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Abstract. In the article, the type of effective thermal insulation materials used as a solution to increase the 
resistance to heat transfer of the outer walls of the basement of the buildings (residential and public) being 
built in the climatic conditions of Uzbekistan, the solution for determining its thickness, the resistance to 
vapor transmission of the outer walls of the basement, the appearance of moisture in the barrier structure, 
Experimental results are presented on the calculation of the moisture regime and its effect on the energy 
efficiency of the barrier structure. Experiments were conducted in the basement of a public building in use. 
It contains practical recommendations on the use of thermal insulation material. 

 
 
 
1. Introduction 
Today, the problem of saving heat (energy) lost from buildings remains an urgent issue. According to the data presented 
in [1], it is possible to see significant heat loss through the underground part of the buildings (external walls of the 
basement). As we know, most of the underground external barrier structures of buildings also perform load-bearing 
functions in buildings. Therefore, they are usually made of dense, strong, but heat-conducting materials. In such 
constructions, materials that perform both load-bearing and heat-insulating functions are used. With their help, it is 
almost impossible to fulfill the heat saving requirements imposed on the underground external barrier structures of 
some buildings. As the main way to solve this problem, the design of underground external barrier structures for various 
tasks, that is, the separation of load-bearing and thermal insulation layers, making them multi-layered and installing a 
thermal insulation layer, is being used in world practice. In this case, since the external walls of the basement are in 
direct contact with the ground layer, the type of thermal insulation materials that can be used in the underground part 
is important. 
In addition to materials such as fibrolite, foam glass, mineral wool, foam plastics are also widely used in the design of 
multi-layered external barrier structures of buildings. Nowadays, various new synthetic and organic materials are 
recommended for use as thermal insulation material. It should be noted that earlier the quality of thermal insulation 
materials was assessed by their resistance to heat transfer, but now, great importance is attached to their ability to protect 
against radiation, durability, resistance to moisture and chemical effects, and fire safety. In addition, features such as 
vapor permeability, sound insulation, ease of use are also taken into consideration. 
The physical and technical properties of thermal insulation materials have a great impact on the thermal and technical 
efficiency of the structure and its reliability during operation, as well as the amount of labor spent on assembly. They 
should be fire-safe, have a hygienic certificate, and should not emit toxic substances during operation and during fire. 
Long-term durability, stability of thermophysical and physical-mechanical properties of heat-insulating materials are 
affected by factors in the operation of the structures where they are used. These factors include: 

- variable heat-humidity regime of constructions; 
- moisture absorption of thermal insulation material in the structure due to capillary moisture and diffusion; 
- impact of wind force; 
- mechanical load effects from own weight. 
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Taking these factors into account, the following basic requirements are set for thermal insulation materials used to 
increase the energy efficiency of buildings: 

- when the heat insulation material is minimal in thickness of the construction, it should provide sufficient 
resistance to heat transfer; 

- the vapor permeability of the material should be such that there is no possibility of moisture accumulation in 
the structure during operation; 

- no heavy load from the thermal insulation layer on load-bearing structures; 
- to be solid; 
- to be resistant to freezing and high temperature; 
- waterproof (hydrophobic) and water resistant; 
- it should be resistant to biological effects and not emit toxic smoke when burned. 

Heat insulation materials used in housing construction are divided into several types according to the structure, shape, 
type of main raw materials, density, uniformity, thermal conductivity and flammability [2,3,11]. 
When insulating the underground part of buildings, it is necessary to use heat-insulating materials not only with very 
low water absorption, but also resistant to high cold and aggressive effects [4, 12, 13, 14, 15]. 
Examples of such materials include basalt plates, foam glass (penosteklo), extruded polystyrene penoplex plates, etc., 
obtained mainly on the basis of organic substances. Table 1. lists the heat-technical indicators of some heat-insulating 
materials for comparison. 
 

Table 1. Comparison of heat-technical indicators of insulation materials 

S/n Heat-technical indicators of 
heat-insulating materials 

Styrofoam  
(penosteklo) 

Extruded expanded 
polystyrene 

PENOPLEKS® GEO 

Basalt slab 

1 -coefficient of thermal 
conductivity 𝜆𝜆o, t/(m∙oC) 

0,07-0,11 0,03-0,032 0,035-0,041 

-the density 𝛾𝛾o , kg/m3 100-400 29-33 35-200 

-relative heat capacity сo, 
kdj/(kg∙oC) 

0,84 0,84 1,45 

2 coefficient of thermal 
conductivity, 𝜆𝜆, vt/(m∙oC) 

0,04-0,08 0,032 0.035- 0.039 

3 Vapor absorption µ, 
мg/(м∙ch∙Pa) 

0,03-0,02 0,005 0,3 

4 Water absorption, %. <1% Zero 1-2 

5 Compressive strength, МPа. 0,7-4 (70-400 t/m2) 0,30 (30t/m2) 0.01 (10t/m2) 

6 Refractoriness Non-flammable G1 Non-flammable 

7 Effect of weather conditions 
during installation 

It is necessary to take into 
account the influence of 

weather conditions during 
installation 

Can be installed in all 
weather conditions 

It is necessary to take 
into account the 

influence of weather 
conditions during 

installation 
8 The presence of a G-shaped 

edge on all sides 
A G-shaped edge is not 

present on all sides 
It allows to fasten the 
plates without forming 
existing cold bridges 

A G-shaped edge is not 
present on all sides 

9 Ecological purity It is developed using advanced 
freon-free technologies 

It is developed using 
advanced freon-free 

technologies 

It is developed using 
advanced freon-free 

technologies 
10 In what form it is produced Blocks, slabs, crushed stone 

and granular 
Plate Block, plate and roll 

11 Durability Unbounded More than 50 years. Test 
report of NIISF RAASN 

No. 132-1 dated 
29.10.2001 

More than 50 years. 

It can be seen from Table 1 that PENOPLEKS®GEO thermal insulation boards are the best solution for thermal 
insulation of basement walls.  
Taking this into account, we will consider the calculation method of increasing the heat transfer resistance of the outer 
walls of the basement using these heat insulation plates. For this, it is necessary to choose a thermal insulation board 
with sufficient thickness to ensure its resistance to heat transfer, taking the thickness of the basement wall as 0.4 m. 

2. Materials and Methods 
The overall resistance of the outer wall of the basement to heat transfer, providing the condition тр

о оR R= , if the barrier 
structure is a homogeneous one-layer, based on the formula 4 given in [5], if the barrier structure is a homogeneous 
multi-layer, taking into account clause 2.6 of [5], it is determined as follows: 
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where в  is the heat transfer coefficient of the inner surface of the barrier structure, taken from table 5 of [5]; 

  - the thickness of the barrier structure layer, m; 
  - thermal conductivity coefficient of the material of the barrier construction layer, taken from Appendix 1 of [5]; 

н  - heat transfer coefficient of the outer surface of the barrier structure, taken from table 6 of [5]; 
тр

о оR R=  in the condition тр
оR  is the required resistance of the heat transfer resistance of the barrier structure, its value 

is taken from table 2b of [5] for the external walls of the buildings in accordance with the degree-day indicators ( )dD  
of the heating season. 
The value of the degree-day indicator ( )dD  of the heating season is determined based on the formula (1) of the current 
normative document [5]. 
Taking into account the above, for the part of the basement walls located above the ground level and below the ground 
level, the thickness of the thermal insulation plates (layer) is calculated as follows. 
The thickness of the heat insulation layer for the part of the basement walls located above the ground level is accepted 
as the thickness of the heat insulation layer of the external walls and is determined using the following formula: 
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Since the part of the basement wall located below the ground level is in direct contact with the soil and not with the 
external environment, the value of in this case is different. Instead, it will be necessary to take into account the thermal 
conductivity or heat absorption coefficient of the soil. In this case, based on the indicators given in Table 1 of [5], it is 
necessary to determine the thickness of the thermal insulation layer for basement walls by the following formula: 
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Here иис.  - thermal conductivity coefficient of heat insulation layer material, ( )/vt m С ; 

K-the coefficient taking into account the heat transfer resistance of the external environment (soil layer) (K=0.5-1.05), 
this coefficient is calculated according to the value obtained from Table 1 of [6], depending on the type of soil, volume 
weight and moisture content. 
As can be seen from the formula (3), the thickness of the thermal insulation layer for the part of the basement walls 
located below the ground level is determined depending on the thermal resistance of the barrier structure, its material, 
the external environment, i.e., the type of soil layer, its volume weight, humidity, and the type of thermal insulation 
layer material. 
 
2.1. Method for determining the total resistance of the outer wall of the basement to heat transfer  
Based on formulas 1-2-3, we determine the total resistance to heat transfer of the outer wall of the basement of a one-
story public building. The thickness of the basement wall is 0.4 m.we perform accounting work for the case when the 
thermal insulation plate is laid from the inside. The calculation scheme of the wall construction is presented in Fig. 1. 
Calculations are performed in the following order: 
Place of construction - Samarkand region, Toyloq district; 
The function of the building is a public building; 
- the calculation temperature of the indoor air of the room, 18вt С=   is taken from Appendix 1 of [5]; 
- the relative humidity of the indoor air of the room is taken as 57% =  according to the note in Table 4 of [5]; 
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walls of the basement using these heat insulation plates. For this, it is necessary to choose a thermal insulation board 
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Here иис.  - thermal conductivity coefficient of heat insulation layer material, ( )/vt m С ; 

K-the coefficient taking into account the heat transfer resistance of the external environment (soil layer) (K=0.5-1.05), 
this coefficient is calculated according to the value obtained from Table 1 of [6], depending on the type of soil, volume 
weight and moisture content. 
As can be seen from the formula (3), the thickness of the thermal insulation layer for the part of the basement walls 
located below the ground level is determined depending on the thermal resistance of the barrier structure, its material, 
the external environment, i.e., the type of soil layer, its volume weight, humidity, and the type of thermal insulation 
layer material. 
 
2.1. Method for determining the total resistance of the outer wall of the basement to heat transfer  
Based on formulas 1-2-3, we determine the total resistance to heat transfer of the outer wall of the basement of a one-
story public building. The thickness of the basement wall is 0.4 m.we perform accounting work for the case when the 
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Calculations are performed in the following order: 
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The function of the building is a public building; 
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From Table 4 of [7], the value of the average temperature .от перt  and the duration of these periods .от перZ  for the 
periods when the outdoor air temperature of the city of Samarkand is 8t C   and 12t C  , respectively we will 
record information about: 
Average temperature . 3,3от перt C= +  , for periods with 8t C  , duration 133 days; 

For periods with 12t C  , the average temperature . 4,8от перt C= +  , duration is 172 days. 

- on the basis of these values, we can determine the value of the average temperature .от перt  and the duration of these 

periods .от перZ  for periods with 10t C  : 

.

3,3 4,8
4,05

2от перt C
+

= =   and .

133 172
152,5 153

2от перZ days
+

= =  . 

- humidity mode of the room is moderate. 
 

 
Fig. 1. Calculation scheme of the wall construction: 1  - thickness of plasterboard layer; 1  - thermal conductivity coefficient of 

plasterboard material; 2  - thickness of PENOPLEKS®GEO thermal insulation board layer; 2  - Heat transfer coefficient of 

PENOPLEKS®GEO heat insulation board; 3  - thickness of plaster layer; 3  - thermal conductivity coefficient of plaster layer 

material; 4  - thickness of the basement wall made of monolithic concrete; 4  - thermal conductivity coefficient of the wall 

material; 5  - thickness of the waterproofing layer 

 
Using formula 1 of [5], we determine the degree-day index of the heating season for the city of Samarkand: 

( ) ( ). . 18 4,05 153 2135d в от пер от перD t t Z= −  = −  =  degree-days. 

Based on the degree-day indicator dD , we take the value of the required resistance to heat transfer тр
оR  for the outer 

wall of the basement from table 2b of [5]: 
( )22,0 /тр

оR m С vt=  . 

Taking this value into account, we determine the thickness of the thermal insulation layer for the part above the ground 
level using formula (2): 

( )

. . 31 2
. .

1 2 3

0,01 0,02 0,40
0,16 2 0,16 0,032

0,19 0,76 2,04

2 0,16 0,05 0,03 0,2 0,032 1,56 0,032 0,049

y s yu тр
is i o is iR

m

  
  

   
= − − − −  = − − − −  =   

  
= − − − −  =  =

 

Therefore, the minimum thickness of the thermal insulation board (PENOPLEKSR GEO) is 49 mm for the part located 
above the ground level. 
We determine the thickness of the thermal insulation layer for the part of the basement wall located below the ground 
level using formula (3). 

. . 31 2
. .

1 2 3

1 1 0,01 0,02 0,40
2 0,7 0,032

8,7 0,19 0,76 2,04

1,113 0,032 0,029

yer s p тр
is i o is i
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R К

m
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   

   
= − − − − −  = − − − − −  =   

  
=  =

 

The minimum thickness of the thermal insulation board (PENOPLEKSR GEO) for the part of the basement wall located 
below the ground level is 29 mm. Taking into account the available thicknesses of heat insulation plates, we accept 
0.05 m for the plinth part, and 0.03 m for the part located below the ground level. 
Putting the determined values into the formula (1), we determine the total resistance of the wall to heat transfer: 
For the Sokol part:  

31 2 4

1 2 3 4

2

1 1 1 0,01 0,05 0,02 0,4 1

8,7 0,19 0,032 0,76 1,74 23

0,115 0,053 1,56 0,026 0,23 0,043 2,03 / .

o
i t

R

m С vt

  
     

= + + + + + = + + + + + =

= + + + + + = 

 

For the part below ground level: 
31 2 4

1 2 3 4

2

1 1 1 0,01 0,03 0,02 0,4
0,7

8,7 0,19 0,032 0,76 1,74

0,115 0,053 0,938 0,026 0,23 0,7 2,06 / .

o
i t

R

m С vt

  
     

= + + + + + = + + + + + =

= + + + + + = 

 

For both cases, the condition тр
о оR R=  is fulfilled. So, the external wall of the basement has sufficient resistance to 

heat transfer. 

3. Results and Discussion  
Taking into account that the basement walls are made of dense materials and are in direct contact with moisture and 
aggressive influences, the use of PENOPLEKS®GEO heat insulation board as a heat insulation material is an optimal 
solution. 
When calculating the thickness of the thermal insulation layer of the basement walls, it is appropriate to use formula 
(2) for the part of the plinth located above the ground level, and formula (3) for the part located below the ground level. 
Taking into account that the outer walls of the basement differ from the outer walls of buildings during operation, it is 
necessary to calculate the moisture regime, regardless of whether the thermal insulation boards are placed from the 
inside or outside. 
Based on the conclusion given above, we will calculate the moisture regime of the barrier construction for the case 
where the thermal insulation layer is placed from the inside of the barrier structure. For this, the following circumstances 
should be taken into account. 
It is known that the characteristics of resistance to heat transfer of underground external barrier structures of buildings 
directly depend on their moisture condition. Because, when the moisture in the construction material increases, its 
thermal conductivity also increases. High humidity reduces the long-term durability of the structure and negatively 
affects the sanitary-hygienic condition of the room. 
The reasons for the appearance of moisture in the underground external barrier structures of buildings: 
- technological, soil, atmospheric moisture, operational moisture, sorption moisture, condensation moisture, water 
vapor diffusion, [8, 9]. 
During the cold season, the interior of the building is usually warm. Therefore, the partial pressure of water vapor in 
the indoor air is high, and the temperature of the outdoor air is low, so the partial pressure of water vapor in it is also 
lower. In such cases, due to the difference in partial pressures, a flow of water vapor from the inner surface of the 
external barrier structure to the outer surface appears. This is called water vapor diffusion. 
Water vapor - As the temperature drops from the inside to the outside as the room flows through the external barrier 
structure to the outside environment, water vapor condenses in some building materials, making it humid. In multi-
layer external barrier constructions, such a dangerous section - if the thermal insulation material is installed from the 
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From Table 4 of [7], the value of the average temperature .от перt  and the duration of these periods .от перZ  for the 
periods when the outdoor air temperature of the city of Samarkand is 8t C   and 12t C  , respectively we will 
record information about: 
Average temperature . 3,3от перt C= +  , for periods with 8t C  , duration 133 days; 

For periods with 12t C  , the average temperature . 4,8от перt C= +  , duration is 172 days. 

- on the basis of these values, we can determine the value of the average temperature .от перt  and the duration of these 

periods .от перZ  for periods with 10t C  : 

.

3,3 4,8
4,05

2от перt C
+

= =   and .

133 172
152,5 153

2от перZ days
+

= =  . 

- humidity mode of the room is moderate. 
 

 
Fig. 1. Calculation scheme of the wall construction: 1  - thickness of plasterboard layer; 1  - thermal conductivity coefficient of 

plasterboard material; 2  - thickness of PENOPLEKS®GEO thermal insulation board layer; 2  - Heat transfer coefficient of 

PENOPLEKS®GEO heat insulation board; 3  - thickness of plaster layer; 3  - thermal conductivity coefficient of plaster layer 

material; 4  - thickness of the basement wall made of monolithic concrete; 4  - thermal conductivity coefficient of the wall 

material; 5  - thickness of the waterproofing layer 

 
Using formula 1 of [5], we determine the degree-day index of the heating season for the city of Samarkand: 

( ) ( ). . 18 4,05 153 2135d в от пер от перD t t Z= −  = −  =  degree-days. 

Based on the degree-day indicator dD , we take the value of the required resistance to heat transfer тр
оR  for the outer 

wall of the basement from table 2b of [5]: 
( )22,0 /тр

оR m С vt=  . 

Taking this value into account, we determine the thickness of the thermal insulation layer for the part above the ground 
level using formula (2): 

( )

. . 31 2
. .

1 2 3

0,01 0,02 0,40
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  
= − − − −  =  =

 

Therefore, the minimum thickness of the thermal insulation board (PENOPLEKSR GEO) is 49 mm for the part located 
above the ground level. 
We determine the thickness of the thermal insulation layer for the part of the basement wall located below the ground 
level using formula (3). 

. . 31 2
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   
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The minimum thickness of the thermal insulation board (PENOPLEKSR GEO) for the part of the basement wall located 
below the ground level is 29 mm. Taking into account the available thicknesses of heat insulation plates, we accept 
0.05 m for the plinth part, and 0.03 m for the part located below the ground level. 
Putting the determined values into the formula (1), we determine the total resistance of the wall to heat transfer: 
For the Sokol part:  

31 2 4

1 2 3 4

2

1 1 1 0,01 0,05 0,02 0,4 1

8,7 0,19 0,032 0,76 1,74 23

0,115 0,053 1,56 0,026 0,23 0,043 2,03 / .

o
i t

R

m С vt

  
     

= + + + + + = + + + + + =

= + + + + + = 

 

For the part below ground level: 
31 2 4

1 2 3 4

2

1 1 1 0,01 0,03 0,02 0,4
0,7

8,7 0,19 0,032 0,76 1,74

0,115 0,053 0,938 0,026 0,23 0,7 2,06 / .

o
i t

R

m С vt

  
     

= + + + + + = + + + + + =
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For both cases, the condition тр
о оR R=  is fulfilled. So, the external wall of the basement has sufficient resistance to 

heat transfer. 

3. Results and Discussion  
Taking into account that the basement walls are made of dense materials and are in direct contact with moisture and 
aggressive influences, the use of PENOPLEKS®GEO heat insulation board as a heat insulation material is an optimal 
solution. 
When calculating the thickness of the thermal insulation layer of the basement walls, it is appropriate to use formula 
(2) for the part of the plinth located above the ground level, and formula (3) for the part located below the ground level. 
Taking into account that the outer walls of the basement differ from the outer walls of buildings during operation, it is 
necessary to calculate the moisture regime, regardless of whether the thermal insulation boards are placed from the 
inside or outside. 
Based on the conclusion given above, we will calculate the moisture regime of the barrier construction for the case 
where the thermal insulation layer is placed from the inside of the barrier structure. For this, the following circumstances 
should be taken into account. 
It is known that the characteristics of resistance to heat transfer of underground external barrier structures of buildings 
directly depend on their moisture condition. Because, when the moisture in the construction material increases, its 
thermal conductivity also increases. High humidity reduces the long-term durability of the structure and negatively 
affects the sanitary-hygienic condition of the room. 
The reasons for the appearance of moisture in the underground external barrier structures of buildings: 
- technological, soil, atmospheric moisture, operational moisture, sorption moisture, condensation moisture, water 
vapor diffusion, [8, 9]. 
During the cold season, the interior of the building is usually warm. Therefore, the partial pressure of water vapor in 
the indoor air is high, and the temperature of the outdoor air is low, so the partial pressure of water vapor in it is also 
lower. In such cases, due to the difference in partial pressures, a flow of water vapor from the inner surface of the 
external barrier structure to the outer surface appears. This is called water vapor diffusion. 
Water vapor - As the temperature drops from the inside to the outside as the room flows through the external barrier 
structure to the outside environment, water vapor condenses in some building materials, making it humid. In multi-
layer external barrier constructions, such a dangerous section - if the thermal insulation material is installed from the 

5

E3S Web of Conferences 563, 02022 (2024)	 https://doi.org/10.1051/e3sconf/202456302022
ICESTE 2024



inside of the wall, the thermal insulation is formed at the junction of the colder, denser layer in the outer zone of the 
layer. 
The vapor transmission resistance of a single layer in a single-layer, homogeneous structure or a multi-layer barrier 
structure is determined by the formula (35) in [5]: 




=R 2( / )m s Pa mg                                                            (4) 

The value of the vapor permeability coefficient   of the material depends on the amount of moisture in it. As humidity 
increases,   also increases. The overall resistance to vapor transmission of the barrier structure is determined as 
follows: 
for single layer construction 

 ++= ..0 RRR



 2( / )m s Pa mg                                                   (5) 

for multi-layer construction 

 +++++= .
2

2

1

1
.0 RRR

n

n








 2( / )m s Pa mg                            (6) 

where .R  and .R  are the moisture exchange resistance of the internal and external surfaces of the structure 

. 0, 2R  =  2( / )m s Pa mg  , . 0,1R  =  2( / )m s Pa mg   [8]. 
In order to ensure normal moisture conditions in external barrier constructions, the vapor resistance of the part between 

the inner surface of the barrier structure and the section where condensation is likely to occur, .R  must not be less 

than the required value of resistance to vapor transmission 

R  i.e. 

BR . >

R                                                                                  (7) 

The value of 

R  must be determined for two cases: 

a) from the formula (28) in [10], based on the condition of preventing moisture accumulation during the year-
round operation of the barrier structure: 

b) from the formula (29) in [5] based on the condition of limiting the amount of moisture accumulated in the 
barrier structure during the period when the outside air temperature is lower than the average monthly temperature: 
When checking the fulfillment of condition (7), the larger of the two values determined by formulas (28) and (29) in 
[5] is taken as the value of . Then it is possible to guarantee that the moisture condition of the construction being 
designed will not deteriorate during the operation period. 
For the conditions of stationary water vapor diffusion, the grapho-analytical method is used to calculate the moisture 
condition of multi-layer external barrier structures and to determine the formation of condensation moisture inside the 
external barrier structures [8]. 
Taking into account the above, let's check the moisture regime of the barrier structure for the case where the thermal 
insulation layer is installed from the inside of the outer wall of the basement. 

3.1. Determination of the boundary of the condensation zone by grapho-analytical method 
Determining the boundary of the condensation zone by the grapho-analytical method for the case where the 50 mm 
PENOPLEKS® GEO thermal insulation board is installed on the basement wall from the inside. 
When insulating the walls of the basement, it is necessary to take into account the contact of the part above and below 
the ground level with the external environment. It is known that the plinth part of the basement walls is more in contact 
with the external environment and the negative effects on it (outdoor air, moisture, aggressive environment, rain and 
snow water) are observed more often. Therefore, we will check the moisture regime for the plinth part of the outer wall 
of the basement. 
First, based on the calculation scheme of the basement wall presented in Figure 2, we will determine the total resistance 
of the basement wall to heat transfer. 

31 2 4

1 2 3 4

2

1 1 1 0,01 0,05 0,02 0,4 1

8,7 0,19 0,032 0,76 1,74 23

0,115 0,053 1,56 0,03 0,23 0,04 2,03 / .

o
i t

R

m С vt

  
     

= + + + + + = + + + + + =

= + + + + + =   
Taking into account the value of the total heat transfer resistance of the barrier structure, we determine the vapor 
transmission resistance of the wall layers based on the formula (6). To perform the calculation, we first determine the 
coefficients of thermal conductivity λ and vapor absorption 𝜇𝜇 of the materials of the barrier construction layers from 
Figure 2 and Appendix 1 in [5]: 

 

- 1 0,01 ,m =  thickness of plasterboard layer with volume weight goes 
=800 kg/m3; 
- ( )1 0,19 / ;vt m С =   

- ( )1 0,075 / ;mg m s Pa =    

- 2 0,05m =  thickness of the PENOPLEKS® GEO layer with volume 
weight γо =35 kg/m3; 
- ( )2 0,032 / ;vt m С =   

- ( )2 0,018 / ;mg m s Pa =    

- 3 = thickness of the layer of lime-sand mixture with a volumetric 
weight of 0.02 m = 1600 kg/m3; 
- ( )3 0,76 / ;vt m С =   

- ( )3 0,12 / ;mg m s Pa =    

- 4  - 0.4 m concrete wall made of natural stone and small pebbles with 
a volume weight of 2400 kg/m3; 
- ( )4 1,74 / ;vt m С =   

- ( )4 0,03 / ;mg m s Pa =    

- 5 =0.002 m thickness of bituminous waterproofing layer with volume 
weight γо = 1400 kg/m3; 
- ( )5 0,27 / ;vt m С =   

- ( )5 0,008 / .mg m s Pa =    

Fig. 2. Calculation scheme of the wall 
construction 

 

We determine the vapor transmission resistance of wall layers: 
- vapor transmission resistance of the first layer 

2
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2

3
3.П

3

0,02
0,17

0,12

m s Pа
R

mg




 
= = =  

- vapor transmission resistance of the fourth layer 
2
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4.П

4

0,4
13,33
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- vapor transmission resistance of the fifth layer 
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inside of the wall, the thermal insulation is formed at the junction of the colder, denser layer in the outer zone of the 
layer. 
The vapor transmission resistance of a single layer in a single-layer, homogeneous structure or a multi-layer barrier 
structure is determined by the formula (35) in [5]: 




=R 2( / )m s Pa mg                                                            (4) 

The value of the vapor permeability coefficient   of the material depends on the amount of moisture in it. As humidity 
increases,   also increases. The overall resistance to vapor transmission of the barrier structure is determined as 
follows: 
for single layer construction 

 ++= ..0 RRR

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 2( / )m s Pa mg                                                   (5) 

for multi-layer construction 
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where .R  and .R  are the moisture exchange resistance of the internal and external surfaces of the structure 

. 0, 2R  =  2( / )m s Pa mg  , . 0,1R  =  2( / )m s Pa mg   [8]. 
In order to ensure normal moisture conditions in external barrier constructions, the vapor resistance of the part between 

the inner surface of the barrier structure and the section where condensation is likely to occur, .R  must not be less 

than the required value of resistance to vapor transmission 

R  i.e. 

BR . >

R                                                                                  (7) 

The value of 

R  must be determined for two cases: 

a) from the formula (28) in [10], based on the condition of preventing moisture accumulation during the year-
round operation of the barrier structure: 

b) from the formula (29) in [5] based on the condition of limiting the amount of moisture accumulated in the 
barrier structure during the period when the outside air temperature is lower than the average monthly temperature: 
When checking the fulfillment of condition (7), the larger of the two values determined by formulas (28) and (29) in 
[5] is taken as the value of . Then it is possible to guarantee that the moisture condition of the construction being 
designed will not deteriorate during the operation period. 
For the conditions of stationary water vapor diffusion, the grapho-analytical method is used to calculate the moisture 
condition of multi-layer external barrier structures and to determine the formation of condensation moisture inside the 
external barrier structures [8]. 
Taking into account the above, let's check the moisture regime of the barrier structure for the case where the thermal 
insulation layer is installed from the inside of the outer wall of the basement. 

3.1. Determination of the boundary of the condensation zone by grapho-analytical method 
Determining the boundary of the condensation zone by the grapho-analytical method for the case where the 50 mm 
PENOPLEKS® GEO thermal insulation board is installed on the basement wall from the inside. 
When insulating the walls of the basement, it is necessary to take into account the contact of the part above and below 
the ground level with the external environment. It is known that the plinth part of the basement walls is more in contact 
with the external environment and the negative effects on it (outdoor air, moisture, aggressive environment, rain and 
snow water) are observed more often. Therefore, we will check the moisture regime for the plinth part of the outer wall 
of the basement. 
First, based on the calculation scheme of the basement wall presented in Figure 2, we will determine the total resistance 
of the basement wall to heat transfer. 
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Taking into account the value of the total heat transfer resistance of the barrier structure, we determine the vapor 
transmission resistance of the wall layers based on the formula (6). To perform the calculation, we first determine the 
coefficients of thermal conductivity λ and vapor absorption 𝜇𝜇 of the materials of the barrier construction layers from 
Figure 2 and Appendix 1 in [5]: 

 

- 1 0,01 ,m =  thickness of plasterboard layer with volume weight goes 
=800 kg/m3; 
- ( )1 0,19 / ;vt m С =   

- ( )1 0,075 / ;mg m s Pa =    

- 2 0,05m =  thickness of the PENOPLEKS® GEO layer with volume 
weight γо =35 kg/m3; 
- ( )2 0,032 / ;vt m С =   

- ( )2 0,018 / ;mg m s Pa =    

- 3 = thickness of the layer of lime-sand mixture with a volumetric 
weight of 0.02 m = 1600 kg/m3; 
- ( )3 0,76 / ;vt m С =   

- ( )3 0,12 / ;mg m s Pa =    

- 4  - 0.4 m concrete wall made of natural stone and small pebbles with 
a volume weight of 2400 kg/m3; 
- ( )4 1,74 / ;vt m С =   

- ( )4 0,03 / ;mg m s Pa =    

- 5 =0.002 m thickness of bituminous waterproofing layer with volume 
weight γо = 1400 kg/m3; 
- ( )5 0,27 / ;vt m С =   

- ( )5 0,008 / .mg m s Pa =    

Fig. 2. Calculation scheme of the wall 
construction 

 

We determine the vapor transmission resistance of wall layers: 
- vapor transmission resistance of the first layer 
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2
5

5.П
5

0,002
0,25

0,008

m s Pа
R

mg




 
= = =  

2

0.П 1.П 2.П 3.П 4.П 5.П 0,13 2,78 0,17 13,33 0,25 16,7
m s Pа

R R R R R R
mg

 
= + + + + = + + + + =  

We will draw the wall scheme on the scale of the values of vapor transmission resistance of the wall layers (Fig. 2). 
3. We determine the temperature at the boundary of the wall layers using the formula (2.67) in [10]: 

( )
х

n
i t

i В X
io

t t n
t R R

R


−   
= − + 

 
  

( )18 16
18 0,115 18 1,955 16,05 ;

2i С
+

= −  = − =   

( ) ( )1

18 16
18 0,015 0,053 18 2,86 15,14 ;

2
С

+
= −  + = − =   

( ) ( )2

18 16
18 0,115 0,053 1,56 18 29,38 11,38 ;

2
С

+
= −  + + = − = −   

( ) ( )3

18 16
18 0,115 0,053 1,56 0,03 18 29,89 12,89 ;

2
С

+
= −  + + + = − = −   

( ) ( )4

18 16
18 0,115 0,053 1,56 0,03 0,2 18 33,29 15,3 ;

2
С

+
= −  + + + + = − = −   

( ) ( )18 16
18 0,115 0,053 1,56 0,03 0,2 0,007 18 33,41 15,41 ;

2t С
+

= −  + + + + + = − = −   

 
Fig. 3. The diagram for determining the boundary of the condensation zone when the thermal insulation board is installed 

on the basement wall from the inside: 1-plasterboard coating; 2 – thermal insulation plate; 3-cement-sand mixture; 4-monolithic 
concrete wall; 5-waterproofing layer; 6-condensation zone. 

 
We determine the values of the maximum partial pressure (of saturated steam) corresponding to the ambient 
temperature from table 2.13-2.14 presented in [10]: 

иЕ 1877 ;Pа=  1Е 1720 ;Pа=  2Е 231 ;Pа=  3Е 200 ;Pа=  4Е 161 ;Pа=  нЕ 159 ;Pа=  

Based on the current normative document [7], when the relative humidity of the room air is φ=45% and the relative 
humidity of the outdoor air is φ=59%, we determine the value of the partial pressure of water vapor in the considered 
environment based on the formula (30) given in [8]: 

2064 0,57 1176,5 ;iе Pа=  =  

151 0,59 89,09 ;tе Pа=  =  

The amount of water vapor collected in the condensation zone: 

( )2з
1 П П

ут цт

Е 1176,5 231 945,5Р 321,6 / ;
2,78 0,17 2,94

iе mg m s Pа
R R

− −
= = = =  

+ +
 

The amount of water vapor leaving the left side of the condensation zone: 

( )22 т
2 П П

к к

Е 190 89,09 100,91Р 6,04 / ;
16,7 16,7

е
mg m s Pа

R R

− −
= = = =  

+
 

Amount of water vapor condensing on the wall: 

1 2 2

315,6Р 321,6 6,04 ;mgР Р
m s Pа

= − = − =
 

 

The amount of condensation that moistens the wall in a month: 
2P 24 30 0,316 24 30Р 0,23 / ;

1000 1000w kg m
   

= = =  

We determine the rate of moisture loss in summer with the following initial air parameters: tt = 26 oC; φв=75%; 
3363 0,25 841 ;tе Pа=  =  

Temperature in the plane of gluing the heat insulation board to the basement wall: 
21 2

1 2

1 1 0,01 0,05
0,115 0,053 1,56 1,73 / .

8,7 0,19 0,032o
i

R m С vt 
  

= + + = + + = + + =   

( ) ( )1

18 16
18 1,73 18 6,93 24,93 ;

2
С

−
= −  = + =   

This temperature corresponds to the following value of the maximum partial pressure of water vapor Ek.z=3156 Pa; 
The other surface of the condensation zone is located at the following distance from the inner surface of the thermal 
insulation plate: δ = 3.65·0.03+0.02 = 0,13 m; here 0.03 ( )2/mg m s Pа   – vapor absorption coefficient of concrete 

wall. 
Based on the formula (2.3), we determine the thermal resistance of the condensation zone: 

0,02 0,11
0,084

0,76 2,04
R


 = = + =

2( / )m С vt  

The temperature tx of this surface is as follows:  
( ) ( )k.z.i

18 16
18 0,115 0,053 1,56 0,03 0,084 18 7,37 25,37 ;

2
С

−
= −  + + + + = + =   

This temperature corresponds to the following value of the maximum partial pressure of water vapor Ek.z=3238 Pa; 
17. Ek.z=3238 Pa> 1176,5iе Pа=  since, construction occurs in both directions; 
We determine the amount of moisture leaving the room:  

( ) ( )2 2
1

3238 1176,5 2061,5Р 701,2 / 0,701 / ;
2,78 0,17 2,94

mg m s Pа g m s Pа−
= = =   =  

+
 

We determine the amount of moisture leaving the outside of the wall: 

( ) ( )2 2
2

3238 841 100,91Р 144 / 0,144 / ;
16,7 16,7

mg m s Pа g m s Pа−
= = =   =    

where ( )2
1 2Р Р Р 0,701 0,144 0,845 / ;g m s Pа= + = + =    

The amount of condensation moisture leaving the wall in a month: 
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We will draw the wall scheme on the scale of the values of vapor transmission resistance of the wall layers (Fig. 2). 
3. We determine the temperature at the boundary of the wall layers using the formula (2.67) in [10]: 
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( ) ( )4

18 16
18 0,115 0,053 1,56 0,03 0,2 18 33,29 15,3 ;

2
С

+
= −  + + + + = − = −   

( ) ( )18 16
18 0,115 0,053 1,56 0,03 0,2 0,007 18 33,41 15,41 ;

2t С
+

= −  + + + + + = − = −   

 
Fig. 3. The diagram for determining the boundary of the condensation zone when the thermal insulation board is installed 

on the basement wall from the inside: 1-plasterboard coating; 2 – thermal insulation plate; 3-cement-sand mixture; 4-monolithic 
concrete wall; 5-waterproofing layer; 6-condensation zone. 

 
We determine the values of the maximum partial pressure (of saturated steam) corresponding to the ambient 
temperature from table 2.13-2.14 presented in [10]: 

иЕ 1877 ;Pа=  1Е 1720 ;Pа=  2Е 231 ;Pа=  3Е 200 ;Pа=  4Е 161 ;Pа=  нЕ 159 ;Pа=  

Based on the current normative document [7], when the relative humidity of the room air is φ=45% and the relative 
humidity of the outdoor air is φ=59%, we determine the value of the partial pressure of water vapor in the considered 
environment based on the formula (30) given in [8]: 

2064 0,57 1176,5 ;iе Pа=  =  

151 0,59 89,09 ;tе Pа=  =  

The amount of water vapor collected in the condensation zone: 

( )2з
1 П П

ут цт

Е 1176,5 231 945,5Р 321,6 / ;
2,78 0,17 2,94

iе mg m s Pа
R R

− −
= = = =  

+ +
 

The amount of water vapor leaving the left side of the condensation zone: 

( )22 т
2 П П

к к

Е 190 89,09 100,91Р 6,04 / ;
16,7 16,7

е
mg m s Pа

R R

− −
= = = =  

+
 

Amount of water vapor condensing on the wall: 

1 2 2

315,6Р 321,6 6,04 ;mgР Р
m s Pа

= − = − =
 

 

The amount of condensation that moistens the wall in a month: 
2P 24 30 0,316 24 30Р 0,23 / ;

1000 1000w kg m
   

= = =  

We determine the rate of moisture loss in summer with the following initial air parameters: tt = 26 oC; φв=75%; 
3363 0,25 841 ;tе Pа=  =  

Temperature in the plane of gluing the heat insulation board to the basement wall: 
21 2

1 2

1 1 0,01 0,05
0,115 0,053 1,56 1,73 / .

8,7 0,19 0,032o
i

R m С vt 
  

= + + = + + = + + =   

( ) ( )1

18 16
18 1,73 18 6,93 24,93 ;

2
С

−
= −  = + =   

This temperature corresponds to the following value of the maximum partial pressure of water vapor Ek.z=3156 Pa; 
The other surface of the condensation zone is located at the following distance from the inner surface of the thermal 
insulation plate: δ = 3.65·0.03+0.02 = 0,13 m; here 0.03 ( )2/mg m s Pа   – vapor absorption coefficient of concrete 

wall. 
Based on the formula (2.3), we determine the thermal resistance of the condensation zone: 

0,02 0,11
0,084

0,76 2,04
R


 = = + =

2( / )m С vt  

The temperature tx of this surface is as follows:  
( ) ( )k.z.i

18 16
18 0,115 0,053 1,56 0,03 0,084 18 7,37 25,37 ;

2
С

−
= −  + + + + = + =   

This temperature corresponds to the following value of the maximum partial pressure of water vapor Ek.z=3238 Pa; 
17. Ek.z=3238 Pa> 1176,5iе Pа=  since, construction occurs in both directions; 
We determine the amount of moisture leaving the room:  

( ) ( )2 2
1

3238 1176,5 2061,5Р 701,2 / 0,701 / ;
2,78 0,17 2,94

mg m s Pа g m s Pа−
= = =   =  

+
 

We determine the amount of moisture leaving the outside of the wall: 

( ) ( )2 2
2

3238 841 100,91Р 144 / 0,144 / ;
16,7 16,7

mg m s Pа g m s Pа−
= = =   =    

where ( )2
1 2Р Р Р 0,701 0,144 0,845 / ;g m s Pа= + = + =    

The amount of condensation moisture leaving the wall in a month: 
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2
к

2 2
к w

24 30 0,845 24 30Р 0,61 / ;
1000 1000

Р 0,61 / Р 0,23 / .

Р
kg m

kg m kg m

   
= = =

= =
 

As a result, it is ensured that the condensing moisture formed in the base part of the basement wall dries up during the 
summer. 

4. Conclusion 
From the calculations and the graph presented in Figure 3, it can be seen that when a layer of heat insulation is placed 
on the base part of the basement wall from the inside, condensation moisture appears in the body of the barrier structure 
in the winter season. This has a negative impact on the operational characteristics of the barrier structure and the comfort 
level of the room. In addition, it has been determined that the moisture that appears in the body of the barrier structure 
can dry up in the summer season. However, in winter, there is a possibility of moisture accumulation in the body of the 
barrier structure. Therefore, when insulating the exterior walls of the basement, it can be seen that it is more effective 
to put the insulation layer on the outside as much as possible. It is also necessary to calculate the part of the outer wall 
of the basement below the ground level in the same order. 
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