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Abstract. The paper discusses theoretical and experimental investigation of alkaline activated non-autoclaved
foam concrete. It was decided to a use slag binder as a part of non-autoclaved foam concrete. The effect of
the silicate module on the rheological and mechanical properties of the slag binder is investigated. It has
been established that a decrease in the activator module from 3 to 1 increases the initial and final setting
time of the slag alkaline binder 3 times. When the activator module decreases from 3 to 2 compressive
strength increases from 27 to 49 MPa, and when it decreases to 1 the strength index changes slightly.
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1. INTRODUCTION

Foam concrete is a lightweight material composed of cementitious mortar surrounding disconnected
bubbles (more than 50 % by volume) which are a result of physical processes during which air is introduced
into the mortar (unfoamed) mixture [1].

Foam concrete is one of the most efficient thermal insulation material. It has a low thermal conductivity
and is made from cheap raw materials. Cellular concrete is made product for housing and civil engineering
mostly in the form of panels and small wall blocks.

The dry density of foamed concrete is usually between 400 and 1 600 kg/m® and its compressive strength,
which varies with density, can typically range between 1 N/mm? and 25 N/mm? at 28 days. Foam concrete
has a satisfactory resistance to freeze/thaw and sulfate attack (at least for a short term). The penetrability of
the material to various gases and liquids is a function of the constituents and density of the concrete, but it
can be dominated by the presence of cracking generated, for example, during curing [2].

The most obvious advantage of foam concrete is its lower density which results in reduction of dead load
(additional substantial savings are achieved), reduction of handling and transport costs, faster construction
rates (reduction of manpower), good thermal insulation properties (energy conservation advantages, and,
thereby, reducing operating costs, heating/air conditioning) and good acoustic properties.

The application of foam concrete can be divided in to three main fields: precast elements (wall and ceiling
panels), block production (sewn from big blocks or cast in specified moulds) and cast in situ (flooring system,
roof insulation and wall filling) [3].

The main disadvantage of non-autoclaved foam concrete it’s high shrinkage deformation. Shrinkage in
concrete occurs as a result of changes in the volume of new formation (contractional shrinkage), due to
evaporation of chemically unbound water (moisture shrinkage) and carbonization shrinkage, which occurs
due to the carbonization of calcium hydroxide and develops gradually from the surface of the concrete into
the depth. Of these three factors, moisture shrinkage affects the formation of cracks in concrete in the most
degree. The more mixing water is introduced into the concrete mix, the greater the amount of chemically
unbound water will remain after hydration with cement. The remaining water evaporates when the product
dries, leaving behind itself pores in the structure of the solid phase. In consequence because of this the material
begins to shrink. Shrinkage causes stress in the hardened concrete, which exceeds the adhesive force of the
particles, resulting in cracks and eventually the destruction of the material [4].
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The simplest way to reduce shrinkage is to reduce the amount of free water in a concrete structure by
reducing the water-hard ratio. However, with a decrease in water consumption, the workability of the concrete
mixture decreases, because of this it is not possible to obtain low indicators of average density and given
thermal physical properties. To increase the mobility of the concrete mix plasticizers are introduced into its
composition. These chemical additives retain the workability of the mixture while reducing water
consumption, creating a film with the same charge on the surface of cement particles, which prevents them
from early sticking together.

Another way to improve crack resistance is to use a slag alkaline binder in the composition of foam concrete.
Due to the high compressive strength, non-autoclaved foam concrete can be obtained, which is close to
autoclave concrete. When using a slag alkaline binder, you can completely abandon the most expensive
component in the composition, that is Portland cement, replacing it by man-made raw materials and by
ground blast-furnace granulated slag and fly ash from thermal power plants. This will reduce the cost of
products and will enable recycle industrial wastes that pollute the environment of our region [5, 6].

Slag alkaline binders are effective clinker-free material with high technological and operational properties.

However, alkaline binders on the main king of slag are characterized by excessively fast setting time as a
result of the high reactivity of the slag. The initial and final setting time usually doesn't exceed 10 minutes,
which practically excludes their use in concrete.

It is assumed that reducing the silicate module of liquid glass and lowering the percentage of blast furnace
slag due to the introduction of a less reactive component in comparison with it fly-ash from a thermal power
plant will increase the setting time, but significantly accelerate the set of plastic strength of the raw foam
concrete and help achieve high strength properties of non-autoclaved foam concrete [7, 8].

2. EXPERIMENTAL DETAILS

When conducting research, the following materials were used:

— ground blast furnace slag (MDS) fr. < 0.315;

— fly ash (ZU) of the Zuevskaya thermoelectric power station fr < 0.16;

— sodium liquid glass (LS) Diol D-53 (Ms = 3,0; 2,0; 1.0; p = 1,25 g / cm?);

Samples were tested according to standard procedures using certified test equipment and measuring
instruments.

3. TEST RESULTS AND DISCUSSION

At this stage, study was carried out on the effect of fly ash from a thermal power plant and a ground
granulated slag on the setting time and compressive strength of a slag-alkaline binder, which hardened under
various conditions.

As it can be seen in the figure 1, reducing the activator modulus from 3 to 1 increases the setting time by 3
times.
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Figure 1 — Influence of the activator module on the setting time.
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For instance, the sample with activator module 3 shows an initial setting time of 12 mins, while this value
increases to 21 mins in the sample with activator module 1; and the final setting time also increases from 35
mins to 90 mins.

The compressive strength of samples with activator module 1-3 is shown on fig. 2.
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Figure 2 — Influence of the activator module on the compressive strength.

For mixes with activator module 3, the compressive strength is 27 MPa after curing when steaming; and it
increases to 49 MPa with activator module 2 and to 28 MPa with activator module 1 (fig. 2).

And the results in this study show that satisfying strength that is suitable for structural applications can
be obtained in ambient-temperature-cured-slag-fly-ash blends on liquid glass.

Early setting time reduces the ripening time of foam concrete before heat treatment, which increases the
performance of this technology.

4. CONCLUSIONS

1. Tt is theoretically substantiated that the use of a slag alkaline binder with the addition of fly ash from
thermal power plants improves the technological and operational properties of non-autoclaved foam concrete.

2. Tt has been established that reducing the silicate module of liquid glass makes it possible to achieve
optimum setting time for a non-autoclaved foam concrete technology.

3. Reducing the silicate module of liquid glass from 3 to 1, allows to achieve the strength characteristics of
an alkaline binder, acceptable for use in structural thermal insulation foam concrete of non-autoclave
hardening.
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A. H. EOPEMOB, T. U. 3ATOPYIKO, /1. T. MAINHINH

IIJIAKOIILEJIOYHO HEABTOKJIABHBI IEHOBETOH IIOBBIIIEHHON
TPEIIMHOCTOMNKOCTH

TOY BIIO «/lonbacckast HAlTMOHAJbHAS AKAJEMUSI CTPOUTENBCTBA U APXUTEKTYPBI»

AnHoTanus. B cTaTbe mpeacTaBieHbl TeOPeTHYeCKUe W 9KCIIePUMeHTAJIbHbIE NCCIeOBAHMS MJIAKOI[eNI04-
HOTO HEaBTOKJIABHOTO TeHoGeToHa. MceeoBaHO BIUSHUE CUIIMKATHOTO MOJYJISl HA PEOJIOTUYECKHIE U Me-
XaHWYeCKHe CBOUCTBA 30JI0IIAKOBOTO BSKYIETO. YCTaHOBJIEHO, YTO YMEHbIIeHNe MOAYJISI akTUBaTopa ¢ 3
1o 1 yBenmumBaeT HayaJIbHOE M KOHEYHOE BPeMsI CXBAThIBAHUS 30JI0NITAKOBOTO BKyIero B 3 pasa. Ilpn
YMEHBIIEHUN MOJYJISI aKTHBAaTOpa ¢ 3 710 2 MPOYHOCTh Ha cxkatue yBeanmunsaercs ¢ 27 1o 49 Mlla, a npu
yMEeHbIIeHNH 10 1 moKa3aTesab NPOUHOCTH M3MEHSeTCs He3HAUUTeNbHO.

KioueBble ciioBa: MTaKOIENT0YHON HEABTOKJIABHLIN TTEHOGETOH, MOJIOTHIH TPaHYIMPOBAHHDIN TOMEH-
HBI IIJIaK, 3071a-YHOC, CPOKK CXBATBIBAHUS, TPOYHOCTD MIPH CXKATHU.

0. M. EOPEMOB, T. I. 3BATOPYMKO, /. . MAJITMHIH

IMIJIAKOJIY KHUM HEABTOKJIABHUI NIHOBETOH HIJIBUIIEHOT
TPIIIMHOCTINKOCTI

JOY BIIO «/lonbachka HamioHaabHA aKageMis OYAIBHUITBA 1 apXiTeKTypu»

AHoTalis. Y cTarTi npeicTaBieHi TEOPeTUYHI i eKCIIePIMEHTATIbHI HOCi/KEHHS ITAKOIYKHOTO HEABTOK-
JABHOTO TiHOGeTOHY. JOCTIKEHO BILIUB CUITIKATHOTO MOJYJIS HA PEOJIOTIUHI i MexaHiuHi BJacTHBOCTI 30-
JIOTITAKOBOTO B'SKYYOTO. BCTaHOBIEHO, IO 3MEHIIEHHS MOYJIst akTuBaTopa 3 3 10 1 36inbimye moyaTko-
BUH i KiHI[eBHI Yac CXOTIIOBAHHS 30JI0ILITAKOBOTO B'sKydoro B 3 pasu. [Ipn amenteHHi Moy st akTuBaTOpa
33 10 2 MilHiCTh Ha cTUCK 36imbinyeTbest 3 27 10 49 M1la, a npu 3MeHIIeHH] 110 1 TOKa3HUK MIlTHOCT] 3MiHIOETh-
csT He3HAYHO.

KimouoBi cioBa: MiakoTys;KHUN HeaBTOKJIABHIE MIHOGETOH, MeJEHUET TPaHyIbOBAHIIT TOMEHHUIT MIJTaK,-
30JTa-BIHECEHHSI, TEDMiHH CXOIJIIOBAHHS, MIl[HICTh TIPW CTUCHEHHI.

EdpemoB Anexcanap HuxonaeBuy — JIOKTOP TEXHUYECKUX HAYK, Tpodeccop Kadeapbl TEXHOJIOTUI CTPOUTETbHBIX KOH-
cTpykiwit, usgenuii u MarepuanoB I'OY BITO «/onGacckast HaMOHATbHAS aKaJIeMIsT CTPOUTENHCTBA 1 aPXUTEKTY PhI».
Hayumble HHTEpECHE: BSKYIINE U OETOHBI Ha OCHOBE TIPOMBIINIIEHHBIX OTXO/IOB; JKaPOCTOWKIE M OTHEYITOPHBIE GETOHBI

3aropyiiko Tamapa MBanoBHa — fo1eHT KadeApsl NHOCTPAHHBIX SI3BIKOB U Tejarornku Beicimedl mkossl [OY BITO
«JloHbacckast HAIMOHATbHAST aKaJIEMUsT CTPOUTENBCTBA M apXUTEKTYPbl». Hayuible MHTEPECHl: METOMKA MPETOIaBaHNsT
WHOCTPAHHBIX SI3BIKOB; MEIaroTuKa.

Masunun [lennc IennagpeBuy — acrinpanT Kadepbl TEXHOJIOTHN CTPOUTEIbHBIX KOHCTPYKIINHT, U3/Ie/TNH ¥ MaTepHaioB
T'OY BIIO «/loubacckast HalMOHATbHAS aKaJeMUsT CTPOUTETHCTBA U apXUTEKTYPhI». HaydHble MHTepechl: CHHEpreThIe-
CKHUe TIPUHITUIIBI CO3ZIAHNST KOMTIO3UIIMOHHBIX CTPOUTENBHBIX MAaTEPHAJIOB.

€dpemos Onexcanap MukosaiioBi4 — IOKTOP TEXHIYHNX HAYK, TIPOdhecop Kadepr TEXHOIOTi i Oy IiBeTbHIX KOH-CTPYKITiH,
BupoGiB i marepianis JOY BITO «/[onb6achka HalioHaIbHa akaaeMis OyHiBHUIITBA i apxitekTypus». Haykosi iHTepecu:
B'sKydi | GETOHM Ha OCHOBI IPOMUCJIOBUX BiZIXO/IB; KapOCTIKi | BOTHETPUBKI GETOHU.

3aropyiiko Tamapa Isanisna — jo1eHT Kabeapu iHO3eMHUX MOB Ta Heparoriku Buioi mkosm JOY BIIO «/lon6ackka
HalllOHAJIbHA aKageMis 6y,71iBHI/I]_ITBa i apxitekTypu». HaykoBi iHTepecn: MeToIKa BUKJIaIaHHS iHO3eMHNUX MOB, TIeJ[aroTi-
Ka.

Maunin [{enuc TennaaiiioBny — acmipadT Kadeapu TEXHOJIOTIH GyAiBeTbHUX KOHCTPYKITLii, BUpo6iB i Marepianis JIOY
BITIO «/lonbachbka HarioHaJIbHa aKkajeMist OyAiBHUIITBA i apXiTeKTypu». HaykoBi iHTepecH: HeaBTOKIaBHI MTHOOETOHN.
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Donbas National Academy of Civil Engineering and Architecture. Scientifics interests: binders and concretes on the basis
of industrial waste; heat-resistant concretes

Zagoruyko Tamara — Associate Professor, Foreign Languages and High School Pedagogy Department, Donbas National
Academy of Civil Engineering and Architecture. Scientifics interests: methods of foreign language teaching, pedagogy.

Malinin Denis — graduate student, Technologies of Building Structures, Products and Materials Department, Donbas
National Academy of Civil Engineering and Architecture. Scientifics interests: cellular concretes.

Buinycx 2019-3(137) 30anus u coopyacenus ¢ npumenenuem Hoeolx Mamepuaios u mexuoiozuil 45




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


