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PROBABILISTIC ANALYSIS OF THERMAL  

PERFORMANCE OF THE WALL FROM LIGHT-GAUGE  

THIN-WALLED STEEL STRUCTURES 
 

The article is devoted to determining of the thermal reliability rates of CFS wall panels 

based on three thermo-technical failure criteria - reduced heat transfer resistance, exceeding 

the values of the temperature difference between the reduced temperature of the inner surface 

of structure and internal air temperature above the permissible temperature values by the 

sanitary requirements and criteria of reduction of local values of the inner surface 

temperature to the temperature of vapor-liquid condensation. 

With increasing coefficient of variation of thermal conductivity from 2.28% to 20%, the 

probability of refusal of wall panels of light steel thin-walled structures, under the criterion of 

the specified heat transfer resistance, is increasing from 9,85×10
-7

 to 0,015 respectively. 

Keywords: light-gauge thin-walled steel structures, wall, thermal conductivity, linear 

heat transfer coefficient, thermal resistance, thermal reliability. 
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ІМОВІРНІСНИЙ АНАЛІЗ ТЕПЛОТЕХНІЧНИХ  

ПОКАЗНИКІВ СТІНИ З ЛЕГКИХ СТАЛЕВИХ  

ТОНКОСТІННИХ КОНСТРУКЦІЙ 
 

Розглянуто визначення показників теплової надійності стінової панелі із легких 

сталевих тонкостінних конструкцій (ЛСТК) при зміні фізичних характеристик за 

трьома теплотехнічними критеріями відмови – приведеним опором теплопередачі, 

перевищенням значень перепаду температур між приведеною температурою 

внутрішньої поверхні конструкції та температурою внутрішнього повітря над 

значеннями температури, допустимими за санітарно-гігієнічними вимогами, та за 

критерієм зниження локальних значень температур внутрішньої поверхні до 

температури конденсації пари повітря. 

З’ясовано, що ймовірність відмови стінової панелі із ЛСТК за критерієм 

приведеного опору теплопередачі зі збільшенням коефіцієнта варіації 

теплопровідності від 2,28 до 20% підвищується від 9,85×10
-7

 до 0,015 відповідно. 

Ключові слова: легкі тонкостінні конструкції, стіна, теплопровідність, лінійний 

коефіцієнт теплопередачі, опір теплопередачі, теплова надійність. 



Збірник наукових праць. Серія: Галузеве машинобудування, будівництво. − 1 (48)′ 2017. 145 

 

Introduction. One of the important factors of economic growth in Ukraine is the 

development of energy saving and energy efficiency in the construction. Reducing the costs 

of heating buildings is possible by using both renewable energy and increasing requirements 

for enclosing structures. One of the points of energy efficiency measures for the household 

sector is the improvement of building regulations and standards (including the provision of 

annual increase in the number of newly constructed buildings close to zero energy 

consumption). Considering that Ukraine has raised the standards for enclosing structures 

almost for two times [1, 2], while the number of temperature zones decreased from 4 to 2, 

there is quite acute problem of thermal reliability for buildings that are in the same 

temperature zone, but geographically located at great distances (from north to south). 

Enclosing structures of frame buildings of light steel thin-walled structures have many 

heat-conducting inclusions, through which there are significant heat loss of the building as a 

whole. However, many designers in the deterministic calculations do not include these 

inclusion and offer only constructive solutions of eliminate the influence of thermal bypass to 

enhance of thermal reliability. At the same time Enclosing structures is calculated as 

thermally homogeneous. This may have a negative effect to frame buildings of light steel 

thin-walled structures. 

Review of recent research and publications sources. The concept of thermal 

reliability in Ukraine was first introduced by G. Fareniuk. According to [3], thermal reliability 

is a property of the object (enclosing structure) to store in time within the established value  

of parameters which characterizing the ability to perform necessary functions in specified 

modes and conditions of use. In other words, it must maintain its thermal performance within 

permissible limits given in the lifetime of the building. To solve the problem of evaluation of 

thermal reliability of enclosing structures G. Fareniuk proposed four conditions of thermal 

failures [4]. 

In the future research area was continued by V. Pashynskyi [5]. By his participation was 

made DBN V.1.2.-14-2009: «System to ensure reliability and safety of building objects. 

General principles of ensure reliability and structural safety of buildings, building structures 

and foundations» [6]. In it noted that the reliability of construction object is a property of the 

object to perform specified functions within a specified period of time. Methods for numerical 

evaluation of the probability of failure of similar enclosing structures were proposed by  

V. Pashynskyi on the following criteria: failure to achieve a sufficient level of thermal 

resistance through the variability of geometric and thermal characteristics of materials 

enclosing structures; exceeding the maximum acceptable value of density of heat flow 

through the enclosing structure [7]. 

Further research in the area of thermal reliability of enclosing structures, in particular 

enclosing structures of light steel thin-walled profiles was performed by V. Semko and  

S. Pichugin [8 – 10]. 

Methods for determining the probability of thermal failures of enclosing structures of 

cold formed steel elements in three thermo-technical parameters were proposed and 

developed by V. Semko – the provided thermal resistance, exceeding the values of the 

temperature difference between the provided temperature of internal surface of the 

construction and the temperature of internal air above the permissible temperature values for 

the sanitary requirements and criteria for reducing local temperature values of internal surface 

to the temperature of vapor condensation air. 

Selection the general problems are not resolved before. The results of previous 

studies of higher mentioned scientists and our own developments [11] show that at 

performance of deterministic calculations of wall panels of light steel thin-walled structures 

and its specific nodes, in most cases the three main thermal criteria are fully ensured, while 

indicators of its faultless operation may be low under these same criteria. 
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In cases where the design scheme provides enough qualitative insulation of heat-

conducting inclusions and wall constructions calculations performed for ideal (theoretical) 

conditions of their production and operation, the faultless operation performance can be quite 

high in three main thermo-technical criteria. But as practice shows, in real conditions of 

building the defects of structures are often observed in the following way: thermal insulation 

of thermal bypass is not performed quite efficiently, especially in the joints of several metal 

elements, the accumulation of moisture in the insulation is also possible and others. 

Therefore the aim of the article was offer to perform the probabilistic analysis of the 

main thermal indicators of the wall of light steel thin-walled structures under change of 

physical characteristics. 

Main material and results. Construction of exterior wall panels of light steel thin-

walled structures (Fig. 1) with its structural nodes (Fig. 2) was chosen for numerical 

experimental research. 

 
Figure 1 – Construction scheme of exterior wall of light steel thin-walled 

structures: 1-6 – numbering of structural nodes 

 

Research of influencing factors on the value of the local temperature at the site of heat-

conductive inclusion, for each of the experimental nodes, showed that the most influential 

indicator is the thermal conductivity of insulation in the construction of wall of light steel 

thin-walled structures. That is why was proposed to perform probabilistic analysis of the main 

thermal indicators of the wall with different coefficients of variation of heat conduction of 

thermal insulation material. 

Experimental research in [12] has allowed to receive a coefficients of variation of heat 

conduction of mineral wool V=3,52%. According to previous research [13-16] this value 

ranged from V=2,28% to V=12,7%. These results enabled to estimate the probability of 

thermal failure of (by three main thermo-technical criteria’s) a nodes and a whole panel wall 

of light steel thin-walled structures under changing the coefficient of variation of heat 

conductivity of mineral wool from V=2,28% to V=20%. 

In determining the probability of faultless operation under the criterion of reducing local 

values of temperature of internal surface to the temperature of water vapor condensation 

(Table 1), calculations were made for the climate of Poltava and Kropyvnytskyi (1-st climatic 

area) with different values of relative humidity of internal air (the values of relative humidity 

of internal air are shown from below for each schedule in Table 1, %). 
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а) b) 

c) 

 
 

d) 

 
Fig. 2. – Construction scheme of nodes: 

а) №1 – interim;  

b) №2 – coupled interim;  

с) №3 – angular; 

d) №4 – connection of external  

wall with internal one 

 

1 – plaster layer: 10 mm; 2 – insulation: 50 mm; ρ=135 kg/m³; λ(V)=0,042 W/m·K; 

3 – polymer adhesive for thermal insulation: 2 mm; 4 – slab OSB-3: 12 mm; 

5 – metal frame (profile С152,4×50,8×1,5; t=1,5 mm); 6 – insulation: 150 mm; ρ=45 kg/m³; 

λ(V)=0,043 W/m·К; 7 – vapor insulation; 8 – insulation: 40 mm; ρ=135 kg/m³; 

λ(V)=0,042 W/m·К); 9 – gypsum plasterboard: 25 mm; ρ=800 kg/m³; λ(V)=0,21 W/m·К. 

 

The probability of thermal failure of wall panels of light steel thin-walled structures is 

almost zero under the criterion of values exceeding of temperature difference between the 

specified temperature of internal surface of the construction and the temperature of internal air 

above the permissible temperature values by sanitary requirements at change of coefficient of 

variation of heat conductivity of mineral wool from V=2,28% to V=20%. This is according to 

obtained values of safety coefficient, which are rather large.  

The probability of thermal failure of wall enclosing constructions under criteria of 

specified heat transfer resistance and overall resistance of heat transfer, shown in Figure 3, 

can be divided into three stages: 1) from V=2,28% to V=10% – probability of thermal failure 

remained almost zero; 2) from V=10% to V=15% – probability of thermal failure increased 

for 15.3 times; 3) from V=15% to V=20% – probability of thermal failure increased f 

or 4,8 times compared to the previous interval. At the same, the condition in terms of 

specified resistance of heat transfer is fully implemented under the deterministic approach. 
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Table 1 – The probability of thermal failure under changing coefficient  

of variation of heat conductivity 
 

City 

Poltava Kropyvnytskyi 

№1. Interim node 

  
№2. Coupled interim node 

  
№3. Angular node 

  
№4. Node of connection of external wall with internal one 
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Figure 3 – Graph of changing probability of thermal failure depending on the 

coefficient of variation of heat conductivity of mineral wool 

 

The following condition in the research of thermal reliability of wall of light steel thin-

walled structures: coefficient of thermal conductivity of insulation material was taken as a 

constant λ=0,0423 (W/m·К) with providing 0,95 (Table 2). The coefficient of variation of 

thermal conductivity of mineral wool is ranged from V=2,28% to V=20%. 

 

Table 2 – The coefficient of thermal conductivity under changing coefficient of variation 

V, % 2,28 3,52 5 8,5 10 12,7 15 20 

λ, (W/m·К) 0,0439 0,0448 0,0457 0,0482 0,0492 0,0511 0,0526 0,0561 

 

Table 3 – Indicators of reliability of thermal conductivity functions with providing 0,95 

 RΣ Rпр 

M 5,035 4,128 

S 0,391 0,219 

β 4,438 3,790 

Q 4,54х10
-6 

7,53х10
-5 

 

The data in Table 3 prove that the probability of failure under the criterion of specified 

heat transfer resistance is increased for 2.2 times when using value of thermal conductivity of 

mineral wool with providing 0.95 in the experimental wall constructions of light steel thin-

walled profiles. 

Another physical characteristic that influences on probabilistic analysis of the main 

thermal indicators of the wall of light steel thin-walled structures is a linear heat transfer 

coefficient. 

The probability of faultless operation of wall panels of light steel thin-walled structures 

(under criterion of specified heat transfer resistance) was defined by specified conditions, in 

particular, that linear heat transfer coefficient for each of the structural nodes changes 

depending on thermal conductivity of insulation material (Fig. 3). The coefficient of variation 

of thermal conductivity of mineral wool is ranged from V=2,28% to V=20%. 

The graph in Figure 4 shows that the probability of failure-free operation under criterion 

of decreasing of local values of temperature of internal surface to the temperature of vapor 

condensation is reduced with increasing of variability of linear heat transfer coefficient for 

Q(RΣ) 

Q(Rпр) 
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each of the structural nodes. At the same, the probability of thermal failure (Fig. 5)  

(under criterion of specified heat transfer resistance) of wall panels of light steel  

thin-walled structures for the 1-st temperature area is increased comparatively to the 

variability of linear heat transfer coefficients: for V=5% –0,6 times; foe V=10% – 4,4 times; 

for V=15% –25,7 times; for V=20% – 93,6 times. 
 

 
 

Figure 4 – Probability of faultless operation of constructive node №1 

with variability of linear heat transfer coefficient at various humidity 

of internal air for Poltava 

 

 
 

Figure 5 – Graph of changes the probability of thermal failure under criteria of 

specified heat transfer resistance with variability of linear heat transfer coefficient 

 

Conductive inclusions have a great impact on the thermal reliability of walls of light 

steel thin-walled structures. Theoretically determined values of linear heat transfer coefficient 

in place of heat-conductive inclusion can be greater in practice because of defects and errors 

during installation. That is why necessary to consider a possible increase value of the linear 

heat transfer coefficient. 

During the probabilistic analysis of basic thermal indicators of the walls of light steel 

thin-walled structures, the conditions for calculation remained unchanged under criterion of 

reduction of local temperature values of internal surface to the temperature of condensation of 

water vapor – for city: Poltava and Kropyvnytskyi, which are in the same climatic area with 

different values of relative humidity of indoor air (Table 4). 
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Table 4 – Probability of thermal rejection under changing  

the linear coefficient of thermal conductivity 
 

City 

Poltava Kropyvnytskyi 

№1. Interim node 

  

№2. Coupled interim node 

  
№3. Angular node 

  
№4. Node of connection of external wall with internal one 
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At increase of value of the linear heat transfer coefficient for 20% 40%, 60%, 80% and 

100%, the probability of thermal rejection for each of considered nodes№1-№4 (Fig. 2) of 

wall of light steel thin-walled structures (Fig. 1) increases with increase of humidity of indoor 

air. The probability of thermal failure presented in the form of vapor condensation in place of 

heat-conductive inclusion on the wall. 

Probability of thermal failure for nodes №1 and №2 for Poltava is possible only when 

the humidity of internal air is 85% and higher, for Kropyvnytskyi – 86% and higher.  

At increase of linear heat coefficient for 20%, the probability of thermal failure (under 

internal air humidity – 90%) will increase for 4.8 times for Poltava and for 18,7 times for 

Kropyvnytskyi. At increase of value of the linear heat transfer coefficient for 40%, 60%, 80% 

and 100%, the probability of thermal rejection is almost 100%. 

For example, Probability of thermal failure for angular node №3 is possible when the 

humidity of internal air is 60% and higher for Poltava (Table 4) and for Kropyvnytskyi – 65% 

and higher. At increase of value of the linear heat transfer coefficient for 20%, the probability 

of thermal failure (under internal air humidity – 65%) will increase from 0,0005 to 0,27  

for Poltava and from 1,1х10
-6

 to 0,017 for Kropyvnytskyi; for 40% – it will increase plus for 

6.3 times for Poltava and for Kropyvnytskyi – for 41 times. At increase of value of the linear 

heat transfer coefficient for 60% and higher, the probability of thermal failure (under internal 

air humidity – 65%) is almost 100%. The values of relative humidity of internal air are shown 

from below for each schedule in Table 4, %. 

Thermal reliability (faultless operation) of wall panel of light steel thin-walled 

structures under criterion of specified heat transfer resistance is reduced depending on a linear 

coefficient of thermal conductivity. By its increasing for 20% the faultless operation of wall 

panel is 99,8%, for 40% – 97,2%, for 60% – 85,1%, for 80% – 60,0%, for 100% – 32,2%. 

This is evidenced by the graph on Figure 6. 

 

 
 

Figure 6 – Probability of thermal failure under criterion of specified heat transfer 

resistance depending on the a linear coefficient of thermal conductivity 

 

The results of probabilistic calculations have shown that the effect of the variability of 

heat conduction of insulation and linear heat transfer coefficient of heat-conductive inclusion 

significantly affect the thermal reliability of walls. That is why it is necessary to recommend 

determining the thermal conductivity of insulation on large series of samples to establish the 

values of coefficient of thermal conductivity variation. It is appropriate to use a value of 

thermal conductivity with providing 0.95 for samples with a high thermal conductivity 

variability (V>10%) for theoretical calculations. Also the control of conformity theoretical 
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values of linear coefficient of thermal conductivity to actual values is recommended for serial 

constructions. It is necessary to prevent increasing losses of heat in areas of linear temperature 

inclusions because of installations defects by increasing the controls on the construction plant 

or steel production plant. 

So, as a result of the research, we can make the following conclusions: 

1. The probability of thermal failure is calculated in three thermo-technical criteria for 

frame buildings, enclosing structures of which have many temperature inclusions. Thermo-

technical criteria are following: the specified thermal resistance, exceeding the values of the 

temperature difference between the specified temperature of internal surface of the 

construction and the temperature of internal air above the permissible temperature values for 

the sanitary requirements and criteria for reducing local temperature values of internal surface 

to the temperature of vapor condensation air. 

2. Determination of probability of failure of enclosing structures under the criterion of 

local values decrease of temperature of internal surface to the temperature of vapor 

condensation showed that the probability of thermal failure can vary from 2 to 7 times for 

different structural nodes of walls of light steel thin-walled structures, which were designed in 

different places of the same temperature zone.  

3. Changing the coefficient of thermal conductivity variation of insulation material 

leads to changes in the level of thermal reliability of wall constructions. The probability of 

failure of wall panels of light steel thin-walled structures under the criterion of specified heat 

resistance increases from 0,015 to 9,85x10
-7

while increasing the coefficient of variation from 

2.28% to 20% respectively. 

4. Changing the linear heat transfer coefficient of heat-conductive inclusion leads to 

changes in the level of thermal reliability of wall construction in general. The probability of 

thermal failure for the angular node (projected in Poltava) under the criterion of specified heat 

resistance increases from 0,05% to 27% while increasing the linear heat transfer coefficient 

from 20% to 40%  respectively.  

5. This approach can be used not only to assessment the thermal reliability for an 

enclosing structures of cold formed steel profiles but also for any other enclosing structures 

with heat conductive inclusions. 
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