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ABSTRACT   

 

The interface between the head of the window and the wall represents one of the 

largest thermal bridges of a building and one of the areas with the highest risk of 

surface condensation and mould growth. 

  

This study is concerned with the reliability and accuracy of assessing this thermal 

bridge heat loss and surface temperature at the junction of a window with a specific 

steel lintel where the window frame itself is excluded from the thermal model. 

 

Four cases were modelled, covering the evolution of the construction details of this 

junction, following changes in British legislation in regards to U-values. They were 

assessed with HEAT2D software under the standard (simplified) method and a more 

detailed approach. 

 

The outputs revealed that replacing the window frame with an adiabatic surface 

during the modelling process (as per standard) underestimate the risks of mould 

growth or surface condensation (as per Part L1A 2010), especially if the window has 

a high U-value. 

 

1. INTRODUCTION 

 

A thermal bridge offers an area of least resistance to the heat flux through the 

building envelope. One of the most significant thermal bridges is located at the head 

of openings, especially when a steel lintel provides a direct pathway for heat flow, 

due to a sudden change in geometry and materials [1]. The side effects associated 

with a thermal bridge are greater heat loss and reduction of the internal surface 



temperature in the affected area, increasing the risk of condensation and mould 

growth [2]. 

 

In terms of heat loss, the current conventions used in the UK to assess thermal 

bridging at openings [3] allow the substitution of window frames with adiabatic 

boundary layers. The reason for this is that often in the first stages of the design, the 

window that will be used is not known. Therefore, Ψ-value is taken as an 

independent of the window frame, and depends only on its location and geometry of 

the junction [3]. However, Ward [3] recommended that window frames should be 

included when known to calculate the temperature factor.  

 

In terms of condensation risk, the ISO 13788 [4] proposes the “temperature factor” 

as a simple way to determine whether certain internal surfaces of a building present 

potential for condensation because of their surface temperature. The internal 

surfaces over a thermal bridge present lower temperatures in comparison with the 

surrounding areas during the heating season [5]. This temperature gradient can lead 

to condensation and mould growth problems [6]. Surface condensation gathers 

several problems related with comfort, mould growth and deterioration of finishing 

products of wall and frame [7]. The study of Maref et al [7] concluded that the 

interface between wall and window has “the lowest temperature indices throughout 

building envelope”. Therefore, it is the area with higher risk of condensation of the 

building.   

 

This research investigates the detailed and the simplified methodologies to assess 

the thermal bridge of the head of the window-wall interface. It analyses how the 

inclusion or not of the frame of the window will affect to the heat loss and risk of 

condensation outputs.   

  

2. METHODOLOGY 

 

2.1 Theory of heat loss calculations 

 

ISO 10211 [8] is the standard adopted in the UK to assess thermal bridges, and the 

“Conventions for calculating linear thermal transmittance and temperature factors” is 



the guide [3] used to perform the calculations. From the point of view of energy and 

moisture performance it is possible to divide building fabric into two components: 

plane elements such as walls, roofs, and floors, and their junctions [9]. A U-value 

measures the one-dimensional heat flow passing through the uniform layers of the 

plane elements and this is expressed as [W/m2K] [10]. On the other hand, the linear 

thermal transmittance [Ψ-value] measures the extra two-dimensional heat flow 

passing through junctions that is not accounted for in the U-values of the plane 

elements containing the junction. It is expressed as [W/mK]. 

 

A linear thermal bridge is defined by its linear thermal transmittance [Ψ-value] and its 

temperature factor [f] [3]. The Ψ-value is the rate of heat flow per degree and per 

metre run of the bridge [W/mK] [3] and calculated through the following equation in 

accordance with EN ISO 10211 [8]: 

 

	 ∙ 	         (1) 

 

Where, L2D is the thermal coupling coefficient or the two-dimensional heat transfer 

coefficient between the inside and outside conditions, expressed in W/mK. Uj is the 

thermal transmittance or U-value of the flanking element j, expressed in W/m2K.  lj is 

the length in m over which the Uj value applies. For a junction of wall and window the 

only flanking element is the wall and “lw” is internally measured [2]. 

 

The temperature factor [fRsi] assesses the risk of surface condensation or mould 

growth under steady state conditions. It is calculated through the following equation 

in accordance with ISO 13788 [4]: 

 

	             (2) 

 

Where, Tsi is the minimum inside surface temperature and Ti and Te are the inside 

and outside air temperatures, respectively. fRsi is calculated with a surface resistance 

at the internal surface Rsi. If humid air contacts an internal surface with a 

temperature below dew point, for instance due to thermal bridging, condensation 



occurs [11]. Assuming Te = 0 °C and Ti = 20 °C, for residential buildings Tsi should be 

greater or equal to 15 °C, as determined by fCRsi = 0.75, the critical temperature to 

avoid risk of mould growth in dwellings [3]. 

 

The Conventions for calculating linear thermal transmittance and temperature factors 

in the UK, BRE IP 1/06 [3] and BR 497 [2], specify a simplified methodology that 

substitutes the window for an adiabatic surface during the assessment of the thermal 

bridge. On the other hand EN ISO 10077-2 [12] offers a detailed assessment 

procedure including a detailed modelled window, taking into consideration the heat 

transfer coefficients of the frame and the glass and the linear heat transfer 

coefficients of the glazing spacer.  

 

3.  COMPARISON BETWEEN METHODOLOGIES AND RESULTS    

 

This study compares the simplified and detailed methodology to find out how [Ψ-

value] and [f –value] will change depending on the methodology used. For this 

purpose four construction details were set up, incorporating CG100-E14, CG110-

E14 and CG150-E14 steel lintels [13] as seen in Figure 1. CASE1 - 3 corresponded 

to possible situations under PartL1A 2013 [14] while CASE4 was based on the 

common practice under PartL1A 2010 [15]. They were modelled on HEAT2D [16]. 

For each surface of the model a temperature and a resistance were assigned. 

Therefore, external surface resistance had an Rso = 0.04 m2K/W, the internal surface 

resistance had an Rsi = 0.13 m2K/W on perpendicular surfaces to thermal flux, 0.10 

m2K/W on parallel surfaces and 0.20 m2K/W on surfaces of junctions of the window 

profile according to Figures 2 and 3 [12]. A difference of temperatures was set up 

from internal Ti=20°C to external Te=0°C [2]. The window always overlapped the 

cavity by 30mm in accordance to the ACD scheme [17]. 

 



 
 

Figure 1: From left to right CASE1-3 under PARTL1A 2013 [12] and CASE4 under 

PARTL1A 2010 [18]. 

 

A numerical analysis was carried out using HEAT2D [16] under steady state 

conditions to assess both detailed and simplified models for every case study. 

HEAT2D was validated to assess the windows against the assurance cases covered 

in ISO 10077-2 [12]. For the detailed model of the CASE 1, the window selected is 

represented in Figures 2 and 3. The window featured a softwood frame 83mm wide 

by 110mm long (λ = 0.13W/mK) with a double pane glass 205mm long (4–20–4) and 

aluminium (λ = 160W/mK) spacer with a cavity filled with silica gel (λ = 0.13W/mK), 

and a primary seal of polysulfide (λ = 0.4W/(mK) was considered for the analysis. 

For the simplified model the window was replaced with an adiabatic surface.  

 

The detailed model was assessed with the following three steps: 

 

The first step calculated the Uf of the window frame by using a 190mm long 

calibration panel (λ= 0.035 W/mk and Up = 1.03 W/m2K) instead of the glass. The 

thermal transmittance of the frame was then calculated according to the equation 

[12]: 



 

	
	∙         (3) 

 

Where Up is the thermal transmittance of the central area of the panel, expressed in 

W/m2·K (1.031); lf is the width of the frame section expressed in m (0.11); lp is the 

visible width of the panel, expressed in m (0.19). 

 

The thermal conductance of the model calculated was L2D = 6.759/20 = 0.3379 W/mk 

and Uf = (0.3379 – 1.031x0.19)/0.11 = 1.291 W/m2k . 

 

 

 

Figure 2: First step. Calculation of the Uf of the frame of the window. 

 

In the second step the panel was replaced by the original glass and a simplified 

spacer is added to calculate the Ψg of the glazing edge by subtracting the heat flow 

through the glass and the frame from the heat flow of the whole model according to 

the equation: 

 

	 	 	 ∙ 	 	 ∙        (4) 

  

Where Ug (1.03) is the thermal transmittance of the central area of the glass, 

expressed in W/m2·K; lg (0.19) is the visible width of the panel, expressed in m. 

 

The thermal conductance of the model calculated was L2D = 9.549/20 = 0.4774 W/mk 

and Ψg = (0.4774 – 1.291x0.11 – 1.305x0.19) = 0.087 W/mK. 

 



 

 

Figure 3: Second step. Calculation of the Ψg of the glazing edge. 

 

Finally, the third step is to carry out the numerical analysis using HEAT2D of the 

entire model, as seen in Figure 1, to calculate the Ψ-value of the thermal bridge by 

subtracting the heat flow through the wall, glass, frame and the glazing spacer from 

the heat flow of the whole model according to the equation: 

 

	 	 	 ∙ 	 	 ∙ 	 	 ∙ 	 	 	   (5) 

 

In the detailed methodology the lw (2.0) is the dimension of the wall up to the window 

frame, measured from the inside and expressed in m. The thermal losses due to the 

finishing element of the wall beneath the lintel are characterized by the linear thermal 

transmittance [19]. In the simplified method lw (2.0275) is measured up to the 

finished internal face of the wall [2] as seen in Figure 4. 

 

 

 

Figure 4: Internal dimensions of the model under detailed and simplified 

methodologies 

 

 



Figure 5 compares graphically the heat loss accounted under detailed and simplified 

methodologies. 

  

 

 

Figure 5:  Heat loss accounted in the detailed and simplified methodologies.  

 

The thermal conductance of the detailed model calculated was L2D = 19.510/20 = 

0.9755 W/mK and Ψg = (0.9755 – 0.1505x2 – 1.291x0.11 – 1.305x0.19 – 0.087) = 

0.198 W/mK. 

 

The thermal conductance of the simplified model calculated was L2D = 9.841/20 = 

0.4920 W/mK and Ψg = (0.4920 – 0.1505x2.0275) = 0.187 W/mK. 

 

The assessment of the thermal bridge also produced outputs for the temperature 

factor [fRsi] to assess the risk of mould growth and surface condensation. They are 

collected and shown in Table 1. 

 

CASE1 - 3 covered the common practice under 2013 legislation where the 

“elemental recipe” for the fabric suggested U-values around 0.18 W/m2K for the wall 

and 1.4 W/m2K for the window [14]. Three different walls were set up and assessed 

with U-values around 0.15, 0.20 and 0.25 W/m2K using the same window with U=1.4 

W/m2K. The outputs were gathered in Table 1.    

The next case study, CASE4, covered the common practice under 2010 legislation 

[15] with a U-value for the wall around 0.25 W/m2K and 1.6 W/m2K for the window. 

For the detailed model the window featured a PVC frame 83mm wide by 110mm 

long (λ = 0.17W/mK) with a double pane glass 205mm long (4–20–4) and aluminium 



(λ = 160W/mK) spacer with a cavity filled with silica gel (λ = 0.13W/mK) and a 

primary seal of polysulfide (λ = 0.4W/(mK) was considered for the analysis. For the 

simplified model the window was replaced with an adiabatic surface.  

 

The detailed model was assessed following the same three steps: 

 

1. Calculation of the Uf = (0.4128 – 1.031x0.19)/0.11 = 1.972 W/m2K. 

 

 

 

Figure 6: First step. Calculation of the Uf of the frame of the window. 

 

2. Calculation of the Ψg = (0.5463 – 1.972x0.11 – 1.305x0.19) = 0.081 W/mK. 

 

 

 

Figure 7: Second step. Calculation of the Ψg of the glazing edge. 

 

3. The thermal conductance of the detailed model calculated was L2D = 23.786/20 = 

1.1893 W/mK and Ψg = (1.1893 – 0.2345x2 – 1.972x0.11 – 1.305x0.19 – 0.081) = 

0.174 W/mK. 

 

The thermal conductance of the simplified model calculated was Ψg = (0.6443 – 

0.2345x2.0275) = 0.169 W/mK. 



Finally, Table 1 gathers the outputs of CASE 1 - 4 and allows comparisons between 

methodologies in terms of heat loss and risk of mould growth or condensation 

depending on the methodology used. It is also possible to compare the evolution of 

both trends depending on the legislation, in the past under PARTL1A 2010 and in 

the present and future under PARTL1A 2013.  

 

Table 1. Comparison of [Ψ-value] and [f–value] depending on the methodology used.  

 

BUILDING REGULATIONS Factor/Method HEAT2 simplified HEAT2 detailed 

PARTL1A 2013 / CASE1 Ψ-value [W/mK] 0.187 0.198 

Uwall ~ 0.15 W/m2K  / Uwindow ~ 1.4 W/m2K fRsi (Tsi°C) 0.921(18.41°C) 0.763(15.26°C) 

PARTL1A 2013 / CASE2 Ψ-value [W/mK] 0.175 0.190 

Uwall ~ 0.20 W/m2K  / Uwindow ~ 1.4 W/m2K fRsi (Tsi°C) 0.913(18.25°C) 0.753(15.05°C) 

PARTL1A 2013 / CASE3 Ψ-value [W/mK] 0.169 0.184 

Uwall ~ 0.25 W/m2K  / Uwindow ~ 1.4 W/m2K fRsi (Tsi°C) 0.907(18.141°C) 0.751(15.02°C) 

 PARTL1A 2010 / CASE4 Ψ-value [W/mK] 0.169 0.174 

Uwall ~ 0.25 W/m2K  / Uwindow ~ 1.6 W/m2K fRsi (Tsi°C) 0.907(18.141°C) 0.728(14.55°C) 

 

4. ANALYSIS AND DISCUSSION 

 

The analysis is based on the results gathered on Table 1 and represented 

graphically in Figure 8,9 and software images illustrated in Figure 10. 

 

 
 

Figure 8: Variation of the surface temperature [°C ] depending on the methodology. 
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Figure 9: Variation of the Ψ-value [W/mK] depending on the methodology. 
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Figure 10: Comparison of isotherm distribution and position of the lowest surface 

temperature [*] depending on the methodology used. 

 

In terms of surface temperature the analysis revealed two differences between 

methodologies:   

 

 The software images for the isotherm distribution in the junction show how the 

area of lowest surface temperature is under the internal flap of the steel lintel 

if the simplified methodology is used. However if the detailed methodology is 

used, this area migrates to the junction between the wall and window. This is 
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due to the inclusion of an adiabatic surface that hides the actual area at risk of 

mould growth or condensation around the linear junction.   

 

 The Figure 8 shows how the surface temperature changes dramatically 

depending on the methodology used with differences over 3C. For residential 

buildings, fRsi should be greater or equal to fCRsi = 0.75 (15C). The simplified 

methodology could hide the risk of mould growth or condensation when using 

frames with high U-values under PART1LA 2010. For example CASE4 

presents a surface temperature of 14.50C < 15C when is assessed on 

detail. The risk of mould growth or condensation will become smaller as highly 

insulated frames are steadily introduced.  

 

In terms of Ψ-values, the Figure 9 shows that the thermal losses of the detailed 

methodology are slightly larger than the simplified one. One of the reasons for this is 

the heat loss through the finishing element of the wall beneath the lintel, which is 

included in the Ψ-value of the detailed methodology and in the U-value of the wall in 

the simplified methodology. Furthermore, there is an increase in this difference from 

3% under PARTL1A 2010 to a maximum of 9% under PARTL1A 2013. It has been 

demonstrated that the Psi-values of the junctions will increase if we decrease the U-

values of the plane elements [20] as we can see in the Figure 8. The effect of this 

reduction in the U-value of the window frame is not accounted in the simplified 

model. Under PARTL1A 2013, the frame of the window was reduced from 2 to 1.3 

W/m2k, increasing the difference on terms of Ψ-values depending on the 

assessment methodology.  Finally, substituting the frame by an adiabatic boundary 

ignores the heat transfer between window frame and wall, while the detailed method 

takes account of it. 

 

5. CONCLUSIONS  

 

This paper has investigated the influence of the methodology used for the 

assessment of the heat transfer characteristics at the head of the window and the 

possible risk of mould growth and condensation.   

 



It has been demonstrated that risk of mould growth or condensation due to thermal 

bridging around openings should be tackled during the early design stages of the 

construction using the right methodology. The current methodology used in the UK 

allows the substitution of a window frame by an adiabatic boundary in the 

calculations. This simplification can increase by over 3 C of the actual temperature 

of the surface of the junction. Only including the actual frame in the calculations is 

possible to get the actual risk of mould growth or condensation and its location. If the 

junction is not assessed correctly it could hide possible risks of condensation that 

may show up once the building is finished. This problem could be a source of mould 

growth even for cases complying with Part L1A 2010 and Acreedited Construction 

Details when frames of high U-values are used. Current and future legislation reduce 

the U-values permitted for the windows, reducing the risk risk of mould growth or 

condensation. 

 

On the other hand the detailed methodology shows slightly higher heat losses than 

the simplified one. This difference will grow as the legislations decrease the U-

values. It is concerning that under current legislation the differences vary between 5 

to 9%, therefore in the future these inaccuracies could represent a problem.   
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ANNEX. Validation of CASE3, CASE 4, CASE 10 covered in ISO 10077-2 [10] for assurance 

 
In CASE4 the thermal transmittance of the central area of the panel Up = 1.031 W/m2·K, the width of the frame 
section bf = 0.11m and the visible width of the panel bp = 0.19m. Based on this, the thermal conductance of the 
model calculated was L2D = 6.913/20 = 0.345 W/mk and Uf = (0.345 – 1.031x0.19)/0.11 = 1.362 W/m2k which is in 
the limits established by ISO 10077-2 [10] (1.36±0.01). 
 

 

Figure 1: Case 4 ISO 10077-2 [12] 
 
In CASE10 the panel of the CASE4 is replaced by the original glass and a simplified spacer is added to calculate 
the Ψg of the glazing edge. The thermal transmittance of the central area of the glass Ug = 1.03W/m2·K and the 
visible width of the panel bg = 0.19m. Based on that, the thermal conductance of the model calculated was L2D = 
9.717/20 = 0.485 W/mk and Ψg = (0.485 – 1.362x0.11 – 1.305x0.19) = 0.088 W/m2k, which is with in the limits 
established by ISO 10077-2 [10] (0.084±0.004). 
 
 

 
 

Figure 2: Case 10 ISO 10077-2 [12] 
 

In CASE3 the thermal transmittance of the central area of the panel Up = 1.031 W/m2·K, the width of the frame 
section bf = 0.11m and the visible width of the panel bp = 0.19m. Based on this, the thermal conductance of the 
model calculated was L2D = 8.492/20 = 0.424 W/mk and Uf = (0.424 – 1.031x0.19)/0.11 = 2.079 W/m2k which is 
with in the limits established by ISO 10077-2 [10] (2.07±0.06). 
 

 
 

Figure 3: Case 3 ISO 10077-2 [12] 
  

 
 
 
 
 
 

 


