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MenkosepHucTbie GETOHbI,
MoaucuumposaHHbie HaHoBonokHamu AIOOH u Al,0,

PaccmoTpeHbl NepcnekTuBbl U 0C06EHHOCT NPpUMeHeHUs HaHOBONOKOH 13 AIOOH u v, &-Al,04 B MeNKO3EepHUCTLIX 6eTOHAX. MpMBEAEHbI Pe3ynbTaThl
3KCNEPUMEHTaNbHbIX UCCEL0BaAHUIA N0 ONPeSEeNeHN0 CBONCTB MENKO3ePHUCTLIX 6ETOHOB C A06aBKOI HAHOBONOKOH B Konnyectse 3,8 1 13% 0T macchl
BSKYLLEr0. YCTAHOBNEHO BAMSAHNE PA3NIMYHOr0 COAEPXKaHUSA HAHOBONIOKOH Ha CBOCTBA MENIKO3EPHUCTbIX 6ETOHHbIX CMeceil. MakcumanbHbIi A ekt
BBEJEHME HAHOBOJIOKOH B MENKO3EPHUCTbIE BETOHBI OKA3bIBAET HA MOAYNb YNPYroCTyh, 3Ha4eHMe KOTOporo yeennyneaetca ot 18,3 no 40,9 Ma B
3aBUCUMOCTM OT A03MPOBKM [06ABKM. YCTAHOBNEHO, YTO NPW BBELEHMM HAHOBOMOKOH [0 8% OT Macchl BSXKYLLEr0 MPOMCXOANUT CHUXKEHWNE NMPOYHOCTHBIX
XapakTepucTuK, 06yCNOBMEHHOE MOBbILLEHHON NOPUCTOCTBIO NOMY4EHHbIX KOMMNO3WUTOB, 1 TOMBKO NPy BBeAeHUM 13% BONOKOH NPONCXOAMT YBENMYEHNE
NPOYHOCTHbIX XapakTepPUCTUK A0 25%.
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M. R. NURTDINOV, Engineer, V.G. SOLOVYEV, Candidate of Sciences (Engineering) (s_vadim_g@mail.ru),
A.F. BURYANOV, Doctor of Science es (Engineering)
Moscow State University of Civil Engineering (129337, Moscow, 26 Yaroslavskoe sh.)

Fine Concretes Modified with AIOOH and Al,0; Nanofibers

The article discusses the prospects and features of application of the nano-fibers from AIOOH and vy, 8-Al,0; in fine concrete. Showed the results experimental studies to determine the

properties of fine concretes with the addition of nanofibers in an amount of 3,8 and 13% by weight of the binder. Determined the influence on the properties of fine concrete mixtures by
different content of nanofibers. Maximal effect from introducing nanofibers into fine concretes affects on elastic modulus, whose value is increased from 18,3 GPa to 40,9 GPa, depend-
ing on the dosage of the additive. Found that the introduction of 8% nanofibers by weight of the binder causes a decrease in strength characteristics due to the increased porosity of the

composites, and only entering 13% of the fibers increases the strength characteristics on 25%.

Keywords: fine concrete, elastic modulus, porosity, strength characteristics, AIOOH and v, d-Al,04 nanofibers.

PacTBOpBI 1 GETOHBI SIBJITIOTCSI MHOTOKOMITOHEHTHBIMU
MarepualaMi, KOHEUHbIE MEXaHUYeCKUEe XapaKTePUCTUKHU
KOTOPBIX 3aBUCAT OT CBOMCTB, B3aMMOIEUCTBUS U pacnpe-
NieJIeHUs OTAETbHBIX KOMIIOHEHTOB. BKiTloueHne HaHoMare-
pUaJIOB B MAaTPUILy MEJIKO3EPHUCTHIX OETOHOB JIJ151 TTOBBIIIIE-
HUS WX 3KCIUTyaTallMOHHBIX CBOWCTB MEPCIEKTUBHO Ha
¢oHe ycrnexoB B Apyrux oOJACTSIX MaTepUAIOBEAEHMS TI0
MOAMGbUKALIMY Pa3IMYHBIX MaTepuaioB (METaJJIOB, TIOJIH-
MEpPOB U T. A.) HaHOpa3MepHbIMU go0aBKamu. Oco00 MHTe-
PECHBIM SIBJISIETCS] MCIOJb30BaHME HAHOAMCIEPCHOIO ap-
MUPOBaHMS B MEJKO3EPHUCTBIX OETOHAX, KOTOPOE MO3BO-
JIUT YIIPOUYUTH OETOH B MECTaX MUKPOAE(HEKTOB, JOCTUTHYTh
BBICOKMX IMPOYHOCTHBIX ITOKa3aTesell Mpyu He3HAUUTEIbHOM
JIO3UPOBKe 100aBKU [1], a TakKe, 110 aHAJIOTUH C IIPUMEHEe-
HueM (puOpbpl MakKpopa3MepoB, M3MEHUTH TeIIOo(pU3NIE-
CKHE CBOMCTBA KOMITO3ULIMOHHOIO Matepuaia [2].

st uccnenoBaHusl ObLIM UCMOIB30BaHbl HAHOBOJOKHA
13 AIOOH n vy, 6-Al,05 pasmepom 50—150 HM, TprMeHeHHe
KOTOPBIX PEKOMEHIOBAHO B BUE JOOABOK B METaJUIbI IS
MOBBIIICHUSI UX 3KCIUTyaTallMOHHBIX XapaKTepUCTUK [3] u
MpUIaHUs 0COObIX CBOICTB OeToHaM [4]. KpoMe Bhllerne-
peuMCIeHHBIX 2(hHEKTOB caeayeT OTMETUTD BIUSIHUE OKCH-
Jla aJlOMUHUST HAa aKTUBAIMI0 OCJIMTOBBIX LIEMEHTOB B Ha-
yaJIbHbIN Mepuoj TBepaeHus [S]. B yactHocTH, 10OaBIeHUE
KOJUIOMJHBIX YACTULl OKCUIA AJIIOMUHUS CO CPEIHUM pa3-
mepoM 50 HM 3HAYUTEIbHO YBEJIUYIIIO 7-CYyTOUYHYIO IIPOY-
HOCTh 00pa3loB, U3rOTOBJIIEHHbIX Ha OCHOBE OEIUTOBOIO
nemeHTa. Takum 00pa3oM, HAHOYACTULIBI OKCUJA ATIOMU-
HUST MOTYT OBITh YCITEIITHO UCIOJIb30BaHbI B KAYE€CTBE areH-
Ta aKTUBALIMU TUAPABINYECKUX CBOMCTB OCJIMTOBBIX LIEMEH-
TOB JIJIsSI TIOBBIIIEHUS MEXaHWYECKON MTPOYHOCTU OETOHOB
Ha paHHMX CPOKaX TBePACHUSI.

Llensamu sxcneprMeHTa OBLIO MOJTYYeHe KOMIIO3UTa Ha
OCHOBE 1IEMEHTHO-TeCYaHO MaTPU1IbI, TUCIIEPCHO-aPMUPO-
BaHHOT'O ATIOMUHUEBOI HAHO(GUOPOIA, C MOCIENYIOIIUM H3Y-
YeHWeM CBOWCTB IOJlyYeHHOTro MaTepuaia. B kauecTBe ma-

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Mortars and concretes are multicomponent materials,
where the final mechanical characteristics are depend of the
properties, interaction and distribution of separate components.
The inclusion of nanomaterials in a matrix of fine concretes to
improve their performance characteristics is a promising direc-
tion on the background success in the other fields in science of
materials by modification of different materials (metals, poly-
mers, etc.) by the nanosize additives. Especially interesting is the
usage of nanosized reinforcement in fine concrete, which will
allow to harden the concrete in places of microdefects, to
achieve high strength characteristics at low dosage of addi-
tives [1], and, by analogy with the usage of makrosized fiber,
change thermophysical properties of the composite material [2].

For the study was used nanofiber from AIOOH and v,
0-Al,0; with size 50—150 nm, the application of which is
recommended as additives to metals to improve their perfor-
mance characteristics [3], and giving a special properties to
concretes [4]. In addition to these effects, should be noted the
influence of alumina oxide on belite cements activation in the
initial period of hardening [5]. In particular, adding colloidal
alumina oxide particles with an average size of 50 nm greatly
increased strength of the samples at 7 days made on base of
belite cement. Thus, the aluminum oxide nanoparticles can
be successfully used as an agent for activation of hydraulic
properties of belite cements to enhance the mechanical
strength of concrete at early stages of hardening.

The objectives of the experiment were to obtain a compos-
ite based on a cement-sandy matrix, reinforced by dispersed
aluminum nanofibers, with following researching of the prop-
erties of resulting material. As a matrix was accepted fine con-
crete with following composition: cement-sand ratio is 1:2, the
water-cement ratio is 0,45, the dosage of the superplasticizer
S-3 — 0,7% by weight of the binder. Dosage of nanofibers
AIOOH and Al,O; was 3, 8, and 13% by weight of cement.
Comparison was made with the control samples made on
identical compositions without the addition of nano-dispersed
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TPUIIBI ObLT MPUHAT METKO3ePHUCTHIMN
0ETOH CJIEMYIONIEero COCTaBa: IEMEHTHO-

recyaHoe oTHolleH e 1:2; BOIOLeMeHT-
Hoe oTHoleHue 0,45; 1031poBKa cynep-
mactudpukaropa C-3 — 0,7% ot maccel
BsEXyIIeTO. JI03MpoBKa HAHOBOJIOKOH 13
Al,O; 1 AIOOH coctaBuna 3, 8 u 13% ot
Macchl lieMeHTa. CpaBHEHHE MPOBOIM-
JIOCh C KOHTPOJIbHBIMU 0Opa3lamu, u3-
TOTOBJICHHBIMU Ha UAEHTUYHBIX COCTa-
Bax 0e3 JM00aBJIeHUS HAHOAWCIIEPCHBIX
MOoanbUKaTOPOB. -

B xauecTBe MaTepuasioB 1T M3ro-
TOBJICHUSI MEJTKO3EPHUCTBIX OETOHOB UC-
nosib3oBauck: LemeHT LIEMI/42.5-H,
MECOK C MOJyJ1eM KpynHocTi M, = 2,53, —
cynepmactudukarop C-3 B cyxoMm
BHJE. BBUTO M3roTOBJIEHO TT0 OTHOI ce-
pun 00pasnoB-6aao4ex (6 00pasloB B
KaXJ0W cepuu) KakAoro cocTaBa pas-
Mepamu  160xX40x40 mM. OGpasib

02—

0,15 —

0,1

0,05 |

ObITM M3TOTOBJIEHBI W WCIBITAHBI 110 3
IOCT 30744-2001. [dedopmaunu
OTpENeISUTUCh TI0 METOAMKE, TIPUBE-
nenHoir B 'OCT 24544—81. Monynb
VIOPYTOCTH 3aMepsuii Ha o0pasiax
160x40x40 MM 1O MeTOIMKE, MpUBE-
nenHoit B FTOCT 24452—-80.

JlaHHbBIE TIO PEOJIOTMYECKUM CBOMCTBAM, MIOPUCTOCTH U
MMPOYHOCTHBIM TTOKAa3aTeIIM HM3TOTOBJICHHBIX 00Opas3lioB B
Bo3pacte 28 cyT npuBeneHH B Tabauile. ['pacduk pa3Butus
yCaZouHbIX AehopmMaliuii B Mpolecce TBEPASHMS IS Kax-
JIOTO COCTaBa MpUBeJeH Ha puc. 1.

AHaJIM3 pe3yIbTaToOB UCCIeTOBAHUS, TPUBEJCHHBIX B Ta0-
JIM1Ie, TIOKA3bIBaeT, YTO BBeJAecHME HaHOBOIOKOH 13 AIOOH
n Al,O; IPpUBOANT K JTMHEHHOMY CHIXKEHUIO pacIuIbiBa Ha
BCTPSIXMBAIOIIEM CTOJIMKE, YBEJWYCHUIO BO3MYyXOBOBJIEYE-
HMSI, YBEJIMUEHUIO TIOPUCTOCTU B 3aBUCMMOCTH OT JO3UPOB-
KU BOJIOKOH, YTO OOYCJIOBJIEHO MX BBICOKOM YyAeIbHO Mo-
BepXHOCThIO. CllefyeT OTMETUTD MOBBIIIEHHOE BO3IYXOBO-
BJie4YeHWE W TTOPUCTOCTh COCTABOB C HAHOBOJOKHAMM
AIOOH (o cpaBHeHHMIO C cOCTaBaMM C HAHOBOJOKHaMU
AL, O;). NanHblii 3¢G@deKT, M0 MHEHUIO aBTOPOB, CBSI3aH C
MOBBIIIEHHONW PeaKIMOHHOI CIOCOOHOCTHIO HAHOBOJOKOH
u3 AIOOH B 1ienouyHoii cpeae TBEpACIOLIEIO IIEMEHTHO-
recyaHoro pactBopa. B pesysibrate yacTb HAHOBOJIOKOH pea-
TMpYET ¢ TPOAYKTAMU TUApATALIMU LIEMEHTa B HavaJbHBII
TIEPUON C BBIICJIEHUEM BOIOPOAA, KOTOPBIM M MPUBOAMT K
TTOBBIIIICHWIO BO3IYyXOBOBJICUEHUSI U OOIIIE TMOPUCTOCTH
OeToHa. YMEHbIIIeHWE MOABMKHOCTU COCTaBOB OOYCIIOBIIE-

7 14
Bpemsi TBepaeHus, cyt
Hardening time, days

28

Puc. 1. ledbopmaumnm ycagku 6eToHa B npouecce TeepaeHns: 1 — 6e3 HaHOBOJIOKOH; 2 — C HAHOBOJIOK-
Hamu AIOOH; 3 - ¢ HaHoBonokHamu Al,O4

Fig. 1. Shrinkage strain in the process of hardening: 7 — without nanofibers; 2 — with nanofibers AIOOH;
3 — with nanofibers Al,O4

modifiers. As materials for the produce of fine concrete was
used cement TSEM 1 / 42.5-N, sand with fineness modulus
M, = 2,53, superplasticizer S-3 in dry form. Was produced by
one series of samples (6 samples in each series), each of the
dimensions 160x40x40 mm. The samples were manufactured
and tested in accordance with GOST 30744—2001.
Deformations are determined by the method described in
GOST 24544—81. Elastic modulus measured on samples of
160x40x40 mm by the method described in GOST 24452—80.
Data on the rheological properties, porosity and strength pa-
rameters of the samples made at the age of 28 days are shown
in Table. A graph of shrinkage strain in the process of harden-
ing for each composition is shown in Figure 1.

Analyzing the results of the study are listed in Table, it was
found that the introduce of nanofibers AIOOH and AL,O; in
an amount of from 3 to 13% by weight of the binder reduces
the spreading on a shaking table from 240 to 214—204 mm, an
increase an air entrainment from 5,1 to 6,2—7,7%, also in-
crease the porosity from 15,1 to 19,5—16%. These effects are
linearly depends of the dosage of the fibers and be due to their
high surface area. It should be noted increased air entrain-
ment and porosity of compositions with nano AIOOH (com-

Pe3ynbTaTbl UCNbLITAaHUII MENIKO3EPHMCTOro 6eToHa ¢ HaHoBoNokHamu n3 AIOOH v Al,04
Test results of fine concrete with AIOOH u Al,0; nanofibres

PacnnbiB Ha Mopynb
Tun [Losnposka, % ot Bosayxo- BCTOSX/BAIOLLEM HDYFOCTY
nobaBku | Macchl LemeHTa | BOBneuyeHue, % P U'L MopucTocTs, % Ry MMa / (%)~ Ryar MMa / (%)* ynpy 0%
Additive | Dosage%by | Air entrainment, |  CTOMVKE, MM POOSitY,% | Rogrressss MPa /(%) | Ry MPa/ (%)* | - MM/ (%)
tvoe weiaht of ;:ement % "| Spreadingona ' compressive flexural Elastic modulus,
yp g o shaking table, mm MPa / (%) *
':S - 5,1 240 15,1 48,1 /100 5,75 /100 18326 / 100
3 6,5 210 16,2 43,2/89,8 59/102,6 25551/139,4
Al,04 8 6,3 208 16 44,5/92,5 6,5/ 113 34847 /190,2
13 6,2 204 16,9 56,5/117,5 6,2/108 40903 /223,2
3 7,6 214 17,4 40,5/84,2 5,2/90,4 21768 /118,8
AIOOH 8 7,7 209 18,6 41,5/86,3 5,4/94 26114 /1425
13 7,5 205 19,5 48,1/100 7,2/125 31453 /171,6
MpumeyaHue. * - COOTHOLLEHME C KOHTPOJIbHLIM COCTABOM B %.
Note. * - ratio to reference composition in %.
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HO TeM, YTO B CPaBHEHHUU C KJIaCCHUYE-
CKUMM PacTBOpaMM MOAU(DULIMPOBAH-
HbII HAHOJ00ABKOI pacTBOp OOMamaeT
MeHBbIIEN TTOABMKHOCTBIO M3-3a BBICO-
KOl yIeJIbHOM TTOBEPXHOCTU 1 BOJOIIO-
TpeOHOCTU 10OABKH.

Beenenue nanoBosokon AIOOH u
Al,O; B 103upoBKe 8% OT MacChl BSIXKY-
LIEro MPUBOAMUT K CHIKEHUIO YCAAKU C
0,227 no 0,154 u 0,201 MmM/M cooTBeT-
CTBEHHO. D(PPEeKT CHMKEHUS YyCaaKU
o0ycioBiaeH (OPMHUPOBAHUEM BHY-
TpeHHero ¢ubpokKapkaca, KOTOpPBIi

i _
bz HV | D | Mag) | et
£ 05 WSS prer B

BOCIIPUHUMAET HAMpPSKEHUsI, BO3HU-
Kawlue 3a cueT aepopMalny 0eTOH-
HOII MaTpUIIbl B MpOLECCe TBEPACHMUS,
U TeM CaMbIM CHIXAeT OOIIyIo AehopMalio KOMITO3UIIN-
OHHOTO MaTepuaja B mejoM. HecMOTpst Ha pa3Mepsl MpH-
MEHSIeMbIX HaHOBOJIOKOH, O0lllee BIMSHUE Ha yCalKy HC-
cJIeyeMbIX KOMITO3UIIMOHHBIX MaTepUaIOB COMIOCTABUMO C
3¢ ¢eKTOM TpU BBEACHUU CTalbHON (hUOpPHI MaKkpopa3Me-
poB muHO# 15 MM, nuamerpom 0,3 MM B Koanuectse 0,3,
1,1 u 1,9% 1o o6wemy [6].

MUKpOCTPYKTYpa MOTydeHHBIX MaTEPUAIOB UCCIIEI0BA-
JIaCh Ha JIEKTPOHHOM MUKpockoIre (puc. 2). Ha ocHoBaHuM
MOJy4YEeHHBIX CHUMKOB CTPYKTYpBl MaTepuajia yCTaHOBJIE-
HO, YTO HAHOBOJIOKHAa PaBHOMEPHO paclipeleieHbl B lie-
MeHTHo# Marpuue. [Ipy 3TOM Ha MOBEPXHOCTH BOJIOKOH
HeT KaKUX-JIMOO MPOAYKTOB IMIpaTalliy IieMeHTa, TIPUCYT-
CTBHE KOTOPBIX YKa3bIBaJIO ObI Ha JOCTATOYHYIO aIre3uio
MeXITy KOMITOHEHTaMU KOMITO31Ta M BBICOKYIO CTeTICHb BO-
BJIEYEHHOCTH HAHOBOJIOKOH B COBMECTHYIO pabOTYy KOMIIO-
3UTA NPU IEUCTBUU BHEIITHUX MEXaHUYECKUX BO3IECUCTBUNA.

I1pu olieHKe MPOYHOCTHBIX CBOMCTB UCCJIENyeMbIX MaTe-
pYajoB OBUTO YCTaHOBJIEHO, YTO MPOYHOCTH MPH CXKATUU
KOMIIO3UTOB C HAHOBOJIOKHaMU Al,O; yBeIn4mIach TOJIBKO
pu 103upoBKe B 13% ot maccel LieMeHTa Ha 17,5%, a mpoy-
HOCTb MPU CXKATUU KOMITO3UTOB ¢ HaHOBoJIoKHaMu AIOOH
npu no3upoBke 13% mocturna 3HaueHuss 100% or KOH-
TPOJLHOTO 00pa3iia, a Py MOHWXKEHHBIX JO3MPOBKaX ObLIa
MeHbIIIe KOHTpOJIbHOro Ha 7, 51 10,2%. TIpouHOCTh pH U3~
rrbe KOMITO3UTOB ¢ HAHOBOJIOKHamMK Al,O TTpeBbIcHIIa 3Ha-
YeHUsI KOHTPOJILHOTO obpasiia Ha 2, 6 u 13% B 3aBCUMOCTH
OT JO3UPOBKU HAHOBOJIOKOH. [IpoyHOCTh mpu U3rnbde KoMm-
O3UTOB ¢ HaHoBoJJoKHaMK AIOOH mipu no3uposkax 3 1 8%
OT MAacChl BSKYILETO ObLTa HUKEe KOHTPOJIBHOTO 06pas3iia Ha
619,6%, a ipu 1o3upoBKe 13% — Gomblie Ha 25%. Momyiab
YIIPYTOCTH BO3paCTaJl MO TMHEUHOU 3aBUCUMOCTH,, TIOBBIIIIE-
HUe nokazateneii B ciydae Al,O5 coctaBuio 39 u 113,2%, ¢
Ha”oBosiokHaMu AIOOH — 18,8 u 71,6% cOOTBETCTBEHHO.

CpaBHUTEJIbHOE OIpeaeeHue MOIYJsl YIPYrocTu 00-
Pas3loB MPOBOAUIIOCH Ha 28-€ CyT, MOKa3aTean MPOYHOCTH
TIPY CKaTUU, U3TKOe U MOIYJIS YIIPYTOCTU OTOOpaXkeHbI Ha
puc. 3.

O4eBUIHO, YTO BIUSIHUE HAHOBOJOKOH Ha MPOYHOCT-
Hble XapaKTEPUCTMKKU OOYCJIOBIEHO NBYMsI pPa3HOHAIpaB-
JICHHBIMU (paKTOpaMu: CHUKEHUEM TTPOYHOCTHBIX CBOMCTB
32 CYET TOBBIIIEHUSI MOPUCTOCTU U TMOBBILIIEHWEM IMPOY-
HOCTHBIX CBOMCTB 3a CYeT OOJIBIIETO BOBJIICYEHUST HAHOBO-
JIOKOH B COBMECTHYIO paboTy KOMIIO3UTA MPU BO3IEHUCTBUMN
BHEITHMX CHJI. MaKcuMaabHbIN 3¢ ¢eKT BBeIeHNSI HAHOBO-
JIOKOH B MEJIKO3€PHUCTbIE OETOHBI OKa3bIBaeT Ha MOMYJb
YIIPYTrocTu — yBenudeHue 1m0 223,2%. [1o MHeHHIO aBTOPOB,
NaHHBIA 3¢ dexT 00ycIoBIeH NOBBIIIEHHONW KOHIIEHTPAIIU -
eil HaHOBOJIOKOH aJIIOMUHUS B MexX(pa3HOH IepexXOomHONl
30HE, KOTOPBIE CIEPKUBAIOT Pa3BUTHE MedOpMalInii B KOM-
MTO3UTe Ha HAYaJIbHOM CTaguy HarpyXeHusI (TIpU orpeesie-
HUU MOIYJSl yIpyroctu). JlaHHbIe pe3yJbTaThl MO3BOJSIIOT
MPEANOJIOXUTb, YTO TOJYYeHHbIE KOMITO3UTHI 00JaaaloT
3HAYUTEJbHON CTOMKOCTBIO K IUKJIMYECKUM Harpy3kam.
YCTaHOBIIEHO, YTO MUHUMATbHAST TO3UPOBKA HAHOBOJIOKOH

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Puc. 2. MukpocTpykTypa 6eToHa ¢ HaHoBonokHamu: a — AIOOH; b — Al,O4
Fig. 2. The microstructure of concrete with nanofibers: a — AIOOH; b — Al,O4

pared to compositions with nano Al,03). This effect is, we
think, is associated with increased reactivity of the nanofibers
AIOOH in an alkaline medium of hardening cement-sand
mortar. As a result, part of the nanofiber reacts with the hy-
dration products of the cement in the initial period with hy-
drogen releasing, which leads to increased air entrainment
and total porosity of the concrete. Reduced compositions
fluidity is due to the fact that in comparison with the classical
mortars, mortars with nanoadditives has lower fluidity be-
cause of high specific surface area and water demand.

Introduction nanofibers AIOOH and Al,O5 at dosage of
8% by weight of binder results in a reduction of shrinkage
from 0,227 mm/m to 0,154 and 0,201 mm /m respectively.
Shrinkage reducing effect due to the formation of internal
fibercarcass, which receives stresses arising by deformation of
the concrete matrix during hardening, and thus reduces the
overall strain of the composite in total. Despite the size of
nanofibres applied, the total impact on the studied compos-
ites is comparable with effect when used makrosized steel fi-
ber length of 15 mm, a diameter of 0,3 mm in an amount of
0,3%, 1,1% and 1,9% by volume [6].

The microstructure of the obtained materials was studied
with an electron microscope (Figure 2). Basing on the ob-
tained images of the material structure is found that nanofi-
bers uniformly dispersed in a cement matrix. And on the
surface of the fibers there are no hydration products of ce-
ment, which would indicate the presence of a sufficient adhe-
sion between the composite components and a high degree of
involvement in together work of nanofiber composite under
the action of external mechanical influences.

In evaluating the strength properties of the tested materials
was found that compressive strength of the composites in-
creased with Al,O5 nanofibers only at a dose of 13% by weight
of cement on 17,5%, and the compressive strength of compos-
ites with AIOOH nanofibers at a dose 13% value has reached
100% of control sample, and at lower doses it was less than
control sample on 7,5—10,2%. Flexural strength of composites
with nanofibers Al,O; exceeded values of the reference sample
on 2,6—13% depending on the dosage of the nanofibers.
Flexural strength of composites with AIOOH nanofibers at
doses 3 and 8% by weight of the binder was less than the con-
trol sample on 6—9,6% and at dose of 13% — more on 25%.
The modulus of elasticity increased with the linear dependence
in both cases, increasing the performance in case of Al,O; was
39—-113,2%, with nanofiber AIOOH 18,8—71,6% respectively.

Comparative determination of the elastic modulus of the
samples was performed on day 28, data of compressive
strength, flexural strength and elastic modulus displayed in
Figure 3, for clarity.

Obviously, the impact of the nanofibers on the strength
characteristics was due to two opposing factors: a decrease in
mechanical properties due to increasing the porosity and in-
crease of strength properties due to the greater involvement of
the nanofibers in together work in composite under the influ-
ence of external forces. The maximum effect of introducing
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Puc. 3. CpaBHuTENbHbIE rPad UK MPOYHOCTM HA CXaTne, n3rnb 1 MoAyNns ynpyrocTy Npu pasnmyHbix 403npoBkax 4o6aBok: 1 —0%; 2 - 3%; 3 - 8%; 4 - 13%
Fig. 3. Comparable graphs of compressive strength, flexural strength and elastic modulus with different concentrations of additives: 7 - 0%; 2 — 3%; 3 — 8%;

4-13%

AIOOH u AL,O;, npu KOTOpOi HaOIIOAAaeTCsl CHUXEHUE
ycalKd M TIOBBIIIIEHUE OTIEIbHBIX MTPOYHOCTHBIX XapaKTe-
PUCTHK MEJIKO3ePHUCTBIX OETOHOB, cocTaBisgeT 8% OT Mac-
Chl BSIKYILETrO. YBeJIWYeHUE COAECp>KaHUsS HAaHOBOJOKOH B
MEJIKO3EpPHUCTBIX O€TOHAX MPUBOIUT K JaJbHEHIIEMY yBe-
JINYEHUIO TIPOYHOCTHBIX XapaKTEPUCTUK, HO TIPU 3TOM CHM-
>KaeTcsl y1000yKIIabIBaAeMOCTb CMECH M TTIOBBIIIAETCS €€ T10-
PUCTOCTb.

BoBoanl. Ha ocHOBaHMYM IIpOBEIEHHBIX MCCIETOBAHUIMN
YCTAHOBJIEHO, UTO BBeAeHUE HaHOBOJIOKOH AIOOH u Al,O,
B MEJIKO3€PHUCTBIN OETOH MPUBOIUT K PSIAY MOJOXUTEIb-
HbIX 2 HEKTOB.

JlobaBka HaHOAIIOMUHUS TPU JOCTATOYHBIX TO3UPOB-
Kax JeMCTBYeT KaK MMKPOHAIIOJHUTEIb C apMUPYIOIIUM
addexToM B Mex(ha30BOil MePeXOTHOM 30HE HEMEHT—IIe-
COK M YaCTUYHO B KaNUJUISIpax MaTpUIilbl MEJIKO3EPHUCTOTO
06eToHa, YTO 0OYCIIOBIUBAET 3HAYUTEIBHOE YBEJIMUEHUE MO-
ILyJisl YIIPYTOCTH, a MPU BICOKUX AO3UPOBKAaX HAHOBOJIOKOH
BO3PACTAlOT U ITPOYHOCTHBIC XapaKTEPUCTUKU.

IIupokoe BHeapeHUWE HAHOBOJIOKOH OTPAaHUYMBAET UX
CPaBHUTEJIBHO BBICOKAsi CTOUMOCTh. OUeBUAHO, YTO Aaib-
Hellre uccienoBaHus B JaHHOUW 00JacTy MO3BOJISAT 3HA-
YUTEJbHO MOBLICUTH 3(DGHEKT OT UCIOIB30BAHUSI HAHOBOJIO-
KOH Pa3ju4HOi MpUpoAbl B MOAU(PUUIMPOBAHHBIX MEJIKO-
3ePHUCTBIX OETOHAX 1 B TIEPCIIEKTUBE MOJIYy4aTh MOIU(pYHK-
LIMOHAJIbHbIE KOMITO3UIIMOHHBIE MaTepuaibl C 3aJaHHBIMU
9KCIUTyaTallMOHHBIMU XapaKTePUCTUKAMU.

CHuHCOK JIMTepaTyphl

1. Kuenckas K.U., Ky3zoBkoBa A.A., Mapuenko WM.H.
CUHTEe3 M HEKOTOpbIe 00JIACTU TIPUMEHEHUs TUIPO30-
nieii 6emura // Hayunvie sedomocmu. Ecmecmeennoie Hay-
ku. 2014. Ne 3 (174). Boin. 26. C. 123—127.

2. ConoBbeeB B.I'., BypwsiHoB A.®D., EncypseBa M.C.
Oco0eHHOCTH TPOU3BOICTBA CTATe(UOPOOETOHHBIX U3-
eI U KOHCTPYKLUUiL // CmpoumenvHvle mamepuansl.
2014. Ne 3. C. 18-21.

3. Kouanos /I.1. HaHomaTepuaabl 1 HAHOTEXHOJOTUY TSI
MaIlIMHOCTPOEHMS: COCTOSTHUE U TIEPCTIEKTUBBI TIPUME-
Henwus // Apmamypocmpoenue. 2011. Ne 4 (73). C. 55—61.

4. ®anukman B.P., Co6oneB K.I'. [TpocTop 3a npeaenom,
WV KaK HAHOTEXHOJIOTMU MOTYT U3MEHUTh MUP OeTOHA
// Haunomexwnosoeuu 6 cmpoumenvcmee: HAY4HbBLI
unmeprem-ycypuan. 2010. Ne 6. T. 2. C. 17-31. http://
www.nanobuild.ru/ru_RU/journal/Nanobuild 6 2010 _
RUS.pdf (naTta obpamenust 24.12.2014).

5. Campillo A., Guerrero J.S., Dolado A., Porro J.A,,
Ibanez S., Goni. Improvement of initial mechanical
strength by nanoalumina in belite cements. Materials
Letters. 2007. Vol. 61, pp. 1889—1892.

6. EncypreBa M.C., ConosbeB B.I'., BypwsHop A.D.
IIpuMmeHeHue paclIMpsIIOLIMXCS T00aBOK B cTaneduo-
pob6etoHe // Cmpoumenvhvie mamepuanst. 2014. No 8.
C. 60—63.

(Y PONIENBHBIE

nanofibers in the fine concrete has on the modulus of elasticity
— itincreases up to 223,2%. In our opinion, this effect is due to
the high concentration of aluminum nanofibers in interfacial
transition zone, which hamper the development of strains in
the composite at the initial stage of loading (when determining
the modulus of elasticity). These results allow to suggest that
obtained composites have considerable resistance to cyclic
loading. Found that the minimum dose of nanofibres AIOOH
and Al,O; in which shrinkage decreases and increase some
strength characteristics of fine concrete is 8% by weight of the
binder. Increasing the content of nanofibres in fine concrete
leads to a further increase in strength characteristics, but brings
on lower workability of the mixture and higher porosity.

Basing on done investigations is found, that the introduc-
tion of nanofibres Al,O; and AIOOH in fine concretes leads
to several positive effects, the additive made of nanoalumi-
num at sufficient dosages acts as microfill with reinforcing
effect in the interfacial transition zone cement-sand and
partly in the capillaries in fine concrete matrix, as a result
elastic modulus is greatly grows, also at high dosages of nano-
fibers increases and strength characteristics. However, the
widespread introduction of nanofibers limits their relatively
high cost. It is clear that further research in this area will sig-
nificantly increase the effect of using nanofibers of various
kinds in the modified fine concretes, and, in the future, re-
ceive multifunctional composite materials with predeter-
mined performance characteristics.
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