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Kamincoxuii A. T. PeMOHTHI cyMimn 3 MiJABUIICHUMH €KCIUTyaTalliiHUMHU
BJIACTUBOCTSIMU Ha OCHOBI JIY’)KHOT'O TTOpTJIaHALIeMeHTy. — KBamidikarniiiHa HayKkoBa
npatls Ha IpaBax PyKOIHCY.

Hucepraniss Ha 3700yTTS HAyKOBOTO CTymeHs JokTopa (inocodii 3a
crerianpHicTIO 192, ByniBaunTBO Ta nuBUIbHA 1HX)eHepis (19 — ApxitekTypa Ta
OyaiBHUITBO). — Hamionansauii yHiBepcuteT «JIbBiBCbKa MoJiTeXHIKay, JIbBIB,
2021.

Hucepramiitna po0OoTa TPUCBAYCHA BUPINICHHIO 3aBIaHHS OJCP>KaHHS
0e3ycaoyHuX 1 PO3MIMPHUX CyMIIIeH HAa OCHOBI JIY)KHUX MOPTJIAHIIEMEHTIB 3
MIJBUIIICHUMU EKCIUTyaTallliHUMHU BJIACTUBOCTSIMHM JIJII PEMOHTY OETOHHUX 1
KaM’STHUX KOHCTPYKIIiH, K1 BI[3HAYAIOTHCSI BUCOKOIO MIITHICTIO Ta HaiHHICTIO. J{71st
OOTPYHTYBaHHS aKTyaJIbHOCTI MTPOOJIEMH ITPOBEACHO aHalli3 0COOJIMBOCTEN BUOOPY
CKJIaly IEMEHTHHUX CyMIIIeH JJIs1 peMOHTY Oy/AiBeJIbHUX KOHCTPYKIIIN Ta MPOLECiB
iX pylHYBaHHS 3 BpaxyBaHHSM Jii KOMIUIEKCY (DakTOpiB y pI3HHX YMOBax
excruryaTarfii. Po3risHyTo cmocoOu perymroBaHHS BIIACTUBOCTEH PEMOHTHHX
CyMiIIei 3a paxyHOK BUKOPUCTaHHS O€3yCaJloYHUX Ta PO3MIMPHUX IIEMEHTIB Ha
OCHOBI TIMCOTJIMHO3EMHUCTOTO 1IEMEHTY. BUCBITIIEHO MepeBarv i HEIOIIKH PI3HUX
BUJIIB PEMOHTHHUX CyMIIIEH Ta pO3MIISIHYTO (PaKTOPH, K1 IPU3BOASATH A0 CKIATHOCTI
perynoBaHHs jAeopmariiii ycaaKu-pOo3LUIMPEeHHs MpH eKCIulyaTalii B pPI3HUX
yMOBax, a TaKOX 3HIKEHHS JIOBTOBIYHOCTI BIAHOBJICHUX Oy/iBEJIbHUX
KOHCTPYKLIH.

[TokxazaHo, 10 €PEKTUBHUM CIIOCOOOM ISl IIBHAKOTO PEMOHTY Ta 3BEJCHHS
OCTOHHHUX CIHOPYH € JIy’)KHOAKTHBOBaHI IEMEHTYIOUl CUCTEMH, SKi JO3BOJSIOTH
OTpUMAaTH 3HA4YHY EKOHOMIIO 3aco0iB, MaTepiajiB 1 Tpyao3aTpaT fK Ha CTaii
PEKOHCTPYKIIi, Tak 1 B Mpolleci eKcIuryararlii OyzaiBenb Ta crnopya. [IpoBeaeHo
aHaJli3 3aCTOCYBAHHS JYXKHUX ATIOMIHIHBMICHUX MPHUCKOPIOBAYiB TBEPAHEHHS, SIK1
3a0e3MeuyI0Th BUCOKY PAHHIO MILIHICTh, TPOTE MOXKYTh IIPU3BOAUTH JI0 301IbIIIEHHS
BOJIONIOTPEOU, MiABUIIEHHSI MOPUCTOCTI 1 K HACHIIOK 3HM)KEHHS JIOBTOBIYHOCTI
OyniBenpHUX MartepianmiB. [lokazaHo, 10 omnTUMI3almisi PEYOBHHHOTO Ta

I'PaHYJIOMETPUYHOTO CKJIQJIB OCHOBHHUX KOMIIOHEHTIB CyMilleil 3a0e3mneuye



HEOOX1THY ME€30- Ta MIKPOCTPYKTYPY PO3UHHIB Ta JO3BOJISE TOKPAIIUTH TOKA3HUKA
SIKOCTI OyliBEILHUX KOMIIO3UTIB. OOrpyHTOBaHO 3aCTOCYBaHHSI
cynepriacTu(dikaTopiB MOJIKApOOKCUIATHOTO THUITY 3 BpaxXyBaHHSAM (Di3UYHOTO
H1AXO0AY 00 3MEHILIEHHS BOJAOLEMEHTHOIO BIIHOIICHHS B HANIPSIMKY OJI€P>KaHHS
JIOBTOBIYHOI IIEMEHTYIOYOi MaTpulli Oe3ycaJoyHHX Ta PO3IIUPHUX PEMOHTHHUX
CyMIiIIEH.

AHani3  BIIOMHUX  3aKOHOMIpHOCTEM B obOmacti  OyaAiBelbHOTO
MaTepialo3HaBCTBA JIO3BOJISIE BHCYHYTH HAyKOBY TiMOTE3y IMOAO MOKIMBOCTI
KOMIUIEKCHOTO TIO€JHAHHS ATIOMIHINBMICHUX MIHEpaAIbHUX J00ABOK, JYXHHX
aKTUBAaTOPIB HA OCHOBI  aJIOMIHATy HATPil0 Ta  MOJIKApOOKCHIIATHUX
cynepriacTugikaTopiB JUTSt CTBOPEHHS Mo (1KOBaHUX JTYKHUX
HNOPTIAHIIEMEHTHUX CHUCTEM 3 BHCOKOIO PAaHHBOIO MIIHICTIO, SKi JO03BOJISIOTH
OJIep)KaT PEMOHTHI 0e3ycaJiouHl Ta PO3MIUPHI CyMmiIn, Mo 3a0e3meuyrTh
HEOOX1Hy MIBUAKICTh TBEPAHEHHS, MILHICTh 3YEIUIEHHS 3  OCHOBOIO,
TPIIMHOCTIUKICTD, BOJIOHETIPOHUKHICTh, TOOTO XapaKTePU3yIOThCS MOKPAIIEHUMHU
eKCIUTyaTaI[ifHUMH BJIIACTUBOCTSIMH Ta JOBTOBIYHICTIO.

HaBeneno xapakTepucTukyd MartepiayiiB s OJEP)KAHHA PEMOHTHUX
0e3ycaouHMX Ta PO3UIMPHUX CYMIIICH, a caMe MOPTIAH/IIEMEHTIB PI3HUX THIIIB
BupoOHuITBa [IpAT «IBanO-DpaHKiBCHKIIEMEHT», MIHEPAIbHUX aTFOMIHIMBMICHUX
100aBOK (30J1a BUHECEHHS, METaKaO0JIiH), JTYKHOTO aITIOMIHIHBMICHOTO aKTUBATOPA
tBepaHeHHs1 Na[Al(OH)4] ta cyneprnactudikartopis. [lokazaHo, 110 BU3HAYEHHS
¢i3uKo-MexaHiuHUX 1  OyAIBENbHO-TEXHIYHMX  BJIACTHBOCTEH  JIyKHHX
MOPTJIAHIIIEMEHTIB Ta PEMOHTHUX O0€3yCcaJouyHUX 1 PO3IMMPHUX PEMOHTHHX
cyMilied MPOBEACHO 3TiJHO 3 JIIOYMMH HOPMATUBHUM JOKYMEHTaM 1
3arajJbHONPUAHATHMH METOIHKAM. s JOCT1IKEHHS IPOIECIB
CTPYKTYpOYTBOPEHHSI PEMOHTHHX O€3yCaJloYHMX Ta PO3IMIUPHUX CyMilIel
BUKOPHCTAHO Cy4YacHI MeToau (hi3MKO-XIMIYHOTO aHaji3y, a came, pEHTTE€HIBChKY
Tu(pakToOMeTpito, TEPMOTpaBIMETPit0, PaCTPOBY €JIEKTPOHHY MIKPOCKOIIIO Ta iH.
Hapeneno 3aranpHy OJIOK-CXeMy JOCHIDKEHb, sIKa IOKa3y€e TOCII0OBHICTh
BUKOHAHHS pOOOTH Ta PO3KPHUBAE MOETATHO OCHOBHI MOJIOKEHHS MIOAO0 (Hi3HKO-

XIMIYHUX OCOOJMBOCTEH MPOIECIB CTPYKTYPOYTBOPEHHS IITYYHOTO KaMEHIO Ha



OCHOBI MOJU(DIKOBAHUX JY>KHUX MOPTIAHIUEMEHTIB, NPUHIUIN CTBOPEHHS
amoMiHaTHOTO  HaHokoMmmio3uTy  C-A-N-H-PCE sk Bucokoe@ekTHBHOTO
IPUCKOPIOBaYa TBEPAHEHHS MOPTIAHIAIEMEHTHUX CUCTEM, AOCITIDKEHHS 3ac001B
peryJitoBaHHs BJIACTMBOCTEH PEMOHTHUX CyMIIIE Ha OCHOBI JIyKHOTO
NOPTIAAHAIIEMEHTY, PO3pOOJIEHHS 0€e3yCajoYHUX Ta PO3LUIMPHUX PEMOHTHHX
CyMillIell Ha OCHOBI MOJIM()IKOBAHUX JTY>KHUX MOPTIAHALIEMEHTIB Ta JOCIIIKEHHS
iX OyiBEITbHO-TEXHIYHUX BIACTHBOCTEH.

B po6oTi TeopeTMUHO OOIPYHTOBAHO Ta E€KCIIEPUMEHTAILHO ITiITBEPIXKEHO
MOJKJIMBICTh OTPUMAHHS HIBUAKOTBEPAHYUMX PEMOHTHHX O€3ycaJouHuX CyMmilen
3 TOKpAIleHUMH EKCIUTyaTalliiHUMU BIJIACTUBOCTAMM 3a PaXyHOK PpPO3pOOJICHHS
JAYXKHUX TOPTIAHALIEMEHTIB 3 J00aBKOIO BaIlHAKY, 3aCTOCYBAaHHS aKTHBHOI
MiHEpasbHOI ~ J00aBKM  MyLOJaHiyHOI Al (30JIM-BUHECEHHS),  JIyKHOTO
anroMiHiiBMIcHOTO akTuBartopa TBepaHeHHs: Na[Al(OH)4] 1 cynepriactudikatopa
nosikapookcunatHoro Ttuny PCE, a TakoX BHCOKOE()EKTHMBHHX PEMOHTHHX
PO3LIMPHUX CYMIIIEH, OJEpkKaHUX UUISIXOM BBEIEHHS KOMIUIEKCHOI JIY>KHOI
posmupHoi  g06aBku  Na[Al(OH)4]-CaO-CaSO4x2H,O-PCE 3 BpaxyBaHHAM
TEXHIYHUX 1 EKOHOMIYHUX TIepeBar.

ExcrniepyuMeHTaNbHUMH JTOCIHIIJIPKEHHSIMU BCTAHOBJICHO, 1110 NPU BBEACHHI
1,5..3,0 mac.% my>xHOTO amoMiHiiiBMiCHOTO akTuBaTtopa TBepaHeHHs Na[Al(OH)4]
1o noptianaiemMenty 3 BarmHsikom CEM II/A-LL (B/11=0,5) pyxJIuBiCTh IIEMEHTHO-
MIIIAHOTO PO3YMHY 3MeHIyeThbcss 0 125-110 MM. 3a paxyHOK mIpolieciB
IPUCKOPEHOTO YTBOPEHHSI €TPUHTITY 3a0€3MeUyETHCS MPUPICT pAHHBOT MIIIHOCTI Ha
ctuck vepe3 14 ta 24 roa no 7,5 ta 10,0 MIla, toxi six yepe3 2; 7 ta 28 nibd
CIIOCTEPITa€eThCs 3HWKEHHS MiHOCTI B 1,8-3,0 pa3u MmoOpiBHSAHO 31 CKJIagoM 0Oe3
100aBOK, 1110 00YMOBJICHO 3pOCTaHHSM MOPUCTOCTI KAMEHIO BHACIIIOK 301JIBIIICHHS
BoJIOoNIOTpeOU B spKkyuyoro. IlokazaHo, mo IpW BBEIEHHI cymnepruiactudikaTopa
nosikapookcunatHoro Tuny PCE 3a paxyHOK BOJOpPEOyKYIOUOTO e(]exTy
(AB/L1=28,0%) B110yBa€eThCs 3pOCTaHHS 0COOJIMBO PAaHHBO1 MIIIHOCTI - uepe3 14 roj
o 9,6 MIla. B Ttoit ke uac, 30inbmenHss Bmicty Na[Al(OH)4] mo 5,0 mac.%
IPU3BOJIUTH JI0 PI3KOTO 3MEHIICHHS PYyXJIMBOCTI LIEMEHTHO-IIIAHOTO PO3YHHY BiJl

152 no 105 mm npu B/11=0,50 Ta mpuckopeHHsI TEPMiHIB MMOYATKY TY>KaBiHHS — J10



45 xB, 1o OOYMOBJIEHO YTBOPEHHSM 3HAYHOI KIJIBKOCTI ILIIBKOMOAI0HUX
rigpoamtominatHux pa3 CsAHg, K1 GOpMYIOTHCS B yMOBAX IMiABUIIIEHOT JTY’KHOCTI
cepenoruia (pH 3611bmyerses Big 12,5 mo 13,2).

Po3pobiieHo myKHI TOPTIAHAIEMEHTH 3 BUCOKOIO PAHHBOIO MIITHICTIO PI3HUX
TUMB 3 J00aBKOK JY)KHOTO QJIIOMIHIMBMICHOTO aKTHUBaTopa TBEPIHEHHS
Na[Al(OH)4]. Bcranosneno, mo npu BBeAeHHi 1,5 mac.% Na[Al(OH)4] Ta 30mm-
BUHECCHHS JI0 CKJIaJy TOPTIaHAIEMEHTY 3 no0aBkor BamHsaky mnpu B/11=0,50
(PK=170 mm) panHs MitHICTh Yepe3 12 Ta 24 roa TBepHEHHS ckiaaae 6,3 ta 15,6
MlIla, cranmaptHa — 54,6 MIla. [Tokazano, mo npu BBeaeHHi 1,0 mac.% PCE 3a
paxyHok Bogopeaykyrodoro edpexry AB/I1=30,0% (PK = 170 mm) 3a6e3meuyeThes
301IBIIICHHST paHHBOI MIITHOCTI yepe3 12 ta 24 rox - B 4,5 pasu (19,3 MIla) Ta B 2,3
paszu (35,0 MIla). Uepes 2 nobu mirHICTh Ha CTUCK 3pocTae B 1,8 pasu (51,2 Mlla),
a gepes 28 nmi6 - y 1,2 pasu (73,7 MlIla); nmpu 1ubomy Rer1/Rens=47,5%;
Rer2/Rer25=69,4%. 3rigno JACTY b EN 197-1 pospobiienuit mMoaudikoBaHUN
JY’KHAWA MOPTIAHAUEMEHT XapAKTEPU3YETHCA BUCOKOIO paHHbOIO (Ren= 38,2 MIIa)
Ta cTaHaapTHOO (Repg = 60,1 MIIa) mirHOCTsSMH Ta BITHOCUTBCS 10 Kiacy 52,5 R.
MeTo10M MaTeMaTUYHOTO TNIAHYBaHHS €KCIIEPUMEHTY TIOKa3aHOo, 1[0 ONITUMAaTbHHMA
Bmict 1,5 w™mac.% Na[Al(OH)s] T1a 1,0% PCE 3a0e3neuye opepxaHHS
MOIM(IKOBAHOTO JIY’)KHOTO KOMITO3UIIIHHOTO TMOPTIAHALIEMEHTY 3 BHCOKOIO
paHHbOIO0 MIIHICTIO (Rep=32,0 MIla, R¢125=55,6 MIla). Hanpasnene peryntoBaHHs
MIPOIIECIB PAHHBOTO CTPYKTYPOYTBOPECHHS JIYKHUX TOPTIAHIIEMEHTIB BU3HAYAE 1X
MOKpalleHi OyiBeIbHO-TEXHIYHI BJIACTUBOCTI.

Po3zkputo 3akoHoMipHOCTI (popMyBaHHS (a30BOTO CKIIATY Ta MIKPOCTPYKYpPHU
riipocynb(oaaroMiHATHUX I[IEMEHTYIOUMX CHCTEM 3 BHUKOPHUCTAaHHSIM METO/IIB
¢di3uKo-xiMiuHOrO aHamilzy. I[loka3zaHo, 10 KOMIUIEKCHE TIIO€HAHHS 30JIU-
BUHECCHHS 1 BaIllHAKY B JIY)KHOAKTHBOBAHIM I[EMEHTYIOUI MaTpHIll 3abe3redye
iHTeHCHU(IKAIlII0 MPOIECIB PAHHBOTO CTPYKTYPOYTBOPEHHS 32 PaXyHOK YTBOPEHHS
riipokapOO0aIFOMIHATIB Ta JTY>KHUX IIEOTITONOAIOHUX rigpoantomocuiikariB N-C-
A-S-H. OOrpyHTOBaHO HOBWH MiJX1J /10 HAMPABJICHOTO PEryJIOBaHHS IPOIECIB
PaHHBOTO CTPYKTYPOYTBOPEHHS B IIEMEHTYIOUMX CHCTEMAaX 32 paXyHOK BBEJCHHSI B

SIKOCTI e(l)eKTI/IBHOFO AKTHUBATOpPa TBCPAHCHHA CHMHTC30BAHOI'O 3a MCTOJAOM 30JIb-



relib TeXHOJIOT1i antomiHaTHOro HaHOKoMITo3uTy C-A-N-H-PCE, sikuii BimHOCUTBCS
JI0 KJIaCy 1HKEHEPHUX MaTepiajliB Ha OCHOBI IIAPYyBATUX MOJIBIMHUX T1IPOKCH/IIB
(CaAl LDH) Tta opraniuHux 100aBOK, III0 CTBOPIOE MOMJIMBICTH OTPUMAaHHS
0e3ycaJOYHUX IIBUIKOTBEPAHYYMX I[IEMEHTHUX PEMOHTHHMX CyMimel. 3rigHo
JAHUX  EJEKTPOHHOI MIKPOCKOMIi BCTaHOBJIEHO, M0 B  MOAM(IKOBaHIN
Ty’ HOAKTHUBOBAHIM IIEMEHTYIOUI MaTpHIll 3a PaxyHOK SIBHILA aJCOpPOIiitHOro
MOM(IKyBaHHS MEPEBAXHO YTBOPIOIOTHCSA APIOHOIMCIEPCHI TOMYACTI KPUCTAIN
erpunrity. [lokazaHo, 110 B mporieci ii TBepAHEHHS CIIOCTEPIraeThCs iX IHTEHCUBHE
3pOIIEHHS, IO CHpUA€E 3a paxyHOK SBHUIIA «CaMOApMyBaHHS» 3HAUYHOMY
30UTBIICHHIO IIIJILHOCTI Ta HEMPOHUKHOCTI MOAM(IKOBAHOTO 1IEMEHTHOTO KaMEHIO.
[Tpu uboMy 3abe3meuyeThcsi 3pOCTaHHS MILHOCTI HAa 3TMH Ta TPIIIMHOCTIMKOCTI
peMOHTHOI cyminri. Beegenns amominiiiBmicHoro Hanokommo3uty C-A-N-H-PCE
70 IIeMEeHTYyrouoi cuctemMu Ha ocHOBI Ha ocHOBI CEM II/A-LL 42,5 3abe3neuye
BUCOKY paHHIO (uepe3 12 rox - 20,8 MIIa) ta crangaptay (depes 28 ai6 - 90,0 MITa)
MILIHOCTI IIPY 3MEHIIEHH1 HOTo KanuisipHoi mopuctocti 110 11,9%.

JlocnmiKeHHSIMA ~ BIUIMBY 3€PHOBOTO CKJaJy KBaplOBOIO IICKY pPI3HUX
¢dpakuiit Ha opMyBaHHS ME30CTPYKTYPH Ta BIACTUBOCTEH PEMOHTHHUX CyMiIIen
BCTaHOBJIEHO, IO HAMBHUINOK TYyCTHHOI y HacumHoMmy (py=1533 kr/™M®) i
yiiisHeHOMY (py=1690 Kr/mM’) craHax Ta HaWHMHKYOI MYCTOTHICTIO BiIIIOBIIHO
I1,=42,2% 1 I1,=36,2% xapakTepu3yeTbCcsi 3€pHOBUN CKJIAJ Yy CHIBBIJIHOIICHHI
MK 25: MK, 76=25:75. [loka3zaHo, 1110 3amMiHa KBapIIOBOrO MiCKy MK; 76 Ha 25 Mac.%
30JIU-BUHECEHHS Yy CKIaal MK 25:MKy76=25:75 mnpu3BoAUTh A0 30UIbIICHHS
HacunHOi rycTuu (1683 kr/mM®) Ta 3MeHIIEHHs MycTOTHOCTI 10 35,3 %. Ha ocHoBi
KOMIUIEKCHOTO ~aHajli3y MaTeMaTHYHUX MOJeJied 3a KPUTEPIAMH TEPMiHIB
TY>KaBIHHsS, MIIHOCTI Ta JAegopMaliii yCaaKU-pO3LUIUPEHHS 3alpOEeKTOBaHI
PEMOHTHI cKkJaau 0e3ycajouHuX CyMIIIed Ha OCHOBI JIY>KHHMX MOPTJIAHAIIEMEHTIB,
JUTSI SIKAX BBEJICHHS OMTUMAIBHOTO CcKitany mo6aBok: 10-15 mac.% 301u-BUHECEHHS
ta 2,0-2,5 mac.% C-A-N-H-PCE 3a0e3mneuye miaBuIleH] MTOKAa3HUKU SIKOCTI.

Po3po6ieHo mBUAKOTBEPHYYl PEMOHTHI Oe3ycaJouHl CyMillll Ha OCHOBI
JYXKHUX TOPTIAHAUEMEHTIB Ta TICKY OINTHUMI30BaHOTO 3€PHOBOTO CKIIATY.

JlocnipKeHHSIMM ~ BCTAHOBJICEHO, 1110 peMoHTHI cyMmimi tuny [IPBC AH-1



(koHCHCTEHIIST — 24 MM) XapaKTepU3yIOThCs MoyaTKoM TyxaBiHHSAM 80-100 xB,
BHCOKOIO PAaHHBOIO MIIIHICTIO: uepe3 14 rox — Ry=3,4 MIla, R.=9,8 MlIla, uyepe3 24
rox — Rc=22,08 MIla 1 28 n16 — R:=70,9 MIla; MIIHICTb 34Y€IJI€HHS 3 OCHOBOIO
ckianae 4,0 MlIla, momxyne npyxkuocTi B, =51,7 I'Tla, kopo3iiina cTiiikicts Kop=1,2,
BOJIOHENTPOHUKHICTE W16, Mopo3ocTiiikicte F400. IIBuakoTBepaHYy4l PEMOHTHI
CyMIIII XapaKTepU3yIOThCs MOHMKEHUMU Aedopmaitisivmu ycanaku (Al/1=0,06 mm/m),
110 J03BOJISIE TX BIJHECTH 10 O€3yCal0UHUX.

Po3pobneno moaudikoBaHy KOMIUIEKCHY po3mupHy go06aBky (KPJI)
Na[Al(OH)4] — CaO — CaSO4x2H,0 — PCE a1 peMOHTHUX PO3IIUPHUX CyMILIEH 3
pEeryjaboBaHOI0  KIHETUKOIO  YTBOPEHHS  €TpUHTITY. MerogoM  pacTpoBoi
CJIEKTPOHHOT MiKpocKormii moka3aHo, mo BBeAeHHs PCE B MopenbHi cuctemu
«Na[AI(OH)4] — CaO — CaSO4x2H,0» 1 «CaO — Alx(SOs4)3» 3a paxyHOK sBUIIA
azcopOIiifHoro MoaudiKyBaHHs 3a0e3Neuye CHHTE3 TOJKOIMOIIOHUX, APIOHUX
KPUCTAJIIB E€TPUHTITY Ta CTBOPIOE MOXJIMBICTH JJISi PETYNIOBaHHS MPOLECIB
PO3IIUPEHHSI y IIEMEHTYIOY1H1 MaTpHuili PEMOHTHHUX CyMiIIeH.
ExcniepuMeHTalIbHUMU JTOCTIKEHHSIMHU BCTAHOBJICHO, 1110 BBeeHHs 20—30 mac.%
KP/] 3a6e3neuye BUCOKY HIBUAKICTH TBEPAHEHHS, IPU I[bOMY IMOYATOK TYXaBIHHS
cyminii ckopouyetbes 10 120— 50 xB, nedopmariii po3mupeHHs ckianarTs Al/l =
0,62 — 1,25 mm/M, MinHICTh Ha CTHCK gocsraetbes 40,0-34,0 MIla. Ilpomecu
PO3IIMPEHHS] B OOMEKEHOMY MPOCTOP1 MPU3BOAATH 10 CAaMOYIIUIBHEHHS CyMilli,
MILIHICTh HA CTUCK/3TUH uepe3 28 1110 TBepiHeHHs 3pocTae Ha 18-23 %. 3a paxyHok
01aTKOBO1 riapodo0bizarii peMOHTHHUX CyMIIIeH 3pOCTa€e JOBrOBIUHICTh OCTOHHUX
Ta KaM’ SIHUX KOHCTPYKIIIH.

T30B «Tepioc» 3aificHeHO ampoOarlito MBHAKOTBEPAHYYOI PEMOHTHOI
oesycagounoi cymimi IIIBPC AH-1 Ha OCHOBI Jy>KHOTO MOPTIAHALUEMEHTY B
KuJIbKOCT1 2,0 T Ta MPOBEICHO 3aMOHOJIIYYBaHHS 3aKJIaJHUX aHKEpHUX JeTaneil. Ha
tepuropii arpoxkomiuiekcy TOB «AI'PIHI'PYID» 13 BukopucTaHHSM pPEMOHTHOI
CyMillll Ha OCHOBI JTy>kHOT0 nopTiaanaieMeHTy T30B «Tepioc» nmpoBeneHo podbotu
13 BIAHOBJICHHS IIONIKOJKEHOTO (YyHIaMEHTy I CHUJIOcCaMU eJieBaTtopy (c.
Bbapsinkose, XapkiBcbkoi 0011.). ITIT « TepmiT» 3a1licHEHO BUITYCK AOCIAHOT HapTii

PEMOHTHOI pO3MIMPHOI CyMmili B KUtbKOCTl 1600 Kr 1 mpoBeAEHO PEMOHTHI pOOOTH



3 BIJHOBJICHHS OCTOHHHUX €JEeMEHTIB KOHCTpyKuii. [Ipy BuKOHaHHI repMeTu3arii
IIBIB MK 3a11300€TOHHUMU KOHCTPYKIIISIMU Ta TMPU BBEACHHI KOMYHIKAIlli B
CHOpYly 3aCTOCOBAHO PEMOHTHY posmmpHy cymim 3 KPJ] Ha ocHOBi Jy)HOTO
aktuBatopa Na[Al(OH)4]. Exonomiunuii edekT 3acToCyBaHHS pPEMOHTHOI
posmupHoi  cywmimni  ckiaagae 204 rpu/t. TOB «Pyyd» BopoBamkeHO
crieriaapHl  0e3ycajiouyHl PEMOHTHI cyMimii 3 TiapodoOHO J00aBKOO s
T1APOI30JISAIIIT MiIBAILHOTO MTPUMIIIIEHHS 0()iCHOTO TICHTPY.

PesynbpTaTn eKcriepuMeHTaIbHUX JOCIIHKEHD 1 TPOMHUCIOBOTO BIPOBAIXKEHHS
BUKOPHCTAHO B HaBualbHOMY mpoiieci HarionansHoro yHiBepcutery «JIpBiBchbKa
MOJITEXHIKa» MpU BUKIQJAaHHI JUCHMIUNIH «BupoOHHWYa 06aza OyIBHUIITBAY,
«CyuacHi OyaiBenbHI MaTepiaiy 1 METOIU JOCIIIKEHbY, «HaykoBi mociikeHHs B
OyIIBHHUIITBI» IS CTYACHTIB crerianbHocTi 192 «bymiBHUIITBO Ta IMBIIbHA
THXKEHEePIs».

Kiro4oBi cjioBa: peMOHTHa CyMilll, JI)KHUIM aTiOMiHINBMICHUN aKTUBATOp,
30J1a-BHHECEHHS, Ty)KHUH MOPTIAHAIIEMEHT, HAHOKOMITO3UT, IPiOHOKPHUCTATIYHHIA
ETPUHTIT, nedopmarlii ycaaku Ta PO3UIUPEHHS, MIIHICTh 3YEIUICHHS 3 OCHOBOIO,
eKCIUTyaTalliiiHi BIaCTUBOCTI.
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The dissertation is devoted to solving a task to obtain the operation-enhanced
shrink-resistant and expansible alkaline Portland cement-based mixtures for the
repair of the concrete and masonry structures distinguished by their high durability
and reliability. In order to justify the relevance of the problem, it fulfilled the analysis
of the cement mixtures composition for the repair of the construction structures and
their demolishing processes against a background of factors under the different
operating conditions. It considered the ways to manage the particularities of the
repair mixtures using the shrink-resistant and expansible gypsum-alumina-based
cement. It reflected the pros and cons of the various types of the repair mixtures and
addressed the factors causing difficulty in expanding shrinkage deformation
management under the different operating conditions as well as a longevity
reduction for the renovated building structures.

It showed that the effective method for the swift repair and construction of the
concrete facilities was the alkaline-activated cementing systems, which allowed
gaining significant savings of tools, materials, and work-months both at the
renovation stage and during the operation of buildings and facilities. It performed
the analysis on applying the alkaline aluminum-contained accelerating agents which
provided high early durability, but they could lead to increasing water consumption,
voids content, and, as a result, reducing the longevity of the construction materials.
It showed that optimization of the material and fractional compositions of the major
mixture components provided necessary meso- and microstructure of solutions and
allowed boosting the quality indicators for the construction composites. It justified
applying the superplasticizing polycarboxylate agents against the background of a
physical approach to reduce the water-cement ratio in order to obtain a durable

cementing pattern of the shrink-resistant and expansible repair mixtures.



Analysis of known patterns in the field of building materials science allows us
to put forward a scientific hypothesis about the possibility of a complex combination
of aluminum-containing mineral additives, alkaline activators based on sodium
aluminate and polycarboxylate superplasticizers for creating modified alkaline
Portland cement systems with high early strength which allow to obtain repair non-
shrinking and expanding mixtures that provide the required curing speed, adhesion
strength to the substrate, crack resistance, water resistance, i.e. are characterized by
improved performance and durability.

It was considered the characteristics of materials for repair non-shrinkage and
expansion mixtures, namely Portland cements of different types of production of
PJSC "Ivano-Frankivskcement", mineral aluminum-containing additives (fly ash,
metakaolin), alkaline aluminum-containing curing activator Na[Al(OH)4] and
superplasticizers. It was shown that the determination of physical-mechanical and
construction-technical properties of alkaline Portland cements and repair non-shrink
and expanded repair mixtures was carried out in accordance with current regulations
and generally accepted methods. Modern methods of physicochemical analysis,
namely, X-ray diffractometry, thermogravimetry, scanning electron microscopy,
etc. were used to study the processes of structure formation of repair non-shrinking
and expanding mixtures. It was shown the general block diagram of researches
which shows sequence of performance of work and reveals step by step the basic
provisions concerning physicochemical features of processes of structure formation
of an artificial stone on the basis of modified alkaline Portland cements, principles
of creation of alkaline-aluminate nanocomposite C-A-N-H-PCE as the highly
effective accelerator regulation of properties of repair mixes on the basis of alkaline
Portland cement, development of non-shrink and wide repair mixes on the basis of
modified alkaline Portland cements and research of their construction and technical
properties.

The paper theoretically substantiates and experimentally confirms the
possibility of obtaining fast-curing repair non-shrink mixtures with improved
performance properties due to the development of alkaline Portland cements with

the addition of limestone, the use of active mineral additive pozzolanic action (fly



ash), alkaline aluminum-containing activator Na[AI(OH)4] and superplasticizer
polycarboxylate type PCE, as well as highly effective repair expansion mixtures
obtained by introducing a complex alkaline expansion additive Na[Al(OH)4]-CaO-
CaS0O4x2H,0-PCE, taking into account technical and economic advantages.

The experimental investigations indicated if 1.5..3.0 wt. % of the hardening
alkaline aluminum-contained activator Na[AI(OH)4] was put into the Portland
cement with limestone CEM II/A-LL (W/C=0.5) a cement and sand composition
mobility ratio decreased to 125-110 mm. Due to the ettringite - accelerated
processes, the initial compression capacity increased to 7.5 and 10.0 MPa was
evaluated in 14 and 24 hours, and, meanwhile, the strength reduction in 1.8 to 3.0
times compared with the composition was observed in 2; 7 and 28 days, which was
caused by increasing of the stone voids content because of the enhanced binder water
demand. It showed that extremely initial strength was enhanced to 9.6 MPa in 14
hours due to water reducing effect (AW/C=28.0%) after the polycarboxylate
superplasticizing agent PCE inputted. However, enhancing Na[Al(OH)4] content up
to 5.0 % wt made the cement and sand composition mobility ratio to be sharply
reduced from 152 to 105 mm in the case of W/C=0.50 and the hardening target time
was boosted to 45 min which was caused by a significant amount of the film-shaped
hydro-aluminate phases of CsAH;9 formed under the increased pH (pH was
increased from 12.5 to 13.2).

It exploited the various types of the high initial durable alkaline Portland
cement supplemented with the hardening alkaline aluminum-containing activator
Na[AI(OH)4]. It defined if 1.5 wt. % of Na[Al(OH)4] and the fly ash were put into
the Portland cement composition supplemented with limestone in the case of
W/C=0.50 (workability 170 mm) the hardening initial strength was constituted to
6.3 and 15.6 MPa in 12 and 24 hours, and the standard one — 54.6 MPa. It showed
that in case of 1.0 wt. % of PCE input and due to water-reducing effect with
AW/C=30.0% (workability 170 mm) the strength was increased in 4.5 times (19.3
MPa) and in 2.3 times (35.0 MPa) in 12 and 24 hours. The compressive strength was
increased in 1.8 times (51.2 MPa) in 2 days, and in 1.2 times (73.7 MPa) in 28 days;
meanwhile, R¢1/Res=47.5%; Reo/Re25=69.4%. According to DSTU B EN 197-1 the



modified alkaline Portland cement exploited was treated as high initially (Re,=38.2
MPa) and normally (Res = 60.1 MPa) durable and dealt with as class 52.5 R. The
mathematic experimental design techniques showed that the optimized content of
1.5 wt. % of Na[Al(OH)4] and 1.0 % of PCE ensured to obtain the modified alkaline
composition Portland cement with the high initial strength (R.;=32.0 MPa, R.25=55.6
MPa). The targeted process management for the initial structure formation of the
alkaline Portland cement determined their improved construction and technical
properties.

It discovered the mechanisms of the phased composition formation and the
microstructure of the hydrosulfoaluminate cementing systems using the physical-
chemical analysis methods. It showed the compresive combination of fly ash and
limestone in the alkaline-accelerated cementing pattern made the initial structure
formation processes to be enhanced due to the formation of hydrocarboaluminates
and alkaline zeolite-shaped hydro-aluminosilicates N-C-A-S-H. It justified a new
approach for the targeted management processes of the cementing systems initial
structure formation due to the input of the quality-efficient hardening accelerating
agent synthesized by zol-gel aluminate nanocomposite technique C-A-N-H-PCE
and classified as the engineering materials based on layered double hydroxides
(CaAl LDH) and organic supplements which enabled to obtain shrink-resistant and
rapidly hardening cement repair mixtures. According to the electron microscopy
fact-findings, it defined that the finely dispersed and acicular crystals of the ettringite
were mostly generated in the modified alkaline-accelerated cementing pattern due
to the absorptive modification effect. It showed that during its hardening process
their intensive binding was observed that facilitated to significantly increase the
modified cement stone solidness and integrity due to a self-cementing effect. In this
case, the repair mixture compression strength and crack resistance were enhanced.
The aluminum-contained nanocomposite C-A-N-H-PCE put into the cementing
system using CEM II/A-LL 42.5 provided a high initial (22.0 MPa in 12 hours) and
standard (90.0 MPa in 28 days) strength if its capillary porosity was reduced to
11.9%.



Investigating the impact of the different graded size silica sand on the repair
mixtures mesostructure formation and particularities found out that the graded size
at the ratio of Mk 25:MK376=25:75 was treated as one having the highest solidness
in bulk (p,=1533 kg/m?®) and compacted (p,=1690 kg/m>) states and the lowest void
coefficients as Vi=42.2% and V,=36.2% respectively. It showed that silica sand
Mk, 76 substituted with 25 wt. % of fly ash composed of Mk 25:Mxk, 76=25:75 led to
increase the bulk solidness (1683 kg/m?) and reduce the void coefficient to 35.3%.
Based on a coherent analysis of the mathematical models classified by shrink and
expansion hardening periods, capacity, and deformation, the shrink-resistant repair
mixture compositions were designed on a basis of the alkaline Portland cement, for
which the input of the optimal composition of supplements, namely 10 to 15 wt. %
of flue ash and 2.0 to 2.5 wt. % of C-A-N-H-PCE, provided the increased quality
indicators.

It exploited the rapidly hardening shrink-resistant repair mixtures using the
alkaline Portland cement and the optimized graded size sand. The investigations
determined that the repair mixtures (with 24 mm in consistence) was specified with
80 to 100 min in hardening start, and with R=3.4 MPa and R;=9.8 MPa in 14 hours,
R~=22.08 MPa in 24 hours and R.=70.9 MIla in 28 hours in a highly initiated
durability; the adhesive strength to the base was constituted to 4.0 MPa, elasticity
coefficient - E.,=51.7 GPa, corrosive resistance - K¢;=1.2, water-resistance - W16,
and freezing resistance - F400. The rapidly hardening repair mixtures were treated
by the reduced shrink deformations (Al/I=0.06 mm/m) which allowed classifying
them as shrink-resistant ones.

It exploited the comprehensive expansible supplement Na[AI(OH)4] — CaO —
CaS04-2H,0 — PCE for the expansible repair mixtures with the ettringite regulated
kinetics. The scanning electron microscope investigation method showed that PCE
put into the model system ‘“Na[Al(OH)s] — CaO — CaSO4-2H,0” and “CaO -
Aly(SO4)s” due to the absorptive modification effect provided a synthesis of the
acicular and finely dispersed ettringite crystals and enabled to manage the expanding
processes for the cementing pattern of the repair mixtures. The experimental

investigations determined that the input of 20-30 wt.% of KRD provided a high



Dhardening speed rate, meanwhile the mixture hardening initiation reduced to 120
to 50 min, the expansion deformations were constituted to Al/l =0.62 to 1.25 mm/m,
and the compression strength achieved 40.0 to 34.0 MPa. The expanding processes
in the restricted space led to the mixture self-compaction, and after 28-day
hardening, the compression / deflection strength increased in 18 to 23 %. Due to the
additional hydrophobization for the repair mixtures, the longevity of the concrete
and masonry structures was enhanced.

“Terios” LLC performed the approbation of the rapidly hardening shrink-
resistant repair mixture using the alkaline Portland cement with 2.0 t in total and
carried out the grouting of the embedded anchor items. At the territory of the
agricultural complex “AHRINHRUP” LLC “Terios” LLC performed the works to
rehabilitate the damaged foundation under the elevator bins (Barvinkove village,
Kharkiv region) using the alkaline Portlandcement-based repair mixtures. PE
“Termit” made a pilot lot production of the expansible repair mixture with 1600 kg
in total and performed the repair works to rehabilitate the concrete structure units.
While encapsulating the joints between the reinforced concrete structures and
embedding the utility systems into the building, the expansible KPJI repair mixture
based on the alkaline accelerating agent Na[Al(OH)4] was used. The economic
impact of the expansible repair mixture applied was constituted to 204 UAH per t.
“Ruuf” LLC introduced the special shrink-resistant repair mixtures with the
hydrophobic agent “Mehatron” TM in order to perform the water isolation for the
office centre basement.

The outcomes of the experimental investigations and the industrial
implementation were used by Lviv Polytechnic National University in the
educational process while studying the subjects “Production basis for construction”,
“Modern building materials and research methods”, “Construction scientific
investigations” for the students of the specialty 192 “Construction and Civil
Engineering”.

Key words: repair mixture, alkaline aluminum-containing activator, fly ash,
alkaline Portland cement, nanocomposite, finely crystalline ettringite, shrink and

expansion deformations, adhesive strength to the base, operational properties.



