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Ulapukina H. B. TexHonoris BiIHOBJEHHS 3aXHCHOIO IIApy 3aJ1i300€TOHHUX
KOHCTpYKIii — KBanigikamiiina HaykoBa Ipals Ha IpaBax PyKOIHCY.

HNucepranis Ha 3700yTTS HAyKOBOrO CTymeHs JokTopa diutocodii 3a
cnemianbHICTIO 192  «byAlBHMUTBO Ta LMBUIBHA 1HXeHepis». — KuiBcbkuid
HalllOHAJIBHUM yHIBepcUuTeT OyiBHUITBA 1 apXiTekTypu, MOH VYkpainu. Kuis, 2023.

HuceprarniiiHa poOoTa MPUCBSIYEHA BUPINICHHIO 33/1ayl BIAHOBIEHHS 3aXHCHOT'O
apy 3a1i300€TOHHUX KOHCTPYKIIH, y TOMY YHCII1 1 HA HUKHIX TOBEPXHAX MPOTITHUX
KOHCTPYKIIil, s’IKa BUPINIYETbCSA HUIAXOM (DOpMyBaHHS BUCOKOPYXJIHBOI PEMOHTHOT
CyMillll B onainyOHy KOHCTPYKIIiIO.

Y mpoaHami30BaHMX HAyKOBHX TMpalsX 37eOUIbIIOr0 pO3TISHYTI CIIOCOOU
PEMOHTY 3axXHCHHX IIapiB  3ali300€TOHHUX KOHCTPYKIiH TOPU30HTAIBHUX
(miamoroBux) Ta BepTHKaIbHUX (OOKOBHMX) MOBEpXOHb. [IpyM 1bOMY BiIIHOBIEHHS
HIDKHIX ~ TIOBEPXOHb  TPOJIITHUX  KOHCTPYKIIH  TPOMOHYETHCS  BUKOHYBATH
TOPKPETYBAaHHAM, PYYHUM HAHECEHHSIM PEMOHTHHUX CyMilliel a00 BKIIAJJaHHSIM CyMIIi
B omanyoky. Ciif 3a3Ha4MTH, 10 NMPU TOPKPETYBaHHI BiIOYyBa€ThCs MEpPEBUTpATA
PEMOHTHOI CyMIllll Y HACHiJIOK BIJACKOKY, TOMY TaKHM CIOCOOOM HEMOXKJIIHMBO
BUKOHYBAaTH pOOOTH B NPUMIIMICHHSIX 3 OOJaJHAHHSAM, TPU PEMOHTI HAIBOJHHUX
CIIOpYJ Ta Ha KOHCTPYKIISIX 3 OOMEXKEHUM JOCTyrnoM. lIpw IbOMY TEXHOJOTIS
BITHOBJICHHSI 3aXHWCHOTO Iapy BPYYHY € TPYAOMICTKOIO, dYepe3 Mo 30iIblrye
TPUBAJICTh Ta BapTICTh BUKOHAHHS PEMOHTHHUX poOiT. B CBOIO Wepry mocCiiKeHHs,
HaIpaBJICHI HA BIIHOBICHHS 3aXHCHUX IIapiB (OPMYBAHHSIM CyMIlll B OmamyoOKy,
(haKTUYHO BIACYTHI, a IOCBIJl BAKOPUCTAHHS TaKOi TEXHOJIOT1I caMe JIJIsl BITHOBJICHHS
HUKHIX TTOBEPXOHB MPOJIITHUX KOHCTPYKITIHA HATIYYETHCS TOOJUHOKUMHU TIPUKIIATAMH.

3 aHaJi3y HAyKOBOI JIITEPATypH CTAIO BiIOMO, 110 KOMILJIEKCHOTO JIOCJIIIKEHHS
3 BUSIBJICHHS BIUTMBY TEXHOJIOTTYHUX YHHHUKIB, IO BUHUKAIOTH B MPOIIECi BUKOHAHHS
PEMOHTHO-BITHOBIIOBAIbHUX POOIT HA TPOEKTHI TMapaMeTpH BIAPEMOHTOBAHUX
KOHCTPYKII HE MPOBOAMWIOCS. A OTXKe, JaHa poOoTa CHpsMOBaHAa Ha BUPIIICHHS

aKTyaJIbHOI HAyKOBOI 3a/adi, pe3yJdbTaTd $KOi JaayTh MOXJIHBICTH CHOPMYBATH



HayKOBO-OOTPYHTOBAaHY TEXHOJIOT1I0 BIIHOBJIEHHS 3aXMCHOT'O IIAapy 3aJ11300€ TOHHUX
KOHCTPYKIIii.

Oxkpemoi yBaru mnOTpeOYIOTh IOCHIIKEHHS TAaKUX BU3HAYAJIbHUX TEXHIKO-
€KOHOMIYHHMX TOKA3HHKIB ISl OCTATOYHOTO MPHHHSITTS KOHKPETHOI TEXHOJIOTII SIK:
TPYAOMICTKICTb, BAPTICTh T TPUBAIICTH PEMOHTHHUX POOIT. 3aBEpIIATIBHOIO 334a4€l0,
AKy nepen0ayeHo BUKOHATH y MeXax AaHoi poOOTH, € BIPOBAKEHHS PE3yJbTaTiB
JOCIIIKEHb, TOOTO JOCIIKEHY TEXHOJIOT110, B Oy/11BeJIbHY IPAKTHUKY.

Y BeTymi OOTpYHTOBAaHO aKTYaJbHICTh HAINPSMKY HAyKOBOTO JOCIIIKCHHSI,
c(hopMyJIbOBAaHO METY 1 OCHOBHI 3aBJIaHHSI IOCKCHHS, BUBHAYEHO 00’ €KT 1 IpeaMET
TOCIIHDKCHHS, PO3KPUTO HAYKOBY HOBHU3HY Ta MPAKTHUYHY IIHHICTH OTPUMAaHHX
pE3yNbTATIB.

Y mnepumioMy Ppo3aiii pO3TISHYTO MEPEeIyMOBH aKTYaJdbHOCT1 JOCIIJKCHHSI
TEXHOJIOTIi BiTHOBJICHHS 3aXMCHOTO MIapy CHocoOoM (opMyBaHHS PEMOHTHOTO
PO3YMHY B ONAITYOKY.

3a HanmpAMKOM HayKOBOi poOOTH Ta ISl BUSBIIEHHS OOTPYHTOBaHUX PE3yJIbTaTiB
HAyKOBHX JIOCHIPKEHb OyJ0 TpPOaHali30BaHO BIAOMI TEXHOJIOTHl PEMOHTY
3113006 TOHHUX KOHCTPYKIIi 1 BU3HAUCHO 1X IIepeBary Ta HeIO0IKH. AHaI3 HAyKOBO-
TEXHIYHOT JIITEPATYpH MOKa3aB, 110 MpodieMa PEMOHTY 3aT1300€ TOHHUX KOHCTPYKITIH
3QJIMIIAETHCS BITKPUTO, OCKUTBKHA €(EKTHBHI CIIOCOOM BIJHOBJICHHS MalOTh BHCOKI
TEXHIKO-€KOHOMIYHI TMOKa3HUKHU, a TEXHOJOTii BIJHOBJICHHS HIKHIX ITOBEPXOHB
TOPU3OHTAIBHUX KOHCTPYKIIIH Maike BiCYTHI.

Takox BUSBIEHO Ta KJIacu(]PiKOBAaHO OCHOBHI YMHHHUKH, IO TMOTIPIIYIOTH CTaH
3a11300€ TOHHUX KOHCTPYKITiK. J[0 HUX BIIHOCATHCS: XiMI4YHI, (pI3UUYHI Ta MEXaHIYHI,
[0 BIUIMBAIOTh HAa 30BHINIHIA BUIIISA KOHCTPYKIIM Ta MOTIPIIYIOTH iX MPOEKTHI
napameTpHu.

BusiBieHO TEXHONOTIYHI YWHHUKH, W10 MOXYTh BIUIMBAaTH Ha TMPOEKTHI
napamMeTpy BITHOBIEHUX 3aTi300€TOHHUX KOHCTPYKIIH Ta (hOpMyBaTH TEXHOJOTIIO
BUKOHaHHS poO0iT. JI0 HUX BIMHOCATHCA: CTaH OCHOBH BiJTHOBIIOBAHOT KOHCTPYKIIIi;
cnoci0 HaHECEHHS] PEMOHTHHUX MaTepialliB; MOJIOKEHHS PEMOHTHOI TOBEPXH1 BITHOCHO

JHI1 TOPU30HTY; YMOBU TBEPJIIHHS PEMOHTHOTO PO3UYUHY; YIIUIbHEHHS PEMOHTHOIO



Marepially MpW BIAIITYBaHHI KOHTAaKTHOIO Ilapy, 4Yac BUTPUMYBAHHS MIX
HAHECEHHSIM Ta MOro TOBIIMHA; BOJOTICTh BIIHOBJIIOBAHOI MOBEPXHI; TeMIlepaTypa
HABKOJIMIIHBOT'O CEPEOBUIIIA P BUKOHAHHI PEMOHTHUX POOIT.

Y npyromy po3aiai gucepTaiiiHoi poOOTH BUKOHAHO aHATITUYHE JOCIIIKEHHS,
CIIpPSIMOBAaHE HAa BHU3HAYCHHSI BAXJIMBOCTI TEXHOJOTIUHMX YMHHUKIB, SIKI MalOTh
HalOUIBIINK BIUIMB Ha MPOEKTHI MapaMeTpy BiIHOBJIEHUX YACTUH 3aJ1300€TOHHHUX
KOHCTpYKIIiil. Po3po0iieHo 3araabHy METOAMKY AOCTIIKEHb 32 O0OpaHUM HAyKOBUM
HANPSIMKOM, siKa 0a3yeTbCs HAa TEOPETHYHHMX JOCHIDKCHHSIX, CHPSIMOBAaHMX Ha
BUSBIICHHS TCXHOJIOTIYHMX YWHHUKIB, M0 BHUHUKAIOTH B TIPOIECI PEMOHTHO-
BiTHOBJTFOBAJILHUX POOIT Ta €KCHEPUMEHTAIBHHUX JIOCITIDKEHHSAX, CIPSIMOBAHHX Ha
BUSBIICHHS 3aJICKHOCTEH BIUIMBY TaKMX YMHHUKIB Ha TMPOEKTHI TapaMmeTpu
BiTHOBJICHOI KOHCTpPYKIii. B pe3ynbrari Ha OCHOBI OTPUMAaHHUX TEOPETUYHUX Ta
CKCIICPUMEHTAIBHUX ~ JIOCHIDKEHb  IMepea0avYeHo  3ampoIllOHyBaTH  HAyKOBO-
OOTpYHTOBaHYy TEXHOJIOTIIO BIJHOBJICHHS 3aXHCHOrO IIapy 3aji300€TOHHHX
KOHCTPYKIIIH.

Y TperbOoMy po3aiii TPEACTABICHO METOAMKY  EKCIEPUMEHTAIbHHUX
JOCJIJPKeHb, BIATOBIIHO O SKOi MOETAIHO BUKOHYBAjacs TOCHIIHHMIIbKA poboTa 3
BUSIBJICHHS BIUTUBY TE€XHOJIOTTYHMX YMHHMKIB Ha MPOEKTHI MapaMeTpy BiTHOBICHOI
KoHCTpyKIii. Taki qociipkeHHsT pO3IJICHO HA YOTHUPH €TaIlH.

Ha nepwomy emani exciepuMeHTaIbHUX JOCHTIKEHb BUBHAUCHO, SIK PyXJIUBICTh
PEMOHTHOI CyMillll BIUIMBA€ Ha SIKICTh HANOBHEHHS OMNAIYOHOI KOHCTPYKIlI MpH
BIIHOBJICHHI Ta MIIHICTh 3YCIJICHHS PEMOHTHOTO IIapy 3 OCHOBOIO. JlocCimiKeHHS
MIPOBOJIWIIM 3 CYMIIIaMH PI3HOI PyXJIUBOCTI, a came 3 po3minBoM KoHyca (PK): PK —
30-35 cMm, PK — 45-45 cMm, ta PK — 55-60 cM. Cepii 6eTOHHHX 3pa3KiB BIIIHOBIIOBAIIA
Mo TPhOX MOBEPXHAX (3Bepxy, 300Ky Ta 3HHU3Y). 3a pe3ylbTaTaMH TOCIHIKEHb
3’sICYBaJoCsl, MO SKICHO 3alOBHIOE MOPOKHUHY OMaayOKH MPY BiTHOBJICHHI HIDKHIX
MOBEPXOHB MPOTITHUX KOHCTPYKIIIH JIUIIIE CyMIIll 3 pO3IIIMBOM KoHyca — 55-60 cwm.

Takox mepiuii eTan eKCepuMEHTaIbHUX JOCTIKEHb Tiepei0ayaB BU3HAYCHHS
BIUTUBY CIOCOOY MIATOTOBKH OETOHHOT TMOBEPXHI Ta MPOCTOPOBOTO TIOJOKEHHS

PEMOHTHOI JUISSHKU BIAHOCHO JIiHIT TOPU30HTY HA MIIHICTH 34YEIJIEHHS PEMOHTHOIO



PO34YUHY 3 BITHOBIIOBAHUM OCTOHOM. BiMIOBIIHO 10 METOJUKHN €KCIIEPUMEHTATbHUX
JOCIIIKeHb Nepe10auyeH0 BUKOHAHHS BIIHOBJIEHHS 3pa3KiB M'ATbMa CEPIsIMU, B IKHX
3MIHIOBAJIU CIOCIO MIATOTOBKU OCHOBH.

Ilepwa cepiss MATOTOBKY 3pa3KiB OCHOBH IOJISITajla B HAHECEHHI HA OYHIIEHY
CyXy MOBEPXHIO ABOKOMIOHEHTHOTO Kieto «Eporip» Bupodbuunrsa TM «MAIIEI» 3a
JOTIOMOT OO IITITKH, Ha IKUH yepe3 40 XB BKJIaJalId PEMOHTHY CYMIIIL.

Jlpyea cepis 3 BUKOPUCTAHHIM aJre31WHOTO 1IApy — JIBOKOMIIOHEHTHOT'O KJICHO
«Enmox» BupoOnuirea TOB «KoMmo3uty.

Tpems cepis BKIIOUYAa HAHECEHHS HA OYUIICHY CyXy O€TOHHY MTOBEPXHIO OJTHOTO
mapy komno3uii «Koncomnig 1» Bupoduunrsa TOB «Komnosut». Yepes 24 roa Ha
MOBEPXHIO HAHOCWJIW Ie OJMH map kommosuiii «KoHcomix 2» Ta yepe3 2 Toj
BiJTHOBJTFOBAJIM 3pa3KH, BKJIAJal0ul OCTOHHHUI PO3YHH B ONaIyOKy.

Yemesepma cepisi MATOTOBKHM OCHOBH — KOHTpOJIbHA. [I0BEpXHIO 3pa3KiB JIMIIE
OYHMCTHITH, 3HETTUJIMIINA Ta 3BOJIOKHIIN BOJOKO, ITICIIS YOTO BiTHOBHIIH 3Pa3KH.

I1l'ama cepia MATOTOBKU OCHOBH TOJIATaNa y 3BOJIOKEHHI BOJOIO IMiITOTOBIEHOT
NOBEpXHI Ta BIAIITYBaHHI 3pa3KiB B ONAIyOKy 3 TMOAANBLIUM BKJIaJAaHHSIM
MoAu(IKOBAHOT OETOHHOT CYMIIIII.

3a pe3yabTaTaMu JIaHOTO €TaIly JOCIIKEHb BU3HAYEHO MPIOPUTETHUIN HATIPSIMOK
MOJAIBIINX EKCIEPUMEHTAIBHUX JOCTIIXKEHbh 1 SK PEMOHTHHM pO3YMH Hajasl
BUKOPHUCTAHO BUCOKOPYXJUBY MOIM(pikoBaHYy OCTOHHY CyMIIII.

Ha opyzomy emani Bu3Hayanu BIUIMB CTaHy IMiJITOTOBKH MOBEPXOHb OETOHHUX
3pa3KiB Ta MPOCTOPOBOTO IMOJOKEHHS PEMOHTHOI MOBEPXHI HA MIIHICTh 3’ €THAHHS
IapiB.

PizHnM# cepissMu JOCITIKEHB JAHOTO €TaIy JOCiHKEHb nepe10aueHo HACTYITHY
MiATOTOBKY OCHOBM OCTOHHMX 3pa3KiB: HISKMM YMHOM HE TOTyBasu (TJIaJlka OCHOBA);
3aUUIIaIHA KYTOBOIO MUTi()yBATBHOIO MAITMHOIO; 3a4HINAIN Ta POOUIIU IO Hild HACIUKH
(50% Bim mIomi) KyTOBOK IUTIQYBaIbHOI MAIIWHOK, MEXaHIYHUM CITOCOOOM
WTYYHO PYWHYBAJHU.

Bci cepii 3pa3kiB micas MiATOTOBKH TIOBEPXOHb 3HENWIIOBAIM CTHCHECHUM

MOBITPSAM, 3BOJIOKYBAJIM Ta MPOBOJUIN BITHOBJICHHS MO TPHOX MOBEPXHSX.



AHani3youu pe3ynbTaTd eKCIePUMEHTAIbHUX TOCHIIIKEeHb, OYyJI0 BCTAaHOBJICHO,
110 MIATOTOBKAa PEMOHTHOT OCHOBH I€pEJ BIIHOBJIEHHSM BEPXHbOI FOPU30HTAIBHOI
MOBEPXHI Ta BEPTUKAIBHOI OOKOBOI MOBEPXHI OETOHHMX 3pa3KiB P BKJIaJaHHI HA HUX
MOM(DIKOBAHOI CyMiIll (aKTUYHO HE BIUIMBAE HA MPOEKTHI MOKA3HUKHU BITHOBIECHUX
3pa3kiB. Ilpu BIAHOBJIEHHI HMKHIX TMOBEPXOHb TOPU3OHTAIBHUX KOHCTPYKIIIH
HAWBUIINK TOKAa3HUK MIITHOCTI 3YEIJICHHS PEMOHTHOTO IIapy 3 BiJHOBIIOBAHOIO
KOHCTPYKIJIEIO CIIOCTEPIraBCcs HAa 3aYMIICH1M MOBEpXHI. [HIII cepii 3pa3KiB MaJld HHKY1
MOKa3HUKHU.

Ha mpemvomy emani excnepumenmanbHux JTOCIIIKEHb BCTAaHOBWJIM BIUIMB
BOJIOTOCTI BIJJHOBJIIOBAHOI MOBEPXHI Ta TPUBAJIOCTI BIOpYyBaHHS ONAIyOKU TNpU
BITHOBJICHH1 3pa3KiB Ha TPbOX MOBEPXHAX (3BepXy, 300Ky Ta 3HMU3Y) HA MPOEKTHI
napaMeTpy BiTHOBJIICHOT KOHCTPYKIIii.

[Tpu nanyBaHH1 eKCIEpUMEHTY OyJ10 00paHO TpH BOJIOTICHI CTaHU MOBEPXHI, a
came: cyxa, Bojiora Ta Mokpa. TpuBaiicTh BIOpYBaHHS ONaTyOKH 3MIHIOBAJIM Ha TPHOX
piBHsIX. BimHOBIEHI 4YacTMHM 3pa3KiB MICis BKJIQJaHHS B ONanyOKy BiOpyBau,
NpUKIagaoun 0 OOKOBHKIB ONalyOHOT KOHCTPYKIN BiOpamiiHy nuiidyBanbHy
mamHay Ha 10 — 15 ¢, 30 — 35 ¢ ta 55 — 60 ¢. B pe3ynbTaTi eKCriepuMEHTATBHUX
JOCJIIJDKeHh BU3HAUYEHO, IO HAWOLIbIIA MIMHICTh 3YEIJICHHS PEMOHTHOTO Iapy 3
BIJTHOBJIIOBAHOIO TTOBEPXHEIO CIIOCTEpirajiach NMpH BiTHOBJICHHI BOJOTHX OETOHHHX
MOBEPXOHb. HaWripmii pe3yabpTaTd OTPHUMAHO MPU BITHOBJIEHHI CyXHX ITOBEPXOHb.
OnTuManbHOIO TPUBATICTIO BIOpYBaHHs onainyOku ciin BBaxatu 30 — 35 c. HaiiBuima
MIIHICTh 34YCIJICHHS PEMOHTHOTO PO3YMHY 3 OETOHHOIO OCHOBOIO OTpUMAaHa IpHU
BITHOBJICHHI BEPXHIX TOPU3OHTAJIBHUX IMMOBEPXOHb, HAWTIPIIA — TPH BIIHOBICHHI
HIDKHIX TOPU30HTAIBHUX TTOBEPXOHb.

Ha uemseepmomy emani excriepuMeHTaIBHUX TOCTIKEHDb BU3HAYAIN 3AJICKHICTh
MIITHOCTI 34YETJICHHSI PEMOHTHOTO IIapy 3 OCHOBOIO BiJi HOTO TOBIIMHH. 3a IJIAHOM
€KCIIEPUMEHTIB 3pa3KH BIJHOBIIOBAIN Ha HIKHIX MIOBEPXHSAX, MPH IILOMY 3MIHIOBAJIN
TOBIIIMHY BiIHOBJICHOTO Iapy, a came: 1,5 cM, 2 cm, 3 cM, 5 cm, Ta 7 cMm. Pesynbraru
JOCIIIB Talli 3MOTY BU3HAYHMTH, IO 31 30UTBIICHHSM TOBIIWHU PEMOHTHOTO IIApy

3MEHIIYETHCS] MILHICTh 3UCIIJICHHS IIapiB.



PazoMm 3 TUM TpOBOAMIM MOCIIKEHHS, CHPSIMOBAaHI Ha BH3HAYCHHS BIUIMBY
TEMIEPATypu HABKOJUIIHBOIO CEPEJOBHUIA HAa MIIHICTh 34YCIJICHHS IIapiB
KOHCTpYKIIii. JIJisl bOTO MPOBOJMIN BiIHOBJICHHS HA HIDKHIX MOBEPXHIX OCTOHHHUX
3pa3KiB [IPH Pi3HUX TeMrepaTypHux pexxkumax: +4 —+7C; +20 — +23C; +30 — +35C.
Busnaveno, 1o ontuManbHa TeMIeparypa Npyu BUKOHAHHI BITHOBIIOBAHUX POOIT Ta
TBEPAIHHI pEMOHTHOI cyMilli noBuHHA cTaHOBUTH 20 £ 2 °C nipH BiIHOCH1H BOJIOTOCTI
noBiTpst 50 £ 5 %.

Ha 3aBepmiasibHOMYy eTami BHUKOHAHO JIOCTIIKEHHS TEXHIKO-€KOHOMIYHUX
MOKA3HUKIB BIOCKOHAJICHOT TEXHOJIOT11 BiTHOBJICHHS Ta albTEPHATHBHUX TEXHOJIOTIN
PEMOHTY 3aXMCHOTO IIApy HWXKHIX MPOJITHUX 3aT1300€TOHHUX KOHCTPYKLIH. 3a
pe3yJIbTaTaMM TaKUX JOCTIDKCHb BCTAHOBJICHO HAHOLIBIII ONTUMATBbHY TEXHOJIOTIIO 3
€KOHOMIYHOI Ta TEXHOJIOTTYHOT TOYKHU 30PYy.

Y d4yerBepTOMy PpoO3aidi po3poOJIEHO Ta BHUKIAICHO OCHOBHI TOJIOKEHHS
TEXHOJIOT1i BIIHOBJICHHSI 3aXHMCHOTO IIapy 3aJli300€TOHHUX KOHCTPYKI[IHA CIOCOOOM
BKJIaJIaHHS PEMOHTHOT CyMillli B onanyoKy. TeXHOJIOT1s moJisirae y miAroTOBIll OCHOBH
KOHCTPYKIIii, MOHTaX1 ONalyOHOT KOHCTPYKIIii, HAMOBHEHHI 11 pEeMOHTHUM PO3YHHOM,
po3many0JIeHH] Ta AOTJISA1 32 BITHOBJIECHOIO MIOBEPXHEIO.

Ha ocHOBiI TeOpeTMUHHMX Ta EKCIEPUMEHTAIBHUX JOCHIIKEHb BJIOCKOHAJIEHO
TEXHOJIOT1}0 BIIHOBJIICHHS 3aXHCHOTO IIapy HWXKHIX TIOBEPXOHb MPOJITHUX
3113006 TOHHUX KOHCTPYKIIIM CrtocoOOM BKJIQJaHHS PEMOHTHOI CyMIllli B OMayOKy
yepe3 OTBOPH B IUIMTAaX MEPEKPUTTs, B SKIM BpaxoBaHO BIUIMB TEXHOJOTIYHUX
YUHHUKIB, IO JOCIIKYBAJIUCS B TPETHOMY PO3ILII.

3anmponoHOBaHy TEXHOJIOT1I0 TIEPEBIPEHO B HAMIBHATYPHUX Ta HATYPHUX YMOBAX.
BukoHaHO BiTHOBJICHHS 3a1i1300€TOHHUX 0aJOK B YMOBaX HaOJIMKCHHUX JIO peaJbHUX.
B pe3ynbrari BCTaHOBIEHO, 10 MIIHICTH 34ETNIEHHS PEMOHTHOTO PO3UYHUHY 3 OCHOBOIO
0anku cranoBuTh 0,88 MIIa.

3 BUKOPUCTaHHSM PO3POOJICHHX B JIaHid POOOTI TEOPETHYHUX Ta MPAKTUIHHUX
MOJIOKEHBb TMPOBEACHO PEMOHT IIUIMHMA Ha HWXKHIA TMOBEPXHI MOHOJITHOI TUIMTH
OaceifHy, 1110 yTBOpHIIAacs B Ipoiieci OeToHyBaHHs Ha 00’ €kTi « ToproBensHU IIEHTP B

nepeaMicti M. Kuesay. Takoxk mpoBeZIeHO peMOHTH1 pOOOTH 3 B1IHOBIICHHS] T€OMETPIi



MPOJITHUX 3aJ1300€TOHHUX KOHCTPYKIIH B MIJ36MHOMY MEpexojal MO BYI.
JlepmonToBa B M. Kpusuii Pir.
KuarouoBi ciaoBa: 3ami300€TOH, 3aXMCHUN IIap, BIJHOBJICHHS, PEMOHTHHI

pO34uH, onanyOKa, TEXHOJOT1YH1 YNHHUKH, 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



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



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.



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 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: 1.5cm, 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 —+7C; +20 — +23C; +30 — +35C. 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 %.



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.



