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Abstract. The article estimates the influence of external finishing coating characteristics on the humidity 
regime in the walls of aerated concrete blocks with the density of 350–600 kg/m3 (D350–D600 grades). The 
research is in demand due to the fact that condensation of excessive moisture in the enclosing structure is 
one of the most common reasons for the destruction of plaster coatings for walls of aerated concrete. To 
assess the humidity regime in the walls of aerated concrete, the temperature of the onset of moisture 
condensation tsk was determined. The temperature of the onset of condensation tsk is the temperature of 
the outside air: a temperature drops to this level causes formation of condensate in the enclosing structure. 
It was revealed that due to the use of the developed dry building mixture for D350–D600 concrete blocks 
finishing, moisture condensation begins at a significantly lower outdoor temperature. The moisture regime 
in the walls of D350–D600 aerated concrete blocks was studied for the conditions of various climatic zones 
on the example of three cities: Rostov-on-Don, Voronezh, Novosibirsk. A linear model is obtained that 
reflects the dependence of the temperature of the onset of condensation tsk in the walls of D350–D600 
aerated concrete blocks on the thermal properties of the wall material and the finishing layer. 

1. Introduction 
In accordance with the current regulatory documentation, the design of buildings should be carried 

out taking into account modern requirements for energy conservation [1–4]. Therefore, the development of 
new and improve old structures in order to increase their energy efficiency is a priority in the development 
of construction industry [5–8]. 

In recent years, aerated concrete has been increasingly used in the construction of external walls of 
buildings for various purposes [9, 10]. Such wide use of aerated concrete blocks is due to their good 
performance, low heat conductivity, high vapor permeability, relatively low cost, manufacturability of 
masonry and high labor productivity [11–13]. Using aerated concrete blocks of D300-D600 grades, it is 
possible to erect single-layer walls with sufficiently high heat-shielding properties. 

A significant impact on the durability of operation of walls made from aerated concrete is exerted by 
the characteristics of the plaster compositions used for their decoration [14]. One of the most common 
reasons for the destruction of plaster coatings on aerated concrete is condensation of more moisture in the 
enclosing structure [15–18]. Moisture condensation in such enclosing structures occurs due to the 
significant difference in vapor permeability and thermal conductivity of the plaster coating and aerated 
concrete. To reduce the amount of condensing moisture in the enclosing structure, each subsequent layer 
in the direction from the internal surface to the external one should be characterized by greater vapor 
permeability and lower thermal conductivity compared to the previous layer. This requirement is rarely 
succeeded due to the fact that an increase in vapor permeability and a decrease in thermal conductivity of 
plaster coatings are associated with the appearance of an additional pore volume in their structure. That is 
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why the operational properties of the resulting coatings, their frost resistance and moisture resistance may 
significantly deteriorate.  

In the course of previous studies, we developed a compounding heat-insulating dry building mixture 
(DBM), designed specifically for finishing aerated concrete blocks. The recipe contains fluffy lime, 
aluminosilicate ash microspheres, a modifying additive based on a mixture of hydrosilicates and calcium 
aluminosilicates, white cement, ground waste from the production of aerated concrete, Melflux 2651 F, 
VINNAPAS 8031 H, sodium oleate [19–23]. We assume that using this DBM it is possible to significantly 
reduce the possibility of condensation and minimize its amount. 

The purpose of the work is to investigate the influence of the characteristics of the external finishing 
layer on the humidity regime in aerated concrete enclosing structure. To achieve this goal it is necessary 
to solve the following tasks: 

- to assess the influence of the characteristics of the external finishing layer on the temperature of 
the beginning of moisture condensation on the walls of aerated concrete blocks of grades D350-D600; 

- to study the humidity conditions in the walls of aerated concrete blocks of grades D350-D600 for 
the conditions of various climatic zones on the example of three cities: Rostov-on-Don, Voronezh, 
Novosibirsk; 

- to develop a model reflecting the dependence of the temperature of the start of condensation in the 
walls of aerated concrete blocks of grades D350-D600 on the characteristics of the materials used in the 
construction of the wall. 

2. Methods 
A large number of works are devoted to the study of the humidity regime of the operation of walls 

made of aerated concrete blocks. The probability of moisture condensation is usually determined using the 
Fokin-Vlasov graphoanalytical method [24]. In this method, the distribution of Ei and ei the thickness of the 
enclosure at a certain temperature tout is constructed. When using this method, the amount of condensing 
moisture in the wall is determined for the accepted design temperature of the outside air tout. For the 
calculated outdoor temperature in various studies, they take: the average temperature the period of the 
year with negative average daily temperatures, the average monthly temperature for December, January 
or February, the average temperature of the coldest five-day period. 

The studies conducted in this work are based on the technique proposed by V.N. Kupriyanov. In 
accordance with this technique, to assess the probability of moisture condensation in the external 
enclosure, the temperature of the onset of condensation tsk was determined [25]. To determine it in the 
studied building envelope, the profiles of the partial pressure of water vapor ei and the pressure of saturated 
water vapor Ei were constructed in Fig. 1. 

   
Figure 1. The determination method tsk: a) tout= tsk; b) tout< tsk; c) tout> tsk. 

The pressure of saturated water vapor Ei was determined by the temperature profile in accordance 
with the dependencies:  
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The temperature of the start of condensation tsk was considered such an outdoor temperature at 
which the condition is satisfied: 

=i ie E                                                                         (3) 

For a mathematical explanation of the dependence of the temperature of the start of condensation 
tsk on the characteristics of the outer finishing layer, we will use a generalized structural parameter kgdp 
determined by the formula: 

/
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where PiR is vapor resistance of layers located from the inner surface of the enclosure to the border of the 
plaster coating / aerated concrete, (m2·h·Pa)/mg; 

PoR is vapor resistance of the whole enclosure, (m2·h·Pa)/mg; 

ToR  is thermal conductivity of layers located from the inner surface of the enclosure to the border 
of the plaster coating / aerated concrete, (m2· ºC)/W; 

TiR  is thermal conductivity of the entire enclosure, (m2· ºC)/W. 

In the work, the impact of the external finishing coating on tin for the walls of buildings located in 
Rostov-on-Don, Voronezh, Novosibirsk is assessed. 

The calculated parameters of the internal air are adopted according to Russian Set of Rules 
SP 50.13330.2012. Thermal protection of buildings. Updated edition of Russian Construction Norms and 
Rules SNiP 23-02-2003" for residential buildings: temperature tin=20.0 °C relative humidity φin=55%. 

The calculated parameters of the outdoor air are taken in accordance with the requirements of 
SP131.13330.2018 "SNiP 23-01-99* Construction climatology" (Table 1). 

Table 1. Design parameters of outdoor air. 
City Heating period 

zhp, day 
Average temperature of the 

heating period, thp °С 
Degree-day of the 

heating period 
°С·day 

 
Humidity zone 

Rostov-on-Don 166 -0.1 3336.6 Dry 
Voronezh 190 -2.5 4275.0 Dry 

Novosibirsk 222 -8.1 6238.2 Dry 
 

The design of the wall under study is shown in Fig. 2. 

For interior decoration of aerated concrete blocks, cement-slag plaster was used, layer thickness 
0.01 m (Figure 1, layer 1). For exterior decoration of aerated concrete blocks, three types of DBM were 
used, layer thickness 0.01 m (Figure 1, layer 3): cement-sand plaster; Knauf GRUNBAND: developed by 
DBM. The thermal conductivity of the materials λ  was determined on the samples 10×10×2.5 cm in size 
using an ITP-MG4 "100" device. Vapor permeability coefficient of materials μ  was determined for each 
material according to Russian State Standard GOST 25898-2012. Building materials and products. 
Methods for determining vapor permeability and resistance to vapor permeability." Tests to determine the 
coefficients of vapor permeability and thermal conductivity were carried out for each material on 6 samples. 
The characteristics of the materials are presented in Table 2. 

Characteristics of the materials are presented in Table 2. 
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Figure 2. The design scheme of the wall envelope: 

1 – layer 1, interior decoration; 2 – layer 2, aerated concrete; 3 – layer 3, exterior finish. 
Table 2. Characteristics of the materials used in the wall. 

Material The average density of 
the material, kg/m3 

Coefficient of thermal 

conductivity Aλ , W/(m∙K) 
Vapor permeability coefficient μ , 

mg/(m∙h∙Pa) 

cement slag plaster 1200 0.470 0.140 
AAC D350 350 0.130 0.250 
AAC D400  400 0.140 0.230 
AAC D500  500 0.180 0.200 
AAC D600  600 0.220 0.170 

cement-sand plaster 1800 0.760 0.090 
Knauf GRUNBAND 1100 0.350 0.100 

being developed DBM 650 0.155 0.150 
 

To simplify the work, the following conventions are used for the various designs of enclosing 
structures: 

/ /x y z                                                                  (5) 

where x  is first letter in city name (Rostov-on-Don – R; Voronezh – V; Novosibirsk – N); 

y  is aerated concrete density, kg/m3;  

z  is the density of the outer finishing layer, kg/m3. 

3. Results and Discussion 
Based on the climatic conditions of the cities of Rostov-on-Don, Voronezh and Novosibirsk, the 

minimum allowable wall thickness from aerated concrete grades D350, D400, D500, D600 was previously 
determined (Table 3). 

Table 3. Aerated concrete layer thickness, m. 
Сity AAC brand 

D350 D400 D500 D600 
Rostov-on-Don 0.35 0.35 0.45 0.55 

Voronezh 0.40 0.40 0.50 0.60 
Novosibirsk 0.50 0.50 0.65 0.75 

 

The choice of these cities is due to the fact that the parameters of the outdoor air in the cold season 
for these cities are characteristic of the widest list of climatic regions in which energy-efficient buildings 
using single-layer aerated concrete walls can be built. 

The city of Rostov-on-Don is located in zone IIIB according to Russian Set of Rules 
SP 131.133300.2018. This climatic subarea is characterized by average monthly air temperature in January 
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ranging from -5 °C to 2 °C. The results of studies to determine the temperature of the start of condensation 
in the walls for the city of Rostov-on-Don are presented in Figure 3. 

 
Figure 3. Dependence of the temperature of the start of condensation tsk on the density of aerated 

concrete for the city of Rostov-on-Don: 1 – cement-sand plaster; 2 – Knauf GRUNBAND;  
3 – developed by DBM. 

It was found that moisture condensation in the R/350/1800 design begins at a temperature of –1.5 °C 
(Figure 3, curve 1). When using instead of cement-sand plaster DBM Knauf GRUNBAND, the temperature 
of the start of condensation tsk decreases by only 1.4 °C (to –2.9 °C) (Figure 3, curve 2); when using the 
developed DBM, the temperature of the start of condensation tsk decreases by 6.8 °C (to –8.3 °C) (Figure 3, 
curve 3). 

With an increase in the density of aerated concrete, the start temperature of condensation tsk 
decreases It should be noted that the temperature of the start of condensation tsk in walls finished with 
cement-sand plaster or DBM Knauf GRUNBAND, to a much greater extent depends on the density of 
aerated concrete. Condensation start temperature tsk in the enclosing structure R/350/1800 is 6.3 °C higher 
than the temperature of the beginning of condensation tsk in the enclosing structure R/600/1800. 
Condensation start temperature tsk in the enclosing structure R/350/650 is 3.3 °C higher than the 
temperature of the start of condensation tsk in the enclosing structure R/600/650. 

It was established that in the walls of aerated concrete blocks of grades D500 and D600, conditions 
for the formation of condensate will not be created. In the walls of aerated concrete blocks of grades D400, 
plastered with a cement-sand composition, condensate will precipitate at average monthly temperatures in 
January and February. In the walls of aerated concrete blocks of grades D350, plastered with a cement-
sand composition, condensate will precipitate at average monthly temperatures in December, January and 
February. Condensation will form in the walls of aerated concrete blocks of D350 grades, plastered with 
DBM Knauf GRUNBAND, at average monthly temperatures in January and February. Thus, for the 
conditions of the city of Rostov-on-Don, the use of the developed DBM can significantly improve the 
humidity regime in the walls of aerated concrete blocks of grades D350 and D400. 

The city of Voronezh is located in zone IIB according to Russian Set of Rules SP 131.133300.2018. 
This climatic subarea is characterized by average monthly air temperature in January, ranging from -14 °C 
to -4 °C. The results of studies to determine the temperature of the start of condensation in the walls for the 
city of Voronezh are presented in Figure 4. 
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Figure 4. Dependence of the temperature of the start of condensation tsk on the density of aerated 

concrete for the city of Voronezh: 1 – cement-sand plaster; 2 – Knauf GRUNBAND;  
3 – developed by DBM. 

It was established that in the walls of aerated concrete blocks of grades D350, D400, plastered with 
a cement-sand composition or DBM Knauf GRUNBAND, condensate will precipitate at average monthly 
temperatures in December, January and February (Figure 4, curve 1.2). In the walls of aerated concrete 
blocks of grades D500, plastered with a cement-sand composition, condensate will precipitate at average 
monthly temperatures in January and February. Thus, for the conditions of the city of Voronezh, the use of 
the developed DBM can significantly improve the humidity regime in the walls of aerated concrete blocks 
of grades D350, D400, D500. 

The city of Novosibirsk is located in zone IB according to Russian Set of Rules SP 131.133300.2018. 
The air temperature in January ranges from -14 °C to -28 °C. The results of studies to determine the 
temperature of the start of condensation in the city of Novosibirsk are presented in Figure 5. 

It was established that in the walls of aerated concrete blocks, regardless of the type of plaster 
coating used, condensation will occur at average monthly temperatures in December, January and 
February. At the same time, in the walls of aerated concrete blocks of grades D350, D400 and D500, 
plastered with a cement-sand composition or DBM Knauf GRUNBAND, conditions will also be created for 
the formation of condensate at average monthly temperatures in March and November (Figure 5, 
curve 1.2). When using the developed DBM, the conditions for the formation of condensate in November 
and March will not be created (Figure 5, curve 3). 

 
Figure 5. Dependence of the temperature of the start of condensation tsk on the density of aerated 

concrete for the city of Novosibirsk: 1 – cement-sand plaster; 2 – Knauf GRUNBAND;  
3 – developed by DBM. 
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The dependence of the condensation start temperature tsk on the generalized design parameter kgdp 
was studied for the studied enclosures made of aerated concrete blocks finished with a cement-sand 
composition (Figure 6). 

 
Figure 6. Dependence of the temperature of the start of condensation tsk and generalized design 

parameter kgdp on the density of AAC for walls, plastered developed by cement-sand plaster:  
1 – Rostov-on-Don (tsk); 2 – Voronezh (tsk); 3 – Novosibirsk (tsk); 4 – Rostov-on-Don (kgdp);  

5 – Voronezh (kgdp); 6 – Novosibirsk (kgdp). 

The walling R/350/1800 is characterized by the lowest value of the generalized design parameter 
kgdp = 0.861 (Figure 6, curve 4). Accordingly, this enclosure is characterized by the highest temperature at 
the start of condensation tsk = -1.2 °C (Figure 6, curve 1). The condensation start temperature tsk for 
enclosures V/350/1800 and N/350/1800, respectively, is -2.0 °C and - 3.5 °C (Figure 6, curve 2, 3). Smaller 
tsk values for walls V/350/1800 and N/350/1800 are explained by large kgdp values for these enclosures, 
equal to 0.877 and 0.901, respectively (Figure 6, curve 5,6). The same materials were used in the 
construction of the walls R/350/1800, V/350/1800, N/350/1800 and the different kgdp values are explained 
by different wall thicknesses and, as a result, different fractions of the thickness of the external plaster 
coating from the total wall thickness. In the enclosure R/350/1800, the proportion of the thickness of the 
cement-sand plaster in the total wall thickness is 5.26 %, in the enclosure V/350/1800 – 4.65 %, in the 
enclosure N/350/1800 – 3.77 %. 

The walling N/600/1800 is characterized by the highest value of the generalized design parameter 
kgdp = 0.960 (Figure 6, curve 6). Correspondingly, this enclosure is characterized by the lowest 
condensation start temperature tsk = -8.5 °C (Figure 6, curve 3). The condensation start temperature tsk for 
the walling N/600/1800 is 7.3 °C lower than the condensation start temperature tsk for the R/350/1800 
fencing, the value of the generalized design parameter is higher by kgdp 0.099. This is due to the fact that 
the difference in the values of thermal conductivity and vapor permeability coefficients between D600 
aerated concrete blocks and cement-sand plaster is less significant compared to the difference in the 
thermal conductivity and vapor permeability coefficients between a D350 aerated concrete blocks and 
cement-sand plaster. The μ/λ ratio for aerated concrete blocks of the D350 grade is 1.92, for aerated 
concrete blocks of the D600 grade – 0.77, for cement-sand plaster – 0.12. This is also explained by the fact 
that in the wall N/600/1800 the proportion of the thickness of the cement-sand plaster in the total wall 
thickness is only 2.56 %. For the same reasons, the start temperature of condensation tsk for enclosures 
made of aerated concrete blocks of grades D600 is less dependent on the city where the building is located 
compared to enclosures made of aerated concrete blocks of grades D350. 

The dependence of the condensation start temperature tsk on the generalized design parameter kgdp 
for the studied enclosures from aerated concrete blocks trimmed with Knauf GRUNBAND DBM was 
investigated (Figure 7). 
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Figure 7. Dependence of the temperature of the start of condensation tsk and generalized design 

parameter kgdp on the density of AAC for walls, plastered developed by Knauf GRUNBAND:  
1 – Rostov-on-Don (tsk); 2 – Voronezh (tsk); 3 – Novosibirsk (tsk); 4 – Rostov-on-Don (kgdp);  

5 – Voronezh (kgdp); 6 – Novosibirsk (kgdp). 

The main dependences typical for walls finished with cement-sand plaster were confirmed for walls 
decorated with DBM Knauf GRUNBAND. The maximum temperature at which condensation began was 
obtained for the R/350/1100 enclosure and amounted to -2.8 °C (Figure 7, curve 1), which is 1.6 lower than 
tsk for the R/350/1800 enclosure. The minimum temperature for the start of condensation was obtained for 
the N/600/1100 enclosure and amounted to -9.6 °C (Figure 7, curve 1), which is 1.1 °C lower than tsk for 
the N/600/1800 enclosure. The values of the generalized design parameter for the enclosures trimmed by 
Knauf GRUNBAND DBM vary in the range kgdp=0.885–0.973. The results are explained by higher vapor 
permeability and lower thermal conductivity of coatings based on Knauf GRUNBAND DBM in comparison 
with cement-sand plaster. 

The dependence of the condensation onset temperature tsk on the generalized design parameter 
kgdp for the enclosures from aerated concrete blocks trimmed by the developed DBM was studied 
(Figure 8). 

 
Figure 8. Dependence of the temperature of the start of condensation tsk and generalized design 

parameter kgdp on the density of AAC for walls, plastered developed by DBM:  
1 – Rostov-on-Don (tsk); 2 – Voronezh (tsk); 3 – Novosibirsk (tsk); 4 – Rostov-on-Don (kgdp);  

5 – Voronezh (kgdp); 6 – Novosibirsk (kgdp). 
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When using the developed DBM, the temperature of the start of condensation tsk varies from -8.3 °C 
to -11.6 °C. A significant decrease in tsk compared to enclosures finished with cement-sand plaster and 
DBM Knauf GRUNBAND is explained by an increase in the values of the generalized design parameter 
kgdp, which varies in the range of 0.955–1.010. The tsk values of the enclosures R/500/650, V/500/650 and 
N/500/650 are very close, which is explained by the close kgdp values for these enclosures. 

It has been established that the use of the developed DBM for enclosures R/500/650, V/500/650 and 
N/500/650 allows to lower the temperature of the start of condensation tsk to values lower than would be 
without using the developed finishing coating. This conclusion can be made on the basis that the kgdp values 
for these enclosures are higher than 1. 

To develop a mathematical model that reflects the dependence of tsk on the characteristics of the 
materials used in the construction of the wall, we construct the dependence of tsk on kgdp for 36 enclosures 
considered in the work (Figure 9). 

 
Figure 9. The dependence of the temperature of start of condensation tsk from the generalized 

design parameter kgdp. 

As a result of the analysis of Figure 9, the following linear dependence of the start temperature of 
condensation tsk on the generalized structural parameter of the fencing kgdp was obtained: 

63.55 74.88sk gdpt k                                                        (6)
 
 

Analyzing equation 6, we can conclude that it allows to characterize the studied building envelopes 
with a fairly high accuracy. It should be noted that a quadratic dependence was obtained in paper of 
Kupriyanov V.N. [26]. The dependence obtained in this work makes it possible to more accurately 
determine tsk. The deviations of the tsk values calculated by the formula from the tsk values determined 
during the research ranged from 0.00 to 0.49 °C. The deviation of the values calculated by the formula 
proposed by Kupriyanov V.N. from those obtained during the research is 0.3–5.The results obtained are in 
good agreement with other studies on this topic [27]. 

4. Conclusions 
1. It was revealed that due to the use of the developed DBM for finishing concrete blocks of  

D350-D600 grades, moisture condensation begins at a significantly lower outdoor temperature. The 
condensation onset temperature tsk for walls made of aerated concrete blocks finished with developed DBM 
varies from -8.3 °C to -11.7 °C, finished with Knauf GRUNBAND DBM from -2.8 °C to -9.4 °C, finished with 
cement-sand plaster from -1.2 °C to -8.5 °C. 
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2. Based on the studies, it was found that for cities located in climatic zones with an average monthly 
temperature of the coldest month above minus 14 °C, it is possible to use effective single-layer walls made 
of aerated concrete blocks of grades D350-600. When using DBM, allowing to obtain coatings 
characterized by values of thermal conductivity and vapor permeability close to aerated concrete blocks 
D350-600, in these walls conditions will not be created for the loss of a large amount of condensate. When 
erecting single-layer enclosing structures from aerated concrete blocks of D350-600 grades in the walls, 
conditions will be created for a large amount of condensate to fall out for the climatic conditions of cities 
located in areas with an average monthly temperature of the coldest month below minus 14 °C. 

3. A linear dependence is obtained that reflects the relationship between the temperature of the start 
of condensation tsk in the walls of aerated concrete blocks of grades D350-D600 on the generalized 
structural parameter of the fencing kgdp. On the basis of the developed model, it is possible to rather easily 
and quickly evaluate the effect of the characteristics of the external finishing coating on the humidity 
conditions in the walls of aerated concrete blocks. 
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