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THE COMPOSITE BINDER FOR SELF-COMPACTING CONCRETE
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Application of self-compacting concrete (SCC) i® af the prior directionsn modern construction.
Despite the reduction of energy consumption inpiteeluction of reinforced concrete structures, higysical
and mechanical properties, the SCC is more expemsaterial compared to conventional vibration coctjmmn
concrete. One of the solutions of this problemhis tise of secondary products industry as raw nsteri
components of the SCC. The effect of water tredtofesiudge of thermal Electrical Station on thedtics of a
set of strength of the cement stone, together thighintroduction of its hyperplasticizer was stulli@he
possibility of using water treatment of sludge aspdrsed filler was shown, the optimum filler cortitand
hyperplasticizer was defined.

The use of self-compacting concrete (SCC) in modswnstruction is one of the most significant
achievements of construction technology in recemiry. Self-compacting concrete is a concrete, whosger-
ties are determined by vibration-free sealing aiarete, able to spread, completely fill the cawafythe form-
work and compacted under its own weight [1].

Depending on the method of providing resistancéelamination and water separation there are two ba-
sic types of self-compacting concrete: fine dividgae; stabilizing type.

In the first type of self-compacting concrete migfs high extendable grains coarse and fine aggragat
achieved by introduction in composition of concrittieé concrete inert or active filler, comparabledispersion
with a binder.

Chemical analysis of the majority of fillers allows conclude that the basic compound included émth
composition are calcium carbonate CaCO3 and magmesarbonate basic 3AMgCMgOH12H20.

Many researchers established that carbonate-cingaadwlditives are not inert fillers, and can hav&c
nificant influence on the processes of formatiostoficture of cement stone, performing not onlyftiretion of
thickeners and activating the binder hydration pss¢ and contributing to an increase in the degjregystallin-
ity formed hydrate [2, 3, 4, 5, 6].

Analysis of the results of numerous studies onuthe of cement compositions containing SCC fine car-
bonate fillers shows:

— there are different points of view on efficienoptimal dispersive capacity and aggregate consump
tion, in each case these indicators are determgrpdrimentally;

— the most commonly used fillers are metakaolid sitica fume, they are expensive mineral additions
which leads to increased cost of SCC in comparigitha similar concrete type;

Accordingly, many researchers give the priorityatdive carbonate containing fillers, manufacturgd b
using local raw materials or secondary productgoibus industries.

By considering a group of technologeneous prodattsimilar composition in Belarus it was revealed
that the greatest interest represent a sludge chémater treatment (SCHWT) thermal power plantistes! in
large quantities in the tailings pond or industkéaddfills. The problem of sludge disposal in Bakis not com-
pletely solved [7].

Application of SCHWT as a part of self-compactirgncrete allows to utilize waste and thereby improve
the ecological situation in the republic.

In the number of papers the results of researeteslto the use water treatment sludge of thernesl E
trical Station are shown.

Vishniakova J.V. determined that in the cement ixditted with sludge water treatment of thermakE4
trical Station internal defects are localized —nmitacks, and their number and size decreases stoeeentra-
tions are reduced [8].

In studies [9] it is shown that the use of wastéawtreatment with a moisture content of 40% |ldad®-
tardation of setting of the cement for 4 hours, tmdecrease of strength of cement stone by 25%.
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The optimal dosage of the dried and ground slathénamount of 2.5-7.5% was established when co-
administered with it polycarboxylate plasticizerardosage of 0.6%, wherein the strength of the néstene is
increased by 12% on the 7th day of hardening.

In studies [10] the effective use of water treattrgbmdge in an amount not exceeding 7.5% was datect
jointly with 15% of microsilica as a filler sand €C

Chypshev V.B. [11proposed the use of sludge waste of thermal Ebatt8tation without further proc-
essing from 2.5 to 3.0% instead of part of quaads wherein density of the concrete mix, produrctosts
have declined, indicators for frost resistance aater segregation improved.

Analysis of the results of researchers shows Wladgr treatment sludge SCHWT as a finely dividédrfi
can be used in the production of self-compactingcoete, but it is necessary to investigate thecefféits intro-
duce for properties of the concrete mix and theccete.

To determine the influence of the dispersed fiflentent — sludge of Novopolotsk thermal Electristd-
tion in the binder composition "cement-dispersddifi, we investigated normal consistency of thenposition,
the strength of the cement stone and kineticss#ftaf its strength when filler and hyperplastisiaee included
together.

For research Portland cement brand PC 500-DO0 ptioduaf «Krasnoselskstroimaterialy», R 50 MPa;
pu = 3200 kg / M} K, = 0,27 was used.

Quartz sand career «Borovokk, = 2,5, S;,,.= 7,5 i/ kg; W, = 0,8%;p,,, = 2650 kg /m. The content
of the dispersed filler in the sand is 2% by weight

Granite crushed stone of Republican Unitary PrdadocEnterprise «Granit» with a grain size of 5
to 20 mm, S, = 0,36 i/ kg; W, = 0,45%;p,, = 2700 kg /M. The content of the dispersed filler in the crushe
stone is 1.1% by weight.

As the dispersed filler carbonate containing wateatment sludge of thermal power stations - Tegini
Conditions BY 300220696.050 was used, S, = 1240 Y/ kg; p= 2510 kg /M, dense loaded density of filler
870 kg /ni. Maximum particle size -80 mkm. The main composaftthe slag, 2/3 of the dry matter weight of
calcium carbonate (CaC03).

Chemical additive - hyperplasticizer Stahement0020M ZH 30, Limited Liability Company «Stahema M»
K, = 0.2%,K,,. = 0.223 (when added in an amount of 0.3% by weiflle binder composition).

Normal consistency of taste determined in accorelavith GOST 310.3-76, the strength of the samples-
cubes normal hardening size 20x20x20 mm as per G18'H-81.

Investigated the properties of five compositionsfitler, filler, respectively, at a rate of 10,,280, 40%
by weight of cement.

The results are shown in Figures 1, 2, 3.

Analysis of the results allows us to establisht #raiincrease in the dosage of filler leads toreneiase
indicator of normal density in comparison with tbemposition without additives and reduction of sty
cement compositions with filler. So the strengthtled compositions is 2-5, containing a filler in amount
of 20—-40% by weight of cement, at the age of 28digcreased by 11, 18, 24, 31%. For further rekeanwe
accepted the composition number 3.

The choice is due to the optimum combination of @neount of particulate carbonate filler, which is
defined by numerous previous research, the neeRdoycling of waste. Increased water consumptich tiie
introduction of the sludge may be compensated bytie of SCC in hyperplasticizers.

Researches of the effect of the content of dispefifer and hyperplasticizer on the kinetics oet of
durability of the cement stone were fulfilled.

For research additive Stahement-2000-M ZH30 witlosage of 0.25-0.35% was accepted.

The amount of sludge is accepted of 20% insteadjeted cement. Compositions were prepared with
the same cement paste with relative water conteht Bhe results are shown in Figure 4.

As can be seen from Fig. 4, the use of high dosapplements Stahement of 0.35% does not provide
desired effect of gain strength. The maximum dosdgeiperplasticizer accepted is 0.3%.

The research suggests the possibility of effecjwalication of filler, based on the sludge in caowjiion
with hyperplasticizer in the cement compositions&hon the obtained results limits to the peregntd sludge
and hyperplasticizer at dosages of 20% and 0.3peotisely have been proposed. Assessment of thigexds
research was carried by the estimated composifitimedSCC.

The calculation of the composition of self-compagtconcrete was done in two stages as described [1]

The first stage is designed to approximate comiposibf conventional concrete monolithic reinforced
concrete wall thickness of 240 mm, reinforced by twinforcing mesh. The class of the concrete cesgive
strength — &5, was adoptedthe coefficient of variation of strength SCC— \13,5%, grade on the workability
of the concrete mix 2-2 (PK,, = 60 sm).
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Fig. 4. Kinetics of a set of durability cement gashodified by various chemical additives
when exposed to normal-humidity conditions

At the second stage by the approximate values mpoments of SCC the structural characteristics gf W
W, My, Sy Xo, M My, PK, 1 PK;, were definedand the check of the compliance with the conditiohithe
TKP 45-5.03-266-2012 was carried out [1].

PK, = PK;%,, @
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whereP,,,, sm — estimated value of diameter flow cone. 90y93 60 sm. The condition is not complied.

L10
.fr cubs 0 T :-D_'?E--ft"IP (2)

wheref; ;upe 1w - Calculated strength SCC on compression ataly#Pa;
fezp — required strength SCC on compressi®a.

28,876 MPa< 1,1f2p = 1,1x 27,02 = 29,9 MPa.

The condition is complied.
We compare the content of cement required for S3B415, = G in. )3

where G — content cement in SCC mix, kg;
Gumin — the minimum content in SCC mix of cement, kg;
G, = 529 kg /m=280 kg /m. The condition is complied.

X =1269 <098 Xnrn, (4)

wherek_ — characteristic of the relative water contenthef cement paste;
Xomax — the maximum value of the characteristic relativater content cement paste within the
coherence SCC mix. 1,241,303. The condition is complied.

My = 0234 = 0,225 (5)

M1 - bulk concentration of cement paste, providintgedable grain fillers. The condition is complied.

IncreasePK, is associated with a high normal density of disperiler - sludge (0.47). To obtain the op-
timal composition of the SCC the content of thedeincomposition should be increased while maimagirihe
values of W, effective water-binder ratio of corterequal G/B.

The conducted research suggests possibilitiesfettefe application of filler on the basis of chemi
water treatment sludge thermal Electrical Statidth & dosage of 20%, together with a superplasticiith a
percentage of 0.3% in cement compositions of smifjgacting concrete on the condition conductinghtert
studies, aimed at obtaining the optimal compositibself-compacting concrete using a consideredtiadd.
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