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LechopmaLuu BbICOKONPOUHbIX NIErKUX 6ETOHOB
Ha NoJbIX MUKpocdiepax U cnoco6 UX CHMKEHUA

[peacTaBneHbl pesynbTaTbl UCCAEA0BAHUS AeDOPMALIMOHHBIX CBOMCTB BbICOKOMPOYHbIX NIErKUX GETOHOB Ha NOMbIX MUKpocdepax. MpeanoxeHa
METO/MKa NOBbILUEHUS TPELLMHOCTORKOCTM BbICOKOMPOUHbIX NErkux 6ETOHOB HA antoMOCUIMKATHBIX MUKPOCHepax, 3aknoyatoLlasca B Co3aaHnu Ha
MOBEPXHOCTM MOJIOT0 3an0NHUTENS aKTUBHO XKeNe3nCTo-KpeMHE3EMUCTO 060/104KM, BCTYNatoLLeid BO B3aUMOLENCTBIE C OCHOBHLIMW KOMMOHEHTaMM
11 NPOAYKTaMM ruapaTaumnmy LeMeHTa, yNpoyHas rpaHnly pasgena gas. MokasaHo, 4To nosble MUKPOCAEpb! ABNAKTCS NEPCNEKTUBHBIM 3aN0NHNATENEM
[Ns NONy4eHNs Nerkux 6eTOHOB C MOBbILIEHHbLIMI 3KCMJyaTaLUMOHHBIMU CBOCTBAMU. YCTAHOBIEHO, HTO KO3 MULNEHT TPELLUHOCTONKOCTH TakmX
6€TOHOB, OLiEHMBAEMbIii N0 OTHOLLEHMIO Npefena NPOYHOCTN Npu U3rnbe K npefeny NpoYHOCTU NpU CXaTiu, CONOCTaBUM C NoKasaTenem
MeSIKO3EPHUCTbIX BbICOKOMPOYHbIX TSHXKENbIX 66TOHOB 1 cocTasnset 6onee 0,1. MoguduumposaHme noBepxHOCTH NOMbIX MUKPOCKHEP HAHOPA3MEPHbIM
MOAMNKATOPOM Ha OCHOBE KONMOUAHbIX PACTBOPOB MMAPOKCUAA XKene3a u KpeMHNEBO KUCOTbI AN1S YBENUYEHUS aAre3uni Ha rpaHuLe pasgena gas
MPUBOANT K CHIDKEHUIO NPOAOSIbHbIX U MONepeyHbIX fethopmalii BbICOKONPOYHbIX nerkux 6eToHoB Ha 7-12% wn 8,5-16,5% cooTteeTcTBeHHO. Moaynb
YNpYyrocT HAHOMOANMULMPOBAHHOIO BbICOKOMPOYHOO NIerkoro 6eTtoHa coctasnser 6-8,5 Ma, a koadpcpuumeHT lMyaccona — 0,08-0,14.
VIHTE@HCMBHOCTb TPELLMHO0BPA30BaHINS BLICOKOMPOYHOIO Nerkoro 6eToHa npu BO3AENCTBUN YCAL04HbIX HANPSHXKeHNIA CHKaeTea Ha 56,9% npu
CNONb30BAHNN NONbIX MUKPOCKEP, aNNPETUPOBAHHbIX aKTUBHBIM HAHOMOANUKATOPOM.

Kntoyesble cnoBa: BbICOKONPOYHbIA NErkuii 6eTOH, KOHCTPYKLUNOHHBIA NEerknii 6eToH, Nonble MUKPOCdEpPb, HAHOMOAN(UKATOP, HAHOTEXHOMOTNN.
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Deformations of High-Strength Lightweight Concrete Having Hollow Microspheres and Method of Reduce Them*

The paper presents the researching results of deformation properties of the high-strength lightweight concrete with hollow microspheres. The method of increasing the fracture tough-
ness of high-strength lightweight concrete with aluminosilicate microspheres by using the modifier as a coupling agent on the surface of the microparticles of aggregate is proposed.
The hollow microspheres are perspective filler for lightweight concrete with high performance characteristics; the increasing of content of the spherical microparticles in the concrete
composition promotes to forming close-packed structure with low deformations. The coefficient of fracture toughness of the high-strength lightweight concrete is comparable with the
same parameter for fine-grained high-strength heavy concrete (more than 0.1) and is limited by strength characteristics of micrometric particles of aggregate. It is to create the active
iron-silica shell on the surface of the hollow filler, which interacts with the major components and products of the cement hydration and reinforces the phase boundary. The proposed
method of modifying allows to reduce the longitudinal and transverse deformations of the high-strength lightweight concrete at 7-12% and 8.5-16.5% respectively. The elastic modulus
of the high-strength lightweight concrete is 6-8.5 GPa, and Poisson’s ratio is 0.08-0.14. The nanomodifier reduces the intensity of the cracking under the influence of shrinkage stress-
es of high-strength lightweight concrete by 56.9%.

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

B HacTos1ee Bpemsi 00111eNIpU3HAHHON MUPOBOM TEH-
NIEHIMEH SIBJISIETCS pellieHue 3a1a4u 110 KOMOMHUPOBAHUIO
MOJIOXKUTEIbHBIX KAYeCTB TSIKEJIbIX M JISTKUX 1IEMEHTHBIX
6etoHOB [1—5]. Hakormien 6oraThlii onmbIT [6—9] co3nanust
KOHTPYKIIMOHHO-TETUIOU30JISIIIMOHHBIX MaTepUayioB, TpU-
MEHEHUE KOTOPbIX MO3BOJUT CHU3UTh 3aTPAThl CTPOUTEIIb-
CTBa OOBEKTOB MPOMBILIJIEHHOTO U TPaXJIaHCKOTO Ha3Ha-
yeHwus1. B Poccuu i co3manust Takux 6€TOHOB TTpeIoXKe -
HO MCII0JIb30BaTh MOJIbIe CTEKJISIHHBIC WU aJIIOMOCUJINKAT-
HbIe MuKpocdeps! [10—13]. CymecTByeT IIpakTuKa IIpuMe-
HEHUs JIETKUX O€TOHOB Ha ITOJIBIX MUKpochepax B JOPOXK-
HBIX IJIMTAX MPU PEKOHCTPYKIMKU MocTa yepe3 Boury [14].
B [15, 16] moka3aHo, 4TO yBeTUYEHUE JOJIU

Currently, the task of combining the positive qualities
of light and heavy cement concrete is a recognized global
trend [1—5]. Extensive experience [6—9] in establishing
constructional and thermal insulation materials is accu-
mulated around the world. In Russia [10—13] the using of
the hollow glass and alumina-silicate microspheres is sug-
gested for creating the such concrete. There are practical
applications of lightweight concrete with microspheres for
road plates in the reconstruction of the bridge over the
Volga-river [14]. Authors [15, 16] shown that increasing
the volume fraction of the hollow microspheres promotes
to forming the close-packed structure where microsized

MOJILIX MUKPOC(hED B COCTaBe GETOHA TPH- Tabnuua 1
BOAUT K (DOPMUPOBAHMIO IMJIOTHOYMAKO- Table 1
BaHHON CTPYKTYpBI, B KOTOPOW OJIM3KO Conepxatme, %

pAcCIOIOKEHHbIE MOJble MUKpPOchepbl Content, %

CIOCOOCTBYIOT BETBJICHUIO TPELLMH U I10-

BBHILLIEHUIO YIEJLHONH IPOYHOCTU (paHee | CoemmHenve CsS C,S CsA C,AF
YKa3aHHOE CBOMCTBO UMEJIO HAa3BAHUE «KO- || Compound 615 16.1 6.2 6.2
3(pGULMEHT KOHCTPYKLUMOHHOIO Kaye- i i i '
CTBa») 3a CUeT MEHBIIIEeHl CKOPOCTU CHIXKE- BelwecTBo SiO, | Al,O; | Fe,05 | CaO | MgO | SO; | CIT | CaSO, | R,O | NAM/LOI
HUS ITpejiesia IIPOUHOCTH MTPU CXKATUU, YEM

CKOPOCTb CHUXKEHUS CPEeJHEN MJIOTHOCTH. Substance 2341 s 4 [604] 11 ]28 [0008] 54 |O75] 17
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Ta6Gnuua 2
Table 2
MPOEKTHas MAOTHOCTb, CopepxaHue KoMNoHeHTa, % mac.
Coctas 108 kr/m3 Content, % mas.
Composition ) ) -
label PFOJGC; densgy, LlemeHT Mukpocdepbl KBapLieBbIi necok MuHepanbHble LO6ABKY Bopa* s
X10°kg/m CementC | Microspheres MS Quartz sand QS Mineral additives MA Water W*
0 2,4 29,7 - 43,2 17,8 9,3
Comp. 0
1; 4
Comp. 1; 1,3 48 21,8 2,8 9,9 17,5
Comp. 4™
2; 5 100
Comp. 2; 1,4 44,6 18,5 9,2 11,4 16,2
Comp. 5™
3; 6"
Comp. 3; 1,5 41,6 15,6 14,9 12,8 15,2
Comp. 6™
Mpumeyanus: Coctas 0 — MeNKO3EPHUCTbIV BHICOKOMPOYHBIN TsXenblii 6eTOH; cocTa 1-6 — BLICOKOMPOYHBIA Nerkuii GETOH; rae UHAEKC «M» 0603Ha4EHbI
COCTaBbl, MPUrOTOBNIEHHbIE HA MOANPULMPOBAHHBIX MUKPOCDhEpax; * ¢ y4eToM pacxoda nnactuduumpytoulein nodasku Melflux 1641F 0,8% oT macchl
LieMeHTa.
Notes: Comp. 0 - composition of the fine-grained high-strength heavy concrete; Comp. 1-6 — composition of the high-strength lightweight concrete, where
index m — composition with modified microspheres; * There is taken into account the content of the plasticizer (Melflux 1641F) 0,8% by weight of cement.

Ta6bnuua 3
Table 3
O6bemHas gons CpepHas nnoTHOCTb Mpenen npo4yHocTH KoadduupeHt
CocTaB nonbix Mukpocdep vy Ocp, X10° kr/m® npu n3rnbe Ry, MMa fpenen npodHoCTM Npu CxaTuw TPELUMHOCTONKOCTH Ky
. . . (kyBurkoBast NPOYHOCTb) Rex, MIMa .
Composition | Volume fraction of the | Average density 0cp, | Flexural strength Ry, Compressive strength (cube) Reom, MPa Coefficient of fracture
hollow microspheres v, x10% kg/m® MPa P Y o toughness ky
0
Comp. 0 0 2,32 19,1 115,1 0,166
! 0,532 1,25 49 453 0,108
Comp. 1
2 0,485 1,35 66 47,6 0,139
Comp. 2
3 0,438 146 78 54 0,145
Comp. 3
4M
Comp. 4™ 0,532 1,28 5 49,7 0,101
5M
Comp. 5 0,485 1,37 57 51,4 0,11
6M
Comp. 6 0,438 1,48 7,3 62,1 0,116

To ectb ucnojib30BaHWE MUKpOChEp MpaBUILHONM TeoMe-
TpUuecKoit (popMbl B cocTaBe O€TOHA OOECIIeUnBaET IKC-
TPEMaJIbHYIO 3aBUCUMOCTh U3MEHEHMUSI YACIbHON TTPOUYHO-
CTH OT cpeaHei TiotHocTu. OMHAaKO, HECMOTpPS Ha Tep-
CIIEKTUBHOE COYETAHUE HU3KOM CPENHEN MIIOTHOCTU U BbI-
COKOI MPOYHOCTH TaKUX BLICOKOITPOUHBIX JIETKMX OETOHOB
(BIUJIB), nist ux peanus3allud B Harpy>KaeMbIX KOHCTPYK-
LUSIX HEOOXOOUMO YIeIaTh 0coboe BHUMaHMe aAcdopMa-
TUBHBIM CBOWMCTBAM MPU BO3IEHCTBUM SKCILTyaTallMOHHBIX
Harpy3oK.

WccnenoBanue nepopMaTUBHBIX CBOMCTB BHICOKOIIPOY-
HOTO JIETKOTO 6€TOHA OCYIIECTBIISIIIOCh HA COCTaBaxX, MPUTO-
TOBJEHHBIX C MKCIOJb30BaHMEM TIOPTJAHIIIEMEHTA
CEM 1-42.5 R mnpoussoactea OAO «MopaoBiieMeHT»
(I'OCT 31108—2003 «LlemeHTsl ob1IecTpouTe bHBIE. TeEX-
HUYECKNE YCJIOBUS»); XUMUKO-MUHEPAIOTUUECKUI COCTaB
KJIMHKepa IpeacTaBieH B Ta0. 1.

MuHepasibHas 4acTh MpeACTaBlIeHa KPeMHE3eMUCThIMU
dpakuMsIMU pa3IMUHON AUCIIEPCHOCTU: KBapIIEBbIii MECOK
(dpakumm 0,16—0,63 MM), KaMmeHHast MyKa (yaeJabHasl 1Mo-

HAYYHO-MeXHU4ecKuil U NPoU3800CMEeH bl HCYPHAN

particles of filler provide to branching the cracks and in-
creasing the specific strength. However, implementation
of such a combination of low average density and high
strength of the high-strength lightweight concrete (HSLW)
in practice requires a special attention to the structure and
deformations of this material under the influence of oper-
ating loads.

The Portlandcement CEM [-42.5 R («Mordovcement»)
was used for preparation the test samples of the concrete
with the next chemical composition:

The mineral part of concrete mixture includes siliceous
materials different dispersion: quartz sand (fraction —
0.16—0.63 mm), stone powder (specific surface area —
700—800 mz/kg) and microsilica (particle size — less than
10 mkm). The hollow alumina-silicate hollow micro-
spheres was chosen as a functional filler with SiO, and
Al,O5 content in the amount 58—62% and 32—38% re-
spectively.

The physical and mechanical properties was deter-
mined using by the samples of the cubes 70 mm and prisms
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BepxHOCTh 700—800 M2/KT) 1 MUKpOKpeMHe3eM. ucmepc-
HBII COCTaB BhIOMpPAJICS UCXOs U3 TpeOoBaHUS obecrieue-
HUS1 HOPMUPOBAHUS TJIOTHOTO Kapkaca 3a cueT 3aIojHe-
HUST YaCTUIIAMU MEJTKUX (paKIUii TyCTOT MEXIY YacThIIa-
MM KpPYIHBIX (pakuuii. B kauectBe (PyHKIMOHAIBHOTO
HATIOJIHUTEISI OBLIN BBIOPAHBI TIOJIBIE ATFOMOCUIUKATHBIE
MUKpocdepsl (cpenHuit nmameTp yactull 70 MKM) ¢ comep-
xkaHueM SiO, u Al,O; B KonuvectBe 58—62 u 32—38% co-
OTBETCTBEHHO.

OrnpeneneHue GU3MKO-MEXaHUYECKUX CBOMCTB OCYIIECT-
Bistu 1o FOCT 10180—90 «betoHbl. MeToabl onpenesieHust
MTPOYHOCTH TIPU CKATUW W M3TMOE MO KOHTPOJIBHBIM 00pa3-
uam» (or ASTM C39/C39M «Test Method for Compressive
Strength of Cylindrical Concrete Specimens») Ha obOpa3Liax-
Ky6ax 70 MM 1 Ganmoukax 40x40x160 MM COOTBETCTBEHHO, Ha
cepBorupaBiInueckoM mpecce «Advantest 9» ¢ mporpamMm-
HbIM yMpaBjieHUeM. Momysib yrnpyroctu M Ko3(h(GUIIMEHT
Ilyaccona onpeaensiiu B coorBetctBUM ¢ [OCT 24452—80
«beroHbl. MeTonbl omnpeneneHus MPU3MEHHOU MTPOYHOCTH,
MoyJist ynpyroctd u koadduimenta ITyaccona» (or ASTM
C469/C469M — 14 «Standard Test Method for Static Modulus
of Elasticity and Poisson’s Ratio of Concrete in Compression»)
Ha oOpasnax-npusmax pazmepoM 70x70x280 mm. Mcripitanmst
MIPOBOIMIINCH Ha Mpecce «Advantest 9» ¢ JaTunKaMu BBICOKOI
TOYHOCTHU (YHUBEPCAJbHBINA SJIEKTPOHHBIA SKCTEH30METD)
gyyBCcTBUTETBbHOCTBIO 10 0,02 MkM (ASTM C469, 1SO 6784,
DIN 1048, UNI 6556)".

KoadhduumeHT TpelmHOCTOMKOCTH OLIEHUBAIU METO-
nom MUUT [17, 18]. [IBe cepum oOpas3LioB B BO3pacTe
28 cyT BBIIECPKUBATUCH B BOZIe B TeUeHUE 6 cyT. OTipenetsics
Tpenes MPOYHOCTY TIPU CKaTUW W M3ruoe sl TIepBoil ce-
pumn 00pa3loB B BOAOHACHIICHHOM cocTosHuu (R'), st
BTOpPOIi cepuu — IOC/ie BbIACPXKMBAaHUS B TeueHue 24 4 B
BO3IYIITHO-CYXUX YCIOBUSIX NMPU OTHOCUTEIBHOM BIaXKHO-
ctu Bo3ayxa ot 40 no 60% u Temneparype 30—40°C (R").
Tak Kak 1ot IefiCTBUEM YCaaKH U IPYTUX (haKTOPOB TTPOMC-
XOIUT 00pa3oBaHKe Pa3IMIYHOTO POJia JOKAIBHBIX TPEIINH,
TPEIIMHOCTOMKOCTb OIIEHUBAETCS 10 (hopmyJie:

R"
ko= i

B mporuecce sKcrmyatanmu MaTepuall MCITBITHIBACT
BO3/IEMICTBUE Pa3IMUHBIX KCILTyaTallMOHHBIX (PaKTOPOB,
KOTOpbIE TTPUBOJAT K 0Opa30BaHMIO TPELIMH U pa3pylie-
HuIo MaTepuana. [ToaToMy sl OLIEHKU TPEeIIMHOCTONKO-
CTH BBICOKOTIPOYHBIX JIETKUX OETOHOB MCITOJb30BaIN KO-
3G GUIMEHT TPEIIMHOCTOMKOCTH, XapaKTePU3YIOIINI OT-
HOIIIEHWE TIpeaesia MPOYHOCTU TIPpU M3THOE K TMpeaesy
MIPOYHOCTH TIpU cxkaTuu. MccnenoBaHne oCcylecTBISIIOCH
Ha COCTaBaX BBICOKOIIPOYHOTO JIeTKOro O0eToHa (Tabi. 2)
Ha TOJBIX AJTIOMOCHJIMKATHBIX MHUKpocdepax. Tak Kak
npu HOPMHUPOBAHUM TPOYHOM LIEMEHTHO-MUHEPATbHO
MaTpHUIlbl, 00BOJIAKMBAIOIIE MUKPOUACTHUIIBI HATIOJTHUTE -
JIsI, TIPOIIECCH pa3pyIlleHUs MaTepuaja OyayT 3aBUCETh OT
XapaKTEePUCTUK CLETUICHUs LIeMEHTHOTO KaMHST M HaToJI-
HuTess. JUisl TOBBIIEHUST COMPOTUBISIEMOCTU K (hopMu-
POBaHMIO U PA3BUTHUIO TPEIIMH 1IeJ1eCO00pa3HO UCTIOIb30-
BaTh METOJbI, MOBBIIIAIOIINE aAre3UI0 Ha TpaHMIle pasje-
Jna ¢da3. B kauectBe mMomudukaTopa mpeioxeHa HaHO-
pa3mepHast mobaBka «BisNanoActivus» Ha OCHOBE 30
FUAPOKCUIA 3KeJie3a M KpeMHUeBou Kuciaotel [19, 20],
NpUMeHeHNe KOTOPOi OCHOBBIBAETCS Ha €€ HAHECEHUU Ha
MOBEPXHOCTb MUKpochep. XMMUUYECKOe B3aUMO/IeICTBIE,
MHTEHCU(DULIMPYyeMOe TpeaiaraeMbiM MOIUMDUKATOPOM,
obecreyuT (GopMUPOBAHUE AOTOJTHUTEIbHBIX MPOAYKTOB
TUpaTaluy B 30He KOHTaKTa (puc. 1) U YIIPOYHUT IpaHu-
1y pasaena ¢a3. AHaJIU3 UCCIEAYEeMbIX CBOMCTB OCYIIIECT-
BJISICSI B CPaBHEHUU C TOKa3aTeJssMU BBICOKOTIPOUYHOTO

1085

98910831 M,/
e

— L %]
ﬁ%—-{”’“

100 300 500 700 900 1100 1300
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Wavenumber, cm-’

Relative intensity

OTHOCUTENbHAS MHTEHCUMBHOCTb

Puc. 1. CnekTpbl KOMOMHALIMOHHOIO paccemBaHns, AeMOHCTPUpyloLme
NOBBILLEHVE OTHOCUTENBHON MHTEHCUBHOCTY MUKOB Npu 278, 989 1 185 cm™
Ha rpaHuvLue pasaena LeMeHTHbIN KaMeHb/MUKPOCchepPbI, XapakTepHbIX AJ1s
BHyTpeHHMx gedopmaumii ceasein Si-O n O-Si-0, 4To cBNaEeTeNnLCTBYET 00
06pasoBaHNN OOMONHUTENbHBLIX CUNIMKATHLIX coeauHeHunin: 1 — KP-cnektp
LLeMeHTHOro kamHs; 2 — KP-cnekTp rpaHuvubl pa3aena LeMEHTHbI KaMeHb/
Mukpocodepa; 3 — KP-cnekTp rpaHuupl pasaena LLeMeHTHbI KaMeHb/Moau-
drumpoBaHHas mukpocdepa

Fig. 1. Raman spectra which demonstrate the increase of the peaks
intensity at 278, 989 and 185 cm™' on the interface of cement stone/
microspheres for internal deformation of the Si-O and O-Si-O bonds that
indicates the formation of the additional silicate compounds: 7 — Raman
spectra of cement stone; 2 — Raman spectra of the interface boundary
between cement stone and microsphere; 3 — Raman spectra of the interface
boundary between cement stone and nanomodified microsphere

40x40x160 mm according to ASTM C39/C39M «Test
Method for Compressive Strength of Cylindrical Concrete
Specimens». ASTM C469/C469M — 14 «Standard Test
Method for Static Modulus of Elasticity and Poisson’s
Ratio of Concrete in Compression» was used for determi-
nation of Elastic modulus and Poisson’s ratio by the
prisms 70x70x280 mm".

The coefficient of fracture toughness was evaluated by
the MIIT method [17, 18] according to formula:
R"

et}

R

where R' — flexural or compressive strength of the water-
saturated samples for 6 days, MPa; R" — flexural or com-
pressive strength of the dried samples in condition at the
relative humidity from 40 to 60% and temperature 30—
40°C, MPa.

The different operational factors lead to the formation
of cracks and destruction of the material when it is oper-
ated in constructions. That is why relation of tensile and
compressive strength as a coefficient of fracture toughness
is important characteristics for structural concrete. In this
research the composition of high-strength lightweight
concrete (Table 2) was used. The processes of destruction
depend on adhesion properties of the cement stone to
filler particles. For increasing the resistance to forming
and development of the cracks need to use the methods
which improve strength in the interface boundary. The
nanoscale additive «BisNanoActivus» [19] based on sol of
iron hydroxide and silicic acid is offered as a adhesive. The
chemical interaction intensified by the proposed modifier
will provide to forming additional products of cement hy-
dration in the contact zone (Fig. 1) and will strengthen the
phase boundary.

The analysis of the examined properties was carried out
in comparison with the high-strength fine-grained heavy
concrete. The results of studies are shown in Table 3.

The experimental data in Table 3 show that developed
high-strength lightweight concrete has fracture toughness
comparable with heavy concrete. It can be seen that the
increasing the content of the hollow microspheres leads to

kf!:

* [TompoOHast uH(oOpMalMs O TEXHUYECKUX XapaKTepUCTUKaAX MCIOJIb3yeMOro 000opyioBaHUs Ha caiilTe www.nocnt.ru/oborudovanie.
* Detailed information on the specifications of the equipment used on the site www.nocnt.ru/oborudovanie
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Ta6nuua 4
Table 4
CocTaB Ocp, %103 |<r/M3 Rex, MMa YpaenbHas npoyHoCTb Ry, MMa MprameHHas npo4HocTb Ryp, MMa
Composition Dep, X10% kg/m? Reom, MPa Specific strength Ry, MPa Prism strength R,, MPa
! 1,29 453 35,1 41,8
Comp. 1
2
Comp. 2 138 49,4 35,8 44,2
3
Comp. 3 1,48 54,9 37 47
M
4 m 1,29 52,2 +15,2%* 40,5 +15,5% 47,4 +13,4%
Comp. 4
M
> m 1,39 55,2 +11,7% 39,7 +11,1% 49,7 +12,4%
Comp. 5
M
6 m 1,5 65,8 +19,9% 43,9 +18,7% 56,5 +20,2%
Comp. 6
0 2,34 122,2 52,3 93,4
Comp. 0
Mpumeyanue: * N3mMeHeHVs nokasaTens s HAHOMOAMULIMPOBAHHOIO BLICOKOMPOYHOrO NIErkoro GETOHa Mo OTHOLLIEHWIO K COCTaBY C aHaNIOrMYHON CPea-
Heli MNOTHOCTBI0 63 HaHOMOAMdUKaTOPa.
Notes: * changes for nanomodified high-strength lightweight concrete in relation to the composition with the same average density without nanomodifier.

Tabnuua 5
Table 5
OTHOCUTENBHbIE NPOAObHbIE . 6 Mogynb ynpyroctu Koadppuument
CocraB N 6 OTHOCUTENBHbIE NOMNEpeyHble Aedopmaumn™ €y, X10
Composition Aeopmauun” £, X10 Transverse deformation (r tively)* €5, X106 £ Ma rlyaccora
P Relative longitudinal* ¢, X108 ansverse deformation (respectively)” ¢z, Elastic modulus E, GPa | Poisson’s ratio u
Conlp 1 2163 279 5,55 0,129
Confp 2 2210 314 7,25 0,142
COnfp 3 2678 214 747 0,08
M
Cor‘:p 4 2002 7,4% 233 -16,4% 6 8% | 0116 | -9.7%
M
Con?p - 2053 7,1% 278 -11,5% 78 6% | 0136 | -47%
M
Conr?p 6 2347 -12,3% 195 -8,6% 8,52 +14,1% 0,083 | +4,2%
Con?p . 1660 142 19,2 0,085
Mpumeuanue: * £, 1 €, — Npyn BeAn4MHE Harpyku 30% 0T pa3pyLuaioLLei.
Notes: * ¢, and ¢, - at 30% load from breaking value.

MEJIKO3epHUCTOTO TsXeaoro 6etoHa. Pe3ynbrarhl uccie-
JIOBAaHUIA TOKa3aHbl B Ta0JI. 3.

IIpencraBieHHbie B Ta0a. 3 KCIEPUMEHTAIbHbIC TaH-
HbI€ CBUAETEJBCTBYIOT O TOM, UTO pa3pabOTaHHbIE BEICOKO-
MPOYHBIE JIETKUE OETOHBI 00J1a1aI0T COMOCTABUMBIMU C BbI-
COKOITPOYHBIM TSIXKEJIBIM MEJIKO3epHUCTBIM OETOHOM MoKa-
3aTesieM TPEIIMHOCTOMKOCTH, PACCUUTAHHBIM KaK OTHOIIIE-
HUe Tpesesa MPOYHOCTH TIPU U3rube K Ipeety TPOYHOCTH
npu cxatuu. [IpM 3TOM CHMXKEHME CpeaHel TJIOTHOCTH
JIETKOro OETOHA 3a CYeT YBEJMUYEHMSI COAEepPKaHUS MOJbIX
MUKpochep MPUBOAUT K CHUXKEHUIO YKa3aHHOTO TToKa3aTe-
JIs, YTO OOBSICHSIETCSl YMEHbILIIEHUEM TOJIIIUHBI TTPOCIONKHA
IIEeMEHTHOTO KaMHs. BUIHO, 4T0O cocTaBbl HEMOAUDUITUPO-
BaHHOT'O BEICOKOIIPOYHOTO JIETKOTO 0€TOHA 00J1a1at0T 00JIb-
muM Ha 6—20% (B 3aBUCHMMOCTH OT CPEIHEN IIOTHOCTHU)
K03 GULIMEHTOM TPELIMHOCTOMKOCTH 1O CPaBHEHUIO C 00-
pa3laMu, U3roTOBJIEHHBIMU C KOMITJIEKCHBIM HaHOpa3Mep-
HbIM MoaudukaTopoM. [IprunHa MOAOOHOTO CHMXEHUS

HAYYHO-MeXHU4ecKuil U NPoU3800CMEeH bl HCYPHAN

a decrease of this parameter. It is explained by smaller
thickness of layer of cement paste at low average density of
concrete. The compositions of the unmodified high-
strength lightweight concrete have more fracture tough-
ness comparable at 6—20% (depending on the average
density) than composition with nanomodifier.

The reason for this decreasing of the fracture toughness
is exclusively arithmetic:

Ry
k=5
fi RCO]TI ’
where Ry u R, — flexural and compressive strength, re-

spectively.

The interaction of the nanomodifier components with
cement and hydration products (Fig. 1) provides to in-
creasing of compressive strength at the constant of the
flexural strength. Therefore this parameter can not ex-
haustively and adequately to characterize the fracture
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TPEIIMHOCTOUKOCTH  MCKIIOUYMUTEIBHO Ta6nuua 6
apuMeTUYECKAs:: UMEET MECTO YBEJIUYe- Table 6
HMe TIpejesia MPOYHOCTU MPU CKaTUM Ha- - - - "
HOMOZ[I;/I(l)I/IL[I/ngBaHHOFO BB?COKO]'[pO‘-IHOFO Cocras | Ry, MMa [ Rex MMa | Ry, MMa | R'cx, MMa | kip 0 Rex | Kip 10 R
., Composition | R's, MPa | R'com, MPa | R"s, MPa | R"com, MPa | kg from Reom | kg from Ry

JIerkoro 0eTtoHa 3a cyeT B3auMOACHCTBUS
KOMITOHEHTOB HaHOMomuduKaTopa ¢ IIe- 1
MEHTOM M TIPOAYKTaMW €ro TuapaTaluu Comp. 1 492 44,6 142 41 0,919 0,289
(puc. 1) mpu coxpaHEeHUM WJIM HE3HAUM-
TeJbHOM YBEJWYEHUHU Tpenesa MPOYHOCTH c 2 ) 6,5 48,4 1,75 44,7 0,924 0,269
npy u3ru6e. [o3TOMy OYEBUIHO, YTO TIO- omp.
JIoOHasi OlleHKAa HE MOXKET MCYepIIbIBalo- 3
MM U aJeKBaTHBIM 00pa3oM XapaKTepH- Comp. 3 7,04 53,7 1,87 49,3 0918 0,266
30BaTh Kak TPEIIMHOCTOMKOCTD, TaK U 3¢- -
(I)CKTI/IBHOCTb HpC)IJlO)KCHHO]?I METOAUKU €€ 4 m 5,28 50,2 213 457 0,911 0,403
VIIyUIIEHUSI. Comp. 4

Kak nmokazaHo B Ta0J. 4, NpeaIoxXeH- 5M
HBIIl KOMIUJIEKCHBIN MoauduKaTop, HaHe- Comp. 5™ 6,07 52,1 2,56 47,2 0,906 0,422
CEHHBI Ha TIOBEPXHOCTH TOJBIX MHUKPO-

M

cdep, BRIMOIHAS (QYHKINMIO aAre3nBa, yBe- 6 . 731 60,3 3,22 56 0,928 0,44
JIMYUBAET MPOYHOCTHBIE IMOKA3aTEJI BbI- Comp. 6

COKOITPOYHOT0 JIETKOT0 6eToHa Ha 12—20%
HE3aBUCUMO OT €ro CpelHeil TUIOTHOCTU, YTO CBSI3AHO C
VBEJIMYCHUEM COIPOTUBIISEMOCTU CTPYKTYPhI OeTOHa K
(opMUPOBaHMIO U Pa3BUTHIO TPEIIHH.

J17151 OLIEHKM XapaKTepUCTUK pa3pylIeHUsI BBICOKOITPOY-
HOT'O JIETKOTO OeTOHA M BJIMSIHUS HA HUX TMPEIOXKEHHOTO
MoaubUKaTOpa BBIMOJHEHbI UCCIEA0BAHUST BETUUUHBI J1e-
(opmanmit mpu BosaeiicTeuu 30% paspyiiaronieit Harpys-
KU. Pe3ynbTaThl 9KCIIepUMEHTAIbHbBIX UCCeIOBAHUIM TTpe/I-
cTaBJIeHbl HAa pUC. 2 ¥ B Ta0JI. 5, rlie ToKa3aHbl rpaduKu U3-
MEHEHUST OTHOCUTEIBHBIX TTPOAOIbHBIX U TIOTIEPEYHBIX JIe-
dopManuii OT MPUIOKEHHON HArpy3KU.

M3 1aba. 5 BuaHO, yTo medopMauuu B IMPOJOJbHOM U
MOTMEPEUYHOM HATIPABJIEHUSX Y BBICOKOIPOUYHOIO JIETKOTO
6etoHa Ha 17—42% w B 1,37—2,21 pa3a 6oJblie, yeM aedop-
MallMi MeJKO3ePHHUCTOTO BBICOKOIIPOYHOTO TSIXKeJIOoTo Oe-
ToHa. OUeBUIHO, YTO HAJTMYME MEHee TIJIOTHBIX KOMITOHEH-
TOB C MEHBIIMM MOJYJEM YMPYroCcTH, TaKMX Kak IOJble
MUKpochepbl, TPU BOZHUKHOBEHUHU HATPy30K OyIeT COmpo-
BOXKIATbCS WX paspylIeHUEM, 4eM M OOBICHSIETCS Cylle-
CTBEHHOE OTJIMYWE BEJIMUMHBI AehopMalnii BLICOKOIPOU-
HBIX JIeTKX 0eToHOB. [1pu aTOM BI/II[HO 4yTo coctaBsl | u 4"
co cpenHeil mI0THOCTBIO 1290 Kr/mM> 061a7aI0T MeHbIIei
BEJIMYMHON MPOAOJIBHBIX U MONEPEYHbIX AehopMalnii, 4emMm
coctaBbl 2, 3, SM, 6™ ¢ Oouibllieil TUIOTHOCTBIO. DTO IO~
TBEPXIAET TUITOTE3Y O TOM, UTO IOJIble MUKPOC(hEPHI, SIBJISI-
SICb €CTECTBEHHBIMU JIe(eKTaMK CTPYKTYPHI, TIPU yBeJIUde-
HUU UX KOJMIECTBA MPUBOIAT K MHTEHCUBHOMY BETBJICHHIO
TPEIIVH, Pa3BUTUE KOTOPHIX B MAarMCTPAJIbHYIO TPEIINHY
MPOUCXOAUT MPU OOJIBIIIUX HATrpy3Kax.

CpaBHUTENbHBINM aHATNU3 JaHHBIX pUC. 2 U TabJ. 5 mo-
Ka3bIBaeT, YTO COCTaBbl BHICOKOIIPOYHOTIO JIETKOTO OeTOHA
00J1aaI0T MEHBIINUM 10 CPABHEHUIO C TSKEJIBIM OETOHOM
MOJIyJIEM YIIPYTOCTH, a GoJblliee 3HaUeHUe KoadduirmeHTa
ITyaccona niist Takoro 6eToHa CBUAETEILCTBYET O MEHbIIIEH
XPYMKOCTH pa3pylIeHUsT BHICOKOTIPOYHBIX JIETKMX OETOHOB
M0 CPAaBHEHUIO C KOHTPOJIbHBIMU cocTaBamu. O6paboTka
MOBEPXHOCTU MHUKpochep MoAU(GUKATOPOM Ha OCHOBE
30JIs1 THUAPOKCHUAA Xejle3a M KPEeMHUEBOW KUCJIOTHI ISt
IIPUTOTOBJICHUST BHICOKOIIPOYHBIX JIETKUX OETOHOB TaKXKe
MOJIOKUTEJNIBHO BIMSIET Ha CHUXeHUe naedopMaliuii.
YrpouHeHHe 30HBI KOHTaKTa I[€MEHTHO-MWHEepaJbHOM
MaTpUIbl U MOJOro HarmoJaHuTess (Tabj. 3) cnocoOCTByeT
VIYYIUIEHUIO COMPOTHUBISIEMOCTH C(HOPMUPOBAHHOM
CTPYKTYpHI K nepopmarusm. CoctaBsl 4Y, 5™ 1 6™, mpuro-
TOBJICHHBIE C MPUMEHEHHEM HaHOMOIUMUIIMPOBAHHBIX
MTOJIBIX MUKpochep, nMmeroT Ha 7—12 u 8,5—16,5% MeHb-
e aedopMaliy B TPOI0JbHOM U MOMEePEeYHOM HaIlpaB-
JIEHUSIX K MPUJIOXKEHHOM Harpy3ke COOTBETCTBEHHO. DTO
YKa3bIBa€T Ha MOBBIILIEHUE MOMYJSl YINPYTOCTU BBICOKO-
IIPOYHOTO JIETKOro 6etoHa Ha 7,5—14% 3a cyeT yIjaoTHe-

fjr OVIEIIBHBIE

25

Harpy3ska 6, MlTa
Load 6, MPa

0 1 1 1 1 1 1 1 1

300 600 900 1200 1500 1800 2100 2400 2700

OTHOCUTENbHBIE MPOAONbHLIE Aedopmaumu, €106
Relative longitudinal deformation, €106

Sl

25

Harpyska 6, Mla
Load 6, MPa

0 ! ! ! ! ! !
50 100 150 200 250 300 350

OTHOCUTENbHbIE MonepeYHble aedopmaumi, €-10-6
Relative transverse deformation, €-10-6

Puc. 2. lnarpammbl 4edOpMMPOBaHNS B MPOAOSLHOM (&) 1 nonepeyHom (b)
HanpaBneHnsx 06pasLOB BbICOKOMPOYHbIX Nerkux 6eToHoB n o6pasLoB
HaHOMOAVPUUNPOBAHHbIX BblCOKOI‘IpO‘-IHbIX nerkux 6etoHoB: 1 — BINJ16 cpe,u,—
Helt nnoTHocTbio 1300 kr/m%; 2 — BMJIB cpe,u,HeM nnoTHocThio 1400 Kkr/m®;
3 — BIJ1B cpegHei nnomocn;ro 1500 kr/m3; 4 — HMBIIB cpeaHeii nn0T-
HocTbio 1300 kr/m%; 5 — HMBIJIB Cpe,u,Hem nnoTHOCTbIo 1400 kr/m3;
6 — HMBIJ1B cpepHeii nnoTHocTbio 1500 KI'/M

Fig. 2. The diagrams of the longitudinal (a) and transverse (b) deformations
of high-strength lightweight concrete and nanomodlfled high-strength
lightweight concrete: 7 — HSLWC with p=1300 kg/m? 2 — HSLWC
with p=1400 kg/m3 3 - HSLWC with p=1500 kg/m3 4 - NMHSLWC with
p=1300 kg/m 5 — NMHSLWC with p=1400 kg/m%; 6 — NMHSLWC with
0=1500 kg/m?®

toughness and efficiency of the proposed method to im-
prove it.

The table 4 shows that the proposed complex nano-
modifier on the surface of microspheres performing the
function of the adhesive increases strength values of high-
strength lightweight concrete by 12—20% regardless of its
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HUSI CTPYKTYDPBI BCIEACTBUE B3aMMOACICTBUSI HAHOMOIH -
¢duKkatopa ¢ MpoayKTaMu TMapaTalliy LeMeHTa U o0opa3o-
BaHUS JOMOJHUTEIbHBIX CBSI3€N B BUIE TMAPOCUIUKATOB
KaJjblius Ha rpaHuie pasaena ¢a3 (puc. 1). [Ipu sTom 3a
cyeT 0ojiee MHTEHCUBHOIO CHMXXEHMSI TOIEpPEYHBIX JIe-
dopmanuit HabmogaeTcss CHUXeHUe KodadduimeHTa
IMyaccona Ha 5—10% nnsg coctaBoB cpemHel TIOTHOCTH
1300 u 1400 xr/m>.

OO0paszoBaHue Pa3IMYHOrO poja JOKAJbHbBIX TPELIMH B
npoliecce dKCIuTyaTalvu, TPUBOSIIEe K CHUKEHUIO TTPOY-
HOCTH, TTPOMCXOIUT IO ICUCTBUEM YCaK U MHOTHUX JIpY-
I'MX BHEITHUX (pPaKTOPOB, IMMOTOMY JOMOTHUTEIBHBIM KpH-
TepueM IJIsI aieKBaTHOM OLIEHKM KO3 (GUIIMEHTA TPEIIHO-
CTOMKOCTU BBICOKOIIPOYHOTO JIETKOro 6eToHa BhIOpaH Me-
ton MUUT [17, 18]. DkcriepuMeHTaIbHbIC UCCIEIOBAHUS
TPEUIMHOCTOMKOCTH 10 3TOMY METOJY OCYIIECTBJISUIUCH T10
MoKa3aTeJIsiM IMTPOYHOCTU TIPU CKAaTUM 1 U3THOE, pe3ysibTa-
THI KOTOPBIX TIPECTaBIeHBI B Ta0I. 6.

AHaim3 Taby. 6 IMOKa3blBAE€T, YTO BO3HUKHOBEHUE
BHYTPEHHMX HAMpPSKEHUM (BCIEACTBUE IKCTPEMaTbHOTO
U3MEHEHHUSI IKCIUTYaTalMOHHBIX YCIOBUU: MOMEpPeMeH-
HOTO YBJaXXHEHUS W BBICYLIMBAHUS), TIPOLIECCHI 00pa3o-
BaHUS U pa3BUTHUS TPEIIMH B COCTaBaX HAHOMOJAUDUIIM-
POBAHHOTO BBICOKOTIPOYHOTO JIETKOTO O€TOHA ITPOTEeKAIOT
C MeHbIIIell MHTeHCUBHOCTBIO. Mcriob30oBaHue mpenia-
raeMoro HaHoMoaAu(puKaTopa CII0OCOOCTBYET IOBBIIIEHUIO
TpeIIMHOCTOMKOCTH Ha 39,4—65,4% npu pacdere 1O W3-
MEHEHMIO MPOYHOCTU mpu u3rude. I[lokazarenp Tpeuiu-
HOCTOMKOCTU MpPHU pacueTre Mo M3MEHEHMIO MPOYHOCTH
TP CKATUU SBISIETCS HeMHGMOPMATUBHBIM: U3MEHEHME
He TIPEBBIIIAeT CTATUCTUYECKOM MOTPEITHOCTH U COCTaB-
nger 0,8—1,9%.

Takum o6pa3oM, npemIokKeHHasT MeToaKa MOIUMUII-
pOBaHUS TTOBEPXHOCTHU TOJIBIX MUKpOchEep aKTUBHBIM I10
OTHOIIEHUIO K LIEMEHTY U MPOAYKTaM rMapaTaluy HeMeHTa
HaHOMOIM(MUKATOPOM Ha OCHOBE KOJUTOMIHBIX PACTBOPOB
TMIPOKCHUIA JKejle3a M KPEMHUEBOI KUCIIOTHI SIBIseTCs 3¢-
(beKTUBHON NI CHUXKEHMST BEJWYMHBI AedopMalvii mpu
BO3JIEHCTBUU CKMMAIOIIMX HArpy30K 3a cUeT YIPOYHEHMUS
rpaHuIbl pasaena (a3 1eMEeHTHbI KaMeHb — T10JIbIe MU-
Kpocdepsl. OgHaKO, KaK ITOKAa3aHO BBIIIE, HEAOCTATOYHbIC
10 CPAaBHEHUIO C MEJTKO3EPHUCTBIMM BHICOKOTIPOYHBIMU TSI~
JKEJIBIMUA O€TOHAMU ITOKAa3aTeIM MOIYJISI YIIPYTOCTH U KO3(D-
¢unnenra IlyaccoHa HaHOMOAMMUIIMPOBAHHBIX BBICOKO-
MPOYHBIX JIETKUX OETOHOB TPEOYIOT MOMCKa KOMOMHUPO-
BaHHBIX pellIeHUI, 00eCIIeYnBaIOIINX apMUPYIOLIWI 1/
nemripupyonuit 3¢p¢GexT, I CHIDKEHUS BEIUYUHBI BHY-
TPEHHMX HANPSDKeHUI TIPU BO3ICHCTBUM DKCILTyaTalliOH-
HBIX HAarpy30K.

Ha ocHoOBaHMM TOJYYEHHBIX PE3YyJbTaTOB IKCIEPH-
MEHTAJbHBIX MCCAeNOBAaHUI MOXHO cAejaTh CIeAyIolIue
BBIBO/IbI:

— T0JIble MUKpOCGhEpPHI SBISIOTCS MEPCIIEKTUBHBIM Ha-
TTOTHUTEJIEM JUTSI TTOJTIyYeHUsI JIeTKUX OETOHOB C TIOBBIIIIEH-
HBIMU 3KCIUTyaTallMOHHBIMU CBOMCTBaMU; YBEJIWYEHUE
00BEMHOM 1011 chepruIecKMX MUKPOYACTUIL B COCTaBe Oe-
TOHa CMOCOOCTBYET (POPMUPOBAHUIO TUIOTHOYIAKOBAHHOM
CTPYKTYPbI, MPUBOASIIEH K CHVXKEHUIO BEJIMUMHBI epop-
Mallvii, BbI3BAHHBIX MHTEHCHUBHBIM BETBJICHHWEM TpELINH
MIpY YBeTMYEHUU HArpy3ku. KoadhuimeHT TpemHocTo-
KOCTH BBICOKOITPOYHBIX JIETKMX OETOHOB Ha IMOJIBIX MUKPO-
cepax, olleHMBaeMbIil 110 OTHOLIEHUIO TIpeesia MPOYHO-
CTU TIPU U3TM0Oe K TpeesTy TPOYHOCTU MPU CKATUU, COMO-
CTaBUM C TTOKa3aTeJieM MEJKO3EPHUCTBIX BICOKOIIPOYHBIX
TSIKeJIbIX 0eTOHOB U cocTaBiisieT 6oJiee 0,1 1 orpaHUYMBaET-
CsI TIPOYHOCTHBIMM XapaKTepUCTUKAMU MUKPOMETPUIECKUX
YaCTHIL HATTOJTHUTEJIS,

— TIpelsIoKeHa METOIMKA TIOBBIIIEHUS] TPEIIMHOCTOM-
KOCTU BBICOKOITPOYHBIX JIETKUX OSTOHOB Ha aJIOMOCHJI-
KaTHBIX MUKpOchepax, 3aKJTI0YaoIasics B CO3[aHNK Ha M0~
BEPXHOCTM TIOJIOTO 3aIlOJIHUTENISI aKTUBHOW KeJIe3UCTO-

HAYYHO-MeXHU4ecKuil U NPoU3800CMEeH bl HCYPHAN g

average density. These are due to the increase in resis-
tance of the concrete structure to forming and develop of
cracks.

For evaluation of the destruction characteristics of the
high-strength lightweight concrete and influence modifier
on these properties was performed the research of the de-
formation values at 30% of the breaking load. The results
of experimental research are presented in Fig. 2 and
Table 5 where diagrams of the longitudinal and transverse
deformations of high-strength lightweight concrete and
nanomodified high-strength lightweight concrete are
shown.

It can be seen that relative longitudinal and transverse
deformations of the high-strength lightweight concrete
more than deformations of the fine-grained high-strength
heavy concrete at 17—42% and 1.37—2.21 times. This is
because the presence of microspheres with low elastic
modulus in the structure. The hollow particles destroy
when exposed to more low loads. But Comp. 1 and
Comp. 4™ with average density 1290 kg/m> have a less
value of longitudinal and transverse deformations than
other composition with higher density. This supports the
hypothesis that hollow microspheres are natural structural
defects and the increasing of their number provides to in-
tensive branching of the cracks that allows to more resis-
tance to cracking.

The Fig. 2 and Table 5 show that compositions of
HSLWC have less elastic modulus than heavy concrete
but more values of Poisson’s ration. The modifying of the
microspheres surface using by nanoscale additive has a
positive effect to reduce deformations and fragility frac-
ture of this concrete. The Comp. 4™, 5™ and 6™ prepared
with nanomodifier have less relative longitudinal and
transverse deformation at 7—12 and 8.5—16.5% than
without it. It allows to increase a elastic modulus at
7.5—14.1% due to compaction the structure because of
the forming additional bonds of calcium hydrosilicates in
the phase boundary (Fig. 1). The due to intensive reduc-
ing of the transverse deformation than longitudinal de-
formation the reducing of the Poisson’s ration at 5—10%
is observed for compositions with average density 1300
and 1400 kg/m°.

The forming the various kinds of local cracks in-service
occurs under the effect of shrinkage and many other exter-
nal factors therefore additional criteria for evaluation of
the coefficient of fracture toughness was chosen method
MIIT. The results of experiments presented in the table 6
characterize the fracture toughness by the flexure and
compressive strength.

The analysis of the table 6 show that the occurrence
of internal stresses (due to extreme changes in operating
conditions: variable wetting and drying), processes of
forming and growth of the cracks into the nanomodified
high-strength lightweight concrete occur with less in-
tensity.

The using proposed nanomodifier allows to increase
the fracture toughness at 39.4—65.4% through the calcula-
tion of flexure strength. The coefficient of fracture tough-
ness through the calculation of compressive strength is not
informative — changing of the values is not more of the
statistical error (0.8—1.9%).

Thus, the proposed modification method of the surface
of the hollow microspheres using by the active to cement
and hydration products modifier based on the colloidal
solutions of iron hydroxide and silicic acid is effective to
reduce of the deformations due to the hardening of the
interface boundary cement stone/hollow filler.

However the improvement of the deformation proper-
ties by using the nanosized adhesive is inadequate as com-
pared with the values of elastic modulus and Poisson’s ra-
tio of the fine-grained high-strength heavy concrete. It
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KPEMHEe3eMUCTO 000JI0YKHM, BCTYIAIOILIEH BO B3aMMOIEH -
CTBHE€ C OCHOBHBIMU KOMITOHEHTaMM U MPOIYKTaMU THApA-
TalMM LIEeMEHTa, YIIPOUHSIsl TpaHMILy pasaesna das;

— YCTaHOBJICHBI 3aKOHOMEPHOCTH U3MEHEHUSI JiepopMma-
LI BBICOKOTTPOYHOTO JIETKOTO OETOHA OT 00bEMHOTO COJIEP-
JKaHMSI TIOJTBIX MUKpocdep, IMoKa3aHo BIUSHUE HaHOpa3Mep-
HOTo MoaupuKaTopa Ha MOAY/Ib YIPYTOCTU U KOA(P(PULIMEHT
Ilyaccona uccieayeMbix cocTaBoB. MoauduiimpoBaHue mo-
BEPXHOCTHU MOJIBIX MUKPOCGhEP aKTUBHBIM HaHOPa3MEPHbLIM
MOAU(MUKATOPOM Ha OCHOBE 30Jis1 TMAPOKCHUIA Kejie3a U
KPEMHUEBOI KMUCIOTHI JUISl YBEJIMUECHUST aire3MK Ha TPaHULIEe
pasnena a3 CrocoOCTBYeT CHIDKEHUIO TTPOIOIBHBIX U TTOTTe-
pPeUHBIX IehopMalMii BBICOKOITPOYHBIX JIETKMX OETOHOB Ha
7—12 u 8,5—16,5% coorBeTcTBeHHO. MIHTEHCUBHOCTH Tpe-
IIMHOOOPA30BaHMsI BBICOKOMTPOYHOTO JIETKOTO OETOHA IMpU
BO3IEMCTBUN YCAIOYHbIX HAMPSDKEHUI CHIXKaeTcs Ha 56,9%
TPY UCTTOJIb30BAHUM TTOJIBIX MUKPOC(hEp, anmpeTUpOBaHHbIX
MPeUTOXKEHHBIM HAHOMOAN(UKATOPOM;

— TIOBBIIIIEHUE TTOKa3aTeJield MOMYJIsI YITPYTOCTH U KO3(D-
¢unuenra IlyaccoHa HaHOMOAU(MUILIMPOBAHHBIX BBICOKO-
MPOYHBIX JIETKUX OETOHOB A0 3HAUEHMUI, OJIM3KUX K BHICO-
KOITPOYHBIM TSIKEJIBIM OeTOHAM, TpeOyeT Imorcka KOMOMHU-
POBaHHBIX pEIlIeHU, oOecreunBaloIINX apMUPYIOLIUA 1/
uinu aemndupyomii 3¢hdexT.
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10. MuozemueB A.C., KoponeB E.B. Ilonble muxpocde-
pbl — 3¢ GEeKTUBHBINA 3allOIHUTENb UISI BHICOKOIPOU-
HBIX JIETKUX OETOHOB // I[IpombiuinenHoe u epancoanckoe
cmpoumenscmeo. 2013. Ne 10. C. 80—83.

11. Opemikun [.B., CemenoB B.C., Po3zosckas T.A.
OO6JieryeHHBIE TaMITOHaXXHBIE PACTBOPHI C IPOTUBO-
MOPO3HBIMU J00aBKaMU IJIs YCJIOBUI MHOTOJIETHE-
MepaJbIx nopon // Hegmsanoe xoszsiicmeo. 2014. Ne 4.
C. 42-45.

12. Opewikun [1.B. DddexkTrBHbIe 00JIErYeHHBIE TaMIIO-
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takes to find out combined solutions provides to the rein-
forcement and/or damping effect.

The results of researches in this paper allow to make a
follow conclusions: The method of increasing the fracture
toughness of high-strength lightweight concrete with alu-
minosilicate microspheres is proposed. It is to create the
active iron-silica shell on the surface of the hollow filler,
which interacts with the major components and products
of the cement hydration and reinforces the phase bound-
ary. The patterns of changing the deformations of the
high-strength lightweight concrete on volume content of
the hollow microspheres are researched. The influence of
the nanomodifier on the elastic modulus and Poisson’s
ratio for the studied concrete is shown. The proposed
method of modifying allows to reduce the longitudinal and
transverse deformations of the high-strength lightweight
concrete at 7—12% and 8.5—16.5% respectively. The
nanomodifier reduces the intensity of the cracking under
the influence of shrinkage stresses of high-strength light-
weight concrete by 56.9%.
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