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ABSTRACT: Introduction. To create concrete with a set of physical and mechanical characteristics, a rational selection of the com-
ponents of the concrete mix is required, including the use of finely dispersed fillers, including those based on recyclable materials, 
and a highly effective chemical additive of a certain nature and reactive action, which has a complex effect on concrete system. 
Methods and materials. The effectiveness of the components in used additive was assessed by changing the indicators of com-
pressive strength, tensile strength in bending, the assessment of which was carried out according to GOST 10180-2012 “Concrete. 
Methods for determining the strength of control samples. For carrying out scientific and experimental studies, the following materi-
als were used: Portland cement CEM I 42.5N; natural sand; fine microsilica; complex chemical additive with increased plasticizing 
and reactive effects. Results. The combination of polycarboxylate polymers and nanodispersions of silicon hydroxide enhances 
the effectiveness of each component, which is reflected in a significant increase in the coefficient of crack resistance of concrete 
at high compressive strength. It has been established that when using a complex nanopolymer chemical additive, the increase in 
tensile strength in bending is 67% and it exceeds the increase in compressive strength by more than 30%. Discussion. An increase 
in hydration activity in the presence of a nanopolymer additive has a positive effect on the compaction of the emerging concrete 
structure. Confirmation of the formation of a dense and strong structure during the hardening of nanomodified concrete is an in-
crease in the water resistance of concrete by 2.5 times and its frost resistance by more than 2.5 times. Conclusion. The advantage 
of nanomodified concrete is its increased chemical resistance to carbon dioxide and magnesia corrosion and, in accordance with 
the index of chemical resistance coefficient, CCSт> 0.8, and GOST R 58895-2020, the developed nanomodified concrete belongs 
to chemically highly resistant concretes. It is advisable to recommend nanopolymer concrete with high physical and mechanical 
properties for the manufacture of structures for overhead power transmission lines (OPL).
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INTRODUCTION

Concrete is one of the most common and unique con-
struction materials, as its properties such as strength, 

cracking resistance, hardness and frost resistance can be 
purposefully controlled, improving each of the required 
parameters, as a result of the use of a certain component 
composition or the creation and use of high-performance 
complex of chemical additives of a certain nature.

The concrete manufacturing technology is quite sim-
ple, it consists of precise metering and careful mixing of 

rationally selected components in order to obtain concrete 
mixture of a certain mobility, which is used to make prod-
ucts of different shapes and configurations.

The concrete mixture is hardened and formed spon-
taneously under natural conditions at an above-zero tem-
perature of about +5 до +25оС. During the hardening 
process of the concrete mixture, hydration processes take 
place and complex hydrate joints of different composition, 
different crystalline structure, which influences the for-
mation of artificial stone (concrete) with certain physical 
and mechanical properties [1–10].
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Concrete is used in various areas of construction, 
for example, in motor roads, airfields and railroads con-
struction to create a high-strength surface, used in the 
creation of nuclear power plants for the manufacture of 
dense seamless structures, as well as in high-rise buildings, 
when creating unique buildings such as Lahta-Center 
with a height of 462 m in Saint-Petersburg or buildings 
with a height of 268 m in the Moscow-City complex in 
Moscow, in addition, demand and require improvement 
of the design for OPL (overhead power line), which help 
to provide electricity to towns and cities in the center of 
the country and in the most outlying areas.

OPL represented by poles, foundations are absolutely 
not protected from the influence of such external factors 
as wind and precipitations. The main requirement for the 
construction of such structures is to increase their working 
life. The solution to this problem can be achieved by cre-
ating a concrete with increased tensile strength at bend-
ing at the same time at high compressive strength, which 
should improve the resistance of the concrete structure 
to cracking. It is advisable and effective to increase the 
density of concrete in order to increase the chemical and 
frost resistance and waterproof, which should have a posi-
tive impact on increasing the durability of OPL [11–14].

In order to create concrete with a set of above men-
tioned physical and mechanical characteristics it is re-
quired a rational selection of components of the concrete 
mixture, and specifically it is advisable to consider the 
use of fine fillers, and also it is required a highly effective 
chemical additive of a certain nature and reactive action, 
which has a complex effect on the concrete system.

This research deals with the solution of the above-
mentioned issues and creating high-performance con-
crete.

METHODS AND MATERIALS 

The materials presented below were used for the sci-
entific and experimental studies.

1. Portland cement CEM I 42,5Н GOST 31108-2020 
«Standard cement. General specifications». Physical and 
mechanical characteristics of Portland cement:
–	 normal density of the cement dough (%) – 25,8;
–	 start cement setting, minute – 165;
–	 finish cement setting, minute – 257;
–	 compressive cylinder strength of concrete at 28 days, 

МPа – 53,5.
2. Sand for construction works GOST 8736-2014 

«Sand for construction works. General specifications »:
−	 particle size module Mk = 2.6,;
−	 dust and clay particles – 1,37 %;
−	 clay lump content – no.

3. Crushed granite as per GOST 8267-93 in fractions 
of 5–10 mm. «Crushed stone and gravel from dense rock 
for construction works. General specifications»

−	 dust and clay particles – 0,93 %;
−	 clay lump content – no.

4. The microsilica (SiO2) MK-85 GOST R 58894-
2020 was considered as a filler.

5. To increase reactive activity of the system, a com-
plex chemical additive was used, which has increased 
plasticizing and reactive action effects. The additive was 
based on polycarboxylate polymer combined with colloi-
dal solution based on nanodispersions of silica hydroxide 
SiO2●nH2O, with particle size – (50–70) nm, and ad-
ditionally as modifiers used substances of organic and 
inorganic nature, providing moderate air involvement (in 
the range of 4–6%) on the concrete mixture.

The effectiveness of the components of the additive 
used relative to the components of the concrete mixture 
was evaluated by changing of compression and flexible 
strength, wich was estimated according to GOST 10180-
2012 «Concrete. Methods of strength determination by 
control samples».

To determine the strength parameters, samples-
cubes with an edge of 100 mm and samples-prisms of 
100×100×400 mm were manufactured. Concrete samples 
were hardened under normal conditions at temperature 
(20±2)оС and humidity W ≥ 95 %.

The ratio of flexible strength to compressive strength 
characterizes the resistance of concrete to cracking, 
which is essential for centrifugal poles of OPL, which 
have a height of up to 26 m at a wall thickness of up to 
85 mm. As mentioned earlier, to increase the durability 
of structures, it is advisable to increase the density of the 
structure of the concrete used for the construction of 
poles of OPL.

The water absorption of concrete was determined 
according to GOST 12730.378 “Concrete. Methods for 
determining water absorption».

The durability of concrete was assessed by the indica-
tors of frost resistance and chemical resistance, which 
were determined by standard methods in accordance 
with GOST 10060-2012 «Concrete. Methods of determi-
nation of frost resistance», GOST 12730.5-2018 «Con-
crete. Methods of determination of water resistance» and 
GOST R 58896-2020 «Сhemically resistant concrete. 
Test methods». 

RESULTS

The main objective of this study is to create con-
crete with the increased resistance to cracking. It can be 
achieved by the formation of hydrosilicates with elevated 
SiO2 content in the hardening process, which are low-base 
hydrosilicates and have a fibrous or needle-like structure, 
which has a microreinforcing effect on the forming struc-
ture of concrete, positively influencing its tensile strength 
during bending. To achieve this, comparative studies were 
carried out on the use of the microsilica (SiO2) and the 
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nanodispersions of silica hydroxide SiO2●nH2O which is 
part of the additive.

According to the design data for poles of OPL, most 
often required concrete is B30 with a brand for the work-
ability of the concrete mixture – P3. The most rational 
material consumption per 1 m3 of concrete mixture has 
been determined on the basis of pre-selected concrete 
compositions:
−	 Portland cement PC CEM 42.5H – 390 kg;
−	 Sand with МК=2,25- 845 kg;
−	 Crushed stone fraction (5-10) mm - 950 kg;
−	 W/C ratio – 0,52.

In the first stage, the studies made a comparative as-
sessment of the action efficiency of the microsilica (SiO2) 
and the nanodispersions of silica hydroxide SiO2●nH2O 
in the presence of an aqueous solution of a polycarboxyl-
ate polymer with a density ρ = 1,027 г/см3 and a value of 
hydrogen pH = 6.5. The effectiveness evaluation was car-
ried out on changing the mobility of the concrete mixture 
and on the index of compressive strength. The results of 
studies are presented in table 1.

An analysis of the data presented in Table 1 shows 
that the action efficiency of the microsilica (SiO2) is 
lower than that of the nanodispersions of silica hydrox-
ide SiO2●nH2O, which is confirmed by the absence of 
a plasticizing effect in the microsilica, and at the same 
time the increase in compressive strength in the presence 

of a microcstrap is 11% against the concrete modified 
by a polycarboxylate polymer, while in the presence of 
silicon hydroxide nanodispersions, the strength increase 
is 17% (Fig. 1) and there is an increase in the mobility of 
the concrete mixture, as evidenced by a slight decrease in 
the W/C ratio in the range (5–7)%.

For thin-walled high-rise constructions, their resis-
tance to cracking is essential, which is evaluated by the 
index of tensile strength at bending or fracture resistance 
coefficient, Сfr = R tensile strength at bending / Rсompressive strength as 
well as important for all concrete structures, especially 
for those that are not protected from possible external 
adverse effects, to which OPL constructions may be as-
signed, has a durability that is to some extent correlated 
with the density of the emerging structure of concrete.

During further scientific and experimental studies, 
a comparative assessment of fracture resistance and den-
sity was made when using in a rational amount of the 
microsilica (SiO2) and the nanodispersions of silica hy-
droxide SiO2●nH2O in combination with a polycarbox-
ylate polymer. The results of the studies are presented in 
table 2.

The data presented in Table 2 confirm the high ef-
ficiency of the combined action of polycarboxylate poly-
mer and nanodispersions of silica hydroxide, resulting in 
a significant increase in the fracture resistance coefficient 
at increased compressive strength, and at the same time, 

Table 1 
Comparison of the microsilica (SiO2) and the nanodispersions of silica hydroxide SiO2●nH2O efficiency on concrete 
mix and concrete properties
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390 – – – 203 0.52 13 39.2
2 390 0.8 – – 168 0.43 14 46.8
3 390 1.0 – – 160 0.41 15 49.8
4 390 1.2 – 156 0.40 15 50.4
5 390 1.0 8.0 – 176 0.45 14 53.9
6 390 1.0 10.0 – 179 0.46 14 55.3
7 390 1.0 12.0 – 187 0.48 13 56.0
8 390 1.0 0.4 158 0.41 14 56.4
9 390 1.0 0.6 152 0.39 14 58.3

10 390 1.0 0.8 148 0.38 15 59.0
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Table 2
Comparison of fracture and density of concrete in the presence of the microsilica (SiO2) and the nanodispersions  
of silica hydroxide SiO2●nH2O
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390 – – – 0.52 P3 39.2 4.6 0.117 4.2

2 390 1.0 – – 0.41 P3 49.8 6.0 0.120 3.9

3 390 1.0 10.0 – 0.46 P3 55.3 6.8 0.123 3.6

4 390 1.0 – 0.6 0.39 P3 58.3 7.6 0.130 3.3

Fig. 1. Effect of microsilica and nanodispersions of silicon hydroxide 
on the compressive strength nanomodified concrete
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Table 3
Comparison of complex of physical and mechanical characteristics of concrete
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390 – – – 39.0 P3 В30 0.46 0.43

2 390 1.0 – – 49.6 P3 В40 0.73 0.72

3 390 1.0 0.6 – 58.0 P3 В46 0.87 0.84

4 390 – – 1.0 52.2 P3 В47 0.89 0.86

the water absorption of the hardened concrete is reduced, 
which may be due to a decrease in the W/C ratio and an 
increase in the hydration degree, because the increase in 
tensile strength at bending is usually due not to compac-
tion of the concrete structure, but to the formation of 
hydrosilicates, SiO2, i.e. low-core, which have a fibrous 
structure and microreinforcing effect on the forming con-
crete structure.

The microsilica relative to the nanodispersions of sili-
ca hydroxide appears to have less reactive activity and less 
action to increase the fracture resistance of the concrete.

Therefore, further studies to assess the durability of 
the modified high-strength concrete were carried out with 
an additive based on polycarboxylate polymers modified 
by nanodispersions of silica hydroxide combined with 
an air-inducing component, ensuring rational air uptake 
within 4–6%.

The chemical resistance of modified concrete to car-
bon dioxide and magnesium corrosion was identified as 
the main durability parameters. To this end, modified 
concrete samples were treated in 5% Na2CO3 solution 
and 5% MgCl2 solution for 360 days. The results of the 
studies are presented in table 3.

The data presented in Table 3 show that concrete 
modified with aqueous polycarboxylate polymer solu-
tion has increased compressive strength and chemical 
resistance, which seems to be due not only to the sealing 
of the concrete structure, due to the plasticizing effect of 
polycarboxylate polymer, but also to an increase in hydra-
tion activity of the components of the concrete mixture.

The addition of nanodispersions of silica hydroxide 
SiO2●nH2O to the polycarboxylate polymer is effective, 
and has an additional positive effect on the increase of 

hydration activity of the concrete mixture. Apparently, 
the pre-mixing of this components, enhances the own 
effectiveness of each component increasingly.

In the presence of a complex chemical additive, the 
compressive strength is increased by about 52%, and 
the concrete with the additive corresponds to class B47 
relative to the design class of concrete B30, the modified 
concrete relates to high resistance to carbon dioxide and 
magnesium corrosion in accordance with GOST P 58895-
2020 The concretes are chemically resistant. Technical 
conditions», while the concrete control composition ac-
cording to Table 3 is «relatively stable» concrete.

Increasing the chemical resistance of the concrete 
used for posts or foundations of OPL is of great impor-
tance, which must be taken into account when designing 
these constructions.

The increased strength of concrete is usually ac-
companied by a decrease in the W/C ratio as a result of 
the modifier plasticizing effect or the formation of an 
increased number of new complex hydrate connections, 
sealing and reinforcing the forming concrete structure by 
creating new contacts between the concrete components, 
which should have a positive impact on the durability of 
the concrete. Scientific and experimental studies have 
been carried out to confirm these assumptions, the results 
of which are presented in table 4. 

The physical and mechanical performance of modified 
concrete at the same cement consumption significantly 
exceeds the strength and durability of the test concrete 
composition, which leads to the assumption, that the 
durability of modified concrete will also increase at least 
twofold and should be 100 years or more, which is eco-
nomically and environmentally efficient.
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DISCUSSION

Concrete structures for OPL, represented by thin-
walled poles up to 26 m high, whose diameter reaches 
0.8 m, as well as foundations, which are used for fixing 
and installing poles, are partially in the ground, partly on 
the surface, are not protected from negative atmospheric 
influences such as alternate wetting-drying, freezing-
thawing. Of course, such constructions require a new level 
of concrete properties, which must simultaneously have a 
set of improved physical-mechanical characteristics, the 
most important of which are fracture resistance, chemi-
cal resistance, frost resistance, waterproof and increased 
compressive strength [15–20].

The improvement of the above parameters is possible 
and is achieved by the use of an effective chemical addi-
tive based on highly effective surfactants, represented by 
a polycarboxylate polymer, which provides a superplas-
ticizing effect. The combination of this type of surfactant 
with the nanodispersions of silica hydroxide SiO2●nH2O 
dispersions enhances the plasticizing and water-reducing 
effects by more than 27%, and the presence of nanodis-
persions in the additive significantly increases its reactive 
activity, providing the formation of new hydrate phases of 
a certain structure, which contributes to a higher growth 
of tensile strength during bending and, as a result, in-
creased cracking resistance of high-strength concrete 
[21–27].

The use of a complex chemical additive with nano-
structural elements made it possible to solve the tasks in a 
sufficiently complete manner and to create a concrete with 
increased reliability and durability, which is expedient to 
use for the constructions of OPL.

CONCLUSION

It has been determined that it is advisable to use a 
complex chemical additive, which has increased plasticiz-
ing and reactive action effects, to produce concrete with 
increased cracking resistance and increased durability.

It has been experimentally confirmed that the nanodis-
persions of silica dioxide hydroxide are very well compatible 
with the surfactants based on polycarboxylate polymers, 
their joint presence provides a superwater-reducing effect, 
providing a reduction of W/C ratio of more than 27%, in-
creasing the density of the concrete structure, as evidenced 
by the decrease in the amount of water absorption from the 
value of Wm (control composition) 4,3% to the value of Wm 
(nanomodified composition) 3,2%.

The increase in bending tensile strength is 67% with an 
increase in compressive strength of 52%, which is prob-
ably due mainly to the formation of new hydrate phases 
with elongated fibrous structure and microreinforcing 
effect on the hardening concrete mixture. Such hydrosili-
cates can be classified as low-core, which in its composi-
tion contains an increased amount of SiO2, which seems 

Table 4
Comparison of complex of physical and mechanical characteristics of concrete
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to be possible in the presence of reactive nanodispersions 
of silica hydroxide SiO2●nH2O, as components of a com-
plex chemical additive.

Developed nanopolymer concrete, characterized by 
high strength, reliability and durability, it is advisable to 
recommend and use for structural elements of OPL.
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