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Huceptamiitna po6oTa MpPUCBAYEHA BHPIIMIEHHIO 3aBJaHHS OJIEpKaHHS
BUCOKOMIITHUX OETOHIB 3 MIIBUIIECHOI YIApHOIO B’SI3KICTIO Uil MPOMHCIOBHUX ITiIIOT
IUIIXOM ~ CHUCTEMHOIO  MOAM(IKYBaHHS  MOPTIAHALEMEHTY  HOJAUCIEPCHUMHU
MIHEpaTbHUMU KOMIIOHEHTAMU y MO€HAHHI 3 BUCOKOE(DEKTUBHUMU
MOTIKAapOOKCUJIATHUMH ~ CymepIUiacTUdikartopaMyd JiUIsi TOKpAIlleHHs 1X MIKpo- Ta
ME30CTPYKTYPH, a TAKOXK apMyBaHHS! TUCIIEPCHUMHU HOJIIIPOIIEHOBUMH BOJIOKHAMU, 110
3a0e3neuye  TPUBUMIpPHE  3MIIHEHHS  CTPYKTypd JUIi  KOHTPOJIO  MpoIlecy
TPIIMHOYTBOPEHHS Ta aKyMYJIFOBaHHS €HEPTii TMHAMIYHUX BIUIMBIB.

VY nepwomy po30ini Ha OCHOBI aHAJITUYHOTO OTJISAY JIITEPATypPHUX JIKEpel
IPOAHAII30BaHO Cy4YacHI TEHCHI[T BIATYBAaHHS MPOMHUCIOBUX MIJJIOT 3 MO3UIIIN
3a0e3IeUeHHs iX JAOBTOBIYHOCTI Ta HAJIMHOCTI pOOOTH B €KCTPEMAJbHUX YMOBax
excruryartaunii. I[lokazaHo, 110 MIABUILEHHS TEPMIHY €()EKTUBHOTO BUKOPHUCTAHHS
OCTOHHMX OCHOB Ta 3a0e3MEeYeHHS Pecypco30EpekeHHs MPU iX BUTOTOBJICHHI
OB’ A3aH1 3 BIIPOBA/KEHHAM Y iX KOHCTPYKI[1}0O BUCOKOMIITHUX OETOHIB.

PosrnsiHyTO Ta mpoaHanizoBaHO CydyacHi TEHACHII OTpUMaHHsA OETOHIB 3
pEeriaMeHTOBAaHMMHU  CKCIUTyaTallifHUMH — ToKa3HuKamu.  [lokazaHo, 1m0
3a0€3IeUeHHs] BUCOKHX MOKA3HUKIB MIIHOCTI MOX€E OyTH peai3oBaHe 3a paxXyHOK
onTUMIi3aIli TPaHYJIOMETPUYHOTO CKJIaJay OCHOBHHUX KOMIIOHEHTIB CyMIIIeH i3
3a0€3MeUYeHHSIM IUIBHOTO yrnakyBaHHA. OOTrpyHTOBaHO 3aCTOCYBaHHS aKTHBHUX
MIHEpaJIbHUX  J100aBOK, B  T.4. HAHOMETPUYHOI  JIUCIIEPCHOCTI,  Ta
cynepriacTudikaTopiB TMOJIKAPOOKCUIATHOTO THUITY B HAMPSAMKY OJIEpKaHHS
[EMEHTYIOYO01 MaTpHIli JOBIOBIYHUX BUCOKOMIITHUX OETOHIB. 3BEpPHYTO yBary, IO
BIIPOBA/PKEHHSI BUCOKOMIITHMX OETOHIB CYMPOBOKYETHCS MPOOJIEMOIO TiIBULIICHHS

iX KPUXKOCTI, 3HM>KEHHSI TPIIMHOCTIMKOCTI Ta CTIMKOCTI 10 yIapHUX HABAHTAKEHb.



Po3rnsinyTo 0coOaMBOCTI BIUIMBY yJApPHUX HABAHTAXEHb T4 MPOAHATI30BAHO METOIH
MBUIIIEHHS CTIMKOCT1 O€TOHIB y TAKUX YMOBaX.

AHaJi3 TaHuX y 00J1acTi TEXHOJIOT1i BUCOKOMIIIHMX OCTOHIB, a TAKOXK BIJIOMUX
3aKOHOMIpHOCTEH (OpMyBaHHS CTPYKTYpH KOMITO3UTIB 13 33JaHUMH BJIACTUBOCTSIMH
JI03BOJISIE BUCYHYTH HAyKOBY TIMOTE3Y MPO AOUUIBHICTh PO3POOICHHS BUCOKOMIITHUX
OETOHIB 3 MIABHUIICHOIO YAapHOIO B’S3KICTIO 32 paxyHOK MOJu(IKyBaHHS OpraHo-
MIHEpaJIbHUMHU J00aBKaMU 3 ONTHUMI30BAHUM 3alIOBHEHHSIM CUCTEMH Ta apMyBaHHS
HU3BKOMOJIYJIbHUMHU JIUCIIEPCHUMHU BOJIOKHAMM 13 3a0€3MEYEHHSIM HaIpaBJICHOIO
CTPYKTYPOYTBOPEHHS ~ IIEMEHTHOI  MaTpuii 3  (GOPMyBaHHSIM  OIHOPITHOL
JIp1OHOKPHUCTATIYHOI MaoJe(EeKTHOI CTPYKTypU OETOHY, TPUBUMIPHOTO 3MIIIHEHHSI
MOJINpoNniieHOBOK0  (piOporo, 10 3yMOBIIOE 3MIHY YMOB 1 €HEPIreTHKHU
TPIIMHOYTBOPEHHS.

Y Opyzomy po30ini omucaHO METOJUKY NPOBEICHHS E€KCIEPUMEHTAIBHUX
JOCIII/I)KEHb Ta OXapaKTEepU30BaHO BUKOPHUCTaH1 MaTepianu. [IpencraBieHo ¢pi3uko-
MEXaHI4Hl BJIACTUBOCTI Ta TPAHYJIOMETPUYHUM CKAaAM TOPTIAHIUEMEHTY
[II{ I-500P-H. HaBeneno xapakTepUCTHKY Ta XIMIYHUW CKJaJ MiHEPAIbHUX
100aBOK, 30KpeMa 30JIM-BUHECEHHS, METAKAOJIIHY, MIKPOKPEMHE3EMY Ta aepOCHITY
A380, a Takox cynepruiactudikaTopa MnojikapOoKcwiatHoro Tuny. Hanano
XapakTepUCTUKy ApiOHMX Ta KpPYIHOIO 3amoBHIOBaudiB A0 Oerony. IIpoBeneno
MOPIBHAHHS BJIACTUBOCTEM NHUCHEPCHOI apMaTypd — MOJIMPOIJICHOBOI Ta
0a3zanpToBOi. [loKa3zaHO, 110 BHU3HAYEHHS TEXHOJOTIYHHUX, (PI3UKO-MEXaHIYHUX 1
OyIiBEJIbHO-TEXHIYHUX  BJIACTUBOCTEM  BHCOKOMIIHUX  JUCIEPCHO-APMOBAHUX
IH)KEHEpHHUX IIEMEHTYIOUUX KOMIIO3HMTIB Ta OCTOHIB MPOBEACHO 3TITHO 3 JTIHOYMMHU
HOPMAaTUBHUMHU  JTOKYMEHTAaMH 1 3arajJbHONPUHAHATAMH  MeTonuKamu. [l
JOCITKEHHS POIIECiB CTPYKTYpOYTBOPEHHS B Mo (iKOBaHUX
NOPTIAHIUEMEHTHUX MAaTPUISIX BUCOKOMIIIHUX JUCIEPCHO-apMOBAHUX KOMIIO3MTIB
BUKOPUCTAHO Cy4YacHI MeToau  (I3UKO-XIMIYHOTO aHami3dy (pEeHTTeHIBCbKY
audpaKTOMETPiro, PaCTPOBY €ACKTPOHHY MIKPOCKOIIIO Ta iH.).

Y  mpemwvomy po30ini  JOCHIIXKEHO BIUIMB MIHEPAIBHUX J00ABOK,
cynepruiactudikaropa, aucnepcHoi ¢GiOpu Ha BJIACTUBOCTI MOPTIIAHAILIEMEHTHHUX

CUCTEM, PO3pOOJIEHO CKIIAU 1HKCHEPHUX IIEMEHTYIOUUX KOMMO3UTIB. BeTaHoBeHo,



0 BBEJEHHS BHCOKOIMCIIEPCHUX MiHepalbHHX 100aBOK (Sym > 1000 m2/kr)
3abe3neuye T IBUATIIEHHS BOJOYTPUMYBAIIbHO1 3IaTHOCTI, 3pOCTaHHS
CHUJIEMEHTAIIIHHOT CTIMKOCTI Ta 3HWKEHHS AchopMalliif yCaJKu B MOBITPSHO-CYXHX
yMOBax TBepAaHEHHS. J[OCTHiHKEHHSIMHU MYIIOJIAHOBUX BJIACTUBOCTEH MiHEPATbHUX
nob0aBok 3a Metoaukoro 3rigHo 3 EN-450 BcraHoBiIeHO, IO iX AKTHUBHICTH
MABUILYETHCS 13 3pOCTAHHAM MTUTOMOT MOBEpXH1. Tak, akTUBHICTh 30JIM-BUHECCHHS 3a
IOKAa3HUKAaMH MIIIHOCTI Ha CTUCK CTaHOBUTH Kiyps™=0,79, ToAl 5K 111 MeTakaoiHy
Ta MikpokpemHezemy — 0,92 ta 1,07 BiamoBigHo. 3a MOKa3HUKAMHU MIITHOCTI Ha 3TUH
KOE(QILIEHT MMyLI0IaHOBOCTI CTaHOBUTH Kyips*= 0,80; 0,88; 0,89 BinnosiiHO 115 30101~
BUHECEHHSI, METAKAOJIIHY Ta MIKPOKPEMHE3EMY .

MeTonoM MaTeMaTUYHOTO IIJIaHYBaHHS EKCIIEPUMEHTY 3 BpaxyBaHHSIM
MPUHIUIIB MIKPOMEXaHIKM BHU3HAYEHO ONTHUMAJbHE CIIBBIIHOLIEHHS LEMEHT:30J1a-
BuHeceHHA.micok=0,8:1,2:1 3 MeTor0 OTpUMaHHA MaKCHUMaJIbHOI MIITHOCTI Ha PO3TAT
mpu 3ruHi. [lokazaHo, MO0 YacTKOBA 3amiHa 30JM-BUHECCHHS YJIbTPATUCIICPCHUMHU
MIHEpaJIbHUMU 100aBKaMHU 3 IT1IBUILIEHOIO TOBEPXHEBOIO EHEPTIEI0 Y CKIAAl B SHKYUO1
CUCTEMH, BUKOPUCTAHHS TOJIKApOOKCUIIATHOTO CcymnepruiacTudikaTtopa, a TaKOX
apMyBaHHS CTPYKTYpPH 1H)KEHEPHHUX KOMITO3UTIB JUCIICPCHUMU MOJIMPOMNIJIEHOBUMU
BOJIOKHAMH B ONTUMAJIbHIN KIJIBKOCTI CIIPHUSIOTH MIABUIIEHHIO MIITHOCTI Ha CTUCK Ha
25-28 %, Ha 3ruH — Ha 20-22 % moOpiBHAHO 3 KOMIIO3UTAMH HAa OCHOBI OiHApHOI
B’SOKYy4Oi CHUCTEMH TOPTJIaHALIEMEHT:30/1a-BUHECEeHHs. Po3pobiieHi nucnepcHo-
apMOBaH1 1H)XCHEPHI IIEMEHTYIOUl KOMIIO3UTH XapaKTePU3YIOThCS MPOEKTHOIO
MiLHICTIO Ha cTHck 83,3 MIIa, minHicTio Ha po3Tar npu 3ruHi — 19,7 MIla, kpuTuuHum
KOe(DIIIEHTOM 1HTEHCUBHOCTI HAIPYy>K€Hb IPU HEPIBHOBAKHUX BHUIPOOYBAHHSIX
1,58 MIla/m°®®, nedopmanismu ycagku 0,14 Mm/m.

JlocniKeHHSIMA  BIUIMBY TEXHOJIOTIUHUX (AKTOpIB Ha yJIapHy B’S3KICTh
IIEMEHTHOI MAaTpHIll MOKa3aHo, IO yAapHa B’S3KICTh 3poctae Ha 8,5-12,9 % mpu
BBEJCHHI MiHEpaJIbHUX J00aBOK. EKcnepuMeHTalbHO MiATBEPKEHO, 10 TIpHU
BUKOPHUCTaHHI JucnepcHoi GpiOpu BiIOYBAETHCS CYTTEBE 3POCTAHHS YJAPHOI MIITHOCTI
MOPTIAHAIIEMETHHUX cucTeM B 8—10 pa3, mpu 11b0My 3HAYEHHS yJIapHOI MIITHOCTI
3pa3KiB 3 MOJINpoIuIeHOBoW (Gioporo Buii Ha 12,7-30,4 % mopiBHSHO 13 3pa3Kkamu,

apMOBaHMMH 0a3aJIbTOBOIO (hiOPOIO.



Kommiekcom mMeTofiB (Pi3UKO-XIMIYHOTO aHali3y BCTAHOBIIEHO OCOOJIMBOCTI
MPOLIECIB CTPYKTYPOYTBOPEHHS, (POPMYBaHHSI MIKPOCTPYKTYPH Ta CHHTE3y MILIHOCTI
[IEMEHTHOTO KaMEHIO Ha OCHOBI MOPTJIAHALIEMEHTY, MOJIU(PIKOBAHOTO KOMILJIEKCHOIO
orpraHo-MiHepayibHOI0 J00aBko. CTymiHb Tifpatarii amiToBoi a3y KIiHKEPHOI
cknanoBoi nopianauementy 1 1-500 yepe3 1 100y TBepnuenns cknagae 37,1 %, a
g MoaudikoBaHoro moptiaHauementy — 46,1 %. MoaudikyBaHHa ynbTpa- Ta
HAHOJIMCIIEPCHUMHU MIHEpaJbHUMH J00aBKaMH CHpUA€ TMPUCKOPEHHIO MPOLECIB
T1ApoJIi3y amiToBO1 a3y 3 BIAMOBIIHUM YIIUIBHEHHSM MIKPOCTPYKTYPH IIEMEHTHOTO
KaMEHIO 3a paxyHOK YTBOPEHHS BOJIOKHHCTHX TIAPOCHIIKATIB Yy HEKIIHKEPHIN
YaCTUHI, IO 3MIIHIOE MAaTPUII0 Ha MIKPO- Ta HAHOPIBHI 3 peaji3alli€lo sBUIla
«CaMOapMyBaHHS».

Y uemseepmomy po30ini TpOBEACHO ONTUMI3AIIIO0 IPAHYJIOMETPUUHOIO CKIIaay
KOMIIOHEHTIB BHCOKOMILHUX JHCIEPCHO-apMOBAaHUX OETOHIB ISl OTPUMAaHHS
e(eKTUBHOrO yrnakyBaHHS. IIpu TpoeKTyBaHHI CKJIaay BUCOKOMIIHOTO O€TOHY,
apMOBAaHOTO MOJIIPONUIEHOBOIO (h10pOI0, KIacy 3a pyXOMICTIO O€TOHHOI cymimni P4
BUKOHAHO €KCIEPUMEHTAIbHO-CTATUCTUYHE MOJEIIOBAHHS METOJOM OPTOTOHAJIBHO-
LHEHTPAIBHOIO KOMIIO3MIIIHHOTO IUIAHYBaHHSA 3 ONTUMIZALEI0 PELenTypHUX
(axTopis — Burpatn noprnanaumenty 1L I-500P-H (X; = 300; 350; 400 xr/m®) Ta
KiJbKOCTI noJtinpormnisieHoBoi ¢iopu (X2 = 0,0; 1,0; 2,0 %). MinnicTs MoaH(iIKOBaHUX
OeToHiB yepe3 28 mi06 TBepaHeHHs 3pocTtae Bixg 61,7 MIla no 98,4 Mlla npu 3MiHi
daxTopa Xi (dpaktop X, 3HaxoauThcs Ha piBHI «0»). lokazaHo, 1O KOMIUIEKCHE
MoAU(IKYBaHHS MOPTIAHALEMEHTY 3a0e3leuye OTpUMaHHS BUCOKOMILHUX OETOHIB
kiacy 3a MinnicTio C50/67—C60/75 npu BuTpati nmopmiananeMenty 350—400 kr Ha
1 m® GeToHHOI cyminn. BcTaHOBIEHO, IO MILHICTh HA 3rMH OETOHIB 3pocTac Ha 42—
50 % npu 301IbIIEHH] CTYIIEHS IUCIIepcHOro apMyBaHHs 110 2,0 %.

beronni cymimi Mapku 3a pyxoMmicTio P4 po3poOiieHux  OGeToHIB
XapaKTepU3IOThCS CEAUMEHTAIIMHOI CTIMKICTIO — TIOKa3HUK BOJOBIIIICHHS
ctaHoButh 0,2 %, poszunnoBimauienHs — 0,5 %, a iOpobGeronn Ha iX OCHOBI —
MIBUIIEHOI0 TIUTBHICTIO (BomomornuHanHg Wmn=1,9-2,1%, Bimkputa MOPHUCTICTH

[18=4,5-4,9 %, nokasHuK KanijaspHoro 3poctanas SI= 0,37 mm-ron®®).



KommniekcHe MoauikyBaHHS Ta AUCIIECHE apMyBaHHS MOJINPOIMLIEHOBOIO
¢Gi06poro 3abe3nedye OTPUMaHHS BHCOKOMILIHUX OETOHIB, HI0 XapaKTePU3YIOTHCS
MIIHICTIO Ha cTrck 87,1-96,8 MIla, minHicTIO Ha po3Tsr mipu 3ruHi — 9,8-11,2 MlIla,
MMOKa3HUKOM MTUTOMOI BUTPATH MOPTIAHAIIEMEHTY Ha OJUHUITIO TPOCKTHOI MIITHOCTI —
4,0-4,5 xr/MIla. ITutoma MIIHICTE po3poOieHUXx MoaudikoBaHUX (HiOPOOETOHIB
fem2/femzs cTanoBuTh 0,50—0,51, M0 BiAMOBITAE BUMOTaM OO IMBHIKOTBEPIHYUNX.
Ynapra B'S3KICTh pO3pOOJEHUX BHCOKOMIIIHUX JWCIIEPCHO-apPMOBAHUX OETOHIB 3a
MOKa3HUKOM TIMTOMOI €HEprii mpH TMOsABI NepIIoi TPINIMHU CTaHOBUTH 33,4—
44,1 Ix/cm® Ta 61,7-80,3 [Ix/cM® npu moBHOMY pyliHYyBaHHI. YjgapHa CTIHKiCTh
MOAM(DIKOBAaHUX JHCIIEpCHO-apMoBaHuX OeroHiB 3rigHo 3 JICTY b B.2.7-57-96
ctaHoBuTh 20 kr. MINHICTF Ha CTHCK po3pobiieHux OeToHiB uepe3 100 mukiiB
MOTIEPEMIHHOTO 3BOJIOKEHHSI BUCYITyBaHHS 3HIKyeThest Ha 1,9-3,0 %, a ymapna
B's13KicTh — Ha 3,1-5,4 %, 1110 CBIAYMTH PO 1X IMIJIBUIICHY CTIHKICTh B yMOBaX CyMICHOT
111 30BHIIIHIX BIUIMBIB. /J[MHaMiuHa MoBepxHEBa TBEPIICTh (eHepris yaapy 1,8 JIx)
MOIM(PIKOBAaHMX BUCOKOMIIIHMX O€TOHIB 3poctae B 1,5—1,7 pa3u 3ajie)kHO BiJ BiKy
TBEPHEHHS TOPIBHSIHO 3 OETOHOM KOHTPOJIBHOTO CKJIAIy.

Mopynb npyxHOCTI (HiOpoapMOBAHOTO BHCOKOMIITHOTO OETOHY 3pOCTa€ Bijl
54,6 no 61,7 I'Tla, a xoediuient [lyaccona 3amxkyetncs Bin 0,19 no 0,17 nopiBHsAHO 13
BUCOKOMIIIHUM OeTtoHOM 0Oe3 ¢ibopu. IIpu3moBa MIIHICTE BHCOKOMIITHOTO O€TOHY
ctaHoBuTh 73,5 MIla, TOII sIK BUCOKOMIITHUX OCTOHIB, apMOBAHHUX TOJIIMTPOTiICHOBOIO
¢bi6poro — 78,6—82,7 MIla. Ilokazano, 1o BBeieHHS (iOpH O BUCOKOMIIIHMX OCTOHIB
cnpusie 3HMKeHHI0 cTupaHocTi Ha 30,4—-34,3 %.

Y n’amomy po30ini TPEACTABICHO pe3yibTaTH JOCIITHO-TIPOMUCIOBOI
anpo0arrii BUCOKOMIITHUX TUCIEPCHO-apMOBAaHUX OETOHIB 3 MiJABUIIECHOIO yAAPHOIO
B’s13KicTIO. Po3po6neni BucokoMinHi ¢ibpodeTtonu BrpoBamkeHi T30B «["aprekcy
npu OETOHYBaHHI MPOMHKCIIOBOI MIAJIOTH B CKJIQJCHKOMY MPUMIIIEHHI HA BYIHIL
byiika, M. JIbBIB, a TaKOX IPH BIAIITYBaHHI EPEKPUTTS PU PEKOHCTPYKIIIT OyaiBii
KoMyHanbHOr0O HEKOMEPIIHHOTO MIANPUEMCTBA «4-Ta MIChbKa KIIIHIYHA JIIKapHS
M. JIbBOBa» 3a ampecoro Byda. Mymaka, 54. IlpeacraBieHa TexXHIKO-€KOHOMIYHA

€(EeKTUBHICTh BUCOKOMILIHUX JUCIIEPCHO-apPMOBAHUX OETOHIB.



Pe3ynbratu ekcriepuMeHTaNbHUX JOCIIIKEHB 1 IPOMHUCIOBOTO BIIPOBAIKEHHS
BUKOPHCTAaHO B HaBYaJbHOMY IMpolieci HamionaneHoro yHiBepcuteTy «JIbBiBChKa
MOJIITEXHIKa» MPH BUKIIAJAaHHI JUCIUILIIHN «|HHOBAIIMHI TEXHOJIOTIi BUTOTOBJICHHS
CyyacHUX OyZIiBeJIbHHX MaTepiaiiB 1 BHpPOOIB» g CTYIEHTIB CHEUialbHOCTI
192 ByaiBHMIITBO Ta ITUBUIbHA THXEHEPIS.

Kiro4oBi cioBa: BUCOKOMILIHMN O€TOH, yJapHa B’S3KICTh, 1H)KEHEPHHI
[EMEHTYIOUYMH  KOMIIO3UT, TMPOMHCIOBA  TMiAJIOTa, JTUCHEPCHE apMyBaHHS,

yIbTpaJMCIIEpCHA MIHEpaJibHA JI00aBKa, EKCILTyaTalliiiH1 BIaCTUBOCTI.
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The dissertation is devoted to solving the problem of obtaining of high-strength
concretes with high impact resistance for industrial floors by systemic modification of
Portland cement with polydisperse mineral components in combination with highly
effective polycarboxylate superplasticizers to improve their micro- and mesostructure,
as well as reinforcement with dispersed polypropylene fibers, which provides three-
dimensional strengthening of the structure to control the process of cracking and
accumulation of energy of dynamic action.

Current trends in the installation of industrial floors from the standpoint of
ensuring their durability and reliability in extreme operating conditions are analyzed in
the first section on the basis of an analytical review of the literature. It is shown that
increasing the term of effective use of concrete foundations and ensuring resource
conservation in their manufacture are associated with the introduction of high strength
concrete in their construction.

The modern tendencies of concrete production with regulated performance are
considered and analyzed. It is shown that the provision of high strength values can be
realized by optimizing the particle size distribution of the main components of mixtures
with the provision of dense packaging. The use of active mineral additives, including
nanometric dispersion component, and polycarboxylate superplasticizers in the
direction of obtaining a cementing matrix of durable high strength concrete. Attention
is drawn to the fact that the introduction of high strength concrete is accompanied by
the problem of increasing their fragility, reducing crack resistance and resistance to
impact loads. The peculiarities of the impact loads are considered and the methods of
increasing the stability of concrete in such conditions are analyzed.

Analysis of data in the field of high-strength concrete technology, as well as
known patterns of formation of composites with needed properties allows to put
forward a scientific hypothesis about the feasibility of developing of high-strength
concrete with high toughness by modifying organo-mineral additives with optimized
filling and reinforcement by low-moudul fibers providing the directed structure
formation of a cement matrix with formation of homogeneous small-crystal low-defect
structure of concrete, three-dimensional strengthening by polypropylene fiber that

causes change of conditions and energy of crack formation.



The second section describes the methodology of experimental research and
describes the characteristic of used materials. Physico-mechanical properties and
granulometric composition of Portland cement CEM | 42.5 N are presented. The
characteristics and chemical composition of mineral additives — fly ash, metakaolin,
microsilica and Aerosil A380, as well as a superplasticizer of polycarboxylate type are
given. The characteristics of sands and course aggregates for concrete are given.
Comparison of the properties of polypropylene and basalt fiber is presented. It is shown
that the determination of technological, physical-mechanical and construction-
technical properties of high strength fiber-reinforced engineered cementitious
composites and concretes is carried out in accordance with current regulations and
generally accepted methods. Modern methods of physicochemical analysis (X-ray
diffractometry, scanning electron microscopy, etc.) were used to study the processes
of structure formation in modified Portland cement matrices of high strength fiber-
reinforced composites.

In the third section the influence of mineral additives, superplasticizer,
dispersed fiber on the properties of Portland cement systems is investigated, the
compositions of Engineered Cementitious Composites are developed. It is established
that the introduction of ultradispersed mineral additives (As > 1000 m?/kg) provides
increased water holding capacity, increased sedimentation resistance and reduced
shrinkage deformation in air-dry curing conditions. Studies of pozzolanic properties of
mineral additives according to the method according to EN-450 found that their activity
increases with increasing specific surface area. Thus, the activity of fly ash in terms of
compressive strength is Kzg. = 0.79, while for metakaolin and microsilica — 0.92 and
1.07, respectively. According to the indicators of flexural strength, the coefficient of
pozzolanicity is Kzg=0.80; 0.88; 0.89 for fly ash, metakaolin and microsilica,
respectively.

The method of mathematical planning of the experiment taking into account
the principles of micromechanics determined the optimal ratio of cement: ash-removal:
sand = 0.8:1.2:1.0 in order to obtain maximum tensile strength in bending. It is shown
that partial replacement of fly ash by ultrafine mineral additives with increased surface

energy in the binder system, the use of polycarboxylate superplasticizer, as well as



reinforcement of engineering composites with dispersed polypropylene fibers in the
optimal amount increase 25 % compressive strength bend — by 20-22 % compared with
composites based on binary binder system Portland cement: fly ash. The developed
fiber-reinforced Engineered Cementitious Composites are characterized by
compressive strength of 83.3 MPa, bending strength - 19.7 MPa, a critical stress
intensity factor in nonequilibrium tests of 1.58 MPa/m®®, shrinkage of 0.14 mm/m.

Studies of the influence of technological factors on the toughness of the cement
matrix have shown that the toughness increases by 8.5-12.9 % with the introduction of
mineral additives. It has been experimentally confirmed that the introduction of
dispersed fiber significantly increases the impact strength of Portland cement systems
by 8-10 times, while the values of impact strength of samples with polypopylene fiber
are 12.7-30.4 % higher compared to samples reinforced with basalt fiber.

The complex of methods of physical and chemical analysis establishes the
peculiarity of structure formation processes, microstructure formation and strength
synthesis of cement paste based on Portland cement, modified with a complex organo-
mineral additive. The degree of hydration of the alite phase of the clinker component
of Portland cement CEM 1 42.5 N after 24 hours is 37.1 %, and for modified Portland
cement — 46.1 %. Modification with ultradispersed mineral additives accelerates the
hydrolysis of the alite phase with a corresponding compaction of the microstructure of
cement paste due to the formation of fibrous hydrosilicates in the non-clinker part,
which strengthens the matrix at the micro- and nanolevel with the realization of the
phenomenon of "self-reinforcement".

In the fourth section the granulometric composition of the components of high
strength fiber-reinforced concrete was optimized to obtain effective packaging. When
designing the composition of high strength concrete reinforced with polypropylene
fiber, the slump class of concrete mixture P4 performed experimental-statistical
modeling by orthogonal-central compositional planning with optimization of
prescription factors — Portland cement CEM | 42.5 consumption (X; = 300; 350;
400 kg/m3) and the amount of polypropylene fiber (X, = 0.0; 1.0; 2.0 %). The
compressive strength of the modified concrete after 28 days increases from 61.7 MPa
to 98.4 MPa when the factor X; changes (factor X is at the level of "0"). It is shown



that the complex modification of Portland cement provides obtaining of high strength
concrete of strength class C50/67—-C60/75 at a consumption of Portland cement of 350—
400 kg per 1 m® of concrete. It is established that the flexural strength of concrete
increases by 42-50 % with increasing the degree of dispersed reinforcement to 2.0 %.

Concrete mixtures of slump class of P4 of developed concretes are
characterized by sedimentation stability — water bleeding rate is 0.2 %, mortar
separation — 0.5 %, and fiber-reinforced concretes based on them — high density (water
absorption Wy, = 1.9-2.1 %, open porosity P, = 4.5-4.9 %, capillary growth rate S| =
0.37 mm ¢ h%®),

Complex modification and disperse reinforcement with polypropylene fiber
provides obtaining of high strength concrete, which characterized by compressive
strength of 87.1-96.8 MPa, flexural strength — 9.8-11.2 MPa, an indicator of the
specific consumption of Portland cement per unit of strength - 4.0-4.5 kg/MPa. The
specific strength of the developed modified fiber-reinforced concretes femo/femos 1S
0.50-0.51, which meets the requirements for rapid hardening concrete. The impact
strength of the developed high-strength fiber-reinforced concretes in terms of specific
energy at the appearance of the first crack is 33.4-44.1 J/cm® and 61.7-80.3 J/cm? at
complete failure. Impact resistance of modified dispersed reinforced concrete in
accordance with DSTU B V.2.7-57-96 is 20 kg. The compressive strength of the
developed concretes after 100 cycles of damping-drying is reduced by 1.9-3.0 %, and
impact resistance - by 3.1-5.4 %, which indicates their increased stability in the
conditions of joint action of external influences. The dynamic surface hardness (impact
energy 1.8 J) of modified high strength concretes increases by 1.5-1.7 times depending
on the age of hardening compared to the concrete of the control composition.

The modulus of elasticity of fiber-reinforced high strength concrete increases
from 54.6 to 61.7 GPa, and the Poisson's ratio decreases from 0.19 to 0.17 compared
to high strength concrete without fiber. The prism strength of high strength concrete is
73.5 MPa, while high strength concrete reinforced with polypropylene fiber is 78.6—-
82.7 MPa. It is shown that the introduction of fiber into high-strength concrete reduces
abrasion by 30.4-34.3 %.



The fifth section presents the results of experimental and industrial testing of
fiber-reinforced high strength concrete with high impact resistance. Developed fiber-
reinforced high strength concrete was implemented by "Gartex™ LLC during concreting
of industrial floor in a warehouse on Buyka street, Lviv, as well as during the
installation of the floor during the reconstruction of the building of the Municipal Non-
Commercial Enterprise "4th City Clinical Hospital of Lviv" at Mushak str., 54. The
technical and economic efficiency of fiber-reinforced high strength concrete is
presented.

The results of experimental research and industrial implementation were used
in the educational process of the Lviv Polytechnic National University in teaching the
discipline "Innovative technologies for the manufacture of modern building materials
and products" for students of speciality 192 Construction and Civil Engineering.

Keywords: high strength concrete, impact resistance, Engineered
Cementitious Composite, industrial floor, dispersed reinforcement, ultrafine mineral

additive, operational properties.



