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CTpykTypoobpa3oBaHue U CBOMCTBA KOHCTPYKLUOHHbIX
BbICOKONPOYHbIX JIErKUX 0ETOHOB C NPUMEHEHUEM
HaHomopuchukartopa «BisNanoActivus»'

[TpeacTaBneHbl pesynbTaThbl UCCIEA0BAHUIA BAUSHUA KOMMIEKCHOrO HaHOpa3MepHoro moandukaropa «BisNanoActivus» Ha npoLecchbl
CTPYKTYp006pa30BaHMs B 06beMe BbICOKOMPOYHbIX IETKUX GETOHOB 1 B 30HE KOHTAKTA LIEMEHTHOr0 KaMHs 1 HanonHutens. Metogamu
AndhdepeHLmanbHOro TepMIUYECKOro aHannaa, MHPAKPACHON CNEKTPOCKONMYM U CNEKTPOCKONMM KOMBUHALMOHHOMO pacCenBaHms yCTaHOBMEHO, YTO
MPUMEHEHNE HAHOTEXHONOMM, NO3BOMSAET YNPaBNATL NPOLECCaMU CTPYKTYPOO6pa30BaHus Ha rpaHuLe pasaena a3 LeMEHTHbIN KaMeHb — nonas
MUKpoCcdepa 3a CHET NPUBMTONO K NMOBEPXHOCTM HANOMHUTENS NPEAT0XEHHOr0 HAHOMOANMKATOPA 1 NOJTyYaTb BbICOKME NMOKasaTenn U3nKo-
MEeXaHW4YeCKNX CBONCTB BbICOKOMPOYHbIX JIErKUX 6ETOHOB. [10Ka3aHbl XapaKTepPUCTUKI OCHOBHbIX CBOWCTB MOY4EHHOr0 KOHCTPYKLMOHHOIO NIErkoro
6eTOHA 11 €ro BbICOKAA TEXHUKO-IKOHOMMYECKAs 3PEKTUBHOCTb C YHETOM 06/1aCTI NPUMEHEHUS.
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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
microsphere» 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 devel-
oped 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
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YacTto 00gacTh NpUMEHEHMS JIeTKMX O€TOHOB OTpaHu-
YUBAETCS MAJO3TaXHBIM CTPOUTEIBCTBOM, UTO CBSI3AHO C
UX HEBBICOKMMHU 3KCIUTyaTalMOHHBIMU CBOWCTBAMM.
OpHako CTPOMTENIbHBIE MaTepuaibl, 00JajaroIe HU3Koi
CpeHel TUIOTHOCTBIO Y IMTOBBIIIEHHOM MPOYHOCTHIO, UMEIOT
CYIIECTBEHHBIE PEUMYIIECTBA B COBPEMEHHOM CTPOUTEIb-
ctBe [1, 2]. TexHoaornyeckyue OorpaHUYEHUs TOCTYKEHMUS
BBICOKMX 3HAYEHUH yIeIbHOM povyHOCTH Ry 2 MaTepuaIoB
B TEXHOJIOTMU SUEUCTHIX GETOHOB CBSI3AHBI ¢ BBICOKOI ne-
(beKTHOCTBIO CTEHOK IIEMEHTHOTO KaMHSI, Pa3fesIsIiolInX
BO3IYITHBIEC TYSHKH, a B TEXHOJIOTUH JIETKOTO OeTOHA Ha IO-
PUCTBIX 3aMOJHUTENSIX — HU3KOW MTPOYHOCTHIO U BBHICOKOM
COpPOLIMOHHOM CIIOCOOHOCTBIO 3ePEH JIETKOTO 3aIl0JIHUTEIS,
a TakKe CJOXHOCTSIMM ero pacipenesieHus: B o0bemMe mate-
puana.

OTeuecTBeHHBIMU 1 3apYOEXKHBIMU ydeHbIMU [3—35] ripe-
OIIOJIEHWE YKa3aHHBIX CIIOXKHOCTEH TMPETOKEHO OCYIIEeCT-
BJISITh TIOCPEICTBOM MCIIOJTb30BAHUS CTEKIISTHHBIX MJTU aJTio-
MOCWJIMKATHBIX MUKPOCHhED, XapaKTePU3YIOIIUXCS MATbIMU
pa3mepamu (10 500 MKM), YTO B COOTBETCTBUU C 3aKOHOM
Crtokca (puc. 1) cylecTBeHHO CHUXKAET CKOPOCTh BCTUIBITHSI
YaCTUII, a TAKXKE BBICOKOM YIEJIbHOM IMPOYHOCTHIO (10 70 MT1a),
obecrieuynBaroNieil MoJydeHUe JEeTKOTO BBICOKOTIPOYHOTO
Marepuaia [6]. OgHako BBelaeHMEe MUKpocdep BCICACTBUE
TEXHOJIOTUYECKUX OCOOEHHOCTE! MX MOTyYeHUsT IPUBOJIUT K
(opmupoBaHuio nedekTHON TpaHULbI pasznena a3 «iie-
MEHTHBIH KaMeHb — MUKpocdhepa», UTO He TI03BOJISIET TMOJI-
HOCTBIO peain30BaTh BECh UX MOTEHIIMAI.

Bo3MOXHBIM perieHrueM pooIeMbl HU3KOW TTPOYHOCTH
KOHTaKTa Ha IpaHMIle IEMEHTHBI KaMeHb — MUKpocdepa

1Pa60Ta npoBeleHa TMpU  TMOIIEPKKE

crunenauu  Ilpesugenra PO

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; unitsis 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 llght—
weight concretes with bulk density less than 1500 kg/m?3
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-
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lization and formation of crystalline splices both for heavy
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 (puc. 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

—o— Viscosity of the medium 100 Pa; —o—The same 200Pa; —a—The same 500 Pa decomposition of portlandite (470—500°C) [9 10] and the

Puc. 1. BavsiHre pa3mepa 4acTuL, 1 BA3KOCTV Cpeabl Ha CKOPOCTb BCMUIbITUS
Fig. 1. Influence of particle size and viscosity of medium to ascent rate
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Puc. 2. Tepmorpamma TA LeMEHTHOrO KaMHsi
Fig. 2. DTA Thermogramm of cement stone

sBysieTcs OpMHUPOBAHUE TUIOTHOTO M MPOYHOTO IIEMEHT-
HOTO KaMHSI TTOCPEJICTBOM ITpUMeHeHUsT 9 (GEeKTUBHBIX Ha-
HOMOIU(UKATOPOB.

B paboTe mpuBeneHbI OCHOBHBIC PE3yIbTaThl UCCIIEH0-
BaHMS T10 pa3pabOTKe BHICOKOIIPOYHBIX ﬂerKMx OETOHOB CO
cpenHeil IIOTHOCTbIO MeHee 1500 kr/M® M TIPOYHOCTBIO
Gonee 40 MIla (Ry,>30 MIla). [lna ynpasaenus npouecca-
MU CprKTypoo6pa3OBaHuﬂ LIEMEHTHOTO KaMH$SI KakK Ha
rpanuie pasnena ¢as, Tak u B o0beMe TaKoro 6eToHa, ocy-
IIECTBIISIETCS TIOCPENCTBOM MOTU(DUIIMPOBAHUS TTIOBEPXHO-
CTU MUKpOC(hep MHOTOKOMITOHEHTHBIM HaHOPa3MepPHbLIM
monupukatopom «BisNanoActivus» KOMIUIEKCHOTO Oeii-
crBust [7, 8].

Crpykrypoobpa3oBanue. [Ipoiiecc cTtpykTypoobpazona-
HUsI BBICOKOTIPOYHBIX JIETKMX OETOHOB, KaK M TSIKEJIbIX Oe-
TOHOB Ha IIEMEHTHBIX BSDKYIIUX, OTMPENEIsieTCs], B OCHOB-
HOM, TMApaTalMe LeMEeHTa, KpUCTAUIM3alueld U mpoLec-
camMyu  (HOPMUPOBAHUS KPUCTALIMYECKOTO CPOCTKA.
M3BecTHO, YTO MaKcHMMaslbHasl MPOYHOCTb MaTepuaia Jo-
cruraercst mpu GOpMUPOBAHUU TBEPAOTO Teja ¢ HauboJIb-
Il TUIOTHOCTBIO CBSI3€i M MPOYHOCTU €IUHUYHOTO KOH-
TaKTa, KOTOpas 3aBUCUT OT BUAa COSIUHEHUs, 00pa3ylole-
rocs B IIpoiiecce TMapaTalny.

3a cyeT HaJM4Msl aKTUBHBIX LIEGHTPOB Ha MOBEPXHOCTHU
HAaHOMOAUMUIMPOBAHHbIE MOJIbIe ATIOMOCUIMKATHBIE MU-
Kpocdepbl OKa3bIBAIOT CYLIECTBEHHOE BJIMSIHAE Ha MPOLIECC
¢opMUpOBaHUs CTPYKTYPhI IEMEHTHOTO KaMHsI (puc. 2—4).

AHanu3 sKcriepuMeHTanbHbIX naHHbIXx A TA (puc. 2)
CBUIIETEBCTBYET, YTO TEPMOTPAMMBI IIEMEHTHOTO KaMHS
Kak 0a30BOro, Tak M HaHOMOAMGULMPOBAHHOIO COCTaBa
UMEIOT TPU XapaKTEePHbIX aHOMAaJIUU, COOTBETCTBYIOIIME
rnpoueccam paszjioxeHus ¢das: ynajieHue CBI3aHHOM BOJbI,
neruaparauus rurca, arrpuHruta, C—S—H renst (130—150 °C)
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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—O—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
absorptlon 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 d1spers1on
area connected with carbonaceous bonds (278 cm™!), SO4
ettringite (989 cm™') and Si—O bonds (1085 cm™!) [15],
with relative intensities 547; 365 and 806 correspondently.
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 correspondently), spe-
cific for Si—O stretching band. Internal strain of tetrahedral
silicates v, ([SiO,4]) generates bonds in area of 400-600
cm-1 [16, 17], that are available for description at spectra
of HSLWC at cement stone — microsphere phase bound-
ary. 462 and 517 cm™! peaks may be interpreted as deforma-
tion oscillations and antisymmetric bands of O—Si—0O. At
that peak’s relative intensity is 649; 643; 141; 401 and 1239,
i.e. peaks’ height Nel, 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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[9], paznoxenue nopraanaura (470—500°C) [9, 10], pazio-
KeHMe aparoHuta M kKainbuurta (745-770°C) [10, 11].
ComnocrapiieHUe aOCOMIOTHBIX XapaKTePUCTUK aHOMaJIWii
YKa3bIBae€T Ha CMEIeHUEe 3HAYEHUI TeMITepaTyp W YIeib-
HOU dHTaIbNUU. Tak, 3HaYeHUE YIeTbHON SHTAIBITUY TIep-
BOW aHOMAJIWW IJIsI HaHOMOIU(UIIMPOBAHHOTO COCTaBa
yBemumiIach Ha 16,2%, Bropoii aHomanuu — 304%, a tpe-
Theil aHoMauu — 104%. D10 OOBSCHSICTCS YBEJIMYECHUEM
JIOJIA CBSI3aHHOM BO/IbI M 00pa30BaHUEM OOJIBIIETO KOJIUYE-
CTBa TUAPATOB U TMAPOCUIMKATOB KATBLIMSI.

30J1b KPEMHHMEBOW KUCIOTBI, BXOASIIMI B COCTaB KOM-
IUIEKCHOTO HaHOoMoauduKaTopa «BisNanoActivus», B3aumo-
neicrByet ¢ Ca(OH), uemeHTa ¢ 06pa3oBaHUEM TUAPOCUIIU-
kaTHbIX cTpykTypbl CSH (II). YkazaHHoe noarBepxkaacTcst
pesyabratamu MK-criektpockonuu (puc. 3). AHanu3 WH-
(bpakpacHBIX CHEKTPOB TMOMIOLIEHUST CBUAETEIILCTBYET, UTO
npuMmeHeHue «BisNanoActivus» NMPUBOAUT K YBEJIMUCHUIO
KOJIMYECTBA TIPOIYKTOB I'MApaTaliuy lieMeHTa. Tak, ycTaHOB-
JIEHO, YTO YBEJWYMBAETCSI MHTEHCHMBHOCTH MaKCMMyMOB B
nuarnasoHe 1100—750 cM™~!, cOOTBETCTBYIOIINX CUMMETPUY-
HbIM M aHTUCUMMETPUYHBIM KojiebaHusIM cBsi3eit Si—O—Si u
Si—O (a Takke cBaszeit Si—O—Al), COOTBETCTBYIOIIUX BbICO-
KO- U CPeIHEOCHOBHBIM TMAPOCHIMKAaTaM Kaybius [12, 13].

Kpome Toro, mposiBiieHUe IITMPOKUX TOTOC TTOTIIOIIEHMST
3620 1 3450 cM~! noaTBepXKIAET JAHHBIE, TOTYyYEHHBIE METO-
oM ATA (puc. 2). DTH 1oI0Chl COOTBETCTBYIOT KOJICOAHUSIM
TMAPATHBIX CBSI3EN B COENMHEHMSIX TMAPOKCHUAA Kalblus. B
MOIUDUIIMPOBAHHOM LIEMEHTHOM KaMHE TPOSIBIISIIOTCS TaK-
K€ TIOJIOCHI MOIJIONIEHMUS, XapaKTePHbIE /1Sl HU3KOOCHOBHBIX
TMAPOCHINKATOB KaJIbIIUsST TOOEPMOPHUTOIONOOHOM CTPYKTY-
pbl — 1620 1 1150—1030 cm~! [14], 1 HaGImoaeTCs CHIDKEHUE
OTHOCUTEIbHON WHTEHCUBHOCTU TIOTJIOIIEHUS UIS THUKOB
KapOOHATHBIX cBsizeit 870 1 1400 cm~ .

[IpuMeHeHMe  HaHOpa3MepHOro  MoauduKaropa
«BisNanoActivus», HAaHOCMMOTO Ha ITOBEPXHOCTb MUKPO-
cep, ecTecTBEHHO MOKEH M3MEHSITh XapaKTePUCTUKH I1e-
MEHTHOTO KaMHsI Ha TpaHHMIle pazaesa a3 HeMEeHTHBIN Ka-
MeHb — MUKpochepa. AHaIu3 30Hbl KOHTaKTa HAITOJIHUTEJIS
Y LEMEHTHOTO KaMHs MPOBOIMIICS ¢ MTPUMEHEHUEM MeTona
CIEKTPOCKOMUU KOMOMHAIIMOHHOTO paccesiHust (puc. 4).
OOBEKTAMM UCCIIETOBAHUS SIBJISTUCH COCTaBbl 1IEMEHTHOTO
KaMHSI, BBICOKOITPOYHOTO JIETKOTO OeTOHAa W HaHOMOIU(bU-
LIMPOBAaHHOTO BEICOKOMpoyHorojerkoro 6etona (HMBILJIB).

AHaJU3 MOJYyYeHHBIX TaHHBIX MOKA3bIBAET, YTO CIIEKTPhI
KOMOMHaIMoHHoro paccessHusi (KP-crekTpbl) aas Bcex
Tpex 00pas31oB OTINYAIOTCS U ITO KOJMYECTBY MIEHTU(PULIM-
PYEMBIX TTMKOB W IO MX OTHOCHUTEJIbHON MHTEHCUBHOCTH.
Tak, Ha o6pa3iax eMEeHTHOTO KaMHS HaOJTIOAat0TC s KM,
UACHTUOUIMPYEMbIe KaK MOJIOChI KOMOMHAIIMOHHOTO pac-
cesHMsl KapOOHATHBIX cBsiseil (278 cm™ '), panukana SO, 2,
srrpuHruTa (989 cM~), cpaseit Si—O (1085 em™') [15] oT-
HOCHUTEJIbHOM MHTEHCUBHOCTBIO 547; 365 n 806, coorBeT-
ctBeHHO. [1pu MccienoBaHM 30HBI KOHTAKTa IIEMEHTHOTO
KaMHSI 1 MUKpOchep B BEICOKOITPOYHOM JIETKOM O€TOHE Ha-
OJII0IAIOTCS TOJBKO JIBAa MUKA MOHWKEHHONW WHTEHCUBHO-
ctu (137 u 501, nasg 4eTBEpTOro M ISITOrO IMHMKa COOTBET-
CTBEHHO), COOTBETCTBYIOIIME BAJIEHTHBIM KOJEOAHUSIM CBSI-
3u  Si—0O. BHyTpeHHue pgedopmalMu  CUJIMKATOB
TeTpasapuyeckoro tuna v, ([SiO4]) mopoxaaroT moaock B
o6nactu 400—600 cm~! [16, 17], KOTOpBIE MOXHO MAEHTH-
(uuMpoBaTh Ha CIeKTpax, MOJYYEHHBIX IS TPAHUIIBI 11e-
MEHTHBIII KaMeHb — MUKpocdepa B cocTaBax HAHOMOAU U -
LIMPOBAHHOTO BBICOKOMPOYHOIO Jierkoro OetoHa. ITuku
npu 462 n 517 cM~' MOryT GBITH MHTEPIPETUPOBAHLI KAK
COOTBETCTBYIOIIME Ae(OPMALIMOHHBIM KOJIEOAaHUSIM U aH-
TUCUMMETPUIHBIM 13rudam cBsi3u O—Si—O. [1pu aTom oT-
HOCHUTEJIbHAA UHTEHCUBHOCTD IMKOB COCTaBIIsIeET 649; 643;
141; 401 u 1239; BbicoTa TUKOB «1», «4» 1 «5» yBeIMUMBACT-
caHa 15; 11 u 35 %, cOOTBETCTBEHHO. DTO CBUAETEIHCTBYET
00 yBeTMYEHUN KOJMYECTBA KPUCTAIIMYECKHUX TIPOIYKTOB
peakiuu Ha rpaHulie pa3zaena ¢as.
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Puc. 4. CnekTpbl KOMOMHALMOHHOIO PacCesHUS UCCNeaoBaHHbIX obnacTten

Fig. 4. Raman-spectra of cement stone, interface of CS/MS in HSLWC and
interface of CS/MS in HSLWC with nanomodifier
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Puc. 3. VIK-cnekTpbl nornoweHus noptiaHauemMeHTa, LeMEHTHOr0 KaMHs
6a30BOro coctaBa U HAHOMOAMDULIMPOBAHHOIO COCTaBa

Fig. 3. IR-spectra of absorption portland cement, cement stone and cement
stone 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 allow-
ing to expect increase in growth of hydration speed in port-
land cement and growth of hydrated calcium silicates at the
interface 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 con-
cretes mixtures is due to microspheres surface roughness
[18]. Potential for enhancement of microsphere usage ef-
ficiency consists in control over surface phenomena. For
this control, it is advisable to apply both traditional ways
— application 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-

HAyuHO-MeXHU4ecKUil U NPOU3800CMBEeHHbIIL HCYPHAA

{G'rpwrrznwslz

VIAYERVIAVIBIE

maii 2013



Pyopuka

Takum obOpa3zoMm, UcCCIeoOBaHUS, IIPO-
BeneHHble Metogamu JITA, UK- n KP-
CIIEKTPOCKOITMHM, IIOKA3aJIM, YTO HAHECEHME

OCHOBHbIE CBOWCTBA Hauomonuqmuuposauublx BbICOKOMPO4YHbIX

nerknx 6eToHoB

The main properties of the developed high-strength lightweight concrete

monudukaropa «BisNanoActivus» mpuBo-
JIUT K UHTEeHCU(DUKAIIMU TUIpATALUU 11e-
MEHTa, O0pa30BaHUIO ITOMOJIHUTEIBHOTO

3HayeHne nokasartens
Value

[Mokazatenb
Property

KOJIMYECTBA THUAPOCUIMKATOB KaJIblIMs,
YIUIOTHEHUIO U YIIPOYHCHUIO LICMCHTHOI'O

MofaBUXHOCTL MO AUAMETPY pacnsbiBa KOHyca, MM
Slump cone spread, mm

He meHee 155
Not lower than 155

KaMH$ KaK B 00beMe, TaK Ha TpaHULIE pas3-
nena (a3 eMeHTHBIH KaMeHb — HaHOMO-
nuduIMpoBaHHas MUKpocdepa.

Dusuko-TexHnyecKue CcBOIiCcTBa.
Pesynb-Tathl MccaeoBaHMI IO OIIpenese-
HHUIO CMaYMBaeMOCTU AMCIEPCHBIX (a3 U

CpepfHsis NNOTHOCTb, Kr/M3 1300-1500
Average density, kg/m? (Ib/gal) 1300-1500 (10,8-12,5)
O6uwas nopucTocTb,% / Total porosity, % 33,4

B TOM yncne: 3akpbitas / including : closed 31,9
oTKpbITas / opened 1,5

PE3YJIBTaTOB MCCIIENOBAHUST MOPGhOIOTUN
[TOBEPXHOCTH, TIOJIYYEHHBIX METOJIOM aji-

Mpenen npoyHocT npu n3rmnbe, MMa
Bend strength, MPa (psi)

5-8 (725-1160)

COpOILIMOHHOW MOPOMETPUU, TTOKa3bIBa-
0T, 4TO KepaMUYeCKHUe U CTEKJISTHHbIC
MUKpochepbl He 001a1al0T Pa3BUTOM I10-

Mpenen npoyHocTn npu cxatumn, MlMa
Compressive strength, MPa (psi)

40-70 (5,8-10,15)

POBOI1 CTPYKTYPOIA, a yBEJIMYEHUE pACcXo1a
BOJIbI B COCTABaX BBICOKOITPOYHBIX JIETKMX

0GETOHOB CBSI3aHO C IIEPOXOBATOCTHIO TTO-
BepxHOCTH MUKpocdep [18]. DTo 3akoHO-

MCPHO IPUBOAUT K CHMKCHHIO ITOABMK-

YpenbHas npo4HocTb, MlMa 40-45

Specific strength, MPa (psi) (5,8-6,53)
KoadpPpurumeHT TpeLLMHOCTOMKOCTN 0,1-0,12
KoadduupmeHT TpemHocTorkocT no metony MUUT 0,27-0,42

HOCTM OCETOHHBIX cMmeceit. OYeBUIHBIM
pelIEHUEM YKA3aHHOW TEXHOJOIMYECKOM
MPOOJIEMBI SIBJISIETCST UCTIOIb30BaHME IL1a-

Mopaynb ynpyroctu, Ma
Modulus of elasticity, GPa (106 psi)

9,5-15,2 (1,38-2,2)

ctudukaropos. B [18] nokazaHo, 4to 3¢-
(beKTUBHBIMUM TUTACTU(DUKATOPAMU TSI

KoadduumeHT NyaccoHa

TaKuX OETOHOB SIBJISIIOTCS T0OABKM Ha T10-
JIMKapOOKCUIATHOI OCHOBE.
HanoMoauduiimpoBaHHbIE BBICOKO-

TIPOYHBIC JICTKUE 6CTOHLI, OIITUMM3alIUA
KOTOPLIX MPOBE€ACHA C LICJIbIO ITOJTYUYCHUA

Marepualia ¢ MaKCHUMaJIbHBIM KaueCTBOM
[19, 20], o6nagaroT mMoOKazaTeasiMu

CBOJCTB, 00ECIICUNBAIOIINMI M BBICO-
KUE KOHKYPEHTHBIE MTPEUMYIIECTBA (CM.
TabULy).

3akmouenne. OLieHKa 5JKOHOMHUYECKOI
3 HEKTUBHOCTU C y4eTOM 00J1acTy TIPU-

MEHEHMSI BBICOKOTIPOUYHBIX KOHCTPYKIIM-
OHHBIX JIETKX OeTOHOB [21] moka3biBaer,
YTO BBICOKME DKCIUTyaTallMOHHbIE XapakK-

: , . 0,13-0,15
Poisson’s ratio
BoponornouweHne no macce, % 1
Water absorption, by weight %
KoaddpurumneHT BoaOCTONKOCTU

. 0,95

Water resistance
KoaddurumneHT TennonposogHocTtn, BT/(M-K) 0.48-0.7
Heat-conduction coefficient, W/(m-°C) ’ ’
KoadbduumeHT TemnepaTtyponposogHocTu, 10-7 mM%/c 3.43-4.04
Temperature conductivity coefficient, 10-7 m?/s ’ ’
YpenbHas TennoemkocTb (npu T=25°C), kOx/(kr-K) 1.08-1.17
Specific heat capacity T=25°C, kd/(kg-°C) ’ ’
MOpO30CTOMNKOCTb F300

Freeze-thaw resistance

TEPUCTUKU O0OECIIeYMBAIOT BO3MOXKXHOCTh
TTOBBIIIEHNST d(D(HEKTUBHOCTU CTPOUTENBCTBA HE MEHEEe YeM
Ha 30—35%, KoTopast CKJTafibIBaeTCsl U3 3KOHOMUU PECYPCOB
TIPY CTPOUTENTBCTBE (CHIDKEHIE pacXoa OeToHA U MeTaJuTiJe-
CKOIl apMaTypbl), COKpAIllEHUM 3aTpaT Ha TPAHCIIOPTHHIC,
MOHTaXXHbI€ M TCIUIOU3OJISILIMOHHBIC paboTa, IOBBIILIEHUU
PalMOHATBHOCTU UCIOIb30BAHUS 3eMeJTb (YBEJIMUYECHHUE STaxK-
HOCTH, YBEJIMUEHUE BEJTMYMHBI TIPOJIETOB, COKPAILICHUE KO-
YEeCTBa HECYILMX JIEMEHTOB KOHCTPYKIIMU) U T.JI.
PaspaGoTaHHble BBICOKOIIPOUHbBIE JIETKHME OETOHBI CY-
LIECTBEHHO PACLIUPSIOT 00J1aCTh MIPUMEHEHUs JIETKUX Oe-
ToHOB. VX 11e718c000pa3Ho UCI0Ib30BaThCS 1JISI U3TOTOBJIE-
HUS KOHCTPYKLMSI MPU CTPOUTEIHCTBE MHOTO3TAXKHBIX U
BBICOTHBIX OOBEKTOB, B XKUJIUIIHOM M KOMMEPYECKOM CTPO-
WUTEJbCTBE, MPU BO3BEAECHUM YHUKAJILHBIX COOPYKEHUU, a
TaK:Ke IIPU YCTPOMCTBE JOPOKHBIX MOCTOB U PA3BSA30K.
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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.

Analysis of technical and economical efficiency by gen-
eralized criterion of quality [21] shows that the using of
nanomodification technology for lightweight concrete in-
creases 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 con-
crete and metal fittings), reducing cost to transport, mount-
ing and insulating, 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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