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3ACTOCYBAHHA ITIOPUCTUX 3AIIOBHIOBAYIB Y BETOHAX
JJIAA TPAHCIIOPTHHX CIIOPY [

AnoTtanisi. [JocmimkeHi 6ETOHHM I TPAHCIIOPTHUX CIIOPYJ 3 3aCTOCYBAaHHSM IEOSHIO 31 MIUTBHUX
BamHAKIB 1 kepam3uty. llopiBHAHO BmacTHBOCTI OeToHIB 1 (iOPOOETOHIB HAa BAMHIKOBOMY i
rpa”iTHoMy 1meOeHi. JlocmimKeHo BJIaCTUBOCTI OETOHIB, MOIU(]IKOBAaHUX CyIepIuiacTU(dIKaTOpOM
C-3 1 wmikpokpeMHe3eMoM. [IpoBeeHO TOpPIBHSHHS BJIACTUBOCTEH OETOHIB, BHTOTOBICHHX 3a
TPAAUIIIHHOIO TEXHOJOTIEID Ta 3 TOMEPEIHBOI0 OOpPOOKOI TMOPUCTOrO IMIEOCHI0 IEMEHTHOI
cycnensi€ro. BcTaHoBneHo, 1m0 HAWOUIBIIY MIOHICTP MalOTh OETOHM TPH  KUIBKOCTI
MiKpoKpemMHe3eMy Onu3bko 30 kr/MC i nob6asku C-3 Big 0.8 mo 0.9%. Ilomepemns oOGpoOka
MOPUCTOTO MEOCHIO ITiIBUIITYE MIITHICTh OCTOHY MPU CTUCKY B cepenHbomy Ha 5 MI]a.

O06’exT gociKeHHS — OETOHU Ha MOPUCTUX 3aTIOBHIOBAYAX JJISl TPAHCIIOPTHUX CIIOPY/I.

MeTta poOOTH — MiJBUIICHHS MEXaHIYHMX BIACTHBOCTEH OCTOHIB JUIsl TPAHCIOPTHHX CHOPYJI Ha
mie0eHi 31 MUTPHUX BAMHSKIB 1 KEPAM3UTI 32 paXyHOK 3aCTOCYBaHHS MOJIU(IKATOPIB 1 MOMEPEIHBOT
00pOOKH TOPUCTOTO 3aIMIOBHIOBAYA.

Metoau  NOCHiDKEHHST —  IUIAaHYBaHHS  €KCICPUMEHTY, CKCIIEPHUMEHTAIbHO-CTAaTHCTUYHE
MOJICTTIOBAHHSI, CTAHIAPTHI METOIMKH BU3HAYCHHS BIIACTHBOCTEH OCTOHY.

KirouoBi cioBa: xapOoHaTHMi 111e0iHb, KepaM3HUT, IonepeaHs oOpoOka 3amoBHIOBaua,
MIKpOKpPEMHE3eM, cynepruiacTudikaTop, TPaHCTIOPTHI CIIOPY/IH.
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THE USE OF POROUS FILLERS IN CONCRETE
FOR TRANSPORT STRUCTURES

Abstract. Concretes for transport structures were investigated. Rubble from a dense limestone and
expanded clay aggregate was used for the concrete. Comparison of the properties concrete and fiber-
reinforced concrete with limestone and granite rubble was conducted. Concretes were modified
superplasticizer S-3 and silica fume. It was comparing the properties of concrete prepared by
different technologies. One batch of concrete was made by traditional technology, the other batch
was made with pretreatment of the cement slurry of porous rubble. It has been found that concretes
have the greatest strength when the content of silica fume about 30 kg/m® and superplasticizer S-3
from 0.8 to 0.9%. Pretreatment porous rubble increases the compressive strength of concrete
average on 5 MPa.

The object of study — concrete on porous fillers for transport structures.

Purpose — improving the mechanical properties of concrete for transport structures in the rubble of
dense limestone and expanded clay aggregate through the use of modifiers and pretreatment of the
porous filler.

Research methods — design of experiment, experimental-statistical modeling, the standard methods
of determining the concrete properties.

Keywords: carbonate gravel, expanded clay aggregate, pretreatment of aggregate, silica fume,
superplasticizer, transport structures.
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MPUMEHEHUE IOPUCTBIX 3AITIOJTHUTEJIEHA B BETOHAX
JJIAA TPAHCIHOPTHBIX COOPYXEHUU

AHHoTanus. VccrienoBanbl OETOHBI 17151 TPAHCIIOPTHBIX COOPYKEHUH ¢ UCIOIB30BaHUEM IIEOHS U3
IUTOTHBIX M3BECTHSKOB U Kepam3uTa. IIpoBeneHo cpaBHeHHE CBOMCTB 0eTOHOB U (hruOpoOeTOHOB Ha
U3BECTHSIKOBOM W TpaHUTHOM ImieOHe. VccrnemoBaHbl cBoOWCTBa OETOHOB, MOAM(PHUIIMPOBAHHBIX
cyneprutactupukatopom C-3 u MHKpokpemHe3eMoM. IIpoBeneHo cpaBHEHHE CBOWCTB OETOHOB,
W3TOTOBJICHHBIX IO TPAJUIMOHHON TEXHOJOTUU M C MPEABAPUTENBHON OO0pabOTKOM MOPUCTOrO
meOHs [IEeMEHTHON CYCICH3UeH. Y CTaHOBJIEHO, YTO HAMOOJBIIYIO MPOYHOCTh UMEIOT OCTOHBI MPH
KOJIMYECTBE MUKpPOKpeMHe3ema 0kojo 30 kr/M° u noGasku C-3 ot 0.8 10 0.9%. [IpenBapurenbHas
00paboTKa MOPUCTOTO MICOHS MOBBIIIACT MPOYHOCTh OSTOHA TIPU CKATHU B cpeaHeM Ha 5 MIla.
OOBbeKT uccienoBaHus — OETOH Ha MOPHUCTHIX 3aMOJHUTENSIX U TPAHCIIOPTHBIX COOPYKEHHIH.

Ilenb pabOThl — MOBBIILIEHNE MEXAHUYECKUX CBOMCTB OETOHOB /JIsi TPAHCIOPTHBIX COOPYKEHUN Ha
meOHe U3 IUIOTHBIX M3BECTHSKOB W KepamM3uTe 3a CUeT MpPUMEHEHUs MOIu(pUKATOpOB U

IIpeIBAPUTENILHON 00padOTKH MOPUCTOTO 3aIOTHUTELS.

Meroasl uccnenoBaHHS — IUIAHUPOBAHUE OSKCIEPUMEHTA, AIKCIIEPUMEHTAIbHO-CTATUCTUYECKOE
MOJICIIMPOBaHNE, CTAHJAPTHBIC METOIMKHU OIIPEICIICHUS] CBOMCTB OETOHA.

KonioueBbie ciioBa: kapOOHATHBIN 1e0CHb, KEPAM3HT, MPEIBapUTEIbHAS 00padOTKa 3arOIHUTES,
MHUKPOKPEMHE3EM, CYNepIUIaCTU(PUKATOP, TPAHCTIOPTHBIE COOPYKEHHS.

IMocTanoBKa npodieMu
JUis  KOHCTPYKLIH  TPaHCIOPTHUX  CHOPYI,
30KpeMa BOJIOMPOITYCKHHUX, CbOTOJIHI HalyacTiIIe
BUKOPHUCTOBYETHCSI OETOH Ha IpaHITHOMY IeOeHi.
[Ipore B miBAEHHMX 1 JESKHUX IHIIMX pErioHax
VkpaiHu  e(eKTHBHIIIMM  MOXHa  BBaXaTH
3aCTOCYBaHHS OETOHIB Ha MICLIEBUX NPUPOAHIX 1
HITYYHUX MOPHCTUX 3amoBHIOBauax. Hampuxman,
B Opnechbkiil o0nacTi BUPOOJISETHCS KEpaM3HUTH 1
0araTo MOKJa/aiB BalHAKIB, CEPE SIKUX € 1 IOCUTh
mibHl.  Takl  3amoBHIOBaul  MOXYTh  OyTH
3aCTOCOBaHI Yy TPAHCIOPTHOMY OyIiBHUITBI.
beronn w©Ha BamHAKOBOMY IMIeO€HI  MarTh
MOPIBHAHO HM3bKY BapTICTh MpPU JIOCTATHIH
KOHCTPYKIIIHHIKN MinHOCTI. Bigomo, mo OeTtoHu

Ha KapOOHATHUX 3all0OBHIOBAYax abo
KepaM3UTOOCTOHH  MarOTh  JOCHTh  BHCOKY
MIIHICTh ~ MOPIBHSHO 3  MIIHICTIO  BIacHE

3anoBHIOBaYa. [lO3WTMBHMI BIIMB NOPUCTUX
3allOBHIOBAYiB YaCTilllEé BCHOTO IOSICHIOETHCS
mpolecaMu caMoBaKyyMyBaHHSI ioro 3epeH [1].
BoHu BiJirparoTb posib CBOEPIIHHUX «HACOCIBY,
K1 3a0UparoTh BOAY 3 IIEMEHTHOTO TiCTa, B
pe3yabTaTi 4oro po3YMHHA CKJIaZoBa OETOHY
yuIuibHIOEThCA.  [lpu  momanbsiomy  TBEpAiHHI
BOJIOTA, 110 aKyMyJIbOBaHa 3epHaMu
3arMoBHIOBAYa, 3HOBY BIJITAETHCS 3 3alIOBHIOBAYA 1
MOKpAIIlye TMpoLec TiapaTarii eMeHTy. 3aBIsKu
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Formulation of the problem
Concrete on a granite gravel used for
construction of transport structures (for
example, culverts pipes) more often.
However, the use of concrete on the local
natural and artificial porous aggregates
effectively in the south and other Ukraine
regions. In the Odessa region is made
expanded clay and limestone deposits there.
There is also a dense limestone in the
region. Expanded clay and limestone may be
used in transport engineering. Concrete on
limestone rubble has a relatively low cost
and sufficient strength.

It is known that the expanded clay concrete
and concrete on calcareous rubble have
strength higher than the strength of
expanded clay or limestone. The positive
effect of porous fillers often explains the
process of self-vacuuming [1]. They perform
the function of "pumps" that take water from
the cement paste. As a result of the porous
filler is compacted cement paste. Moisture
that has been accumulated filler grains,
again given in the cement paste later. This
moisture from the filler improves the cement
hydration process. The concrete on the
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CaMOBAaKyyMyBaHHIO O€TOH Ha TMOPUCTOMY
3aloOBHIOBAYl B TMOPIBHAHHI B OETOHOM Ha
rpa”HiTHOMY IeOeHi TaKoXXK MEHII CXMJIbHHUU 10
CeAMMEHTAIlIMHUX TIporeciB. 3a gaHuMu [2]
CaMOBaKyyMYyBaHHSI TaKOX IMiJBUIIYE XIMIUHY
CTIHKICTP ~ OCTOHIB, 3aBAJKH  4YOMY  JUIS
KOHCTPYKILIN, WiAJaHUX arpecMBHOIO BIUIMBY,
PEKOMEHIYEThCSI 3aCTOCOBYBAaTH 3allOBHIOBaul 3
BEIIMKMM  KaIliJIIPHUM  BOJONOTIMHAHHIM. Y
po6oti [3] mpu BUKOPUCTAHHI HU3BKOMIITHHX
BaITHAKIB 1 BUTpaTi ieMenty Big 250 mo 450 Kkr/m®
Oynu OoTpuMaHi OETOHU 3 MIIHICTIO TIPH CTHCKY
25-45 MIlIa ipu Bogocritikocti 0.98-1.0.

CporonmHi QakTHYyHO Maike Bech OETOH €
MoaudiKoBaHUM B Tik abo iHmIKA crmocio. Y

TPaHCIIOPTHOMY OyAiBHHUIITBI LIUPOKO
BUKOPHUCTOBYIOTBCS ¢$i6pobeToHw, TOMY
JOCITI IKSHHS e(eKTHUBHOCTI BBEJICHHS

HHCHepCHOi apMarypu y 0eToH Ha BAITHAAKOBOMY
HAaIOBHIOBaY1 € AKTyaJIbHUM.

Takox BeNbMH TEPCIEKTHBHUM HANPSIMKOM Yy
TEXHOJIOTii KOMIIO3UTIB HA OCHOBI LIEMEHTY €
3aCTOCYBaHHSA  MIKPOKpPEMHE3eMy B  SIKOCTI
aKTUBHOI MiHepanbHOi n00aBku [4]. ILlei
MoOU(]IKaTOp MOKpaIlye CTPYKTYpPY 3a pPaxyHOK
XIMI4HO{ aKTUBHOCTI 1 eexTy
«MIKpDOHAIIOBHIOBaYa», CHpHUSA€  YIIUILHEHHIO,
3MEHIIEHHIO KIJBKOCTI MikpoaedekTiB 1 Beae 10
MIJBUIIEHHS MIIHOCTI, 3HM)KEHHS IPOHUKHOCTI
Ta 3017bIIEHHS JOBroBiYHOCTI OetoHy. IIpote
3aCTOCYBaHHS MIKpOKpEMHE3EeMY BUMArae
migsuiienns B/Il  cywmim, dYepes mio #oro
epEeKTHBHE 3aCTOCYBaHHS MOJIMBO JIAIIE B
KOMILIeKCl 3 cymnepmiactudikaropom [5]. Tobto
aKTyaJIbHOO € 3amaya TOCIIIHKEHHS
MO (IKOBaHUX MIKPOKPEMHE3EMOM i
cymnepriacTu(ikaTropoM OETOHIB Ha BAITHIKOBOMY
meOeHi.
MeToanka a10c/IiIKeHb

VY momepemHiX MOCHTIKEHHSX 3aCTOCOBYBABCS
KepaM3HuTOBHil rpaBiii OecbKOro KepaM3uTOBOTO
3aBoay ¢pakiii 5-10 MM 3 HACHITHOIO NIUIBHICTIO
rpaBiro 655 kr/mS. Y MaHUX JOCIIIKEHHIX
3aCTOCOBYBABCS BaITHAKOBHI meO1Hb
Benukononuncekoro kap’epy (Onecbka 001acTh)
¢dpakmii 5-20 MM 3 HacumHOMO MmIIBHICTIO 1200
Kr/M°, KBapuoBMH micok 3 Mkp=2.6 Ta
noptaanaiemeHT  M400. Insg  mopiBHSHHS
BJIACTUBOCTEHl OETOHIB Ha BalHIKOBOMY Ta
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porous filler is less prone to sedimentation
than concrete to granite rubble. This is due
to self-vacuuming too. According to [2],
self-vacuuming also increases the chemical
resistance of concrete. For this reason, in an
aggressive environment for constructions
concrete recommended fillers with large
capillary water absorption. In [3] concretes
have been obtained with compressive
strength of 25 to 45 MPa at a water
resistance of 0.98-1.0. Used in this study is
not strong limestone and the amount of
cement was from 250 to 450 kg/m®.

Almost all concrete is modified in different
ways in our time. Fibre-concretes are also
widely wused in transport construction.
Therefore, there is an important study of the
effectiveness of using dispersed
reinforcement in the concrete on the
limestone rubble

It is known that silica fume is active mineral
additives. This additive has promising for
composites based on cement [4]. This
modifier improves the structure due to
chemical activity and the effect of "micro
filler.” Also silica fume compacts the
concrete structure, reduces the number of
micro-defects, increases strength and
reduces water permeability, increase the
durability of concrete. However, the use of
silica fume requires increasing the W/C ratio
in the mixture. Because of this, silica fume
used effectively with the superplasticizer
only [5]. Thus, the current research is the
task of the modified silica fume and
superplasticizer concrete with limestone
rubble.

Research methodology

Expanded clay gravel Odessa plant of
expanded clay used in previous studies.
Gravel size was 5.10 mm and an average
density of 655 kg/m°. In these studies used
limestone gravel quarry Velikodolinskoe
(Odessa region). Crushed stone has a size of
5-20 mm and an average density of 1200
kg/m®. Also used silica sand with gradation
factor 2.6 and Portland cement MA400.
Properties of concrete with limestone and
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rpaHiTHOMY IIeOCHI mepiua cepis eKCIepUMEHTIB
NPOBOAMJIMCSA Ha JBOX AHAJOTIYHUX HapTisix
OeTOHIB 3 pIBHOIO TIO 00cATY KUIBKICTIO
BaITHSIKOBOT'O 200 TPAaHITHOTO MIEOEHIO.

Y mepuriii cepii mpoBoauBcs 2-X (aKTOpHUU
EKCIIEPUMEHT 3a 9-TH TOYKOBUM ONTUMAIbHUM
mIaHoM [6], y SKOMYy BapilOBaJIKCs HACTYITHI
dakropu ckiangy OeToHY:

X1 — KUTbKIiCTh IOpTaanaemMenTy, Big 300 xo 500
KI‘/M3;

Xy — KUIBKICTH TIominponiaeHoBoi ¢Gidopu Baucon
(miameTp BosoKOH 18.7 MkM, noBxkuHa — 12 MMm),
Bix 0 no 1 Kr/nm.

Bei pocmimkeni 'y maniid cepii cymimi  Oymim
wiactudikoBani cymnepruiactugikaropom C-3 B
kimpkocTi 0.8% Bixm Macu LEMEHTY 1 Manu piBHY
pyxmuBictb OK = 2 + 0.5 cm, mo gocsranocs
migbopoM KIIBKOCTI BoaM 1 3abe3medyBaiio
KOPEKTHICTh TOPIBHSIHHSI.

Y npyrii cepii AOCTIIKEHb MPOBOIUBCS IHIIUI
2-X (pakTOpHUI E€KCIEepUMEHT 3a 9-TH TOUYKOBHM

mwiaHoM.  BapitoBamucs  HacTynHi  (hakTOpH
CKIIaJy:
X1 — KIUIBKICTh MIKpOKpemMHe3eMy, Bix 0 1o
40 Kr/M3;

X2 — KuUIbKICTH cymnepruiactugikaropy C-3, Big
0.5 o 1.0% Bix Macu 1IeMeHTY.

Jlnst BCiX CKJIAAIB KUIBKICTh TMOPTJIAHIIEMEHTY
cranosuma 450 xr/m°. Bei CyMIlll MajHu piBHY
pyxomocti OK=6..8 cm.

Y nmpyriii cepii TakoX BHMKOHYBAJOCS [IBI
napajellbHUX TMapTii, OOHJBI Ha BAaITHAKOBOMY
meleHi, NpoTe 3a PI3HUMHU  TEXHOJOTISIMHU
3MIIIyBaHHS  cyMmimn. Y mepmiid  mapril
(KOHTpPOJIbHIN) 3MILIYBaHHS TPOXOJOAMIOCA 3a
TPAIUIIIfHOIO ~ TEXHOJIOTIEI0 3 TOCHiJOBHUM
3aBaHTQXEHHSIM y  3MilllyBad  BAITHIKOBOTO
meOeHIo, SIKMM MpH 3MIIIyBaHHI 3BOJIOYKYBABCS
BOI0I0 B 00c:31 10% Bif 3arajgbHOI KIIBKOCTI BOIN
y  CKJIaji, Jam  3aBaHTaXyBaBCi  IICOK,
MTOPTJIaH/ILIEMEHT, MIKPOKpEMHE3EM (mpu
HeoOXiaHOCTI) ¥ Boja 3 100aBkoro C-3. 3aranbHuid
Yac MPUTOTYBAHHSI CYMIIIIl CKJIaaB 4-5 XBHWJIMH.

Jlnst npyrid mapTii 3MillyBaHHS MPOBOAMIOCS 3
MOTIEPETHHOIO 00poOKor0 MTOPHUCTOTO
BaITHAKOBOI'O MIEOCHIO IIEMEHTHOIO CYCIEH3IEIO.
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granite rubble compared to the first series of
experiments. Studies have been conducted
on two batches of similar concrete with
equal volume of crushed stone: limestone or
granite.

2 factorial experiments were conducted in
the first series with accordance of 9-a point
the optimal plan [6]. In the experiment
varied following concrete composition
factors:

X1 — the amount of Portland cement, from
300 to 500 kg/m®;

X, — the amount of polypropylene fibers
Baucon (fiber diameter is 18.7 microns,
length is 12 mm), from 0 to 1 kg/m°.

All investigated in this series mixture
contained superplasticizer S-3 0.8% by
weight of cement. Also, all mixture had the
same mobility 2 £ 0.5 cm. This is achieved
by selecting the amount of water in the
mixture and provided a comparison between
the concrete.

Another 2 factorial experiment was
conducted in the second series with
accordance of 9-a point the optimal plan to.
Such concrete composition factors varied:
X1 — the amount of silica fume, from 0 to
40 kg/m®;

X, — the amount of superplasticizer S-3,
from 0.5 to 1.0% by weight of cement.

For all compositions the amount of Portland
cement was 450 kg/m®. All blends have
equal mobility 6..8 cm.

In the second series also produced two
parallel batch of concrete. Both parties were
made on limestone rubble, however,
different blending technology has been used.
The first batch (control) the mixing
produced by traditional technology. At first
charged to the mixer limestone gravel,
which is then saturated with water in the
amount of 10% of the total amount of water
in the concrete. Further, the mixer was
charged with sand, Portland cement, silica
fume (if necessary), and water with addition
S-3. The total time of mixing is 4-5 minutes.
For the second batch mixing was carried out
with pre-treatment of porous limestone
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OOpoOka TPOBOAMIIOCS 3 METOK IMOKPAIICHHS
BJIACTUBOCTEH OCTOHY 3aBASKH  3MilHCHHIO
KOHTAaKTHOI ~30HM  KpPYIHOI'O  3allOBHIOBAua.
[TocnmimoBHICTE 3MilIyBaHHA Oyja TakKow: Yy
3MilllyBay IojaBaiacs Bcs Boja 3 jpo6aBkoro C-3

u 3 30% Bl  HEOOXIOZHOI  KUIBKOCTI
MOPTIAHAIEMEHTY Ta, TpH  HEOOXITHOCTI,
MIKPOKPEMHE3EMY. [Ticns XBHJIMHHA
nepeMillyBaHHs ~ IIEMEHTHOI  CycmeHsii y

3MilllyBay TMOJAaBaBCS BAIHSAKOBHH I€0IHb, KU
naii oOpoOISBCs JAaHOK CYCIEH3I€0 MPOTATOM 1-
i XBUJIMHU (TobTO MIPOJIOBKYBAIOCS
nepeminryBaHHs). Jlani B 3minryBadya mojaBaBcs
MICOK 1 pemTa LEMEHTYy Ta MIKPOKpEMHE3eMy.
Cymimr  mepemimryBajiacsi 10  JIOCSTHCHHS
OJTHOPITHOCTI. 3arajbHUI Yac TMepeMillyBaHHS
CKiamaB 5-6 XBWJIMH, IO JIMOIE HAa XBHWIMHY
JIOBIIIE, HI)K MPUTOTYBAaHHS CyMillll TPaguIliiHUM
cnocoobom. Ilg xBuaumHa  HeoOXigHA  JUIS
MPUTOTYBAaHHS IIEMEHTHOI CyCIIeH3ii, a moJaIbIi
oreparii MpoXoIATh MPUOIU3HO B TOMY K TEMITi,
0 1 IpHU TPAAULIIMHIA TEXHOJOT1l MPUTOTYBAHHS
0eTOHHOT cyMmiIi.

Pe3yabTaTn nociigkeHb

[IpoBeneni y momepemHix eTamax AOCHiKEHHS
BJIACTUBOCTEN KEepaM3UTOOETOHIB JUTS
KOHCTPYKLIH TPaHCIOPTHUX CIIOPYJ IOKa3aTH
BUCOKY e(eKTHBHICTh [bOTO Marepiany [7].
MoaudikoBaHi MIKpOKpPEMHE3eMOM 1 J00aBKOIO
C-3 kepaM3UTOOETOHU MaJli MILHICTb MPU CTUCKY
1o 40 Mlla, MiHICTh Ha PO3TAT MpPH 3THHI A0 7
MIla 1 BomonemponukHicte a0 WI12. IIpore
noJ1i6Hi Mmarepialii  4yepe3 JIOCUTh BHKOCY
BapTICTh KEpaM3UTy MOXXHa PEKOMEHIYBaTH
avme Juis  OOMeXeHOro Koja CHopyA, B
KOHCTPYKIIISAIX SIKUX BaXKIIUBOIO XapaKTEPHCTHKOIO
€ Bara Ta/abo TepMiuHi BiactuBocTi. Tomy B
MOJTAITBIIIOMY OYAYTh PO3TJISIAIOTHCS OCTOHM Ha
BaITHAKOBHMX 3amoBHIOBayax. Lli 3amoBHIOBaui Ha
PUHKY € JelIeBIIMMU 3a TPaHIT 1 3aBAsSKU
MICIIEeBOMY MOXOJKEHHIO 3a0e3MeuyloTh MEHII1
BUTPATH HA JOCTABKY.

VY mepmnii cepii [8] 3 yMOB eKCHEpUMEHTY
BoJOTOTpeOa CyMimiel 3anexkana Bil iX CKiany,
BinmoBiAHO Haiimenme B/I[ B o000x maprisx
MaTh CYMIlll 3 MaKCUMaJIbHOK KIJIBKICTIO
nopTiaHaueMenty i 6e3  ¢iobpu.  Ilpm
BUKOPHUCTaHHI kapOoHaTHOro 1meOeHo  B/I]
cyMimmeil Oyno Jemio BHUIIOK, MO MOSICHIOETHCS
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rubble cement slurry. Processing was carried
out to strengthen the contact zone of the
coarse fillers. This operation improves the
properties of concrete. Mixing sequence was
as follows: all loaded into the mixer with the
addition of water, S-3 and 30% of the
required amount of Portland cement, and (if
necessary) silica fume. After one minute of
mixing the cement slurry in the mixer was
charged with limestone rubble. Then gravel
treated with this suspension in the course of
one minute while mixing. Further in the
mixer was charged with sand, cement and
silica fume remainder. The mixture was
mixed to it reached the homogeneity. Total
time of the mixture was 5-6 minutes. This
time just for a one minute longer than the
time of preparation of the concrete mixture
in the traditional way. This one minute is
required for the preparation of a cement
slurry. The remaining of the mixing
operation are roughly the same pace as in
the traditional technology of concrete
preparation.

Research results

Properties of lightweight expanded clay
concrete for construction of transport
structures were studied in the early stages of
research. These studies show the high
efficiency of expanded clay concrete [7].
The modified silica fume and additive S-3
expanded clay concrete had a compressive
strength up to 40 MPa, tensile strength in
bending up to 7 MPa, and water resistance
up to W12. However, such materials
because of the high cost of expanded clay
can be recommended only for limited types
of structures. It is effective for constructs in
which weight or a thermal property is
important. Therefore, in the future will be
considered concrete on limestone
aggregates. These fillers on the market
cheaper than granite. They also provide a
lower cost of shipping because of local
origin.

For the experimental conditions in the water
demand of the first series of mixtures
depend on their composition [8].
Accordingly, the smallest W/C ratio in the
two batches were mixed with the maximum
amount of Portland cement and without
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MIOTJIMHAHHSM BOJHM 3aMOBHIOBadeM. B mimomy, 3a
paxyHOK 3actocyBaHHs gob6aBku C-3  Bci
JNOCTDKEHI  CyMillli  MaJd  JOCUTh  HHU3bKI
nokazuuku B/I (Bix 0.34 no 0.49 nis cknaais Ha
BanHsKoBoMy miebeni ta Big 0.32 mo 0.46 — Ha
TPaHITHOMY).

Cepennsi UIIBHICTE OCTOHIB Ha BaIHIKOBOM
mebeni kommBanacs Bim 2270 mo 2300 xr/m”,
AQHAJIOTIYHUX CKJIQJIB Ha TpaHITHOMY IeOeHl —
Bigx 2380 go 2400 «kr/M°. ToGro mpu
BUKOPUCTaHHI KapOOHATHOrO 3allOBHIOBaYa 3
IIUIBHUX TIOpPiJl BaIHAKY CEPeIHs IIUIBHICTh
0ETOHY HECYTTEBO BIAPIZHAETbCS BiA 00 €MHOL
Macu «TPAIMIIITHOTO» BaXKOTO OETOHYy Ha
IpaHITHOMY IICOCHI.

BcranoBiieHO, 1m0 KUTBKICTH TMOJIIPOIIJIEHOBOT
¢i0pu He BIUIMBAaE Ha MILHICTh MaTepialiiB mpu
CTHCKY. BimmoBimHo Ha puc.l moka3aHO BIUIMB
KUTBKOCTI ~ TOPTIAHANEMEHTY Ha  MIIHICTb
JOCITIJDKEHUX Y TIEPIIii cepii OETOHIB.

fck.cubc
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44 X,
42

300 400 500
LemeHT

Pucynoxk 1 — BmomuB KigbKOCTI HOPTIAHAIEMEHTY Ha
MIIHICTE ~ OCTOHIB TPH CTHCKYy: —— CKIaJAd Ha
KapOOHaTHOMY mIeOeHi, - - - CKJIaM Ha TPaHITHOMY mieOeHi
(mepa cepii gOCIiKEHb)

Sx BuAHO 3 [giarpam, MIIHICTh TMPU CTUCKY
OeToHIB Ha KapOoHaTHOMY mieOeHi Oymna Jemnio
HIDKYOI0, HIK Ha rpaHitHoMmy. [Ipote mo Mipi
301bIIEHHS ~ KUIBKOCTI ~ LEMEHTY  PI3HHIL
3HWXKYETbCS 1 NMPH KUTbKOCTI B'spKydoro 450-500
KI/M° BOHA He nepesumye 5%. Ile moxHa
MOSICHUTH ~ Kpamiol0  poOOTOK  MOPHCTOTO
3all0OBHIOBAYa y «CKUPHUX» CyMIIIaX 3 BEJIHKOIO
KUTBKICTIO IIEMEHTY,  TaKOXX IMpHU 3pOCTaHHI
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fibers. When using a carbonate gravel W/C
ratio blends were slightly higher, it due to
the absorption of the water by filler. In
general, due to the use of the additive S-3 all
the studied mixtures had enough low levels
W/C ratio (from 0.34 to 0.49 for a
composition of limestone rubble and from
0.32 to 0.46 for a composition of crushed
granite).

The average density of concrete on
limestone rubble was from 2270 to 2300
kg/m®. The density of the compositions
similar to granite rubble was from 2380 to
2400 kg/m®. That is, when using a carbonate
filler of solid limestone rocks average
density of concrete is little different from the
density of the "traditional™ heavy concrete
on the granite rubble.

It is found that the amount of polypropylene
fibers has no effect on the compressive
strength of the concrete. Accordingly, in
Figure 1 shows the effect of the amount of
Portland cement concrete for strength, which
was study in the first series.

62 fck.cube
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42
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Figure 1 — The impact on amount of Portland cement

to concrete compressive strength:

—— compositions on carbonate rubble,

- - - compositions on a granite rubble (the first series

of studies)

The diagram shows that the compressive
strength of concrete on carbonate rubble was
slightly lower than the concrete strength of
concrete on crushed granite. However, this
difference is reduced as the amount of
cement. When the amount of the binder of
450-500 kg/m?®, strengths difference does not
exceed 5%. Also, when the amount of binder



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

KUTBKOCTI B’SKYy4Oro 3TiIHO 3 MPUHIUIAMH
mig0opy CKJIaay JCIIO 3HIKYEThCS —4YacTKa
KpPYITHOTO 3alOBHIOBaYa B CYMIIIi Ta 3pOCTa€E
PO3CYHEHHS HOro 3epeH.

[ToGynoBana 3a BIIITOBITHUMHU
E€KCIIEPUMEHTAIIbHO-CTaTUCTUYHUMU (EC)
MOJCIISIMHM Jllarpama, 0 BiJIOOpakarOTh BIUIMB
dakTopiB Ha MIIHICTP OETOHIB Ha pI3HUX
3alOBHIOBAYax Ha PO3TAT IPH 3THHI, TOKa3aHa Ha
puc.2. Ti ananiz mo3Bonse cka3aTu, MO MilHICTH
JOCII/DKEHUX OETOHIB Ha PO3TAT HECYTTEBO
3aJIe)KHUTh BiJI BUIY 3aCTOCOBAaHOTO ImeOeHro. Lle
MO’KHA ITOSCHHUTHM TiM, IO BalHAK € JOBOJI
MMOPUCTUM 3aIOBHIOBAYEM, Yepe3 IO TPOSBIISIE
edeKT «caMoBaKyymMyBaHHsS». ToOTO aaresis Mix
PO3UMHHOIO YAaCTHHOIO OETOHY 1 3allOBHIOBaueM
MTOKPaITy€eThCA, 1[0 B nepury 4yepry
BiJI0OpakaeThCs HA BEJIMUMHI MIITHOCTI HA PO3TSIT.
ITpu BBeneni 0.8-0.9 Kr/MS JIUCTIEPCHOTO BOJIOKHA
MiIHICTh OeTOHIB Ha po3Tsar 3pocrae Ha 0.4-0.9
MlIla nns ckiaaiB Ha TpaHITHOMY IIeOeHI Ta Ha
0.3-0.4 MIla s cxiagiB Ha KapOOHAaTHOMY
mebeni. binpme npozyBanHs (iOpu Bxke He
e eKTHUBHE, III0 MOSCHIOETRCS 11 BILIMBOM Ha B/I]
CyMIIIEH.

VY npyriii cepii ekcriepuMEHTY BCl CyMIIll Majiu
pyxomictb OK=6..8 cm, ToOTO iX BOJoOmoTpeda
TeX 3alexana Bil ckianxy. BcraHoBieHo, 110
TEXHOJIOTISl 3MIIlyBaHHs (TpaguiiiHa abo 3
MOTIEPETHBOIO 00poOKOIO MIOPUCTOTO
BAITHSIKOBOTO MICOCHIO CYCIIEH31€10) HE BIUIMBAE
Ha piBeHb B/I] cymimi. Ilo wmipi 3pocranHs
KUIbKOCTI  cynepruiactudikaropy B/Il  cymimni
3HWXKYeTbes. [lpu BBeneHHI B O€TOHHY CyMill
MIKpOKpEMHEe3eMy y KiuIbKocTi 10 20 kr/m° i B/IL
3MIHIOETBCSI HECYTT€BO. 3OUIbIIEHHS KITBKOCTI
MiKpokpemHe3emy 10 40 Kr/M°  BUKIIHKA€
HeoOXimHicTh miaBuIneHHS B/I] abo KiabKOCTI
no6asku C-3 aist 30epekeHHs] pyXOMOCTI CyMIIIIi.
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IS increased in accordance with the
principles of selection of the composition of
amount of coarse gravel in the mixture is
little reduced, thereby increasing the
distance between the porous gravels in
concrete.

Figure 2 shows a diagram, which reflects the
impact of factors on the strength of concrete
at various fillers tensile bending. This
diagram is based on relevant experimental-
statistics (ES) models. Its analysis makes it
possible to say that the tensile strength of the
investigated concrete insignificantly
depends on the application of rubble. This
can be explained by the fact that limestone is
a porous filler, because of which shows a
“self-vacuum” effect. That is, the adhesion
between the filler and the soluble part is
improved, which greatly affects the tensile
strength of the concrete. With the using of
0.8-0.9 kg/m® of fiber concrete tensile
strength is increased by 0.4-0.9 MPa for the
composition on granite rubble and 0.3-0.4
MPa for compositions on carbonate gravel.
But increasing the more amount of fiber is
not effective, because the influence of the
fiber on the W/C ratio in the mixtures.

In the second series of experiment were all
mixtures mobility 6..8 cm, i.e. W/C ratio of
mixtures is also dependent on the concrete
composition. It is found that blending
technology (traditional or pretreatment
calcareous gravel cement slurry) the level
W/C mixing ratio does not affect. By
increasing the amount of superplasticizer
W/C ratio of the mixture is reduced. When
injected into the concrete mix of silica fume
in amounts of up to 20 kg/m® WI/C is
changed slightly. Increasing the amount of
silica fume 40 kg/m® is the need to increase the
WI/C or increasing the amount of additive S-3
for storing the mobility of the mixture.
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Pucynok 2 — BB KiTbKOCTI MOPTIAHALIEMEHTY 1 (iOpu
Ha MILHICTh OETOHIB Ha PO3TAr NPH 3THHI: —— CKJIAAM Ha
KapOoHaTHOMY IeOeHi, - - - CKJIaIM Ha TPaHITHOMY IeOeHi

(mepima cepii TOCIiIKEeHB)

3a BignoBimaumMu EC-Monensami Oyiu modymoBaHi
JiarpaM#, 110 TIOKa3aHi Ha puc.3 1 BiIOOpaKarTh
BIUIMB KitbkocTi C-3 1 MIKpOKpeMHe3eMy Ha
MILHICTh TPU CTUCKY MOCIIPKEHHX OETOHIB Ha
BaITHAKOBOMY IIeOCHI. AHAJ3 JiarpaM IOKa3ye,
mo aig 000X mapTiii JOCHIDKEHUX OETOHIB
MakCHMajJbHy MIIHICTh MalOTh CKIaAH MpH
KIUJTBKOCTI J00aBKH C-3 0.8-0.9% 1
MIKpOKpeMHe3eMy npuoan3Ho 30 Kr/M°. 3aBJIsKH
3aCTOCYBAHHIO ONTUMAJIbHOT KUTBKOCTI
MOIU(]IKAaTOPIB MILHICTh TpPU CTUCKY OETOHIB
3poctae Ha 16-18 MIIa B mopiBHSAHHS 31 CKJIalaMU
0e3 MIKpOKpeMHe3eMy 1 3  MIHIMQJIbHOIO
KinbkicTio 106aBku C-3. ToOTO 3amponoHOBaHUit
MeToJl MoAudikalii € epeKTUBHUM JUIsi OETOHIB
Ha BalHAKOBOMY IIEOEHI.

BaxmuBuM edekToM MOXKHA BBaXaTd, IO
MIIHICTh OETOHIB Ha 00pPOOIEHOMY IEMEHTHOIO
CYCTICH31€10 BaITHAKOBOMY IeOeHi Oyna Ha 4-5
MIla Buma 3a MIIHICTP KOHTPOJBHHUX OETOHIB
aHaJIOTIYHUX CKJaaiB. ToOTO 3a paxyHOK 3MiHH
TEXHOJIOT1i MPUTOTYBaHHS OETOHY Ha MOPUCTOMY
3alOBHIOBaul BIAYYTHO 301IbIIYETHCS MIIHICTD
Mmatepiany. Llel edekt mosicHIOeTbCs 3MIITHEHHSIM
MOBEPXHEBOTO IApy KPYITHOTO 3allOBHIOBAadYa Ta
mepexigHoi  30HM MK  3alOBHIOBaYeM i
PO3YMHHOIO YaCTUHOIO OETOHY.

VY npyriii cepiii Takox aHaji3yBajiacsi MIIHICTb
OETOHIB Ha PO3TAr MpH 3TUHI. BcTaHoBieHo, 110
BEIMYMHA I[IHOTO IOKAa3HHKA HE 3aJeKUTh Bif
TEXHOJIOTI] MPUTOTYBaHHS OeToHHOI cymimm. Ile
MOYKHA MOSCHUTH THM, 110 MIIHICTD
3aMoOBHIOBaYa B MEHINIM Mipi BIUIMBaE Ha
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Figure 2 — The impact on amount of Portland cement

to concrete tensile bending strength:

—— compositions on carbonate rubble,

- - - compositions on a granite rubble (the first series

of studies)

Figure 3 shows diagrams that were built
under the relevant ES-model. These
diagrams reflect the influence of the amount
of P-3 and silica fume on compressive
strength of concrete on limestone rubble.
Diagram analysis shows that the maximum
strength of the concrete are at the amount of
the additive S-3 0.8-0.9% and silica fume
about 30 kg/m® (for both parties). Use
optimum amount of modifiers increases the
compressive strength of concrete at 16-18
MPa compared to compositions without
silica fume and with the minimum amount
of additive S-3. That is, these modifiers is
effective for concrete on limestone rubble.
The strength of the concrete on pre-treated
by cement slurry limestone rubble at 4-5
MPa higher, than the strength of control
concrete of similar composition. This is a
very important technical effect. That is the
strength of concrete with porous fillers
increased due to the change of its production
technology. This effect is due to the
strengthening of the surface layer of coarse
filler and the transition zone between filler
and cement paste in concrete.

The tensile strength of concrete in bending
investigated in the second series of
experiments as well. It is found that the
value of the tensile strength is independent
of the technology of preparation of a
concrete mix. This can be explained by the
fact that the filler strength has little effect on
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3IaTHICTh KOMIIO3UTY MPOTUAISTH PO3TATYIOUHM
HABaHTAKCHHSM, HK HABAHTAXKCHHSIM CTHCKY.
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Pucynox 3 — BrumB KUIBKOCTI MIKpOKpeMHe3eMy i
nobaBkn C-3 Ha MIHICTD NPH CTUCKY JOCIIJDKEHHX

OeToHIB  Ha iebeHi cepii
JIOCITIJI)KCHB )
a) MPUTOTOBAHUX 32 TPAAHUIIHHOIO TEXHOJIOTIE0,

0) Ha 0OpOOIICHOMY IIEMEHTHOIO CYCIICH3I€10 MeOeHi

BaIHAKOBOMY (mpyra

Ha puc.4 noka3zana niarpama y BUTJISII KBajpary,
ska moOynoBaHa mo BiamoBigHi EC-momem Tta
BijoOpaxkae BIUIMB CKjJaxy OeToHy (Uit 000X
napTiif Ipyroi cepiil) Ha BEIMYUHY HOTO MILIHOCTI
Ha PO3TAT NpPHU 3TUHI. AHaJ3 JiarpaMu MOKasye,
0 BapiioBaHI y eKCIepuMeHTI (akTopu Ha
BEIMYHNHY fok OKA3ylOTh MEHIIMH BIUIMB, HIX Ha
BEJIMYMHY MIIHOCTI MpPU CTHCKY. 3a pPaxyHOK
BBEJICHHS MIKPOKPEMHE3eMY MIIHICTh Ha PO3TAT
301mbHIyeThest Ha 0.2-0.6 MIla, npu yomy o mipi
30UIBIIEHHS KIIbKOCTI 100OaBku C-3 BIUIUB LIBOTO
dakTopy 3MeHmyetrbes. llpw  migBHIEHHS
KiTbKOCTI cynepmiactudikaropy 3 0.5 mo 1%
BEJINYNHA etk OCIIIKEHNX O€eTOHIB
30impHIyeThest pubau3Ho Ha 1 MIla qnis cknanis
0e3 MikpokpemHezemy 1 nmpubiau3Ho Ha 1.5 MIla
st ckiagie - 3 BMmictoM  30-40 Kkr/m®
MiKpokpeMHe3eMy. To0To mocmimkeHi 0eToHH Ha
BaITHAKOBOMY IIeO€HI XapaKTepU3yIOThCS JOCUTh
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the ability of the composite to withstand
tensile loads.
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Figure 3 — The impact on amount of silica fume and
additives S-3 to compressive strength of concrete on
limestone rubble (second series of studies):
a) prepared by traditional technology,
b) pre-treated cement slurry rubble

Figure 4 shows a diagram which illustrates
the effect of the composition of the concrete
tensile strength in bending (for both parties
of the second series). This diagram
constructed in a square form for the relevant
ES-model. Analysis of the diagram shows
that the factors, for varying, the tensile
strength of the concrete has less effect than
the compressive strength. By introducing
silica fume tensile strength increases by 0.2-
0.6 MPa, but as the amount additives S-3 the
influence of this factor diminishes. The
tensile strength of concrete is increased by
about 1 MPa with increasing the amount of
superplasticizer by 05 to 1% for
compositions without silica fume and about
1.5 MPa for compositions containing 30-40
kg / m3 silica fume.

That is concrete on a dense limestone rubble
have high tensile strength. This allows us to
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BUCOKMM DIBHSAM MIITHOCTI Ha pO3TAT, IO
J03BOJISIE BBa)KAaTH ix MEePCIEKTUBHUM
MaTepiaJioM I KOHCTPYKIIH TPaHCIOPTHUX
cnopya. Hocmimkeni wmomudikoBaHi  OETOHH
TakoX  MAalTh  JIOCUTh  BUCOKHUH  pIBEHBb
MOPO30CTIMKOCTI Ta BOJOHEIPOHUKHOCTI [8], 1m0
3a0e3rneuye X TOBrOBIYHICTb.

Xo ) C-3(%)
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8.0—]
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6. X1
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0
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Pucynox 4 — BrumB KUIBKOCTI MIKpOKpeMHe3eMy i
nobaBkn C-3 Ha MINHICTD Ha pO3TAr MNpPH  3THUHI
JIOCIIZPKEHNX OETOHIB Ha BaITHAKOBOMY IieOeHi (apyra cepil
JIOCITIJ[)KCHB ).

BucnoBku

MexaHiuH1 BIACTUBOCTI MOAM(PIKOBaHUX OETOHIB
Ha OOpoOJEHOMY MiICLIEBOMY  BaIlHSIKOBOMY
meOeHl JO3BOJIAIOTh PEKOMEHAYBAaTH 1X  JUIS
KOHCTPYKLIN psTy TPaHCHOPTHUX CIIOPY/I.
Mingicte O€TOHIB Ha INUIBHUX  BamHIKax
HECYTT€EBO BiIPI3HAETHCA BiJl MIIIHOCTI OETOHIB Ha
rpaHiTHOMY mieOeHi. Haiibinpury MIIHICTH HpH
CTUCKY  MaioThb  O€TOHM  TpU  KUIBKOCTI
MiKpOKpeMHe3eMy 6mm3bko 30 kr/m® i moGaBkn C-
3 Big 0.8 1o 0.9%. 3a paxyHok Monudikauii Ta
aucriepcHoro  apmyBanHs Ha 1-1.5 Mlla
MiABUILYETHCS MIIHICTh Ha PO3TAT NPH 3THUHI
O0eToHIB Ha BamHsAKoBoMYy miebeHi. llomepenHs
o0poOka  MOpHCTOro  MIEOCHI0  [IEMEHTHOIO
CYCTICH31€10  JO03BOJISIE  TIABUIIUTH  MIIHICTh
O0eToHy IpH CTHUCKY B cepeaHbomy Ha 5 Mlla,
TOOTO TmomepenHss o00poOka € ePEeKTUBHUM
TEXHOJIOTITYHUM HPUHOMOM IMiJBUILEHHS SIKOCTI
OETOHIB Ha MOPHUCTUX 3aIIOBHIOBAYaX.
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consider them a promising material for the
construction of transport structures. The
modified concrete on limestone rubble also
have high levels of frost resistance and
water resistance [8], which ensures their
durability
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Figure 4 — The impact on amount of silica fume and
additives S-3 to tensile bending strength of concrete
on limestone rubble (second series of studies).

Conclusions
The modified concrete on pre-treated by
cement slurry local limestone rubble has
high mechanical properties. It is possible to
recommend such concrete for some
transport structures.
The strength of concrete on solid limestone
does not differ from the strength of concrete
on granite rubble. The highest compressive
strength of concretes have composite in an
amount of silica fume about 30 kg/m® and
additives S-3 from 0.8 to 0.9%. Tensile
strength in bending of concrete on limestone
rubble increases by 1-1.5 MPa due to the
modification and reinforcement fibers.
Pretreatment cement slurry of porous
concrete  rubble can increase the
compressive strength in average of 5 MPa.
Thus, pre-treatment of the porous fillers is
an effective technological methods of
increasing the quality of concrete.
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