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In this study, within the scope of the number of studies related to the efficient use of energy increasing day
by day, the thermal insulation performance of wall elements used in dwellings was determined using experimental
methods. With this aim, a 1/3 scaled reinforced concrete structure with the complete characteristics of an actual
structure, was built and the column spans were filled using six different types of wall element. These materials,
widely used in dwelling production in Turkey, were applications of horizontal coring bricks, vertical coring bricks,
pumice, gas concrete, block brick and a cavity wall. The interior temperature was kept constant by placing a
thermal source inside the built sample construction and the temperatures for different exterior temperatures were
measured with a thermocouple and camera from each wall surface. Thus, by interpreting the obtained surface
temperature data, the energy efficiency of the wall types used was presented, the thermal conductivity resistance,
thermal conductivity coefficient, and loss of heat as regards to TSE 825 were calculated and accordingly, the
thermal conductivity performances of walls were compared.
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1. Introduction

Energy consumption is rapidly increasing due to
changes such as growing population urban development
and life quality improvement. Major factors such as
transportation, agriculture and cultivation, industrial
development and the construction of commercial or
dwelling settlements affect the concept of energy con-
sumption [1]. Among these, the building sector is the
industrial sector with the greatest consumption potential.
The building sector (together with the industrial sector)
has become the world’s dominant energy consumer with
a 28% share of overall energy consumption [2, 3]. There-
fore, many countries reserve the biggest share of energy
consumption for the heating or cooling of buildings [4, 5].

The basic purpose of using thermal insulation in
dwellings is to keep the annual energy consumption level
as low as possible. Consequently, the primary and most
important practice is the insulation of all exterior sur-
faces of the building as well as roof, wall and foundation
sections [6]. Although the ratio of heat loss varies ac-
cording to the number of storeys in the structure, heat
losses in buildings (for multi-storey buildings) of 40%,
30%, 17%, 7%, and 6% have been substantiated, respec-
tively, through walls, windows, air leaks, roofs and base-
ment floors [7, 8]. The fact that the biggest amount of
heat loss is caused by the exterior walls in dwellings in-
creases the significance of determining the suitable wall
elements. Therefore, knowing the energy efficiency per-
formance of the wall elements used in exterior walls and
accordingly taking the necessary precautions would en-
able significant gains. The studies regarding thermal in-
sulation in dwellings generally concentrate on examin-
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ing the performance of the thermal insulation materials
used [9] or determining the optimum thickness [10-13].

2. Materials and method

In order to examine the heat losses of materials used
for wall bonding elements, a 1/3 scaled reinforced con-
crete framed structure with the characteristics of an ac-
tual dwelling was first set up (Fig. 1). In the model struc-
ture, the column and beam sizes were taken as 18 x 20 cm
and 15 x 20 cm, respectively, while the building height
was taken as 100 cm. On the exterior walls of this model
frame system, 6 spans between axes were the designed
and the spans between each couple of axes were filled
with one of the most preferred materials used for wall
elements in dwellings. The materials chosen were hori-
zontal coring bricks, vertical coring bricks, pumice, gas
concrete, block brick and a cavity wall application. In
order to determine the heat losses inside the built model
structure precisely, the structure was settled on an OSB
plate raised 5 cm above the ground so as to prevent the
heat losses that might occur on the floor. Above the up-
per reinforced concrete panel, 5 cm thick fiberglass layer
was applied. To protect the fiberglass applied on the
roof from the exterior factors, a waterproof membrane
was applied over the material. The three dimensional
design of the built system can be seen for vertical cor-
ing bricks, block brick and cavity wall in Fig. 1a and
the three dimensional design of the built system can be
seen for gas concrete, pumice, horizontal coring bricks in
Fig. 1b. To prevent the possible heat losses in the built
system, a 3 cm thick scratch coat layer was applied on
the exterior walls. The thicknesses of walls built from
the different materials and the thermal conductivity cal-
culation values belonging to these materials are given in
Table. Since pumice, unlike other materials, is manufac-
tured with 15 cm thickness, the material was also used
with 15 ¢m thickness in the experimental studies.
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Fig. 1. Three-dimensional design for the example
building (a) Vertical coring bricks, block brick and cav-
ity wall (b) Gas concrete, Pumice, Horizantal coring
bricks.

3. Experimental studies

The experimental studies were implemented in the win-
ter season and a heat source was placed inside the struc-
ture to conserve the inner comfort temperature. The
inner temperature was kept constant by using a ther-
mostat that could be controlled externally. With the use
this thermostat, it was possible to keep the inner temper-
ature at the same level at all times and this situation was
controlled at all times via thermal sensors placed inside.
After the inner temperature was set, the temperatures on
the exterior surfaces of the walls were measured for differ-
ent exterior temperatures. These measurements were im-
plemented with the help of a K type thermocouple device
and thermal cameras that could measure temperature
values between —20 and 4200 °C. The measurements on
the walls’ exterior surfaces were implemented in the win-
ter days when there is no sun effect, and especially during
certain morning or evening hours in the shade. There-
fore, errors caused by the direction effect were averted.
While keeping the inner temperature constant at 25 °C,
thermal camera images were taken from each wall sur-
face from a distance of approximately 5 m. Using these
images transferred to the computer medium, mean wall
surface temperature values were obtained using Therma
CAMQuickView packaged software. The thermal camera
shots taken on the exterior wall surfaces can be seen in
Fig. 2. When Fig. 2 is examined, it was determined that
the mean exterior surface temperature of the wall built
with 19 cm thick gas concrete blocks was 6.9 °C (Fig. 2c),
while the mean exterior surface temperature of the cav-

1. Vural et al.

| :E
4
=2
]

el e 3 e B 0

Fig. 2. Thermal camera images of the wall (a) horizon-
tal coring brick thermal image (b) vertical coring bricks
and block brick thermal image (c) cavity wall, gas con-
crete and pumice thermal image.

ity wall, built by applying 3 cm Styrofoam between two
8.5 c¢m thick horizontal coring bricks, was measured as
6.3 °C (Fig. 2a). The mean exterior surface tempera-
ture of the 15 cm thick pumice block wall, on the other
hand, was determined as 7.9 °C (Fig. 2c). Likewise, the
mean exterior surface temperature of the vertical cor-
ing brick wall was measured to be 8.3 °C, whereas the
same temperature value was 9.2 °C for the block brick
wall (Fig. 2b). It was observed from the image obtained
from the horizontal coring brick wall that the mean ex-



Ezxamination of the Energy Efficiency of Wall Building. . .

terior surface temperature was 8.4 °C. This value was
found to be the same for the vertical coring brick which
is manufactured using the same material. Furthermore,
along with the thermal camera images, the exterior sur-
face temperature values were taken using thermocouple
device sensors. Two measurements were taken once a
day from each wall surface using a thermocouple at dif-
ferent exterior temperatures for 30 days in the winter
months. The temperature inside the model structure was
kept constant at 25 °C with a thermostat with the aim
of determining the most efficient wall type among the
6 different wall types for varying exterior temperatures.
The thermal performances of the wall elements were eval-
uated by calculating the mean values of measurements
obtained from each wall surface; thus, the graphic was
created (Fig. 3). When the Fig. 3 is examined, the most
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Fig. 3. Exterior wall surface temperatures measured
by thermocouple.

efficient wall building element was the cavity wall type
for temperatures between 10 °C and 100 °C independent,
from the humidity and wind factors for study region. As
a result of the massive internal structure, the block brick
was determined to be the wall type with the most heat
losses. The use of Styrofoam between two 8.5 cm thick
bricks in the cavity wall decreases the heat losses; when
compared with the other applications, it stands out in
terms of energy efficiency. With the values obtained as a
result of all these measurements, the heat losses were cal-
culated by considering the details provided in TS 825 [16]
and related regulations. The thermal conductivity resis-
tance, the thermal conductivity coefficient and amount
of heat loss was calculated for each wall surface. In the
calculations, Eq. 3.1 was used for thermal conductivity
resistance.

R =dy/ A1+ da/Ape (m*K/W) (3.1)
In this formula, d; and ds were taken as the wall thickness
values, while A\j; and Apo represent the thermal conduc-
tivity calculation values of the materials. However, the
total thermal resistance coefficient belonging to the struc-
tural element was calculated using Eq. 3.2.

Up =1/(R; + R+ R.) (W/m?K) (3.2)
R; and R., taken from TS 825, represent the thermal
conductivity resistance values of internal and external
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surfaces, respectively. R value, on the other hand, is
the value obtained from Formula 1 for different material
types and the thickness of the wall elements of the sample
structure. Lastly, by using measurements conducted on
the walls of the sample structure with the help of both
a thermal camera and thermal sensors (t1, t2) and the
thermal conductivity coefficients (Up) of the walls ob-
tained for each material above, the heat loss per m? wall
surface occurring with conventional methods was calcu-
lated using Eq. 3.3 [17].

Q = UpAt (W/m?) (3.3)
As aresult of the calculations, thermal conductivity resis-
tance, the thermal conductivity coefficient and amount of
heat loss for each uninsulated wall material are presented
in Table. When the Up values obtained from the calcu-
lations are compared with the exterior wall thermal con-
ductivity coefficient for (Up) Sakarya [2]. Region in TS
825, all of the values obtained were observed to be higher
than the recommended maximum value (Up = 0.6).

Thermal properties of wall elements and TABLE
properties of wall elements.
R Up Q Thermal
Wall type | [m?K/W]|[W/m?K] | [W/m?] | conduct.
[Ah]
Pumice 0.81 1.02 12.19 0.19
Gas concrete 0.82 1.01 13.07 0.24
Cavity wall 1.29 0.68 9.30 0.15
Block brick 0.30 2.11 22.77 0.68
Vertical 0.45 1.62 18.79 0.45
coring brick
Horizontal 0.45 1.62 18.63 0.45
coring brick

4. Conclusions

In the studies conducted, when the measured surface
temperatures of the materials and different wall materials
in terms of heat losses calculated were compared with
each other, the below stated results were obtained;

Due to its construction technique and the insulation
materials applied, the cavity wall application emerged as
the wall type with the highest thermal resistance and
lowest amount of heat loss.

For wall surface temperatures, when the pumice block
wall’s thickness is considered (all the other wall appli-
cations were 19 c¢m thick, whereas the pumice wall was
manufactured with 15 cm thickness), it was observed that
this wall type had the highest conductivity resistance in
the heat loss calculations.

The gas concrete wall application was determined to
have the highest thermal conductivity resistance after the
cavity wall and pumice brick wall applications.

For horizontal and vertical coring bricks, the values
of the surface temperatures and heat losses of the two
materials were found to be very close.

With its massive structure, the block brick was deter-
mined to be the wall material with the lowest thermal
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conductivity resistance and greatest amount of heat loss.
The reason for this is that there are no independent air
voids in the brick structure.

As a result of the study conducted, the data obtained
both by experimental studies and calculation method
were determined to be in parallel with the thermal con-
ductivity calculation values (Ah).

The Up values obtained by experimental studies and
calculations were found to be higher than the recom-
mended maximum value in TS 825. Consequently, when
the region in which the structure is built, the wall ma-
terial type and their thickness values are considered, the
necessity of applying thermal insulation in all of the walls
is revealed.
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