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Abstract. In most high-strength concrete technologies, high-quality
Portland cements are used, which is not always achievable in conditions of
a shortage of such binders.

The research’s purpose is to obtain high-strength concrete based on
ordinary Portland cement of the M400 brand. To achieve this goal, the
possibility of using the superplasticizer Conplast SP430 was studied.

The research was carried out using standard methods, like using
mathematical planning and result’s analytical processing.

The implementation of the experiment allowed us to determine the optimal
values of the basic composition of concrete: the consumption of
superplasticizer-1.0 % of the mass of cement; the consumption of cement-
485 kg/m3, the ratio of sand/crushed stone-0.36. At the optimal value of
the parameters, the achieved maximum compressive strength was 58.8
MPa.

The novelty is the justification of the possibility of obtaining high-strength
concretes using Portland cement with an activity not exceeding 40 MPa
based on the use of a new generation superplasticizer and the development
of the basics of the method for selecting the composition of concrete.

The significance of the result is due to the expansion of the possibility of
using ordinary Portland cement for the production of products and
structures with the use of high-strength concrete.

1 Introduction

In the technologies of modern concrete and reinforced concrete, three priority areas can be
identified: the development of textile-concrete technologies, the development of technolo-
gies and formulations for 3D printing, and the improvement of modern high-strength con-
crete technologies. The main directions in the development of high-strength concrete tech-
nology are the development of modified cement systems to improve the efficiency of build-
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ing composites; shortening the service life of reinforced concrete and concrete structures.
Concrete quality improvement methods consist in the use of high-tech equipment, modern
production technologies, and the use of high-quality materials and additives of individual
and multifunctional action. The trend of modern development of concrete technology is
focused on the gradual replacement of traditional concrete with multicomponent ones. First
of all, concrete modification will be carried out by introducing multicomponent complex
additives of poly functional action [1, 2].

Obtaining high-strength and high-quality cement concretes is possible with the purpose-
ful formation of the cement stone structure, characterized by a low proportion of capillary
pores, an increased content of hydrate neoplasms, especially a reduced basicity. Modifica-
tion of cement concretes with complex additives is the most affordable and simple way to
significantly increase the efficiency of cement concretes and can be successfully used for
these purposes [3, 4]. From the point of view of saving resources, improving technological
processes and solving problems related to environmental protection, it is advisable to study
the use of secondary products and concrete scrap in the composition of concrete modified
mixtures [5, 6].

The use of superplasticizers in the production of precast concrete is carried out in the
following main directions: to reduce the consumption of cement; to increase the mobility of
the concrete mixture while maintaining the physical and mechanical properties of concrete
and dramatically reducing the complexity of forming structures; to obtain high-strength
concretes; and, finally, to obtain concretes with improved physical and mechanical proper-
ties and durability [7, 8].

Conplast SP430 is a highly effective complex chemical modifier of hyper plasticizing
action, the area of rational use of which is self-compacting concrete mixes and high-
strength concretes based on them. To obtain self-compacting high-strength concrete with
Conplast SP430, it is recommended to use cements not lower than M 500, Added Mixture
is 0. Such cements are not produced everywhere and not in the required volumes, in addi-
tion, as a result of logistics operations (transportation and storage), the properties of cement
may degrade and its grade may decrease [9, 10].

The purpose of the research presented in the article was to obtain a self-compaction lay-
er. Concrete mix, high-strength concrete or modified concrete of increased strength based
on ordinary Portland cement of the M 400 brand with the use of a new generation chemical
additive with a super plasticizing effect Conplast SP430.

The scientific novelty of the research consisted in forming mathematical models of
strength and waterproofness of modified concrete depending on structure-forming factors
and optimizing the composition of concrete B30 on ordinary Portland cement of the M400
brand.

2 Materials and Methods

Experimental studies were conducted to determine the effect of the new generation Con-
plast SP430 super plasticizing additive. On the technological properties of the concrete mix,
physical and mechanical properties and durability of modified concretes, as well as on the
structure and properties of cement binders of ordinary brands of domestic production.
When performing experimental studies, M400 grade Portland cement of the following
mineralogical composition was used as a binder: C;S — 57.57.5%, C,S — 1717.8%, C3A —
4.4.7%, and C 4AF — 12.5%. Sand and crushed stone were used as inert materials. The su-
per plasticizer Conplast SP430 (Great Britain) was used as a modifying additive for con-
crete Conplast.
Preparation of concrete mixes, and studies of the properties of the material were carried
out according to the methods recommended by the standards. The core of the research was
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the use of methods of mathematical planning of the experiment and processing of its re-
sults. Mathematical planning methods are widely used in solving statistical problems in all
fields of knowledge, science and technology. These methods are based on the representa-
tion of the process (model, phenomenon) as a "black box". A "black box" is a cybernetic
model of a process that has "inputs" (factors that vary during the experiment) and "outputs"
(response functions). At the same time, all processes inside the "black box" are not consid-
ered. This method is widely used in engineering, including construction materials science
[11,12].

Mathematical modeling of the strength of filled concrete was performed in order to op-
timize its composition. To describe the strength of concrete at any point in the experimental
area, we used second-order polynomial models with three alternating factors. Factors such
as the content of: super plasticizer were selected as independent variables (0.8—1.2%); ce-
ment consumption (400-500 kg /m®); sand-to-gravel ratio (0.30-0.40). The output parame-
ters of the response functions were chosen: concrete compressive strength at 7 and 28 days
of age (R, Ryg). The levels of variations and other independent variables are shown in ta-
ble. 1. The adequacy of the obtained models was evaluated by the Fisher criterion.

Table 1. Levels of variation of independent variables

Factors | Naming of factors Variation levels
-1 0 +1
X Consumption of super plasticizer, % by weight of | 0.8 1.0 1.2
cement
X5 Consumption of Portland cement, kg / m’ 400 450 500
X3 The ratio of the mass of sand to the mass of | 0.30 0.35 0.40
crushed stone S/Cs

3 Experiments and Results

The effect of Conplast SP430 super plasticizer Conplast on changes in the normal density
and setting time of cement dough was previously studied. It was found that the introduction
of SP430 super plasticizer into the cement dough reduces the water demand of the cement
dough by 30.4-33.0 %, depending on the type of cement used. The setting time of cement
dough with a super plasticizer is somewhat different from the control stage. So, the begin-
ning of setting of cement dough occurs 38-53 min. later than the composition without addi-
tives, and the end of setting — later for 50-66 min. Conplast SP430 most effectively reduces
the water demand of cement dough in the amount of 1.0-1.2 % of the cement mass. The
results of tests of cement stone for compression showed that the optimal content of the ad-
ditive Conplast SP430 is the content of 1% by weight of cement

The results of mathematical planning of experiments were processed, which made it
possible to obtain mathematical dependencies, which, after checking the significance of the
coefficients, took the following form:

R, =25.8 +9.5X, + 8.1X, + 6.3X; + 3.8X,X; — 8.2X,> (1)

Rys =42 +10.7X; + 82X, + 7.3X;5 + 5.5X, X5 — 4.7X;X; 2)

4 Discussion
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As follows from the obtained regression equations, with an increase in the consumption of
super plasticizer and cement consumption, the concrete strength increases at all times of
hardening (coefficients at X, and X, with a positive sign). At the same time, when the super
plasticizer runs high, the strength may decrease (the coefficient at with a negative sign).
The decrease in the strength of concrete at increased dosages of super plasticizer can be
explained by the blocking effect of the molecules of this chemical additive on the Portland
cement particles, which is especially evident with increased consumption of Portland ce-
ment in the concrete composition.

When analyzing the regression equations (1) and (2), positive effects of the combined
influence of factors are established. For strength at the early stages of hardening, this effect
is established for the combined effect of the Portland cement consumption and sand-to-sand
ratio (coefficient at X,X3), which is explained by a more isotropic distribution of fine ag-
gregate between large ones under the plasticizing effect on the cement dough. For the
strength of concrete at the age of 28 days, the co-effect of the local influence of Portland
cement consumption and the ratio of sand to crushed stone is also positive. The negative
effect of the combined effect of increasing the consumption of super plasticizer on the ratio
of sand to crushed stone (coefficient at X,X; with a minus sign) is also established, which is
explained by the possible deterioration of the contact between the binder and aggregate
particles. The presence of positive effects of joint influence allows us to assume the possi-
bility of synergistic effects, and the presence of negative influence — the possibility of an-
tagonistic effects, which may be the goal of further scientific research aimed at studying the
regularities of the formation of the concrete structure.

The mathematical polynomial (1) contains the coefficient at in the first and second
powers, which makes it possible to apply methods of analytical optimization X; of the ob-
tained dependences, when considering them as mathematical functions of several (in this
case, three variables).

To determine the optimal value of the factor X;, using algebraic methods, we need to
differentiate function (1) with respect to X; and equate the result to 0:

R/ =9.5-164X, =0 X, =2 =0.6
oxX, 16.4

To get the optimized functions (1) and (2), you need to put the calculated optimal value
X in their mathematical polynomials1:

R, =25.8+9.5%0.6 + 8.1X, + 6.3X; + 3.8X,X; — 8.2x(0.6)*
Rys =42 +10.7x0.6 + 8.2X, + 7.3X; + 5.5X,X; — 4.7%x0.6
As a result, we obtain X; optimized regression equations for the strength of concrete at
the age of 7 and 28 days:
R7 =26.8+ 81X2 + 63X3 + 38X2X3 (3)
Ryg =45.7+8.2X, + 7.3X;5 + 5.5X,X; )]
The natural value of the plasticizer consumption is determined based on the data in ta-

ble.1: the optimal consumption of Conplast SP430 super plasticizer is 1.0-1.06 % by weight
of cement, which corresponds to the results of other preliminary experiments.
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Fig. 1. The dependence of the compressive strength of concrete at the age of 7 days (R;) on the con-

sumption of Portland cement and the ratio of sand to cement in the molding mixture. Strength values,
MPa: 1 -20;2—-24:3-28;4-32

Graphical interpretation of the optimized polynomials (3) and (4) made it possible to
construct nomograms for determining the strength of concrete at the age of 7 and 28 days
(figs.1 and 2). Attention is drawn to the similar nature of the dependence of strength on the
pore flow rate of talc cement and the ratio of sand to crushed stone. The figures can be used
as nomograms to determine the optimal consumption of Portland cement and the ratio of
sand to crushed stone for a given concrete strength.
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Fig. 2. Dependence of the compressive strength of concrete at the age of 28 days (R,g) on the con-
sumption of Portland cement and the ratio of sand to cement in the molding mixture: Strength values,
MPa: 1 —34;2-42:3-54;4-58

Applying the obtained mathematical models using analytical and graph analytical meth-
ods, the optimal values of the composition of modified high-strength concrete were deter-
mined: the dosage of Conplast SP430 super plasticizer is 1.0 % by weight of cement; ce-
ment consumption is 485 kg /m’; the ratio of the parameters of the composition of modified
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concrete and compressive strength of S/Cs is 0.36. With the optimal value of the above-
mentioned prescription parameters of the concrete mix composition, the maximum concrete
strength of 58.8 MPa was achieved.

5 Conclusions

Analysis of the properties of modified concrete showed that the introduction of Conplast
SP430 super plasticizer in the amount of 1.0% by weight of cement increases the mobility
of cement dough from 2-3 cm to 27 cm, while simultaneously increasing the strength of
concrete by 7-8%. The results obtained made it possible to position Conplast SP430 as a
super plasticizing and super-water-reducing additive. It was found that the flow rate of fine-
grained concrete during bending with the additive increases by 18-42%, C, and the flow
rate during compression of fine-grained concrete with the additive increases by 46-83%. It
is established that the introduction of optimal amounts of additives in the composition of
heavy concrete provides the greatest increase in strength in the first three days of hardening,
which is 56 %.

Using the method of mathematical planning of experiments, mathematical models of
strength, frost resistance and water resistance of modified concrete with a superplasticizer
were obtained. As a result of the analysis of the obtained mathematical models using the
analytical optimization methodology, the optimal values of the composition of the modified
high-strength concrete were determined, which were: for the dosage of the superplasticizer
Conplast SP430 — 1.0 % by weight of cement; cement consumption - 485 kg/m’, the ratio
of S/Cs - 0.36. At the optimal value of the modified concrete composition parameters, the
achieved maximum compressive strength was 58.8 MPa.

The results show that the introduction of a super plasticizer makes it possible to produce
high-strength products based on Portland cement with an activity of 40 MPa, which can be
used in the construction of critical objects, including reinforced concrete structures of
transport and bridge structures.
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