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Abstract: The fagade is one of the foremost imperative impacts on indoor thermal comfort, because it directly controls the
amount of natural lighting and passive heat gains that enters a building’s interior. This means it has a crucial impact on the
thermal comfort of the users (occupants) and indoor environment. Ultimately, this research contributes to the question of how a
building curtain wall fagade have an impact on indoor thermal comfort. To study the thermal comfort in curtain wall facade office
buildings with naturally ventilated, a field study was carried out for two months on four office buildings to evaluate indoor
thermal comfort in Addis Ababa. This study was based on the adaptive model of ASHRAE-55. Findings suggest that the four
office buildings perform differently in terms of thermal comfort (based on field study), environmental parameters (air
temperature, mean radiant temperature, relative humidity, and air velocity) and surface temperature. As a result, the building 1, 2
and 3 shows thermal discomfort to the indoor environment during a period of extreme heat, compared to building 4. It is
postulated that the higher surface temperature will cause higher indoor temperature levels in all buildings, except building 4. In
both months a maximum of 30.6°C, 29.6°C, 28.3°C and 25.7°C of indoor ambient temperature for Building 1, Building 2,
Building 3 and Building 4 have recoded respectively. The large temperature differences also have the expected consequences on
indoor relative humidity fluctuation. The relative humidity value ranges from 16% to 71% in all 4 buildings. Most of the time air
velocity that within buildings is generally less than 0.2m/s, which is generally unnoticed. The temperature difference between
surface temperature and indoor temperature is between 11.2°C and 25.2°C. At the maximum exterior surface temperature of
55.5°C, at same time maximum indoor temperature recorded which 25.2°C. The study benefits architect, designers and
construction managers by broadening the perspective of the field toward using a more customized optimization framework in
early design that will further guarantee the requirements of sustainable indoor thermal comfort in office building development.
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metabolism and clothing [3]. Thermal comfort is also the
outcome of the interaction and adaption of environmental and
human body characteristics, according to studies [4, 5] and
according to ASHRAE [1], a building's indoor thermal state is
appropriate when 80% of the building's inhabitants are
satisfied and comfortable. Temperature, air velocity, humidity,
and radiation are all environmental influences. [6]. A curtain
wall is defined as a thin, usually aluminum framed wall,
containing in-fills of glass, metal panels or thin stone in
addition to glazed-in window and door openings [7]. The
extensive use of glass directly affects the energy needs of the
building and its level of internal thermal comfort [8]. The

1. Introduction

Thermal comfort is the condition of mind that expresses
satisfaction with the thermal environment and is assessed by
subjective evaluation [1]. It can only be maintained when the
heat produced by metabolism equals the heat lost from the
body [2]. The main factors that influence thermal comfort are
those that determine heat gain and loss, namely metabolic rate,
clothing insulation, air temperature, mean radiant temperature,
air speed and relative humidity. The environmental parameters
are air temperature, mean radiant temperature, relative
humidity and air velocity. The people-related parameters are
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development of modern architecture in 1960s and 1970s has
led to the use curtain wall fagade. Since then, the use curtain
wall fagade has become predominant in Addis Ababa,
especially for the last two decades. Addis Ababa lies on 2350m
above sea level; the climate is warm and temperate. The
summers are much rainier than the winters in Addis Ababa.
The kind or color of glass used in glass facades has been
demonstrated to be an important influence in defining the
thermal, visual, and environmental comfort within the space,
as well as helping to convey the architectural identity of the
location [9]. In the last two decades, the growth of office
building design and construction in Addis Ababa has shown a
rapid growth. This led to a platform, which create and
explore to emerging modern building fagade construction and
materials. The facade represents a separating shell that
interacts between the interior space and the outside climatic
conditions, its performance must be identical to that building.
The study undertaken by Fanger [10] reveled that thermal
environments, personal factors, and other contributing factors
determine thermal comfort. Environmental factors include air
temperature, air velocity, humidity, and radiation [10].

2. Materials and Methods

There are several most common methods for studying the
thermal comforts, the building fagade quality. There were five
commonly used methods by the researchers, which are the real
simulation, numerical & experimental methods, questionnaires
and observation, case studies and computer simulation. The
methodology and analysis used in this study is one of the most
common and effective method, which is field measurement.

Figure 1. Study area and building location (a) study area, (b) Ethio-Life and
General Insurance building (building 1), (c) Oromia International Bank
building (building 2), and (d) Lebenz Tower building (building 3) and Rizq
building (building 4).

2.1. Location of the Study

This study is focused on specifically office buildings in

Addis Ababa. Addis Ababa is selected due to the current
capital city of Ethiopia and which is primary area for building
construction industry, especially in growth of modern curtain
wall fagade office building design and construction. Due to the
street orientation (south and west facing fagade) and the fact
that the front facades face south and west for data comparison,
low curtain wall facade performance, and a lack of exterior
shade devices, these offices are exposed to radiation. Since the
detrimental effects of solar radiation and direct sunlight can be
mitigated through the use of shade devices [11].

Figure 2. Selected office building — Ethio-Life and General Insurance
building (a), Oromia International Bank building (b), Lebenz Tower building
(¢) and Rizq building (d).

The study site is located around Bole Dembel and road to
Meskel Flower in Addis Ababa located at latitude 9.00109 and
longitude 38.76705.

2.2. Field Measurement Tools

Three types of tools were used in the experiment for
measuring and monitoring ambient temperature, relative
humidity, air velocity and facade surface temperature.
Hygrometer was used to measure room temperature and
humidity, anemometer used to measure air velocity and
infrared thermometer used to measure surface temperature.

(a) (b) (©)

Figure 3. Field survey measurement tools (a) hygrometer, (b) anemometer
and (c) infrared thermometer.
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Table 1. Field survey measurement tools description.

Description Tools
P Hygrometer Anemometer Infrared thermometer
Model HTC-2 Digital Hygrometer Smart sensor anemometer HW600 Handheld Non-Contact Infrared Thermometer

T: -50°C — +70°C
H: 8% —99%

T: £ 1°C

H: +10%

Measuring range 0—45m/s

Accuracy

+ 3%+ 0.1dgts

-50°C —+600°C

+1.5°C

2.3. Data Collection and Methods

Since the study is focusing on the effects, process and
consequences, the research method could take both qualitative
and quantitative. Relative humidity of the room, indoor and
outdoor ambient temperature, indoor and outdoor air velocity
and exterior and interior surface temperature of front curtain
wall facades were collected. These data were collected from
single floor space at all 4 office buildings at Bole Olympia and
Meskel Flower in Addis Ababa.

Actual measurements of indoor air temperature, relative
humidity, air velocity (air speed) and surface temperature are
undertaken by digital hygrometer thermometer, infrared
thermometer and anemometer. Study and measurement
comprise three stages from April 12 up to 16 and May 17 up to
21 in 2021: first, in the morning (3:00); second, in mid-day
(6:00); and the third stage is afternoon (9:00).

3. Results and Presentation

Thermal conditions in buildings are seldom steady, due to
the interaction between building structure, climate,
occupancy, and HVAC system [12]. The readings on air
velocity, relative humidity, operative temperatures and
surface temperatures, were made with high-precision sensors.
The measuring period was 20 min. The readings were then
directly stored in a notebook to avoid their manual loading.

Excepting the air temperature sensors, which are located at
1.2 m above ground level, the remaining instruments are
located at 1.1 m.

3.1. Relative Humidity (R. V.), Ambient Temperature (A. T.)
and Air Velocity (A. V.)

Thermal comfort is determined by the room’s
temperature, humidity and air speed. In the context of a
study to assess the influence of the building curtain wall
facade on the indoor climate the transient temperature,
relative humidity conditions and air velocity were
continuously measured (in 20-minute cycles) in four of
different office building in the area around Bole Olympia to
Meskel Flower, Addis Ababa.

The measuring parameter that is usually utilized in these
types of studies is regarded as critical for evaluating internal
climatic facts. As figure 4, showed indoor and outdoor
ambient temperature have similar pattern throughout the day
recorded from the four buildings except building 4 in April.
The outdoor ambient temperature shows colder and slightly
warm at 3 o’clock and 6 o’clock respectively. Indoor ambient
temperature of the three building showed a fast increase
throughout the day, but for building 4 showed slight decrease
pattern. In both months a maximum of 30.6°C, 29.6°C,
28.3°C and 25.7°C of indoor ambient temperature for
Building 1, Building 2, Building 3 and Building 4
respectively.
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Figure 4. Indoor and outdoor ambient temperature of all four buildings in (a) April and (b) May.
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Figure 5. Indoor and outdoor relative humidity of all four buildings in (a) April and (b) May.
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Figure 6. Indoor and outdoor air velocity of all four buildings in (a) April and (b) May.

Indoor humidity levels in the office show fluctuation at  unnoticed.
different time intervals or stages. As Figure 5, shows the . L
relative humidity is between 16% and 71% in April and 3.2. Comparison of Four Buildings in Terms of A. T, R. H.
between 18% and 61% in May. The air velocity is between and A. V.
Om/s and 1.23m/s. Most of the time air velocity that within
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Figure 7. Ambient temperature and relative humidity of all buildings in (a) April and (b) May.

Ambient temperature, relative humidity and air velocity.
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Figure 8. Relative humidity, ambient temperature and air speed/velocity of all building (a) April and (b) May.
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The results of ambient temperature, relative humidity and
air velocity based on 4 of building layout are shown in Figures
7 and 8 to compare from one building to another. The above
(Figures 7 and 8) data are analyzed and presented on a single
graph from four different office buildings in April 12 up to 16
and May 17 up to 21 at different time interval, which are 3, 6
and 9 o’clock from field measurement to compare each
building, from one another.

Figure 7 (a and b) shows the 20-minute-cycle in three
different time intervals throughout the day values of ambient
temperature and relative humidity measured in all building
and the running daily value over a period of 10 days in 2
months. Due to the periodic warmest month in combination
with the relatively low thermal performance of building
curtain wall fagcade extreme daily temperature difference,
occur at a maximum of up to 30.6°C in during the heating
period. However, the temperature fluctuations are much lower
in building 4 in comparison to other building due to building
orientation.

The large temperature differences also have the expected
consequences on indoor relative humidity fluctuation. The
relative humidity value ranges from 16% to 71% in all 4
buildings. So, this shows there is high fluctuation, which will
cause a distinct discomfort will be experienced because of the
dryness when its lower than 25% or if it is above 80% it will
create a feeling of dampness (ideally the level should not drop
below 40% and not exceed 70%). It remains comparatively
with daytime maximum amplitudes of approximately 71%
and minimum of 16% of R. H.

Based on all building layouts except building 4, no
significant difference was observed from the maximum
relative humidity obtained which is 58% to 71%, whereas for
the minimum relative humidity, the difference was from 16%
to 38%. The air velocity of all four buildings shows between 0
m/s and to the maximum of 1.32 m/s.

3.3. Curtain Wall Front Facade Surface Temperature

Facade surfaces available in conventional multi-story
buildings for integration of solar collector systems are
restricted [13]. Fagade systems are critical to occupant
comfort and well-being, but frequently bring a high level of
complexity to the design process due to the inherent difficulty
of striking a balance between occupant comfort needs [14].

Analysis for interior and exterior curtain wall front fagade
has been conducted. As on figure 9 depicted the accurate
prediction of the temperature distribution through a glazing
curtain wall system depends strongly on how the glass
material is analyzed. Therefore, there are two types of curtain
wall glazing facade, which are single glazing and
double-glazing under conducted for all four buildings. The
type of glass is a significant aspect that can either improve or
degrade the system. Single pane glass is preferred for the
exterior glazing layer because it allows a large quantity of
direct solar radiation to pass to the cavity, which functions
better when heated [15]. From case study, apart from building
3 all are single glazing curtain wall fagcade and for building 3 is
double-glazing type of curtain wall fagade.
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Observing Figure 9, it was noticed that the variable external
wall surface temperature and internal glass surface
temperature has similar pattern throughout the day. The trend
lines demonstrate that this variable has indicated that the
difference between interior and exterior surface temperature is
at the maximum of 2.4°C.

The Figure 10, represent external glass surface
temperatures and indoor ambient temperatures crossing values
for both models. An investigation comparison between
surface temperature and indoor temperature are needed in
order to assess indoor thermal comfort because of their direct
relation. In accordance to the graphs, it was noticed that the
increase in external surface temperature would increase indoor
temperature. The temperature difference between surface
temperature and indoor temperature is between 11.2°C and
25.2°C. At the maximum exterior surface temperature of
55.5°C, at same time maximum indoor temperature recorded
which 25.2°C. The massive heat-up of the glass curtain wall
panel, on the outside as well as the inside glass surface of up to
55°C significantly heats up the air inside the room and for a
long period.

4. Conclusion

The effect of curtain wall facade on indoor thermal comfort
of office building was explored by studying four different
office buildings in Addis Ababa. This study aim and the
associated objectives by conducting field or on-site
measurements during the warmest months in April and May.
Curtain wall fagade buildings were not protected in any way
from adverse external influences, especially from direct solar
radiation, resulting in thermal discomfort indoor environment.
In addition, problem with inside sun protection results from
the fact that the heat rays have already reached the inside of
the building. In general, Findings regarding thermal comfort
of the current applied fagade in all office buildings show that
almost no fagade technology has met the users’ office activity
requirements and ASHREA standard, which is used as a
benchmark. The relation between surface temperature and
indoor temperature has direct impact on the indoor thermal
environment, when surface temperature increase indoor
ambient temperature will increase.
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