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Abstract: Moisture penetration into the building structures of residential 
buildings is caused by climatic conditions and has a negative impact on the 
operation of buildings. Since thermal insulation of structures directly increases 
the energy saving of buildings, it can also affect the energy saving of buildings, 
contribute to the durability of enclosing structures, reduce condensate zones, 
and reduce fuel consumption during measures to eliminate penetrating water 
vapor. Buildings in different climatic zones have different vapor permeability 
rates, which can have different effects on the physical condition and thermal 
properties of surrounding structures. Thermal insulation significantly reduces 
the intensity of thermal conductivity and heat transfer processes, reduces air 
and moisture permeability. The main goal of this  study was to determine the 
construction the amount of steam passing through the structure due to its vapor 
permeability and its impact on the thermo-humidity regime of the building. The 
thermal and air-humidity conditions of two types of buildings widespread in the 
Republic of Armenia, 5-story tuff and 9-story RC panel cladding structures, 
were observed in different climatic zones of the republic. It has been proven 
that the type, thickness and installation method of thermal insulation material 
have different effects on the formation of condensate zones in external 
structures for different settlements of the Republic of Armenia. As a  result of 
the research, it was found that in tuff cladding structures (in the cities of 
Yerevan, Gyumri, Hrazdan, Vanadzor and Sevan) a condensate zone forms, 
while in Kapan it does not. However, by using different types of thermal 
insulation materials, such a phenomenon can be avoided. Studies have shown 
that in order to ensure the required thermal resistance and avoid condensation 
in the mentioned cities, it is necessary to use a thermal insulation material with 
the minimum required thickness. The thickness of the foamed polystyrene 
thermal insulation layer in buildings with a tufa structure is: In Yerevan and 
Vanadzor - 5 cm, in Gyumri - 6 cm, in Hrazdan and Sevan - 7 cm, in Kapan - 4 
cm, and in expanded polystyrene - 6 cm in Yerevan and Vanadzor, 8 cm in 
Gyumri, Hrazdan and Sevan, and 5 cm in Kapan. In the case of reinforced 
concrete panel construction, the thickness of expanded polystyrene will be 9 cm 
in Yerevan, 10 cm in Vanadzor, 11 cm in Gyumri, Hrazdan, and Sevan, and 8 
cm in Kapan, in the case of expanded polystyrene։  7 cm in Yerevan, 8 cm in 
Vanadzor, 9 cm in Gyumri and Sevan, 10 cm in Hrazdan, and 7 cm in Kapan. 
Keywords: air-vapor permeability, thermal insulation effect, minimum 
thickness of the insulation layer, energy efficiency of buildings, thermal load. 
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Introduction 

The provision of thermal comfort conditions in residential buildings is largely determined by the 

provision of thermo-humid conditions in them. In the external construction, the thermo-humid regime of 

buildings changes under the influence of indoor and outdoor temperature, humidity, and wind speed. In 

particular, in the case of currently widely used almost absolutely hermetic "metal-plastic windows", excess 

humidity occurs in the air inside the building. To avoid this phenomenon, many European countries suggest 

using a "warm ventilation device - window" [1] for forced air movement and preheating of the incoming air.  

Quantitative and qualitative temperature-regulating heating/cooling re-users of the incoming air are also   

used: two-pipe, three-pipe, etc. [2]. In the cold season, as a result of the vapor permeability process of the 

building, depending on the indoor air temperature, the temperature on the inner surface of the external 

construction can equal the dew point temperature, causing condensation on the inner surface of the enclosing 

structure, which will disrupt the humidity regime of the building. To avoid such an undesirable phenomenon, 

it will be necessary to increase the indoor air temperature by increasing the thermal capacity of the heating 

system, as well as the consumption of additional organic fuel with hazardous emissions. If there is no danger 

of condensation due to the high indoor air temperature, then as a result of vapor permeability, the relative 
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humidity of the indoor air will inevitably increase, instead of the required 40-60%, it will be in the range 

between the amount of penetrating steam and the internal moisture barriers. This is also a transient 

phenomenon, since the internal thermo-humidity regime is disrupted [3]. To avoid this phenomenon, it is 

again required to increase the thermal load of the heating system. In each case, the required heat quantity in 

the heating system will increase, and therefore the fuel consumption, and the ecological hazard will increase 

accordingly. The theoretical and experimental study of the heat and moisture transfer in building walls has 

been the target of a lot of important research work [4-7].  

Materials and Methods 

Moisture penetration into the building significantly affects its air humidity and thermal regime, since the 

moistening of building materials leads to an increase in their thermal conductivity coefficient and therefore 

to an increase in heat losses. In addition, the sanitary and hygienic properties of the building structure and 

buildings deteriorate: the relative humidity inside the building increases, and consequently, the risk of fungus 

and mold formation as well as the durability of the structure significantly decreases. Moisture can penetrate 

the building in various ways: as a result of groundwater, atmospheric moisture, and its condensation in the 

structure, internal moisture releases from people are possible, and in some cases as a result of the 

technological process. A significant part of the moisture can be removed, but moisture caused by 

atmospheric moisture penetration and condensation in the structure can periodically accumulate due to 

improper air humidity and temperature regime of the building. It occurs due to the temperature difference 

between the indoor and outdoor air [8,9], due to the difference in partial pressures or elasticity of water 

vapor, since there is a difference in partial pressures, diffusion process of gases and vapors [9-11]. The 

amount of water vapor will be determined as follows [11]։   

G = 
𝑒𝑖𝑛−𝑒𝑜𝑢𝑡

𝑅𝑣𝑝
𝑟𝑒𝑠 , (1) 

where ein, eout are the elasticity of water vapor on the inner and outer surfaces of a building structure Pa,  

𝑅𝑣𝑝
𝑟𝑒𝑠  is the vapor permeability resistance of the layer, m2 h Pa/mg. 

The resistance to vapor permeability will be determined [11,12]  by: 

𝑅𝑣𝑝
𝑟𝑒𝑠 =

𝛿

𝜇
 , (2) 

where 𝜇 is the moisture permeability coefficient of the layer, mg/m h Pa, 𝛿- is layer thickness, m. 

Then, according to [11,12] the numerical values of the saturation pressures at external and internal 

temperatures are determined:  

           E=1.84 ∙ 1011   𝑒
−5330

273+𝑡   ,  (3) 

where 𝑒 is the base of the logarithmic function, 𝑡 is the external or internal air temperature. 

Having the indoor and outdoor saturation pressures and the numerical values of relative humidity, the 

specific laws of water vapor will be determined: 

                   𝑒𝑖𝑛 =
𝐸𝑖𝑛

𝜑𝑖𝑛
  ,  𝑒𝑜𝑢𝑡 =

𝐸out

𝜑𝑜𝑢𝑡
   ,                                             (4) 

where 𝐸in  ,𝐸out are the saturation pressures of the indoor and outdoor air, Pa, 𝜑in, 𝜑𝑜𝑢𝑡  are the relative 

humidities of indoor and outdoor air. 

To prevent moisture condensation on the internal surface of a building structure, the following conditions 

must be met: E > e [9,13]. If this condition is not met, it is necessary to increase the thermal resistance of the 

structure by thermal or moisture insulation of enclosing structures. To select the necessary values in the 

above formulas and determine the calculated values, the parameters of the building are determined based on 

the thermo-humidity regime and the operating conditions of external building structures. Using the above 

methods, calculations were performed, and the results depending on the thermo-humidity regimes of the 
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enclosing structures were determined for the cities of Yerevan, Gyumri, Kapan, Hrazdan, Vanadzor, and 

Sevan. Since the multi-apartment buildings of the main housing stock of the Republic of Armenia are 35-60 

years old and the currently applicable energy efficiency standards did not exist during their construction, 

according to the calculations of various experts, the energy consumption per 1m2 of such buildings exceeds 

the same indicator in developed countries by about 30-50%, which is a consequence of the poor thermo-

technical indicators of the enclosing structure. 

According to studies1, 56.1% of the apartments in the Republic of Armenia are located in cities, 43.9% in 

villages. About 70% of the total housing stock are private houses, and 30% are apartment buildings. About 

70% of the external housing structures are made of stone, and 23% are panel buildings (Fig.1). According to 

the Cadastral Committee of the Republic of Armenia, the total area of the housing stock in the republic at the 

end of 2021 was 100.2 million m2, including 55.9 million m2 in cities and 44.3 million m2 in villages. The 

distribution of 5- and 9-story buildings and their enclosing structures in 6 cities is also presented below2.     

 
 

 
Fig. 1.  Distribution graphs of various buildings in the Republic of Armenia, 2021 

The cities mentioned above also have different climatic conditions which have a direct impact on the 

enclosing structures and their heat losses (Table 1). 

Table 1. Outdoor air temperatures in cities during the heating season3 

City Yerevan  Hrazdan Sevan Vanadzor Gyumri Kapan 

Estimated outside air 

temperature,0C 
-18 -19 -14 -14 -21 -9 

 
1 RA SC, Housing Stock and Public Utility in the Republic of Armenia. 
2 Ibid. 
3 "RA Construction Norms 22-01-2024 "Building Climatology". https://armmonitoring.am/page/1466 
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According to Figure 2, the calculation of the thermal resistance and heat transfer coefficient was carried 

out for the cladding structure. 

 

Arctic tuff  𝛿1 = 0.02𝑚, λ1 = 0.52 W/m0C      

Concrete filling               𝛿2 = 0.1m, λ2 = 0.76 W/m0C 

Reinforced concrete panel  𝛿3 = 0.16m, λ3 = 1.92 W/m0C      

Gypsum plaster  𝛿4 = 0.02m, λ4 = 0.41 W/m0C      

Fig. 2. 9 floor enclosing structure of a multi-story residential building 

Heat transfer resistance: 

𝑅0=
1

𝛼𝑖𝑛
+

1

𝑅𝑠
+

1

𝛼𝑜𝑢𝑡
   ,                                  (5) 

where:   𝛼𝑜𝑢𝑡  is the thermal conductivity coefficient of the external surface of the structure, W/m2 0C, 

   𝛼𝑖𝑛 is the thermal conductivity of the internal surface of the structure, W/m2 0C, 

    𝑅𝑠 is the thermal resistance of the enclosing structure, m2 0C/W. 

𝑅𝑠 =
𝜆1

𝛿1
+

𝜆2

𝛿2
+

𝜆3

𝛿3
+ ⋯ +

𝜆𝑛

𝛿𝑛
   ,                    (6) 

where: 𝜆𝑛 is the calculated value of the thermal conductivity coefficient of the layer material, W/m 0C, 

            𝛿𝑛 is the layer thickness, m. 

𝑅s=
1

23.2
+

0.02

0.52
+

0.1

0.76
+

0.16

1.92
+

0.02

0.41
+

1

8.7
 = 0.46 m2 0C/W,   (7) 

  

𝑘s =
1

0,46
= 2,17 W/m2 0C  (8) 

Accordingly, the heat losses of the building were calculated, and then the heat loads were determined 

under appropriate climatic conditions (Table 1), when the indoor air temperature is 𝑡𝑖𝑛 = 200C․ For each 

city, Table 2 provides the temperature and relative humidity of the outside air, saturation pressure, E, Pa, and 

mass amount of water vapor, mg/m2h.                                                           

Table 2. Thermal load of a 9-story residential building and external air  

saturation pressure E, Pa, mass amount of water vapor, mg/m2h 

                                                                 City    

Calculated value 

Yerevan  Hrazdan  Sevan  Vanadzor  Gyumri  Kapan 

Thermal load, kWt 178.1 182.8 159.4 159.4 194.0 135.9 

Relative humidity of outside air, % 77 79 74 69 83 75 

Saturation pressure of outside air E, Pa [6] 125.3 113.3 181.3 181.3 93.32 212.9 

Mass amount of water vapor, mg/m2h 168.9 170.7 160.8 160.8 173.6 145.8 
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Results and Discussion 

To determine the mass amount of water vapor in the envelope, the relative humidity of the indoor air was 

assumed to be 55% 4. Since the humidity is determined by the outdoor air temperature and is variable, the 

coefficient of elasticity for indoor air will be 2338 Pa [11]: The calculations of thermal loads were carried 

out according to the method5, using conventional temperatures [9],  and the mass amount of water vapor was 

calculated using the method given above (Fig.1). Figure 3 shows the graphs of the change in humidity due to 

moisture permeability in buildings in cities. 

   

a) Hrazdan b)Yerevan c) Gyumri 

   

d)Vanadzor e) Sevan f) Kapan 

Fig. 3. Graphs of humidity changes due to vapor permeability of a 9-story building 

 

 
4 "Thermal Protection of Buildings" RACN 24-01-2016 

    https://nature-ic.am/en/publications/%22thermal-protection-of-buildings%22-racn-24-01-2016 
5 "RA Construction Norms II-7.02-1995 "Building Thermophysics of Fencing Constructions". 

    https://www.minurban.am/storage/Normative/1-II-7.02-95%20.pdf 

 

https://nature-ic.am/en/publications/%22thermal-protection-of-buildings%22-racn-24-01-2016


8 

 

It follows from Figure 3 that in the given climatic zones, in the calculation mode, a condensate formation 

range can be obtained inside the enclosing structure. The latter largely depends on the calculation 

temperature of the external air and therefore on the vapor elasticity coefficient. As a result, the construction 

of buildings located in the given climatic zone. A condensate zone forms in the structure. As a result, the 

structure is subject to damage due to the resulting water ice. If it is close to the metal structure included in 

the structure, the metal will separate from the concrete and the structure will weaken, which is an undesirable 

or unacceptable phenomenon. This can be avoided if the outside of the structure is insulated with polystyrene 

foam when the minimum thickness of the insulation is: 9 cm in Yerevan, 10 cm in Vanadzor, 11 cm in 

Gyumri, Hrazdan, and Sevan, 8 cm in Kapan, and in the case of expanded polystyrene: 7 cm in Yerevan, 8 

cm in Vanadzor, 9 cm in Gyumri and Sevan, 10 cm in Hrazdan, 6 cm in Kapan.  

On the other hand, the massive flow of steam into the building endangers the sanitary condition of the 

internal structure - mold and unpleasant odors will appear. To avoid this, it is necessary to increase the 

temperature of the indoor air, and therefore the thermal load of the heating system, for the possible formation 

of condensate or evaporation of the penetrating steam. Increasing the load will lead to an increase in the 

power of the heat source and, therefore, an increase in the consumption of organic fuel. At the same time, it 

is necessary to increase the surfaces of the heating devices (Table 3). 

Table 3. The effect of moisture permeability on fuel consumption 

                                                                 City    

Еnergetic nature 

Yerevan  Hrazdan  Sevan  Vanadzor  Gyumri  Kapan 

Gas consumption in January, m3/month 20880 22263 20888 18210 18210 15532 

Gas consumption in January, taking into account 

the effect of condensation, m3/month 
22350 24267 22768 19849 19483 16309 

Then, the most common 5-story, tuff-lined, 2-entrance typical residential buildings in the Republic of 

Armenia were considered, for which the necessary thermal load and vapor permeability calculations were 

performed (Fig.4). 

 

Local tuff   𝛿1 = 0.20m, λ1 = 0.52 W/m0C    

Cement sand base  𝛿2 = 0.08m, λ2 = 0.76  W/m0C    

Local tuff  𝛿3 = 0.20m, λ3 = 0.52  W/m0C   

Gypsum plaster  𝛿4 = 0.02m, λ4 = 0.41   W/m0C     

Fig. 4.  5 floor enclosing structure of a multi-story residential building 

The calculation was performed as before (formulas 5,6). 

                          𝑅s=
1

23.2
+

0.20

0.52
+

0.08

0.76
+

0.20

0.52
+

0.02

0.41
+

1

8.7
 =1.23 m2 0C/W ,                    (9) 

𝑘s =
1

1.23
= 0.92 W/m2 0C  .           (10) 

The outdoor air temperatures and relative humidity of a 5-story stone residential building, the heat load 

from the supporting structure inside, 200C, and the outdoor temperatures according to the calculated 

temperatures of the cities, the outdoor air saturation pressure E Pa, and the mass amount of water vapor, 

mg/m2h are given in Table 4. 
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Table 4. Thermal load and saturation pressure of outdoor air and mass  

amount of water vapor of a 5-story residential building  

                                                                 City    

Calculated value 

Yerevan  Hrazdan  Sevan  Vanadzor  Gyumri  Kapan 

Thermal load, kWt 84.4 86.7 75.5 75.5 94.4 64.4 

The relative humidity of the outside air, % 77 79 74 69 83 75 

Saturation pressure of outside air E, Pa [11] 125.3 113.3 181.3 181.3 93.3 284.0 

Mass of water vapor, mg/m2h 214.8 216.1 208.0 209.7 218.3 193.8 

Since moisture permeability for building construction is determined by the outside air temperature, the 

humidity change graphs in the calculation mode will be depicted in the form of Figure 5. 

  
a)  Hrazdan b)  Yerevan 

  

c)  Gyumri d)  Vanadzor 

  
e) Sevan f) Kapan 

Fig. 5. Humidity change graphs due to vapor permeability of a 5-story building 
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Figure 5 shows that for the city of Kapan, due to vapor permeability, there is no condensate formation 

zone. For the cities of Sevan and Vanadzor, the condensate formation zone is insignificant, but it falls on the 

clay-sand mortar. Since the duration of negative temperatures during the heating season is short, this zone 

cannot have a special effect. In the case of the cities of Hrazdan, Yerevan, and Gyur, such a zone falls on the 

clay-sand mortar itself, especially for Hrazdan, and represents a potential danger in terms of the formation of 

water ice and the destruction of the layer. In the climatic conditions of the city, the external tuff stone and the 

concrete mortar poured under it will weaken over time, and the weakening of the wall will be felt, especially 

on the upper 4th and 5th floors. As mentioned above, the area of condensation formation can be avoided by 

using a heat-insulating layer, especially in the climatic conditions of Hrazdan. In this case, the thickness of 

the heat-insulating layer, based on calculations, in the case of using foam-reinforced concrete, is 5 cm in 

Yerevan and Vanadzor, 6 cm in Gyumri, 7 cm in Hrazdan and Sevan, 4 cm in Kapan; in the case of thermal 

insulation with expanded polystyrene in buildings with a tufa structure, 6 cm in Yerevan and Vanadzor, 8 cm 

in Gyumri, Hrazdan and Sevan, 5 cm in Kapan. 

Conclusion 

1. Increasing the number of stories of a building leads to an increase of moisture permeability on the upper 

floors, especially in areas with cold climates, as the influence of gravitational forces and relative humidity 

in the outside air increases. 

2. The negative and dangerous effects of moisture permeability can be avoided by insulating the exterior 

structure, depending on the building's thermal properties, geographical location, climatic conditions, 

barometric pressure, moisture buildup inside the building, etc. 

3. The amount of moisture that penetrates due to moisture permeability can be avoided if a layer of heat- and 

moisture-insulating material is applied as close as possible to the outside of the structure. 

4. The appropriateness of the above measures largely depends on the current and prospective fuel prices in the 

region. 
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