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Cuoop H.I. BucokomiiiHi O€TOHM 3 MIABUIICHOIO YAApHOIO B’S3KICTIO MJIst
poMHUCIOBUX Mijuior. — KBamidikaiiiiHa HaykoBa mpais Ha paBax pyKoOIucCy.

HNucepramis Ha 3700yTTS HAyKOBOTO CTYINEHS JOKTopa Quiocodii 3a
cnenianbHicTio 192. ByniBHMITBO Ta 1uBUIbHA imkeHepis (19 — ApxitekTypa Ta
OyniBHUITBO). — HarionaneHuit yHiBepcutet «JIbBiBChKa mostiTexHikay, JIbBiB, 2021.

Huceprarniiina poOoTa TPHCBIYCHA BHUPINICHHIO 3aBIaHHS OJCPIKAHHS
BUCOKOMIITHMX OETOHIB 3 MIJBUIIICHOIO YJApHOI0 B’S3KICTIO JJII TMPOMUCIOBUX MiJIOT
NUIIXOM ~ CHUCTEMHOTO  MOJMM(IKYBaHHA  MOPTIAHAIEMEHTY  TOMNiIUCIICPCHUMHU
MiHEepaTbHUMHU KOMITOHCHTaMH y TIO€THAHHI 3 BUCOKOS(hEKTUBHUMU
NOTIKAapOOKCWIATHUMHU ~ CyNepIUiacTudikaropaMu Jjsl  MOKpAIleHHS iX MIKpo- Ta
ME30CTPYKTYPH, & TAKOXK apMYBaHHS TUCTICPCHUMH TIOJIMPOITJICHOBUMH BOJIOKHAMHU, 10
3abe3revyye  TPUBMMIPHE  3MILHEHHS  CTPYKTYpU JUISI  KOHTPOJIO  TIPOLIECY
TPIITUHOYTBOPEHHS Ta aKyMYJIFOBaHHS €HEPrii JMHAMIYHUX BILIHBIB.

VY nepwomy po3oini Ha OCHOBI aHAJTITUYHOTO OTJISIY JIITEPATyPHUX JKEpell
IpOaHai30BaHO Cy4YacH1 TEHJEHII1 BIAMITYBaHHS IMPOMMCIOBUX MIJJIOT 3 TO3UIIIN
3a0e3MevyeHHs X JOBMOBIYHOCTI Ta HAAIWHOCTI pOOOTH B €KCTPEMaJIbHUX YMOBaX
exkcruryatanii. [lokasaHo, 1Mo MiABUIEHHS TEPMIHY €()EKTUBHOIO BUKOPHCTAHHS
OCTOHHHUX OCHOB Ta 3a0e3MledYeHHsS pecypco30epeKeHHs NPH iX BHUTOTOBIICHHI
OB’ s13aH1 3 BIPOBA/KCHHSIM Y X KOHCTPYKI[IFO BUCOKOMIITHUX OETOHIB.

PosrnsiHyTo Ta mpoaHami30BaHO Cy4yacHi TeHACHII OTpUMaHHS OETOHIB 3
periiaMeHTOBAaHMMH  eKCIUTyaTalliiHuMHu  moka3Hukamu.  [lokazano, 1m0
3a0e3meyeHHss BUCOKHUX MOKAa3HUKIB MIITHOCTI MOXe OyTH peali3oBaHE 3a paxyHOK
onTUMIi3allii TPaHyJIOMETPUYHOTO CKJIAJAy OCHOBHHUX KOMIIOHEHTIB CyMimen i3
3a0e3nmeyeHHsIM NIUTbHOTO yrmakyBaHHsA. OOTpyHTOBAaHO 3aCTOCYBaHHS AKTHBHUX
MiHEpaTbHHX  J100aBOK, B  T.4.  HAHOMETPUYHOI  JUCIEPCHOCTI,  Ta
cynepruiacTugikaTopiB MOJIKapOOKCHUIATHOTO THUIY B HAMPSIMKY OJEpP KaHHS
IIEMEHTYI04YO01 MaTpHIll JOBrOBIYHUX BHCOKOMIIIHUX OETOHIB. 3BEPHYTO yBary, IO
BIPOBAKEHHSI BUCOKOMIITHUX OETOHIB CYMPOBOIKYETHCS MPOOIEMOIO IMIIBUIIICHHS

iX KpUXKOCTI, 3HUKEHHS TPIIMHOCTIMKOCTI Ta CTIMKOCTI JO YJapHUX HABAHTAXKEHb.



Po3rasiHyTo 0COOGIMBOCTI BIUIMBY yJIapHUX HABAHTAXKEHb Ta MPOAHAII30BaHO METOIU
MIJBUILIEHHS CTIMKOCTI OETOHIB y TAKUX YMOBaXx.

AHani3 1aHux y 00J1acTi TEXHOJIOT1i BUCOKOMIITHUX OE€TOHIB, a TAKOXK BIJOMUX
3aKOHOMIpHOCTEH (hOpMYBaHHS CTPYKTYPU KOMIIO3UTIB 13 33JJTaHUMHU BIACTUBOCTIMHU
JI03BOJISIE BUCYHYTH HAYKOBY TiIOTE3Y MPO AOLUIBHICTH PO3POOJIECHHS BUCOKOMIITHUX
OETOHIB 3 MIIBUIICHOIO YAApHOIO B’SI3KICTIO 33 PaXyHOK MOAM(IKYBaHHS OpraHo-
MiHEpaJIPHIMHU J00aBKaMHU 3 ONTHUMI30BaHMM 3allOBHCHHSM CHUCTEMH Ta apMYyBaHHS
HU3bKOMOJTYJIBHUMH JTUCTIEPCHUMHU BOJIOKHAMH 13 3a0€3TMCUYCHHSIM HAMpPaBICHOTO
CTPYKTYPOYTBOPEHHsSI ~ IIEMEHTHOi  MaTpuii 3  (GOPMYBaHHSIM  OJHOPITHOT
JIp1OHOKPUCTANIYHOT MalloAe(PEKTHOI CTPYKTYpU OETOHY, TPUBUMIPHOTO 3MILHEHHS
MOJIIMPONUJIEHOBOO ~ (i0poro, 10 3YMOBIIOE 3MiHY YMOB 1 €HEpPreTUKHU
TPIIIMHOY TBOPEHHH.

Y opyeomy po30ini onucaHO METOAMKY IMPOBEJEHHS EKCIEPUMEHTAJIbHUX
JOCITIJDKEHb Ta OXapaKTepU30BaHO BUKOPHUCTaHI MaTepianu. [IpencraBieHo ¢izuko-
MEXaHIYHI BJIACTUBOCTI Ta TpaHyJIOMETPUYHUN CKAAAM MOPTIAHILEMEHTY
ITI[ I-500P-H. HaBemeHno XxapakTEepUCTHKY Ta XIMIYHUM CKJIajJ MiHEpaJIbHUX
100aBOK, 30KpeMa 30JM-BUHECEHHS, METaKa0JIIHy, MIKPOKPEMHE3EMY Ta aepOoCUITy
A380, a Takox cymepruiacTudikaropa mojikapOokcuiaaTHoro Tuiy. HamaHo
XapaKTePUCTUKY JpIOHUX Ta KPYIMHOTO 3aloBHIOBadiB 10 Oerony. I[IpoBemeHo
MOPIBHSHHS BJIACTHBOCTECH JHCIEPCHOI apMaTypd — MOJINPOMiJICHOBOI Ta
0azanpTOBOI. [loKazaHO, 110 BH3HAYCHHS TEXHOJIOTIYHUX, (I3UKO-MEXaHIUYHUX 1
OyIiBETbHO-TEXHIYHUX  BJIACTUBOCTEH  BHCOKOMIIIHMX  JUCIEPCHO-aPMOBAHUX
IHKEHEePHUX I[EMCHTYIOUYMX KOMIIO3UTIB Ta OCTOHIB MPOBEACHO 3TiTHO 3 JIFOYUMH
HOPMATUBHUMHU  JIOKYMEHTAaMH 1 3araJIbHONPUUHATAMU  MeToaukamu.  Jls
JOCIHKCHHS MPOIIECIB CTPYKTYPOYTBOPEHHS B Moau(DIKOBAHUX
MOPTIAHANEMEHTHUX MATPHIISIX BUCOKOMIITHUX JUCTIEPCHO-apMOBAHUX KOMITO3UTIB
BUKOPUCTAHO CydYacHI MeToau (PI3MKO-XIMIYHOTO aHamizy (pEeHTTEHIBCHKY
TUPPAKTOMETPIFO0, PACTPOBY EICKTPOHHY MIKPOCKOITIFO Ta iH.).

Y  mpemvomy po3Oini AOCHIKEHO BIUIMB MIHEpaJIbHUX J100ABOK,
cynepruiactTudikaTopa, aucrnepcHoi (Gidpu Ha BIACTUBOCTI MOPTIAHIUEMEHTHUX

CUCTEM, PO3POOJICHO CKJIAM 1HKEHEPHUX LIEMEHTYIOUMX KOMIIO3UTIB. BcTaHOBIEHO,



0 BBEJECHHA BHMCOKOAUCIEPCHHX MiHEpalbHUX H00aBOK (Sym > 1000 m2/kr)
3a0e3neuye TiIBUIICHHS BOJIOYTPUMYBAJIbHO1 3IIaTHOCTI, 3pOCTaHHS
CUJEMEHTAIIITHOI CTIMKOCTI Ta 3HMXKEHHS Jnedopmaliil ycaJkud B MOBITPSHO-CYXHX
yMOBaX TBEpPAHCHHS. JOCTIDKEHHSIMH IYI[OJIAHOBUX BIIACTHBOCTEH MiHEpaIbHUX
n00aBok 3a Meroaukor 3rigHo 3 EN-450 BcTaHOBIGHO, 1m0 iX aKTUBHICTH
MIABULIYETHCS 13 3pOCTAaHHAM MUTOMOI OBEpXHI. Tak, aKTUBHICTH 30JU-BUHECEHHS 32
MOKa3HUKAaMHU MIITHOCTI Ha CTUCK CTaHOBUTH Kiyips'=0,79, Toal K AJ1 METaKaoiHy
Ta MikpokpemHezemy — 0,92 ta 1,07 BinnmoBigHO. 3a MOKa3HUKAMH MIITHOCTI Ha 3TUH
KOoe(ILIEHT MyL0IaHOBOCTI CTAHOBUTH Kipyis*' = 0,80; 0,88; 0,89 BinnmoBigHO 1181 30711~
BUHECEHHS, METAKaoJIiHy Ta MIKPOKPEMHE3EMY.

MeToioM MaTEMaTUYHOTO IUTAHYBAaHHS EKCIICPUMEHTY 3 BpaxyBaHHSIM
MPUHIUITIB MIKPOMEXaHIKM BHU3HAYCHO ONTHUMAJIbHE CITIBBIIHOIICHHS IIEMEHT:30J1a-
BuHeceHHs micok=0,8:1,2:1 3 MeTor0 OTpMMAaHHS MaKCHUMAaJIbHO1 MIITHOCTI Ha PO3TST
npu 3ruHi. [loka3aHo, 110 YacTKOBa 3aMiHa 30JU-BUHECEHHS YJIbTPAJIUCIICPCHUMHU
MiHEpaJIbHUMH T00aBKaMH 3 MIIBUIIICHOIO TOBEPXHEBOIO EHEPTIEI0 Y CKIaAl B’ IKYIOT
CUCTEMH, BUKOPHCTAHHS TOJIKapOOKCUIIATHOTO CcylepruiacTudikaropa, a TaKOX
apMyBaHHSI CTPYKTYPH 1HXKEHEPHHX KOMIIO3UTIB JIUCIIEPCHUMHU MOJIMPOIIEHOBUMU
BOJIOKHAMH B ONTHUMAaJIbHIA KUIBKOCTI CIIPHSAIOTH IMIJIBUIIICHHIO MIITHOCT1 Ha CTUCK Ha
25-28 %, Ha 3ruH — Ha 20-22 % mOpiBHAHO 3 KOMIIO3UTAMH Ha OCHOBI OiHapHOI
B’SKYy4Oi CHUCTEMHU TOPTJIAHMIIEMEHT:30J1a-BUHECeHHs. Po3po0ieHi aucrepcHo-
apMOBaHI 1HXKCHEPHI IIEMCHTYIOYl KOMIIO3UTH XapaKTepU3yIOThCS IPOCKTHOIO
MIIHICTIO Ha cTHCK 83,3 MIla, MintHICTIO Ha po3Tar npwu 3ruHi — 23,7 MIla, kpuTHaHIM
Koe(DiIieHTOM I1HTEHCHUBHOCTI HAIpy>K€Hb MPU HEPIBHOBAKHUX BHUIPOOYBAHHSIX
1,58 MIla/m®®, nedopmaniamu ycagxu 0,14 mm/m.

JlocnipKeHHSIMU  BIUTMBY TEXHOJIOTIYHUX (DaKTOpiB HA yAapHY B’SI3KICTh
[IEMEHTHOT MaTpHIll MMOKa3aHO, IO yAapHa B’SA3KICTh 3pocTae Ha §,5-12,9 % mpwu
BBEJICHHI MIHEpadbHUX J100aBOK. EKCHepuMeHTalTbHO MIATBEPIKEHO, IO TPH
BUKOPHUCTaHHI quctiepcHoi Gidpu BimOyBa€ThCS CYTTEBE 3pOCTAHHS YIAPHOI MIITHOCTI
MOPTJIAHIIEMETHHUX cucteM B 8—10 pa3, mpu 1[bOMY 3HAYEHHSI yJIapHOi MIIHOCTI
3paskiB 3 modinpomniienoBoto ¢idporo Bumii Ha 12,7-30,4 % mopiBHSAHO 13 3pa3kamH,

apMOBaHUMHM 0a3aIbTOBOIO (h1OPOIO.



KommnekcoM mMeToiB (i3MKO-XIMIYHOTO aHaii3y BCTAHOBIEHO OCOOJMBOCTI
MIPOLIECIB CTPYKTYPOYTBOPEHHS, (POPMYBaHHS MIKPOCTPYKTYPH T4 CHHTE3Y MIIIHOCTI
IIEMEHTHOTO KaMEHIO Ha OCHOBI MOPTJIAHAIIEMEHTY, MOJAU(PIKOBAHOTO KOMILIEKCHOIO
OrpraHo-miHepajibHOI A00aBkor. CTymiHb TigpaTtaiii axiToBoi (ha3u KIIHKEpHOi
ckianoBoi nopmiananementy [ [-500 gepes 1 100y TBepaneHHs ckianae 37,1 %, a
st MoaudikoBaHOTro mnopriaanaueMenty — 46,1 %. MoaudikyBaHHS yibTpa- Ta
HAaHOJMCIIEPCHUMU MIHEpPAIbHUMHU J100aBKAMHM CIIpUSi€ TPUCKOPEHHIO MPOIIECIB
TiApodi3y aniToBoi pa3u 3 BIAMOBIAHUM YIIUTBHEHHSIM MIKPOCTPYKTYPHU IIEMEHTHOTO
KaMEHIO 3a pPaxyHOK YTBOPEHHS BOJOKHHUCTHX TIIPOCHIIKATIB Yy HEKIIHKEpHI
YaCTHHI, 110 3MIIHIOE MATPUII0 Ha MIKPO- Ta HAHOPIBHI 3 peaizalli€l0 sBUIIA
«caMoapMyBaHHS.

Y uemsepmomy po30ini MPOBENECHO ONTUMI3AIIII0 TPAHYJIOMETPUIHOTO CKIIATy
KOMITOHCHTIB BHCOKOMIITHUX JHCIICPCHO-apPMOBAaHUX OCTOHIB ISl OTPHUMAaHHS
e(eKTHBHOTO ymnakyBaHHS. [IpM TPOEKTYBaHHI CKJIaJly BHUCOKOMIITHOTO OETOHY,
apMOBAHOTO MOJINPOMieHOBOIO (PiOpor0, Kilacy 3a pyxomicTio 6eToHHOT cyMmimi P4
BUKOHAHO €KCIIEPUMEHTAIbHO-CTATUCTUYHE MOJIEIIOBAHHS METOJOM OPTOTOHAIBHO-
[EHTPAJIbHOTO KOMIO3UILIIMHOTO IUJIaHYBaHHS 3 ONTUMIZAIEI0 PELEeNnTypHUX
daxropiB — BuTpatu nopraananMenty I111 I-500P-H (X3 = 300; 350; 400 xr/m®) Ta
KiIbKOCTI mostinporminenosoi ¢piopu (X2 = 0,0; 1,0; 2,0 %). Minnicts MoaudikoBaHUX
OeToHiB uepe3 28 ni0 TBepaHeHHs 3poctae Big 61,7 Mlla mo 98,4 MIla nipu 3MmiHi
dakropa X; (pakrop X, 3HaxoauThCs Ha piBHI «0»). ITokazaHO, IO KOMILICKCHE
Moau(iKyBaHHS MOPTIAHIIEMEHTY 3a0e3leuye OTPUMAaHHS BHUCOKOMIITHUX OETOHIB
kiacy 3a minHicTio C50/67—C60/75 npu Butpati nopmianainemerry 350—400 kr Ha
1 M3 6eToHHOT cyMili. BcTaHOBIIEHO, 1[0 MIIIHICTh HA 3TMH OETOHIB 3pocTae Ha 42—
50 % mpu 30UTBIIIEHH] CTYTIEHST JUCTIEPCHOTO apMyBaHHs 70 2,0 %.

beronni cymimi Mapkm 3a pyxomicTio P4 po3pobieHux OeToHIB
XapaKTEePU3IOTHCS  CCAMMEHTAIIMHOK CTIHKICTIO — TIOKa3HUK BOJOBIIIUICHHS
cranoButh 0,2 %, poszumnoBigminenns — 0,5 %, a ¢iOpoGeToHn Ha iX OCHOBI —
MIBHMINCHOI MIUTBHICTIO (BomomornuHaHHS Wm=1,9-2,1%, BigkpuTra NHOpPHCTICTH

I18=4,5-4,9 %, nokasHuk KamninspHoro 3poctanas SI= 0,37 mm-ron’®).



KommiekcHe monudikyBaHHS Ta AUCIECHE apMyBaHHS MOJIMPONUICHOBOIO
¢$10poro 3abe3neuye OTPUMAHHS BHUCOKOMILHMX OETOHIB, IO XapaKTepU3YHOThCS
MinHicTIO Ha ctuck 87,1-96,8 MIla, minHicTIO Ha po3Tar npu 3ruHi — 9,8-11,2 MlIa,
MOKa3HUKOM MUTOMOI BUTPATH MOPTIAHAIEMEHTY Ha OJMHHUIIIO TPOSKTHOT MIITHOCTI —
4,0-4,5 xr/Mlla. Tluroma MIIHICTE po3pobsieHHX Moau(dikoBaHUX (PIOPOOETOHIB
fema/femzs cTanoBuTh 0,50-0,51, 110 BiAMOBIZa€ BUMOIaM MO0 INIBUIKOTBEPIHYUHX.
VYnapHa B'S3KICTh pO3pOOJCHUX BUCOKOMIITHUX JHUCIIEPCHO-apMOBAHUX OETOHIB 3a
NOKa3HUKOM THMTOMOI €Heprii mnpv MOosBl Mepmioi TPIIIMHU CTaHOBUTH 33,4—
44,1 x/cm® Ta 61,7-80,3 JIx/cm® npu moBHOMY pyiiHyBaHHI. YapHa CTIHKiCTB
MoIU(IKOBaHUX JAMcrepcHO-apMoBaHux OetoniB 3rigHo 3 JACTY b B.2.7-57-96
ctaHoBUTh 20 Kkr. MinHICTh Ha CTHCK po3poOieHux OeToHiB yepe3 100 mukiiB
MOTIEPEMIHHOTO 3BOJIOKEHHSI BUCYIIYBaHHs 3HWXKyeTbcs Ha 1,9-3,0 %, a ynapna
B's3KiCcTh — Ha 3,1-5,4 %, 1110 CBITYUTH MPO IX MIABUIIEHY CTIMKICTh B yMOBaX CyMICHO1
111 30BHINIHIX BIUIMBIB. J{MHaMiuHa MOBepXHEBa TBEPAICTh (eHepris yaapy 1,8 Ix)
MoAM(pIKOBAHUX BHUCOKOMIITHUX O€TOHIB 3poctae B 1,5-1,7 pa3u 3ajie’)kHO BiJl BIKY
TBEPJAHEHHSI TIOPIBHSIHO 3 0ETOHOM KOHTPOJIBHOTO CKIIAJy.

Monaynb npyxHOCTI (HiOpoapMOBaHOTO BHCOKOMIITHOTO OETOHY 3pOCTaE BiJl
54,6 no 61,7 I'Tla, a xkoedirmient [lyaccona 3amxyerbes Bin 0,19 no 0,17 nopiBHSIHO 13
BUCOKOMIITHUM OeToHOM 0Oe3 (ibpu. IIpu3mMoBa MIIHICTP BHCOKOMIITHOTO OETOHY
ctaHoBUTH 73,5 MIla, Tozi IK BUCOKOMIITHUX OE€TOHIB, apMOBAHUX MOJIMPOIJIEHOBOIO
¢bi6poro — 78,6-82,7 MIla. Ilokazano, 1o BBeieHHS (HiOpH 0 BUCOKOMIIIHMX OCTOHIB
crpusie 3HIKEeHHIO cTrpanocTi Ha 30,4-34,3 %.

Y n’amomy po30ini TpencTaBICHO pPe3yJNbTaTH JOCILAHO-TIPOMHUCIOBOT
anpoOarrii BACOKOMIITHUX TUCIEPCHO-apMOBAHUX OETOHIB 3 MiJABUIICHOIO yIapHOIO
B’s3KicTIO. Po3pobneni BucokoMminHi ¢idpoderonu BmpoBamkeri T30B « aptexc»
npu OeTOHYBaHHI MPOMHUCIOBOI IMIAJIOTH B CKIIAJCHKOMY TPHUMIIICHH] Ha BYJIHIII
byiika, m. JIbBiB, a TaKOX MpHU BIAMITYBAaHHI MEPEKPUTTS MPU PEKOHCTPYKITIT OymiBii
KoMyHanpHOTO HEKOMEPIIHOTO MiANPUEMCTBA «4-Ta MiChbKa KIIIHIYHA JIIKapHS
M. JIbBOBa» 3a aapecorw Byn. Mymaka, 54. IlpencraBieHa TeXHIKO-€KOHOMIYHA

e(heKTUBHICTh BUCOKOMILIHUX JUCIIEPCHO-apMOBAHUX OETOHIB.



Pe3ynpTaTi eKCiepUMEHTATIBHUX JOCIIIKEHD 1 TPOMUCIOBOTO BIPOBAKEHHS
BUKOPUCTAaHO B HaBuyajbHOMY mnponeci HamionansHOro ysiBepcutety «JIbBIBChKa
MOJIITEXHIKa» MPU BUKIAJAHHI TUCHUILUTIHU «[HHOBAIIMHI TEXHOJIOT1i BUTOTOBJICHHS
cyyacHUX OyaAiBeJIbHUX MarepiajgiB 1 BHUpPOOIB» 1Jisi CTYJEHTIB CIELIaJbHOCTI
192 ByniBHMLITBO Ta HUBUIbHA IHKEHEPIS.

KuarouoBi cioBa: BuCOKOMILHMIA O€TOH, ynapHa B SA3KICTb, I1HXKEHEpPHUU
LHEMEHTYIOUMH  KOMIIO3UT, MPOMHUCIOBA MiJJora, JAMCIEpCHE AapMYyBaHHS,

yIbTpaUCTIEPCHA MIHEpaIbHa 100aBKa, €KCIUTyaTalliifH1 BJACTUBOCTI.
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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 Kage. = 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 Kigq=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 W, = 1.9-2.1 %, open porosity P, = 4.5-4.9 %, capillary growth rate SI =
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 fcmo/femos is
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.
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