpaBuio,
YKJIaJBIBAIOT KaK HaJOMOPHYIO JUIS HEPa3pe3HbIX IUINT, B MPOJIETHOH e 4acTh JOCTATOYHBIM
SIBIIICTCS] YBEJIMUEHNE BBICOTHI ceueHus (puc. 1). MuHuManbHas ToamuHa HabeToHKH — 30 MM.
[lepen GeToHMpOBaHHEM MOATOTABIMBAIOT MOBEPXHOCTH - BBIMOJHSIOT HACEUKy (Ha TIyOHMHY
0.5 — 1 cM), OYHCTKY M YBIaXHEHHE IMOBEPXHOCTH OeTOHA. B OTAEIBHBIX Cclydasx, €ciu
Ka4yecTBO IOBEPXHOCTH IUINTHl HEBO3MOXKHO YCTAaHOBHUTH BCJIEICTBHE IIPOMACIMBAHUS WIN
JpyruxX IPUYMH, IUIMTY HAOCTOHKH CIELyeT PacCUUTHIBATh KaK palOoTalollyi0 OTHENIBHO, C
MOJATIMBBIM LIBOM.

[Ipy HEBO3MOKHOCTH YCWJICHHUS IUIMT CBEpXYy, MPUOEraroT K HapalldBaHHUIO CEUCHHS
cHU3y. OHO BBINOJIHACTCA TOPKPETUPOBAHMEM C YCTAHOBKOH JOIOJHUTENBHOM apMaTypbl B
BUJIE CETOK, CTEPXHH KOTOpPOH MpHBapHBarOTCs yepe3 KopoTelmu ¢ marom 50 — 70 cMm k
paboueii apMaType CyILIeCTBYIOLIEH TUIMTHI IEPEKPBITHS (puUC. 2).

Jdns  nocTmwkeHWs HEOOXOOMMOTO CLEIUICHHMS OeToHa BO3MOXKHO —IPUMEHEHHE
HINTOHOYHBIX COCTUHEHUM IUINT, IPUMEHEHUE aHKEPOB.
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Puc. 1 [Inuta, ycuneHnnast HapamMBaHUEM CBEPXY: Puc.2 Ilnuta, ycuneHHas HapaluBaHUEM CHH3Y:
1 — cymiecTBytomas mimTa, 2 — HabeToHKa, 3 — 1 — cymecTBytromas imTa, 2 — pabodas apMarypa,
apMarypHasl ceTka, 4 — 1110B 3 — xoportsIL, 4 — TOPKpeTOETOH, 5 —
(WIuTroCTpaLys aBTOPOB) BBEIpyOJIeHHBIE O0pO3/bI B O€TOHE, 6 — cBapKa, 7 —
Fig. 1 Slab reinforced with an extension from 1I0B (MJUTIOCTPAIUS aBTOPOB)
above: 1 — existing slab, 2 — concrete topping, 3 — Fig.2 Slab reinforced with extension from below:
reinforcing mesh, 4 — joint 1 — existing slab, 2 — working reinforcement, 3 —
(illustration by the authors) short plate, 4 — shotcrete, 5 — cut grooves in

concrete, 6 — welding, 7 — joint
(illustration by the authors)

B cnydae ycuneHus C TPUMEHEHUEM YIJCIUIACTHUKOB, IOCIEIHUE TPHUKICHUBAIOT B
pacTSHYTOH 30HE KOHCTPYKIMU C pacnojioxeHueM (GuOphl B HANpaBICHUU PaCTITUBAIOIINX
yeunuit (puc. 3). IlockonbKy IuHTa MTEPEKPHITHS padoTaeT B ABYX HAIIPABICHHAX, TO CHCTEMa
YCWJICHUS JByHampaBlieHHas. I[IpoekThpoBaHUE YCWICHHS KOMIIO3UTHBIMU MaTepHalaMu
pernamentupyercs CIT  164.1325800.2014 «YcuneHne xene300€TOHHBIX KOHCTPYKIUH
KOMIIO3UTHBIMH MaTepuaiami. [IpaBria mpoekTupoBaHUsm.

Puc.3 Ilnuta, ycuneHHas HakJIeiiHOH yTiieBOIOKHA
1 cymecTByronias minTa, 2 — yrJIeBOJOKHO (MIUTIOCTPALIUS aBTOPOB)
Fig.3 Slab reinforced with carbon fiber sticker
1 — existing slab, 2 — carbon fiber (illustration by the authors)

Ha nnuty mnDepexkpbITUsi HaKJICHBAIOTCS W3MEIUS 3aBOACKOTO H3TOTOBJICHUS U3
KOMITO3UTHBIX MaTepHaioB (JJAMHHATOB) WJIM TOCIOHHO HAKJIEHBAIOTCS TEPMOPEAKTHBHBIMH
aZire3uBaMy UM3AETUI W3 HENMPEPBIBHOTO YINIEPOAHOTO WM CTEKISTHHOTO BOJOKHA (XOJICTOB,
CEeTOK W JAPYTHMX TKaHBIX MaTepUaJIOB) C TOCICAYIOIIMM OTBEPXKICHHEM U 00pa3oBaHHEM
OJTHOCJIOMHOTO WJIK MHOTOCJIOMHOTO KOMIIO3UTHOTO MaTepuaia.

K mocromrcTBaM mpruMeHEHHsS KOMIIO3UTHBIX MaTe€pHajOB OTHOCST BBICOKYIO TIPOYHOCTH
U MOIYJlb YIPYTOCTA C MEHBIIMM YICIbHBIM BECOM IO CPAaBHEHHUIO CO CTajbl0, CTOMKOCTH K
KOPPO3UHHBIM TporieccaM. J[Is ycuiieHus Kene300€TOHHBIX KOHCTPYKIIMH PEKOMEHIYeTCS
NPUMEHSTh YIJICBOJOKOHHBIE U3/ICIHS, TOCKOIBKY OHHM 00JIaIal0T MPOYHOCTHBIMH CBOHCTBAMH,
Onm3kuMH K ctanu [14-16].

B 10 ke BpeMs TpaAULMOHHBIE METOALI B BHJE HAPAIIMBAHUS CEUCHHUS OTIMYAIOTCS
JIOCTYIHOCTBIO MaTepPUAjIOB, W3BECTHOM M IPOCTOM TEXHOJOTHEH pabOT, MMEIOT XOPOIIYIO
anpoOaIrio B IUIaHE PACYETOB.

Lenpto pganHOW paboOTBI SBISETCS pPa3pa0dOTKa KOHCTPYKTHBHO-TEXHOJIOTHUECKOTO
pelieHUsT YCHJICHUS MOHOJIMTHOW IKEJIE300€TOHHOW TIUTUTHI TEPEKPBITHS, MOJBEPTIICHCS
SIBIICHIIO MOPO3HOH JIECTPYKLINHU IPH 3UMHEM OETOHHUPOBAHHH.
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3ajaMu  UCCIIEIOBAaHMS  SBIAIOTCA: IPOBEACHHE  BHU3YaJIbHO-MHCTPYMEHTAIBHOIO
oOcnenoBannsi OOBEKTa, MPOBEACHHE IOBEPOYHBIX PACUETOB HA COOTBETCTBHE HPOCKTHBIM
Harpyskam, pa3padoTKa KOHCTPYKTHBHO-TEXHOJIOTHUECKOTO PEIICHUS yCUIICHHUS.

2. MaTepuajibl 1 METOAbI

OOBEKTOM HCCIIENOBAHUN SBISETCS MOHOJHUTHAS KeNe300eTOHHAs IUINTA MEePEeKPHITHS,
HOZABEPTIIAACS SBJICHUIO0 MOPO3HOM AECTPYKIMU BEpXHUX cioeB. Kapkac 3qaHus npeacTapisier
co0Ol cHCTEeMy MapajuleJbHO PACIOIOKEHHBIX TPEXATAXHBIX pPaM, COCTOALIMX W3 ILIECTH
nposetoB 1o 6,0 M 1 onHoro npoiueta 7,33 M. Hecymuii kapkac UMeeT KOHCTPYKTUBHYIO CXEMY
C TPOAOJBHBIMU PUTENIIMA U OOBSI30YHBIMHM OajKaMH IO HEPHMETPY M COCTOMT U3 Tpex
OCHOBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB: KOJIOHH, PUTeNei U MePEeKPHITHI.

[IpocTpaHcTBeHHAs! yCTOWYMBOCTD U HEM3MEHIEMOCTDb KapKaca 3aHus 00ecreynBaeTCs B
MPOAOJABLHOM HANPABICHUM pPaMHOM KOHCTPYKIMEH, COCTOSLIEH W3 KOJIOHH, JKECTKO
CONPSDKCHHBIX ¢ (DyHZaMEHTaMH, M KECTKO CONPSDKCHHBIX C HUMH PHUTENsIMH. 3a OCHOBY
HEU3MEHSAEMOCTH KapKaca B TOPHU30HTAJIBHOW IUIOCKOCTU NPUHATHI TPU CIUIOIIHBIX JUCKa
KECTKOCTH, 00Pa30BaHHBIX MOHOJIUTHBIMU MEPEKPHITHSIMH, 8 TAKKE IBYMS SAPaMH KECTKOCTH
B BHJI€ JIECTHUYHBIX KJIETOK.

[Ipuy  BU3yalbHO-WHCTPYMEHTAJIBHOM  OOCHIENOBaHMM  KOHCTPYKIMH  OOBEKTa
HCCIICIOBAaHUSl BBISBICHO, 4YTO IUIMTA TEPEKPHITUS HE HMeeT Ae(EeKTOB M TOBPEKACHUM,
CBSI3aHHBIX C TPEIIMHOOOpA30BaHMEM M UYPE3MEPHBIMH HNPOTHOaMH, HMEET BH3YaJIbHO
ompezensieMble MPHU3HAKK TOBPEXKICHUH — 3aMOpPaKUBaHHUE MMOBEPXHOCTHBIX CJIOEB (pHcC. 4),
nMeeT Ki1acc OeToHa o MPOYHOCTH Ha ckatue B15, 4yto Huke mpoeKTHBIX 3HaueHnid B25.

P y g . P 2 2 ¥ Ay o
Puc.4 BekpbiThlil 1eheKT B Bujie MPOMOpPaKUBAHHS IIOBEPXHOCTH CIIOEB
«IIy3BIPB» B 30HE KOHCONH (MIJUTIOCTPALINS aBTOPOB)
Fig.4 Uncovered defect in the form of freezing of the surface of the layers
"bubble" in the console area (illustration by the authors)

ITpn anamu3e oOpa3oBaHus AE(EKTOB B BHIE OTPHIBA MPOMOPOKEHHOTO CJIOSI OETOHA C
00pa3oBaHHEM IIOJIOCTEH IOCJIE BKIIOYEHHS DJIEKTPOOOOTrpeBa YCTAHOBIECHO, YTO IPOTPEB
BBIIIOJIHEH C HEKOTOPBIM IIEPEphIBOM IIOCHE INpHeMa OeTOHa M BEPOSTHO C HApyIICHUSMU
peXMMa B YacTH CKOPOCTH M TEeMIepaTypsl HarpeBa. B pesynbraTte OETOH BEpXHHX CIIOEB
IUTMTBI UMEET HAauOOJBLIYIO CTENCHb MOBPEXKICHUS CTPYKTYPHI B 30HaX PAcCKIIAJKKU KaOenei
oborpeBa.

Ha cnenyromem 5STare BBINOJHEHBI ITOBEPOYHBIC PACUETHI C LENBIO OLEHKH Hecymien
CIOCOOHOCTH KOHCTPYKIMI Kapkaca, JOCTaTOYHOCTH IPHHSATOTO B MPOCKTE apMUPOBAHUS U
pa3pabOTKH KOHCTPYKTUBHO-TEXHOJIOTHYECKUX PEIICHUH sl 00CCICUeHUs HOPMAaTHBHBIX
TpeOOBaHMIi TI0 KOHCTPYKIIMOHHON O€30MacHOCTH KapKaca ¢ y4eToM (PakTHYEeCKH N3MEpEHHBIX
napaMeTpoB B iporpaMmuoM komiiekce « Mornomax-CAIIPy.

B mporecce pacueToB MoJETHPOBAIICS HECYLIMI KapKac 3/1aHHs ¢ y4eTOM (haKTHIeCKOU
HPOYHOCTH OETOHA KOHCTPYKIIHH.
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MaxkcuMabHO JOMYCTHMBINH POTHO COCTABISET f, =

3. Pe3yabTaThl M 00CYXKICHHE
B pe3synbrare BBHIMOTHEHHBIX MOBEPOYHBIX PACUETOB IMOJTYYCHBI XapaKTepHBIE DIIOPHI U
MO3aWKu JAedopManuii u HaNpsHKCHWHA HECYIIUX OJIIEMEHTOB MOHOIWTHOTO KapKaca WpHu
(haKTHYECKON MPOYHOCTH OETOHA IUIUTHI IEPEKPHITUS (PHC. 6).
MakcumanbHOe 3HadeHHE AchOpPMAIMU TUTHTHI MEPEKPHITHS COCTaBIsAeT f, = 69,2 MM.

10400

= 41,6 MM.

CrnenoBarenbHO, KECTKOCTh TUIMTHI TIEPEKPBITUS HE obOecrieueHa. CpaBHUM pacyeTHOE
apMHUPOBaHUE TUTHTHI IEPEKPHITHS 1-TO dTaka ¢ MPOEKTHBIM (Tabi. 1).

Tabnuna 1
CpaBHEHHE PaCYETHOTO aPMHPOBAHUS TUIUTHI IEPEKPHITHS 1-T0 3TaXKa C MPOSKTHBIM
PACIONOKCHIE [o BEIMONIHEHHOMY pacyeTy ITo mpoekry
apMartypsl 0 OCH X O OCH Y 0 OCH X 0 OCH y
@/11ar, MM @/11ar, MM @/11ar, MM @/11ar, MM
1 2 3 4 5
HIDKHS ocHOBHast | @ 10A500/200 @ 12A500/200 @ 12A500/200 @12A500/200

HWXHAA
JOIIOJTHUTCIIbHAA

© 10A500/200

0 12A500/200

0 12A500/200

BCPXHAA OCHOBHAs1

0 12A500/200

© 12A500/200

0 12A500/200

0 12A500/200

0 16A500/200

0 12A500/200
0 12A500/150

0 16A500/200
0 16A500/150
©? 16A500/125

e @ 12A300200 | 5154500200 | © 124500125 | @ 12A500/200
@ 12A500/100 0 12A500/150
0 8A500/200 @ 12A500/125
0 8A500/200
HorepevHoe
apMHpOBaHUE i ) ) )

Kax Bumao B Tabn. 1, Hecymas CHOCOOHOCTh IUIUTHI TEPEKPHITHS obecriedeHa 3a
HUCKJTIOUCHUEM YYaCTKOB, uMCIOIIMX TMPEBBIINICHUE MOMYCTHMOr0 Mporuda, TpeOyrommx
YCHUJICHUS.

[Ipu NpOEKTHBIX 3HAYCHUAX TIPOYHOCTH OETOHA TIOTYYEHBI CIIETYIONUE PE3YIbTaThI:

3,69+1,69

Makcumanbhas aedopMars IUIHTHI MEPEKPBITHS coctaBisier f, = 41,7 — - =
39,01 MM (puc. 5, 6). MakcuMaIbHO JOMYCTUMBII MPOrud COCTaBiseT f, = % = 38,7 MM.

CrenoBaTenbHO, KECTKOCTh IUTUTHI MEPEKPHITHS NPH MPOSKTHOM Kiacce Oertona B25
obecrieueHa 3a UCKITIOYCHUEM YIaCTKOB, TPEOYIOMNX YCHIICHHUS.

TakuM 00pa3oM, C y4eTOM IIOJIyY€HHBIX pPE3yJbTaToB IPEIaraercs KOHCTPYKTUBHO-
TEXHOJIOI'MYECKOE PELICHUE B BU/IE€ HapaIlluBaHUs OETOHA CBEPXY.

Ha cnenyromem sTame mnpeanokeHa IOCIENOBATEILHOCTh MPOU3BOACTBA PadoTa Mo
YCHJIEHUIO KOHCOJH IIUTHI TEPEKPHITHS:

1) MOATOTOBHUTH MOBEPXHOCTH: CPYOHTH pPBIXJIbIE, HMPOMOPOXKCHHBIE M BCITyYCHHBIC
YYaCTKH 3aIIUTHOTO CJIOSl, B TOM YHMCJIE Ha TOPLEBOM MOBEPXHOCTH; BBHIOJIHUTEL CPyOKy OeToHa
3alIUTHOTO cJosi Kpasg IwiuThl mupuHod 300+£50 MM nHa miyOuny 30-50 mm. PaGotsi
OCYILECTBIISATh [10CJIC YCTAHOBKH CTPAaXOBOYHBIX BUHTOBBIX CTOEK I10Jl KOHCOJIb.

2) BBIIOJHUTH Pa3METKy, NOArOTOBKY M YKIAAKY CTEp)KHEH HIDKHETO CJ0s CETKH
yeunenus ¢ maroM 200+50 MM; cTepKHH, MTONAAAIONINE B BBIIONOICHHBIC HUIIH, IPUBAPUTH K
JIBYM KpallHUM CTEp)KHSIM BEpXHEH CeTKM IUIMTHI; YKIAAKy U (PUKCALUIO CTEp)KHEH Apyroro
HAaITPaBJICHNS BBITIOJIHATH HETIOCPEIICTBEHHO IEpe]] yCTPOHCTBOM HAOETOHKH.

3) BOCCTaHOBUTH 3AIUTHBIA CJION TOPLIEBOM MOBEPXHOCTH IUIUTHI U 30HY OYHIICHHOH
MOJIOCHI BIOJb Kpas peMOHTHBIM cocTaBoM (Hampumep, MBP400 «lopa Xpycranbnas» TY
5745-008-16767071-2006).

4) BBINONHUTH OYUCTKY U TPYHTOBKY MOBEPXHOCTHU KeJI€300€TOHHON IUIUTHI IEPEKPBITHS
HACEUYKON mian 0O0pabOTKON METaNTMUYEeCKUMH IETKaMH, a TaKKe MPOMBIBKOH 0[] IaBICHUEM.
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s ynydnieHus aare3ud B 30HE KOHTaKTa «CTaporo» WM «HOBOTO» OETOHOB 00paboTaTh
MOBEPXHOCTh COCTaBOM «beToHOKOHTaKT» uiu smynbscueit ITBA.

5) mpou3BeCTH KIAIKy Hapy>KHOH CTCHEI.

6) YCTaHOBHTH CTEP)KHH CETKH YCWICHHS BIOJIh KOHCOJILHOTO CBeca C IPOBApOM B

Ka)XJIOM TIePECCUCHUH.
7) yCTaHOBUTH apMaTypHbIC aHKEPHl B MPOOypeHHBIC CKBAXHHBI 10 MM Ha Kiesine

cocrtaBsl («Hilti», «Basf» nnu ananorunyseie).

8) ycTpouTts HaOETOHKY M3 MEJIKO3epHUCTOrO OeToHa Kiacca He MeHee B25 Tommunoii 50
MM Ha pacctosiHue 1,0 M 3a OykBeHHyI0 och A. HabeTOHKYy KOHCOJBHOM 4YacTH BBIOJIHATH
OJTHOBPEMEHHO C OCTaJIbHBIMHU YYaCTKaMH YCHJINBAEMOTO IIEPEKPHITHUSI.

9) obecnieunTs yxox 3a 0ETOHOM B cooTBeTCTBUH ¢ TpeboBanusamu CII 70.13330.2012.
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Puc.5. Dnropa BepTHKaIbHBIX MEPEMELICHHI TUTUThI IEPEKPBITHS MEPBOTO Taxa (MILTIOCTPALHS
aBTOPOB)
Fig.5. Plot of vertical movements of the floor slab of the first floor (illustration by the authors)
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. 6. 30101151 FHTEHCUBHOCTH apMUPOBAHUS IUIUTHI EPEKPBITHUSI IIEPBOTO Ta)ka M0 ocu X y HIKHEH
rpanu (cm?) (WLTIOCTpaLKs aBTOPOB)

Fig. 6. Iso-fields of the intensity of reinforcement of the first floor slab along the X axis at the lower face

(cm?) (illustration by the authors)

Puc

C yderoM HaOeTOHKHM (HapallMBaHWUS CEYCHHUS CBEpXy) OOMmas TONIIMHA ILDIUTHI
MEPEeKPHITUS cocTaBuT 250 MM, IPUBEACHHBIN Kiacc OeToHa nmpuHAT B15 (puc. 11).
MaxkcumMalbHas nedhopManus TTATHI MIEPEKPBITHS COCTaBJISIET fz=35,4-
(0,515+2,54)/2=33,9 MM (puc. 7, 8). MakcuMajiabHO JOMYCTUMBIA IPOru0 COCTaBIsACT
[fz]=8550/220,8=38,7 mm. CnieioBaTenbHO, )KECTKOCTh TUIUTHI IEPEKPBITHS 00eCIeueHa.
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Puc. 7. U3omosns BepTHKAIBHBIX MIEPEMEIICHUH IUTATHI IEPEKPBITHS 1-T0 3Taxa.
(WuTIOCTpanus aBTOPOB)
Fig. 7. Iso-fields of vertical movements of the floor slab of the 1st floor.
(illustration by the authors)
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Puc. 8. Dmopa BepTHKaIbHBIX HEPEMEIICHAN TUTUTHI IEPEKPHITUS 1-To 3Taxka
(WuTIOCTpanus aBTOPOB)
Fig. 8. Plot of vertical movements of the floor slab of the 1st floor (illustration by the authors)
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Puc. 9. ®parMeHT yCHINBAEMOT0 y4acTKa ITUTHI IEPEKPBITHS (MILTIOCTPALNS aBTOPOB)
Rice. 9. Fragment of the reinforced section of the floor slab (illustration by the authors)

[Tonmy4eHHbIE pPe3yabTaThl COIIACYIOTCS C BHIBOJAMH, NPEJICTAaBICHHBIME B padorax [17],
e Takke orMmedaercs 3()QEKTHBHOCTh HapalMBaHUs CEYCHHs CBEPXY VISl BOCCTAHOBIICHUS
HECYyIEH CIIOCOOHOCTH IUIUT TEPEKPBITHA TPH JOKAJIBHBIX MOBPEKICHHUSIX BEPXHETO CIOSL.
TakxuMm 00pa3oM, pe3ysIbTaThl HCCIEAO0BAHUS TTOATBEPKIAIOT PAaHES YCTAHOBICHHBIC TTOJIOKCHUS
0 Lenecoo0pa3HOCTH HMCIOIb30BaHHsI HAOCTOHKU IS YCUJICHUS M3rMOaeMbIX dJieMeHTOB [18-
20] 1 TOTIONHSIOT UX KOHKPETHBIMH JTAHHBIMH O MapaMeTpax HampsHKeHHO-Ie()OopMHUPOBAHHOTO
COCTOSIHUSI ~ IUTMTBI, TOBPEXKICHHON  BCICACTBUE HAPYIICHUS  TEXHOJOTUH  3MMHETO
OCTOHUPOBAHUSI.
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4. 3aki0ueHue

1. B pesynsrare BU3yanbHO-UHCTPYMEHTAIBHOTO 00CIICIOBAHNUS BBISBICHBI XapaKTePHBIC
MPU3HAKK MOPO3HOM NIECTPYKLUMH BEPXHUX CII0EB MOHOJHTHOHN JKEI€300€TOHHON IUTHUTHI
NEePEKPBITHS (CHU)KEHHWE TPOYHOCTH, HAPYIICHHE CIICTUICHUS, HAMYue JNeQEKTHBIX 30H), YTO
MOATBEPIIIIO HEOOXOAUMOCTh TPOBEACHUS YCWIMBAIONINX MEPONPHUATHI Il 00CCIeUCHUS
JlaJIbHeHIIel HaJIe)KHOCTH KOHCTPYKIUH.

2. AHamm3 CyHIIECTBYIOIIMX CIIOCOOOB YCHJICHHS MOHOJIMTHBIX IUIMT TEPEKPBHITUSL
MoKa3aj, 4YTo HauOoJiee TEXHOJIOTHMYHBIM M DSKOHOMHYECKU IeIecO00pa3HbIM B YCIIOBHUSX
BOCCTAHOBJICHUSI MTOBPEXKICHHOTO BEPXHETO CIIOS SIBIACTCS METOJ YCTPOMUCTBA apMUPOBAHHOMN
HAa0ETOHKH, COBMEIIEHHOH ¢ (DyHKIIMSIMH BRIPABHUBAIOIIEH CTSHKKH.

3. BrinonHeHHbIE TOBEPOYHBIC PACYETHI MOITBEPAMIIN, YTO CYLIECTBYIOIIEE apMUPOBAHUE
TUTHTHI 00JIaJIaeT TOCTATOYHON HECyIel CIOCOOHOCTRIO ISl BOCTIPUSATHS MPOSKTHBIX HATPY30K
MIPU yCIIOBHUH BOCCTAaHOBJICHHS COBMECTHOHM paboThl ceueHws. MopenupoBaHue HampsKeHHO-
ne(hOpMUPOBAHHOTO COCTOSHHUSI YCWJIGHHOW ITUIMTHI TOKAa3ajo, 4YTO BKJIIOUYEHHE B paboTy
JIOTIOJTHUTEIILHOW ~ HAOCTOHKM C  apMHpPYIONIEH CeTKOM o0ecneuuBacT COOTBETCTBUC
JKECTKOCTHBIX ITAPaMETPOB MEPEKPHITHS HOPMATUBHBIM TPEOOBAHHUSIM.

4. Pa3pa®oTaHO KOHCTPYKTHBHO-TEXHOJIOTHYECKOE pEIIeHHEe TI0 YCHJICHHWIO IUTUTHI,
KOTOPOE BKIIIOYAET:

- yIaJICHUE NeCTPYKTYPUPOBAHHOTO CIIOSI M BOCCTAHOBJICHHE 3aIIUTHOTO CIIOSI OCTOHA;

- YCTaHOBKY JIOTIOJHUTEIHHON apMaTypHO CETKH C 00ecTieueHreM ee aHKEPOBKH B Telle
TUTHTHI,

- YCTPOHCTBO CITOSI HAOETOHKH U3 MEITKO3EPHUCTOTO OETOHA MOBBIIIICHHOM MTPOYHOCTH.

5. Ilpaxktuyeckass 3HAYUMOCTb pabOTHI 3aKIIOYaeTCsi B TOM, YTO TPEIIOKCHHOE
KOHCTPYKTUBHO-TEXHOJIOTHYECKOE PEIICHHE IO3BOJIIET HE TONHKO BOCCTAHOBUTH MPOEKTHYIO
HECYIYI CIIOCOOHOCTH TUTUTHI, TOBPEXKICHHOW B pe3yabTaTe HAPYIIECHUS TEXHOJIOTHH 3UMHETO
OCTOHMPOBAHUS, HO U MOBBICHT €€ KECTKOCTh U TPEIUHOCTOHKOCTh B MPOIECCE JATbHEUIIICH
IKCIUTyaTalny.

BaaropapnocTn

Pabora BEIMONHEHA 3a CUET TpaHTa, MPEAOCTABICHHOTO Akazemuel Hayk PecmyOnuku
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CTUMYJIMPOBaHUS WX HAYYHBIX M HAyYHO-TIEAATOTMYECKUX PAOOTHUKOB K 3alIUTE JOKTOPCKUX
JIUCCEPTAINI 1 BHIMOJIHEHUIO HAyYHO-HUCCIIEA0BATEILCKUX PaboT.

Acknowledgments
The work was carried out at the expense of a grant provided by the Academy of Sciences
of the Republic of Tatarstan to educational organizations of higher education, scientific and
other organizations to support plans for the development of human resources in terms of
stimulating their scientific and teaching staff to defend doctoral theses and perform research.

Cnucok sutepatypsnl/ References

1. JleontseB C.B., ABmee ILIL, I'pubkos I'.B. IIpoOieMsl 3uMHET0 OETOHUPOBAHUS H
nyth ux pemeHus // HWmwkeHepHelii BectHuk Jona. 2022. Ne  I(85).
Leontiev S.V., Avdeev P.P., Gribkov G.V. Problems of winter concreting and ways to
solve them // Engineering Bulletin of the Don. 2022. No. 1(85).

2. Mukhametrakhimov R.Kh., Garafiev A.M., Aleksandrova O.V., Bulgakov B.L
Structure and properties of modified shungite concrete during electrode heating //
Construction Materials and Products. 2023. Vol. 6, No. 6. DOI: 10.58224/2618-7183-
2023-6-6-1.

3. Koxewmska C.B., Kpynenuenko A.B. BEIOOp TEXHOJIOTHH yCHWICHUS >KEIIE300€TOHHBIX
AT HepekpoiTus // Bectauk JJoHOACCKOM HAIIMOHAIBHOW aKaaeMHH CTPOUTEILCTBA U
APXHUTEKTYPBHI. 2021. Ne 6(152). C. 5-11.
Kozhemyaka S.V., Krupenchenko A.V. The choice of reinforcement technology for
reinforced concrete floor slabs // Bulletin of the Donbass National Academy of
Construction and Architecture. 2021. No. 6(152). P. 5-11.

144



N3eectusa KITACY, 2026, Ne 1 (75) TexHonornsa 1 opraHMsaumnsa CTpouTenbLCcTBa

10.

1.

12.

13.

Azevedo A.S., Firmo J.P., Correia J.R. Three-dimensional finite element modelling of
the fire response of passive and prestressed near-surface mounted (NSM)-CFRP-
strengthened reinforced concrete slab strips // Composite Structures. 2024. Vol. 331.
117872. DOI: 10.1016/j.compstruct.2023.117872.

[MetpoB M.U. CpaBHHUTETHHOE HCCIICOBAHHE METOJIOB YCHIJICHUS JKeJIe300€TOHHBIX
KOHCTpyKIMii  // Monomgoir  yuensii. 2023. Ne  3(450). C. 137-140.
Petrov M.I. Comparative study of methods for strengthening reinforced concrete
structures // Young Scientist. 2023. No. 3(450). P. 137-140.

[erpssmos H.C., Conteic E.Il. Metoasl ycuiieHHS COOPHBIX IKEIe300€TOHHBIX
KOHCTPYKIIMI IPOMBIILICHHBIX 30anuii / Hayuansiii actiekt. 2024. T. 34, Ne 3. C. 4313-
4317.

Petryashov N.S., Soltys E.P. Methods of strengthening prefabricated reinforced
concrete structures of industrial buildings // Scientific Aspect. 2024. Vol. 34, No. 3. P.
4313-4317.

Mansranos A.U., IlneskoB B.C., Ilomumyx A.M. BoccranoBieHue u ycuieHHE
CTPOUTENTLHBIX KOHCTPYKIMI aBapUITHBIX U PEKOHCTPYUPYEMBIX 37[aHUH. ATiac CXeM U
geprexkeir.  Tomck:  Tomckmit  mexorpacmeBodt  [THTU, 1996. 315 c.
Malganov A.L, Plevkov V.S., Polishchuk A.I. Restoration and reinforcement of
building structures of emergency and reconstructed buildings. Atlas of diagrams and
drawings. Tomsk: Tomsk Interdisciplinary Research Institute, 1996. 315 p.

JlaBposa O.B., I'onukoB A.A., Oukud W.A. BnusHaue nedekToB mpou3BoaACcTBa padoT Ha
3¢ PEKTUBHOCT, YCHICHHS IUJIMTHI MOHOJHTHOTO peOpPHCTOr0o TMepeKkpuiTus //
MopenmupoBanue W MeEXaHWKa KOHCTpykmumit. 2024, Ne 19. C. 123-127.
Lavrova O.V., Golikov A.A., Ochkin I.A. Influence of work defects on the efficiency of
strengthening a monolithic ribbed floor slab // Modeling and Mechanics of Structures.
2024. No. 19. P. 123-127.

Karayor KOHCTPYKTUBHBIX PEIICHHN 0 YCHUIICHHIO W BOCCTAHOBIICHHIO CTPOUTEIHHBIX
KOHCTpYKIui npomblnuieHHbIX 3aanuid. M.: [THUUIIpom3ganuit, 1987. C. 91, 101.
Catalog of constructive solutions for strengthening and restoring building structures of
industrial buildings. Moscow: Central Research and Design-Experimental Institute of
Industrial Buildings, 1987. P. 91, 101.

MupcasmnoB WU.T., Hukutun I'.Il., XanGexoB M.D. YcuineHnue 30H NpOJaBIUBAHUS
TUTATHI TIEPEKPBITHS TIPH HECOOCHOCTH BEPTUKAIBHBIX HECYIIHX JJIEMEHTOB I10 BHICOTE
snanus // V3Bectusi KazaHCKOTO TOCYZapCTBEHHOTO apXHTEKTYPHO-CTPOHTEIHLHOTO
yauBepcutera. 2022. Ne 4(62). C. 30-39. DOIL: 10.52409/20731523 2022 4 30.
Mirsayapov L.T., Nikitin G.P., Khanbekov M.F. Strengthening of punching zones of a
floor slab with misalignment of vertical load-bearing elements along the height of the
building // News of the Kazan State University of Architecture and Engineering. 2022.
No. 4(62). P. 30-39. DOI: 10.52409/20731523 2022 4 30.

baymua A.B., KopuunoBa A.B., EpmakoB B.A. YriexoMmo3uTHbIE MaTEpHAIbI IS
YCUJICHUS  JKEJIe300€TOHHBIX KOHCTPYKIMH MNpH CEHCMOYCWICHHM 31aHui  //
[IpoMbiieHHOe W rpaxaaHckoe cTpoutenscTBo. 2024. Ne 2. C. 39-45. DOI:
10.33622/0869-7019.2024.02.39-45.

Baulin A.V., Kornilova A.V., Ermakov V.A. Carbon composite materials for
strengthening reinforced concrete structures during seismic strengthening of buildings //
Industrial and Civil Engineering. 2024. No. 2. P. 39-45. DOI: 10.33622/0869-
7019.2024.02.39-45.

Aghabagloo M., Carreras L., Barris C., Codina A., Baena M. Externally bonded
reinforcement side extended (EBRSE) technique to postpone debonding of FRP
laminates in strengthened concrete elements // Case Studies in Construction Materials.
2025. Vol. 23. e05066. DOI: 10.1016/j.cscm.2025.e05066.

Breveglieri M., Martinelli E., Moshiri N., Czaderski C. Evaluation of the flexural
capacity of RC slabs strengthened with combined EBROG-EBR prestressed CFRP
strips and an innovative composite anchorage system // Engineering Structures. 2025.
Vol. 339. 120677. DOI: 10.1016/j.engstruct.2025.120677.

145



N3eectusa KITACY, 2026, Ne 1 (75) TexHonornsa 1 opraHMsaumnsa CTpouTenbLCcTBa

14. Pyoun O.A., KoznoB H.B., AntonoB A.C., u 1p. DKcIepUMEHTAIbHO-PACUETHEIC
uccnenoBanus dPPEKTUBHOCTH YCUIICHHS KeJIe300€TOHHOTO MEPEKPHITUS MAITMHHOTO
3ana ['DC B pe3ysbraTe NPUMEHEHHs CHCTEMBbI BHEIITHETO aPMUPOBAHUS YTIICPOTHBIMU
nenTamu. Yacts | // HaHOTEXHOJIOrHMH B CTPOUTEILCTBE: HAYUYHBIH MHTCPHET-)KypHAIL.
2025. T. 17, Ne 4. C. 433-445. DOI: 10.15828/2075-8545-2025-17-4-433-445.
Rubin O.D., Kozlov D.V., Antonov A.S., et al. Experimental and computational studies
of the effectiveness of strengthening a reinforced concrete floor slab of a hydroelectric
power plant machine room using an external carbon tape reinforcement system. Part I //
Nanotechnologies in Construction: scientific online journal. 2025. Vol. 17, No. 4. P.
433-445. DOI: 10.15828/2075-8545-2025-17-4-433-445.

15. IlerpomaBmoBckux  O.K., AxmeroB A.A. VYcuieHue aBTOMOOWIBHBIX MOCTOB
yraeBonokHoM //  TexHuka W TexHojorua TpaHcmopTa. 2023. Ne  1(28).
Petropavlovskikh O.K., Akhmetov A.A. Strengthening of road bridges with carbon
fiber // Transport Engineering and Technology. 2023. No. 1(28).

16. Sun T., He W., Tan C., An J., Hu J., Lu L., Zhao H. Steel plate-UHPC composite
strengthening method for large-span prestressed concrete box girder bridges:
Simulation, optimization, and case study // Engineering Structures. 2026. Vol. 356, Part
B. 122465. DOI: 10.1016/j.engstruct.2026.122465.

17. Kypnanos /I.B., Kmoues A.H., Mumotun B.I'., IletpoB B.B. TexHomorndeckue

0COOCHHOCTH YCWJICHUS JKEIEe300C€TOHHBIX DJIEMEHTOB HapalliBaHUEM CEUYCHUS B
cxaToit 30He OeToHa // AKTyalibHBIE ITPOOJEMbI BOCHHO-HAYYHBIX HccienoBanuii. 2020.
Ne S10(11). C. 103-107.
Kurlapov D.V., Klyuchev A.N., Milyutin B.G., Petrov V.V. Technological features of
strengthening reinforced concrete elements by section extension in the compressed zone
of concrete // Current Problems of Military Scientific Research. 2020. No. S10(11). P.
103-107.

18. borateipeBa U.B. Pe3ynbrarsl 00caenoBaHus HECYIITNX JKEIE300€TOHHBIX KOHCTPYKITHI
U TIOBBIIICHUE UX JKCIUTyaTalloHHO# mpuroaHocty // Modern Science. 2019. Ne 12-1.
C.580-584.

Bogatyreva 1.V. Results of inspection of load-bearing reinforced concrete structures and
increasing their serviceability // Modern Science. 2019. No. 12-1. P. 580-584.

19. Maszyp B.A., I'pumiko H.B. AHanu3 KOHCTPYKTHMBHO-TEXHOJOTMYECKHX PEIICHUI IO

BOCCTaHOBJICHUIO JKeJIe300€TOHHBIX TIEPEKPHITHI M3 MHOTOITYCTOTHBIX TUIUT // BecTHUK
Jlonbacckoif HAITMOHABHON aKaJeMHH CTPOWTENBCTBA M apXUTEKTyphl. 2024. Ne
4(168). C. 77-79.
Mazur V.A., Grishko N.V. Analysis of structural and technological solutions for the
restoration of reinforced concrete floor slabs made of hollow-core slabs // Bulletin of
the Donbass National Academy of Construction and Architecture. 2024. No. 4(168). P.
77-79.

Hudopmainus 06 aBTopax
AHTakoB AJiexkceili bopucoBMY, KaHIUAAT TEXHUYECKUX HAyK, JAoLeHT, Kazanckuit
TOCYAApCTBEHHBIN  apXUTEKTYPHO-CTPOUTENBHBIN yHHBepcuTeT, I Kasanp, Poccuiickas
®denepanus.
Email: antakof@mail.ru, ORCID: 0000-0001-8712-4134
MyxamerpaxumoB Pycrem XanudoBu4, JOKTOp TEXHUUECKUX HayK, mpodeccop, Kazanckuii
TOCYyJapCTBEHHBIH apXUTEKTYpPHO-CTPOUTENIbHBIM yHHMBepcuTeT, TI. Kazanb, Poccuiickas
®denepanus.
Email: muhametrahimov@mail.ru, ORCID: 0000-0003-2062-5289
Cadonona JlioooBs CepreeBna, nmxenep, OOO «IIKb «Kazanmby», . Kazanp, Poccuiickas
®denepanus.
Email: luba_saf@mail.ru
PaxumoB PaBuab 3ydapoBuu, HOKTOp TEXHHYECKUX HayK, mpodeccop, Kazanckuit
TOCYyJapCTBEHHBIH apXUTEKTYpPHO-CTPOUTENIbHBIM yHHMBepcuTeT, TI. Kazanb, Poccuiickas
Denepanys.
Email: rahimov@kgasu.ru, ORCID: 0000-0002-4251-1605

146



N3eectusa KITACY, 2026, Ne 1 (75) TexHonornsa 1 opraHMsaumnsa CTpouTenbLCcTBa

XoxpsikoB Ouier BuKTOpPOBMY, [OKTOp TEXHHYECKMX HayK, JoleHT, KaszaHckuil
TOCYAAapCTBEHHBIN apXUTEKTYypHO-CTPOUTENbHBIM yHUBepcuTeT, I. Kazanp, Poccuiickas
®denepanus.

Email: olvik@list.ru, ORCID: 0000-0001-5337-2850

Information about the authors
Aleksey B. Antakov, Candidate of technical sciences, Associate Professor, Kazan State
University of Architecture and Engineering, Kazan, Russian Federation.
Email: antakof@mail.ru, ORCID: 0000-0001-8712-4134
Rustem Kh. Mukhametrakhimov, doctor of technical sciences, professor, Kazan State
University of Architecture and Engineering, Kazan, Russian Federation.
Email: muhametrahimov@mail.ru, ORCID: 0000-0003-2062-5289
Lyubov S. Safonova, Engineer, PKB Kazan LLC, Kazan, Russian Federation.
Email: luba_saf(@mail.ru
Ravil Z. Rakhimov, doctor of technical sciences, professor, Kazan State University of
Architecture and Engineering, Kazan, Russian Federation.
Email: rahimov(@kgasu.ru, ORCID: 0000-0002-4251-1605
Oleg V. Khokhryakov, doctor of technical sciences, associate professor, Kazan State
University of Architecture and Engineering, Kazan, Russian Federation.
Email: olvik@list.ru, ORCID: 0000-0001-5337-2850

Jlama nocmynnenus: 13.02.2026 Jama npunamusa: 28.04.2026

147



