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Abstract. The article analyzes changes in the level of thermal reliability of 

residential buildings walls and coatings in Ukraine. Numerical indicator of thermal 

reliability is the probable duration of thermal failure state according to the comfort 

criterion, which occurs when the permissible temperature difference between 

internal air and internal surface of the building enclosure is exceeded. 

The research was carried out according to the methodology published in the 

author's previous works, which allows determining the probable duration of 

thermal failure state, taking into account the statistical characteristics of the 

atmospheric air temperature in each of the administrative regions of Ukraine. It 

has been established that within the territory of Ukraine, probable duration of 

walls thermal failures varies from 7 to 12 minutes per year, and those of coatings - 

from 153 to 221 minutes per year. The Autonomous Republic of Crimea and the 

Southern Coast of Crimea with a warmer climate are characterized by a 

significantly shorter duration of thermal failures. The analysis of obtained values 

of thermal failures probable duration indicates an uneven level of thermal 

reliability of residential buildings walls and combined coatings in Ukraine. 

For a more accurate equalization of thermal reliability indicators across the 

territory, it is advisable to clarify the division of Ukraine into temperature zones. 

For the northeastern regions, it is recommended to slightly increase, and for the 

Autonomous Republic of Crimea and the Southern Coast of Crimea, to reduce the 

minimum permissible values of walls and coatings heat transfer resistance. 

1. Introduction and major challenges 

To ensure a sufficient level of building envelopes thermal reliability, Building Code B.2.6-31:2021 

[1] sets the minimum required values of heat transfer resistance for two temperature zones of 

Ukraine. Besides, the value of difference between the temperature of internal air and the 

temperature of internal surface of the building envelope is limited, which can cause discomfort 

from being next to enclosures. The random nature of all the values affecting this temperature 

difference makes it necessary to use probabilistic methods to assess the level of thermal reliability 

according to the comfort criterion. As a practically understandable, mathematically and physically 

justified objective indicator of thermal reliability, the research [2] suggests to use the probable 

duration of the thermal failure state according to the comfort criterion, which occurs when the 

permissible value of the above temperature difference is exceeded, and methodology for 

determining this indicator is developed. 

https://creativecommons.org/licenses/by/4.0/
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A considerable number of studies have been devoted to the analysis of building envelopes 

thermal characteristics, in particular, articles [2, 3, 4]. Attention has been paid to the selection of 

thermal characteristics optimal values [5, 6] as well as to improvement of building envelopes 

aimed at increase in their thermal reliability [7, 8, 18, 19]. The design standards of Ukraine [1] 

suggest division of the territory into temperature zones with the corresponding values of the 

calculated parameters of air temperature and the minimum required heat transfer resistance of 

the building envelope. This approach is to ensure thermal reliability indicators independence from 

the geographic area. Real quality of thermal reliability regulation level of building envelope 

structures in Building Code [2] can be assessed by analyzing the results of territorial variability of 

thermal failures of walls and coatings probable duration. 

To determine probable duration of thermal failures according to the methodology [2], it is 

necessary to represent the enclosure heat transfer resistance and the temperature of the internal 

air in the form of random variables with a normal distribution law, and the temperature of 

atmospheric air in the form of a sequence of 12 normally distributed values for each of the months 

of the year. 

Dependencies obtained from the results of experimental tests [9] for the approximate 

determination of statistical characteristics of the walls heat transfer resistance of typical 

structures through its calculated value are given in [2]. It was found that mathematical expectation 

of the heat transfer resistance is approximately 5% higher than its calculated value, and coefficient 

of variation can be considered close to 0.06. 
Statistical characteristics of the indoor air temperature in residential premises were obtained 

from the measurements conducted in several apartments during the heating season and are given 

in [10]. It has been established that under manual control of the heat carrier temperature in an 

autonomous heating system, mathematical expectation of the internal air temperature is 20...24°C, 

and the standard can be considered equal to 0.6°C. 

A probabilistic representation of air temperature in the form of random processes or monthly 

sequences of random variables was performed in [11, 12], which also provides statistical 

characteristics of atmospheric air temperature for more than 400 observation points in Ukraine. 

On the basis of these data, the authors of [13] used the methodology of [14] to perform 

administrative-territorial zoning of Ukraine according to the statistical characteristics of 

atmospheric air temperature. For 26 regions of Ukraine (24 oblasts, the Autonomous Republic of 

Crimea and the Southern Coast of Crimea), the values of mathematical expectation and the air 

temperature standard for each month of the year were established, which can be used to assess 

the probable duration of the thermal failures state according to the comfort criterion in these 

regions of Ukraine. 

2. Aim and research tasks 

The purpose of this study is to estimate the probable duration of thermal failures of walls and 

combined coatings of residential buildings in different regions of Ukraine, analyze their territorial 

variability, and draw conclusions about the need to adjust the minimum required values of heat 

transfer resistance established in the Ukrainian design standards. 

Analysis of the level of thermal reliability of the residential buildings enclosure was 

performed according to the methodology [2], taking into account the following prerequisites: 

• walls and combined coatings, thermal characteristics of which meet the requirements of 

the State Building Standards of Ukraine [1] are considered; 
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• the building enclosure is used in the climatic conditions of all administrative regions of 

Ukraine, the Autonomous Republic of Crimea and the Southern Coast of Crimea with warmer 

climate; 

• the criterion of thermal failure is excess of permissible difference between the internal air 

temperature in the room and the inner surface temperature of the enclosure established by the 

norms [1], which is called the comfort criterion in [2]; 

• the thermal reliability indicator is the probable annual duration of thermal failure 

according to the comfort criterion. 

• the probable duration of thermal failure according to the comfort criterion is estimated 

according to the methodology developed in [2] and summarized below. For each of the months of 

the heating period with an average outside air temperature of less than +8°C, mathematical 

expectation and the standard temperature of internal wall surface are calculated using the 

formulas from [2]: 

( )w in R in out

R in

1
M M M 1 M

M
=  − +  

,    (1) 

( )
( )

2

2 R in2 2 2

w out in in in R2

R in R

1 M1
S S M 1 S S

M M

− 
= +  − + 


,   (2) 

Where Mout, Sout represent mathematical expectation and standard of outdoor air temperature 

for the selected region according to [13]; 

Min is mathematical expectation of the indoor air temperature equal to the calculated value 

according to [1]; 

Sin is the indoor air temperature standard according to [2, 10]; 

αin is heat transfer coefficient of the inner surface of the wall or coating; 

MR, SR represent mathematical expectation and standard of heat transfer resistance of a wall 

or coating, calculated according to the method [2]. 

Mathematical expectation and standard of the temperature difference between the internal 

air and the internal surface of the wall are equal to: 

in wM M M = − ,  2 2

in wS S S = + ,    (3) 

where Mw, Sw are statistical characteristics of the inner surface of the wall temperature (1), (2). 

Characteristics (3) make it possible to calculate the duration of the thermal failure state Qj in 

minutes for each j-th month of the heating period, the total duration of the thermal failure state Q 

over the year, and the relative duration of the thermal failure state Qrel using the formulas from [2]: 

( )j maxQ 43920 1 F= −    , j

j

Q Q= , relQ Q 525600=    (4) 

where F(Δmax) is a function of the normal distribution of the temperature difference Δ with 

numerical characteristics (3); 

Δmax is the maximum permissible temperature difference between the internal air and the 

internal surface of the building enclosure of a residential building according to [1]; 

43920 and 525600 are the lengths of a month and a year in minutes. 

Annual duration of the thermal failure state Q is a practically understandable numerical 

indicator by which it is possible to compare building enclosures of different types used in various 

climatic conditions. Relative duration of the thermal failure state Qrel can be considered an 

approximate estimate of thermal failure probability during the year. 
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3. Research methodology 

The walls and residential buildings combined coatings of a complex design that meets the 

standards requirements are analyzed [15, 16]. The walls bearing part is made of brick or cellular 

concrete, while facade insulation is made of mineral wool or other similar material. Combined 

coatings of residential buildings consist of a load-bearing reinforced concrete slab, insulation 

made of mineral wool boards and waterproofing based on bituminous or synthetic roll materials. 

External protective layers and interior finishes do not have significant resistance to heat transfer, 

which makes it possible not to take them into account in thermal engineering calculations. 

Walls and coatings thermal characteristics are shown in Table 1. Calculated values of the heat 

transfer resistance R0 are assumed to be equal to the minimum required values established by the 

standards [1] for both temperature zones of Ukraine. Mathematical expectation MR and the 

standard SR of the heat transfer resistance of enclosures are determined by the approximate 

dependencies given in [2]. 

According to [17], the heat transfer coefficient of the wall inner surface in formulas (1) and 

(2) is assumed to be αin = 8.7 W/(m2 К), and that of the flat surface αin = 10.0 W/( m2 К). 

Mathematical expectation of the indoor air temperature is equal to the design value for 

residential premises established by the standards [1] Min = +20°C. The standard for indoor air 

temperature based on the results of experimental studies [10] is Soin = 0.6°C. 

Mathematical expectations Mout and standards Sout of the outdoor air temperature in each of 

the months of the year are taken from [13]. In this study, according to [12], for 414 plain 
observation points of Ukraine located at altitudes up to 500 m above sea level, the weighted 

average values of Mout and Sout for each of the 24 administrative regions of Ukraine, the steppe zone 

of the Autonomous Republic of Crimea, and separately for the Southern Coast of Crimea were 

obtained using the method of administrative-territorial zoning [14]. Thus, annual variation of 

atmospheric air temperature in 26 regions of Ukraine is presented in the form of sequences of 12 

random variables with a normal distribution law, which are necessary for assessing the building 

enclosures thermal reliability according to the method [2]. 

4. Results 

Indicators of thermal reliability of walls and coatings for 26 regions of Ukraine were calculated 

using formulas (1)...(4), taking into account the above initial data and statistical characteristics of 

the atmospheric air temperature from [13]. The results of the calculations are given in Table 2, 

which contains the probable annual duration of thermal failures according to the comfort criterion 

Q (minutes per year) and the relative duration of thermal failures Qrel of walls and coatings. Based 

on the available data, the smallest, largest and average values of the thermal failures duration for 

the first and second temperature zones of Ukraine (excluding the Southern coast of Crimea) were 

also determined.  

Table 2 shows that, with the exception of the Southern Coast of Crimea, the smallest, largest 

and average values of the walls thermal failures duration in the first and second temperature zones 

of Ukraine are quite close. Probable duration of coatings thermal failures obtained in the first 

temperature zone was on average by 12% longer than in the second one. Probable duration of 

walls and coatings thermal failures in the territory of the Autonomous Republic of Crimea and the 

Southern Coast of Crimea is much shorter due to the warmer subtropical climate. 
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Table 2. Probable duration of roofs and walls thermal failures 

The first temperature zone 
Walls Roofs 

Q min./year Qrel Q min./year Qrel 
R0 = 4.0 m2×K/W R0 = 7.0 m2×K/W 

Vinnytsia  9.0 1.71E-05 199 3.79E-04 

Lutsk 7.7 1.46E-05 189 3.60E-04 

Dnipro 8.3 1.58E-05 163 3.10E-04 

Donetsk 9.2 1.75E-05 169 3.22E-04 

Zhytomyr 9.4 1.78E-05 203 3.86E-04 

Ivano-Frankivsk 8.2 1.55E-05 193 3.67E-04 

Kyiv 9.7 1.84E-05 205 3.90E-04 

Kirovohrad 8.3 1.58E-05 163 3.10E-04 

Luhansk 10.7 2.03E-05 195 3.71E-04 

Lviv 7.1 1.36E-05 169 3.22E-04 

Poltava 10.4 1.97E-05 209 3.98E-04 

Rivne 8.1 1.54E-05 193 3.67E-04 

Sumy 11.9 2.27E-05 221 4.20E-04 

Ternopil  8.3 1.58E-05 194 3.69E-04 

Kharkiv 11.4 2.16E-05 216 4.11E-04 

Khmelnytskyi 8.7 1.65E-05 197 3.75E-04 

Cherkasy 9.4 1.79E-05 202 3.84E-04 

Chernivtsi 7.1 1.35E-05 153 2.92E-04 

Chernihiv 11.2 2.12E-05 216 4.11E-04 

Minimum 7.1 1.35E-05 153 2.92E-04 

Maximum 11.9 2.27E-05 221 4.20E-04 

Average 9.1 1.74E-05 192 3.66E-04 
The second temperature 

zone 
R0 = 3.5 m2×K/W R0 =6/0 m2×K/W 

Right bank of Crimea 3.6 6.80E-06 106 2.01E-04 

Uzhhorod 9.7 1.85E-05 175 3.33E-04 

Zaporizhzhya 11.1 2.11E-05 186 3.53E-04 
Autonomous Republic of 
Crimea 6.6 1.25E-05 152 2.89E-04 

Mykolaiv  10.0 1.90E-05 178 3.38E-04 

Odesa 8.9 1.69E-05 170 3.23E-04 

Kherson 9.0 1.71E-05 171 3.25E-04 

Minimum 6.6 1.25E-05 152 2.89E-04 

Maximum 11.1 2.11E-05 186 3.53E-04 

Average 9.2 1.75E-05 172 3.27E-04 
 

Table 1. Characteristics of heat transfer resistance, m2×K/W 

Enclosing structures R0 MR SR 

Walls in the first temperature zone  4.0 4.20 0.252 

Walls in the second temperature zone 3.5 3.68 0.221 

Coatings in the first temperature zone  7.0 7.36 0.441 

Coatings in the second temperature zone  6.0 6.30 0.378 
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The data in Table 2 are visualized in Figures 1 and 2, which enable analyzing trends in the 

territorial changes in the level of thermal reliability of residential buildings walls and coatings in 

different regions of Ukraine. 

 

Figure 1. Annual duration of residential building walls thermal failures in Ukraine. 

 

Figure 2. Annual duration of thermal failures of residential building coatings in Ukraine. 
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For all 26 regions of Ukraine, probable duration of thermal failures of coatings was obtained 

to be 17...30 times longer than for walls. This is explained by the different values of the permissible 

temperature differences Δmax in formula (4): 4°C for walls and 3°C for coatings. Therefore, 

probable duration of thermal failure according to the comfort criterion (4) can only be used to 

compare the level of thermal reliability of structures with the same Δmax at different values of 

other parameters. 

The analysis of the map in Figure 1 revealed patterns of territorial changes in the duration of 

thermal failures within the first temperature zone. The duration of thermal failures for the 

northeastern regions (Chernihiv, Sumy, Kharkiv, Luhansk, Poltava), as well as Mykolaiv and 

Zaporizhzhia regions, which belong to the second temperature zone according to [1], was 

significantly longer than for other regions of Ukraine. This indicates the expediency of allocating 

these regions to additional temperature zones with slightly higher minimum permissible values 

of wall heat transfer resistance. At the same time, in order to equalize the thermal reliability of 

walls throughout Ukraine, the minimum permissible value of the walls heat transfer resistance in 

the Autonomous Republic of Crimea and especially on the Southern Coast of Crimea should be 

reduced.  

The schematic map in Figure 2 shows the changes in probable duration of the coatings 

thermal failure state (in minutes per year) across Ukraine. The map shows a rather systematic 

increase in the duration of thermal failure from southwest to northeast. Similar to walls, the 

shortest duration of thermal failure is observed in Crimea and especially on the Southern coast of 
Crimea. 

Comparison of coatings and walls thermal failures duration is made according to Table 2. The 

table shows that duration of coatings thermal failures is 17...30 times longer than that of walls.  

The relationship between thermal failures duration of walls and coatings is shown in Figure 

3. It is divided into two straight-line dependencies formed by the data of the first (dark markers) 

and mainly the second (light markers) temperature zone. The revealed difference in data for the 

first and second temperature zones confirms the expediency of adjusting the minimum required 

 

Figure 3. Relationship between the walls  Figure 4. Dependence of the failure time 

and roofs thermal failures duration.  on the roof heat transfer resistance 
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heat transfer resistance of walls and coatings established in DBN [1] for the two temperature 

zones of Ukraine. 

Table 2 shows that the duration of the state of coatings thermal failure can reach 221 minutes 

per year, i.e., almost 4 hours during the year. Since such duration of the thermal failure state of 

coatings is quite long, the possibility of reducing it by increasing the heat transfer resistance is 

analyzed. Figure 4 shows changes in the thermal failure state duration from the coating heat 

transfer resistance for the conditions of the Crimea and Sumy region, which have the highest 

(except for the Southern coast of Crimea) and the lowest level of roofs thermal reliability. The 

figure shows that even a twofold increase in the heat transfer resistance compared to the 

requirements of Building Code [1] does not provide a fundamental reduction in the thermal failure 

state duration. Obviously, the reason for the lower level of coatings thermal reliability compared 

to walls is the overly stringent requirement for the maximum permissible temperature difference 

between the internal air and the enclosure internal surface, equal to Δmax = 3°C instead of Δmax = 

4°C for walls. To ensure the uniformity of roofs and walls throughout Ukraine, it is necessary to 

adjust both the minimum permissible values of the enclosures heat transfer resistance and 

permissible values of the temperature difference Δmax between the internal air and the internal 

surface of the enclosure in the standards [1]. 

4. Conclusions 

1. The use of the thermal failures probable duration according to the comfort criterion, calculated 

taking into account the statistical characteristics of atmospheric air temperature generalized for 
the regions of Ukraine, made it possible to analyze the territorial variability of the level of thermal 

reliability of residential buildings walls and coatings. 

2. It has been established that within the first temperature zone of Ukraine according to 

Building Code B.2.6-31:2021 "Thermal insulation of buildings", the probable duration of thermal 

failures of walls varies from 7 to 12 minutes per year. The probable duration of walls thermal 

failures in the northeastern regions (Chernihiv, Sumy, Kharkiv, Luhansk, Poltava), as well as in 

Zaporizhzhia and Mykolaiv oblasts is significantly longer, and in Crimea it is significantly shorter 

than in other territories of Ukraine. 

3. Probable duration of combined coatings thermal failures, heat transfer resistance of which 

meets the requirements of Building Code B.2.6-31:2021, increases quite systematically from 

southwest to northeast, varying within 153...221 minutes/year. The duration of coatings thermal 

failure on the territory of the Southern coast of Crimea is much shorter. 

4. To more accurately equalize the walls thermal reliability in different regions of Ukraine, it 

is advisable to allocate the northeastern regions of Ukraine to a separate temperature zone with a 

higher resistance to heat transfer of enclosures. Reduced requirements for the heat transfer 

resistance of walls can be set for the Autonomous Republic of Crimea and the Southern Coast of 

Crimea. 

5. The probable duration of combined coatings thermal failures is 17...30 times longer than 

the duration of thermal failures of walls. It is practically impossible to ensure equal reliability of 

building enclosures by increasing the thickness of thermal insulation and, accordingly, the heat 

transfer resistance of combined coatings, which indicates the expediency of adjusting the 

buildings thermal protection standards. 
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