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Abstract - Energy consumption is increasing in proportion to the increasing population in the world. Therefore, energy 
saving in the buildings has become an important issue in recent years. For this, it is necessary to apply the heat insulation 
correctly in the buildings. In this study, especially the heat insulation applied for energy saving in Turkey and in the world, 
has been examined. Optimum insulation thickness was investigated for the cities belonging to 4 different degree day regions 
in Turkey. The model was confirmed through results of a different study in the literature. Surface temperature changes and 
heat loss of different insulation thicknesses are analyzed. The column beam structure is modeled in 2D and numerically 
solved in the Comsolprogramme. By comparing the results of internal and external insulation, it was determined that the 
most suitable insulation type is external insulation which does not form a heat bridge. As a result, the optimum insulation 
thickness for the Antalya province in the 1st degree day region is 3 cm, for İstanbul in the 2nd degree day region it is 5 cm, 
for Ankara in the 3rd degree day region it is 6 cm and for Erzurum in the 4th degree day region, 7 cm. 
 
Index Terms - Heat bridge, Insulation, NumericalStudy, Comsol. 
 
I. INTRODUCTION 
 
Nowadays, insulation is the most important way to 
save energy in the buildings. In this way, economic 
gain can be achieved by reducing fuel consumption. 
Heat insulation on buildings is made in building 
components where there is heat loss such as outer 
wall, ceiling, floor, windows etc. The purpose here is 
to reduce the heat transfer and protect the health and 
prolong the life of the structure. Table 1 presents the 

consumption rates per capita of heat insulation 
materials in the world and in Turkey. According to  
this result, Turkey is considered as the country that 
applies the minimum insulation thickness. The 
thermal insulation systems used in the buildings are 
required to catch European standards as soon as 
possible. In this respect, it will be possible to achieve 
a 50% saving from the state budget by complying 
with TS 825 thermal insulation regulations. At the 
same time, environmental pollution will be 
minimized. (Sen 2006) 

Heat insulation material 
consumption(m3/person) 

Turkey Sweden Germany France England Greece 
0.04 0.35 0.40 0.29 0.18 0.06 

Table 1.Insulation consumption rates per capita in some countries (Sen 2006) 
 

In Turkey, TS 825 thermal insulation in buildings 
regulation was firstly published in the official gazette 
dated 14.06.1999 and no 23725 and started to be 
applied as of 14.06.2000. However, there is no legal 
obligation here. In accordance with the Energy 
Performance in Buildings Regulation based on 
Energy Efficiency Law No. 5627 dated January 1, 
2011, the issuance of an Energy Identity Certificate at 
all buildings with a building area over 50 m² was 
mandated. For the existing buildings, it is requested 
to obtain energy identity documents by 2 May 2017 
(TS 825 2009;EPB 2011). With this legislation, it is 
aimed to catch insulation and energy efficiency 
standard in at least 10 million houses in 2023. 
 
In the buildings, external insulation, internal 
insulation, double wall insulation and ventilated 
exterior wall insulation are usually applied. If inner 
insulation is applied, heat bridge can be formed in the 
column beam structure. Therefore, external insulation 
should be preferred. The external insulation system, 
which is widely used in Europe and America, has 
been applied in Turkey in recent years as well. This 
system cocoons the building from outside and does 

not form a heat bridge. It is possible to extend the life 
of the building by avoiding the stresses that might 
come occur in the structure. Therefore, external 
insulation application is suggested as the most 
appropriate in terms of structure physics (Sezer and 
Cihan 2010). 
Insulation materials are generally made of fiber 
materials such as rock wool, glass wool and wood 
wool, and polystyrene foams such as XPS and EPS. 
In particular, external surface insulation, internal 
surface insulation, double wall insulation applications 
and ventilated exterior wall insulation applications 
are made. 
According to the TS 825 thermal insulation 
regulation, it is recommended to divide our country to 
certain degree day regions and apply insulation of a 
certain degree of thickness for each region (Figure 1): 
3 cm for 1st degree day region, 5 cm for 2nd degree 
day region, 6 cm for 3rd degree day region and 12 cm 
for the fourth-degree day region (Sezer 2005). 
However, the most appropriate insulation application 
for the building structure and the selection of the 
optimum thickness should be decided after the 
necessary examination is made. 
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Figure 1. Degree day regions in Turkey 
 

In the literature, heat bridges, studies to improve the 
insulation performance and optimum thickness 
problems are mostly studied numerically. Larbi 
(2005) modeled heat bridges in 2 and 3 dimensions. 
They have studied statistical models of heat transfer. 
In their study Karabulut et al (2013) studied 
numerically the changes of temperature and heat flux 
of interlayer floorings with insulated balcony 
extension and externally insulated in different forms. 
They found that the maximum amount of heat 
transfer is in the column beam region. Mohsen and 
Akash (2001) examined three different types of 
insulation in their work. 
 
 They compared the energy savings for polystyrene, 
rock wool and air voids insulation conditions. 
Çomaklı and Yüksel (2003) investigated optimum 
insulation thickness values for Erzurum, Erzincan and 
Kars provinces. Insulation thicknesses were obtained 
as 10 cm for Erzurum and Kars and 8 cm for 
Erzincan. Dilmaç et al. (2004) investigated the effect 
of heat bridges on the thermal performance of the 
building, resulting from external and internal 
insulation, on beams and floors. Temperature changes 
in the heat bridges formed in beams and floors were 
compared for different insulation conditions.Salgon 
and Neveu (1987) have modeled the heat conduction 
in the column beams in the building in 2D. Song et al. 
(2016), have developed a new alternative solution to 
reducing heat bridges by metal insulation in steel 
lattice structures. The temperature distributions in the 
steel structures modeled three dimensionally were 
obtained numerically.  
 
Yu et al (2009) investigated optimum insulation 
thickness using 5 different insulating materials for 4 
cities in China. Optimum insulation was calculated to 
have a thickness range of 2.3 cm to 5.3 cm. Asdrubali 
et al. (2012) proposed an (IR thermography) to 
analyze the types of heat bridges formed in buildings. 
By this method, they have analyzed the heat bridges. 

Numerical and experimental studies have confirmed 
this method. Sezer and Cihan (2010) have 
experimentally examined the thermal behavior of the 
midfloor column beam structure of an externally 
insulated building in the study they conducted. Sezer 
(2005) gave information about the insulation applied 
in Turkey during the study. He has made some 
suggestions for choosing this insulation type by 
evaluating exterior insulation applications in houses. 
Theodosiou and Papadopoulos (2008) investigated 
the effect of heat bridges on energy consumption. 
They emphasized that the design of existing buildings 
should be done in such a way that the formation of 
heat bridges will be minimized. Bollatürk (2008) 
investigated optimum insulation thicknesses for 16 
provinces in Turkey. Polystyrene is used as insulation 
material. Optimum insulation thickness values for 
different degrees of day regions were stated to be 
between 2 and 17 cm. Al-Khawaja (2004) calculated 
the optimum insulation thicknesses applied to 
buildings in Qatar during their work. 
 
In the study, model validation was done first. Then 
the internal and external wall insulation results for the 
building structure shell were compared. Analyzes 
were carried out in order to find the optimum 
insulation thickness of the sample cities in Turkey 
which are located in 4 different degree day regions. 5 
different insulation thicknesses were applied and the 
internal wall surface temperature and heat loss values 
were calculated numerically. Insulation thicknesses 
were chosen as 3 cm-4 cm-5 cm-6 cm and 7 cm. 
 
II. MATERIAL AND METHOD 
 
The column beam structure used in the analysis is 
given in Figure 2. The apartment is located on a 
medium floor. The temperature of the living room is 
22°C, indoor heat transfer coefficient is 8.2 W/m2K, 
outdoor heat transfer coefficient is 23.3 W/m2K (Can 
et al 2008). 
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                   (a)                       (b) 
 

Figure 2.Column beam structure used in the analysis 
 
The models given in Figure 2 are (a) uninsulated 
model, (b) external insulation. Table 2 shows the 
January average temperature values for the cities of 
different degree day regions. 
 
Degree day 
regions 

City Outdoortemperature 

1. Degree 
day region 

Antalya 8.4°C 

2. Degree 
day region 

İstanbul 2.9°C 

3. Degree 
day region 

Ankara -0.3°C 

4. Degree 
day region 

Erzurum -5.4°C 

Table 2.January average temperature values for the cities of 
different degree day regions(TS 825 2009) 

 
The materials used in the mid floor coloumn beam 
structure, thicknesses and heat transfer coefficients 
are given in Table 3. 
 
Material Thermalconductivity 

(W/mK) 
Thickness(cm) 

brick 0.32 8.5 
concrete 2.5 37 
internal plaster 0.7 1.5 
external plaster 1.6 2.5 
insulationmaterial 
(XPS) 

0.03 3-4-5-6-7 

Table3.Properties of building materials (TS 825 2009) 
 
The materials used as building elements are taken in 
accordance with TS EN 771-1, TS 11989 EN 13164, 
TS 500 standards (TS 825 2009) Measures and 
network structure of the model without insulation is 
given in Figure 3. The highest quality in the 
programmewas chosen as the mesh structure used in 
the model. In the models used in the analysis, there is 
a triangular mesh structure in the range of 3137-3790 
in total. 

 
In the analysis, the finite element method is used. 
This was solved by ComsolMultiphysicsprogramme. 
The convergence criterion was chosen as 0.001 and 
the analysis was done by the Newton method. 
 

 
Figure 3.Measures and network structure of the model 

 
2.1. Mathematical model 
 
In order for heat transfer to take place, there must be 
a temperature difference. Heat transfer takes place 
from high temperature to low temperature. While the 
heat is transferred from the fluid to the solid surface 
by convection, within the solid it is transported by 
conduction. In the column beam structure shown in 
Figure 3, heat is transferred from the inner space of 
the living room to the side wall by convection and 
within the wall by conduction, and the same heat is 
transferred to air from the outer surface by 
convection. In the same way, heat is transferred 
through convection and conduction from the bottom 
of the living room to the staircase. Using the Fourier 
law for heat transfer, the energy balance in the solid 
can be mathematically expressed 
(Comsolmultiphysics 2016). 
 
휌푐 + 훻(−푘훻푇)    =
0                                                                            (1)  
 
Here; ρ is density (kg/m3); cpis specific heat (kJ/kgK); 
k, heat transfer coefficient (W/mK); T, temperature 
(K) ve t, time (second). Since the study is continuous, 
time related terms are simplified and heat transfer 
equation can be written as; 
 

 
2.1.1.Boundary conditions 
Boundary condition for the inner surface can be 
written as; 
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The boundary condition for the inner surface of the 
living room is given in Equation (4). 

 
At the same time, the heat transferred from the inner 
surface of the living room to the outer surface of the 
room by conduction, is transferred to the air by 
convection. Boundary condition for the outer wall 
surface of the column beam structure can be written 
as; 

 
Here, hiis indoor heat transfer coefficient (W/m2K), 
hdoutdoor heat transfer coefficient (W/m2K), k heat 
transfer coefficient (w/mK), Tysurface temperature 
(°C), Tiindoor temperature (°C), T∞outdoor 
temperature (°C) (ComsolMultiphysics 2016). 
Simplifying assumptions made in the analysis are 
given below; 
 
 Heat transfer takes place in a steady state. 
 Indoor and outdoor heat transfer coefficients 

are assumed to be constant. 
 Radiation effects are neglected. 
 The indoor and outdoor temperatures are 

assumed to be constant. 
 There is no heat production in the composite 

wall material. 

III. FINDINGS AND DISCUSSION 
 

 
Figure 4.The initial coordinate point for the interior surface 

 
The heat transfer equations are solved for the column 
beam structure which is modeled in 2 dimensions. 
Insulation thicknesses were taken as 3 cm-4 cm-5 cm-
6 cm and 7 cm for each model. The effect of 
insulation thickness on each column beam structure is 

investigated. At the same time, the effect of insulation 
on heat transfer was investigated. Based on the 
analysis, the temperature and heat flux charts of the 
surface of the living room are given. In the graphics, 
the change of temperature and heat flux of the entire 
inner surface is analyzed. In graphs, the horizontal 
axis is the interior surface length. The initial 
coordinate point for the interior surface is given in 
Figure 4. From this point, it descends along the y axis 
and then goes to the right along the x axis. 
 
3.1. Validation 
In order to compare the accuracy of the method used 
in the study, the uninsulated column beam study, in 
which the results are obtained by using the finite 
element method in the literature (Karabulut et al 
2013), is numerically solved in the 
Comsolprogramme. A comparison of the results is 
given in Figure 5. 

 
Figure 5.Validation of surface heat flux results with a different 

study 
 
According to the results obtained, it is seen that the 
solution made in Comsolprogramme and the studies 
in the literature are compatible with each other. 
According to these results, it can be said that the 
method used in the study is appropriate. 

 
Figure 6. Application of 3 cm insulation to interior and 

external surfaces 
 
Insulation thickness of 3 cm was applied to the 
column beam structure to check whether the 
insulation is made on the outer wall or inner wall 
surface. Figure 6 shows the change in internal surface 
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temperature in case of internal and external 
insulation. The internal surface temperature was 
reduced by 7% compared to the external surface. 
According to these obtained results, only external 
insulation is suitable for the column beams of the mid 
floor. The heat bridges that can be formed are 
avoided in this way. If our building is not insulated or 
with incomplete insulation, then tensile and cracking 
may occur in the building shell. Therefore, it is 
recommended to use the external insulation system in 
the mid floors because it has many advantages (Sezer 
and Yeşilyurt 2011; Sezer and Cihan 2010) 
 
3.2. Numerical results 

 
(a) 

 
(b) 

Figure 7.Change in temperature and heat flux inside the room 
in the 1st degree day region 

 
In the analysis, the column beam structure 
(uninsulated and outer wall insulated) was modeled 
for 4 different degree day regions and the change of 
indoor surface temperature and heat flux was 
investigated. In all structures insulation thickness is 
taken as 3 cm-4 cm-5 cm-6 cm and 7 cm. Figure 7a 
shows the variation of indoor surface temperatures 
for different insulation thicknesses in the 1st degree 
day region. It is seen that the temperature value is low 
in the uninsulated wall. For 5 different insulation 
conditions, the surface temperature values change, 
being close to each other. For the uninsulated case, a 

sudden temperature decrease is observed at point 1 
shown in Figure 4. Then the surface temperature is 
increased. The reason for this is the formation of heat 
bridges in this region. Average surface temperatures 
for insulation thicknesses of 3 cm-4 cm-5 cm-6 cm 
and 7 cm were obtained respectively as 21.01°C, 
21.20°C, 21.33°C, 21.41°C and 21.49°C. Figure 7b 
shows the change in the internal surface heat flux for 
different insulation thicknesses. It is seen that the heat 
loss is the most in the uninsulated wall. For the 
uninsulated case, the most heat loss is seen at point 1 
shown in Figure 4.Average surface heat fluxs for 
insulation thicknesses of 3 cm-4 cm-5 cm-6 cm and 7 
cm are obtained respectively 8.16 W/m2,6.60 W/m2 
5.54 W/m2, 4.77 W/m2 and 4.19 W/m2. 
There should not be much difference between indoor 
temperature and inner surface temperature. If there 
are cold walls, health problems can occur in people. 
At the same time, this can increase fuel consumption. 
Therefore, it is important for the thermal comfort that 
when the indoor temperature is 22°C and the surface 
temperature is at least 21°C. Therefore, the internal 
surface temperature criterion was selected at 21°C. 
According to this result, the average indoor surface 
temperature averages of the different insulation 
thicknesses given in Figure 7 are compared. As the 
surface temperature of 3 cm insulation thickness 
exceeds 21°C, this value is considered to be optimum 
thickness. In Figure 8, the temperature distribution of 
the 3-cm column beam structure chosen as the 
optimum thickness is given. According to this result, 
it is seen that the average color scale of inner surface 
temperature values is 21°C. 
 

 
Figure 8.Temperature change of column beam structure of 3 

cm insulation thickness applied to 1st degree day region 
 
Figure 9a shows the variation of indoor surface 
temperatures for different insulation thicknesses in 
the 2nd degree day region. Average surface 
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temperatures for insulation thicknesses of 3 cm-4 cm-
5 cm-6 cm and 7 cm were obtained at 20.62°C, 
20.88°C, 21.06°C, 21.18°C and 21.28°C respectively. 
Figure 9b shows the variation of the internal surface 
heat flux for different insulation thicknesses. The 
average surface heat fluxs for the 3 cm-4 cm-5 cm-6 
cm and 7 cm insulation thicknesses were respectively 
11.46 W/m2,9.26 W/m2,7.78 W/m2, 6.70 W/m2 and 
5.89 W/m2. 
 

 
(a) 

 
(b) 

Figure 9.Change in temperature and heat flux inside the room 
in the 2nd degree day region 

 
The thickness of 5 cm according to the average 
temperature of the inner surface of the different 
insulation thicknesses given in Figure 9 is chosen as 
the optimum thickness. Figure 10 shows the 
temperature distribution of the column beam structure 
for 5 cm insulation thickness. According to this 
result, it can be said that the insulation thickness of 5 
cm for the 2nd degree day region reduces heat loss to 
a sufficient extent. 
 
Figure 11a shows the variation of indoor surface 
temperatures for different insulation thicknesses in 
the 3rd degree day region. Average surface 
temperatures for insulation thicknesses of 3 cm-4 cm-
5 cm-6 cm and 7 cm were obtained at 20.39°C, 
20.69°C, 20.90°C, 21.05°C and 21.16°C respectively. 
Figure 11b shows the change in the internal surface 

heat flux for different insulation thicknesses. The 
mean surface heat flux for the 3 cm-4 cm-5 cm-6 cm 
and 7 cm insulation thicknesses were respectively, 
13.38 W/m2,10.82 W/m2, 9.08 W/m2, 7.82 W/m2 and 
6.88 W/m2. 

 
Figure 10.Temperature change of column beam structure of 5 

cm insulation thickness applied to 2nd degree day region 
 

 
(a) 

 
(b) 

Figure 11.Change in temperature and heat flux inside the room 
in the 3rd degree day region 

 
The thickness of 6 cm according to the average 
temperature of the inner surface of the different 
insulation thicknesses given in Figure 11 is selected 
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as the optimum thickness. In Figure 12, the 
temperature distribution of the column beam structure 
of 6 cm insulation thickness is given. According to 
this result, the insulation thickness of 6 cm for 3rd 
degree day region seems sufficient in terms of cost. 
  

 
Figure 12.Temperature change of column beam structure of 6 

cm insulation thickness applied to 3rd degree day region 
 
Figure 13a shows the variation of indoor surface 
temperatures for different insulation thicknesses in 
the 4th degree day region. Average surface 
temperatures for insulation thicknesses of 3 cm-4 cm-
5 cm-6 cm and 7 cm were obtained at 20.02°C, 
20.40°C, 20.65°C, 20.83°C and 20.98°C respectively. 
Figure 13b shows the variation of the internal surface 
heat flux for different insulation thicknesses. The 
average surface heat flux for the 3 cm-4 cm-5 cm-6 
cm and 7 cm insulation thicknesses were respectively 
16.44 W/m2,13.29 W/m2, 11.16 W/m2, 9.62 W/m2 and 
8.45 W/m2. 

 
(a) 

The thickness of 7 cm according to the average 
temperature of the inner surface of the different 
insulation thicknesses given in Figure 13 is chosen as 
the optimum thickness. In Figure 14, the temperature 

distribution of the column beam structure of 7 cm 
insulation thickness is given. According to this result 
a minimum insulation thickness of 7 cm is sufficient 
for the 4th degree day region. 

(b) 
Figure 13.Change in temperature and heat flux inside the room 

in the 4th degree day region 
 

 
Figure 14.Temperature change of column beam structure of 7 

cm insulation thickness applied to 4th degree day region 
 
CONCLUSION 
 
A comparison was made with a different study to 
validate the column beam structure modeled in the 
study. Later, column beam structures were then 
formed for different insulation thicknesses of the 
model, and analyses of insulation thicknesses of 3 
cm-4 cm-5 cm-6 cm and 7 cm were made. The 
obtained indoor surface temperature and heat flux 
values were compared. Some of the results obtained 
are as follows: 
 
 In order to prevent heat bridge from forming on 

the column beam of the apartment located in the 
middle floor, the outer surface should be 
insulated. 
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 Optimum insulation thicknesses were calculated 
for the cities in 4 different degree day regions. 
Optimum insulation thickness for Antalya 
province was found 3 cm, for Istanbul 5 cm, for 
Ankara 6 cm and for Erzurum 7 cm. 

 Heat insulation in buildings is important for 
thermal comfort, energy saving and human 
health. Insulation thicknesses according to TS 
825 standards must be applied in existing 
buildings and new buildings and building owners 
should be made aware of this issue. At the same 
time, with the insulation to be applied, moisture 
and mold that can occur in the building shell are 
prevented and the life of the building is extended. 
It is also important to choose the optimum 
insulation thickness, in order to lower fuel 
consumption for the heating needs and the 
investment cost for insulation. 

 After it has been found that the ideal insulation 
thickness, the increase has a very low effect on 
the indoor surface temperature. Therefore, the 
causes of the warnings that related sectors have 
made to increase the insulation thickness should 
be investigated and thermal behaviors of the 
structural systems used to determine the 
optimum insulation thickness in terms of cost 
and energy saving should be investigated 
numerically and experimentally. Building 
elements should be modeled more numerically, 
since it is very difficult to determine the 
temperature behavior and the temperature 
changes of the internal environment and the 
structure shell every year only through 
experiment. In this way, the best results can be 
obtained in a short time. 
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