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Abstract. Automobile roads perform a particularly important, responsible 
function in the movement of every automobile, transport equipment. The 
quality of automobile roads determines the reliability of road construction 
and automotive equipment, the resource of their work, and, most 
importantly, ensuring traffic safety. However, the construction of roads and 
construction methods with the expiration of a certain time undergo 
significant changes associated with the intensive development of road 
transport, road construction equipment, an increase in the intensity and 
flow of traffic. In this regard, there is a need to build high-quality roads 
and cover roads with durable concrete, which can be achieved by 
upgrading with composite chemical additives in the composition of 
concrete - a modernized superplasticizer.   The object of this work is a 
superplasticizer for producing wear-resistant concrete. The introduction of 
a superplasticizer into the composition of concrete makes it possible to 
obtain especially strong concrete with an increased service life, which in 
turn will significantly reduce material costs for raw materials, repair work, 
and labor resources. The purpose of this study is to obtain a highly 
effective superplasticizer and particularly durable wear-resistant concrete 
for road surfaces. To achieve this goal, it is necessary to solve the 
following tasks: 
• prepare raw materials, develop an optimal component composition and 
obtain a superplasticizer; 
• in laboratory conditions to obtain a prototype of concrete; 
• determine the quality indicators of the resulting concrete by GOST; 
• to conduct pilot tests for implementation in production. 

1 Introduction 

The research of many scientists is devoted to obtaining concrete for covering automobile 
roads. In the works of Kramar L.Yu. the choice of building material for the construction of 
motor roads has been studied [1-5]. Usually, when studying the effect of chemical additives 
on cement stones' physical and mechanical properties, the water-cement ratio of the normal 
density of the cement paste is chosen [6, 7]. The water-cement ratio of the normal density 
of the cement paste fluctuates in the range of 0.2-0.3. With normal cement paste density, 
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the change in the water-cement ratio, with the addition of plasticizing additives, is 
insignificant. Under these conditions, the plasticizing efficiency of plasticizers depends 
most of all on the measurement accuracy [8]. Therefore, a water-cement ratio of 0.43 was 
chosen.In laboratory conditions, we prepared concrete prototypes and synthesized 
superplasticizers to increase the wear resistance and strength of concrete. The effect of 
plasticizing additives on cement stones' physical and mechanical properties has been 
studied [9-11]. 

For the preparation of concretes, Portland cement PC500 D0, PC400 D0, PC400 D20, 
products of JSC Akhangarancement, high-aluminate cement, and stucco were used. 
Portland cement grades PC500 D0, PC400 D0, PC400 D20 have the following chemical 
and mineralogical composition (Table 1, 2): 

Table 1. The chemical composition of the used cements 

№ Type of 
cement 

Chemical composition, % 
SiO2 Al2O3 Fe2O3 CaO MgO SO3 R2O CaOсв 

1 PC400 D0 22.55 4.75 4.7 65.04 1.73 0.21 0.62 0.16 
2 PC400 D20 22.1 5.0 9.0 64.0 0.92 0.94 1.01 0.27 
3 PC500 D0 21.75 4.91 4.62 66.2 1.73 0.21 0.62 0.16 

Table 2. Mineralogical composition of the used cements 

№ Type of 
cement 

Main mineral content Content of additives 
C3S C2S C3A C4AF Gliezh SO3 

1 PC400 D0 64.21 13.11 6.24 11.9 0 2.10 
2 PC400 D20 62.03 15.26 6.49 11.93 19.0 2.0 
3 PC500 D0 67 14 4 14 - 0.09 

2 Methods 

In this work, the physicochemical properties of binders on mortars and concretes were 
studied. The rheological properties of cement pastes were determined using a mini-cone, 
following the standard procedure GOST 310.3-76. The method is based on measuring the 
diameter of the spreading of cement paste under the action of gravity. The effect of 
superplasticizers on cement slurries was investigated. To compare the qualities of 
superplasticizers, the well-known superplasticizers Melment (BASF Construction 
Additives) and Relamix (Polyplast) were taken. The additives were introduced in the form 
of aqueous solutions. The concentration of additives was calculated as a percentage of dry 
matter based on the weight of the dispersed phase. The additives were introduced with 
mixing water; measurements were carried out after two minutes of stirring the suspension. 

The cement paste's normal density and setting time were determined using a Vic’s 
device following GOST 310.3-76. The effect of superplasticizers on the strength of cement 
stone was determined on specimens 2x2x2 cm in size, which hardened under normal 
conditions, and then tested for compression at 28 days of age. 

Tests of the effect of additives on the mobility of concrete mixtures were carried out 
following GOST 10181.1-2000. The mobility of the concrete mixture was determined using 
a standard cone. The cone was filled with the concrete mixture under study; the mixture 
was compacted by sticking at least 25 times in each of the three layers as the cone was 
filled. After raising the cone, the value of the cone slump was measured using a ruler with 
an accuracy of 0.5 cm. The effect of additives on the compressive strength of concrete was 
determined following GOST 10180-90 using a P-50X21856 GOST 8905-73 press. The 
compressive strength of concrete was determined on concrete cubes with dimensions of 
10x10x10 cm at 28 days of age. Samples were made in series of 6 samples each. 
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3 Results and Discussion 

The most important property for plasticizing additives is considered to be the spreadability 
of mortars. Plasticizers should improve the rheological properties of mortars, but at the 
same time, they should not worsen the strength and other physical and mechanical 
properties of cement systems [12-15]. The test results of cement pastes with a plasticizing 
additive based on polyhydric alcohols are shown in Table 3. 

Table 3. Test results of cement pastes with a plasticizing additive based on polyhydric alcohols 

 
As can be seen from Table 3, relatively high strength is obtained with the introduction of a 
plasticizing additive based on diethylene glycol in an amount of 0.8%. 
The effect of a plasticizing additive (based on polyhydric alcohols) on the W/C ratio and 
strength of the cement system was also studied [16-18]. 

 
 

  

№ The amount 
of cement, g 

Additive amount based on 
cement weight, % W/C ratio Spread, 

cm 
Average 

density, g/cm3 
glycerin based 

1 100 - 0.43 6 1.950 
2 100 0.2 0.43 8 1.900 
3 100 0.5 0.43 11 1.880 
4 100 0.8 0.43 11,5 1.850 
5 100 1 0.43 12 1.800 

pentaerythritol-based 
1 100 - 0.43 6 1.950 
2 100 0.2 0.43 8,5 1.950 
3 100 0.5 0.43 10.8 1.900 
4 100 0.8 0.43 11 1.855 
5 100 1 0.43 12 1.850 

ethylene glycol based 
1 100 - 0.43 6 1.940 
2 100 0.2 0.43 9 1.915 
3 100 0.5 0.43 10.5 1.895 
4 100 0.8 0.43 11 1.850 
5 100 1 0.43 11 1.755 

diethylene glycol based 
1 100 - 0.43 6 1.960 
2 100 0.2 0.43 7,5 1.940 
3 100 0.5 0.43 9 1.880 
4 100 0.8 0.43 10 1.850 
5 100 1 0.43 11 1.755 
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Table 4. Effect of a plasticizing additive based on polyhydric alcohols on the W/C ratio and strength 
of the cement system 

 
The table shows that the plasticizing additive based on glycerin compared with the rest 

of the obtained plasticizing additives showed the best result. 
At the same time, it should be noted that glycerin is a local raw material and is produced 

in the Republic of Uzbekistan; therefore, a plasticizing additive based on glycerin can be 
recommended for use in the production of concrete. 

Table 4 also shows that an increase in the amount of a plasticizing additive based on 
pentaerythritol decreases the strength of the cement stone. The same situation is observed 
when adding a plasticizing additive based on ethylene glycol. The strength of the cement 
stone with the addition of this additive in an amount of 0.8% reaches 30 MPa. When adding 
plasticizing additives based on glycerin and pentaerythritol, the strength of the cement stone 
increases with an increase in the number of additives, i.e. it can be assumed that the 
obtained plasticizing additives based on ethylene glycol and pentaerythritol have a small 
plasticizing effect [19-22]. 

We have synthesized superplasticizer SJ-1 based on polycarboxylates. Their difference 
from previously developed superplasticizers lies in the mechanism of their action. Unlike 
those developed earlier, superplasticizers based on polycarboxylate esters have a spatial 
molecular structure with branched side chains. This contributes to more efficient dispersion 
of cement floccules due to the steric effect and also allows water access to clinker minerals. 
The obtained superplasticizer SJ-1 has a good water-reducing effect. This makes 
polycarboxylate-based superplasticizers the most promising modifier [23-26]. 
Investigation of the effect of superplasticizer SJ-1 on cement stones' physical and 
mechanical properties is described below. For testing the superplasticizer, Portland cement 
PC 400 D20, gypsum and high-aluminate cement (white cement, high-alumina cement) 
were selected as dry building materials (Table 5).  

№ The amount 
of cement, g 

Additive amount based on cement 
weight, % 

W/C ratio Strength, 
MPa 

glycerin based 
1 100 - 0.24 18 
2 100 0.2 0.23 24 
3 100 0.5 0.23 29 
4 100 0.8 0.225 33 
5 100 1 0.22 36 

pentaerythritol-based 
1 100 - 0.24 18 
2 100 0.2 0.23 21 
3 100 0.5 0.23 26 
4 100 0.8 0.22 30 
5 100 1 0.22 38 

ethylene glycol based 
1 100 - 0.24 18 
2 100 0.2 0.23 24 
3 100 0.5 0.23 26 
4 100 0.8 0.23 30 
5 100 1 0.225 27 

diethylene glycol based 
1 100 - 0.24 18 
2 100 0.2 0.23 25 
3 100 0.5 0.23 25 
4 100 0.8 0.225 26 
5 100 1 0.225 25 
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As can be seen from Table 5, in most cases, a decrease in the W/C ratio leads to an 

increase in the strength of the cement stone, which indicates the high efficiency of the 
superplasticizer SJ-1. 

4 Conclusions  

Based on the work performed, the following conclusions can be drawn: 
1. Received samples of concrete mix are made based on local raw materials; 
2. Synthesized superplasticizer SJ-1 based on polycarboxylates to obtain extra strong 

concrete; 
3. Studied the main properties of the superplasticizer and its effect on cement stones; 
4. It has been established that the strength properties of concrete depend on the water-

cement ratio, on the amount of superplasticizer. With an increase in the concentration of the 
superplasticizer from 0.2 to 1%, the strength of concrete increases from 48 to 65.6 MPa 
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