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AHHOTALMUA

BBepeHue. PaccMoTpeHbl OCHOBHbIE CBOMCTBA KapOOHAaTHbBIX 3anornHUTeNen, KOTopble UMEKT LUMPOKOE MpUMEeHeHue npu
N3roToBMeHUn GETOHHBIX CMecel, paboTaloWwmx B YCMOBUSX MOBbILIEHHbIX TeMnepaTyp WM MOHWKEHHOW OTHOCUTENbHOW
BriaXHocTu. beToHbl ¢ KapboHaTHbIMM 3anonHUTENs MU obnagakT MOBbILIEHHOW BOAOMOTPEOHOCTLIO, YTO CBA3AHO C WX
BbICOK/M BOZOMOrMOLLEHNEM, MOPUCTON MOBEPXHOCTBIO WU Pas3nNUYHON yAenbHOW MOoBepxHOCTblo. [NpuBefdeHa meToavka
onpefeneHns BogonoTpebHOCTU 3anonHUTENS YNbTPa3ByKOBbIM W YCKOPEHHBIM METOL0M, KOTOPbI NPOBOAMTCS HA paBHO-
NoaBWXKHbIX cMecsiX. [onyyeHHble AaHHble SABMSIOTCS BaXKHbIMW NokasaTensiMu u B AanbHenwem 6yayT y4uTbiBaTbCsA Npu
pac4yete cocTaBa beToHa.

MaTtepuanbl U Metoabl. [pumeHsncsa noptnaHguemeHT LIEM | 52,5H «XanpgenbbeprllemeHT» B coOTBETCTBUM
¢ MOCT 31108-2020; gonomuToBbIN LWebeHb dpakumm 5-10 MM; cTaHAapTHbIA MOHOMPAaKUMOHHbIA MECOK B COOTBET-
ctBun ¢ FOCT 6139-2020. XvMuyeckunii aHanuna noptnaHaLemMeHTa u 4ONOMUTOBOIO 3aMoNHUTENS N3y4varcsi Ha peHTreHoB-
ckoM aHanusatope Bruker S4 Pioneer n Bruker S8 Tiger. MuHepanoruyeckuii coctaB noptnaHaLeMeHTa ycTaHaBnmBarncs
Ha nasepHom gudpaktometpe Bruker D2. OnpepeneHne BooonoTpebGHOCTY KPYMHOro 3anofiHUTENS U3 JONoMMTa MpoBO-
OWIoCh ynbTPa3ByKoOBbIM METOOM, padpaboTaHHbiM B HNY MICY. Takke BbisiBNeHMe BOAOMNOTPEOHOCTM MENKOro 3anosiHu-
Tens NPOU3BOAMITOCH MO YCKOPEHHOW METOAMKE Ha PaBHOMOABWMXKHbBIX CMECSX MO AUaMeTpy pacnbiBa LleMEHTHOro TecTa,
paBHoMy 170 MM. YCTaHOBReHWe cpedHel MoTHOCTY B KyCKe B LIeMeHTHOM TecTe KapboHaTHoro wwebHs dpakuyum 5—-10 mm
npoBogunock B cootBetcTBum ¢ NOCT 9758-2012.

PesynbraTtbl. KapboHaTHble 3amonHUTENW OTNMYaloTCSt NMOBbILLEHHOW BOAOMOTPEOHOCTLIO MO CpaBHEHWIO C APYrMKU 3a-
nonHutensamu. BogonotpebHOCTb 4ONOMUTOBOIO 3anonHUTENs coctaenseT 5,4 %, a BOOOMNOMOLEHNE N CoAepXXaHue Mbl-
NEeBUAHBIX U MHUCTBIX YacTUL, HaxoauTes B npefenax 2,6 n 2,95 % cooreerctBeHHO. CpedHsAs NNOTHOCTb 3epeH J0NIoMU-
TOBOrO LLEGHSA B Kycke, onpegensiemas B LLEMEHTHOM TecTe, coctaBuna 2,5 r/cm®.

BbiBoabl. B ycnoBusix NoBbILLEHHbIX TEMNepPaTyp Y MOHWKEHHOW OTHOCUTENBHOWN BNaXXHOCTW MPUMEHEHNE A0NOMUTOBbIX
3anonHuTenen sSBnNseTca ocobeHHo akTyanbHbiM. OgHako GeTOHHble cMecu ¢ KapboHaTHbIMU 3anonHuTensiMu obnagatoT
NOBBILLEHHOW BOAOMNOTPEOHOCTHIO, YTO CBSI3aHO C BbICOKMM BOAOMOIIOLLEHNEM, NMOPUCTON MOBEPXHOCTLIO UM PasfNYHOWM
YAENbHON MOBEPXHOCTbLIO 3aMnoNHUTENeNn.

KNIOYEBbLIE CITOBA: 1onoM1TOBbIV 3an0fHUTENb, BOAONOTPEGHOCTL, 6ETOH, NOpTNaHALEMEHT, OTceB ApobneHns fo-
rioMuTa, ynbTpasBykK, LLEMEHTHOE TECTO, Nepuos (HOPMUPOBAHUS CTPYKTYpPbI

ona UWMWTUPOBAHWUA: CamueHko C.B., JlapceH O.A., Anbobaudu [.A.H. ViccnepoBaHue BogonotpebHOCTN fonoMu-
TOBbIX 3anonHuTenen anst 6eTOHOB B YCMOBUSIX CYXOro »apkoro knvmata // CTpouTenbCcTBO: Hayka U obpasoBaHue. 2024.
T. 14. Bbin. 2. C. 149-165. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2024.2.149-165

Asmop, omeemcmeeHHbIl 3a repenucky: OkcaHa AnekcaHgpoBHa JlapceH, larsen.oksana@mail.ru.

Study of water consumption of dolomite aggregates for concrete under
conditions of dry hot climate

Svetlana V. Samchenko, Oksana A. Larsen, Dheyaa Abdulkadim Naser Alobaidi
Moscow State University of Civil Engineering (National Research University) (MGSU),
Moscow, Russian Federation

ABSTRACT

Introduction. The basic properties of carbonate aggregates, which are widely used in the manufacture of concrete mixtures
working in conditions of elevated temperatures and reduced relative humidity, are considered. Concretes with carbonate
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aggregates have increased water demand, which is associated with their high water absorption, porous surface and differ-
ent specific surface area. The methodology for determining the water demand of aggregate by ultrasonic and accelerated
methods, which are performed on the same workability mixtures, is given. The obtained results are important indicators and
in the future will be taken into account in the calculation of concrete mixture.

Materials and methods. Portland cement CEM | 52.5H “HeidelbergCement” in accordance with GOST 31108-2020; do-
lomite crushed gravel (5—-10 mm); and standard monofractional sand in accordance with GOST 6139-2020 were used in
the study. The chemical analysis of Portland cement and dolomite aggregate was investigated on the Bruker S4 Pioneer
and Bruker S8 Tiger X-ray analyzers. The mineralogical composition of Portland cement was determined on a Bruker D2
laser diffractometer. The water demand of dolomite coarse aggregate was determined by an ultrasonic method developed at
the National Research University of Moscow State University of Civil Engineering. Also, the determination of water demand
of fine aggregate was carried out by the accelerated method on the same workability mixtures with a diameter of cement
paste mixing equal to 170 mm. Determining the average density in a lump in the cement paste of carbonate crushed stone
(5-10 mm) was determined in accordance with GOST 9758-2012.

Results. Carbonate aggregates are characterized by increased water absorption compared to other aggregates. It was
found that the water demand of dolomite aggregate is 5.4 %, and the water absorption and content of dust and clay particles
are within 2.6 and 2.95 %, respectively. It was found that the average density of dolomite crushed gravel grains determined
in the cement paste was 2.5 g/cm®.

Conclusions. In conditions of high temperatures and low relative humidity, the use of dolomite aggregates is especially rel-
evant. However, concrete mixtures with carbonate aggregates have increased water demand due to high water absorption,
porous surfaces, and different specific surface areas of the aggregates.

KEYWORDS: dolomite aggregate, water demand, concrete, Portland cement, dolomite crushing screenings, ultrasonic,
cement paste, the period of structure formation
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BBEJAEHUE

YpoBeHb HCIIONB30BAHMUS KAPOOHATHBIX CHIPHEBBIX
MarepuasoB M UX OTXO/IOB B BUJIE OTCEBOB, IbIIH acIH-
PALMOHHBIX CUCTEM U TaK Jalice SBISACTCS BaXKHEHIITNM
(axTopoM, 00ECHEUHBAIOIINM CHIDKCHUE DHEPreTH-
YCCKUX 3arpaTr U BO3BMOKHOCTH BBIITYyCKa HOBOH Kaue-
CTBEHHOMH MPOIYKIIIH.

TpaauimoHHO KapOOHATHBIC MaTEpUabl HAILTH
MIPUMEHEHHE B IIPOMBIIIUIEHHOCTH COOPHOTO XKene300e-
TOHA, B JIOPO)KHOM CTPOUTEIBCTBE, MPH ITPOU3BOJICTBE
LIEMEHTa U U3BECTH. Takke KapOOHATHBIE MaTepHalIbl
UCIIONB3YIOTCS B METaJUTypTUYECKOM IPOU3BOJICTBE,
CEJIbCKOM XO3SHUCTBE U APYTHX 00TaCTAX.

KapOoHaTHbIE 3allOJHUTENN IIUPOKO IpUMeE-
HSIOTCSL TIPU NPOEKTHPOBAHHH COCTAaBOB OETOHOB,
paboTaomuX B YCJIOBHSIX IOBBIIICHHBIX TeMIepa-
Typ U HOHMXEHHON OTHOCHUTENBbHOM BiIaxkHOCTH [1].
Kap6onaTHbIii meb6eHp MOTYYaroT MyTeM APOOICHUS
Ha Kapbepax HEPYIHBIX MCKOIAEMBIX, IPU 3TOM 00-
pasyeTcsl 3HAYUTENIbHOE KOJIMYECTBO (PaKIUK KpyTi-
HOCTBIO 10 5 MM, cogepskauei ot 12 no 40 % 3epeH
pasmepom menee 0,16 MM [2]. OTX0abI TPOU3BOACTBA
KapOOHATHBIX 3AIIOJHUTENECH MOTYT MyTEM JIOTIOIHH-
TEJIBHBIX OMNEpali H3MENbUCHHs HCIOIb30BaThCs
JUIS IPOM3BOACTBA APOOICHOTO MeCKa M HAOTHUTEIS
JUIsI OETOHOB.

AHanm3 JIUTepaTypHBIX JaHHBIX MOKa3al, 4To Oe-
TOHHBIE CMECH Ha KapOOHATHBIX 3alOJIHUTEISIX 00Ja1a-
IOT MOBBIIICHHON BOIOMOTPEOHOCTHIO [3]. DTO MOXKHO
OOBSICHUTb, B TIEPBYIO OYEpE/b, TIOPHCTON CTPYKTYpOH
kapOoHaTHON mopombl. OTMe4aeTcs, 4To OCTOHHBIC
cMecH Ha KapOOHAaTHOM IE€CKE MMEIOT XOPOLIYI0 BOJIO-
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YACP>KUBAIOIIYIO CIOCOOHOCTB, IPH 3TOM OTCYTCTBYIOT
pacciioeHre CMECH M BOAOOT/IEICHHUE! .

3anoHUTENb BIMSCT HAa CTPYKTYPY I[EMEHTHOTO
KaMHsI, CBOWCTBa OETOHHOW cMecH M OeToHa. B 3aBu-
CHUMOCTH OT €TO CONICPIKAHUSA U YACTHHOMN MOBEPXHOCTH
YMEHBIIAeTCs MTOIBIKHOCTh OETOHHOM CMECH M COKpa-
IIAIOTCSl CPOKU CXBATBIBAHUSA. DTO OOBSCHSAETCS TEM,
YTO 3aMOJHUTENIb OTBJCKACT YacTh BOJIbI 3aTBOPCHHUSI,
[MO3TOMY CBOWCTBA OETOHHOW CMECH OMPEACIISIOTCS
HECKOJIbKO MEHBIIUM BOJOIIEMEHTHBIM OTHOIIECHH-
€M TI0 CPaBHCHHIO C BOJOLIEMCHTHBIM OTHOIICHHEM
3aTtBopeHns [4]. BBenmeHne OMOTHHUTENHEHOTO KOJIH-
YyeCTBA BOAbLI AJII OHOCTHUIXKCHHS OAWHAKOBBIX CBOMNCTB
XapaKTepu3yeT BOAONOTPEOHOCTD 3aroaHuTeNs |5, 6].
[Ipo4HOCTE 3aMONHUTENS, OMPEACISIONIAs MPOYHOCTD
0eToHa, XapaKTepHU3yeTcs He TOIBKO BHIOM TOPHOH I0-
pOIBI, U3 KOTOPOH OH IMONy4YeH, HO M KPYITHOCTHIO 3e-
peH. Uem MeHbIIIE 3epHA, TEM MEHBIIE OHHU CONEpKaT
nedeKkToB ¥ NpOYHOCTh UX BbIme [7, 8].

JIO7IOMUT MOTYYHII IIUPOKOE TPUMEHEHHE B CTPO-
UTEIFHOW WHIYCTPUHA M JOPOKHOM CTPOUTEIIBCTBE.
Hmeer MecTo MpUMEHEHHE TOJIOMUTA JIIS MTPOU3BOI-
cTBa ac(arbTOOETOHHON CMECH Ui JOPOXKHOTO IO-
kpeITHA [9].

KpymnHbIil 3amoaHUTeNb U3 A0JIOMUTA MOXET HC-
MTOJIb30BAaThCSI IS TIPOM3BOICcTBA OeToHa [6, 10—12].

Ha ocHOBe OTCEBOB NpOOJICHHUS TONyYCH IecYa-
HBII KUpPOUY C 3aMEHOI MEJKOI0 3aIllOJIHUTEINS J10JI0-
MHTOBBIM B KojudectBe 25, 50, 75 u 100 % oT macchl
sanonauTens [13]. Tlecok u3 orceBa ApoOICHUS 10JI0-
MUTa MPUMEHSUICS JTsl TIOTYYEHHUS aBTOKIIABHOTO Ta30-

! PyKOBOZICTBO TIO IIPOU3BOACTBY OCTOHHBIX pabOT B YCIOBHU-
SIX CyXOro yapkoro knmumara. M. : Crpoiiusaar, 1977. 81 c.
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0eTOHA, UMCIOIIETO MOBBIIICHHBIC YKCILTYaTallHOHHBIC
nokazarenu [ 14].

Bruto ycTaHOBNICHO, YTO IMOABMKHOCTH OETOHA
CHIDKAeTCS TIPH BBEICHUH OTCEBOB IPOOICHUS TpU
YaCTUYHOM 3aMEHE BsDKYIETO0 MaTepHayia KakK Harloj-
HuTels’. BBeeHue 3amoHUTENs U3 OTCEBA IPOOICHHs
nosomuTa B konudectse oT 10 1o 100 % cHmkaeT nmoj-
BMOKHOCTH OeToHa [15].

HaGnromaercss BIUSHHE MEIKOTO 3allONHUTEISA
W3 TOJIOMHUTA Ha TOABMKHOCTH OeToHa. [Ipu BBeneHNH
B COCTaB OCTOHA IMECKa M3 JOJIOMUTA B KOJIMYCCTBE
ot 25 no 100 % moABMKHOCTH OETOHHOW CMECH KOH-
TPOJBLHOTO cocTaBa cHuU3miack co 105 1o 70 mm [16].

OtMmeyaeTcss BIMSHUE 3alONHUTENCH Ha Mpod-
HOCTHBIE CBOICTBa OCTOHOB, IKCILTYaTHPYEMBIX B yC-
JIOBHSAX TOBBIIICHHBIX TEMIIEPATyp M HU3KOH OTHOCH-
TenbHOW BiakHOCTH. [Ipu BBemeHun B cocTaB GeToHA
MEJIKOTO KapOOHATHOTO 3aIIOJIHUTEIIS,, HECMOTPS Ha €To
OOJIBIIYI0 BOMOIOTPEOHOCTh MO CPABHCHUIO C KBap-
LEBBIM MMECKOM, 00ecreurBaeTcsi 0ObIas MPOYHOCTh
6etonam. [ToBbIIIIEHHASI TPOYHOCTD CBs3aHa C 0OJIbIICH
BOJIONOTPEOHOCTHIO M TOBBIIIEHHBIM BOJIOIOIIIONIE-
HUCM, CHIDKCHHEM (DaKTHYECKOrO BOIOLEMEHTHOTO
OTHOIIICHUS TIPH TBEPICHUH M BO3BPATOM paHEe I0-
IJIOIMICHHOU BOJIBI IIEMEHTHOMY KaMHIO, YTO ITOBBIIIACT
CTETICHb TUAPATAIINH [IEMCHTA.

OKkaspIBaeTCsl IOJOKUTENEHOE BIUSHHUE 3aIioli-
HUTEJIeW M3 oTceBa NpoOiieHHss Ha nedopMaTUBHBIC
CBOMCTBA CaMOYILTIOTHSIOIIMXCs OeToHOB’. Jledopma-
MU YCAIKHU TPU BBICBIXaHUU COCTABOB, COICPIKAIIUX
MEJIKHH 3aI0JIHUTEIh U3 TOJIOMHUTA B KOJHYCCTBE OT 7
10 28 %, OblIM MEHbIIE, TI0 CPABHEHUIO C KOHTPOIIb-
HBIMHU cocTaBaMi. ONITUMAIFHOE COMICPKAHNE MEJTKOTO
3aMoNHATENS U3 fooMuta — 7—14 % OT Macchl Bcex
3aIOJTHUTENCH CAMOYIUIOTHSIIOIICHCST OCTOHHO cMecH,
YTO MPEIATCTBYET PACCIOCHUIO CMECH, IOBBIIICHHUIO
MTOJBIDKHOCTH W YIYYIICHUIO MEXaHHYSCKUX CBOMCTB
6erona. OnHaKo JanpHEHIIee YBETHUCHUE COCPKAHNS
B cocTaBe OE€TOHA CIIOCOOCTBOBAIO YBEIMUEHHUIO ycCa-
JIOYHBIX Je(opMariuii.

BononoTpeOHOCTh TPaHUTHOTO MICOHS 1O Macce
¢pakium 5-20 MM cocrasisier 3,25-3,4 %, rpaBus ped-
HOTO C TIPENENBbHOW KPYMHOCTBIO MeOHS 5—20 MM —
2,6-2,98 %, meOHs H3BEeCTHSKOBOTO — 5,15-5,5 %,
recka KBapIeBoro crpoutenabHoro — 7,1-8 %, mecka
peunoro — 7,15-8,1 %, xepamsuta dpaxmuu 0,14—
20 mm — 20-24,5 %, xepam3uToBoro necka — 23,8—
26,2 % [17].

JI0TOMHT TOTYYHI MIUPOKOE MPHUMEHEHHE B CTPO-
WUTENBHOW WHIYCTPUHA M JOPOKHOM CTPOUTEIBCTBE,
KPYIIHBIE U MEJIKUEC 3alIOJTHUTEIN U3 JOJIOMHUTA — MPH

2 Barbhuiya S. Effects of fly ash and dolomite powder on
the properties of self-compacting concrete // Construction and
Building Materials. 2011. No. 25 (8). Pp. 3301-3305.

3 RudZionis Z., Ivanauskas E., Senkus M. The Analysis of sec-
ondary raw materials usage in self-compacting concrete pro-
duction. Mater. Sci. 11. 2005. Pp. 272-277.

MIPOM3BOJICTBE KapOOHATHBIX OETOHOB IS JOPOXKHOTO
CTPOUTEIBCTBA, YTO CBSI3aHO C MX BBHICOKOM aKTHMBHOU
CTPYKTypooOpa3yromiei poipio [6]. DTo BIUSHUE TIPO-
SIBJISICTCS. B YIPOYHEHWH KOHTAKTHOW 30HBI MEXIY
LIEMEHTHBIM KaMHEM M KapOOHAaTHBIM 3allOJIHUTENIEM,
KOTOPOE MPOUCXOINT 3a CUET BBHICOKOTO aJre3HOHHOTO
CLICIUICHHS] MEXJy HUMHU BCJIEACTBHE BBICOKOH MOPH-
CTOCTH 3aIOJHUTENS M (PU3UKO-XUMHIECKOH aKTHBHO-
CTH M3BECTHSKOB U JIOJIOMUTOB.

PacTBOpHI Ha 10OJJOMHTOBOM M M3BECTHIKOBOM 3a-
MTOJTHUTEISIX COXPAHSIOT CBOIO MPOYHOCTH NPH BBICO-
kux Temneparypax o 700 °C no cpaBHEHHIO ¢ OObIY-
HBIM TPaHUTHBIM [18].

KpynHblii 3an01HUTENb HA OCHOBE JOJIOMUTA IIPU-
MEHSETCSI JUIsl TIPOM3BOJICTBA OETOHA C IOBBIILICHHOW
MIPOHUIIAEMOCTBIO sl HOKpeITUiL gopor [10], a Takxke
JUIA TIPOM3BOACTBA ac(albTOOCTOHHBIX cMmeceidt [9].
Hcnonp30BaHue JOJIOMHTAa UMEET MECTO IPH IPOU3-
BOJICTBE CTEHOBBIX KaMHEW B KauecTBE 3aMEHBI KBap-
LIEBOT'0 MEeCKa NMpU €ro BBeAeHUU B Koiuuectse 0, 25,
50, 75 n 100 % ot maccel Menkoro 3amonHuTens [19],
a Tak)Ke IPpU POU3BOJCTBE aBTOKIABHOTO ra300eToHa,
KOTOPBIN MOKa3aJl BBICOKHE 3KCIUTyaTaI[IOHHBIEC TOKa-
3aTeJH MO CPAaBHEHHIO C OOBIYHBIM aBTOKJIABHBIM I'a30-
oeronom [14].

Ha ocHOBaHMM BBIIIEU3IOKEHHOTO MOXHO CJie-
JaTh BBIBOZA, YTO OTPEICICHHE TAaKMX MOKa3aTenei,
KaK BOJOMOTPEOHOCTh, BOAOIOMIIOIEHHE 3aI0IHUTEIS
Ha OCHOBE JIOJIOMHUTA SIBIISICTCS HEOOXOAMMBIM U BaK-
HBIM B CBSI3H C €0 OCOOCHHOM CTPYKTYPOH.

MATEPHAJIBI U METO/JbI

B nanHOM HCcenoBaHUM MPUMEHSUINCH CIIETYTO-
1€ MaTePUaJIbL:

* moptianaiuement [{IEM 1 52,5H «Xaiinenn0epr-
Hement Pyc», B coorBerctBun ¢ 'OCT 31108-2020,
C YIENBHOM TOBEPXHOCTHIO 377,3 M2/KT, MHHEPAJIOTH-
YCCKUM U XUMHUYCCKUM COCTaBaMHU, IPECACTABICHHBIMU
B Tabn. 1, 2. OcHOBHBIE CBOWCTBA MOPTJIAH/IIEMEHTA:
CPOKH CXBATBIBAaHWSI — HAYaJI0O M KOHEI] CXBAaThIBAHMS
195 u 235 MUH COOTBETCTBEHHO, BOAOIIOTPEOHOCTH —
30,2 %; mpOoYHOCTH Ha CkaTHe B Bo3pacTte 2 u 28 cyT —
29,9 u 62,6 MIla cOOTBETCTBEHHO;

* TOJIOMHUTOBBIH mmebeHs Ppakuuu 5—10 ¢ rpaHy-
JIOMETPUYECKUM COCTaBOM, TPHUBEACHHBIM Ha puc. 1.
XUMHYECKUI COCTaB  3allOJIHUTENS  MPE/ICTaBICH
B Tabx. 3, $a3oBbIil cOCTaB — Ha pHC. 2;

* CTaHJIapPTHBIA MOHO(PAKIIMOHHBIN IECOK B COOT-
BercTBUM ¢ [OCT 6139-2020 «Ilecok /it UCTIBITAaHUIA
nemeHTa. TexHn4ecKne yCcIoBus».

XUMHYECKHH aHaIN3 MOPTIAHALEMEHTa U JI0JI0-
MHTOBOTO 3allOJIHUTENsI U3y4dajcs Ha PEHTIEHOBCKOM
ananmuzatope Bruker S4 Pioneer m Bruker S8 Tiger.
MHUHEpaNIorHuecKiii cocTaB MOPTIAHIIEMEHTa Ompe-
Jensicsa Ha Ja3zepHoM audpaxromerpe Bruker D2.
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Taou. 1. Munepanoruyeckuii coctas nmopmiananementa [IEM [ 52,5H «Xaiinens6eprliement Pyc»

Munepanoruueckuit cocras, %

CS C,S CA C,AF
64 14 7 11
Taou. 2. Xumuueckuii coctas noprianauementa LIEM I 52,5H «Xaiinens6eprliement Pyc»
Xumuueckuit cocras, %o
Sio, ALO, Fe,O, CaO MgO SO, K,0 Na,O MnO TiO, P,O, ILILIL
21,23 4,78 3,31 62,95 1,65 3,22 0,66 0,12 0,08 0,28 0,06 1,60
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Puc. 1. I'panynomerpudeckuii cocTas JOJIOMHTOBOTO IeOHS Ppakuuu 5—10 MM

~&— BepxHusas rpannua —®— JlonomMuTOBbIil 1Ie0eHb

Juamerp oTBepcTuil cHT, MM

Taoa. 3. XuMHYECKHIl COCTAB JOJIOMUTOBOTO 3aIIOJIHUATEIIS

—— HukHss rpanuna

Xumuueckuit coctas, %

Si0, | ALO, | FeO, | CaO | MgO | SO, | KO | NaO | MnO | TiO, | PO, | mmm
2,12 0,69 0,32 35,56 17,38 0,15 0,19 0,08 0,01 0,03 0 45,16
-
Z
1O | o T e Jlomomur
: = Kanbuur
08 |
0.6 | i
........ §§
6,00 64.0 70,00

Puc. 2. Pentrenopudpakrorpamma oTcesa JpoOieHNs 10IOMUTA
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OmnpezienicHHE BOJOMOTPEOHOCTH KPYITHOTO 3a-
TTOJTHUTEISI U3 TOJIOMUTA MTPOU3BOIMIIOCH YIBTPa3ByKO-
BBIM MeTo1oM [20].

YcraHoBICHHE BOJOTOTPEOHOCTH MEITKOTO 3aIoJi-
HUTENS OCYHIECTBISUIOCh MO YCKOPEHHOM METOHKE
Ha PaBHOITOJBIKHBIX CMECSX.

CpenHsisi TWIOTHOCTh B KYCKE B IIEMEHTHOM TECTE
kapOoHaTHoro medHs ¢pakiun 5—10 MM BbISBIsIIACH
B cootBercTBHH ¢ ['OCT 9758-2012 «3amomuurenn
MTOPUCTHIC HEOPTaHWYCCKHE IS CTPOUTEIBHBIX pa-
60ot. Metonsl ucnblTaHuidy. beina oroOpana HaBecka
kapOonatHoro mieoHs ¢pakiuu 5—10 MM 00beMOM
3,5 n. Jlamee BBIMONHSIIOCH TepeMernnBaHue 1,7 Kr
eMeHTa u 3,4 KT CTaHAapTHOTO MOHO()PAKIIHOHHOTO
Mecka B MPOTHBHE. B MOMydeHHYI CMECh BBOIMIIOCH
HEOOXOAMMOE KOJMYECTBO BOJBI ISl JIOCTHIKEHHS
KOHCHCTEHIIMH CMecHu ¢ kecTkocThio 5—10 ¢ (puc. 3),
KoTOpasi oIlecHHMBajack Ha mpudope Bebe. [lomyuen-
Has CMech BBIIEp)KHBalach B TeueHWe |5 mwuH, 3a-
TEM €10 3aMOJHSJICS COCYI eMKOCTBIO 5 JI, B KOTOPOM
CMECh Jaliee YIIOTHSITN Ha BHOPOTITONIAIKE B TCUCHHE
30-60 c u B3BEIIMBAIH.

CpenHss IIIOTHOCTH 3€PEH JTOJIOMUTOBOTO IICOHS
B KyCKe cocTaBmia 2,5 r/em®, onpenenentas mo FOCT
9758-2012 «3anosHUTEIN MOPUCTHIE HEOPTaHUUECKUE
JUISE CTPOUTEIBHBIX paboT. MeTomsl uchbiTaHmit». Ta-
KM€ BaKHBIC TIOKA3aTeNH 3alloHUTENs, KaK IyCTOT-
HOCTb H IIOPUCTOCTH JOJIOMUTOBOTO 3aIIOTHUTES YCTa-
HABJIMBAJIMCh UCXOMsl M3 JIAHHBIX CPEIHEH IIOTHOCTH
B KyCKE 1 HACBIITHOU MIIOTHOCTH. O0bEeM MEK3EPHOBBIX
ITyCTOT JIOJIOMHTOBOTO 3aIOHUTENS cocTaBmit 41,9 %,
€ro PaCCYUTHIBAIIA B COOTBETCTBUHU C METOIUKOM, TIPE/I-
ctaneHHoit B [OCT 8735-88 «Ilecok mns cTpouTens-
HBIX paboT. MeTObI NCTIBITaHUI.

BomomnorpedbHOCTh ompenesuiach MO0 YCKOPEH-
HOM MeTomuke, mpenjoxenHod HO.M. baxeHOBBIM,
Ha PaBHOMOABIDKHBIX CMECSIX. DTa METOIMKA BKIOUYa-
€T HCIOJh30BAaHUE BCTPSIXUBAIOIICTO KOHyca Xarep-
MaHa, TIPU HEW yCTAaHABIUBACTCS JUAMETD PACILIbIBA
LIEMEHTHOTO TecTa IpH (B/L[)u, COOTBETCTBYIOIINH €ro

HOpMaJbHON TrycToTe M paBHbIM 170 MM. Jlanmee us-
TOTaBIMBAETCSA pPAcTBOp cocTaBa 1:2 m mombmpaercs
KOJIMYECTBO BOJIBI (B/I_I)p, HEOOXOIUMOe LTS TIOTyde-
HUsl auamerpa paciuibiBa 170 mm. BomomorpebHOCTB
YKpPYIHEHHOTO Tecka, cocrosmiero u3 50 % xBapie-
Boro mecka u 50 % mecka U3 oTceBa qpoOIeHUs I0I0-
MHUTOBOTO IIEOHs, cocTaBmia 5,3 % ¥ pacCYHTHIBaIaCh
o hopmye:

K, =w100 %. )

Taxoke onpenensiocs BOJOMOMIONICHUE JT0JIOMHU-
TOBOTO IIEOHSI U COJIEP)KAHUE TMbUICBUAHBIX M [JIMHHU-
CTBIX YACTHII B 3aIOJIHUTEINE, KOTOPOE COCTaBHIIO 2,6
1 2,95 % cooTBeTCTBEHHO (puc. 4).

PE3YJIBbTATBI

OmnpezeneHne  BOJONOTPEOHOCTH  3AIlOJIHUTEINS
YABTPa3BYKOBBIM METOIOM 3aKIJIFOUAeTCsl B CIEIYIOLIEM.
YcranaBnuBaeTcs BOJIONOTPEOHOCTh 3aIlOJIHUTEINS He-
TIOCPE/ICTBEHHO B CaMOM OETOHHOW CMeCH, NPH STOM
MPOMCXOJUT CPaBHEHHUE Neprosia (POPMUPOBAHNUS CTPYK-
Typsl (IIOC) 6etona ¢ IIOC eMeHTHOTO KaMHS, TIPHTO-
TOBJICHHOTO Ha TOM JK€ [IeMeHTe. J{yisl 3Toro n3rorasiu-
BAETCsI LIEMEHTHOE TECTO C Pa3IMYHBIM BOIOLEMEHTHBIM
OTHOIIEHHUEM, HaXOAMIUMCs B ipenenax 0,876 —1,65K
TP KOTOPOM IPOUCXOANT 0Opa3oBaHHE CBSA3HOHM Koa-
TYJSLIHOHHON CTPYKTYpBl LIEMEHTHOro Ttecra. llpuro-
TOBJICHHOE TECTO 3aJIMBAIOT B INIACTMACCOBYIO (hOpMy
¢ pasmepoM staeiiku 10 x 10 X 10 cm (puce. 5). [damee
OIIPENIEIISIETCSI CKOPOCTH TPOXOXK/ICHUS YIBTPa3ByKa ue-
pe3 LEMEHTHOE TECTO Yepe3 Kaxkble 5 MUH.

OxoHvyanne (HOpMHUPOBAHUS CTPYKTYPHI XapakTe-
pHU3yeTcsl Pe3KUM YBEIMYCHHEM CKOPOCTH ITPOXOXKJIe-
HUS YIIbTpa3Byka (puc. 6). Onpeaeaus IpoI0KUTEIIb-
HOCTh TBEPICHUS LIEMEHTHOTO TECTa B 3aBHCHUMOCTHU
ot paznuuHoro B/II, crpost rpaduk (puc. 7). Takum
00pazoM, MOTy4aroT ATAJTOHHYIO KPUBYIO 3aBHCUMOCTH
B/1] oT BpemeHu TBepCHUS ISl TAHHOTO LIEMEHTA.

Puc. 3. IIpu6op Bebe aist onpeneneHust )KeCTKOCTH OSTOHHOM CMecH
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Puc. 5. ®opwmel ¢ pazmepom stueriku 10 x 10 x 10 cm gist onpenenenus [IOC nementTHoro recra
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—0— 0,876*Kur —@— Kur - 1,65%Kur

Puc. 6. M3mMeHeHne CKOPOCTH MPOXOXKACHHS YIBTPa3ByKa B 3aBHCUMOCTHU OT BPEMEHHU TBEPACHNUS IEMEHTHOTO TeCTa
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Puc. 7. 3menenue IPOAOJIKUTEIbHOCTU TBEPACHUA HEMEHTHOI'O TECTA B 3aBUCUMOCTHU OT B/]_I

Mertonuka oIpeneNneHusi BOAOMOTPEOHOCTH 3a-
MOJHUTENSI OTIIMYAETCSl OT CYMIECTBYIOIIMX M POBO-
JIUTCA U OSTOHHOM CMecH, KOTopast COCTOUT U3 650 KT
MOPTIIAH/IIIEMEHTa 1 MAacChl 3aIIOIHUTENS, PACCUMTAH-
HoW 110 hopmyIie:

Msan =0’5pg’ (2)

IJIE P, — CPEIHSIS IVIOTHOCTD 3aMOTHUTENS B KyCKe, T/M’.

ToToBAT OCTOHHYIO CMECh, BBOIS HEOOXOAMMOE
KOJIMYECTBO BOJBI JIS JIOCTHIKEHUSI TIOBHKHOCTH, TTPU
KOTOPOU TOCTUTAETCs Ocajika KoHyca 1-2 cum (puc. 8).
OmnpeneneHne CKOPOCTH PACIIPOCTPAHEHUS! YIIBTPa3By-
ka (Y3) mpou3BOJUTCS C HCIIOIb30BAHUEM ILTACTMAC-
COBBIX (hOPM, B KOTOPBIE MOMEIAETCS TPUTOTOBICHHAS
OeToHHast cMeCh. M3MepeHne CKOPOCTH MPOXOXKICHHUS

VY3 BemonHsercs: yepe3 kaxaele 20 muH. Ha puc. 9
MIPECTaBICHBl JaHHBIE 00 M3MEHEHHH CKOpocTH Y3
OT BPEMEHH TBEPACHHUS CMECH C Hadalla €€ 3aTBOPCHUSL.
Janee ycranasiuBator Bpemsi [IDPC OGeronHou
CMECH C HCHBITYEMBIM 3alloHUTENIEeM 1o puc. 9. 3a-
TEM OIpEHessieTCsl KOJIMYEeCTBO BOJBI, OTBIEKae-
Mol 3amonuuTeneM (B ), KOTOpoe paccYnThIBaeTCSA

o gopmyiie:
Baan = BSETB _B ;

n?

b1 B ®)

HUCT
B Tabn. 4 MPUBCACHBI TaHHBIC, MOJYYCHHBIC MTPpU

OTIpEICIICHUH BOJOMOTPEOHOCTH 3aIIOTHATEIIS B OCTOH-
HOM cMecH.

Puc. 8. IlpuroroBnenue 3TaJOHHON OETOHHOH CMECH C TOTOMHUTOBBIM 3aIIOTHUTENIEM
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Puc. 9. lzmenenue CKOPOCTHU NPOXOKACHUS YIIbTPa3ByKa B 3aBUCUMOCTHU OT BPEMEHU TBEPACHUS OETOHHOI cMecH

Taou. 4. OnpeeneHue BOJONOTPEOHOCTH 3aIOTHATENS B OCTOHHON CMECH

% K =B_/P

a1 3an 3an ~ 3an 3an

T[IDC, mun

3aTB I

5.4 0,054

3AKJIIOYEHHUE U OBCYXIAEHHUE

B ycnoBusAX TOBBINICHHBIX TEMIIEPaTyp W MOHU-
JKCHHOW OTHOCHTEIBHOH BIQXKHOCTH MPUMEHECHHUE JI0-
JIOMUTOBBIX 3aIlOTHUTEICH SBISICTCS OCOOCHHO aKTy-
anpHBIM. OnmHAKo OCTOHHBIE CMECH C KapOOHATHBIMU
3aMOTHUTEISIMA 00JT1aJaf0T TIOBBIIIICHHON BOAOMOTPEO-
HOCTBIO, YTO CBSI3aHO C BHICOKHM BOZOMOIJIOIMICHUEM,
MOPUCTON MOBEPXHOCTBIO U PA3JIMYHON yAEIBHOM I10-
BEPXHOCTBIO 3aIlOJIHUTENEH.

OmnpeneneHsl BOXOMOTPEOHOCTh KPYITHOTO I0JI0-
MHUTOBOTO 3armoIHUTENS ¢ppakunu 5—10 MM yIsTpa3By-
KOBBIM METOJIOM; BOAOIOTPEOHOCTH MEJIKOTO 3arlOJIHHU-
TeJIs 110 YCKOPEHHOW METOIMKE, KOTOPBIN IPEACTABIAET
co0O¥ YKPYITHEHHBIN IECOK M3 OTCEBa IPOOJICHUS [10-
JIOMHUTOBOTO IIICOHS.

67 195 140

VCTaHOBIIEHO, YTO CPEIHSA TUIOTHOCTH 3€PEH JI0-
JIOMUTOBOTO IEOHS B KYCKE, ONpeeseMas B [IEMEHT-
HOM TeCTe, cocTaBmia 2,5 r/em?’.

BrisiBiieHa BeJlUMYMHA BOZOIOIVIOIIEHUS JI0JIOMH-
TOBOTO 3aIlOJHUTENS, a TAKXKE COMepKaHHe THUICBUI-
HBIX ¥ ITIMHUCTBIX YaCTHII.

Hcnonb30BaHue  JOJOMHUTOBOIO  3allOJHUTEIS
JIOJDKHO OBITH OIPaHMYEHO B GETOHAX, SKCILTyaTHpye-
MBIX IIPU OTPHUIATEIbHBIX TeMmIeparypax. Heooxoaum
KOMIIJICKC HCCHC}]OBaHI/Iﬁ O BJIUIHHUU OOJOMUTOBOIO
HAIOJHMUTEIS Ha MPOYHOCTh M JOJIITOBEYHOCTH OETO-
Ha B YCJOBHSAX CYXOTO »apKoro Kiaumara. Beumy mo-
BBIIIIEHHON BOIOMOTPEOHOCTH, OCOOEHHO B YCIOBHSX
MOBBIIICHHBIX TEMITEPATyp W HU3KOM OTHOCHTEIBHOM
BJIaYKHOCTH, UCCIIEA0BAHUE BIUAHUS JOJIOMUTOBOIO 3a-
MOJIHUTENISI HA COXPAHAEMOCTL OETOHHBIX CMECEH SIBIIs-
€TCsI 0COOCHHO aKTyalbHbIM.
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INTRODUCTION

The level of utilization of carbonate raw materials
and their wastes in the form of siftings, dust of aspira-
tion systems and so on is the most important factor en-
suring the reduction of energy costs and the possibility
of producing new quality products.

Traditionally, carbonate materials found applica-
tion in the prefabricated reinforced concrete industry,
road construction, cement and lime production. Car-
bonate materials are also used in metallurgical produc-
tion, agriculture and other areas.

Carbonate aggregates are widely used in the de-
sign of concrete compositions working in conditions
of elevated temperatures and reduced relative humidi-
ty [1]. Carbonate rubble is obtained by crushing at quar-
ries of non-metallic minerals, which produces a signifi-
cant amount of fractions up to 5 mm in size, containing
from 12 to 40 % of grains smaller than 0.16 mm [2].
Carbonate aggregate production waste can be used for
the production of crushed sand and concrete filler by
additional grinding operations.

Analysis of literature data showed that concrete
mixtures on carbonate aggregates increased water
consumption [3]. This can be explained, first of all,
by the porous structure of carbonate rock. It is noted
that concrete mixtures on carbonate sand have good
water-holding capacity, while there is no stratification
of the mixture and water separation®.

The aggregate affects the structure of the cement
stone, the properties of the concrete mix and the con-
crete. Depending on its content and specific surface area,
the mobility of the concrete mixture decreases and
the setting time is shortened. This is because the aggre-
gate diverts part of the mixing water, so the properties of
the concrete mixture are determined by a slightly lower
water-cement ratio compared to the mixing water-cement
ratio [4]. The introduction of additional water to achieve
the same properties characterizes the water demand of
the aggregate [5, 6]. The strength of aggregate, which
determines the strength of concrete, is characterized not
only by the type of rock from which it is obtained, but
also by the grain size. The smaller the grains, the less
defects they contain and their strength is higher [7, 8].

Dolomite is widely used in the construction in-
dustry and road building. There is the use of dolomite
for the production of asphalt concrete mixture for road
pavement [9].

Coarse aggregate from dolomite can be used to
produce concrete [6, 10—12].

Sand bricks were produced on the basis of crush-
ing sands with replacement of fine aggregate with dolo-
mite aggregate in the amount of 25, 50, 75 and 100 %
of aggregate weight [13]. Sand from dolomite crushing
sands was used to produce autoclaved aerated concrete
with improved performance [14].

! Guidelines for concrete works in dry hot climates. Moscow.
Stroyizdat, 1977; 81.
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It was found that the mobility of concrete de-
creases with the introduction of crushing screenings
when the binder material is partially replaced as filler?.
The introduction of aggregate from dolomite crushing
sands in the amount of 10 to 100 % reduces the mobility
of concrete [15].

The influence of fine dolomite aggregate on
the mobility of concrete is observed. When dolomite
sand was introduced into the concrete composition in
the amount from 25 to 100 %, the mobility of the con-
crete mixture of the control composition decreased
from 105 to 70 mm [16].

The influence of aggregates on the strength prop-
erties of concrete used in conditions of elevated tem-
peratures and low relative humidity is noted. When fine
carbonate aggregate is introduced into concrete compo-
sition, despite its higher water consumption compared
to quartz sand, higher strength of concrete is ensured.
Increased strength is associated with higher water con-
sumption and increased water absorption, lower actual
water-cement ratio during curing and return of previ-
ously absorbed water to the cement stone, which in-
creases the degree of cement hydration.

There is a positive effect of aggregates from
crushing screenings on the deformation properties of
self-compacting concrete®. Shrinkage deformations
during drying of the compositions containing fine ag-
gregate from dolomite in the amount from 7 to 28 %
were smaller in comparison with the control composi-
tions. The optimum content of fine dolomite aggregate
is 7-14 % of the weight of all aggregates of self-com-
pacting concrete mixture, which prevents the delamina-
tion of the mixture, increases the mobility and improves
the mechanical properties of concrete. However, further
increase of the content in the concrete composition con-
tributed to the increase of shrinkage deformations.

Water consumption of granite crushed stone by
mass fraction 5-20 mm is 3.25-3.4 %, river gravel with
a limiting size of crushed stone 5-20 mm —2.6-2.98 %,
limestone crushed stone — 5.15-5.5 %, quartz con-
struction sand — 7.1-8 %, river sand — 7.15-8.1 %,
expanded clay of 0.14-20 mm fraction — 20-24.5 %,
keramzite sand — 23.8-26.2 % [17].

Dolomite is widely used in the building industry
and road construction, large and fine dolomite aggre-
gates — in the production of carbonate concrete for
road construction, which is due to their high active
structure-forming role [6]. This influence is manifested
in the strengthening of the contact zone between ce-
ment stone and carbonate aggregate, which occurs due
to the high adhesive bond between them due to the high

2 Barbhuiya S. Effects of fly ash and dolomite powder on
the properties of self-compacting concrete. Construction and
Building Materials. 2011; 25(8):3301-3305.

3 Rudzionis Z., Ivanauskas E., Senkus M. The Analysis of
secondary raw materials usage in self-compacting concrete
production. Mater. Sci. 11. 2005; 272-277.
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porosity of the aggregate and the physical and chemical
activity of limestone and dolomite.

Mortars on dolomite and limestone aggregates re-
tain their strength at high temperatures up to 700 °C
compared to conventional granite [18].

Coarse aggregate based on dolomite is used for
the production of concrete with increased permeabil-
ity for road surfaces [10], as well as for the production
of asphalt concrete mixtures [9]. Dolomite is used in
the production of wall stones as a substitute for quartz
sand when it is introduced in the amount of 0, 25, 50, 75
and 100 % of the weight of fine aggregate [19], as well
as in the production of autoclaved aerated concrete,
which showed high performance indicators compared
to conventional autoclaved aerated concrete [14].

Based on the above, it can be concluded that
the determination of such indicators as water consump-
tion, water absorption of dolomite-based aggregate is
necessary and important due to its special structure.

MATERIALS AND METHODS

The following materials were used in this study:

* portland cement CEM 1 52,5H “HeidelbergCe-
ment Rus”, in accordance with GOST 31108-2020,
with specific surface area 377.3 m?kg, mineralogical
and chemical compositions presented in Tables 1, 2.
The main properties of Portland cement: setting time —
beginning and end of setting 195 and 235 min respec-
tively, water content — 30.2 %; compressive strength
at the age of 2 and 28 days — 29.9 and 62.6 MPa re-
spectively;

* dolomite crushed stone of fraction 5-10 with
particle size distribution shown in Fig. 1. Chemical
composition of aggregate is presented in Table 3, phase
composition — in Fig. 2;

« standard monofractional sand in accordance with
GOST 6139-2020 “Sand for cement testing. Technical
conditions”.

Table 1. Mineralogical composition of Portland cement CEM I 52.5H “HeidelbergCement Rus”

Mineralogical composition, %

CS, CS, CA, C,AF
64 14 7 11
Table 2. Chemical composition of Portland cement CEM I 52.5H “HeidelbergCement Rus”
Chemical composition, %
Sio, AlO,, FeO,, CaO MgO SO, KO, NaO, MnO TiO, PO,, n.p.s.
21.23 4.78 3.31 62.95 1.65 322 | 0.66 0.12 0.08 0.28 0.06 1.60
100
90
= 80
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2
2 60
=}
L
E 50
‘w40
z
s 30
=
= 20
10
0 -
12.5 10 7.5 5
Diameter of sieve openings, mm
Upper limit —a&— Dolomite rubble —ao— Lower limit
Fig. 1. Particle size distribution of dolomite coarse aggregate with size of 5-10 mm
Table. 3. Chemical composition of dolomite coarse aggregate
Chemical composition, %
Sio, AlO,, FeO,, CaO MgO SO, KO, NaO, MnO TiO, PO,, n.p.s.
2.12 0.69 0.32 35.56 17.38 0.15 0.19 0.08 0.01 0.03 0 45.16
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Fig. 2. X-ray diffractogram of dolomite crushing screenings

Chemical analysis of Portland cement and dolo-
mite aggregate was studied on Bruker S4 Pioneer and
Bruker S8 Tiger X-ray analyzer. Mineralogical compo-
sition of Portland cement was determined on Bruker D2
laser diffractometer.

The water content of coarse dolomite aggregate
was determined by ultrasonic method [20].

The water content of fine aggregate was deter-
mined using an accelerated method on equal-size mix-
tures.

Average density in a piece in the cement test of car-
bonate crushed stone fraction 5-10 mm was detected in
accordance with GOST 9758-2012 “Porous inorganic
aggregates for construction works. Test methods”. A 3.5
litre specimen of carbonate crushed stone of 5-10 mm
fraction was taken. Then 1.7 kg of cement and 3.4 kg of
standard monofractional sand were mixed in a baking
tray. The required amount of water was introduced into
the resulting mixture to achieve a mixture consistency
with a stiffness of 5-10 s (Fig. 3), which was evaluated
on a Vebe instrument. The obtained mixture was kept
for 15 min, then it was filled into a 5 litre vessel, in

which the mixture was further compacted on a vibrating
platform for 30-60 s and weighed.

The average density of dolomite crushed stone
grains in the piece was 2.5 g/cm?, determined in ac-
cordance with GOST 9758-2012 “Porous inorganic ag-
gregates for construction works. Test methods”. Such
important indicators of aggregate as hollowness and
porosity of dolomite aggregate were established on
the basis of data of average density in a piece and bulk
density. The volume of intergranular voids of dolomite
aggregate was 41.9 %, it was calculated according to
the method presented in GOST 8735-88 “Sand for con-
struction works. Test methods”.

Water demand was determined by the accelerated
method proposed by Yu.M. Bazhenov on equal-moving
mixtures. This method includes the use of a shaking
cone Hagerman, it sets the diameter of the spreading
of cement paste at (W/C)_, corresponding to its normal
density and equal to 170 mm. Then the mortar of com-
position 1:2 is made and the amount of water is select-
ed. (W/C),, required to obtain a spreading diameter of
170 mm. The water requirement of consolidated sand

Fig. 3. Vebe consistometer for determining the stiffness of concrete mix
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consisting of 50 % quartz sand and 50 % sand from
dolomite crushing sands was 5.3 % and was calculated
by the formula:

K,, =(W/C)'";(W/C)f 100 %. (1)

The water absorption of dolomite crushed stone
and the content of dust and clay particles in the aggre-
gate were also determined, which were 2.6 and 2.95 %,
respectively (Fig. 4).

RESULTS

The ultrasonic method for determining the water
content of aggregate is as follows. The water content
of the aggregate is determined directly in the concrete
mix itself by comparing the structure formation period
(SFP) of the concrete with the SFP of the cement stone
prepared with the same cement. For this purpose, ce-
ment batter is made with different water-cement ratio,
which is in the range of 0.876-1.65K ,at which a cohe-
sive coagulation structure of the cement paste is formed.
The prepared paste is poured into a plastic mould with

a mesh size of 10 x 10 x 10 cm (Fig. 5). Next, the rate
of ultrasound passage through the cement paste is deter-
mined every 5 min.

The end of structure formation is characterized
by a sharp increase in the ultrasound passage velocity
(Fig. 6). Having determined the curing time of cement
paste depending on different W/C, a graph is plotted
(Fig. 7). Thus, a reference curve of W/C dependence on
curing time for a given cement is obtained.

The methodology for determining the water con-
tent of aggregate differs from the existing ones and is
carried out for a concrete mixture consisting of 650 kg
of Portland cement and mass of aggregate calculated
according to the formula:

M, =0.5p,, )

where p; — is the average density of aggregate in
the lump, t/m? .

The concrete mixture is prepared by adding
the necessary amount of water to achieve a mobility at
which a cone settlement of 1-2 c¢m is achieved (Fig. 8).
The ultrasonic velocity (UZ) is determined using plas-

Fig. 5. Moulds with cell size 10 x 10 x 10 x 10 cm for determination of PFS of cement paste
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Fig. 6. The variation of ultrasonic velocity as a function of cement paste curing time
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Fig. 7. Variation of cement paste curing time as a function of water-cement ratio

tic moulds in which the prepared concrete mixture is termined v, which is calculated according to the for-
placed. The measurement of the ultrasonic velocity mula:

is performed every 20 min. Fig. 9 shows the data on W =W,-W,;
the change of ultrasonic velocity with the curing time of W 3)
the mixture from the beginning of its mixing. w.=C- .
Next, the PFS time of the concrete mixture with frue
the tested aggregate is set according to Fig. 9. Then Table 4 shows the data obtained in determining

the amount of water diverted by the aggregate is de- the water content of aggregate in the concrete mix.
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Fig. 8. Preparation of a reference concrete mix with dolomite aggregate
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Fig. 9. The variation of ultrasonic velocity as a function of curing time of concrete mixture

Table 4. Determination of water content of aggregate in concrete mixture

/4
K ,% K =W IM W =w —Ww W,=C— PFS, min
ag ag ag -~ ag ag m ¢ Ctru
5.4 0.054 67 195 140

CONCLUSION AND DISCUSSION

In conditions of high temperatures and low rela-
tive humidity, the use of dolomite aggregates is espe-
cially relevant. However, concrete mixtures with car-
bonate aggregates have increased water consumption,
which is due to high water absorption, porous surface
and different specific surface area of aggregates.

Water consumption of coarse dolomite aggregate
of 5-10 mm fraction by ultrasonic method was deter-
mined; water consumption of fine aggregate by accel-
erated method, which is enlarged sand from dolomite
crushed stone screening.

It was found that the average density of dolomite
crushed stone grains in the lump determined in the ce-
ment test was 2.5 g/cm’.

The water absorption value of dolomite aggregate as
well as the content of dust and clay particles was revealed.

The use of dolomite aggregate should be limited in
concrete used at sub-zero temperatures. A set of studies on
the effect of dolomite aggregate on the strength and dura-
bility of concrete in dry, hot climates is needed. In view of
the increased water consumption, especially in conditions
of high temperatures and low relative humidity, the study
of the influence of dolomite aggregate on the storability of
concrete mixtures is particularly relevant.
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