AHOTALIIA

Kpuscanoscokuii  B.O. MopaudikoBani OeroHu 1 ¢iOpoOeTOHH AJis
BJIAIITYBaHHS Ta PEMOHTY >KOPCTKUX JTOPOKHIX 1 aepOJAPOMHUX MOKPHUTTIB.

Hucepraitiss Ha 3100yTTS HAyKOBOIO CTymeHs JokTopa (imocodii 3a
cnemianbHicTio 192 — ByniBHUIITBO Ta LKMBUIbHA iHXeHepis. Onecbka AepxKaBHa

akajziemist OyaiBHUIITBA Ta apxiTekTypu — Oneca, 2022,

Y ecmyni oOIpyHTOBaHO BHOIp Ta aKTyaJdbHICTb TEMH JOCIIKCHHS,
MOKa3aHWM 3B'I30K POOOTH 3 HAYKOBMMHU MpPOrpaMaMH, TUIAHAMH Ta TeMaMH,
chopMynpOBaHI MeTa POOOTH 1 3aBHAaHHS JOCTIHKEHb, OIMCAHO METOIU
JOCTIIKEeHb, HaBEIeH1 MOJI0KEHHS HAyKOBOI HOBHU3HU Ta MPAKTUYHOTO 3HAYCHHS
OTPUMAHUX PE3YyJIbTATIB.

Y nepwomy po30ini TMpOaHAII30BaHO [IOCBIJ BUKOPUCTAaHHS OETOHY 1
¢G16pobeToHy I BIAIITYBAHHS Ta PEMOHTY JOPOXKHIX 1 aepoJpOMHHX
nokpuTTiB. [lokazaHo, IO KOPCTKI MOKPUTTS aKTUBHO BUKOPHUCTOBYIOTHCS B
CIIA, €ppomni, Kurai ta iHmumx kpainax. B VYkpaini no 2040 p. mnanyerbes
30UTBIIIEHHST YACTKU KOPCTKUX MOKPUTTIB nopir 10 30 %. [lepeBarun 6eToHHUX
MOKPUTTIB MOJIATAIOTh Y 1X CTIMKOCTI A0 KOJIEEYTBOPEHHSI, BUCOKIN MIITHOCTI Ha
PO3TAT MPHU 3TUHI Ta MOPO30CTIMKOCTI MPU HU3BbKIA CTUPAHOCTI.

Onucano OCHOBHI JA€(PEKTH 1 TONIKOHKCHHS >KOPCTKUX JOPOXKHIX Ta
aepPOJPOMHHX TMOKPUTTIB Ta MPUYMHU iX BHHWKHEHHS. [loka3zaHo, 10 y SKOCTI
PEMOHTHOTO Marepialy JJig JKOPCTKUX TOKPUTTIB BHUKOPHUCTOBYIOTHCS
MIBUAKOTBEpAitoUl OeToHH 1 (iOpoOeToHH, 30KpeMa 31 crajieBoo (idporo.
[IpoanainizoBaHO 0COOJMBOCTI CKJIQJIB Ta BIACTUBOCTI OETOHIB 1 (P1OPOOETOHIB
JUTSL PEMOHTY >KOPCTKUX JTIOPOXKHIX 1 aepOIPOMHHUX MOKPHUTTIB. OnUcaHO TOCBI
BUKOPUCTAaHHS MOAU(IKATOPIB 1 AUCHEPCHOTO apMyBaHHS B IIBUIKOTBEPAIIOUUX
OeTOoHaX JIOPOKHIX MOKPUTTIB.

CdopmynboBaHo pobouy ecinomesy pobotu. Haitbinein epexTuBHUMU

METOJaMU JOCSTHEHHS BHCOKOI PaHHBOI MIIIHOCTI OJIHOYACHO 3 BHCOKOIO



3HOCOCTIHKICTIO, TPIIIMHOCTINKICTIO 1 MOPO3OCTIMKICTIO OETOHY ISl pPEMOHTY Ta
BIAIITYBaHHS  JKOPCTKUX  TOKPUTTIB €  BHUKOPUCTAHHS  CYYaCHUX
cynepruiacTu(diKaTopiB, IPUCKOPIOBAYIB TBEPIIHHS Ta TUCIIEPCHOTO apMyBaHHS.
Takoxx 3a paxyHOK palllOHaJbHOTO MiAOOpPY CKIaAy CyMIIIed 3 MO€THAHHSIM
MOAU(IKATOPIB Ta JUCHEPCHOIO apMyBaHHS MOKJIMBO 3HUXKEHHS YCaJKH
Marepiaiy, 110 TO3WTUBHO BIJIOOpa3UThCcs Ha Horo anresii. J{oBroBIYHICTH
OCTOHIB [JIs1 BIAIITYBAaHHS JOPOXKHIX 1 aepOAPOMHHUX TMOKPUTTIB Mae OyTH
3a0e3mnedeHa 3 ypaxyBaHHSIM yMOB eKcIuTyartarii. [[insi peMOHTHHUX MaTepialiB
JOBTOBIYHICTb MAa€ 3aJOBOJIBHSATH TMEBHI OOIpyHTOBaHI KpuTepii. 3rigHO
perIaMeHTYIOUHX JOKYMEHTIB OUIBIIOCTI KpaiH JIOCTaTHBhO, HI00 PEMOHTHHI
MaTepial MaB CTPOK CIy>KOu 4-5 pokiB. Y TOH XK€ Yac MOKa3HUKU PAHHBOL
MILIHOCTI Ha CTUCK 1 PO3TAT IPH 3TMHI PErJIAMEHTYIOThCS KOXKHUM M1IPSIAHUKOM
Ta 3aMOBHUKOM OKpEMO, aje€ BOHM MaloTh HaOyBaTH 3HA4Y€Hb, Kl OyAyTh HE
MEHIII€ TPOCKTHUX BUMOT /IO ICHYIOUOTO «CTapOTo» MOKPHUTTS JOPIT.

Buxoasuu 3 po0Oo4oi rinoTe3n Ta COUPAIOYHUCHh HA TPOBEICHUN aHAJI3
TEXHIYHOI JiTepaTypu, Oyna cdopMmynboBaHa mema pobomu:. Ppo3poOKa
BUCOKOMILIHUX HIBUAKOTBEPAIIOUMX OETOHIB [JIsI PEMOHTY 1 BJAIITyBaHHS
KOPCTKHX JOPOXKHIX Ta aepOJPOMHHMX TMOKPUTTIB 3  3a0€3MedYeHOr0
JIOBTOBIUHICTIO 32 paxyHOK BHKOPUCTAHHS CTajeBOi aHkepHoi (ilpw,
cynepractugikaTopa 1 IPUCKOPIOBaya TBEPAIHHS.

VY opyzomy po30ini HaBeAEHO XapaKTEPUCTUKU BUKOPUCTAHUX MaTepialiB,
METOJIMKY 1 CXeMy MPOBEJICHHs JOCHiKeHb. Ha nepmomy eramni podotu 0yio
MIPOBEICHO MOPIBHSAHHA BJIACTHBOCTEW OETOHIB HAa pi3HUX THMHaxX LHeMmeHTy. Ha
JIPYyroMy eTami MPOBOJIWIUCH IIOIIYKOBI JOCIHIDKCHHS (PI3MKO-MEXaHIYHUX
XapaKTepUCTHK  JUCIIEPCHO-apMOBAaHUX  OETOHIB 3  BUKOPUCTAHHIM
noinpomnineHoBoi Gidbpu. Ha TpeThoMy eTari Ha OCHOBI ONTUMAJIBHUX CKJIAJIIB
O0eToHHUX cymimieit 3 BukopuctanuaM rnemenTiB 1L II/A-I11-500 1 TTLIL TV/A-
500 P pocnimkyBaBcst BIUIMB KUIbKOCTI miuactudikaropy MasterGlenium SKY

608 Ha CTpYKTYypy 1 (i3UKO-MeXaHIYHI XapaKTepucTuku 6etony. Ha uerBepromy



eTami JOCHTIKYBaBCS BIUIUB METaKaoJNiHy Ha MILHICTh, MOPO30CTIMKICTb,
CTHpaHICTh Ta Yycaaky OeroHiB. II’aTtumii eTam mNpPUCBIYEHO BUBYCHHIO
BJIACTUBOCTEH (PiOPOOETOHIB JIJIsi pPEMOHTY Ta BJIAIITYBaHHS dKOPCTKUX JIOPOKHIX
Ta aepoAPOMHHX MOKpUTTiB. llocTuii etam — 11e BOPOBaHKEHHS Y BUPOOHUIITBO
PEMOHTHHX CKJIa/IiB cTajaediOpoOETOHIB 3 BUCOKOK PAaHHBOIO MIITHICTIO.

Tpemiti po30in MICTUTh PE3yibTaTH MEPIIMX YOTHPHOX €TamiB poOOTH i
OPUCBSIYCHUNA  poO3poOIll  CKIaAiB  Ta  JIOCHIDKCHHIO  BJIACTHBOCTEH
BUCOKO(MYHKIIIOHAJIbHUX OETOHIB JJIi PEMOHTY Ta BIAIITYBAaHHS >KOPCTKUX
MOKPUTTIB.

VY pe3ynbTaTi MOPIBHSIHHS BIACTUBOCTEH OCTOHIB HA PI3HUX TUIMAX LIEMEHTY
(CCIIL1400-10, ITLI-II/A-T1-500 P-H, IILIL[ IV/A-500 P, TILI II/A-IL-500)
BCTaHOBJIEHO, M0 Oetonn Ha ocHoBi IIII-II/A-IT-500 P-H 1 IILI II/A-ILI-500
3a0€3MeuyoTh Kpally paHHIO MINHICTh, 10 BaXJIUBO JJI JOPOXKHIX 1
aepOJPOMHHX MOKPUTTIB. 3 BpaxyBaHHSAM CUTYallll HA PUHKY YKpaiHU y SKOCTI
OCHOBHOTO B’spKydoro oopano I11] I1/A-I-500.

[IpoBeaeHi qociiKEHHs BIaCTUBOCTEH (h10pOOETOHIB 3 MOTIIPOIIIIEHOBOIO
¢$16poro mokazanu oOMeKeHY €(PEeKTHBHICTh JAHOTO BOJIOKHAa B O€TOHAaX IS
BJIAIITYBAHHS 1 PEMOHTY KOPCTKUX MMOKPUTTIB.

JlocnmimkeHo BIUTMB CymnepriiacTugikaTopa MOJIKapOOKCUIATHOTO THITY
MasterGlenium SKY 608 na minHicTh i cTpykTypy OeTOHIB Ha nemenrtax [11]
II/A-I11-500 1 IILLL IV/A-500. BecranoBieHo, mo 11 OCTOHIB Ha 000X THIIAX
LIEMEHTY pPalllOHAIIBHOI € KUIbKICTh n00aBku 1,2% Bim macu B'sxkydoro. Ha
ocHoBl mnoptinanauementy I II/A-III-500 oTpumano OeToOH 3 MapOYHOIO
MimHicTIO 85,6 MIla ta MirHicTIO ¥ Bimi 3x 116 64,1 MIla. Ha ocHOBI 11eMeHTY
I TV/A-500 P otpumano 0etoH minHicTio 64,1 MIla 3 MinHicTIO Yy Billi 3X 710
37,0 MIla. PentrenodazoBuii aHami3 MIATBEPAUB TO3UTHUBHY  POJIb
MOJTIKapOOKCUIIATHOI JOOABKH MPU CTPYKTYPOYTBOPEHHI OETOHY.

JlocnmipkeHo BIUIMB AKTHUBHOI MIHEpalbHOI J00aBKM METaKaodiHy Ha

BJIACTUBOCTI MoaudikoBaHoro no6askoro MasterGlenium SKY 608 Gerony s



BJIAIITYBAaHHS Ta PEMOHTY KOPCTKUX JOPOXKHIX 1 aepOAPOMHHUX MOKPHUTTIB.
Bceranopneno, mo 3amina 10 30 Kr/M® IIEMEHTY METaKaoJiHOM HE BUKIHMKAC
MOKpalieHHsT (Pi3UKOo-MeXaHIYHUX XapaKTePUCTHUK OCTOHIB: MOPO3OCTIHKICTH 1
3HOCOCTIMKICTh O€TOHY HE€ 3MIHIOETHCS, MIIHICTb HECYTTE€BO 3HUKYETHCS.
VYcanka OETOHIB 3 METaKaoJIiHOM 3aBJSKH MmiABUIeHHIO B/I] cymimii 3pocTtae.
[TokazaHo, 110 3 BpaxyBaHHSIM BapTOCTI METAKAOJIHYy HA PUHKY YKpaiHU Ha
ChOTOJIHI HE MOKHA BU3HATU PAlllOHATBHUM 3aCTOCYBaHHS IILOTO JOJIATKOBOTO
KOMITOHEHTY B 0€TOHaX >KOPCTKUX JOPOKHIX 1 aepOJIPOMHUX MOKPUTTIB. AJjie TIPH
MIJCUJICHH] B HAIIA KpaiHi €KOJOTIYHWX BHUMOT IIOJO0 BYTJEIEBOTO CIITy, a
TaKOX y pa3l 3HAYHOTO MOJOPOKUYAHHSI €HEPTOPECYPCIB, SIKI BUTPAYAOTHCS IS
BUPOOHUIITBA KIIHKEPY, BUKOPUCTAHHS IYLOJIAHOBUX AaKTHMBHUX MiHEPaJIbHUX
100aBOK B OETOHAX JIOPOXKHIX MOKPUTTIB Oy/ie OLTbII JOUIIBHUM.

Yemeepmuii  po30in ~ TPUCBAYEHO  JOCHIIPKEHHSM  BJIACTUBOCTEU
¢idbpobeToniB s riambunHOoro pemonty (full-depth repair) ta BmamTyBanHs
KOPCTKUX JOPOXKHIX 1 aepoOAPOMHHUX MOKPHUTTIB (I’ATHil eram poboth). 3a
ONTHUMAJIbHUM IUIAHOM TIPOBOJAUBCS 2-(AaKTOPHUH EKCIEPUMEHT, B SKOMY
BapiIOBAJIMCS Taki (pakTopu:

X1 — KUIBKICTh J0OaBKHU npuckoproBada TBepaiHHs Sika Rapid 3, Bix 0 1o
2,4 % Bing macu uemenrty (Bix 0 10 9,6 kr/md);

X2 — KUIBKICTh CTaJ€BOi aHKepHOi (i0pu AlameTpoM 1 MM 1 JoBxkUHOIO 50
MM, Bix 0 mo 100 xr/ve.

Jlo cknany Bcix OeToHIB BBOJMBCS cymnepractugikatop MasterGlenium
SKY 608 y kinpkocTi 1,2 % Big Macu IEMEHTY.

BcranoBnieHo, 110 KUIBKICTh TPUCKOPIOBaYa TBEPAIHHS HECYTTEBO BIUTHBAE
Ha B/II cymimeit piBHOi pyxomocTi S2, a BBeieHHS (PiOpu BUMarae migBUIICHHS
B/I] nna 306epexeHHss HEOOXITHOT PYyXOMOCTI. 3a paxyHOK BHUKOPHCTaHHS
panioHaNbHOI KUTbKOCTI cynepractudikaropa, B/L Bcix nocmimkeHux cymimein

3Haxoamiiocs B Mexkax Big 0,309 mo 0,343.



BBenenHs1 mpuckopioBaua CyTTEBO MIIBHILY€E PAaHHIO MIIHICTh OETOHIB Ha
CTHCK 1 Ha PO3TAT MpH 3rHHI. Y Bili 2-X 110 32 paXxyHOK BUKOPUCTAHHS 100aBKU
Sika Rapid 3 y kinbkocTi 1,8-2,4% MmitiHICTh Ha CTUCK O€TOHIB 3pocTae Ha 9 MIla
1 OuyTbIIIe, MIITHICTH HA PO3TAT mpu 3ruHi Ha 0,6..0,7 MIla. ¥ 28-Mu qeHHOMY BiIIi
o6eToHM 1 PiIOPOOETOHN 3 MPUCKOPIOBAYEM TBEPJIIHHS XapaKTepU3YIOThCS ACIIO
MEHIIIOIO MIIHICTIO Y TOPIBHSAHHI 3 aHAJOTIYHUMH CKiIagamu 0e3 mobaBku Sika
Rapid 3.

3a paxyHOK BHUKOPHCTAHHS CTajeBOi aHKEpHOi (iOpu paHHS MILHICTh
0eToHIB Ha cTuck 3pocTae Ha 3..5 MIla, mpoekTHa MilHICTh Ha CTUCK — Ha 7..10
MIla. HaiiG11b11 cyTTEBO TUCIIEPCHE apMyBaHHS M1IBUIILYE MILHICTh O€TOHIB Ha
po3Tar npu 3runi — 3 5,6..6,1 MIla no 8,5..9,3 MIla y i 2-x 116 13 7..8,5 MIla
o 15,5..17,5 MIla y Biui 28-mu 116. @16poOEeTOHM 3 KIIBKICTIO MTPUCKOPIOBaya
TBepAinaa Bix 1,4% i ¢ibpu Bixg 50 kr/M® y Bini 2-X 1i6 MarOTh MIl[HICTh HA CTUCK
He MmeHII 55 MIla. IIpu BUKOpHCTaHHI MaKCHUMAaJIbHOI KIJIBKOCTI JUCIEPCHOL
apmatypu Ta no6aBku Sika Rapid 3 panHs MiLHICTh (p1OpOOETOHIB CTAHOBUTH HE
menmie 60 Mlla, mo 103BOJIsi€e TOYMHATH EKCILTyaTallil0 MPAaKTHYHO ISl BCIX
THUIIB TOKPUTTIB aBTOJOPIT 1 a€POJAPOMIB.

Buxopucranns craneBoi (iOpu migBUIyE MOPO3OCTIUKICT, OETOHY Ta Ha
30..35% 3HMKYy€E HOTO CTUPaHICTh. J[ucrepcHO-apMOBaHi OSTOHM HE3AJICKHO Bij
KUIBKOCT1 MpPHUCKOpIOBavya TBEPAIHHS MaroTh Mopo3ocTiiikicte F200 mo €
noctratiiMm piBHeM 3rigHo JCTY 8858:2019. Ilpu BBemeHHI NpuUCKOprOBava
TBEPAIHHS 3a YMOBH BIJCYTHOCTI JUCHEPCHOTO apMyBAaHHS MOPO30CTIHKICTb
Marepially 3HMKY€EThCSI B CEpeIHbOMY Ha 50 IIUKIIIB @ CTUPAHICTh M1JBUIIYETHCS
ma 0,04 r/cm? HesanexHo Big KUIBKOCTI IIPHCKOPIOBAadYa TBEPIiHHS
MoudikoBani cynepruiactudikaropom MasterGlenium SKY 608 ¢idopobeTonu 3
KinpKicTO cranesoi  (iOpm  Big 40 Kr/M®  XapakTEpU3YIOTbCS BHCOKOIO
MOpO30CTiiiKicTIO i 3H0COCTIHKIicTIO (G < 0,25 r/cM?), 110 3a0e3medye JOCTaTHIO
JIOBTOBIUHICTh MaTepiaiy JJis BIAIITYBAHHS Ta PEMOHTY >KOPCTKUX JTOPOXKHIX 1

aepOoJIPOMHHUX MTOKPHUTTIB.



3a paxyHOK BUKOPHCTaHHS palllOHaJbHOI KUIBKOCTI cTaneBoi ¢idpu 1
MPHUCKOPIOBaYa TBEP/IHHA ycaaka 0eToHIB 3HKyeThes Ha 18..20%. Ilicus 7 16
TBEPJIIHHS Y MOBITPSIHO-CYXUX yMOBax ycajika ¢iOpoOETOHY 3 MPUCKOPIOBaYEM
cranoBuTh 1,29%10%, a Geromy Oe3 ¢ibpu i mpuckoproBada — 1,60x10%,
I'panuuna ycagka GeToHIB cknagae He Oinbie €~2,5%x10™ (0,25 mm/m). Takox
TUCTIEPCHE apMyBaHHS TMIABHUINYE anare3ir0 OETOHIB J0 OCHOBH TIPH iX
BMKOPHCTaHHi sk peMoHTHUX. [Ipu BBenenHi 50 kr/m® Gpibpu aaresiiina MinHicTh
migBumyerbes Ha 7..9%, npu Bukopuctanni 100 kr/m® — ma 11..15%. Ilpu
BUKOPUCTaHHI MPUCKOPIOBaYa TBEPJIHHA ajre3iiiHa MIIHICTh O€TOHIB 1
¢b16pobeToHiB 3HMKYEThCS Ha 5..10%, 110 MOSICHIOETHCS 3HWKEHHSIM MIITHOCTI
Marepiajly y MPOEKTHOMY Billl. MakcuManabHa BHU3HAY€HA METOJIOM BIJIPUBY
aaresiiiHa MIIHICTh (1OPOOETOHIB O€3 BUKOPHUCTaHHS IPYHTOBKH CKjiagae 2,8
Mlla, npu 06po611 moBEpXHI KOHTAKTY rpyHTOBKOIO I3OI'PYHT — 3 Ml]a.

[TokazaHno, 110 po3pobieni moaudikoBaHi (iOpoOETOHU BIANOBIAAIOTH YCIM
OCHOBHMM BHMOTAaM JI0 MaTepiajiB JJig BJAIITYBAHHA 1 PEMOHTY >KOPCTKHUX
JOPOXKHIX Ta aepoJPOMHUX TMOKPHUTTIB. 3aCTOCYBaHHA Takux (pi10poOEeTOHIB
JI03BOJISIE IIBUAKO BIIKpUBATH a00 BIIHOBIIOBAaTH PyX Ta 3a0e3medye sKICHY
CHUIBHY POOOTY PEMOHTHOTO MaTepially 3 OCHOBOIO.

11’samuti po30in MPUCBSYEHO BIPOBAIHKEHHIO PE3yJIbTATIB JOCTIIKECHb.

Buxopucranns komriuiekcy otpumanux EC-moneneit 1 3 BpaxyBaHHIM
cobOiBapTOCTI Ta aaresii A0 cTaporo OETOHY OOpaHO ONTHUMAJIbHI CKJIaJIU
¢G16pobeToHIB  Ayis TVIMOMHHOTO PEMOHTY Ta BIAIITYBAHHS JOPOXKHIX 1
aepopOMHUX MOKPUTTIB. OOpaHi ckitain 3a0€3MeUyI0Th BUCOKY PAHHIO MIIIHICTh
Ta HEOOX1/Hy JIOBFOBIYHICTh B TUIIOBUX YMOBax eKcIutyaTalli. BigzHaueHo, mo
onTUMabHUK ckian (HidpobeToHHol cymimn 1 GiOpoObeToHy Ha 1i OCHOBI IS
PEMOHTY TIOKPUTTS MOXK€ OyTH BHW3HAYEHO JIUIIC IICIS KOMIIJICKCHOTO
00CTEe)XEHHSI PEMOHTHOI AUITHKM. Ha OCHOBI OTpUMaHUX JaHWUX 1 MICHEBHUX
OymiBeNIbHUX HOPM, CKJIaJd PEMOHTHUX cranediOpoOeToHIB  OyayTh

KOPEKTYBAaTUCh B 3aJIEKHOCTI BiJl BUMOT IPOEKTY HA PEMOHTHO-B1IHOBIIOBAJIbHI



poOotu. [[ns BHamTyBaHHS dKOPCTKUX MOKPUTTIB O€3 BUCYBaHHS BUMOT IIOJI0
OUTBIII TIBUAKOTO BBEJACHHA B CKCINTyaTamil0 PEKOMEHIOBAHO CKJIAJH
¢b16pobeToHIB O€3 MPUCKOPIOBaYa TBEPAIHHS.

3a pesyapTaTaMu JOCHIKEHb po3po0ieHo «PermameHT 3 TexHOJIOTI
MPUTOTYBAaHHS 1 3aCTOCYBaHHS HIBHJIKOTBEpAitouoro craiediopoberony mis
NIMOMHHOTO PEMOHTY KOPCTKUX TOKPUTTIB aBTOAOPIT 1 aepoapOMiB», SKUU
3atBepmkeHuil y TOB «BAYTEX-VYkpaina». Takox pe3ynbraTu AOCTIIKEHBb
BUKOPUCTOBYIOTBCS B OCBITHROMY Tipolieci OJechbkoi JepkaBHOI akajaemii
OyaIBHUIITBA Ta apXiTeKTypd TMpPH MIATOTOBII MAariCTpiB 3a OCBITHBOIO
MpOrpamoro «ABTOMOOUIBHI JOTOPHU Ta aEPOIPOMI.

KuarouoBi cioBa: 10poXHE NOKPUTTS, a€pPOAPOMHE MOKPUTTS, PEMOHT,
BIIHOBJICHHSI, BJIAIITYBAaHHS, CYINEpIIacTU(IKATOpP, NPUCKOPIOBAY TBEPAIHHS,

crajeBa (pidpa, paHHS MIITHICTh, are3is, CTUPAHICTh.



ABSTRACT
Kryzhanovskyi V.O. Modified concretes and fiber concretes for rigid
highway and airfield pavements construction and repair.
PhD thesis. Specialty 192 — Construction and civil engineering — Odessa

State Academy of Civil Engineering and Architecture. — Odessa, 2022.

In the introduction, the choice and relevance of the research subject are
substantiated. Connection of work with scientific programs, plans and themes is
shown. The purpose of the work and research objectives are formulated, research
methods are described, the provisions of scientific novelty and practical
significance of the obtained results are given.

In the first section, the experience of using concrete and fiber-reinforced
concrete for the highway and airfield pavements construction and repair was
analyzed. It is shown that rigid pavements are actively used in the USA, Europe,
China and other countries. In Ukraine until 2040 it is planned to increase part of
the rigid road pavements up to 30%. The advantages of concrete pavements are
their resistance to rutting, high flexural strength and frost resistance with low
abrasion resistance.

The main defects and damages of rigid highway and airfield pavements and
their causes are described. It is shown that high-early strength concretes and fiber-
reinforced concretes, in particular with steel fibers, are used as a repair material
for rigid pavements. The features of the mixtures and properties of concretes and
fiber-reinforced concretes for the rigid highway and airfield pavements repair are
analyzed. The experience of using modifiers and dispersed reinforcement in high-
early strength concrete for highway pavements is described.

The working hypothesis of the research is formulated. The most effective
methods for achieving high early strength along with high abrasion resistance,
crack resistance and frost resistance of concrete for the rigid pavements repair and

construction is the use of modern superplasticizers, hardening accelerators and



fiber reinforcement. Also, due to the rational design of the concrete mixtures with
a combination of modifiers and fiber reinforcement, it is possible to reduce the
shrinkage of the material, which will positively affect its adhesion. The concrete
durability for the highway and airfield pavements construction must be ensured
taking into account the operating conditions. For repair materials, durability must
meet certain reasonable criteria. According to the regulatory documents of most
countries, it is sufficient that the repair material has a service life of 4-5 years. At
the same time, the indicators of early compressive and flexural strength are
regulated by each contractor and customer separately, but they must acquire
values that will not be less than the design requirements for the existing «old»
road surface.

Based on the working hypothesis and based on the analysis of the technical
literature, the work objective was formulated: the development of high-strength
fast-setting concretes for the highway and airfield rigid pavements repair and
construction with guaranteed durability through the application of steel anchor
fiber, superplasticizer and hardening accelerator.

The second section presents characteristics of the research materials, the
methodology and scheme for conducting research. At the first stage, a comparison
of the concrete properties on different cement types was carried out. At the second
stage of the work, exploratory studies of the physical and mechanical
characteristics of fiber-reinforced concrete with polypropylene fiber were carried
out. At the third stage, based on the optimal concrete mixtures using cements
CEM 1I/A-S 42,5 and CEM IV/A(P) 42,5 R-SR, the effect of the superplasticizer
MasterGlenium SKY 608 amount on the structure, physical and mechanical
concrete properties was studied. At the fourth stage, the influence of metakaolin
on the strength, frost resistance, abrasion resistance and shrinkage of concrete was
studied. The fifth stage is devoted to the study of the fiber-reinforced concrete

properties for the rigid highway and airfield pavements repair and construction.



The sixth stage is the application into production of repair steel fiber reinforced
concrete compositions with high early strength.

The third section contains the results of the first four stages of work and is
devoted to the development of concrete compositions and study of the high
performance concrete properties for rigid pavements repair and construction.

As a result of comparing the concrete properties on different cement types
(CEM | 32.5 R/ISR, CEM II/A-P 425, CEM IV/A(P) 42.5 R-SR, CEM II/A-S
42.5), concretes based on CEM II/A-P 42.5 and CEM I1/A-S 42.5 provide better
early strength, which is important for highway and airfield pavements. Taking
into account the situation on the Ukrainian market, CEM I1/A-S 42.5 was chosen
as the main binder.

The conducted studies of fiber-reinforced concrete properties with
polypropylene fiber showed the limited effectiveness of this fiber in concrete for
the rigid pavements construction and repair.

The influence of the polycarboxylate type superplasticizer MasterGlenium
SKY 608 on the strength and structure of concretes based on cements CEM II/A-
S 42.5 and CEM IV/A(P) 42.5 R-SR was studied. It has been established that for
concretes on both cement types, the amount of admixture 1,2% by weight of the
binder is rational. Concrete with grade strength of 85,6 MPa and strength at the
age of 3 days 64,1 MPa was obtained based on Portland cement CEM I1/A-S 42.5.
Concrete with a strength of 64,1 MPa and a strength of 37,0 MPa at the age of 3
days was obtained on the basis of CEM IV/A(P) 42.5 R-SR cement. X-ray phase
analysis confirmed the positive effect of the polycarboxylate admixture in the
structure formation of concrete.

The effect of the active mineral admixture metakaolin on the concrete
properties modified with the MasterGlenium SKY 608 admixture for the highway
and airfield pavements construction and repair was studied. It has been established
that the cement replacement up to 30 kg/m?® with metakaolin does not improve the
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resistance of concrete does not change, strength decreases. The shrinkage of
concretes with metakaolin increases due to the increase in the W/C of mixture. It
Is shown that, taking into account the cost of metakaolin in the Ukrainian market
today, it is impossible to recognize the rational use of this additional component
in concrete for rigid highway and airfield pavements. But with the tightening of
environmental requirements for the carbon footprint in our country, as well as in
the event of a significant increase in the cost of energy consumed for the clinker
production, the use of pozzolanic active mineral admixtures in concrete
pavements will be more appropriate.

The fourth section is devoted to the study of the fiber-reinforced concrete
properties for full-depth repair and construction of rigid highway and airfield
pavements (fifth stage of work). According to the optimal plan, a 2-factor
experiment was carried out, with the following varied factors:

X; — amount of hardening accelerator admixture Sika Rapid 3, from 0 to
2,4% by cement content (from 0 to 9,6 kg/m®);

X, —amount of steel anchor fiber with a diameter of 1 mm and a length of
50 mm, from 0 to 100 kg/m?.

Superplasticizer MasterGlenium SKY 608 was introduced into the
composition of all concretes in the amount of 1,2% of the cement content.

It has been established that the amount of hardening accelerator does not
significantly affect the W/C of equal workability mixtures (S2), and the
application of fiber requires an increase in W/C to maintain the required
workability. Due to the use of a rational superplasticizer amount, the W/C of all
studied mixtures was in the range from 0,309 to 0,343.

The use of the hardening accelerator significantly increases early
compressive and flexural concrete strength. At the age of 2 days, due to the use
of Sika Rapid 3 admixture in the amount of 1,8-2,4%, concrete compressive
strength increases by 9 MPa or more, flexural strength by 0,6..0,7 MPa. At age of
28 days, concrete and fiber-reinforced concrete with the hardening accelerator are



characterized by a slightly lower strength compared to similar compositions
without the addition of Sika Rapid 3.

Due to the use of steel anchor fiber, the early concrete compressive strength
increases by 3..5 MPa, the design compressive strength — by 7..10 MPa. Most
significantly, fiber reinforcement increases concrete flexural strength — from
5,6..6,1 MPato 8,5..9,3 MPa at the age of 2 days and from 7..8,5 MPato 15,5..17,5
MPa at the age of 28 days. Fiber-reinforced concrete with the amount of hardening
accelerator from 1,4% and fibers from 50 kg/m?® at the age of 2 days have a
compressive strength of at least 55 MPa. Using the maximum amount of fiber
reinforcement and Sika Rapid 3 admixture, the early strength of fiber-reinforced
concrete is at least 60 MPa, which makes it possible to start operation for almost
all types of highway and airfield pavements.

The use of steel fiber increases the frost resistance of concrete and reduces
its abrasion by 30..35%. Fiber-reinforced concrete, regardless of the hardening
accelerator amount, has frost resistance F200, which is a sufficient level according
to DSTU 8858:2019. Using the hardening accelerator in the absence of fiber
reinforcement, the frost resistance of the material decreases by an average of 50
cycles, and the abrasion increases by 0,04 g/cm?. Regardless of the hardening
accelerator amount, fibrous concretes modified with MasterGlenium SKY 608
superplasticizer with a quantity of steel fibers from 40 kg/m? are characterized by
high frost resistance and wear resistance (G < 0,25 g/cm?), providing sufficient
durability of the material for rigid highway and airfield pavements construction
and repair.

Due to the use of a rational amount of steel fiber and a hardening accelerator,
concrete shrinkage is reduced by 18..20%. After 7 days of hardening in air-dry
conditions, the shrinkage of fiber-reinforced concrete with an accelerator is
1,29x10*, and concrete without fibers and an accelerator is 1,60x10. Maximum
shrinkage of concrete is not more than e~2,5x10* (0,25 mm/m). Also, fiber
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material. When using 50 kg/m? of fiber, the adhesive strength increases by 7..9%,
when using 100 kg/m? — by 11..15%. Using of the hardening accelerator reduces
the concrete and fiber-reinforced concrete adhesive strength by 5..10%, which is
explained by a decrease in the strength of the material at the design age. The
maximum adhesive strength of fiber-reinforced concrete determined by the pull-
off method without the application of a primer is 2,8 MPa, when the contact
surface is treated with an ISOGRUNT primer — 3 MPa.

It is shown that the developed modified fiber-reinforced concretes meet all
the basic requirements for materials for the rigid highway and airfield pavement
construction and repair. The use of such fiber-reinforced concrete allows to
quickly open or restore traffic movement and ensures high-quality joint operation
of the repair material with the base.

The fifth section is devoted to the implementation of research results.

Using a set of obtained ES-models and taking into account the cost and
adhesion to old concrete, the optimal compositions of fiber-reinforced concrete
for rigid highway and airfield pavements full depth repair and construction were
selected. Selected mixtures provide high early strength and required durability in
service life. It is noted that the optimal fiber-reinforced concrete mixture and
fiber-reinforced concrete based on it for the pavement repair can be determined
only after a comprehensive inspection of the repair site. Based on the obtained
data and local building codes, the compositions of the repair steel fiber concrete
will be adjusted depending on the requirements of the project for repair and
restoration work. For the rigid pavements construction without special
requirements for quick commissioning, fiber-reinforced concrete compositions
without a hardening accelerator are recommended.

Based on the research results, the «Regulations on the technology of
preparation and use of fast-hardening steel fiber reinforced concrete for rigid
highway and airfield pavements full-depth repair» was developed, approved by
LTD «BAUTECH-Ukraine». Also, the research results are used in the educational



process of the Odessa State Academy of Civil Engineering and Architecture in
the preparation of master student in the educational program «Highways and
airfields».

Key words: highway pavement, airfield pavement, repair, rehabilitation,
construction, superplasticizer, hardening accelerator, steel fiber, early strength,
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