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Abstract. The article presents numerical thermal analysis of the vertical 
external partitions made in the lightweight steel framing technology. Steel 
posts that perform the structural role lead to the formation of linear thermal 
bridges and have a negative effect on the level of thermal transmittance U. 
Therefore, optimal solutions are being explored for such technologies. One 
of the solutions is to use perforated Thermo sections. The effect of 
perforated Thermo sections on energy loss was verified through 
comparison to the wall made of solid sections. Furthermore, the 
calculations analysed the effect of linear thermal bridges that are formed on 
wall connections in the corner. Computer simulation was employed to 
emphasize the significant differences in the temperature distribution in 
both analysed wall structures that resulted from constructional solutions.  

1 Introduction  

The problems concerning energy loss for the external walls in buildings continue to be 
particularly important as they affect maintenance costs in the heating season. The use of 
modern technologies based on framing structures made of cold-rolled steel sections that 
have been widely used in building structures (see [2]) substantially reduces the time to 
complete the investment (construction of a building), but the analysis of this structure from 
the standpoint of building's physics is needed. In order to evaluate heat flux density and 
temperature distribution in such walls, it is justified to use numerical software based on 
finite element method (MES) [3-5]. 

The aim of the study was to develop and compare characteristics of heat protection 
offered by the external wall, temperature distribution and value of heat loss through heat 
transfer from the heated space (residential room) to the environment through the wall made 
using the technology of a light steel framing. The corners of the vertical wall made of two 
thin-wall sections were analysed for three values of insulation thickness. Based on [6], the 
internal temperature was adopted as Θi = +20°C whereas based on [7], the external 
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temperature was adopted as Θe = -20°C. For these assumptions, two variants of the 
geometrical solution for the wall corners were compared. 

2 Characterization of walls adopted for thermal analysis  

Six-layer walls were adopted for the analysis, with their load-bearing components showing 
different structures (Fig. 1). The C-shaped section was adopted in all the cases, with the 
cross dimensions: h = 140 mm, b = 38 mm, c = 18 mm, t = 1.5 mm and r = 3 mm. 

a)                                                                  b)  

Fig. 1. Computational model for the analysed wall made using the technology of a lightweight steel 
framing; a) Variant I; b) Variant II; for the corner's solution. 1 – thin-layer plaster, thk. 0.5 cm ; 2 –
mineral wool, thk. 16 cm/ 8 cm/ 5cm; 3 – cement-bonded particleboard, thk. 1.2 cm ; 4 – vapor-
permeable membrane; 5 – mineral wool, 14 cm ; 6 – steel profile C140, thk. 0.15 cm ; 7 – vapor 
barrier; 8 – cement-bonded particleboard, thk.  1.2 cm ; 9 – gypsum plasterboard, thk. 1.25 cm.

3 Heat parameters of the analysed walls  

The material characterization for the analysed solutions of the corners of the external wall 
is presented in Table 1. Using the algorithm below through computer simulation, the 
thermal transmittance U was evaluated for the analysed solutions of the walls [8]: 
- calculation of the value of the mean horizontal component of heat flux density for the part 
of joint q1  and q2, 
- calculation of the thermal transmittance based on: 

U1 = q1/(Θi – Θe)     [W/(m2∙K)]       (1) 

U2 = q2/(Θi – Θe)     [W/(m2∙K)]       (2) 

An analytical method was used to verify the values of thermal transmittance. The 
greatest difference in the analytically and numerically calculated thermal transmittance U
was 6%. It was assumed for the linear thermal transmittance Ψ that the height of the corner 
is 1 m. Therefore, after calculation of the linear thermal transmittance, its value can be 
multiplied by the bridge's length [9]. 

Heat flux Φ for the heat flowing  through the joint for each variant was calculated using 
numerical methods, see Table 2. Table 3 presents heat parameters of the analysed walls. 

Numerical calculations showed that thermal transmittance for Thermo sections was 
higher than thermal transmittance for solid sections. The difference between U values 
reaches up to 15%. In light of the holes with small surface in a perforated section and the 
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simplified grid of finite components in the numerical model, it can be presumed that 
building a more complex grid would reduce this difference.

Table 1. Material data for analyzed partitions. 

Ordinal Type of material
Thickness 

d [m]

Thermal conductivity      

λ [W/(m∙K)]
1 Thin-layer plaster 0.0045 0.7
2 Mineral wool 0.16; 0.08; 0.05 0.035  
3 Cement-bonded particleboard 0.012 0.215
4 Vapor-permeable membrane - -
5 Steel profile cold formed C140 0.14 50
6 Mineral wool 0.09 0.035
7 Vapor barrier - -
8 Cement-bonded particleboard 0.012 0.215
9 Gypsum plasterboard 0.0125 0.25

Furthermore, quite different situation is observed for the heat flux Φ where energy loss 
through the joint in the form of the wall corner is smaller for the Thermo sections. The 
same pattern is observed for the linear thermal transmittance Ψ. In certain variants, the 
value of linear thermal transmittance obtained with respect to external dimensions Ψe
showed an increase, see Table 3. 

Table 2. The values of the total heat flux Φ for the analyzed variants of wall corners.

Total heat flux Φ flowing 

through the connector

Value [W]

5 cm 8 cm 16 cm

1 Variant I P* 28.369 22.903 15.485
2 Variant I T* 27.537 22.378 15.236
3 Variant II P* 28.626 23.104 15.547
4 Variant II T* 27.904 22.627 15.328
P* - full profile, T* - THERMO profile

a)                                                                             b)

Fig. 2. a) The horizontal "paths" used to determine heat flux density q [W/m2]. b) Dimensions of the 
wall corners for the analysed insulation thickness: a)5 cm; b)8 cm, c)16 cm.
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The difference between individual values may also result from the horizontal "paths" (see 
Fig. 2a) in order to calculate heat flux density q and based on equations (1) and (2).
Different situation is observed for the heat flux Φ where the value was calculated for the 
whole wall.

Table 3. Thermal parameters for analyzed exterior partitions.

O
rd

in
a

l

The characteristic thermal parameters corner          

of the exterior wall

Value

Insulation thickness

5 cm 8 cm 16 cm

1

The heat transfer coefficient

U [W/(m2∙K)]

of each part of the connector

Variant I P*
U1 0.231 0.203 0.137

U2 0.231 0.203 0.137

Variant I T*
U1 0.237 0.211 0.144

U2 0.237 0.211 0.144

Variant II P*
U1 0.227 0.200 0.130

U2 0.227 0.200 0.130

Variant II T*
U1 0.232 0.212 0.144

U2 0.232 0.212 0.144

2

Linear coupling coefficient of 
thermal L2D [W/(m∙K)]

Variant I P* L2D 0.709 0.573 0.387

Variant I T* L2D 0.688 0.559 0.381

Variant II P* L2D 0.716 0.578 0.389

Variant II T* L2D 0.698 0.566 0.383

3

Linear heat transfer coefficient    
(the internal dimensions)         

Ψi [W/(m∙K)]

Ψi= L
2D - (li1·U1 + li2·U2)

Variant I P* Ψi 0.183 0.129 0.082

Variant I T* Ψi 0.161 0.072 0.035

Variant II P* Ψi 0.211 0.126 0.094

Variant II T* Ψi 0.172 0.043 0.042

4

Linear heat transfer coefficient    
(the external dimensions)         

Ψe [W/(m∙K)]

Ψe = L
2D - (le1·U1 + le2·U2)

Variant I P* Ψe 0.082 0.034 -0.006

Variant I T* Ψe 0.045 -0.034 -0.065

Variant II P* Ψe 0.115 0.028 0.01

Variant II T* Ψe 0.072 -0.071 -0.055

P* - full profile, T* - THERMO profile

4 Heat loss through heat transfer
Heat loss in the building's corner was dimensioned according to the external dimension le
and external dimensions li (Fig. 2b). In order to calculate heat loss through heat transfer, the 
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calculation of the value of thermal transmittance for the wall with heat bridges Ukc was 
based on the simplified method [10]. It consists in adoption of the corrected value of 
thermal transmittance:

Ukc = Uk +ΔUtb   [W/(m2∙K)]       (3) 

where: 
Ukc – corrected thermal transmittance of the building component (k) including linear 
thermal bridges [W/(m2∙K)];
Uk  – thermal transmittance for building component (k), [W/(m2∙K)];
ΔUtb – correction coefficient depending on the type of building component, [W/(m2∙K)]. 

For the calculated corrected thermal transmittance Ukc (Table 3) and adopted wall 
surface area A=20 m2 the heat loss coefficient Hti was calculated using external dimensions.  

Hti = Ak · Uk   [W/K)]       (4) 

where: 
Ak – cross-section of the analysed wall, 
Uk – corrected thermal transmittance of the building component (k) including linear thermal 
bridges, [W/(m2∙K)].

Fig. 3. Heat loss through 20 m2 wall surface in the lightweight framing structure.

Heat loss Φte from the heated space through heat transfer through the wall was 
calculated according to (5).

Φt,e = Ht,i · (Θi – Θe)    [W]       (5) 

where: 
Ht,i – heat loss coefficient, [W/K]; 
Θi – adopted internal temperature 293.15 [K]; 
Θe – adopted external temperature 253.15 [K]. 

The results of heat loss for the analysed walls were presented in Fig. 4. 

5 The results of numerical analysis
The numerical thermal analysis was conducted using ANSYS software in the Steady - State 
Thermal module [11,12]. Tables 4 and 5 show temperature distribution and vector 

WIP* - variant I 
corner with full 
profile
WIIP* - var. II
corner with full 
profile
WIT* - var. I corner 
with Thermo prof.
WIIT* - var. I
corner with Thermo 
prof.
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distribution of heat flux density for the variants of wall corners. In the walls with 5 cm and 
8 cm insulation, the heat flux density is transferred to the outside. Different situation is with 
the insulation with thickness of 16 cm. Furthermore, the temperature distribution at the 
internal side of the wall corner reveals lower temperature for insulation thickness of 5 and 8 
cm. This situation occurs for all the variants of wall corners. 

Table 4. The results of computer simulation for the solid section (variants I and II) of the corner 
solution: temperature distribution and vector distribution of heat flux density.

Temperature distribution Vector heat flux 

density distribution
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Table 5. The results of computer simulation for the THERMO section (variants I and II) of the corner 
solution: temperature distribution and vector distribution of heat flux density.

Temperature distribution Vector heat flux 

density distribution
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The tables abowe show that the lowest temperature at the internal side is 19.267°C, 
calculated for the Thermo section (Variant I). Furthermore, the highest temperature of 
19.750°C was found for the solid section (Variant I). The biggest difference in the internal 
temperature between the wall corner variants is around 0.5%.
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6 Summary  

The study evaluated temperature distribution and energy loss in walls with steel framing 
structure made of cold-rolled sections. Two types of sections and two variants of 
geometrical solution were analysed for the wall corner. Tables 2 and 3 contain thermal 
parameters of the analysed walls. The values of total heat flux Φ for Thermo sections for 
the variants analysed in the study is by ca. 3% smaller compared to solid sections. 
Furthermore, the difference in the heat loss Φt,e for the analysed wall is by ca. 5% greater in 
solid sections. However, with the simplified method of calculations and adoption of the 
simplified grid of finite elements, this difference would change, with higher values found 
for Thermo sections.  

The analysis for two different sections did not show significant changes in terms of 
temperature distribution. The calculations did not reveal a significant effect on the 
improvement in the thermal insulation properties of the wall through by using Thermo 
sections.  

Numerical computation software based on finite element method (FEM) is useful in 
analysis of homogeneous structures, such as the framing structure of external walls 
analysed in this study. With numerical computations, analysis of technological and 
construction solutions can be made at the design stage, which has a substantial effect on the 
functional properties of the building. Finding weak points of the wall that are characterized 
by the most substantial heat loss offers opportunities for the improvement of adopted 
technological and construction solutions. However, the focus should be on discretization of 
the analysed geometry.
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