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Abstract  The thermal comfort conditions of the
educational buildings affect students' attention, focus,
perception and learning levels. The design of transparent
areas is important in the control of solar radiation affecting
thermal comfort conditions. The aim of this study is to
determine thermal comfort conditions in classrooms with
different transparency ratios and to make suggestions for
improvements. Classrooms in the same building on the
university campus, in the same direction (south) and with
different transparency ratios were determined as study
areas. Measurements (PMV-PPD) and surveys
(AMV-APD) were carried out during a day in heating
period. The thermal comfort conditions were evaluated
according to the comfort intervals specified in
ASHRAE-55 and ISO-7730 standards. The results showed
that there were significant differences in thermal comfort
between classrooms. If the transparency ratio is more than
necessary, it causes discomfort and redundant energy
consumption. Suggestions have been made to ensure solar
control and thermal comfort conditions.

Keywords  Transparency Ratio, Thermal Comfort,
PMV-PPD, AMV-APD, Classrooms

1. Introduction

Solar gains contribute to the cooling load and increase
energy consumption in summer [1]; on the other hand, they

have a positive effect in winter. Transparent areas are the
most effective building envelope components in solar gains.
The design of transparent areas (transparency ratio,
transmission coefficient and use of solar control devices) is
important for the control of solar gains.

Short wavelengths of solar radiation passing through the
glass turn into long waves as a result of contact with the
surfaces in the interior and long wavelengths cannot pass
through the glass. As a result of these event, a greenhouse
effect occurs and indoor temperature increases. In
particular, glazed facades facing south or west (in the
northern hemisphere) are particularly vulnerable to
overheating, inducing thermal discomfort [2]. Large
glazing areas are typical of newly constructed buildings.
Solar radiation passes through the glass, warming the
environment and causing thermal discomfort especially in
large glazed facade buildings. An appropriate transparency
ratio improves thermal comfort by controlling solar energy
gain and reduces energy consumption.

Thermal discomfort negatively affects students’ learning
performance [3]. Providing good environmental conditions
for educational buildings is important because of the
negative influence of thermal discomfort on students’ and
teachers’ learning/teaching performance and health. Their
health and wellbeing depend on an appropriate educational
environment [4, 5].

According to Turkish Higher Education Council,
University students and academics constitute about 9.8%
of the population and there were 207 University campuses
in Turkey. Students and academicians of 61 universities in



Civil Engineering and Architecture 8(5): 890-897, 2020

Istanbul constitute 26.3% of this rate [6]. Students and
academicians have a significant share in the population and
spend most of their time in university buildings. Therefore,
appropriate thermal comfort conditions are of great
importance for those users.

The influence of the properties of the transparent
component on the thermal comfort has been investigated in
several studies [1, 7-11].

Although there have been a lot of researches in the
transparency ratio and thermal comfort, there are few
studies on the evaluation of existing educational buildings
with the field studies. This study aims to determine that the
thermal comfort conditions depending on the transparency
ratio (WWR — Window to Wall Ratio) are different in the
existing educational building and to make suggestions for
improvement. The thermal comfort conditions in the
university classrooms with different transparency ratios
were determined by the objective (measurement) and
subjective (survey) methods. PMV (Predicted Mean Vote)
and PPD (Predicted Percentage of Dissatisfied) values
obtained as a result of the measurements and AMV (Actual
Mean Vote) and APD (Actual Percentage of Dissatisfied)
values obtained as a result of the surveys were evaluated
according to ASHRAE-55 and ISO 7730 standards. As a
result, it was determined that there were significant
differences in thermal comfort between classrooms. If the
transparency ratio is more than necessary, it causes
discomfort and redundant energy consumption.
Suggestions have been made to improve the thermal
comfort of the existing educational buildings depending on
the transparency ratio and to reduce energy consumption. If
integrated with other similar works, these results can be
exploited to design of transparent areas of existing or in
design phase educational building.

2. Method

It was decided to conduct field studies in an existing
educational building in Istanbul (temperate-humid climate)
on transparency ratio (WWR — Window to Wall Ratio)
and thermal comfort as a result of the literature studies.
Classrooms are determined as study areas in the same
building (on the 4th and 5 floors) on the university
campus, in the same direction (south) and with different
transparency ratios (other properties of the volume are the
same). Measurements (objective method) and surveys
(subjective method) were carried out at the same time
during a day in the heating period. While the field study
was conducted, the heating system was completely off at
all the rooms. The measurements were performed with
Testo 480 - Digital Temperature and Humidity Meter. The
survey results were analyzed using SPSS 22 (Statistical
Package for the Social Sciences). PMV-PPD and
AMV-APD data were obtained as a result of
measurements and surveys, respectively. Results were
evaluated according to ASHRAE 55 and ISO 7730
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standards with table and graphic methods. Suggestions
were presented for determining and improving thermal
comfort conditions in classrooms with different
transparency ratios.

2.1. Transparency Ratio on Thermal Comfort

The satisfaction of an individual with the thermal
environment is defined as thermal comfort [12]. When a
building is designed by evaluating outdoor climatic
conditions, indoor thermal comfort can be achieved with
less energy consumption. Outdoor climate conditions
depend on factors such as air temperature, solar radiation,
humidity, and air velocity. Indoor thermal comfort
depends on objective and subjective parameters. Objective
parameters are determined as indoor air temperature,
mean radiant temperature, relative humidity, air velocity,
activity level, and clothing insulation level. Subjective
parameters are factors that vary individually and can be
listed as age, gender, weight (subcutaneous fat), and
health status etc. [13]. One of the most effective outdoor
climate conditions in thermal comfort is solar radiation.
The heating of the indoor environment with solar gains is
very fast and effective especially in buildings with large
transparent areas because of the occurring greenhouse
effect.

Transparent areas are thin, impermeable surface and
they have a high U value and low time delay, compared
with opaque areas. For this reason, the transparent areas
have the fastest and most effective heat gain-loss and
condensation in the building envelope. The design of
transparent areas is very important in terms of its effect on
thermal comfort. This study focused mainly on
determining the effect of solar radiation gain provided
through transparent areas on thermal comfort.

3. Determination of the Field Study
Conditions

Thermal comfort conditions play an important role in
efficiency and health in educational buildings. Istanbul is
the province with the highest number of universities,
students and academicians in Turkey. Istanbul has a
temperate-humid climate. The existing educational
building to be studied has been selected at a university
campus in Istanbul.

The southern facade is the most effective facade in
solar gains. For this reason, classrooms with transparent
areas on the south side have been determined. Since
thermal comfort depends on many factors, the other
properties of the classrooms (environmental conditions,
orientation, room dimensions, height above sea level, the
building envelope properties, the material properties, etc.)
are as similar as possible.

The field study was conducted on Yildiz Technical
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University, B block, classrooms B-502, B-503, B-402 and
B-403 (Fig 1.). The classrooms are on the 4th and Sth
floors. There is no obstacle that prevents daylighting from
the south in the classrooms. The properties of the
classrooms are given in table 1.

The building envelope (opaque and transparent
components) material properties (U value, g value etc.) of

A
_ B-403

The Impact of Transparency Ratio on Thermal Comfort: A Field Study on Educational Building

the determined classrooms are the same. The U value of
glass determined as 1,84 W/m’K and the U-value of the
exterior wall determined as 0,38 W/m’K by measurement
with Testo 635-2. Transparency ratios (WWR — Window
to Wall Ratio) of classrooms are given in table 2. The
difference between the transparency ratios of the southern
facades is quite large.

Figure 1. Exterior and interior of classrooms and measurement device (B-402)

Table 1. Properties of Classrooms
Classrooms Direction of Dimensions Heating system and number of Radiator Capacity
classroom (person)
B 502 South 11,76 x 8,99 X (2,7—3,80) Gas central I}eatmg systbems, Cast iron 109
Trapezoidal Prism radiator- 3 radiators
B 503 South and West 11,76 x 9,08 X (2,7-3,80) Gas central l?eatlng systAems, Cast iron 109
Trapezoidal Prism radiator- 4 radiators
B 402 South 13,26 x 8,99 X (2,?-3,80) Gas central 1.1€at1ng syst.ems, Cast iron 117
Trapezoidal Prism radiator- 3 radiators
B 403 South and West 13,26 x 9,0$ X (2,7—3,80) Gas central I}eatmg systbems, Cast iron 117
Trapezoidal Prism radiator- 4 radiators
Table 2. Properties of transparent component
Transparency ratio
Direction of transparent (WWR — Window to Wall Ratio)
Classrooms component
P South West East
B 502 South %60 - -
B 503 South and west %60 %11,5 -
B 402 South, west and east %7,5 %6 %6
B 403 South, west and east %7,5 %11,5 %6
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3.1. Determination of the Outdoor Weather Conditions

It is necessary to know the outdoor weather conditions
affecting the thermal comfort of the indoor environments in
order to make the correct assessment. Outdoor
measurements were made on the measurement day,
keeping the measurement parameters the same.
Measurements were made in clear sky conditions, on sunny
days and in an open area. Data on the outdoor weather
conditions within the campus in Istanbul (which has a
temperate humid climate) where the study is conducted is
given in table 3.

Table 3. Outdoor weather conditions of the field study days
Air Relative Air
Date Time Temperature Humidity Velocity
(°O) (%rH) (m/s)
20.12.19 15.50 15,2 68,7 1,4

3.2. Determination of the Thermal Comfort Conditions

Thermal comfort may be determined with different
methods. Most common practices are objective
(measurement) and subjective (survey) methods. Both
methods used in this study for comparing the results and
determining the thermal comfort in the most accurate way.

Field studies were carried out in the heating period on
20.12.2019. The southern facade of the buildings in the
41st latitude (latitude of Istanbul) is exposed to direct
sunlight between about 10.00-16.00 on the field study day.
Therefore, field study hours are determined between 12.00
and 16.00.

Measurement studies were conducted on four different
unoccupied (no occupant) classrooms and were repeated
while classroom B-502 was occupied (with occupant). In
order to determine the effect of transparency ratio on
thermal comfort, the most important points in the plan are
the closest and farthest distance to the transparent area.
Three points were determined in each classroom for
measurements (Fig. 2). While the field study was
conducted, the radiators (heating system) were completely
closed, the curtains were open and the windows and doors
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were closed at all the rooms.

The measurements were performed with Testo 480 -
Digital Temperature and Humidity Meter (Fig. 1) [14].
This device gives the thermal comfort values as PMV and
PPD according to the input data and the instantaneous
values of the objective parameters. The required data for
the measurements are determined according to the ISO
7730, ASHRAE 55 standards [12, 15], survey results and
literature (Table 4). The clothing insulation level was
determined as 0.7 clo according to the surveys. The activity
level was determined as 1.2 met [12, 15] and the
measurement height was determined as 1.1 m [12]
according to the standards. The measurements were carried
out for 5 minutes at 30-second intervals at each point after
the device was installed and held 5 minutes.

Survey questions were prepared using the ISO 10551,
ISO 7730 and ASHRAE 55 standard [12,15,16]. Clothing
insulation  levels (clo) were determined by
observation-based table processing and calculation. The
survey results were analyzed using SPSS 22 (Statistical
Package for the Social Sciences). AMV and APD obtained
from the question related to the seven-point thermal
sensation scale in the survey.

In order to determine the thermal comfort, PMV - PPD
and AMV - APD wvalues are used. According to
measurement and survey results, it is determined whether
the environment is comfortable by comparing with the
values given in ISO 7730 and ASHRAE 55 standards.
Classification regarding the PMV and PPD values that
describe the satisfaction state according to ASHRAE 55
and ISO 7730 Standards is given in Table 5 [12,15].

-0,5<PMV<+0,5 range is considered as comfortable
according to ISO 7730 and ASHRAE 55 standards. This
range means 10% PPD value [12,15]. The closer the PMV
is to 0, it means the more comfortable the environment.
PMV obtained from measurements was evaluated
according to this range. -1<AMV<+1 range is considered
as comfortable [12,15]. The closer the AMV is to 0, it
means the more comfortable the environment. AMV
obtained from survey question which is related to
seven-point thermal sensation scale was evaluated
according to this range.
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Figure 2. Plans and measurement points of classrooms

Table 4. Measurement conditions of the classrooms

Point Number for Measurement Measurement Activity Clothing Insulation
Each Classroom Device Height Type-Duration-Period Level Level
3 point 1,1 meter According to time - 5 min - 30 sec 1,2 met 0,7 clo
Table 5. Categories of thermal environment
1SO 7730 ASHRAE 55
Category
PPD PMV PPD PMV
A 6% +0.2 10% +0.5
B (IT) 10% +0.5 20% +0.85
C (11) 15% +0.7 - -
According to points According to Classrooms
1.2 1,06 1.2 1,06
1 1
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0,6 0,6
0,35 0,35
294 0,27 0,27 205 027 2
0,1 0,16
& 0,2 pt— F02 55 0,0 s
0,08,0 m 0.0 : 5. : 001
o = % 0 | | i
402 403 & Isna _ 4 1 3
- 0,2 0,09
-0,2 ,09 !
0,17
-0,17 037
0,4 -0,27 0.4 '
-0,6
-0,6 407 =403 502
S 7 G e—(5 e—()5 503 ——(05 — (5

Figure 3. Measurement results in unoccupied classrooms
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4. Results

4.1. Measurements Results

The results of the field study were analysed by
classrooms and points. Measurement results of classrooms
B-402, B-403 and B-502, B-503 are given in Figure 3.

Evaluation of thermal comfort in classrooms B-402 and
B-403;

. PMV is on the hot side and is within the comfort
limits in both classrooms.

*  The 3rd point is the most uncomfortable point in both
classrooms.

. Classroom B-403 is more uncomfortable than
classroom B-402 for all three points.

Evaluation of thermal comfort in classrooms B-502 and
B-503;

* PMV is on the cold side at 4th and 7th points in
classroom B-502, and at 4th point in classroom
B-503.

e The 3rd point is uncomfortable on the hot side but
PMYV values of the other points are within the comfort
limits in classroom B-503.

Comparison of classrooms B-402, B-403 and B-502,
B-503;

*  When the PMV values of the 3rd point are compared,
it is determined that there are big differences between

According to Occupied and Unoccupied
Classroom
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the classrooms B-402, B-502 and between classrooms
B-403, B-503.

*  While the PMV is within the comfort limits in the
classrooms B-402, B-403, B-502, it is determined that
the comfort limits mostly exceeded on the hot side on
the 3rd point in the classroom B-503.

e The difference in PMV values between 4th, 7th points
and 3rd point in classrooms B-502 and B-503 are
quite large. However, PMV values between points in
classrooms B-402 and B-403 are closer to each other.

*  The PMV values are cold side in points far from the
window in classrooms B-502 and B-503. However,
the PMV values are hot side at all points in
classrooms B-402 and B-403.

Evaluation of thermal comfort of unoccupied (no
occupant) and occupied (with occupant) classroom;

Measurement studies were conducted on both
unoccupied (no occupant) and occupied (with occupant)
classroom B-502 conditions. When measurements were
made, there were 70 people in the classroom B-502.
Measurement results of occupied and unoccupied
classroom B-502 are given in Figure 4.

*  When there is no occupant in the classroom, PMV is
within the comfort limits. When occupants are in the
classroom PMYV is on the hot side in all three points
and outside the comfort limits in the 3rd and 4th
points.

*  When occupants are in the classroom (70 people),
PMYV increases at all three points on the hot side. The
increase on the hot side is the most at the 3rd point.

According to Points

1,5

0,55
D5 04

]

502 occupied mL.pivd
0,27 009

0,5

1
] 7 ] =—()5 —05

Figure 4. Measurement results in occupied and unoccupied classroom B-502
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4.2. Survey Results

In order to obtain reliable and accurate results, it is
necessary to determine the clothing insulation levels before
the measurements [17]. Therefore, a detailed table has been
created to determine the clothing insulation level before
measurements. The mean clothing insulation level of 62
students was determined to be 0.73 clo with 2-day
observation-based table processing and calculation in front
of the classrooms in the study area.

The planned process for conducting surveys could not be
completed because the international negative situation
arose and the universities continue their education with
remote access in the spring period of 2019-2020. For this
reason, the study could not be repeated and the data of the
surveys conducted with few students were shared.

The surveys including questions about thermal comfort
were made in classroom B-503 and 11 undergraduate
students (6 males and 5 females) participated. It was
determined that 54.5% of the students sat at the 4th point
during the lesson. 90.9% of the students stated that their
time in the classroom was more than 30 minutes. 54.5% of
the occupants stated that sense of thermal comfort is
neutral. AMV value is 0,18 and APD value is 9,1 according
to survey results. -I<AMV<+] range is considered as
comfortable according to ISO 7730 and ASHRAE 55
standards. Occupants have felt neutral according to AMV
and APD values.

5. Discussion and Conclusions

Occupants’ satisfaction in terms of thermal comfort is
important to increase efficiency in educational buildings
which students and academicians are the main users. It was
determined that the effect of transparency ratio on thermal
comfort is quite high in the existing educational building.
As a result of the field study, it is determined that the
classrooms with low transparency ratio are more
comfortable. The high transparency ratio caused
classrooms to overheat and uncomfortable.

*  The PMYV value of the point close to the window was
higher than the other points because of solar radiation.

*  The difference between PMV values of points close to
the window and far from the window is quite high in
classrooms with a high transparency ratio.

e There are not many differences in thermal comfort
between the points in the classrooms with a low
transparency ratio.

e [t was determined that PMV values increased on the
hot side while the classroom B-502 was occupied.
When the classroom was unoccupied, the PMV
values were within the comfort limits, while the
classroom was occupied, the PMV values exceeded
the comfort limits at some points. The highest
increase in PMV values was the point close to the

The Impact of Transparency Ratio on Thermal Comfort: A Field Study on Educational Building

window when the classroom was occupied and this
difference was quite high.

e As a result of surveys, occupants felt neutral
according to AMV and APD values. The majority of
users stated that they were sitting at the 4th point
during the lesson, which was also comfortable in the
measurement results.

The radiators were completely closed during the field
study, however, normally radiators are kept open. The
comfort situation in the classrooms was mostly on the hot
side even when the radiators were closed. It is shown that
there 1is unnecessary energy consumption in these
classrooms. It is suggested that planning for HVAC
systems should be done separately for each room, and if not
possible, the rooms should be classified as north and south.

It will be an economical and effective solution to use
shading devices in the southern facade of classrooms with
high transparency ratios (causing thermal discomfort) such
as the existing classrooms studied. With the correct use of
shading devices, solar control is provided and energy
consumption is reduced while providing thermal comfort
conditions during heating-cooling periods. In addition,
with the correct use of shading elements, daylight is also
used, which can reduce energy consumption.

This study is different from other studies since field
studies were conducted in an educational building in the
temperate humid climate. If integrated with other similar
works, results and suggestions of this study can be
exploited to design of transparent areas of existing or in
design phase educational building. The results would be
different for buildings located in different climates, in
different directions and having different functions. The
analysis must be made for each building separately in the
design phase. It is necessary to determine the transparency
ratios, depending on the function, by considering the
thermal comfort as well as the visual and acoustic comfort
at the design stage. More extensive studies can be carried
out by using the method of this study and combining it with
visual comfort. In this study, where the effect of
transparency ratio on thermal comfort is determined, the
awareness of architects and engineers on the subject are
expected to increase.
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