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AHOTAILIA

Ulapukina H. B. TexHonoris BIIHOBJIEHHS 3aXHCHOrO IIapy 3aji300€TOHHUX
KOHCTpYKIiM — KBamigikaniiina HayKkoBa Ipals Ha IpaBax PyKOIHCY.

HNucepranis Ha 3100yTTS HAyKOBOrO CTyINeHs JokTopa ¢igocodii 3a
cnemianbHIicTIO 192 «bByniBHUITBO Ta LMBUIBHA 1HXeHepis». — KwuiBcbkuit
HalllOHAJIBHUI yHIBepcuTeT OyniBHUITBA 1 apxiTekTypu, MOH VYkpainu. Kuis, 2023.

HucepraniiiHa poOoTa MpUCBAYEHA BUPIMICHHIO 337a4l BIIHOBIEHHS 3aXUCHOTO
HIapy 3aji300€TOHHUX KOHCTPYKLIM, Y TOMY YHCI1 1 HA HUKHIX TOBEPXHAX MPOJITHUX
KOHCTPYKIIill, siIKa BUPINIYETHCS HUIAXOM (HOPMYBaHHS BHUCOKOPYXJIHMBOI PEMOHTHOI
CyMillll B onatyOHy KOHCTPYKIIiIO.

VY npoanHalizoBaHUX HAYKOBHUX MpalgX 37A€0UTBIIOT0 PO3TISHYTI CIOCOOU PEMOHTY
3aXMCHUX WIApIB 3aJ1300€TOHHMX KOHCTPYKIIA TOPU3OHTAIbHUX (MIAJIOTOBHX) Ta
BEpTUKAJIbHUX (OOKOBMX) MOBEPXOHb. [IpH IIbOMY BiIHOBIEHHS HUXKHIX MOBEPXOHB
NPOJIITHUX KOHCTPYKIIIH TIPONIOHYETHCSI BHKOHYBAaTH TOPKPETYBaHHIM, PYYHUM
HAHECCHHSM PEMOHTHHMX CyMimed abo BKIaJaHHSAM cymimr B onanyoky. Coin
3a3HAYNTH, 110 MPU TOPKPETYBaHHI BiIOYyBAETHCS MEPEBUTPATa PEMOHTHOI CyMIlll y
HacJIIOK BIICKOKY, TOMY TakKUM CIOCOOOM HEMOXJINBO BHUKOHYBAaTH pOOOTH B
OPUMILICHHIX 3 00JIaIHAaHHAM, P PEMOHTI HaJIBOAHUX CIOPYJ Ta HA KOHCTPYKLIAX 3
oOMexeHUM JocTynoM. [Ipy 11boMy TEXHOIIOTIS BiIHOBIEHHS 3aXUCHOTO 11apy BPYyUHY
€ TPYAOMICTKOIO, Uepe3 IO 30UIbIITYE TPUBATICTh Ta BAPTICTh BUKOHAHHS PEMOHTHUX
pobiT. B cBoro dWepry mochimKeHHs, HalpaBJieHI Ha BIJIHOBJICHHS 3aXHUCHUX IIapiB
(dbopMyBaHHAM CyMilli B ONaIyOKy, (PaKTUYHO BiACYTHI, & IOCBiJ] BUKOPUCTAHHS TaKO1
TEXHOJIOT1i caMe JUIsi BIIHOBIEHHS HWIKHIX IOBEPXOHb MPOJITHUX KOHCTPYKITIN
HaJIIYy€eThCsl MOOAMHOKUMHU MPHUKIAaMu.

3 aHamizy HayKOBOI JIiTepaTypH CTaJO BIiJOMO, 10 KOMIIJIEKCHOTO TOCIHIKEHHS 3
BUSIBJICHHS BIUTUBY TEXHOJIOTTYHUX YWHHUKIB, 10 BUHHUKAIOTh B MPOIEC BUKOHAHHS
PEMOHTHO-BITHOBIIOBAIbBHUX POOIT HAa TMPOEKTHI TapaMeTpyd BiIPEMOHTOBAHUX
KOHCTPYKIIN He MpoBOAWiIOoCS. A OTXe, JaHa poOOTa CIpsIMOBaHA Ha BUPILICHHS

aKTyaJIbHOI HAyKOBOI 3ajadi, pe3yibTaTH $KOi MaayTh MOXJIMBICTH copmMyBaTh



HayKOBO-OOIPYHTOBAaHY TEXHOJIOT1I0 BIJHOBJIEHHS 3aXHUCHOrO IIapy 3aji300€TOHHUX
KOHCTPYKIIii.

Oxkpemoi yBaru mnOTpeOYIOTh JOCHIKEHHS TaKUX BU3HAYAJIBHUX TEXHIKO-
€KOHOMIYHHMX TOKAa3HUKIB IS OCTATOYHOTO MPUHHATTS KOHKPETHOI TEXHOJIOTII fIK:
TPYAOMICTKICTb, BAPTICTh Ta TPUBAIICTh PEMOHTHUX pOOIT. 3aBEpIIAJIbHOIO 3a/1a4€l0,
AKy nependayeHo BUKOHATH y MeXax JaHoi poOOTH, € BIPOBAKEHHS pe3yJIbTaTiB
JOCIIIKEHb, TOOTO JOCIIKEHY TEXHOJIOT'110, B Oy/11BeJIbHY IPAKTHUKY.

Y BeTymi OOTpYHTOBaHO aKTYaJbHICTh HAIPSAMKY HAyKOBOTO JOCIIKCHHS,
c(hopMyJIbOBaHO METY 1 OCHOBHI 3aBJaHHA JOCIIXKEHHS, BU3HAYEHO 00’ €KT 1 peaMeT
JTOCIIHDKCHHS, PO3KPUTO HAYKOBY HOBH3HY Ta NPAKTUYHY IIHHICTh OTPUMAaHHUX
pE3yNbTATIB.

Y mnepumioMy Ppo3aii po3rasSHYTO TMEPEIyMOBH aKTYyaJIbHOCTI JOCIIIKCHHS
TEXHOJIOTIi BiTHOBJICHHS 3aXHCHOrO IIapy crocoooM (opMyBaHHS PEMOHTHOTO
PO3YMHY B ONATYOKY.

3a HanpsIMKOM HayKOBO1 poOOTH Ta JJisi BUABIICHHS OOTPYHTOBaHUX PE3yJIbTATIB
HAyKOBHX JIOCHIIPKEHb OyJo TMpOaHali30BaHO BiAOMI  TEXHOJIOTHI PEMOHTY
3113006 TOHHUX KOHCTPYKIIIM 1 BU3HAUEHO iX MepeBaru Ta HeJaoiKd. AHal3 HayKOBO-
TEXHIYHOT JIITEpAaTypH TOKa3aB, 110 MpodjieMa PEMOHTY 3a11300€TOHHUX KOHCTPYKIIIH
3QJIMIIAETHCS BIAKPUTO, OCKUIBKH €()EKTHBHI CIIOCOOW BITHOBJICHHS MalOTh BHCOKI
TEXHIKO-€KOHOMIYHI TIOKa3HUKH, a TEXHOJIOT1l BIJHOBJICHHS HIKHIX IIOBEPXOHb
TOPU3OHTAIBHUX KOHCTPYKIIIH Maike BiCYTHI.

Takox BUSABIEHO Ta KJIacH(]PiKOBAHO OCHOBHI YMHHUKH, IO TMOTIPIIYIOTH CTaH
3a11300€ TOHHUX KOHCTPYKIIii. Jlo HUX BITHOCATHCS . XIMI4HI1, (PI3UYHI Ta MEXaHI4HI, IO
BIJTMBAIOTH HA 30BHINIHIN BUTJIST KOHCTPYKIIIHA Ta MOTIPIIYIOTH iX MPOEKTHI apaMeETPH.

BusiBiieHO TEXHONOT1YH1 YMHHUKH, 1110 MOKYTh BIUTMBATH HA MPOEKTHI TapaMeTpu
BITHOBJICHUX 3a/11300€TOHHUX KOHCTPYKIlIH Ta (OpPMYBaTH TEXHOJOTII0 BHKOHAHHS
poOit. Jlo HUX BiTHOCSATHCSA: CTAaH OCHOBU BITHOBJIIOBAHOI KOHCTPYKIIii; Crocio
HAHECEHHS PEMOHTHUX MaTrepiaiiB; MOJOXEHHS PEMOHTHOI MOBEPXHI BiTHOCHO JIiHI1
TOPU30HTY; YMOBH TBEPJIHHSA PEMOHTHOTO PO3YHMHY; VIIUIBHEHHS PEMOHTHOTO

Marepially IpH BIAIITYBaHHI KOHTAKTHOIO 1Iapy; YaC BUTPUMYBAHHS MK HAHECEHHSM
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Ta KOT0 TOBIIMHA; BOJIOTICTH BITHOBJIIOBAHOI MIOBEPXHI1; TEMIIEpATypa HABKOJUIIHBOT O
cepeloBUIIa IPU BUKOHAHHI PEMOHTHUX POOIT.

VY apyromy po3aijii nucepraiiiiiHoi poOOTH BUKOHAHO aHATITUYHE JTOCTIIKEHHS,
CIIpPSIMOBAaHE Ha BHU3HAYCHHS BAXXJIMBOCTI TEXHOJIOTIYHUX YWHHUKIB, $IKI MarOTh
HalOUIBIINK BIJIUB HA MPOEKTHI MapamMeTpH BIIHOBIEHUX YACTUH 3a71300€TOHHUX
KOHCTPYKIIi. Po3po0ieHo 3arajgpbHy METOAMKY IOCHIIKEHb 32 OOpaHUM HAyKOBUM
HampsIMKOM, ska 0a3yeTbCs Ha TCOPETUYHUX JTOCHIDKEHHSIX, CIPSIMOBAaHHX Ha
BUSBIICHHS TEXHOJIOTIYHMX YHHHHUKIB, 10 BHHHKAIOTh B TPOIECI PEMOHTHO-
BiTHOBJIFOBAJILHUX POOIT Ta EKCICPUMEHTAIBHHUX JOCHIDKCHHAX, CIPIMOBAaHUX Ha
BUSIBJICHHS 3QJIOKHOCTEH BILUIMBY TAKMX YMHHHUKIB HA TIPOEKTHI MTApaMETPH BiTHOBIICHOT
KOHCTPYKIIii. B pe3ysnbTaTi Ha OCHOBI OTPUMaHUX TCOPETUIHUX Ta EKCTICPUMEHTATBHUX
JOCTIDKEHb Tiepe0aueHo 3ampoloHYyBaTH HAyKOBO-OOIPYHTOBAaHY TEXHOJIOTIIO
BIJTHOBJICHHSI 3aXMCHOTO IIapy 3a11300€TOHHUX KOHCTPYKIIii.

Y TpeTboMy PO31iIi PECTaBICHO METOANKY €KCTIEPUMEHTABHUX JTOCITIKECHb,
BIJMOBIAHO JO SIKOI IMOETalmHO BUKOHYBajlacsd AOCHIAHHUIIbKA poOOTa 3 BHUSBICHHS
BIIMBY TEXHOJIOTIYHUX YMHHUKIB Ha MPOEKTHI MapamMeTPH BiIIHOBJICHOT KOHCTPYKIIIi.
Taki mocaipkeHHs pO3IUICHO HA YOTHPH €Tally.

Ha nepwiomy emani exciepuMeHTaIbHUX JOCTII)KEHb BU3HAUCHO, SIK PyXJIUBICTh
PEMOHTHOI CyMIllli BIUIMBA€ Ha SKICTh HAIOBHEHHS OMaayOHOI KOHCTPYKIN mpH
BIJTHOBJICHH1 Ta MIIHICTh 3YCIJICHHS PEMOHTHOI'O Iapy 3 OCHOBOIO. JlOCIHiKEHHS
IIPOBOJIMIIN 3 CYMIIIIaMHU PI3HOT PyXJIMBOCTI, a caMe 3 po3iiuBoM konyca (PK): PK — 30-
35 cm, PK — 45-45 cMm, Ta PK — 55-60 cm. Cepii 6eToHHUX 3pa3KiB BiIIHOBIIOBAIH 10
TPHOX MOBEPXHIX (3BEPXY, 300Ky Ta 3HU3Y). 3a pe3ylbTaTaMu TOCTIIKEHD 3’ ACyBajocs,
[0 SIKICHO 3allOBHIOE MOPOXHUHY ONANTYOKH TPH BIIHOBIEHHI HWKHIX MOBEPXOHB
MPOJITHUX KOHCTPYKIIIH JIUIIIE CYMIIll 3 PO3IITUBOM KOHYca — 55-60 cwM.

Takox mepiuii eTan eKCIepuMEHTATBPHUX JTOCTIKEHb mepedayaB BUSHAUCHHS
BIUTUBY CMOCOOY MIATOTOBKM OETOHHOI IMOBEPXHI Ta TMPOCTOPOBOTO TMOJIOKCHHS
PEMOHTHOI JUISTHKA BIHOCHO JIiHII TOPU30HTY Ha MIIHICTh 3YETJICHHS PEMOHTHOTO

PO34YMHY 3 BITHOBIIIOBAaHUM OETOHOM. BiIOBITHO 10 METOAMKHA €KCIIEPUMCHTAIBHUX



JOCIIIKeHb Nepe10auyeHO BUKOHAHHS BIJHOBJIEHHS 3pa3KiB I'ITbMa CEpIIMHU, B SIKUX
3MIHIOBAJIU CIOCIO MIATOTOBKU OCHOBH.

llepwa cepis miATOTOBKH 3pa3KiB OCHOBHU MOJIsSITalIa B HAHECEHH1 HA OYHUIIIEHY CYXY
MOBEPXHIO JBOKOMIIOHEHTHOro kiewo «Eporip» BupoOHuursa TM «MAIIED» 3a
JIOTIOMOTOIO IIITKH, Ha sAKui yepe3 40 XB BKIIaJajd PEMOHTHY CYMIIII.

llpyea cepis 3 BUKOPUCTAHHSIM aAre3idHOrO MIapy — JBOKOMIIOHEHTHOTO KJICHO
«Enmox» BupoOnuirea TOB «KomMmo3uty.

Tpems cepia BKJIIOYaJIa HAHECEHHS HA OUYMIIIEHY CyXy OETOHHY IMOBEPXHIO OJIHOTO
mapy kommnosuiii «Koncomig 1» BupoOuunrsa TOB «Kommnosut». Yepes 24 rog Ha
MOBEPXHIO HAHOCWUJIW Ie oJuH map kommosuilli «KoHcomig 2» Ta udepe3 2 roj
BIJTHOBJTIOBAJIM 3pa3KH, BKJIaJal0ui OCTOHHHI PO3UMH B OMATyOKY.

Yemeepma cepisi MATOTOBKA OCHOBH — KOHTpOJbHA. [ToBEepXHIO 3pa3kiB JMIIE
OUYUCTUJIN, 3HETIUIIUIIN Ta 3BOJIOKUIIM BOJIOKO, TICIISI YOT'O BITHOBUJIU 3Pa3KH.

I1l'sma cepisi MIATOTOBKKW OCHOBH TOJIsiTana y 3BOJIOKEHH] BOJIOKO MIJATOTOBIICHOT
NOBEpXHI Ta BIANITYBaHHI 3pa3KiB B ONaIyOKy 3 MOJAJIBIIUM BKJIQJaHHIM
Moau(pIKOBAHOT OETOHHOT CYMIIIII.

3a pe3yipTaTaMu JAHOTO €Tany JOCTIIKEeHb BU3HAUECHO MPIOPUTETHUN HATIPSIMOK
NOJIANBIINX EKCIIEPUMEHTAIBHUX JIOCHI/DKEHbh 1 SK PEMOHTHHH pO3YMH Hajaami
BUKOPHUCTAHO BUCOKOPYXJIMBY MOIM(pikOoBaHY OCTOHHY CyMIIII.

Ha opyeomy emani Bu3Hayanu BIUIMB CTaHy MiJITOTOBKH MOBEPXOHb OETOHHMUX
3pa3KiB Ta IMPOCTOPOBOTO TOJIOKEHHS PEMOHTHOI MOBEPXHI Ha MIIHICTD 3’ €THAHHS
IapiB.

PizauMu cepisiMu TOCTIIKEHD TAHOTO €Taly JOCTIKEHb Iepe10auyeHo HACTYIHY
MIATOTOBKY OCHOBHM OE€TOHHHMX 3pa3KiB: HIIKUM YMHOM HE TOTYBalH (IJIaJlka OCHOBA);
3aunIIaId KyTOBOKO NUTI()YBATHHOO MAIIMHOIO; 3a4UIAIA Ta POOUIIN O Hil HACIYKU
(50% Bix mTomi) KyTOBOTO ITi(hYyBaTEHOK MAITUHOK0; MEXaHIYHUM CITOCOOOM IITYYHO
pPYHHYBAJIH.

Bci cepii 3paskiB Immicis MiATOTOBKH TOBEPXOHb 3HEIMIIOBAIIM CTUCHCHHM

MOBITPSIM, 3BOJIOKYBAJIHM Ta MPOBOIMWIN BiTHOBJICHHS IO TPHOX MMOBEPXHSX.



AHanizyoun pe3yiabTaTd eKCIEPUMEHTAIbHUX JOCHIIIHKEeHb, OyJI0 BCTAaHOBIEHO,
10 MiATOTOBKAa PEMOHTHOI OCHOBU MEpE] BIIHOBIEHHSM BEPXHbOI FOPU30HTAIBHOI
MOBEPXHI Ta BEPTUKAJIbHOI OOKOBOI MOBEPXHI OETOHHHUX 3pa3KiB MPHU BKJIAJaHHI HA HUX
Mou(piKoBaHOI cyMimli ()aKTUYHO HE BIUIMBAE HA MPOEKTHI MOKAa3HUKHU BITHOBJICHUX
3pa3kiB. [Ipu BIIHOBIEHHI HMXKHIX [IOBEPXOHb TOPU3OHTAIBHUX KOHCTPYKIIN
HAWBUIIMK TOKA3HWK MIITHOCTI 3YeTUIEHHS PEMOHTHOTO INapy 3 BiIHOBIIOBAHOIO
KOHCTPYKIJIEIO CIIOCTEPIraBcs Ha 3a4MILEeHIi MoBepxHI1. [HII cepii 3pa3KiB MaJld HUXKY1
MOKa3HUKHU.

Ha mpemvomy emani excnepumenmanbHux JOCIIJKEHb BCTAHOBWJIM BIUIUB
BOJIOTOCTI BIJHOBIIIOBAHOI TOBEpPXHI Ta TPUBAJIOCTI BIOpYBaHHA ONANYyOKH MpHU
BITHOBJICHH1 3pa3KiB Ha TPbOX MOBEPXHSX (3BepXy, 300Ky Ta 3HU3Y) Ha NPOEKTHI
napaMeTpy BiTHOBJICHOT KOHCTPYKIIi.

[Ipu muianyBaHH1 eKCIIepUMEHTY OyJ0 0OpaHO TpH BOJIOTICHI CTaHU MOBEPXHI, a
came: cyxa, Bojora Ta Mokpa. TpuBamicth BiOpyBaHHS onanyOKu 3MIHIOBAIU Ha TPHOX
piBHsIX. BigHOBIEHI YacTMHHU 3pa3KiB ITCJsl BKIAJaHHS B ONAIyOKy BiOpyBajw,
IpUKIagalouYn 10 OOKOBHKIB ONalyOHOT KOHCTPYKIli BiOpalniiHy nutidyBagbHy
mamuHay Ha 10 — 15 ¢, 30 — 35 ¢ ta 55 — 60 c. B pe3ynbprari ekcriepuMeHTaTbHUX
JOCJIIJDKeHh BU3HAYEHO, IO HAWOUIbIIAa MIMHICTh 3YEIUICHHS PEMOHTHOrO Iapy 3
BIJTHOBJIFOBAHOIO TTOBEPXHEIO CIOCTEpirajiach MpH BIIHOBJICHHI BOJIOTMX OCTOHHHX
NMOBEPXOHb. HaHripiii pes3ynabTaTd OTPUMAHO TPH BITHOBJIEHHI CYyXHX ITOBEPXOHb.
OnTrMalIbHOIO TPUBATICTIO BiOpyBaHHS onaiyoku ciif BBaxkatu 30 — 35 ¢. HaliBuma
MIIHICTh 3YEIUICHHS PEMOHTHOTO PO3YMHY 3 OCTOHHOIO OCHOBOIO OTpHUMaHa MpHU
BITHOBJICHHI BEPXHIX TOPH3OHTAIBHUX MOBEPXOHBb, HAWMTIpIIa — TPHU BiIHOBJICHHI
HIDKHIX TOPU30HTAIBHUX TTOBEPXOHb.

Ha uemeepmomy emani excnepuMeHTAIBHUX TOCTIIKEHb BU3HAYAN 3aJICKHICTD
MIITHOCTI 34YEIUICHHS PEMOHTHOTO Iapy 3 OCHOBOIO BiJ WOTO TOBIIMHH. 3a TIJIAHOM
eKCIIEPUMEHTIB 3pa3KH BiTHOBIIOBAINA Ha HUKHIX MOBEPXHSX, MPU IbOMY 3MIHIOBAIH
TOBIIMHY BIIHOBJICHOTO IMapy, a came: 1,5 cM, 2 cM, 3 cM, 5 cm, Ta 7 cM. Pesynbratn
JOCIIAIB Janu 3MOTY BU3HAYMTH, MO 31 30UIBIICHHSM TOBIIMHM PEMOHTHOTO IIapy

3MEHIIYETHCS] MILHICTh 3UCIIJICHHS IIapiB.



Pa3zoMm 3 THM TPOBOAWMIM IOCHIPKCHHS, CIPSIMOBaHI Ha BH3HAYCHHS BIUIUBY
TEMIEPATypd HABKOJUIIHBOIO CEPEJAOBHUINA HA MIIHICTh 3YEIUICHHS IIapiB
KOHCTpYKIIii. JIJis 1IbOTO MPOBOJWIN BiIHOBJICHHS Ha HUXHIX MOBEPXHSIX OCTOHHMX
3pa3KiB MpHU Pi3HUX TeMIeparypHux pexumax: +4 —+7C; +20 — +23°C; +30 — +35TC.
BusnaveHo, 1o ontumaibHa TeMIeparypa Mpy BUKOHAHHI BIJHOBIIOBAHUX pPOOIT Ta
TBEP/AIHHI PEMOHTHOI CyMilll MOBUHHA cTaHOBUTH 20 + 2 °C mpH BIAHOCHIM BOJIOTOCTI
noBiTpst 50 £ 5 %.

Ha 3aBepmanpbHOMYy eTami BHKOHAHO JOCHIJKEHHS TEXHIKO-€KOHOMIYHUX
MOKA3HUKIB BJIOCKOHAJIEHOT TEXHOJIOT1l BITHOBJICHHS Ta aJbTCPHATUBHUX TEXHOJIOTIH
PEMOHTY 3aXMCHOTO IIapy HWKHIX MPOJITHUX 3a71i300€TOHHMX KOHCTPYKIIH. 3a
pe3yabTaTaMy TaKHX JIOCHTIKCHh BCTAHOBJICHO HAWOLIBII ONTHUMAIbHY TEXHOJIOTIIO 3
E€KOHOMIYHOI Ta TEXHOJIOTIYHOI TOUYKH 30DY.

Y dJerBepTOMY PO3Aidi po3poOIEHO Ta BHUKIAIEHO OCHOBHI IMOJIOKEHHS
TEXHOJIOT1i BIHOBJEHHS 3aXHUCHOTO IIApy 3aJ11300€TOHHUX KOHCTPYKIIA CIOCOOOM
BKJIaJIaHHS PEMOHTHOI CyMiIIi B onaiayOKy. TeXHOoJIOT1s ToJiIrae y MiaroToBI[l OCHOBH
KOHCTPYKIIii, MOHTaX1 onaayOHO1 KOHCTPYKIIii, HAIIOBHEHH1 1i pEMOHTHUM PO3YHWHOM,
po3many0JIeHH] Ta AOTJISA1 32 BITHOBJIEHOIO MIOBEPXHEIO.

Ha ocHOBI TeopeTHUHHMX Ta EKCIEPUMEHTAIbHUX TOCHIIKEHb BIOCKOHAJIEHO
TEXHOJIOTi}0 BIIHOBJIICHHS 3aXHCHOTO Iapy HHUXKHIX TIOBEPXOHb IMPOJITHUX
3113006 TOHHUX KOHCTPYKIIIM CIIOCOOOM BKJIQJaHHS PEMOHTHOI CyMiIlli B OomnaayOKy
yepe3 OTBOPU B IUIMTaX IMEPEKPUTTSA, B SKId BPaxOBaHO BIUIMB TEXHOJOTTYHHUX
YUHHUKIB, IO JOCIIKYBAJIUCS B TPETHOMY PO3LII.

3anmponoHOBaHy TEXHOJIOTIIO MEPEBIPEHO B HAIIBHATYPHHUX Ta HATypPHUX yMOBaX.
BuxonaHo BiqHOBICHHS 3113006 TOHHUX 0aJIOK B YMOBaX HAOIMKEHHX /10 peajbHuX. B
pPE3yNbTaTi BCTAHOBIIEHO, IO MIMHICTh 34ETUICHHS PEMOHTHOTO PO3YHMHY 3 OCHOBOIO
0anku cranoBuTh 0,88 MIIa.

3 BUKOPHUCTaHHSM PO3pOOJEHUX B JaHId poOOTI TEOPETHYHUX Ta MPAKTHUYHUX
MOJIOKEHh TMPOBEICHO PEMOHT MNIUIMHA HAa HIDKHIM TOBEPXHI MOHOJITHOI TUTUTH
OaceifHy, 1[0 yTBOpHIIAacs B TIporieci 6eToHyBaHHS Ha 00’ €KTi « TOproBeTbHUI IIEHTP B

nepeaMicti M. KueBay. Takox npoBeieHO PEMOHTHI poOOTH 3 BIIHOBJICHHSI T€OMETPIi
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MPOJIITHUX 3aJ11300€ TOHHUX KOHCTPYKI[IH B MiJI3EMHOMY MEpeXo/1i 1o ByJ1. JIepMoHTOBa
B M. KpuBunii Pir.
KurouoBi ciioBa: 3a11300€TOH, 3aXMCHHUI 111ap, BIIHOBJICHHS, PEMOHTHUI PO3UUH,

onany0Ka, TEXHOJIOT1YH1 YNHHUKHU, MIITHICTh 34ETUICHHS.

ABSTRACT

Sharykina N. V. Technology of restoration of the protective layer of reinforced
concrete structures — qualification scientific work on the rights of a manuscript.

The thesis paper for the degree of Doctor of philosophy in specialty 192
"Construction and civil engineering”. — Kyiv National University of Construction and
Architecture, Ministry of Education and Science of Ukraine. Kyiv, 2023.

The thesis paper is devoted to solving the problem of restoring the protective layer
of reinforced concrete structures, including on the lower surfaces of span structures,
which is solved by forming a highly mobile repair mixture into a formwork structure.

In the analyzed scientific works, methods of repairing the protective layers of
reinforced concrete structures of horizontal (floor) and vertical (side) surfaces are
mainly considered. At the same time, it is proposed to restore the lower surfaces of span
structures by shotcrete, manual application of repair mixtures, or embedding the mixture
in the formwork. It should be noted that shotcrete overspends the repair mixture, as a
result of rebound, and in this way it is impossible to perform work in rooms with
equipment, when repairing surface structures and on structures with limited access. At
the same time, the technology of restoring the protective layer manually is time-
consuming, which in turn increases the duration and cost of repair work. In turn, research
aimed at restoring protective layers by forming a mixture into the formwork is virtually
nonexistent, and the experience of using this technology specifically for restoring the
lower surfaces of span structures is a rare example.

From the analysis of scientific literature, it became known that a comprehensive
study to identify the influence of technological factors that arise in the process of
performing repair and restoration work on the design parameters of repaired structures

was not carried out. This means that this work is aimed at solving an urgent scientific



9

problem, the results of which will make it possible to form a scientifically based
technology for restoring the protective layer of reinforced concrete structures.

Special attention should be paid to the study of such defining technical and
economic indicators for the final adoption of a particular technology as: labor intensity,
cost and duration of repair work. The final task that is planned to be performed within
the framework of this work is to introduce the results of research, that is, the studied
technology, into construction practice.

In the introduction the relevance of the direction of scientific research is
substantiated, the purpose and main objectives of the research are formulated, the object
and subject of research are determined, the scientific novelty and practical value of the
results obtained are revealed.

In the first section the prerequisites for the relevance of studying the technology
of restoring the protective layer by forming a repair solution into a formwork are
considered.

In the direction of scientific work and to identify reasonable results of scientific
research, well-known technologies for repairing reinforced concrete structures were
analyzed and their advantages and disadvantages were determined. Analysis of scientific
and technical literature has shown that the problem of repair of reinforced concrete
structures remains open, since effective methods of restoration have high technical and
economic indicators, and technologies for restoring the lower surfaces of horizontal
structures are almost nonexistent.

The main factors that worsen the condition of reinforced concrete structures are
also identified and classified. These include chemical, physical, and mechanical factors
that affect the appearance of structures and degrade their design parameters.

Technological factors that can affect the design parameters of restored reinforced
concrete structures and shape the technology of work are identified. These include: the
condition of the base of the restored structure; the method of applying repair materials;
the position of the repair surface relative to the horizon line; the conditions of hardening

of the repair solution; compaction of the repair material; when installing the contact
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layer, the holding time between application and its thickness; humidity of the restored
surface; ambient temperature when performing repair work.

In the second section an analytical study aimed at determining the importance of
technological factors that have the greatest impact on the design parameters of restored
parts of reinforced concrete structures was carried out. A general research methodology
for the chosen scientific direction has been developed. Which is based on theoretical
studies aimed at identifying technological factors that arise in the process of repair and
restoration works and experimental studies aimed at identifying dependencies of the
influence of such factors on the design parameters of the restored structure. As a result,
based on the obtained theoretical and experimental studies, it is planned to offer a
scientifically based technology for restoring the protective layer of reinforced concrete
structures.

In the third section the methodology of experimental research is presented,
according to which research work was carried out in stages to identify the influence of
technological factors on the design parameters of the restored structure. Such studies are
divided into four stages.

On the first stage experimental studies have determined how the mobility of the
repair mixture affects the quality of filling the formwork structure during restoration and
the strength of adhesion of the repair layer to the base. The study was conducted with
mixtures of different mobility, namely, with a cone flow (CF): CF — 30-35 cm, CF — 45-
45 cm, and CF — 55-60 cm. A series of concrete samples were restored on three surfaces
(top, side, and bottom). According to the results of research, it turned out that only a
mixture with a cone flow — 55-60 cm — fills the formwork cavity efficiently when
restoring the lower surfaces of span structures.

Also, the first stage of experimental studies provided for determining the influence
of the method of preparing the concrete surface and the spatial position of the repair site
relative to the horizon line on the adhesion strength of the repair solution to the restored
concrete. In accordance with the methodology of experimental studies, it is planned to
perform the restoration of samples in five series, in which the method of preparing the

base was changed.
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The first series of preparation of the base samples consisted in applying two-
component "Eporip" glue produced by MAPEI TM to the cleaned dry surface using a
brush, on which the repair mixture was applied after 40 minutes.

The second series was using an adhesive layer — two-component "Edmok" glue
produced by "Composite" LLC.

The third series included applying one layer of the composition "Consolid 1"
produced by "Composite™ LLC to the cleaned dry concrete surface. After 24 hours,
another layer of the composition "Consolid 2" was applied to the surface, and after 2
hours the samples were restored by putting concrete mortar in the formwork.

The fourth series of preparation of the basics is control series. The surface of the
samples was only cleaned, dedusted and moistened with water, after which the samples
were restored.

The fifth series of preparation of the base consisted in moistening the prepared
surface with water and placing samples in the formwork, followed by embedding a
modified concrete mixture.

Based on the results of this stage of research, the priority direction of further
experimental research was determined, and a highly mobile modified concrete mixture
was used as a repair solution in the future.

On the second stage the influence of the state of preparation of concrete samples'
surfaces and the spatial position of the repair surface on the strength of the joint layers
was determined.

Various series of studies of this stage of research provides for the following
preparation of the base of concrete samples: in no way prepared (smooth base); cleaned
with an angle grinder; cleaned and made notches on it (50% of the area) with an angle
grinder; mechanically artificially destroyed.

After surface preparation, all series of samples were dedusted with compressed air,
moistened, and restored on three surfaces.

Analyzing the results of experimental studies, it was found that the preparation of
the repair base before restoring the upper horizontal surface and vertical side surface of

concrete samples when laying a modified mixture on them does not actually affect the
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design parameters of the restored samples. When restoring the lower surfaces of
horizontal structures, the highest adhesion strength of the repair layer to the restored
structure was observed on the cleaned surface. Other series of samples had lower rates.

At the third stage of experimental tests studies have established the influence of the
humidity of the restored surface and the duration of vibration of the formwork during
the restoration of samples on three surfaces (top, side and bottom) on the design
parameters of the restored structure.

When planning the experiment, three wet surface states were selected, namely: dry,
moist and wet. The duration of vibration of the formwork was changed at three levels.
The recovered parts of the samples were vibrated after being placed in the formwork by
applying a vibration grinder to the sides of the formwork structure for 10 — 15 seconds,
30 — 35 seconds and 55 — 60 seconds. As a result of experimental studies, it was
determined that the greatest adhesion strength of the repair layer to the restored surface
was observed during the restoration of wet concrete surfaces. The worst results were
obtained when restoring dry surfaces. The optimal duration of vibration of the formwork
should be considered 30 — 35 seconds. The highest adhesion strength of the repair mortar
to the concrete base is obtained when restoring the upper horizontal surfaces, the worst
— when restoring the lower horizontal surfaces.

On the fourth stage experimental studies have determined the dependence of the
adhesion strength of the repair layer to the base on its thickness. According to the
experiment plan, the samples were restored on the lower surfaces, while changing the
thickness of the restored layer, namely: 1.5 cm, 2 cm, 3cm, 5 cm, and 7 cm. The results
of experiments made it possible to determine that with an increase in the thickness of
the repair layer, the adhesion strength of the layers decreases.

At the same time, studies were conducted aimed at determining the effect of
ambient temperature on the adhesion strength of structural layers. For this purpose,
restoration was carried out on the lower surfaces of concrete samples under various
temperature conditions: +4 — +7°C; +20 — +23°C; +30 — +35°C. It is determined that the
optimal temperature for performing restoration work and hardening of the repair mixture
should be 20 + 2 °C at a relative humidity of 50 £ 5 %.
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At the final stage, a study of the technical and economic indicators of the improved
restoration technology and alternative technologies for repairing the protective layer of
lower span reinforced concrete structures was carried out. Based on the results of such
studies, the most optimal technology has been established from an economic and
technological point of view.

In the fourth chapter the main provisions of the technology for restoring the
protective layer of reinforced concrete structures by embedding the repair mixture in the
formwork are developed and described. The technology consists in: preparing the base
of the structure, installing the formwork structure, filling it with repair mortar,
demoulding and caring for the restored surface.

On the basis of theoretical and experimental studies, the technology of restoring
the protective layer of the lower surfaces of span reinforced concrete structures by
embedding the repair mixture in the formwork through holes in the floor slabs has been
improved, which takes into account the influence of technological factors studied in the
third chapter.

The proposed technology was tested in semi-natural and full-scale conditions.
Reinforced concrete beams were restored in conditions close to real ones. As a result, it
was found that the adhesion strength of the repair solution to the beam base is 0,88 MPa.

Using the theoretical and practical provisions developed in this paper, a gap was
repaired on the lower surface of a monolithic pool slab formed during the concreting
process at the facility "Shopping centre in the suburbs of Kyiv". Repair work was also
carried out to restore the geometry of the span reinforced concrete structures in the
underpass on Lermontova Street in Kryvyi Rih.

Keywords: reinforced concrete, protective layer, restoration, repair mortar,

formwork, technological factors, adhesion strength.



