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SELF-COMPACTING CONCRETE — A MATERIAL OF A NEW GENE RATION

NATALLIA SHPILEUSKAYA, V. LAZARENKA
Polotsk State University, Belarus

We consider the technological, technical and ecanadvantages of self-compacting concrete (SCC)
compared with traditional concrete of vibrationabrapacting.We analyzdhe state ohormative basdor the
application of self-compacting concretedanstruction practice, as well as composition of2S®/e investigate
the possibility foreducing the cost of self-compacting concrete.

One of the dominant trends in concrete technolagynd the last ten years has been growing inténest
the self-compacting concrete.

In the literature we can find many definitions bétself-compacting concrete, but they charactérize
the same way. It is concrete, that is able withoytact on it additional external energy to flow endts own
weight, retaining its homogeneity, and also enguarcomplete compaction, filling formwork and ersalption
of rebar and embedded parts.

The advantages of self-compacting concrete in aasopawith other traditional types of concretezdollows:

- creation ofbuilding structures, having high strength and niects caused by errors when compacting
the concrete mix;

- the ability to create any geometry of concretecstme;

— the use of a simpler and less massive construtitimmwork (due to the lack of the concrete vibration
process, on the formwork is not affected by addéalcstatic and dynamic load);

- the possibility of placing per shift larger volurokconcrete;

— no necessity of concrete compacting and hencergiting errors, which might arise during its comjpegt

— work of the personnel in a safe conditions duriagareting;

— the absence of noise and vibration, which havegathe impact on both the staff and the residents
living near the construction site;

— shortening the duration of construction.
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History of the self-compacting concrete began padan 1990. Professor Haim Okamura [1] createdpamnd
into practice a new generation of concrete admestuhat is high additives for improving the mapitf the concrete
mix on the basis of polyacrylate and polycarboxylbéte managed to get the concrete mix, havingtagiasticity and
a low water content, allowing to provide high-gtyapierformance and increased durability of the oetec Due to the
unique properties and advantages of the concreaickly spread through Western Europe.

In November 2003, in Berlin, «<German Committee rianforced concrete” published normative document
«DATfStb-RichtlinieSelbsverdichtenderBeton (SVB-Riittie)» [2], which set out the terms and definitions, mdtho
for diagnosis of the self-compacting concrete, lamkdges document with other European regulations.

Summing up the experience gained when using setipacting concrete in 2005 European organizations
BIBM, CEMBUREAU, ERMCO, EFCA, EFNARC in 2005 develed a document «European standards for
liquefied self-compacting mixture», which regulatée technical characteristics and consumer geslition-
structions, made from self-compacting concretequirements to source materials and compositiorootiete
recommendations for its use At present the studh@felf-compacting concrete and methods of dagrbstics
is actively continuing. Recently the studies hagerbcarried out in at the construction departméthe Tech-
nical University of Berlin, under the supervisiohRyofessor Bernd Hillemayera [3].

So far the regulations of the Russian Federatioe im@ indication of the possibility for the consttion
of the self-compacting concrete. In the republi®efarus research in the field of the self-compartioncrete
has been conducted for eleven years and its thitgdgmve become the basis for the developmentohiiical
Code of practice «Products and designs from selfpazting concrete. Rules for the manufacture»Téthni-
cal Code provides requirements for the self-conipgatoncrete, guidelines for the appointment ohtextogi-
cal modes of concrete works, technique of desigoingpncrete with the characteristics of the spabidy of
the concrete mix, strength and deformability of arette, kinetics of increase in strength for a gitemperature
and humidity conditions.

In the selection of composition tfe self-compacting concrete most researchers dentiiat in solving
this problem the most important thing is the ragiloselection of recipes for self-compacting corerdthe con-
cept of this formulation is based on increasingah®unt of small dust particles, the type and arnotiaddi-
tives. Traditional concrete mix, in which predomaspossible high content of particulate filler anbw con-
tent of fine particles, is not used in the pregarabf self-compacting concrete, instead suspeffitedparticles
(cement +particulate filler with a grain size 0,125 mm + additives for concrete), mixing watad ahinner
SCC form a glue, in which a large granular fillestj «floats».

At present in the production of self-compacting aete they use thinners of new generation based on
polycarboxylate, highly efficient complex chemieabdifier, which appeared in the 1990s and refetoed PC
or PCE.The action of plasticizers of a new type basedaoset of electrostatic and spatial effect, which is
achieved by means of lateral polyether chains alrdyyhobic molecules of the polycarboxylate ethen. dde
side should be known, the interaction of cemenyqarboxylate based diluent, on the other side whinnec-
essary to take into account the mobility charasties based on temperatuBesides some thinners when mixed
int he mixer can cause excessive thinning actidrichvis denoted as «sediment effect» and can leadtise-
quent delamination concrete.

To maintain a high fluidity strength and preverpamtion and prevent the concrete mixture must laave
certain viscosity. This problem is solved by intnothg in the concrete mixture of additives, thickenor using
highly mineral additives. Introduction of mineralditives such as silica fume, ground limestone tlogrewith a
smaller loss of mobility gives concrete mixture thmeral additive for two hours than without.

Spherical particles of the additives function asatings» by reducing the friction between the phasi
Mineral supplements function not only as thickenaggnts (increasing the viscosity of the concreite and
water retention capacity), but also increase hyahgbrocess of the binder, contribute to an ine@dasthe de-
gree of crystallinity and the resulting hydrate cag whichthe proportion increases of more stable and sustain
able weakly basic Hydrosilicates calcium.

The composition and types of self-compacting caercage constantly evolvtd by many researchers.

Thus Kotov D.S. [5] in his study of the propertefscement stone used cement PC 5@-Buperplasti-
cizerCM-1, hyperplasticizers HP-1 and «Stachement-20@B0», mineral additive — fine dolomite.

The paper presents experimental and scientifisalljnd mathematical models of the compressive #remgl
tensile modulus, the longitudinal and transvensens, strains of shrinkage of self-compacting cetec It has been es-
tablished that to obtain a more accurate matheahatiodels of physical and mechanical propertigh®fSCC it is ad-
visable to use structural methods, and structhebcteristics by proposed N.P.Bleschikom and graptoof BelNIIS.

Ta Van Fan [6] revealed a pattern of influencea husk ash in combination with silica fume anpesplas-
ticizer on the pore structure and the strengttmitalline concretion own deformation of cemenhst&CC.

In the opinion of N.M.Morozova, V.I.Avksenteva, LBbrovskih, V.G.Hozina [7] its economically effec-
tive to use as fillers crushing screenings gendrdteing the production of aggregates. Screenitfigsushed
rubbles by their chemical nature zre close to taghmomponents of concrete and they are non-cowpgihich
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suggests that they are sufficiently effective ia tomposition of self-compacting concrete. In #tigly, consist-
ing of crushed waste in SCC were used together silita fume, allowing to obtain high processingperties
of the mix and strength properties of the hardermttrete.

However Ivanauskas EV [8] revealédat crushed granite screenings and ground quarttis not suitable as
components of the SMS because of the low wateidtplthpacity, angular shape of the patrticles, largptiness and
pollution and he found that it is effective to @sea substitute for the cement. Dolomite cementesdsp to 15 % by
weight of cement).

Chan Le Hong [9] proved the possibility of obtagispecial heavy self-compacting concrete mixtufes o
highly mobile benign on three fractions aggregaie finely divided filler of barite ores in combirat with hyper-
plasticizer additive.

It has been established that the high content okrdense than conventional concrete cement stoee do
not impair the deformation properties of SCC — gatmus shrinkage values and the values of thealiniti
modulus of tension.

S.L. Gorbunov, Y.B. Fedorov, B.J. Trofimov, E.A. @aliy [10] investigated the effectiveness of plasti
cizers in self-compacting mortar mixes. Used akatigizer — superplasticizer C-3, a new generagigperplas-
ticizer ADDIMENTFM 40 on polycarboxylate ethereal the basis of firm ADDIMENTSika (Germany). Then
obtained adequate mathematical specifications d#pgon the dosage of cement systems plasticizetsddi-
tives ash -for variable values water-cement ratio.

A.K. Dyatlov [11] justified a possibility of obtaing modified fine self-compacting concrete on tlasib
on Portland cement with integrated nano-contaimidditive using microfiller type «Mikrodur RX», caihing
up to 20 % of nanoscale grains < 1 mm, using migotype «Mikrodur RX», containing up to 20 % o&no-
scale grains < 1 mm, and fine flour carbonate 8 mkm), would increase the degree of hydrationhef
binder due to accumulation of water, increase ternae of cement gel and reduce the capillary poyosi

The patent of Shan Sandrine (Fr.), TiboTeri (Ft3][proposed to use for self-compacting concreg¢e th
mix of different types of calcined bauxite sandddferent particle size distribution: fine sand lvian average
grain size of less than 1 mm and coarse sand wihage granulometry of less than 10 mm, and if sssy,
white carbon, where 90 % of the particles haveza Ess than 1 micron, with an average diametabofit 0,5
microns, contains fumed silica in an amount of mote than 15 parts by weight 100 parts cementfcamiing
agent, superplasticizer (predominantly used typmadified polycarboxylate superplasticizer ethediadnally
ultrafine calcium carbonate particles having a Hjgesurface equal to or more than 16 hy).

J.A. Alexandrov from engineering marketing compaMC Bauchemi» [13] notes, that, in accordance with
the experience of the application of plasticizarthe preparation of SCC outstanding results halel®en achieved
with hyperplasticizers based on ether polycarbdegléPCE). Other types of additives (based on ISHIF, etc.) can-
not compete with ether polycarboxylates techniodl @conomic parameters. Additives, including atraéning, ac-
celerating and decelerating hardening concretebearsed in the same manner as in ordinary cont@ted on the
additives manufacturer's recommendations for thegrin a methods of introduction.

Analyzing the state of the regulatory framework $eif-compacting concrete in general and primarily
the Republic of Belarus, it can be concluded thatdurrent Technical Code of practice 45-5.03-26@ains
guidelines and recommendations for the design,tnart®on and use of heavy SCC, intended for thestran-
tion of concrete and reinforced concrete structustisg formwork. These technical standards andlagigus for
self-compacting concrete for road surfaces arerdbse

From the perspective of the priorities in road ¢ardion in the Republic of Belarus with cement €on
crete coaling, the development of technical reguiatis important.

After analyzing the cost-effectiveness of SCC om iasis of the experience of using this type of con
crete, it should be noted:

- self-compacting concrete because of its modifieshposition and cost of individual components of
the concrete mix is more expensive than ordinancte the same species. The difference in pricauata 13
to 18 Euro per 1 cubic meter;

- the most effective mineral additives are metakaafid silica fume. Metakaolin (kaolin thermally ac-
tivated) was obtained by calcining kaolinite aemperature of 650-8000 C. The process of obtaithiisgmate-
rial is associated with high energy and fence nsdter

— significantly higher sealing effect in the struewf self-compacting concrete is achieved by the us
of ultrafine microsilica (silica dust). Microsilices the most expensive mineral supplement, the absthich
ranges from 0.25 to 0,50 EUR / kg;

— economy of means is possible by using the SMS altiect fact that there is no need of compacting the
concrete mix at the construction site, the devi@aks during concreting and its cost ranges froim 8 euros
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per 1 cubic meter of concrete. Besides, the praatucf high quality concrete structures of enhandedhbility
ensures long life of their operation without mai@tece and major repairs.

Summarizing the above, it should be noted:

1. The use of self-compacting concrete in the mastufe of precast and construction of monolithin-re
forced concrete structures is a perspective dordti improving technology and precast reinforcedarete and
further development of the building complex Repabli Belarus.

2. Due to the high cost of SCC, we must carry egearch so as to get economical components for self
compacting concrete.
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STRENGTH AND DEFORMABILITY OF CONNECTIONS OF REINFO RCING BARS

ALEXEY KOZEL
Polotsk State University, Belarus

The aim of presented in this work experiment iskttain experimental data on the strength and deform
ability of connections of reinforcing bars.

Selection of the binder in the composition in tbenf of the joint of the polymeric composition based
epoxy resins due to the possibility to obtain higtength during rapid-day material. Connection tarig this
combination is taken to be the initial 250 mm (déen of the abutting rods multiplied by 10) basectlwe re-
sults of the tensile test samples of compounds aifferent length sleeves. With a length of pip&0+125 tests
showed stable values gap in median plane connegitbrefforts of relevant ultimate steel pipe (FIg.
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