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Abstract: In order to assess the possibility of condensation on an internal window jamb surface, the temperature 
fields of window junctions to brick and precast concrete walls of civil buildings were analyzed, which were 
massively produced in the second half of the twentieth century. This study obtained the dependences of the jamb 
temperature on the thickness of the additional insulation layer and the outdoor temperature. Additionally, it 
showed the possibility of adjusting the jamb temperature by shifting the window frame inside the building. Outside 
air temperatures at which no condensation will occur in the initial junction structures and after thermal 
modernization by additional facade insulation were determined. The results can be used to replace worn-out 
windows and during the thermal modernization of buildings. 
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1 INTRODUCTION 

In the second half of the twentieth century, residential buildings were massively erected in the European territory 
of the USSR and in the countries of Eastern Europe. They had three types of walls: brick walls 510 mm thick, 
walls made of large expanded clay blocks about 400 mm thick, and large-panel structures made of expanded clay 
aggregate 300–350 mm thick. In all the cases, wooden windows were used. Valid at the time, the requirements 
for heat transfer resistance of the walls (about 1 m2·K/W) were several times less than the modern requirements 
for the territory of Ukraine (2.8–3.3 m2·K/W) [1]. In addition to the high consumption of thermal energy for heating, 
in areas of increased heat transfer of such walls, a condensate is often formed owing to the temperature drop 
below the dew point. One of such zones is the junction of a window to a wall, where periodic soaking with 
condensate causes the failure of a block frame window. In order to increase energy efficiency, thermal 
modernization of such buildings is carried out, which usually pertains to the installation of external facade 
insulation and the replacement of the block frame windows with modern PVC structures with double-glazed 
windows. 

The requirements and methods for ensuring thermal reliability are presented in [1-3], and the energy-saving 
potential by creating passive houses was considered in [2, 4]. A key factor in ensuring thermal reliability is the 
thickness of the insulation layer, which depends on its thermal conductivity, energy efficiency requirements, and 
climatic conditions. Mineral wool, which has a fairly low thermal conductivity and high technological and 
operational characteristics, is most often used as a heat-insulating material. For example, mineral wool of 
Rockwool brand has an estimated thermal conductivity of 0.035 W/(mK) [5, 6]. 

The current requirements for the insulation of civil buildings walls and the division of European countries 
into climatic zones are analyzed in [7, 8]. A generalization of the requirements for the thermal insulation of walls 
showed that in the countries of Southern Europe (Italy, Spain, Greece, etc.), the mineral wool insulation layer 
thickness is close to 50 mm. Moreover, in the middle region (Ukraine, Poland, Germany, France, etc.), it is 
approximately 100 mm, approaching in some cases up to 150 mm. Considerable attention is paid to establishing 
the optimal thickness of the thermal insulation of enclosing structures based on the minimum total costs for 
construction and heating [9-11], as well as the minimum environmental impact [8, 12], in particular the 
minimization of carbon dioxide emissions. 

Climatic conditions of operation are defined by the temperature of atmospheric air and also by the 
temperature and humidity of air indoors. According to [13 p. 73], where the national annexes to the standards are 
summarized [14], it was found that the winter design temperatures of atmospheric air in European countries (with 
the exception of Scandinavia with a particularly cold climate) vary from 0 °С to −40 °С. In particular in Ukraine, 

which is located in the middle latitudinal strip, the temperatures of the coldest five-day period for calculating the 
thermal conductivity of walls vary from −7 °С to −28 °С [15]. 

The indoor air temperature is set by the national standards depending on the purpose of the premises, 
ranging from +18 °С to +22 °С, and for non-residential premises, it can be slightly lower (+14 °С or +16 °С) [16]. 

The humidity of the indoor air in residential and office premises can vary from 50% to 55%. Different 
combinations of air temperature and humidity within the specified limits determine the temperature of the dew 
point in residential and office premises from 7.4 °С to 12.6 °С. 

Matching a given class of energy efficiency is ensured by a complex set of architectural and structural 
solutions, including sufficient insulation of enclosing structures. Usually, this guarantees the fulfillment of other 
requirements for thermal reliability: the permissible difference between the temperatures of the indoor air and the 
surface, as well as the absence of condensation on the inner surfaces of walls. The junctions of enclosing 
structures have zones of increased heat transfer; therefore, they can be problematic. One of such unreliable 
junctions is the connection of a window frame to a wall, where increased heat loss occurs, and moisture can 
condense on the surface of the window jamb when the temperature of the inner surface of the wall is below the 
dew point. 

The impact of the position of a window in a cavity wall and in a building envelope was examined in [17-20]. 
In [17], the influence of window orientation (north, east, south, west) and window position (center, upper, bottom 
left and right) was analyzed. The influence of the junction design of a block frame window to precast concrete wall 
on the heat loss and the temperature fields was studied in [18]. It was shown that the heat loss and temperature 
distribution in the junctions can be controlled by adding additional insulation or by shifting the window to a cavity 
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wall. Analysis of five types of nodes at two positions of the block frame window showed that the design of the 
window junction significantly affects the heat loss, position of the zero-degree isotherm, and possibility of 
condensation on the inner surface. 

In [20], the authors studied in more detail the influence of the window position in a cavity wall on the 
temperature of the inner surface and the possibility of condensation. The dependence of the internal window jamb 
temperature on the position of the window in a brick wall with a thickness of 510 mm at a given temperature of 
atmospheric air was set. The resulting graph allowed to set the position of the window at which the surface 
temperature of the internal jamb exceeds the dew point temperature. 

In general, [18, 20] showed that the position of a window frame in a cavity wall can affect the surface 
temperature of the internal window jamb and the possibility of condensation in this zone. This effect can be used 
during the thermal modernization of different types of walls operating in various climatic conditions. For this 
purpose, it is necessary to analyze the temperature mode of operation of window frame junctions to walls. 

The purpose of this study is to develop recommendations for full-frame window installation during the 
thermo-modernization of existing walls. These at a given outdoor air temperature will ensure the temperature of 
an internal window jamb is not lower than the dew point and exclude the possibility of condensation in areas 
where a window adjoins a wall. 

2 WALLS AND JUNCTION DESIGN 

This study analyzes the wall junctions used in the practice of housing and public construction in the second half of 
the last century. Sketches of these nodes are shown in Figures 1 and 2. The designations of the junction 
elements with the corresponding thermal characteristics of the used materials are given in Table 1.  

Figure 1 shows the walls in their original conditions. The brick wall with a thickness of 510 mm is made of 
solid bricks, and the internal plaster with a thickness of 20 mm is made of lime–sand mortar. The windows have 
an outside brick casing with dimensions of 120 × 65 mm (Figs. 1 and 2, mark 10). The precast concrete wall with 
a thickness of 300 mm is made of expanded clay concrete with an internal plaster of lime–sand mortar (20 mm 
thick). In the initial position, the window frame was installed almost close to the outside brick casing (with a gap of 
10–15 mm) or at a distance Х = 25–50 mm from the outer surface of the precast concrete wall. The external jamb 
in the precast concrete wall is formed from cement–sand mortar. In both cases, the window can be shifted into a 
room during window frame replacement by an amount Х. The gap formed between the window and the outside 
brick casing is filled with a plate of mineral wool or expanded polystyrene. 

 

          

Figure 1 Window frame junction to brick and panel walls without additional insulation 

Figure 2 shows the studied wall structures after thermal modernization. They have a mineral wool facade 
insulation with a thickness of B = 50 mm, B = 100 mm, or B = 150 mm. When the window is displaced inside the 
room, the gap between it and the brick wall casing is filled with mineral wool. The outer jamb of the precast 
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concrete wall is insulated with a 50-mm mineral wool plate. The amount, Х, of displacement of the window frame 
inside the room is measured as shown in Figure 2. 

         

Figure 2 Window frame junction to brick and precast concrete walls with additional facade insulation 

In all the cases, 70-mm metal–plastic double-glazed REHAU windows with a five-chamber plastic profile are 
analyzed. Each window is installed at a distance Х mm from the starting position, as shown in Figure 1. Sealing 
from the side of the room is made of vapor-proof materials (vapor barrier tapes, aerosol sealants, thermal 
insulating films), the central thermal insulation section is made of mounting foam, and the external insulation is 
made of vapor-permeable waterproof materials. The internal jambs are made of lime–sand plaster.  

The thermal characteristics of the materials required for the temperature analysis of the junctions are 
determined according to the current design norms, technical conditions for the materials, and reference books. 
The characteristics of the materials that were taken into account for further analysis are listed in Table 1. 

Table 1 Thermal characteristics of materials 

Designations 
in the figures 

Materials 
Density ρ 

[kg/m2] 

Thermal 
conductivity λ 

[W/(mK)] 

1 Solid ceramic brick masonry 1800 0.810 
2 Precast expanded clay concrete wall 1000 0.410 
3 Lime–sand mortar 1600 0.810 
4 Rockwool mineral wool insulation  135 0.035 
5 Cement-based composite plaster 1800 0.930 
6 PVC window - 0.350 
7 Polyurethane foam 25 0.033 
8 Waterproof vapor permeable gasket 150 0.050 
9 Vapor barrier insulation - - 

10 Brick casing 1800 0.810 

 

3 METHOD FOR STUDYING THE TEMPERATURE REGIME OF JUNCTIONS  

The analysis of the temperature regime of the above described junctions was performed by the finite 
element method modeling in the THERM [21] program environment, developed at the University of California. 
Based on the junction design, thermal characteristics of the used materials, and outdoor and indoor air 
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temperatures, the program allows obtaining the temperature field of a junction in the form of isotherms as well as 
temperatures at specified points. Previously performed calculations showed that the lowest temperature of the 
inner surface of the walls is observed in the above described junctions of the window frame to the internal jamb.  

To obtain the temperature dependences at the critical point from the wall structure, calculations of the 
position of the window frame and the temperature of the outside air were performed for different combinations of 
these factors. Indoor air temperature tin = +20 °C taken equal to the average value for different countries and 
premises of various purposes. According to [13], outdoor temperatures were taken in the range from tout = 0 °C to 
tout = −40 °C with an interval of 5 °C. This temperature range covers all the European countries with the exception 

of colder Scandinavia. The thermal characteristics of the materials are taken according to Table 1. 
As a result of the calculations, the tabular dependences of the inner jamb temperature of the critical point on 

nine values of the outside air temperature and on the placement of the block frame window in a cavity wall were 

obtained. The location of the window frame is specified by the distance, X, indicated in Figure 2 from the initial 
position of the window from Figure 1. 

The calculations were performed for the two aforementioned types of wall structures with three thicknesses 
of the insulating layer: B = 50 mm, B = 100 mm, and B = 150 mm, as well as for B = 0 mm. In total, eight junctions 
were analyzed. For each of them, several positions of the window in a cavity wall were considered. When 
modeling temperature fields, sections of the wall with a width of approximately 2 wall thicknesses were included. 
Simulation examples performed by the authors showed that at this distance from the node, the isotherms become 
parallel. This suggests that the heat flow is directed perpendicular to the wall surface. Further increasing the wall 
width does not change the temperature fields of the nodes. 

As a result of the calculations, the tabular dependences of the critical point temperature on the nine values 
of the external air temperature and on the placement of the window frame in a cavity wall are obtained. The 
location of the window block is set by the distance, Х, shown in Figure 2 from the initial position of the window in 
Figure 1. 

4 RESEARCH RESULTS AND THEIR ANALYSIS 

The obtained dependences are represented by graphs in Figures 3–5. Each of the graphs contains a series of 
curves that shows the temperature changes of the internal jamb depending on the displacement of the window 
frame. The corresponding outside air temperature is indicated next to each curve.  

The horizontal dotted line in all the graphs corresponds to a dew point temperature of +10.7 °C for an 
indoor air temperature of +20 °C and a relative humidity of 50%. Such design parameters are set by the design 

standards of Ukraine [1] for the microclimate of residential buildings and are close to the requirements of other 
European countries. The intersection of this line with the curve, indicating the temperature of the outside air, gives 
the value of the window displacement in the cavity wall at which no condensation will form on the surface of the 
internal jamb. If necessary, these graphs allow taking into account other dew point temperatures and other 
outdoor air temperatures by interpolating between the existing curves.  

Figure 3 shows the results of the analysis of the walls made of solid ceramic bricks with a thickness of 510 
mm. The junction of the window frame to the uninsulated brick wall when installing the window in the starting 
position, as shown in Fig. 1, has a sufficient level of thermal reliability by the criterion of condensate formation 
with outside air temperatures above −13 °C. At an outdoor air temperature of −15 °C, the window must be shifted 
by the 30 mm inside the room, and at an outdoor air temperature of −20 °C, a 120-mm shift is required. At 
outside air temperatures below −22 °C, it is impossible to ensure a sufficient level of thermal reliability owing to 
the displacement of the window frame. The presence of facade insulation significantly increases the level of 
thermal reliability of the unit. The graphs in Figure 3 show that with insulation thickness of В = 50 mm and the 
installation of the window close to the outside brick casing, condensate is not formed in the junction at outside air 
temperatures above −22 °C. Further increase in the thermal insulation layer thickness to 100 mm and 150 mm 
ensures reliable operation of the unit at outside air temperatures higher than −24 °C and −25 °C. The 
displacement of the window frame inside allows it to operate at lower outdoor temperatures. Depending on the 
insulation thickness and the design outside air temperature, the shift by Х = 120–150 mm raises the temperature 
in the critical area of the junction в by up to 3 °C. Even with the maximum possible displacement of the window 
by Х = 150 mm and the insulation thickness of В = 150 mm, the unit does not provide sufficient thermal reliability 
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with an outside air temperature lower than −34 °C. The similarity of the graphs in Figure 3 at В = 100 mm and 

В = 150 mm indicates that a further increase in the insulation layer thickness will not significantly increase the 

temperature in the critical area of the junction and will not increase its thermal reliability by the criterion of 
condensation. 

Figure 3 Temperatures in the critical zones of the brick wall junctions 

It is possible to increase the level of thermal reliability of the junctions by replacing the window frame with a 
less heat-conducting structure or with additional insulation of the external or internal jamb. Insulation of the 
external jamb is impossible owing to the presence of an external casing, which partially covers the window frame 
and leaves no room for a layer of an insulating material, as shown in Figures 1 and 2. Window blocks with a 70-
mm PVC structure is quite popular nowadays, and therefore, its replacement is impractical. Using the same 
method, calculations of brick wall junctions and internal jambs made of mineral wool slabs were performed. The 

insulation layer thickness at the junction with the block frame window was 30 mm. 

The results of the calculations are presented in Figure 4. A comparison of the graphs in Figures 3 and 4 
shows that the insulation of the internal jamb raises the temperature in the critical area by 1–3 °C. This allows to 
use such a constructive solution with outdoor temperatures up to −40 °C, provided the window is displaced inside 

the room by 150 mm. 
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Figure 4 Temperatures in the critical zones of the brick wall junctions with insulated internal jambs 

The analysis results of the temperature regime of the window frame junction to precast expanded clay 
concrete walls with a thickness of 300 mm are presented in Figure 5. When installing the window frame at a 
distance of 25 mm from the outer wall edge without additional insulation, this junction has a sufficient level of 
thermal reliability at outside temperatures above −14 °C. Shifting the window inside the room at a distance of 100 
mm from the outer edge of the wall expands the temperature range of operation to −19 °C. These values are 

close to the values shown in Figure 3 for the uninsulated brick wall. Insulation of the outer surface and the jamb of 
the wall with 50-mm mineral wool slabs significantly increases the level of thermal reliability. Such a unit can be 
operated at outside air temperatures up to −33 °C. Shifting the window by Х = 100 mm inside the room 

guarantees the absence of condensate on the surface of the internal jamb at outside temperature not lower than 
−36 °C. Insulation with thicknesses of В = 100 and В = 150 mm allow to normally operate the node of the window 
side junction to the precast expanded clay concrete wall at temperatures −40 °C and −42 °C. To do this, the 
window must be installed at a distance of Х = 100 mm from the outer edge of the precast expanded clay concrete 
wall. 

It is worth noting the dependence of the temperature in the critical zone of the insulated unit on the 
displacement of the window. It is considered, the decrease in this temperature at displacements up to 50 mm 
increases the area of heat transfer to the outside air. With a further shift in the window, heat losses through the 
facade decrease owing to the removal of the window from the outer wall surface. 
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Figure 5 Temperatures in the critical zones of the precast concrete wall junctions 

Graphs from Figures 3–5 allows the selection of the desired position of a window frame in a cavity wall 
during the thermal modernization of an existing building with brick and precast concrete walls, which were erected 
in the second half of the last century in many European countries. This requires the following:  

 depending on the climatic conditions and the regulatory requirements for the heat transfer resistance, the 
required thickness of the thermal insulation layer and the corresponding graph from Figures 3–5 are 
selected; 

 based on the air temperature and humidity in the room, the dew point temperature is set, and the 
corresponding horizontal line is drawn on the selected graph (in Figures 3–5, the dotted line indicates the 
dew point temperature of +10.7 °C); 

 depending on the building area, the design value of the outside air temperature and the corresponding curve 
line in the graph in Figures 3–5 are set; 

 the position of the block frame window at which the critical point temperature of the node (curve in Figures 3–
5) is above the horizontal line indicating the dew point is selected. 
If necessary, it is possible to perform an approximate graphical interpolation between the curves indicating 

different outdoor temperatures. For example, it follows from Figure 3 that in a brick wall with a 100-mm insulation 
layer, an outside air temperature of −28 °C and a dew point temperature of +10.7 °C, a block frame window 

should be shifted from its original position by 70–80 mm into the building. 
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5 SUMMARY 

1. In order to evaluate the thermal reliability by the criterion of condensate formation, the analysis of the 
temperature regime of metal–plastic window frame side junctions to brick and precast concrete walls of 
residential and public buildings was conducted. These buildings were massively erected in the second half of the 
last century and continue to operate nowadays. The decisive factor is the temperature of the critical zone of the 
inner surface window jamb, which must be not less than the dew point temperature. This temperature can be 
adjusted by shifting the window frame in the cavity wall inside the room. 

2. Graphical dependences of the temperature in the critical zones of various design junctions on the 
temperature of the outdoor air and the displacement of the window frame inside the room are obtained. 
Comparison with the dew point temperature allows to determine the window displacement needed, which 
guarantees the absence of condensate on the surface of the internal window jamb. 

3. In the initial state without additional insulation, the nodes of the brick and precast concrete walls can 
normally operate at the temperatures of the external air, higher than −13 °C. The maximum possible 
displacement of the window frame inside the room expands the temperature range of the normal operation of the 
uninsulated brick walls to −22 °C and of the uninsulated precast concrete walls up to −19 °C.  

4. Facade insulation with 50-mm mineral wool slabs significantly increases the temperature of the critical 
zone of the considered junctions and allows to operate at much lower design temperature of the external air. 
Further increase in the thermal insulation thickness to 100 mm and 150 mm has lesser impact on the temperature 
of the critical areas and the level of thermal reliability by the criterion of condensate formation.  

5. A 100–150 mm thickness of the insulation and the displacement of the window frame inside the room by 
100 mm guarantee the thermal reliability of the window frame and the concrete wall junctions at the design 
outdoor air temperatures of −40 °C and higher. This temperature range covers all the European countries except 
the colder Scandinavian ones.  

6. With proper wall insulation and rational position of the window frame, the junction between a window and 
a wall can be safely operated at design temperatures of outside air of −34 °C and higher. Operation at 
temperatures up to −40 °C is possible by additional insulation of internal window jambs. 
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