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Abstract. The proposed composite non-autoclaved aerated concrete based on a polymer emulsion is a 
solution to several problematic issues in the production of non-autoclaved aerated concrete. Using the 
method of joint emulsification of aluminium powder and polymer component, we obtained a polymer 
emulsion that contributes to high-quality saponification of the gas-forming agent. The emulsion ensures 
uniform gas release over the entire volume of the aerated concrete block, thereby providing a uniform pore 
structure. To assess the uniformity of the pore structure, we determined the density by sampling three 
sections of aerated concrete (upper, middle and bottom). We studied the quality of the pore structure by 
calculating water absorption by weight, compressive strength and freeze/thaw resistance. The results of 
the water absorption study showed the effectiveness of the polymer emulsion due to the hydrophobicity of 
the polymer component. The research also revealed the structure of composite aerated concrete cell walls. 
The obtained results of tests on the strength of composite aerated concrete in comparison with traditional 
aerated concrete also confirmed the effectiveness of using the polymer emulsion. The analysis of the 
conducted research contributed to the disclosure of the process that affects the increase in the strength of 
the material. Research on the freeze/thaw resistance of composite aerated concrete has revealed the 
mechanism of action of the polymer emulsion in the process of alternate freezing and thawing. In general, 
the paper demonstrates how polymer emulsion and aluminium powder influence the uniform distribution of 
pores in the composite structure, and therefore, contribute to the uniform density, low water absorption, 
high strength and freeze/thaw resistance of composite aerated concrete. 

1. Introduction 
Nowadays the construction industry is saturated with various construction materials based on binders 

from cement to organic [1]. Polymer binders are widely used also in the production of building materials. 
They have a low density and high acoustic and thermal properties, as well as low water absorption, which 
also positively characterizes these materials [2]. Despite a number of positive characteristics, the polymer 
binder has such disadvantages as flammability and non-durability [3]. 

The advantages of cement binder are high strength and density [4]. However, there are materials 
with a lower density. These include lightweight concretes on a light aggregate, as well as cellular concretes 
that have a low density and pore structure [5]. 

Due to the high demand for this cellular material, the interest in its research and improvement has 
increased. A major disadvantage of cellular concrete is its instability in the preparation process. Cellular 
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concrete is divided into foam concrete and aerated concrete [6, 7]. A distinctive feature of foam concrete is 
a method for obtaining a cellular structure in the material by introducing a foam concentrate, which 
contributes to the formation of a closed pore structure of the composite [8]. Foam concrete has many 
advantages, but in addition to advantages, there are certain disadvantages that negatively affect the quality 
of the material. A literary review showed that the disadvantages of foam concrete materials were solved by 
introducing reinforcement materials such as basalt, fibers, steel reinforcement, etc. in the works [9–13]. 
Taking into account the modern approach and new technologies, foam concrete has eventually occupied 
its niche in the construction industry as a monolithic thermal insulating material, since the production of 
construction materials has always been accompanied by a large quantity of poor quality products, foam 
mortar has given a large shrinkage in shape and the material has become unusable [14], [15]. Aerated 
concrete, on the contrary, has become more widely used in the construction industry as a wall insulation 
structural material. The difference between aerated concrete and foam concrete is the use of a gas-forming 
agent, which in the course of a chemical reaction causes the process of gas formation and thereby inflates 
the solution, creating communicating pores [16]. Aluminum powder and hydrogen peroxide (technical 
peroxide) are used as a gas-forming agent [17]. Disadvantages of aerated concrete are high water 
absorption and low freeze/thaw resistance associated with its communicating pore structure [18, 19]. In the 
technology of production of aerated concrete, measures have also been taken to improve their physical 
and mechanical properties by using reinforcing components with modifiers [20]. The production of 
composite material is of great interest to the construction industry, and therefore improvement and 
elimination of existing shortcomings is relevant. 

After analyzing the existing shortcomings and modern achievements in the field of aerated concrete 
production, as well as studying the chemical processes of structure formation of the material, the possibility 
of using polymer components was suggested [16, 21]. Practice has shown that research on this issue has 
been conducted and certain results have been obtained [22, 23]. 

But even in these cases, the manufacturer faced certain difficulties, from chemical to technological 
processes [24–26]. In this regard, our study of the influence of water-soluble polymers on the quality of the 
composition and technological process of aerated concrete has undeniable importance. 

The purpose of the research process is to obtain high-strength non-autoclaved composite aerated 
concrete with improved physical and mechanical properties. 

To achieve this goal, the following tasks were completed: 

• to study the theoretical aspects of existing technologies, their features and disadvantages; 
• to develop a technological process for the production of composite aerated concrete; 
• toinvestigate the influence of polymer on the structure of composite aerated concrete cell walls; 
• toconduct a comparative analysis of the effectiveness of composite aerated concrete with its 

analogues. 

2. Methods 
Preparation of traditional aerated concrete products was carried out under production conditions 

according to the standard method. Composite aerated concrete was produced with the addition of a polymer 
component – polyvinyl acetate (PVA). The composition of this material according to traditional and 
composite technologies is shown in Table 1. 

Table 1.Composition of aerated concrete. 
Type of aerated 

concrete 
Cement, 

kg Sand, kg Gas generator, 
gr 

PVA polymer, 
kg 

Sodium 
hydroxide, gr Water, l 

Traditional aerated 
concrete 270 350 350 – 500 162 

Composite aerated 
concrete 270 350 370 1.5 – 121 

 

For the preparation of aerated concrete were used: 

Cement CEM I 42.5 N with chemical composition of CaO – 60.40 %, SiO2 – 22.15 %, Al2O3 – 5.67 %, 
MgO – 4.9 %, Fe2O3 – 3.8 %. 

Sand with fineness modulus 2.23, bulk density 1.5 g/cm3, true density 2.59 g/cm3, hollowness 
42.8 %, contamination 1 %. 
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Polyvinyl acetate with a density of 1.15 g/cm3, viscosity 0.09 Pa*s, hydrogen pH 5.5, polymerization 
degree 1800. 

In the production of traditional aerated concrete, dry components are combined in a mixer: sand and 
cement. Then water is poured into the mixer. The water temperature should not exceed 55 °C. Then the 
compound is thoroughly mixed for 5-7 minutes. After this, aluminum powder is prepared, in our case, PAP-
2. Aluminum powder and sodium hydroxide are combined in hot water with a temperature not lower than 
70 °C. Then a prepared aqueous solution of sodium hydroxide and aluminum powder is added to the 
cement-sand mixture. Finally, the composition is mixed for 5-7 minutes and distributed in the prepared 
forms. 

After forming, the aerated concrete is expanded before setting, and excess material is removed from 
the surface of the mold to its level. And after 20-24 hours, the aerated concrete is removed from the 
formwork and sawn on the template. 

For the production of composite aerated concrete, the dry components of sand and cement are also 
stirred in a mixer, after which water is poured into the compound at a temperature of at least 55 °C and 
thoroughly mixed for 5-7 minutes. Then the gasifier is prepared. To obtain a saponified gas-forming agent, 
we use a PVA polymer instead of sodium hydroxide. Based on the above, in the course of solving the 
problem of effective combination of a polymer component (PVA), a gas-forming agent (aluminum powder) 
with a mineral binder, a number of issues of interaction of a water-soluble polymer and aluminum powder 
were taken into account. The most optimal solution was to obtain an emulsion of PVA, water and aluminum 
powder, which is easily soluble in a cement-sand solution. 

The quality of the prepared emulsion may be affected by the method of dispersion (emulsification) 
and the temperature regime. In this regard, the temperature regime was determined from 70 °C. This 
temperature allows the PVA polymer to effectively remove the paraffin foil from the surface of aluminum 
powder. 

A rotary pulsating device (RPD) was used as a dispersant. The main factors that determine the 
emulsification process in a RPD type dispersant are pressure (0.5–1.0 MPa) and centrifugal force (rotor 
speed is 1200 rpm). These factors cause the occurrence of high-frequency vibrations in the RPD, 
accompanied by cavitation and hydrodynamic processes, thereby allowing to obtain a high-quality emulsion 
and saponified gas-forming agent. The resulting emulsion is introduced into the cement-sand compound. 
After that, the mixture is stirred for 5-7 minutes and poured into pre-prepared molds. 

After forming, the aerated concrete is expanded before setting, and excess material is removed from 
the surface of the mold to its level. Further after 20-24 hours, the aerated concrete is removed from the 
formwork and sawn on the template. 

Testing of samples is carried out according to the standard method for cellular concrete [7, 27–32]. 

At the end of 28 days, samples were taken. Samples of the cube for research were cut out of 
prepared composite non-reinforced and traditional aerated concrete blocks. The dimensions of the 
traditional and composite block were 600 mm in length, 400 mm in width and height. Samples for testing 
were cut from the upper middle and lower parts of the product, three samples from each part. The margins 
from the faces of the cubes were made at least 40 mm when cutting. The temperature in premises was 
19 °C with a relative humidity of 35 % before the tests. The samples were kept in the laboratory for 24 
hours. Samples are 28 days old. 54 samples (cubes) were made: 27 from composite aerated concrete and 
27 from traditionally prepared aerated concrete. For sawing out samples, a template was used to obtain 
items with a smooth geometric surface with an error of up to 1 mm. 

The density of the samples was determined for the beginning of the tests. The volume was 
determined using a caliper, since the samples (cubes) had regular geometric shapes of 100×100×100. 

The density was determined according to the Eq. 1 [28]: 

100m
w V
= ∗ρ ,      (1) 

where wρ isdensity of material, 

m ismass of sample, g,  

V isvolumeof sample, cm3. 

In order to see the quality of the pore structure and pore walls, the water absorption of aerated 
concrete by weight was determined. Determination of water absorption of aerated concrete was carried out 
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as follows, samples were weighed on verified calibrated scales with an error of 0.1 %, and then placed in 
a container with water. Since the density of the material was low, the samples floated, so a load was placed 
on their surface. The water level in the container was 60 mm higher than the sample level, and the water 
temperature was 21 °C. The samples were weighed every 24 hours to a constant mass. Fig. 1 shows the 
stages of the test. 

Before each weighing, the samples were wiped with a damp cloth. 

Calculation of water absorption by mass was determined according to the Eq. 2 [33]: 

*100
m mB CWM mC

−
= ,     (2) 

where WM  is water absorption by mass; 

mB  is weight of the dried sample, g; 

mC  is mass of the water-saturated sample, g. 

   
Figure 1.Test of water absorption by mass. 

The strength of aerated concrete was determined from control samples. Tests were performed on 
samples of 100×100×100 size prepared in advance by sawing out of a single block of 600×400×400. The 
age of the samples is 28 days. Concrete compressive strength test is shown in Fig. 2. 

   
Figure 2.Concrete compressive strength test. 

The samples were tested on an automatic press CONTROLS (Pilot) 500 kH. The strength of one 
series was determined as the arithmetic mean of the tested samples. 18 cubes were tested, 9 from each 
series. 

The test for freeze/thaw resistance was determined on samples-cubes 100×100×100, which 
reached 28 days. 12 samples of two series-composite and traditional aerated concrete6 samples of each 
series, placed in a container with water and gradually, every 8 hours in two stages, increased the depth 
of immersion. After 16 hours, samples were completely submerged and loaded so that the samples could 
not float, and they were kept in this state for another 24 hours. 
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Then the samples were loaded onto the mesh racks of the automatic climate chamber 10D 1429 / a 
CONTROLS, the temperature of the chamber during loading was – 18 °C. 

The freezing time was set for 4 hours at –18 °C, thawingisalso for 4 hours at the temperature 
+18 °C and humidity 95 %. 

The freeze/thaw resistance test is shown in Fig. 3. 

   
Figure 3. Freeze/thawresistance test. 

The main criterion for the end of the test for freeze/thaw resistance was a visual change in the surface 
of the sample (cracks, chips), as well as a mass loss of more than 5 %. The samples were tested after 15 
cycles of freezing and thawing, followed by an interval of 25, 35, 50, 75, 100 cycles. 

The relative decrease in strength Rrel  in % was determined according to the Eq. 3 [34]: 

1 *100
RmtnRrel Rmtk

 
 = −
 
 

,     (3) 

where Rmtn  is average strength of the main samples after the specified test cycles in MPa; 

Rmtk  is average strength of control samples in MPa. 

Mass loss m∆ in % was calculated according to the Eq. 4 [34]: 

(1 ) (1 )
*100

(1 )

m W m Wn nn n
m m Wn n

− − −
∆ =

−
,    (4) 

where mn  is average mass of the main samples after water saturation, g; 

Wn  is average value of humidity of control samples after water saturation,measured in parts of one; 

mn  is average mass of the main samples after passing the intermediate number of cycles, g; 

W n  is the average humidity value of the main samples after passing the intermediate number of 
cycles, measured in parts of one. 

3. Results and Discussions 
The results of determining the density of traditional aerated concrete in comparison with composite 

allowed us to objectively assess the quality of the pore structure of materials. According to the study [35, 
36] of the pore structure of non-autoclaved aerated concrete, its non-uniformity and, as a result, the density 
difference in different sections of the material were noted. The quality of the pore structure directly depends 
on the difference in the density of the material in different sections of the same block. 
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Table 2. Density of traditional and composite aerated concrete. 

Sample 
Actual density 

Upper samples Middle samples Bottom samples 

Traditionalaerated concrete 
617 617.8 619.1 

616.3 617.5 617.8 
616.5 616.9 619.2 

Average density 616.6 617.4 618.7 
Average density of all samples 617.6 

Composite aerated concrete 
618.4 618.9 619.1 
618.7 618.5 618.7 
618.2 618.8 619 

Average density 618.4 618.7 618.9 
Average density of all samples 618.6 

 

Based on the data from Table 2, in traditional aerated concrete, we see a difference in the density of 
the upper samples compared to the middle and lower ones, which indicates an uneven distribution of the 
pore structure. This is due to the fact that the density of aluminum powder together with paraffin foil is 
significantly lower than the density of the solution. As a result, during the preparation of the material, part 
of the aluminum powder, not fully saponified, rushed to the surface of the material in the process of mixing. 
However, most of the aluminum powder after forming, after passing certain stages of interaction with the 
surface of the cement binder, warm water and alkaline (sodium hydroxide), loses the protective paraffin foil 
and increases the amount of hydrogen released on the surface of the block. 

Composite aerated concrete, in contrast to traditional, has a more stable density in all areas of the 
tested material, which is explained by its production technology. We get a positive effect from the productive 
saponifying of aluminum powder. This process takes place by producing an emulsion of polymer, water 
and a gas-forming agent in a rotary pulsating device, which under pressure and due to centrifugal force 
forms high-frequency vibrations accompanied by cavitation with hydrodynamic processes. The resulting 
water-based emulsion of PVA polymer and aluminum powder easily dissolves in water for further use. This 
property guarantees a uniform distribution of all components in the structure of the material, thereby 
providing a high-quality pore base of composite aerated concrete. 

Thus, a slight difference in the density of the composition is the result of an uneven distribution of 
saponified grains of aluminum powder, which leads to a decrease in the quality of the material. 

The next stage of determining the quality indicators of traditional and composite aerated concrete 
was the study of water absorption. Literary review showed that water absorption, strength, frost resistance 
corresponds to traditional aerated concrete [37, 38]. 

The results of determining water absorption by weight of traditional and composite aerated concrete 
are presented in Table 3. 

Table 3. Water absorption by weight of traditional and composite aerated concrete. 

№ Sample 
Weight of the dried sample, g Mass of the water-saturated sample, 

g 
Upper 

samples 
Middle 

samples 
Bottom 

samples 
Upper 

samples 
Middle 

samples 
Bottom 
samples 

 Traditionalaerated concrete 
617 617.8 619.1 801.5 800 801.8 

616.3 617.5 617.8 801 799.5 800 
616.5 616.9 619.2 800.8 801 801 

Water absorption, % 
29.9 % 29.49 % 29.51 % 
29.9 % 29.47 % 29.49 % 

29.89 % 29.84 % 29.36 % 
Average water absorption, % 29.9 % 29.6 % 29.5 % 

Average water absorption of all samples, % 29.7 % 

 Composite aerated concrete 
618.4 618.9 619.1 717.5 719 716.5 
618.7 618.5 618.3 718 716.9 718 
618.2 618.8 619 717.3 717 718.2 

Water absorption, % 
16.02 % 16.17 % 15.73 % 

16.04 15.9 % 16.12 % 
16.03 % 15.86 % 16.02 % 

Average water absorption, % 16 % 16 % 16 % 
Average water absorption of all samples, % 16 % 
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The dependence of water absorption on the pore structure of aerated concrete is similar to the results 
of studies of traditional aerated concrete in the range from 28 to 30 % [39]. 

Based on the results of the study, we can note a significant contrast between traditional and 
composite aerated concrete. Taking into account the fact that composite aerated concrete has a 
hydrophobic component (PVA) in its structure, this difference is obvious. A 46 % reduction in water 
absorption of composite aerated concrete indicates that most of the water did not penetrate the structure 
of the aerated concrete and thus provided this result. However, considering the fact that the pore structure 
of aerated concrete is communicating, we can conclude that the pore can only be communicated in a certain 
space according to the possibilities of the gas-forming ability of the aluminum powder particle. Based on 
this conclusion, in the traditional production technology, the particles of the gas-forming agent, contacting 
the surface of the cement particles, contribute to the release of hydrogen, which, rushing vertically up, forms 
a pore space. Also, with a vast accumulation of aluminum powder particles, much more hydrogen is 
released, which reduces the thickness of the walls of the partitions in front of the standing pore, contributing 
to uneven density. Micro and macropores of partitions increase water absorption, while in composite 
aerated concrete micro and macropores are isolated by a polymer component, providing hydrophobicity. 

Composite aerated concrete has a special structure: the cell walls are completely filled and practically 
do not have micropores due to the fact that the water-soluble polymer is a surfactant and improves the 
plastic properties of cement, as well as fills structural defects in the process of hydration of the cement 
binder, is shown in Fig. 4. 

 
Figure 4. The structure of aerated composite concrete’s cell walls. 

The use of polymer emulsion and aluminum powder in composite aerated concrete ensures that the 
communicating pores are closed in space, since the polymer foil creates conditions for their isolation even 
with a vast release of hydrogen, thereby causing hydrophobic features of the material. Fig. 4 shows a 
scheme of the cell structure. 

The results of determining the compressive strength of traditional and composite aerated concrete 
are presented in Table 4. 

Table 4. Compressive strength of traditional and composite aerated concrete. 

Sample Average density, 
kg/m2 

Sample’s strength in MPa 
Upper 

samples 
Middle 

samples 
Bottom 

samples 

Traditionalaerated concrete 600 
2.4 2.9 3.7 
3.5 3.4 3.8 
2.9 3.8 3.1 

The average strength 600 2.9 3.4 3.5 
The average strength of all samples 3.3 

Composite aerated concrete 600 
5.1 5.2 5.3 
5.0 5.0 5.3 
4.9 5.1 5.0 

The average strength 600 5 5.1 5.2 
The average strength of all samples 5.1 

 
The strength properties of aerated concrete were studied in the papers [35]. The experience of 

studying the strength of samples non-autoclaved aerated concrete shows the result similar to the traditional 
one in the range from 3 to 3.5 MPa [40]. 
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The strength of traditional aerated concrete is 51 % lower than that of composite. As mentioned 
above, the reason for this difference in material strength is the quality of the pore structure. One of the 
essential factors that contribute to reducing the strength of traditional aerated concrete is the saponifier 
(sodium hydroxide), since it has a strongly alkaline environment, which negatively affects the hardening 
process. The second factor in reducing strength is the pore walls: the presence of a huge number of micro-
and macropores, which are caused by a high water-cement ratio. Rapid loss of moisture in the process of 
gaining strength during the first days of hardening requires special care of the product, which is an additional 
technological process. 

The explanation for the high strength of composite aerated concrete is the use of a polymer emulsion 
with a gas-forming agent. 

Composite aerated concrete, having water-soluble polymers in its structure, which are also 
surfactants, plasticizes the solution, positively affecting the process of hydration of the cement binder. The 
polymer component, forming a foil in the structure of aerated concrete, retains moisture, which positively 
influences the hardening process of the material, without requiring additional care. This increases the 
strength by filling micropores and microcracks with a polymer that serves as a binder. 

The results of freeze/thaw resistance of traditional and composite aerated concrete are shown in Fig. 
5. 

 
a) freeze/thaw resistance  

of traditional aerated concrete 

 
b) freeze/thaw resistance  

of composite aerated concrete 

Figure 5. Freeze/thaw resistance of traditional and composite aerated concrete. 
The freeze/thaw resistance of non-autoclaved aerated concrete does not contradict the results of the 

study of traditional aerated concrete, which also varies in the range of 25 to 35 cycles [41]. 

It is known that in cellular concrete, major pores are not filled with water completely, since due to 
small capillary forces, water is not retained in them during the extraction of samples from water. In addition, 
in conventional non-hydrophobized cellular concrete, water is aspirated by capillaries from larger pores. 
Therefore, the released major pores make up the so-called reserve, i.e. they form a buffer space, which is 
a damper during the transition of water to ice, which increases the freeze/thaw resistance of cellular 
concrete. The freeze/thaw resistance of aerated concrete was researched in the works [42]. 

The mechanism of destructive action is related to the phase transition of water into ice and to the 
crystallization of salts in process of drying in the concrete pores. 

Many authors explain the destruction by hydraulic pressure of water pressed by ice, the crystallization 
pressure of ice and salts, the specifics of ice segregation in micropores and capillaries, the formation of ice 
lenses as the concrete freezes layer by layer, and other reasons. 

An external sign of concrete failure is an increase in its volume due to the expansion of water in the 
concrete pores during freezing, as well as shrinkage during thawing and drying. In this case, a system of 
micro and macro-cracks is formed, and their own structural tensile stresses occur. 

Chemical and mineral additives play an important role in giving concrete structural strength and 
higher freeze/thaw resistance. By introducing various additives, it is possible to improve the properties of 
concrete mixtures, regulate the time of setting and hardening of concrete, as well as increase its physical 
and mechanical properties and durability in structures and buildings. 

The mechanism of formation and movement of ice in the pores and capillaries of concretes modified 
with hydrophobizing additives proceeds according to completely different schemes. It is known that ice has 



Magazine of Civil Engineering, 106(6), 2021 

Sabitov, Y.Y., Dyussembinov, D.S., Zhumagulova, A.A., Bazarbayev, D.O., Lukpanov, R.E. 

a high adhesion to concrete. Hydrophobization significantly reduces the bonding force of ice with the 
material, so when it crystallizes, the pressure in the concrete pores is significantly reduced. 

Our research on determining the freeze/thaw resistance of composite aerated concrete has also 
shown their higher resistance in comparison with traditional aerated concrete that does not contain polymer 
components. Thus, composite aerated concrete withstood 75 cycles of alternating freezing and thawing 
without external signs of destruction, while traditional concrete withstood only 35 cycles. 

The validity of the pore structure and the influence of various factors on it were carried out by many 
authors, however, all actions were considered from the point of view of raw material activation by adding 
various kinds of additives that increase the activity of aluminum powder, or cement binder [43]. However, 
in some cases, given the positive effect of the additive on gas formation, the quality indicator of the binder 
decreases, or vice versa. The studied work of using sodium hydroxide in the production of non-autoclaved 
aerated concrete, the gas generation rate of a reasonably high alkaline medium of sodium hydroxide 
undoubtedly during the chemical reaction, the gas-forming features of aluminum powder significantly 
increase, but in the process of interaction of strong alkali and cement binder, its strength characteristics 
significantly decrease its strength characteristics, the material structure begins to peel off. Non-autoclaved 
composite aerated concrete is primarily focused on the effectiveness of the polymer component on the 
properties of all raw materials, and for the effective saponification of aluminum powder, both the chemical 
characteristics of the polymer and the mechanical effects of the rotor-pulsation apparatus were used. 

Thus, the emulsion obtained is much safer, since it does not dust during its application, and its 
effective saponification provides high-quality interconnected pores of the wall, which have a polymer-
cement structure. The hydrophobicity of the polymer component provides high freeze/thaw resistance and 
low water absorption, and the plasticizing effect of the polymer reduces the number of micro and macro 
pores in the structure of the walls of communicating pores providing high strength. 

4. Conclusion 
1. Conducted studies of the density difference of traditional aerated concrete on three sections of 

the material (upper, middle, bottom) samples showed a difference in density from the average density of 
all samples: 

• for upper samples below 0.16 %; 
• for middle samples below 0.03 %; 
• for bottom samples higher by 0.18 %. 
The obtained results indicate that the pore structure of traditional aerated concrete has uneven pores 

with a certain dynamics of increasing the density of the upper part of the material. However, the density of 
composite aerated concrete samples showed stability in all sections of the tested block. Indicators of the 
difference in density of composite aerated concrete from the average density of all samples: 

• for upper samples below 0.08 %; 
• for middle samples below 0.02 %; 
• for bottom samples higher by 0.05 %. 
Hence, after analyzing the results, we can conclude that composite aerated concrete has a uniform 

pore structure that provides a stable density in all areas of the tested block. The density stability of 
composite aerated concrete in contrast to traditional aerated concrete is 78 % higher. 

2. Tests of composite aerated concrete showed an increase in water absorption by 46 %. The 
dependence of water absorption on changes in the density of the material is also determined. A study on 
the water absorption of traditional aerated concrete in three sections of the material (upper, middle, bottom 
samples) showed a difference in the average density of all samples: 

• for upper samples with an average density of 616.6, the water absorption difference is higher 
than 0.8 % of the average water absorption of all samples; 
• for average samples with an average density of 617.4, the water absorption difference is less 
than 0.3 % of the average water absorption of all samples; 
• for bottom samples with an average density of 618.7, the water absorption difference is less 
than 0.7 % of the average water absorption of all samples. 
The obtained data indicate that the density of the material does not fully reflect the dependence of 

the density difference and water absorption. Water absorption of composite aerated concrete is 16 % in all 
three sections of the tested block, which indicates the stability of the pore structure and the closeness of 
communicating pores in space. 
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3. Compressive strength tests of composite aerated concrete showed a 52 % increase in strength. 
The strength value for three sections (upper, middle, bottom) of the tested material showed the difference 
in strength from the average value of all samples:  

• for upper samples below 12 %; 
• for middle samples higher by 3 %; 
• for bottom samples higher by 6 %. 
These results show the dependence of water absorption and strength of the material, which indicates 

that the pore communicating structure is closed in space, providing an increase in strength and limiting the 
spread of water through the structure of the material. 

The study of the strength of composite aerated concrete showed a difference in the strength of the 
material sections (upper, middle, bottom samples) from the average strength of all samples: 

• for upper samples below 2 %; 
• for average samples it is equal to the average strength of all samples; 
• for bottom samples higher by 2 %. 
According to the obtained results, it can be concluded that composite aerated concrete on all sections 

of the block has almost uniform strength, with the exception of an error of ± 2 %. 

4. The freeze/thaw resistance of aerated concrete depends directly on the water absorption, 
strength and density of the material. Composite aerated concrete, having a polymer component in its 
structure, provides hydrophobicity of cell walls and closeness in the space of the communicating pore 
structure; in contrast to traditional aerated concrete, it is characterized by an increase in freeze/thaw 
resistance by 53 %. 
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