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ABSTRACT

Tropical architecture is an architectural building concept that focuses on
using materials and techniques by the environment and climate in the
tropical region. Buildings with tropical architectural styles have special
characteristics in adapting to climate conditions, but currently, there are
also modern buildings that can be categorized as contemporary tropical
buildings. In the context of Batam City, contemporary tropical
architectural buildings have not been prominent, especially in residential
house applications. Moreover, few residential houses failed to follow
thermal comfort in the objective of Batam climate. This study aims to
identify thermal comfort elements in residential houses that apply
contemporary tropical architectural concepts in the city of Batam. In this
case, the author examines “Rumah Tambah” as a case study. By
conducting a literature review and comparison of case studies as well as
direct observation of the location, this research was conducted using an
inductive qualitative method using primary and secondary data. Finally,
this research produces an identification of thermal comfort that is
applied to residential houses with a contemporary tropical architectural
concept and provides recommendations for design elements in
residential houses with a contemporary tropical architectural concept in
the city of Batam.
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1. INTRODUCTION

Tropical architecture is an architectural building concept that focuses on the use of
materials and techniques used by the environment and climate in the tropics. Buildings
with a tropical architectural style have special characteristics in adapting to climatic
conditions, but nowadays there are also modern buildings that can be categorized as
tropical buildings. This is achieved through a system that pays attention to air circulation,
ventilation, openings, orientation, and the use of modern environmentally friendly
materials. Tropical architecture includes everything related to the design of buildings or
areas with tropical building characters and their impact on the environment.

Indonesia is a country with rapid economic growth, and as such, many people require
housing that suits their lifestyle. However, in some cases, the need for a larger or smaller
house may change over time. This is the basis of the expandable house concept, as applied
to the expandable house in the city of Batam. An expandable house is an example of a
house designed to adapt to the changing needs of its occupants over time. The design is
minimalist and makes efficient use of space while considering the surroundings and
ecology. This concept is perfect for those who want to have a house that suits their needs
over time without having to build a new house(Aminuddin, 2016).

2. THE MATERIALS
2.1. Tropical architecture

Tropical architecture is a design idea that can adapt to the surrounding tropical
climate but is still connected to aesthetic values. This concept is important in providing a
positive response to the effects of the tropical climate, which takes into account material
factors. Batam air circulation and climate are known for its extraordinary heat, limited air
movement, and high rainfall. The concept of tropical architecture efforts to prevent
negative effects such as humidity. The use of local and natural materials such as wood,
bamboo, and natural stone is very important in supporting tropical architectural buildings.
Opening or ventilation in this building must pay attention to the direction of morning and
evening sun lighting, so as to create a comfortable and healthy temperature in the building,
as well as sufficient air circulation for good air (Edyas et.al., 2017)(Widodo, 2021).

Indonesia has two types of regional climates, namely tropical rainforest areas and
equatorial rainforest areas. Tropical rainforest areas are found in the wet tropics. The
characteristics of this area have a significant influence on the shape of the building. The
tropical climate with high air temperature, solar radiation, wind currents, humidity, and
rainfall influences the design of the building. The tropical building concept is always related
to the adaption of building forms to climate and includes a casual relationship between
climatic conditions and building design (Jhon Alfred Depa Dede et al., 2020). A good
architect or designer will balance forms that meet climate adaption with aesthetic forms
for both the exterior and interior of the building. Development and the built environment
in areas with a humid tropical climate require a special design because there are specific
factors that are only found in that climate. This affects architectural theories, composition,
form, function, appearance, and aesthetic value of buildings that are different compared
to regions with different climates (Edyas et al., 2017)(Kaharu etal., 2017)(Mahabell et.al.,
2019)

The principles of buildings that apply tropical architecture according to Sugiyatmo

(Fitriani & Utami, 2022)(Permana et.al., 2020)(Prianto et.al., 2018)(Saroinsong, 2017):
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Thermal comfort
The main purpose of implementing tropical architecture is to ensure thermal
comfort for users who require a clean environment and not too hot or cold, a quiet
environment with a noisy atmosphere, and good lighting to ensure eye health. This is
to meet the problems of a tropical climate that must be accepted in user activities
(Bambang & Sari, 2021). To achieve the desired thermal performance, several building
designs must be specified, namely:
a. Building mass orientation
The orientation of the building affects the user’s comfort against rotating
sunlight. A north-south-oriented building is a good choice because the sun’s rays
will heat up all areas of the building facing it. The sun rising from the east can cause
uncomfortable heat between 09.00-11.00. Meanwhile, the sun that sets from the
west can radiate heat to a maximum between 13.00-15.00. Solar radiation has an
effect on buildings and can cause disturbances from the heat and glare of the light.
The orientation of the building to the direction of the wind must also be
considered to maintain the stability of the air inside the building. Wind direction
has a major influence on the orientation of the building (Permana et.al,,
2021)(Sujannah, 2019)(TYAS et al., 2015).
b. Green open space
For areas outside the building, the use of materials such as concrete or asphalt
should be limited to reduce hot air temperatures so that the rooms inside the
building will be more comfortable. Green open space is also very important for the
tropics as a solution to reduce temperature and reduce noise levels from the
streets as well as a place for water absorption during the rainy season. Planted
trees will produce O? and absorb CO?, SO? and heavy metals in air and water.
During the day, sunlight will be absorbed for the photosynthesis process
(Saroinsong et al., 2017).
c. Selection of materials
The principle in tropical architecture emphasizes the use of materials
originating from natural resources around because these materials have
durability, heat absorption and have a positive influence on buildings with tropical
climates. Timber and mild steel are used for the main building frame and roof,
while special aluminum is used in window and door frames to aid in heat and noise
transmission. Bricks have fire resistant characteristics and are strong against high
pressure, so they are used as wall materials. Bright colors with smooth textures on
buildings can reflect sunlight well, while dark colors with rough textures help
reduce sunlight (Syahriyah, 2017).
Air circulation
In the principles of tropical architecture, air circulation must be improved by
various ventilation systems at odds with each other. The shape and position of the
mass of the building affect the flow of air into the building. Wind usually flows from
areas of high pressure to areas of low pressure. This will affect the position of the
building at the location, related to air circulation at that location. Try to make a lot of
openings in the building to ensure a continuous flow of air to create a cooling effect
(Prianto et al., 2018).
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3) Natural lighting during the day
Tropical buildings need lots of openings, such as windows, to let in sunlight. The
use of natural sunlight as lighting can save electricity. Apart from windows, light
openings such as skylights located on the roof also help to let in sunlight. With windows
and skylights, it is at least possible to reduce the need for artificial lighting (Thiodore,
2018).
4) Protection from sunlight and heavy rain
Sunlight causes the temperature inside the building to heat up, to overcome this,
secondary skin and overhangs are used. Secondary skin is the outer that is usually used
as a building facade, but provides distance so as to create empty space for air
circulation. There are various forms of overhangs, but those needed are to control the
angle of exposure to the sun and prevent direct rain from entering the room,
preventing damage to indoor items (Bambang & Sari, 2021).

2.2 Thermal comfort

Thermal comfort is a person feeling of the surrounding environment. Variables that
effect thermal comfort are known as thermal variables, which have different values at each
location and are referred to as microclimate variables. Buildings on the mountains and
coats have different levels of thermal comfort (Ardiyanto & Hermawan, 2020).

Thermal comfort can be defined as a temperature balance obtained through heat
exchange between the human body temperature and a suitable environment. In this case,
thermal comfort is realized through the temperature balance between human and the
surrounding environment. This balance achieves a balanced body temperature condition
such as metabolic processes, through the processes of evaporation, convection,
conduction, and radiation. Metabolic processes in the human body require and emit heat,
so the rate of heat exchange between entering and leaving the human body must be
balanced (Mahabella et al., 2019).

Reception about thermal comfort is a subjective view of building occupants. Although
the role of occupants in influencing thermal comfort is very important, the condition of the
building also has the same influence. Therefore, it is important to pay attention to how the
characteristics of the building effect the thermal comfort of the occupants (Hermawan et
al., 2019).

According to (Meiranny, 2017) thermal comfort is influenced by several factors such
as air temperature, wind speed, air humidity, radiation, and subjective factors such as
metabolism, clothing, food and drink, body shape, age, and gender. Factors that effect
thermal comfort is:

a) Airtemperature
Air temperature is an important factor effecting thermal comfort. There are
several units used to measure air temperature such as Celsius, Fahrenheit, Reamur,
and Kelvin. The ideal humidity and air temperature for human is usually around 37%.
Differences in air temperature between regions can be caused by factors such as angle
of sunlight, altitude, wind direction, ocean currents, clouds, and duration of irradiation
(Mustamin et al., 2017).
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Radiant temperature

Temperature caused by heat from radiation requires more detailed calculations to
ensure the accuracy of the average room temperature value. Although the average
radiation temperature can be considered the same as air temperature, the magnitude
of the radiation temperature is an important factor in determining the thermal comfort
index (Hermawan et al., 2021) (Kaharu et al., 2017) (Nurrahman, 2019).
Air humidity

Air humidity is the amount of water vapor present in the air and relative humidity
is the ratio between the amount of water vapor and the maximum amount that can be
stored at a certain temperature. Several factors that effect air humidity include solar
radiation, air pressure, altitude, wind, air destiny, and temperature. Air humidity has
an important role in thermal comfort. Humidity that is high or low from the comfort
threshold can cause discomfort. High humidity inhibits the release of heat from the
human body, so a good wind speed is needed in the room (Willyanto, 2017).
Wind speed

Wind speed is the rate of horizontal air movement at a height of two meters above
the ground which is influenced by surface conditions and factors such as barometric
gradient, location, altitude, and time of day. Wind speed in humid tropical climates
tends to be minimal, usually occurring during the day or the changing season. Wind
help accelerates the release of heat from the surface of the skin and lifts water vapor
which inhibits the release of heat. However, winds that are too strong can create chilly
conditions and reduce thermal comfort (Aminuddin et al.,, 2016) (Fajar and
Purwantiasning, 2021).
Clothing insulation

Clothing is also a factor that affects thermal comfort. There are several ways that
humans can adapt to thermal conditions in the environment, one of which is by
dressing. For example, wearing thin clothes in summer and thick clothes in winter. The
type and material of clothing worn also affect the release of body heat (Cahyani et al.,
2017).
Activity

The balance of human body temperature is the basis of thermal comfort. The body
tries to maintain a temperature of 37°C and the production and release of body heat
must be balanced. Burning food in the body through metabolic processes helps to
obtain energy. The activities carried out affect the metabolic rate and as a result the
amount of heat energy produced by the body will also increase (Sujannah et al., 2019).

3. THE METHODS

The method used in this research is inductive qualitative. The author conducted a

literature review using the terminology of tropical architecture and thermal comfort to
obtain the results of an analytical study and wrote inductively. The data taken are primary
and secondary data. The primary data includes site visits to expandable house and
secondary data obtained from the results of a literature review and comparison of case
studies.
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4. RESULTS AND DISCUSSION

Expandable house is a house designed to add additional space to an existing house.
This expandable house usually has a simple design and shape and can be added or removed
as needed. Usually, this expandable house is used to provide additional space for a growing
family, or as a living room, work space, hobby room, and others.

The expandable house has a structure that is easy to disassemble and move so that
it can adapt to changing needs and land conditions. This house is designed with a minimalist
and modern concept, and pays attention to aspects of comfort and energy efficiency. The
materials used also take into account climatic and environmental factors, such as the use
of materials that are environmentally friendly and easily available in the local area.

Figure 1 : Front view of expandable house Figure 2 : Rear view of expandable house
Source : Writer, 2023 Source : Writer, 2023

The facade of this expandable house use material consisting of adobe bricks and
bamboo as walls, the grilles on the doors and windows use sungkai wood. This bamboo
wall use technology from Singapore by using a press machine which ends up being wall
panels made of bamboo.

The bamboo blinds that are visible on the front and rear view function as a secondary
skin to limit the entry of sunlight, and also help keep the room temperature cool without
the need for many artificial cooling system, making it more energy efficient. The terrace of
this expandable house has very minimal space because the terrace of this expandable
house is only visible in the glass windows that can be opened and closes as needed, and
can be used for the user home business land such as selling daily goods, snacks and others.

The roof of the expandable house uses a slanted zinc material because apart from
being protector for the house, it also functions to direct rainwater towards the water
storage pipe. The roof also has a solar panel that functions to convert solar energy into
electrical energy, so that at night can use the panel energy to turn on electricity at home.

1

Il
[

|
Figure 3 : Opening elements in the house : Figure 4 : Opening elements in the house :
Glass windows Wooden door and bamboo window
Source : Writer, 2023 Source : Writer, 2023
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The openings in this expandable house have three types of openings. The first is a
door made of wood which can help increase thermal comfort in buildings because wood
material can reduce room temperature. There are two types of doors, sliding doors, and
awning doors. Sliding doors are used for compact spaces such as storage rooms and
bathrooms or toilets, to save space for movement. While the awning door is used for the
main access door in large rooms. The choice of this type of door is not only to save space
for movement but also to provide more or less air circulation and light entering the room.

The second is the opening in the glass window which functions for natural wind
circulation on the site so that thermal comfort inside the building is maintained. This glass
window is made flexible, it can be closed when the room is cool enough, or opened when
the room needs air from outside. The use of glass coverings as a window material can also
help incorporate natural light into the living room. However, if at certain times the sunlight
is too much, then the bamboo blinds can be lowered to block the excess light from entering
the room.

And the third is wooden windows arranged vertically which have woven bamboo
panel coverings to provide a thermal comfort effect in the room which can help keep the
temperature and humidity in the house stable. This vertical wooden lattice window with
sliding bamboo woven panel covering is intended for rooms that are more private and are
located close to the hallway or terrace. So that the tight arrangement of wood and woven

bamboo can reduce the amount of wind that enters the hallway area.
: {

Figure 5 : Wall elements in the house : Hollow bricks
Source : Writer, 2023

Bamboo wal

Figure 5 : Wall elements in the house : Figure 7 : Roof elements on the house : Fabric
Bamboo pressed panels ceiling
Source : Writer, 2023 Source : Writer, 2023
The expandable house which is the result of research and design by the ETH Zurich
Singapore team uses adobe brick material in almost the entire fagade of the building.
Because this brick material has a durable and stable quality. Whether it’s hot or cold, the
brick material is customized in shape and arranged in such a way that it has holes in the
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wall that serve as natural wind entry and exit. With workmanship and detailed design, these
walls then become natural breathable walls so that good air circulation occurs and can
make thermal comfort in the house more stable and comfortable.

Some parts of the walls are made of pressed bamboo panels. The bamboo panels
are then arranged in a flipper style like the old wooden houses. This method is a local
method that has been proven to be able to capture natural air so that the house feels cool.
The use of natural materials also serves to increase thermal comfort, because bamboo has
cool properties so it can help keep the room temperature cool.

Void stairs from the first floor to the third floor also help increase vertical air
circulation. The area on the third floor is an empty area which can later become an
additional area for home expansion. Because of its temporary nature, roof ceilings also do
not use permanent materials. To reduce heat and stuffiness from tin roofs, cloth is the
choice of ceiling material. Fabric can absorb heat and is temporary. In addition, the wavy
fabric arrangement adds to the aesthetics of the room.

Through reviewing the location of the expandable house case study, the building
elements of contemporary tropical architecture in the city of Batam are obtained. To
deepen the identification of building elements, the authors also make a comparison which
aims to identify elements in contemporary tropical buildings in general. A comparison was
made between the expandable house case study, Batam and the Salman Mosuge case
study ITB, Bandung.

Table 1. Comparison table of contemporary tropical building elements

Building elements | Expandable house Salman mosque ITB
Location Batam Bandung
Roof
RINTIE o
Source: Google
Angled zinc material. The concrete material is in the form of
no.
Mass
composition
Source: Google
Square.
Rectangle.
Building mass | East southeast to west southeast. West and North.
orientation
Structure Steel frame grid of columns and beams. Concrete truss column and beam grid
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Building elements

Expandable house

Salman mosque ITB

Location Batam Bandung
Ventilation
Natural (wooden window, stair void, fin
bamboo wall, hollow adobe wall) and | Source: Google
artificial (fan). Natural (brick roster, corridors, roof
ventilation) and artificial (fan).
lighting
Source: Google
Natural and artificial
Landscape
arrangement

Natural

vegetation (existing coconut
trees) and artificial vegetation
(aquaponic).

Source: Google

Natural vegetation (existing shade trees
and shrubs).
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Building elements | Expandable house Salman mosque ITB
Location Batam Bandung
Material Bamboo, adobe bricks, and sungkai | Natural stone, roster brick and wood.
wood.
Color The natural color of the material. Material natural and artificial colors
(natural brown and white colors).

Source: Writer, 2023

Based on the results of the comparison table above, the elements contained in
contemporary tropical architectural buildings have several similarities and differences in
terms of design style processing. Some of the similarities of the two buildings are the mass
composition, building structure, ventilation, lighting, and building materials. The mass
composition of the two buildings uses massive beam masses with a beam column grid
structure. The obvious similarity between the two buildings is that they have natural and
artificial lighting from various directions and aspects. Particulary for natural ventilation,
although there are differences in the ways and aspects of utilization, both buildings utilize
various architectural elements and materials to optimize natural ventilation to increase
thermal comfort in buildings.

This aspect is the use of material on the walls. The walls in the expandable house
use hot bricks, but are designed and arranged in such a way that they become breathable
walls. There are also bamboo panel walls that are arranged in pins and needles to add
freshness to the building. While the walls in the Salman ITB Mosque building use natural
stone and roster bricks to optimize the cold air in the room. The main ventilation of the two
buildings also comes from different architectural elements. The expandable house uses
window openings with wooden latticework and woven bamboo as ventilation, while the
Salman Mosque uses roof ventilation and high ceilings as the main circulation of natural
ventilation.

Even though the architectural elements used in the two buildings are different, the
purpose remains the same. That is getting thermal comfort from ventilation and natural
lighting from various angles and optimizing the use of natural materials in buildings.

5. CONCLUSION

Residential buildings with contemporary tropical architectural concepts in the city of
Batam are still not widely found. The application of this concept was found to be very
responsive to the tropical climate of Batam city. There are 9 building design elements,
namely roof, mass composition, building mass orientation, structure, ventilation, lighting,
landscape arrangement, material, and color. The results of this identification were obtained
based on field studies and case study comparisons. In addition to building elements, in
designing a residential house with a contemporary tropical architectural concept, it is also
necessary to consider several aspects of approach, such as the use of materials, landscape
arrangement, and types of openings.

With the identification of elements of contemporary tropical architectural houses, it
is hoped that this can become a reference for listeners of tropical architecture to apply
existing design elements in building residential houses with contemporary tropical
architectural concepts, especially in the city of Batam.
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