Reports of the VI International conference «Nanotechnologies in construction», 22—24 March, Cairo

YOK 544.72:691.32:539.2

A.C. NHO3EMLEB, kaHa. TexH. Hayk (InozemcevAS@mgsu.ru), E.B. KOPOJIEB, a-p. TeXH. HayK, AMPEKTOP
Hay4Ho-06pa3oBaTenbHOro LeHTpa no HanpaBneHuto «HaHoTEXHONOrnmn»

MOCKOBCKWIA rocyaapCTBEHHbI CTPOUTENBHLIN yHMBepcuTeT (129337, Mocksa, Apocnasckoe L., 26)

CTpykTypoo6pa3oBaHne U CBONCTBA KOHCTPYKLMOHHbIX
BbICOKONPOYHbIX JIErKUX 6ETOHOB C NPUMEHEHUEM
HaHomoautukartopa BisNanoActivus’

[TpefcTaBneHbl pesynbTaTbl UCCAEA0BAHUIA BISHUS KOMMIEKCHOrO HaHOpa3MepHOro Moandukartopa BisNanoActivus Ha npoueccsl
CTPYKTYpoO6pa3oBaHus B 06beMe BbICOKONPOUHbIX NErkux 6eTOHOB 1 B 30HE KOHTAKTa LIEMEHTHOr0 KamHs 1 HanonHutens. Metogamu
anddepeHLManbHOr0 TEPMUYECKOT0 aHanu3a, MHPaKpacHoi CNeKTPOCKOMUN U CNEKTPOCKONMM KOMOWHALIMOHHOMO PacCenBaHuUs YCTaHOBMEHO, YTO
NPUMEHEHNE HAHOTEXHONOMMM NO3BOMAET YNPaBASTL NPOLECCAMN CTPYKTYPOO6Pa30BaHUS Ha rpaHuLe pasaena as LeMeHTHbI KaMeHb — nonas
MUKpocdepa 3a CHeT NPUBUTOrO K MOBEPXHOCTW HAMNONHIUTENS NPEAN0XKEHHOr0 HAHOMOANMKUKATOPA M NONY4aTb BbICOKME NOKa3aTenn rU3nKo-
MEXaHN4eCKIUX CBONCTB BbICOKOMPOYHbIX NErkinx 66TOHOB. [10Ka3aHbl XapakTePUCTUKN OCHOBHbIX CBOMCTB NOMY4EHHOTO KOHCTPYKLMOHHOIO Nerkoro
66TOHA 11 €ro BbICOKAs TEXHUKO-3KOHOMUYECKas 3(PEKTUBHOCTb C Y46TOM 0671aCTU NPUMEHEHNS.
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Structuring and properties of the structural high-strength lightweight concretes with nanomodifier BisNanoActivus’

Paper presents the result of research of influence complex nanoscale modifier BisNanoActivus to structuring process in volume of high-strength lightweight concrete and at the cement
stone and filler contact faces. Research have showed that application of nanotechnology allows to control the processes of structuring the interface «cement stone — hollow micro-
sphere» due to nanomodification of surface of hollow filler with «BisNanoActivus». Complex nanoscale modifier has activity to cement and products of hydration and it has strengthens
boundary that increase the physic and mechanical characteristics of developed high-strength lightweight concretes. Research of operational properties shows that developed preparation
technology of high-strength lightweight concretes allows to get material with increased characteristics. Analysis of technical and economical efficiency by generalized criterion of quality

shows that the using of nanomodification technology for lightweight concrete increases the criterion of technical and economical efficiency.

Keywords: high-strength lightweight concrete, structural lightweight concrete, nanoscale modifier, nanotechnology.

Yacro ob6ysacTb MPUMEHEHMSI JIETKUX OETOHOB OrpaHu-
YUBAETCS MAJIO3TAXHBIM CTPOUTEIBCTBOM, YTO CBSI3aHO C
UX HEBBICOKMMU OIKCILIyaTallMOHHBIMU CBOWCTBaMU.
OnHaKo CTpoOUTeNbHbIE MaTepuasibl, OOJaaroIIMe HU3KOM
Cpe/iHel TUIOTHOCThIO U TOBBIIIIEHHOH MPOYHOCTHIO, UMEIOT
CYILIECTBEHHbIE TTPEMMYIIIECTBA B COBPEMEHHOM CTPOMUTEb-
ctBe [1, 2]. TexHonornueckue OrpaHUICHUST OOCTVKCHUS
BBICOKMX 3HAYEHUH yenbHO npouHocTu Ry, (Ry; — oTHO-
LIeHMe TIpeesia MPOYHOCTU MaTepuala K ero OTHOCUTEb-
Hoil ruiotHocTtu, MIla) mMaTepuasoB B TEXHOJOTMU SYCH-
CThIX OETOHOB CBSI3aHbI C BBHICOKOM Je(DEKTHOCTHIO CTEHOK
LIEMEHTHOTO KaMHSI, pa3[eISIIONINX BO3AYITHEIE STICHKH, a B
TEXHOJIOTMH JIETKOTO GeTOHA Ha TIOPUCTHIX 3aTlOJTHUTENSIX
— C HU3KOI IIPOYHOCTHIO U BHICOKOM COPOLIMOHHOI CITO-
COOHOCTBIO 3€PEH JIETKOTO 3aMOJTHUTENS, @ TAKXKE CO CIOXK-
HOCTSIMU €r0 paclipejicJieHus B 00beMe MaTepuaa.

OTeuecTBEHHBIMU U 3apyOeKHBIMU yYeHbIMU [3—5] Tipe-
OIIOJIEHWE YKa3aHHBIX CJIIOXKHOCTEH TMPEUTOKEeHO OCYIIEeCT-
BJISITh TIOCPEJICTBOM MCIOIBb30BAHUS CTEKISTHHBIX WU aJlio-
MOCHJIMKATHBIX MUKpOCHhEp, XapaKTepU3YIOIIMXCSI MAJTbIMU
pasmepamu (10 500 MKM), 4TO B COOTBETCTBUU C 3aKOHOM
Crokca (puc. 1) cyliecTBeHHO CHUKAET CKOPOCTh BCTUIBITHUS
YaCTHII, a TAKIKE BEICOKOI yIeIbHOI IIPOYHOCTHIO (10 70 MI1a),
obecreurBarolieil MojJydeHnue JIETKOro BBICOKOIIPOYHOTO
Matepuaia [6]. OnHako BBeAeHUE MUKpocdep BCIEACTBUE
TEXHOJIOTMYECKUX OCOOEHHOCTE ! X MOJTyYeHUsT MPUBOAMT K
dopmupoBaHuIo neeKTHOM rpaHULIBI pa3aena (a3 LeMeHT-
HbII1 KaMeHb — MUKpOchepa, UTO HE TTO3BOJISIET TTOJTHOCTHIO
pear30BaTh BeCh MX MOTEHIIAAI.

Bo3MoXXHBIM peliieHreM Mpo0aeMbl HU3KOM IPOUYHOCTU
KOHTaKTa Ha IpaHUIle LIEMEHTHbIII KaMeHb — MUKpochepa

The application area of lightweight concretes is limited
to low-rise building. That is mostly due to low operating
properties of such concretes. Building materials with low
bulk density and high strength have significant advantages
in modern construction [1, 2]. High defectiveness of ce-
ment stone walls separating the air cells into the cellular
concretes is technological restriction for progress to high
value of specific strength (ratio of material compressive
strength to rational density; units is MPa). The low strength,
high sorption ability and difficulties of distribution of light-
weight aggregate create problems for technology of the
lightweight concrete with porous aggregates.

World scientist suggested to use the glass and alumina-
silicate microspheres for overcome these difficulties [3—5].
Low sizes (less than 500 mkm) and high specific strength
(up to 70 MPa) of the spheres reduce the ascent rate ac-
cording to Stokes’ law (Fig. 1) [6]. However, addition of
microspheres makes interface cement stone — microsphere
more defective.

Forming of the dense and strong cement stone by using
to effective nanomodifiers solves the problems of low-
strength contact zone.

Paper presents the research of the high-strength light-
weight concretes with bulk density less than 1500 kg/m?
and strength more than 40 MPa. Control the structuring
processes in the interface and volume was carried out by
modification the filler surface of multicomponent na-
noscale modifier BisNanoActivus [7, 8].

Structuring. Process of structuring high-strength light-
weight concretes depends on hydration of cement, crystal-
lization and formation of crystalline splices both for heavy
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Fig. 1. Influence of particle size and viscosity of medium to ascent rate
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Puc. 2. Tepmorpamma JTA LLEMEHTHOrO KaMHs
Fig. 2. DTA Thermogramm of cement stone

sBsieTcsl (POpMUPOBAHKE TUIOTHOTO M MPOYHOTO LIEMEHT-
HOTO KaMHsI TIOCPENICTBOM MTpUMeHeHUs 3(hHeKTUBHBIX Ha-
HOMOAUGbUKATOPOB.

B paGoTte npuBeacHbl OCHOBHBIE pe3yJIbTaThl UCCIIEI0-
BaHMSI 110 pa3pabOTKe BHICOKOTIPOYHBIX JIETKUX OETOHOB CO
cpemHeil TIOTHOCTBIO MeHee 1500 Kr/M® U IpPOYHOCTBIO
Gosiee 40 MIla (R,,>30 MIIa). Ynipasnenue nporeccamu
CTPYKTYpOOOpa3oBaHUsl LIEMEHTHOTO KaMHsI Kak Ha rpa-
HULE pa3ziena ¢da3, Tak U B 00beMe TaKoro 0eToHa ocy-
IIECTBISIETCSl TTOCPEACTBOM MOIUGUIIMPOBAHUS MOBEPX-
HOCTH MUKpochep MHOTOKOMITOHEHTHBIM HaHOpa3Mep-
HbeIM MoaudukatopoM BisNanoActivus KOMILIEKCHOTO
neiictus |7, 8].

CrpykrypooOpa3oBanue. [Ipoiiecc cTpykTypoobpaszoBa-
HUS BBICOKOTIPOYHBIX JIETKMX OETOHOB, KaK M TSIKEIbIX Oe-
TOHOB Ha LIEMEHTHBIX BSIKYIINX, OTIPEIEIISeTCS BOCHOBHOM
ruapatainyeil meMeHTa, KpUCTauIM3alneil U mpoleccaMmu
GopMUpOBaHUS KPUCTAUIMYECKOTo cpocTka. KM3BecTHO,
YTO MaKCUMaJIbHas TPOYHOCTh MaTeprasa 10CTUraeTcs Mpu
(opMUpOBaHUY TBEPAOTO TeJIa ¢ HAUOOBIIEH TJIOTHOCTHIO
CBSI3ell M TIPOYHOCTU €IMHUYHOTIO KOHTaKTa, KOTopasl 3a-
BHCHUT OT BHUJIa COCAMHEHMSI, 00Pa3yIOIIeTrocsl B Mpoliecce
rUIpaTalym.

3a cyeT HaJMuMsl aKTUBHBIX LIEHTPOB Ha MOBEPXHOCTHU
HaHOMOAM(DUIIUPOBAHHbBIE IOJbIE AJTIOMOCUIUKATHBIE
MUKpochepbl OKa3bIBAIOT CYIIECTBEHHOE BJIUSIHUE Ha TIPO-
1ecc opMUPOBAHMS CTPYKTYPBI LIEMEHTHOTO KaMH (puc. 2—4).

Ananu3s skcnepuMeHTaabHbIX TaHHBIX JITA (puc. 2) cBu-
JIETeJILCTBYET, YTO TEPMOrpAaMMBbI LIEMEHTHOTO KaMHSI KakK
06a30BOro, TaK 1 HAHOMOIU(PUIIMPOBAHHOTO COCTABa UMEIOT
TPY XapaKTepHbIe aHOMaJIM1, COOTBETCTBYIOIIME TTpoLieccam
pasnioxeHus ¢da3: ynajeHue CBI3aHHOW BOIbI, JeruapaTa-
ums runca, atrpuHrura, C—S—H rena (130—150°C) [9];

HAYYHO-MeXHUYeCKUil U Npou3o0CmeeHHblil JCYPHAL

concretes with cement binder. The maximal strength of the
material can be achieved by forming the solid object with
most density of bonds and strength of single contact. It
depends on the kind of connection which formed during
hydration. Nanomodified microspheres have active centers
on the surface which influences to the structuring process
of cement stone (Fig. 2—4).

Analysis of experimental data (Fig. 2) shows that ther-
mogramm of basic cement stone and nanomodified com-
position has three characteristic anomalies which corre-
spond to processes of phase decomposition. The first is
deleting process of bound water, dehydration of gypsum,
ettringite and C—S—H gel (130—150°C) [9], the second is
decomposition of portlandite (470—500°C) [9, 10] and the
third anomaly is decomposition of aragonite and calcite
(745-770°C) [10, 11].

The fig. 1 shows temperature and enthalpy shift value
between basic and nanomodified composition. Value of
specific enthalpy of first anomaly increases by 16,2%, of
second anomaly by 304%, of third anomaly by 104% for
nanomodified composition. It can be explained by increas-
ing of bound water and forming of more number of calcium
hydrates and hydrosilicates.

Active silica interacts with Ca(OH), of portland cement
and forms hydrosilicate structures CSH (II). This is con-
firmed by the results of IR spectroscopy (Fig. 3).

Infrared absorption spectrum analysis shows that ap-
plication of complex nanomodifier BisNanoActivus rises
quantity of cement hydration products. Rising of peaks in
the range of 1100—750 cm™!, corresponding to symmetric
and antisymmetric stretching of Si—O—Si and Si—O (and
Si—0O—Al also), specific for medium- and high-alkaline
hydrated calcium silicates [12, 13] is observed. The results
of DTA (Fig. 2) are confirmed by the presence of wide ad-
sorption bands 3620 and 3450 sm™'. These bands corre-
spond to vibrations of hydrated bonds in the compounds of
the calcium hydroxide. Besides, modified cement stone
evidences absorption bands specific for tobermorite-like
low-alkaline hydrated calcium silicates, i.e. 1620 and
1150—1030 cm™! [14]. It was also observed that cement
stone with BisNanoActivus shows decrease in relative ab-
sorption intensity for carbonaceous bond beaks 870 and
1400 cm™".

Thus, addition of complex nanomodifier
BisNanoActivus contributes to intensification of cement
hydration process, formation of additional number of cal-
cium hydrosilicates and reduces number of calcium car-
bonate with various morphology. Analysis of contact zone
filler and cement stone was performed by Raman spectros-
copy method. Cement stone, high-strength lightweight
concrete and nanomodified high-strength lightweight con-
crete were objects of research.

Analysis of cement stone samples (Fig. 4) showed
well-defined peaks, identified as Raman emission disper-
sion area connected with carbonaceous bonds (278 cm™!),
SO, ettringite (989 cm™') and Si—O bonds (1085 cm™")
[15], with relative intensities 547; 365 and 806 correspon-
dently. Analysis of cement stone and microsphere contact
faces in HSLCs there are only two decreased intensity
peaks seen (137 and 501, for 4th and 5th peak correspon-
dently), specific for Si—O stretching band. Internal strain
of tetrahedral silicates v, ([SiO4]) generates bonds in area
of 400-600 cm-1 [16, 17], that are available for descrip-
tion at spectra of HSLWC at cement stone — microsphere
phase boundary. 462 and 517 cm™!' peaks may be inter-
preted as deformation oscillations and antisymmetric
bands of O—Si—O. At that peak’s relative intensity is 649;
643; 141; 401 and 1239, i.e. peaks’ height Ne 1, 4 and 5 is
growing on 15; 11 and 35 %, correspondently. The last is
evidencing increase in number of crystaling reaction
products at the boundary.
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pasnoxenue noptriaaHauTa (470—500°C) [9, 10]; pasmoxe-
Hue aparoHura u Kainbuura (745-770°C) [10, 11].
CormocraBiieHUe aOCOJIOTHBIX XapaKTepUCTUK aHOMaJuii
yKa3bIBaeT Ha CMElIeHUEe 3HAUCHU It TeMIIepaTyphl U YIe/Ib-
Hoi sHTaIbMUK. Tak, 3HaUYCHNE YAETbHON SHTANBITUM TIep-
BOWi aHOMAaJIMU JJIsI HAaHOMOAMMUIIMPOBAHHOTO COCTaBa
yBeau4dmiIoch Ha 16,2%; Bropoit aHomanun Ha 304%; Tpe-
Theit aHoManuu Ha 104%. DTo 0OBSICHSIETCS YBEIMUYECHUEM
JIOJIA CBSI3aHHOM BOABI M 00pa3oBaHKUEM OOJIBIIErO KOInye-
CTBa TUAPATOB U THAPOCUINKATOB KaJTBLIMSI.

30J1b KPEMHHMEBOIM KUCIOTHI, BXOASAIINIA B COCTAB KOM-
MjeKcHoro HaHomoaudukaTopa BisNanoActivus, B3aumo-
neicrByet ¢ Ca(OH), uemeHTa ¢ 06pa3oBaHUEM TUIPOCUIU-
kaTHoi1 ctpykrypbl CSH (II). YkazaHHoe moaTBepxaaeTcst
pesyabratamu MK-criektpockonuu (puc. 3). AHaIu3 WH-
(bpakpacHBIX CTHIEKTPOB TOTIOIIEHUSI CBUAETEILCTBYET, YTO
npumeHeHne BisNanoActivus mpuBOIUT K YBEJIUYEHUIO KO-
JInYecTBa MPOAYKTOB THApaTAlIMK LieMeHTa. Tak, ycTaHOBJIe-
HO, YTO YBEJNYMBAETCSI MTHTEHCMBHOCTb MAaKCHMYMOB B IMa-
nasone 1100—750 cM™!, COOTBETCTBYIOLINMX CUMMETPUUHBIM
1 aCUMMETPUYHBIM KosiebanusiM cBsizeii Si—O—Si u Si—O (a
takke cBsizeil Si—O—Al), COOTBETCTBYIOIIMX BBICOKO- U
CpeIHEeOCHOBHBIM TMAPOCHIMKATaM Kanbius [12, 13].

Kpome Toro, mposiBaeHue IMMPOKUX MOJIOC MOTJIOIIEHUS
3620 u 3450 cM™!' moaTBepXKIACT JaHHbBIE, MOMyYEHHbIE METO-
nom ITA (puc. 2). DTH 1oJIoChl COOTBETCTBYIOT KOJICOAHUSIM
TMAPATHBIX CBSI3eH B COCMMHEHUSIX TMAPOKCHIA Kaablus. B
MOIUOUIIMPOBAHHOM IIEMEHTHOM KaMHe TIPOSIBIISIIOTCS TaK-
K€ TTOJIOCHI TTOTJIOIIEHUSI, XapaKTepHbIe 1T HU3KOOCHOBHBIX
TUIPOCUIMKATOB KaJIbLIUSI TOOEPMOPUTOIIONO0HON CTPYKTY-
pbl, — 1620 1 1150—1030 cm~! [14] v HabmonaeTcst CHIDKeHUE
OTHOCUTEJbHO WHTEHCUBHOCTHU TIOTJIOILEHUSI IS TTUKOB
KapGoHATHBIX cBs13eit 870 m 1400 cm— .

[Ipumenenue  HaHOpasMepHOTro  MoaudUKaTOpa
BisNanoActivus, HaHOCHUMOro Ha MOBEPXHOCTb MUKpocdep,
€CTECTBEHHO, JIOJKHO M3MEHSITh XapaKTepUCTUKU LIEMEHT-
HOTO KaMHsI Ha IrpaHulIe pasaeia ¢a3 IeMeHTHBI KaMeHb —
MUKpocdepa. AHaM3 30HbI KOHTaKTa HAITOJHUTEIS U 1ie-
MEHTHOTO KaMHs TIPOBOIWIICS C TIPUMEHEHNEM METO/IA CITEK-
TPOCKOIIMM KOMOMHAIIMOHHOIO paccesHus (puc. 4).
OOBEeKTaMM UCCIIENOBAHMSI SIBJISTUCH COCTaBbl 1IEMEHTHOTO
KaMHSI, BBICOKOIPOYHOTO JIETKOro O0eTOHAa M HaHOMOIU(HU-
IIMPOBAHHOTO BbICOKOIpOUHOorogerkoro6erona (HMBITJIB).

AHaJIN3 MOJYYEHHBIX JaHHBIX TOKA3bIBAET, UYTO CIIEKTPhI
KoMOuHauoHHoro paccesHust (KP-crekTpbl) o1 Bcex
Tpex 00pa31oB OTAMYAIOTCS U MO KOJMYECTBY UASHTUMUIIN-
PYEMBIX MUKOB, U MO MX OTHOCUTEJIbHONW MHTEHCUBHOCTH.
Taxk, Ha oOpa3iiax IIeMeHTHOTO KaMHs HaOJII0Ial0TCsI TTKH,
WACHTUOUIIMPYEMbIe KaK MOJIOCHI KOMOMHALIMOHHOTO pac-
CesTHMSI KapOOHATHBIX cBsizeit (278 cm™!), pagukana SO4'2,
srrpuHTHTa (989 cM™!), cBaseit Si—O (1085 cm™') [15] oTHO-
CUTEJbHOI MHTEHCUBHOCTBIO 547; 365 11 806 COOTBETCTBEH -
Ho. [Tpu nccnenqoBaHUM 30HBI KOHTAKTa IIEMEHTHOTO KaMHS
1 MUKpocdep B BBICOKOITPOUHOM JIErKOM OeToHe HabJto1a-
IOTCSI TOJIBKO ABa MHMKa MOHMXXEHHOU MHTeHCUBHOCTH (137
u 501, WISt 4eTBEPTOTO U ISITOrO IMKMKa COOTBETCTBEHHO), CO-
OTBETCTBYIOILIME BaJIECHTHBIM KojebaHusMm cBsa3u Si—O.
BHyTpeHHUe AedopMalii CUIMKATOB TEeTPasapUiyecKoro
tura V4 ([SiO4]) mopoxmaror mojockl B obmactu 400—
600 cm! [16, 17], KOTOpBIe MOXKHO MACHTH(UINPOBATh HA
CIIEKTpaXx, MOJYYeHHBIX [IJIS1 FPAHMIIbI LIEMEHTHBII KaMeHb—
MUKpocdepa B cocTaBax HAHOMOAUMDUIIMPOBAHHOTO BbICO-
KOMPOYHOTO jierkoro 6etoHa. IMuku npu 462 u 517 cm™! Mo-
TYT OBITh MHTEPIPETUPOBAHBI KaK COOTBETCTBYIOIINE JIe-
(bopMalIMOHHBIM KOJIEOAHUSAM M aHTUCUMMETPUYHBIM 13-
rubam cBsa3u O—Si—O. [Ipu 3TOM OTHOCUTEIbHASI UHTEH-
CHUBHOCTD ITUKOB cocTaBiseT 649; 643; 141; 401 u 1239; BbI-
cota nMuKoB 1, 4 u 5 yBeanuuBaetcs Ha 15; 11 u 35 % coot-
BETCTBEHHO. DTO CBUAETEILCTBYET 00 YBEIMYEHUN KOJTUYIE-
CTBa KPUCTAJUIMYECKUX TMPOAYKTOB PeakIMM Ha TpaHUIIe
pasnena das.
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Fig. 3. IR-spectra of absorption portland cement, cement stone and cement
stone with nanomodifier
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Puc. 4. CnekTpbl KOMOGMHALMOHHOIO paccesiHns UCccneaoBaHHbIX obnacTein
Fig. 4. Raman-spectra of cement stone, interface of CS/MS in HSLWC and
interface of CS/MS in HSLWC with nanomodifier

Thus, conducted studies have showed that application
of complex nanomodifier BisNanoActivus rises quantity of
active centers at the surface of dispersed phases. It allowing
to expect increase in growth of hydration speed in portland
cement and growth of hydrated calcium silicates at the in-
terface cement stone — nanomodified microsphere.

Research have showed that application of nanotechnol-
ogy allows to control the processes of structuring the inter-
face cement stone — hollow microsphere due to nanomod-
ification of surface of hollow filler with BisNanoActivus.
Complex nanoscale modifier has activity to cement and
products of hydration and it has strengthens boundary that
increase the physic and mechanical characteristics of de-
veloped high-strength lightweight concretes.

Physical and technical properties. The studies dedicated
to wettability of dispersed phases and surface morphology
adsorptive porometry shows absence of extended porous
structure of ceramic and glass microspheres, and increase of
water consumption of high-strength lightweight concretes
mixtures is due to microspheres surface roughness [18].
Potential for enhancement of microsphere usage efficiency
consists in control over surface phenomena. For this con-
trol, it is advisable to apply both traditional ways — applica-
tion of surfactants — and mew approaches — for instance,
application of nanomodifiers.

Research of operational properties shows that devel-
oped preparation technology of high-strength lightweight
concretes allows to get material with increased characteris-
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Taxum o6pa3om, rccaenoBaHus, PO-
BeneHHble Metogamu JITA, K- n KP-
CTIEKTPOCKOMUU, MOKa3aJind, YTO HaHece-

OCHOBHbIE CBOIICTBA HAHOMOANDULUPOBAHHBIX BbICOKOMPOUHbIX

nerknx 6eToHOB

The main properties of the developed high-strength lightweight concrete

Hue moaudukaTopa BisNanoActivus nmpu-
BOAUT K WHTEHCU(UKALIMU TUIpATALIMU
LIeMEeHTa, 00Pa30BaHUIO TOTIOJTHUTEbHO-

T'0 KOJIMYECTBA T'MAPOCUINKATOB KaJIbLIW,
YIUIOTHEHHIO U YITPOYHEHUWIO IEMECHTHOTO

KaMHsI Kak B 00beMe, TaK M Ha TpaHULIe
paszena a3 eMeHTHBII KaMeHb — HAaHO-
MoauduIIMpoBaHHasE MUKpocdepa.

Du3nKo-TeXHHYECKHE  CBOICTBA.
HccnenoBaHuio CcMauyvMBaeMOCTH JIUC-
MnepcHbIX (a3 1 MopdogIorun MOBEPXHO-

CTM METOMIOM aJICOPOIIMOHHOM TTOpOMe-
TPUH TIOKA3bIBAIOT, YTO KEPAMHUUYECKUE U

CTeKJISTHHBIE MUKpOcdephl He 00IagaloT
pa3BUTON ITOPOBOM CTPYKTYPOIi, a yBEIU-
YeHMEe pacxo/ia BOJIbl B COCTaBaX BHICOKO-

IPOYHBIX JETKHX OETOHOB CBSI3aHO C IIIe-
POXOBATOCTBIO ITOBEPXHOCTU MUKPO-

cdep [18]. DTO 3aKOHOMEPHO TIPUBOIUT
K CHIDKEHUIO TIOABMIKHOCTH OETOHHBIX

cMeceii. OueBUIHBIM pellieHUeM YKa3aH-

HOI TEXHOJIOTUYECKOM MPOOIEMbI SIBJISI-
€TCsI UCIOJIb30BaHUE TUTACTU(UKATOPOB.
B [18] mokazaHo, uTo 3(hEeKTUBHBIMU

iacTuguKaTopaMu sl TAKUX OETOHOB
SIBJISIIOTCSTI JO0ABKM Ha IOJIMKapOOKCH-

JIaTHOM OCHOBE.
HanoMonuduimpoBaHHbIE BBICOKO-

IIPOYHBIC JIETKUE 6eTOHH, OIITUMMU3ALMA
KOTOPLIX ITPOBEACHA C LICJIbIO ITOJTYYCHUA
Mareépuaja C MaKCUMaJIbHBIM Kayd€CT-

BoM [19, 20], obGnanaloT mokasareiasiMu
CBOWCTB, 00eCrieunBaIOIIMMU UM BbICO-

KUe KOHKYPEHTHBIE TPEeUMYIIecTBa (CM.
TaOJINILY).
3akmouenne. O1ieHKa SKOHOMUYECKOR

93¢ GEKTUBHOCTU C YYETOM O0JIACTU IIPH-
MEHEHUST BBICOKOTPOYHBIX KOHCTPYKIIM-

OHHBIX JIETKUX OeTOHOB [21] MoKa3bIBaeT,
YTO BBICOKME 3KCIUTyaTallMOHHBIC XapaK-
TEPUCTUKU OOECIIEeYMBAIOT BO3MOXKHOCTh

Mokazatenb 3HayeHne nokasarens
Property Value

MoaBMXHOCTbL MO AMaMETPyY pacnsbiBa KOHyCa, MM He meHee 155
Slump cone spread, mm Not lower than 155
CpepfHsisi NNOTHOCTb, Kr/M3 1300-1500
Average density, kg/m? (Ib/gal) (10,8-12,5)
O6uwas nopuctocTb,% / Total porosity, % 33,4
B TOM yucne: 3akpbitas / including : closed 31,9
oTKpbITas / opened 1,5
Mpenen npoyHocTy nNpu narnbe, MMa 5-8
Bend strength, MPa (x10° psi) (725-1160)
Mpenen npoyHoCcTU Npu cxaTtuun, MlMa 40-70
Compressive strength, MPa (X108 psi) (5,8-10,15)
YpenbHas npoyHocTb, MIMa 40-45
Specific strength, MPa (X102 psi) (5,8-6,53)
KoadpPUUMEHT TPELLLMHOCTONKOCTN 0,1-0,12
KoadpdpuupmeHT TpeLumHocTonkocTn no metogy MUUT 0,27-0,42
Mogaynb ynpyroctu, Ma 9,5-15,2
Modulus of elasticity, GPa (<108 psi) (1,38-2,2)
Ko_eq)qw‘u.l.mer_n lMyaccoHna 0.13-0.15
Poisson’s ratio
BoponornoweHne no macce, % 1
Water absorption, by weight %
KoadpdurumeHT BOOAOCTOMKOCTU

. 0,95
Water resistance
KoadpuumeHT TennonposogHocTtu, B1/(m-°C) 0.48-0.7
Heat-conduction coefficient, W/(m-°C) ’ ’
KoaddurumneHT TemnepatyponpoBOAHOCTH, 1077 M2/C 343-4.04
Temperature conductivity coefficient, 1077 m?/s ’ ’
YnenbHas TennoemMkocTtb (Npy T=25°C), kx/(kr-°C) 1.08-1.17
Specific heat capacity T=25°C, kd/(kg-°C) ’ ’
MOpOSOCTOVIKOC.Tb F300
Freeze-thaw resistance

MOBBILICHNS (PPEKTUBHOCTA CTPOUTE b~
cTBa He MeHee yeM Ha 30—35%, KoTopasi CKJIambIBacTCs U3
SKOHOMUU PECYPCOB IPU CTPOUTENILCTBE (CHIKEHUE pacxoma
6eToHa M METAJUTMUCCKOI apMaTyphl), COKPAIICHHS 3aTpaT Ha
TPAHCITOPTHBIE, MOHTAXKHBIE U TETJIOU30JISILIMOHHBIE PAOOTHI,
TTOBBIIIICHUST PAIMOHATBHOCTY MCTIONB30BaHUST 3eMelTh (YBe-
JIMYEHUE STAXKHOCTH, YBEJIMUYEHME IIPOJICTOB, COKpAILCHHUE
KOJIMYECTBA HECYIIMX JIEMEHTOB KOHCTPYKIIMN) U T. 1.
Pa3paboTaHHBIC BBICOKOIPOYHBIC JIETKHE OCTOHBI CY-
IIECTBEHHO PACIIUPSIOT 00JacTh MPUMEHEHUs JIETKUX Oe-
TOHOB. WX 11e1ecoo06pa3sHoO MCIONb30BaTh TSI U3TOTOBIIC-
HMSI KOHCTPYKIIMA IIPH CTPOUTEIbCTBE MHOIOITAXKHBIX U
BBICOTHBIX O0BEKTOB, B KMJIMIITHOM M KOMMEPUYECKOM CTPO-
WUTENbCTBE, TTPU BO3BEAEHUM YHMKAJIbHBIX COOPYXEHUM, a
TaKXe TIPU YCTPOCTBE TOPOKHBIX MOCTOB U Pa3BsI30K.
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tics (compared with traditional heavy concrete) [19, 20].
The main properties of the developed nanomodified high-
strength lightweight concretes are presented in table.

Conclusion. Analysis of technical and economical effi-
ciency by generalized criterion of quality [21] shows that the
using of nanomodification technology for lightweight concrete
increases the physical and technical properties. Economical
efficiency of building is increased up to 30—35%. This is due to
the saving resources (consumption reduction of concrete and
metal fittings), reducing cost to transport, mounting and insu-
lating, improving the rational use of lands, etc.

Technology of high-strength lightweight concrete ex-
pands the scope of application of lightweight concretes.
The developed material can be used for construction of
high-rise and special building.
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