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Abstract. The article presents the research results of heavy weight concretes based on
nonmetallic production of technological wastes. Quantitative and qualitative characteristics of
stone screenings dusts of the quarries Sverdlovsk and Chelyabinsk regions were explored. The
research uses a set of standard physicomechanical and chemical methods. The influence of the
additive MC-PowerFlow 3100 and Centrament Air 202 on the properties of the concrete mix,
the kinetics of the strength and frost resistance of concrete samples with granite and dolomite
screenings was determined. It was found that the complex of additives promotes an increase in
the degree of cement hydration and a decrease in the capillary porosity of concrete. The
compositions of heavy weight concretes with strength quality B22,5 — B40 with granite
crushed stone of Rezh quarry and dolomite Satka quarry as fine aggregate have been
developed. A comparative cost-effectiveness analysis of heavy weight concretes with non-
metallic wastes was carried out. The industrial approbation of the results was performed at the
precast concrete factory of the Tyumen region.

1. Introduction
Reduction of the negative impact of human activities on the environment by reducing the amount of
solid waste is one of the priority vectors for the development of the industrial economy of the Russian
Federation. As the statistics show one of the main polluters of nature are the enterprises producing
nonmetallic materials. In this scientific work a choice was made in favor of studying stone screenings
dust. The total amount of these wastes produced at the crushed stone plant is about 54 million m®
including 6-9 million m® - screenings of centrifugal-impact grinding. Screenings are mainly stored in
multi-storey dumps which are a significant environmental problem for the number of subjects of the
Russian Federation, in particular Chelyabinsk and Sverdlovsk region. However, nearby regions have
an increasing problem of shortage of crushed stone and gravel small fractions as well as enriched sand.

Concrete mixtures made of stone screening dust are characterized by increased water demand.
Nevertheless, using modern developments in the field of chemical additives it became possible to
produce heavy concrete with a dense structure, which as good as standard samples of heavy concrete
in durability and quality and can be used for the production of reinforced concrete products and
especially for laying underground communications and erecting of overpasses elements [1-8].

The best quality of screenings is obtained by crushing fine-medium-grained rocks. The grain surface
roughness of such material is characterized by the height of microrelief of about 170-190 pm, which
ensures the best adhesion to cement stone in concrete. The disadvantage of using coarse-grained rocks
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of polymineral composition especially granite is sand of monomineral composition (quartz, feldspar,
mica), which differs in cement stone adhesion [9-12].

Concrete mixes with screenings of crushing and increased water demand exclude the possibility of
achieving high strength and other performance properties. However, ordinary strength qualities are
dependent on water-cement ratio. In other words, any factor increasing water demand raises the
consumption of cement and the cost. Another side effect of the use of screenings, associated with
water absorption of the aggregate dust particles during the manufacturing and transport process, is
manifested in the accelerated loss of mobility of concrete mixtures [13-16]. The carrying-out of the
requirement that the rheological properties remain unchanged for two hours becomes difficult in the
Ural climate conditions. In its turn, a large aggregate typical for the Urals Federal District is usually
represented by intrusive rocks with a crushing grade 1200. However, deviations from the standard
percentage of the dust particles content are also common.

The purpose of the study is to develop efficient concretes based on polyfraction aggregates
consisting of stone screening dusts for the conditions of Western Siberia from local quarries and
chemical additives - regulators of concrete mix properties.

2. Materials and methods

To achieve this goal, an experimental plan including the study of the regional features of quarries in
the Tyumen and nearby regions and the development of effective concrete mixes using non-metallic
wastes has been drawn up. For research stone screening dusts from the granite quarry of Rezh
(Sverdlovsk region) and the dolomite quarry of Satka (Chelyabinsk region) were used.

For the production of concretes with low water content, high strength and frost resistance, an
analysis of additives influence on the obtained concrete properties was carried out. In the course of the
experimental study, the properties of the developed concrete compositions based on stone screening
dusts with MC-PowerFlow hyperplasticizer and Centrament Air 202 air-entraining additive were
studied. A set of standard methods was used in experimental studies [17-19].

3. Results
The data obtained as a result of the of stone screening dusts properties study from the granite quarry of
Rezh (Sverdlovsk region) and dolomite quarry of Satka (Chelyabinsk region) are given in table 1 and
table 2.

Table 1. Properties of stone screening dusts

Main characteristics Quarry of crushed stone, Crushed stone plant,
Chelyabinsk region, Satka ~ Sverdlovsk region, Rezh
Rock dolomite granite
Size modulus 1.7 2.57
Crushed stone fraction 5-10 mm (%) 3.8 5
Content of dust, clay and silty particles (%) 2.0 2.9
Bulk density (kg/m®) 1380 1450
Ball clay (%) 0.1 0.3
Crushed stone grade 800 1000

Table 2. Results of chemical analysis of stone screening dusts

Content of basic oxides (%)

Testing

sample  Sj0, CaO MgO Fe,O; ALO; TiO, MnO P,0s Na,0 K,O CO, |Ig(1)r?|5t|(())r:1
390 (granite) 70.82 2.33 1.09 400 1258 0.40 008 005 351 222 - 285

391 31.6

. 0.11 23.04 151 258 0.09 003 0.06 0.33 0.40 40.07 -
(dolomite) 1
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It was revealed that, like any building material, stone screening dust has a number of shortcomings:

- the specific shape and quality of the grain surface - mostly angular with a rough surface;

-increased content of mica (stone screening dust of LLC «Rezh crushed stone plant»); mica flakes
have low adhesion to cement, which may further cause cracking and consequently reduce the strength
of concrete;

- dustiness of screening (undersize No. 0.16 is 16.5%) contributes to increasing the water demand of
the concrete mix, which negatively affects the strength of concrete;

-increased water absorption of screening (12-23%) reduces the frost resistance of finished concrete
products.

The results of numerous studies [1, 2, 4] show that the frost resistance of heavy weight concretes
depends on a large number of different factors, the main of which are the initial water-cement ratio,
the type and activity of cement, the composition and conditions of concrete hardening, its age at the
time of freezing, frost resistance aggregates. Unfortunately not all factors can be regulated. As a result
durability of concrete can be increased in two ways:

» decreasing the water cement ratio by reducing the amount of water in the concrete mix;

« increasing the amount of the entrained air by forming closed pores in the concrete.

The authors of the article carried out development studies of concrete compositions using stone
screening dust [5]. Part of the research was carried out according to the program «Challenges in youth
science and innovations in the Tyumen region» (grant U.M.N.I.K. 2015).

In the course of the experimental study, the properties of the concrete compositions based on stone
screening dusts with the additive of the MC-PowerFlow hyperplasticizer (manufactured by MC
Bauchemie, Germany) were examined.

MC-PowerFlow additive in an amount of 0.4 to 0.8% (by weight of cement) in the concrete mix
reduces the hardness of the mixture from 26 to 5 seconds and forms a dense contact zone at the surface
of the aggregate (stone screening dust) and increases the strength of adhesion to cement stone. The
hyperplasticizer reduces the negative effect of fine particles on the water requirement of the concrete
mix, increases the wettability of the aggregate, decreasess the viscosity of the concrete mix, reducing
the likelihood of formation of discontinuities in the contacts of the cement stone with the aggregate.
Besides the MC-PowerFlow hyperplasticizer increases the concrete strength and 28 days later the
strength is approximately 32.7-53.2 MPa.

In addition, the effect of a complex additive consisting of MC-PowerFlow 3100 polycarboxylates
esters (80% of the complex additive weight) and Centrament Air 202 airf3entraining additive (20% of
the complex additive weight) on the properties of concretes with stone screening dust was studied.
(table 3).

Table 3. Effect of a complex additive on the properties of concretes
containing stone screening dust

Concrete compositions

Main properties of concrete
1-4 1-5 1-6 1-7 2-4 2-5 2-6 2-7

Additive (% by weight of

0 0.4 0.6 0.8 0 0.4 0.6 0.8
cement)
Water cement ratio 041 041 0.41 0.41 0.41 0.41 0.41 0.41
Density, kg/m® 2250 2310 2360 2390 2230 2250 2310 2350
Entrained air volume, % 0,1 1.4 2.9 5.3 0.4 2.0 3.6 5.9
Compressive strength, MPa  37.5 415 47.1 53.2 29.5 32.7 34.8 37.8
Variation of 5cycles +04 +16 +1.8 +4.2 +2.0 +1.3 0 +2.5
compressive 10cycles +0.1  +0.9 0 0 -1.3 +0.1 -0.4 +0.7
strength during 20cycles -84  -1.7 2.1 -2.5 -5.2 -1.4 0 0
freezing and 30cycles - -1.5 34 - - - -6.8

thawing test (%)  45cycles - - - -8.5 - - - -
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The porosity of heavy cement concrete with stone screening dust was examined. The obtained results
make it possible to state that the introduction of the complex additive into heavy weight concrete with
stone screening dust can substantially reduce the total porosity of the samples. There was also an
increase in the number of conditionally closed pores and a decrease in their size. In sum, these changes
give a significant increase in the frost resistance grades F200-F300 of heavy concrete. That allows to
use this concrete in harsh climatic conditions.

The industrial approbation of the results was performed at the precast concrete factory of the
Tyumen region. The object of approbation was reinforced concrete trays L-15/2 (Series 3.006.1-2.87.)
produced by the precast concrete factory «Rotor» in the village of Vinzili, Tyumen region.

The results of the test showed high economic efficiency of the concrete based on stone screening
dust (table 4).

Table 4. The cost price of heavy concretes B30 based on fine aggregates

Concrete compositions Material consumption Cost of materials, rubles

per 1 m® of concrete mix, kg (inc. VAT)

Cement 400 1508.40

(OAO «Sukholozhskcementy)

Crushed stone, fraction 5-20 mm 1110 912.40

(Kurmansky crushed stone plant)

Coarse-grained sand 800 680.00

(Ltd «Tyumenerud»)

Stone screening dust (Rezh crushed 800 620.00

stone plant)

Complex additive (MC Bauchemie) 2.8 296.00

Water 150 10.50

The price of 1 m® of concrete with the strength quality B30 containing natural sand as an aggregate
is 3407.3 rubles, the price of 1 m® of concrete with the strength quality B30 containing stone screening
dust is 3347.3 rubles, which saves 60 rubles per 1m>. The given study allows to confirm that stone
screening dust in heavy weight concretes is economically efficient.

4. Conclusion

1. The quantitative and qualitative characteristics of granite screenings of Rezh (Sverdlovsk Region)
and dolomite screenings of Satka (Chelyabinsk region) have been studied and the possibility of using
these wastes in the composition of heavy weight concrete has been proved.

2. The compositions of effective heavy concretes of strength quality B22,5-B40 with the use of stone
screening dust from the granite quarry of Rezh and the dolomite quarry of Satka were achieved.
Studies revealed that complex additives increased the strength and frost resistance of concrete, as well
as the degree of cement hydration and decreased the capillary porosity.

3. The effect of the additives MC-PowerFlow and Centrament Air 202 on the properties of the
concrete mix, on the kinetics of the strength and the frost resistance of concrete samples with the use
of stone screening dust as a fine aggregate was studied.

4. The industrial approbation of reinforced concrete trays L-15/2 (Series 3.006.1-2.87.) was
performed at the precast concrete factory «Rotor» of the Tyumen region (Vinzily, Tyumen region).
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