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Abstract. It is accepted to call concrete a special construction mix which consists of several
main components — most often, these are cement, water and various fillers. As a result of grout
hardening, the artificial stone, used in many areas where durability, stability and durability are
required, is formed. To improve the main characteristics of concrete, various additives are
added to the mix. These substances are also capable of accelerating the speed of construction
and reducing the funds expenditure. It is especially important to apply additives at the
installation of coverings to airfields, at the construction of moorings, roads, at the laying of
pools or during other hydraulic engineering constructions, and also at the construction of
monolithic industrial facilities and houses. The article deals with the composition and quantity
of complex organomineral additives, the duration and conditions for the formation of
composites’ structure.

1. Introduction

These Modern construction is inconceivable without the "material of the 20th century" - concrete,
which firmly holds the place of the main structural material and, despite the appearance of new
efficient materials and structures, will retain its leading position for many years to come.

The main prerequisites for the widespread use of concrete in the 21st century are large natural
reserves of raw materials, possibility of using waste from various industries, relatively low capital and
energy intensity, simplicity of technology, relatively high compressive strength and durability [1].

The main type of the used concretes is on the Portland cement. Among these concretes heavy
concretes are of the most common application.

The conditionally heavy concrete can be divided into the factory-produced (in the manufacture of
prefabricated elements) and commodity (transported and laid on the construction site) ones.

The annual increase in construction requires constant improvement of technological processes at all
stages of producing, transporting, and laying concrete mixtures. These tasks are successfully solved
with the help of chemical additives in accordance with GOST 24211. Such additives allow improving
the technological, physical-chemical and operational properties of concrete, obtaining structures more
durable in exploitation under different conditions [2].

Using additives is the most effective way, which increases the quality of concrete without requiring
large capital expenditures. Competent application of target complex additives allows to solve any
problems connected with obtaining concrete mixtures and concretes with the given properties. High
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strength, low permeability, increased durability and frost resistance can be achieved even with the use
of highly mobile concrete mixtures - self-compacting concrete mixtures containing modern highly
effective additive complexes [3].

The purpose of this report is to investigate the influence of components of composite materials on
the properties of concrete mixtures and concrete used in the manufacture of prefabricated reinforced
concrete structures, mainly housing construction, including the construction of dynamic mathematical
models capable of adequately predicting the main technical indicators of quality, in time dynamics.

The objects of the study were concrete mixtures and concretes based on a cement binder.

The methods of influence on objects were composition and quantity of complex organomineral
additives, duration and conditions to form the structure of composites.

As a plasticizing component in the complex additive, the chemical additive Glenium ACE 430 was
used, which is an aqueous solution of a polycarboxylate ester of a certain composition and molecular
configuration. The action of polycarboxylates is based on the mechanism of steric repulsion of side
chains of adsorbed macromolecules in the absence of a pronounced influence of the potential on the
plasticizing ability [3].

Polycarboxylates provide a very high retention of the concrete mixture, which makes them very
attractive for monolithic construction and for long-term transportation of concrete mixtures. At the
same time, the absence of a noticeable effect of special types of polycarboxylates on the hardening
kinetics in the process of heat and moisture treatment opens up the prospect of their application in the
precast concrete industry [4].

Introduction of fine-grained additives into the composition of complex additives can improve the
properties of the composite in several directions. They can either improve the granulometric
composition of the concrete mixture by replenishing the viscous component to the required amount of
very fine particles, or improve the workability of mixtures; to increase the hydraulic properties of the
binder used, to promote the production of denser concrete as a result of partial filling of air pores of
concrete with additional portions of hydration products of cement clinker minerals [5].

To date, when the price of cement is constantly growing and construction in the country is
increasing, saving cement binder again becomes relevant, as before.

One of the most effective materials in terms of saving cement is finely ground blast-furnace
granulated slag.

2. Experimental data.

As a binder the work used Portland cement TsEM I 42,5N, corresponding to GOST 31108-2016
"Cements for general construction. Technical conditions" produced by the Novotroitsk Cement Plant
[6]. The normal density of cement paste is 27.5%.

As an active mineral additive, the blast-furnace granulated slag was used in accordance with GOST
3476 produced by Mechel OAO, which was supplied in the ground form. The economic efficiency of
the use of granulated slag as an active mineral additive in cement is several times higher than as a raw
material component. The specific surface area of the powder was in the range 4400-4700 cm2/g. The
chemical composition of the slag is given in Table 1. The mineral additive complies with the
requirements of the standard [7].

Table 1. Chemical composition of blast-furnace granulated slag

Oxides content in the blast-furnace slag composition,% by weight
SIOZ A1203 F6203 CaO MgO SO3 CaOCB
38,6 — 39,1 11,7-12,0 22-25 347-350 9.8-103 0,6-0,8 0,1-03

The chemical additive Glenium Ace 430 is an aqueous solution of polycarboxylate ester. The ACE
additive series - Admixture Controlled Energy - is BASF's products, the main purpose of which is to
reduce energy costs at the construction industry enterprises. Glenium ACE 430 is advisable to use in
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the energy-intensive construction industries that produce reinforced concrete products in order to
shorten the duration of heat and moisture treatment [8-15].

The additive was put to the concrete mixture, together with the mixing water (with the last third of
water).

The quartz sand of Khleborob Quarry was used as small aggregate in the experiments to determine
the physical and mechanical properties of concrete. The sand has the following characteristics:

e content of pulverized, clayey and silty particles — 1,5 %;
e bulk density - 1325 kg/m3,

e voidness of sand — 49,3 %;

e MS=28.

The small filler meets the requirements of GOST 8736-93 [16].

The crushed stone of Kazantsevsky Quarry of the Chelyabinsk region was used as large aggregate.
Its characteristics are:

e MS-20 mm;
crushability of stone — 11,8 %;
bulk density — 1370 kg/m3,
voidness of crushed stone 43,5 %,
fraction 1200.

The large aggregate meets the requirements of GOST 8267-93 [17].

The work used the mathematical design of the experiment to determine the dependency of the
properties of concrete on the modifiers, as well as to obtain mathematical models of the studied
processes and their statistical analysis, which makes it possible to obtain regression dependencies in
the form of segments of power series of the second order. [18,19].

The varied factors in the experiments were:

— X1 — dosage of Glenium Ace 430 additive in% of the binder mass from 0 to 0,4%;

— X2 — amount of ground granulated blast-furnace slag in % of the binder mass, introduced instead
of a part of the cement: from 40 to 70%;

The responses of the conducted experiments were assigned:

— physical and mechanical properties of the concrete samples: W/C of equal-mobility (P3) concrete
mixtures, density of concrete mixture, compressive strength 4 hours after the heat and moisture
treatment (mode 4+3+5+6 (65 °C) and 28, 720 days of subsequent normal hardening MPa; frost
resistance of concrete F1 according to GOST 10060 in 28, 720 days, cycles [20]; water absorption by
weight Wm, % (Figure 1).

3. Conclusions

The conducted experimental work proves the validity of the use of mixed binders in the concretes
containing active mineral additives that work together with plasticizers.

It was found out that even with application of the slag dosage up to 70% of the binder mass and
mobility of the concrete mixture P3, it is possible to obtain the strength values in the vintage age that
satisfy the requirements for the manufacture of prefabricated structures of a wide range. Over time, the
strength of concrete increases, and the growth rate is higher the lower the strength at the initial stage of
hardening.

The staged experiments prove that in the case of Portland cement application TsEM 1 42.5N, the
additional introduction of up to 70% slag in the binder allows to recommend the proposed technical
solution for concrete classes B40-B45.

It should also be noted that the low temperature of isothermal heating provided a guaranteed set of
branded concrete strength, which after 2 years of additional hardening increased by 15 - 25%.

The obtained data on the characteristics of the structure of concrete (the values of water absorption
by mass are in the range of 4.5-6.5%) suggests the potentially increased durability of concrete, which
is confirmed by the estimate of its frost resistance both at the initial and later dates of hardening
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The excellent surface quality of the prepared samples of concrete cubes was noted, despite the short
(20-30 seconds) vibrating time. Improving the quality of the concrete surface will allow, for the
production of precast reinforced concrete, especially for interior panels, to abandon the finishing post,
which will lead to reduction in labor costs.
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