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In 2012, Indonesia government confirmed the in-
tention of developing a new international airport 
on the northern part of Bali. Building an airport 
is believed to be a stepping stone in improving the 
infrastructure and economic sectors of the area. 
On the other hand, building an airport on the un-
touched land, such as northern Bali, could negative-
ly transform its natural, social, and cultural values.
 
With the stunning unspoiled landscape and in-
digenous culture of Bali, the North Bali Airport is 
facing a big challenge on how to make a reasona-
ble compromise that is minimise the negative and 
maximise positive of economic, environmental, 
social, and cultural impacts. Through an ecologi-
cally, socially, and culturally careful design, the im-
pact on the land and the people can largely soften.

One way to do it is to reintroduce the Tri Hita Kirana 
and bamboo as the local building material. Bamboo 
has prominent advantages ignored by most contem-
porary architects. This project aims to treat bam-
boo as a magnificent material which possesses the 
ability of constructing extraordinary architectural 
forms. Some parts of the airport will be hand-made 
from the hands of locals; as a result, it will strength-
en the sense of belonging towards their airport.

Abstract

Finally, the North Bali Airport will answer every-
one’s doubt. It will develop Bali in all aspects -eco-
nomic, environmental, social, and cultural sec-
tors. In addition, the North Bali Airport will have 
a distinct genius loci, a great advantage compared 
to the other placeless airports over the world. 



vi

Acknowledgements
Abstract

1. Introduction
 1.1 North Bali International Airport
 1.2 North Bali
 1.3 Research Question
 1.4 The Threat and the Opportunity
 1.5 Methodology

2. Airport Master Plan
 2.1 Airport City
  2.1.1 Analysis of Airport Cities
  2.1.2 Ideal Maste Plan of Airport City 
 2.2  Airport Master Plan
  2.2.1 Runway Layout
  2.2.2 Case Studies
 2.3 Balinese Traditional Master Plan
  2.3.1 Catus Patha Studies in Denpasar
 2.4  Physical Elements of the Master Plan
 
3. Terminal Building: Preliminary Research
 3.1 Precedents Study
  3.1.1 Kansai Airport
  3.1.2 Chek Lap Kok Airport
  3.1.3 Barajas Airport
  3.1.4 Soekarno-Hatta Airport

  3.1.5 Stuttgart Airport
  3.1.6 Cologne/Bonn Airport
 3.2 Functional Organization Study
  3.2.1 Terminal Layout
  3.2.2 Single Level and 
   Multi-level Terminals
  3.2.3 Domestic and International 
   Passenger Flow
  3.2.4 Principle of Passenger Flow
 3.3 Environmental Sustainability
  3.3.1  Airport Striving towards Sustainability
 3.4 Vernacular Architecture
  3.4.1 A Tripartite Universe
  3.4.2 Pavilions
  3.4.3 Public Buildings
  3.4.4 Bali Aga House
  3.4.5 A resting Place for the Gods
  3.4.6 Building Material  
 3.5 Bamboo as Construction Material
  3.5.1 Advantage and Disadvantage of Bamboo
  3.5.2 The Use of Bamboo
  3.5.3  Types of Bamboo in Bali
  3.5.4 Harvesting the Bamboo
  3.5.5 Bamboo’s Treatment and Curing
  3.5.6 Durability of Bamboo Building
  3.5.7 Bending the Bamboo
  3.5.8 Bamboo’s Joint

Content

iii
v

001
003
004
005
006
007

009
010
011
014
016
016
017
019
025
027

029
030
030
031
032
033

034
035
036
037
038

039

040
041
043
048
048
049
051
052
052
053
055
056
058
059
059
060
062
063
064



vii

3.5.9 Laminated Bamboo Lumber
3.5.10 Precedents

German-Chinese House EXPO 2010
Green School

4. Site
4.1 Understanding the Currently Proposed Site
4.2 Proposing the New Site
4.3 Understanding the New Site
4.4 The New Master Plan

5. Terminal Building: Research by Design
5.1 Programming

5.1.1 The Area Coverage Needed
5.2 The Principles

5.2.1 Materiality Strategy
5.2.2 Technology meets Traditional Strategy
5.2.3 Social Strategy
5.2.4 Sense of Place Strategy
5.2.5 Bamboo Plantation Strategy

5.3  The Design Concept
5.3.1 Folded Sanga Mandala
5.3.2 Responding the Topography
5.3.3 The Sustainable Technologies
5.3.4 Multi-hub Transportation Centre

5.4 Design Outcome
5.4.1 Departing Process
5.4.2 Arriving Process
5.4.3 Section

067
068
068
069

073
074
079
081
082

087
088
088
092
092
093
094
095
096
098
098
099
100
101
101
103
105
111

5.4.4 The Forest
5.4.5 The Bale Dangin

Conclusion
Bibliography
List of Figures

112
113

114
116
120



viii

Figure 1: Ngurah Rai International Airport
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Passenger numbers in Ngurah Rai International 
Airport Bali, Indonesia have been increasing by 
14% every year. Based on Badan Pusat Statistik (In-
donesia’s Statistic Board) data, passenger numbers 
have increased from 7 million in 2012 to 8 million 
in 2013, and will increase to 20 million by 2020.1  
Unfortunately, Ngurah Rai Airport is only able to 
handle 18 million passengers each year and the ter-
minal could not be expanded since it has reached 
limit of site. In 2012, the Indonesian Government 
Commission studied this issue of handling the in-
creasing number of passengers and has considered 
the possibilities of building a new international air-
port in another location on the island of Bali. 

By the end of 2013, they completed the feasibility 
studies of the future airport in three potential loca-
tions. They are Sumberkima, Sangsit and Kubutam-
bahan. All of them are situated in the northern part 
of Bali, which is still less developed and renowned 
for its tranquillity. Based on the consideration of 
land use, Kubutambahan which is located 82 km 
from Denpasar city has been confirmed as the loca-
tion of the North Bali International Airport in Feb-
ruary 2014.2 More than 1000 hectares of agricultur-
al area in Kubutambahan will be transformed as the 
airport site and its future development.

This decision leads to a controversy. Will the Bali 

government sacrifice the serenity of North Bali for 
an economic ambition? Will the Bali government 
greedily consume the farmers’ valuable lands for an 
airport building? Will North Bali’s citizens who still
live in accordance with traditional social and cul-
tural values be ready for a massive modernising 
change?

1  “Jumlah Penumpang Domestik”, Badan Pusat Statistik 
Indonesia, accessed 19 May 2014, http://www.bps.go.id/tab_sub/
view.php?tabel=1&daftar=1&id_subyek=17&notab=8

2  “Sepakat Pembangunan Bandara Internasional Bali Baru 
di Kubutambahan”, Situs Pemerintah Kabupaten Buleleng, accessed 
10 April 2014, http://www.bulelengkab.go.id/index.php/berita-de-
tail/428/Sepakat-Pembangunan-Bandara- Internasional-Baru-Ba-
li-di-Kubutambahan/
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1.1 North Bali 
International Airport

2020 = 6 millions

2045 = 18 millions

Figure 2: Ngurah Rai International Airport Terminal

Angkasa Pura (Indonesia’s airport board) con-
firmed that the first phase of North Bali Interna-
tional Airport development will be start in 2020 
with the estimated passenger numbers of six mil-
lions. Within the 25 years period, Angkasa Pura 
predicts the passenger number will be increased to 
18 million passengers. During the first phase de-
velopment, the airport will only serve the small to 
narrow body airplane,3 such as Boeing 737-900ER. 

Bali has always been the gateway of Indonesia from 
Australia, Japan, China, and Hong Kong travel-
lers. Half of their journeys are terminated on Bali 
and half of them are transferred into other flights. 
Therefore, the North Bali International Airport es-
timated to operate as both of connecting hub termi-
nal and O&D terminal.

3  “Menteri Rini Bahas Kelanjutan Bandara Baru,” Fajar 
Bali, accessed 21 March 2015, http://fajarbali.com/index.php/
utama/2652-di-bali-menteri-rini-bahas-kelanjutan-bandara-baru-
dan-pengembangan-pelabuhan-cruise.html.
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As considered as one of the most beautiful islands in 
the world, Bali is renowned for its stunning scenery 
that spread all over the island. There are six active 
volcanoes spreading in the middle of island with Mt. 
Agung as the highest and most sacred point in Bali. 
There are flourishing tropical forests, unspoiled 
crater lakes, sparkling rivers, deep canyons, white 
sand beach in the south, volcanic black sand beach 
in the north, and charming rice fields that ascend 
the mountain slope like dazzling green stair steps. 
Bali is situated on the Coral Triangle, which is rec-
ognized as the global centre of marine biodiversity.4   
Coconut and banana trees scattered over the village 
creating peaceful scenery. Rural landscape is truly 
a cultural, religious, and ecological manifestation 
that developed over centuries which have attached 
people to each other and to their environment.

1.2 North Bali 

Kubutambahan is a district in Buleleng Timur, in 
the northern part of Bali. It contains a number of 
prominent temples; such as the oldest temple in 
Bali, Pura Penegil Dharma, and the most important 
pura in the north Bali area, Pura Meduwe Karang. 
5  The airport has been confirmed to be built at the 
coastal village of Kubutambahan, some 10 kilome-
ters east of Singaraja (biggest city in north Bali) and 
82 kilometres north of Denpasar (capital city of Bali 
Province). Northern Bali has a serene atmosphere 

Kubutambahan

Ngurah Rai International Airport

4 Asian Development Bank, State of the Coral Triangle: 
Indonesia (Mandaluyong City: Asian Development Bank, 2014), 5.

as opposite of southern Bali. It possesses a rich his-
tory behind its laid-back daily life. In Singaraja, we 
can discover the legacy of Dutch colonialism as it 
once was the capital of the Lesser Sunda Islands.6  
Horse-pulled carriages (dokar or sado) beautifully 
walk the tree-lined streets, back-dropped by Dutch 
heritage houses. North Bali owns a stunning land-
scape of the chain of sacred volcanoes, attractive 
rice terraces, and a lot of unspoiled beaches.

5 “Kubutambahan, Buleleng”, Wikipedia, accessed 10 July 
2014, http://en.wikipedia.org/wiki/Kubutambahan,_Buleleng
6 Iem Brown, The Territories of Indonesia (London: Rout-
ledge, 2009), 143.

Figure 3: Map of Bali
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1.3 Research Question

Indonesian government confirmed that the first 
phase of North Bali International Airport develop-
ment will be start in 2020 on Kubutambahan district 
in the northern part of Bali. The district contains a 
number of prominent temples,  flourishing tropical 
forests, unspoiled beach, charming rice fields, and  
tranquil rural villages. 

Therefore, the research question of this project is 
“how to design a modern international airport 
that is environmentally responsible and cultural-
ly sensitive?”

Figure 4: Balinese Statue
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1.4 The Threat and 
the Opportunity
With the stunning landscape and rich culture, the 
planners and designers of The North Bali Airport 
are facing a big challenge on how to make a reason-
able compromise - that is, minimise the negative 
and maximise positive economic, environmental, 
social and cultural impacts. The airport will com-
bine:

1. The ideal airport to maximise the economic ben-
efit;

2. The spirit of Balinese traditional architecture to 
encourage the social and cultural interaction within 
the airport and its surrounding; and

3. The sustainable design features, in order to min-
imise the impact on the local natural environment.

Figure 5: Balinese on the Ricefield
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Literature Review
 

Examine existing 
knowledge of airport 
design and require-

ments, Balinese master 
plan and architecture, 
bamboo construction, 
and sustainable design 

features.

Survey 

Physical: on ground 
spatial review – func-
tions & existing uses, 
vegetation, definitions 
of enclosure, orienta-

tion & topography, etc.

Case Study

Analysing several 
international airports 
with capacity of five to 
ten million passengers, 
international airports 
with excellent level of 
operation, sustainable 
airports, and analys-
ing several bamboo 

constructions.

Workshop

Exploring the option 
of bamboo construc-
tion through study 

model using bamboo 
stick.

Enrolling into bam-
boo’s classes to get a 

practical knowledge of 
bamboo construction.

Creative
Exploration

Iterative process of 
seeking the best design 

concept.

1.5 Methodology
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Figure 6:  Munich Airport Bird Eye View
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2.
airport

master plan
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The development of airports more than the usu-
al transport infrastructure is happening over the 
world. Nowadays, airports are trying to create an 
important impact to the local and regional econo-
mies by transform themselves into ‘Airport Cities’. 
Each airport is pursuing the non-aviation income 
by different strategy of activities including industri-
al complex, warehouse complex, business complex, 
hotel and other hospitalities, and residential. Air-
ports have transformed from small aviation facil-
ities to a profitable hub for millions of people per 
year.

The prominent example of the airport city case is 
Schiphol Airport which the first to aware that air-
port had the potential to become an activity centre 
and economic generator for the region. The estab-
lishment of on-site retail, office, and hotel stimulates 
the local economic, even greater than downtown 
Amsterdam. Schiphol then began attract several 
supporting businesses and infrastructure surround 
the airport and the investors began to consider the 
Schiphol as a major investment destination. 

According to Guller Guller, “an airport city is a 
business strategy on the part of the airport operator, 
aimed at cashing in on the business opportunities 

2.1 Airport City

created by its operations and the important func-
tion it provides in landside transport networks- 
they are not only facilitating air traffic, but are also 
offering commercial services.”  An airport city also 
involves in regional development, it is depending to 
each other. It is not separated from the airport sur-
roundings, but is part of a broader regional strategy 
that adjusts itself towards the landside traffic func-
tion of the airport, and aims to take advantage of 
the developments from the airport. 

Guller Guller explained that in terms of territori-
al definition, “the airport city is the more or less 
dense cluster of operational, airport-related activi-
ties, plus other commercial and business concerns, 
on and around the airport platform, however, this 
cluster is called an airport city only if it shows the 
qualitative features of a city (density, access quality, 
environment, services).”7

Analysis of the contemporary condition of the air-
port reveals an urgent need to rethink airport de-
sign. If the airport evolves into an airport city, it 
should be planned as if it were a city, not just a run-
way, a terminal and a parking lot. If multi-modal 
connections to the surroundings are created, the 
terminal should be transformed as a regional inter-

change, not just a departure hall. 

2.1.1 Analysis of Airport Cities

Schiphol is not the only example of the airport city. 
Schiphol is not the only example of the airport city. 
Several cities are achieving a significant positive im-
pacts by developing their international airports to 
become ‘Airport Cities’ and stimulating their econ-
omy. Based on research into nine airport regions, 
it develops a new framework for airport planning, 
one that allows for participation in the making and 
shaping of this most dynamic motor of urban de-
velopment.

Airports have always changed rapidly. They have 
been continuously restructured, with runways being 
extended or added, or terminals stretched to pro-
vide additional gates. Continuous reorganisation 
of the airport to satisfy the ever-growing demands 
creates a fragmented and dispersed airport’s layout. 
Frankfurt Airport (FRA) set up facilities both to 
the north and to south of the runways; Auckland 
Airport (AKL) set their facilities to the north of the 
runway; Schiphol Airport (AMS) and London Gat-
wick Airport (LGW) feature facilities all around the 
outside of their perimeters.8 9   

7 Mathis Guller and Michael Guller, From Airport to Air-
port City (London: Gustavo Gili, 2003), 70.
8 Guller and Guller, From Airport to Airport City, 42.
9 Guller and Guller, From Airport to Airport City, 73.



011

AKL Auckland Airport, New Zealand
FRA Frankfurt Airport, Germany
VIE Vienna Airport, Austria
ARN Stockholm Arlanda Airport, Sweden
MXP Milano Malpensa Airport, Italy
ZRH Zurich Airport, Switzerland
LGW Gatwick Airport, UK

Figure 7: Airport Cities
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Figure 8: Analysis of Airport Cities #1
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Figure 9: Analysis of Airport Cities #2



014Figure 10: Airport City Activities

The fragmented and dispersed layout of airport cit-
ies should be avoided and the airport city’s planners 
should design the master plan carefully from the 
beginning of development. Based on the research 
into nine cases of airport cities, the ideal new frame-
work for airport planning have been described on 
the next diagram.

2.1.2 Ideal Master Plan of Airport City
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Figure 11: Ideal Master Plan of Airport City
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The master plan is a framework for the growth in 
term of space and time. During the period (gen-
erally 20 or 25 years) there should be transitional 
plans based upon five-yearly growths. Major devel-
opment; such as runway expansion, extension of 
a terminal, or ground transport condition should 
correspond with these transitional plans, in this 
manner allowing financial and facilities planning to 
progress efficiently. The intention is to construct a 
long-term vision that can be realized on the basis of 
well-specified incremental growth.

The transitional plans provide both the framework 
for airport expansion and the method to supervise 
and adjust the whole airport scheme. Over the peri-
od, the hypothesis upon which the master plan was 
based will have changed. The task of the master plan 
and its transitional plans is to ensure that the entire 
airport design is satisfactorily flexible to provide for 
the unexpected change.

The layout of an airport master plan is determined 
by five basic factors:10 

- The main runways are oriented parallel to 
the prevailing wind, while the supported runway 
located within the cross-wind direction

2.2 Airport Master Plan

1

2

3

10 Brian Edwards, The Modern Airport Terminal : New Ap-
proaches to Airport Architecture (New York: Spon Press, 2005), 23.

- The expected passenger numbers and size of 
terminal
- The position of ground transport system, 
especially major roads and railway
- Obligatory dimensions between aircraft and 
buildings
- The geographical conditions

Figure 12:  Runway Layout Options

2.2.1 Runway Layout
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Munich Airport

Figure 13: Munich Airport Master Plan Figure 14: Study of Munich Airport

2.2.2 Case Studies



018

Auckland Airport

Runway

Apron

Terminal

Railway Station

Service Buildings

Hangar

Cargo Facilities

Figure 15: Auckland Airport Master Plan
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2.3 Balinese Traditional Master Plan

Balinese traditional master plan is a fundamental 
effort to conserve the vernacular traditional land-
scape, which is believed, create beauty, serene, calm, 
and happiness feelings, furthermore, strengthen the 
identity of Balinese. Traditional master plan is re-
inforced by the beliefs of Balinese; such as Tri Hita 
Karana,11 Padma Bhuwana Sad, Loka Pala, Rwa 
Bhineda, Vinayaka, etc. Those concepts are based 
on the philosophy of Cosmo’s religion that treat the 
human and universe as a unity (Panca Maha Bhu-
ta). Relationship between soul and universe is artic-
ulated through symbols implemented on Balinese 
living.

According to Panca Srada (five pillars of Hindu 
religion), a Balinese is principally a Dharma (the 
truth) who is seeking the Moksartham Jagadhitaya 
Caiti Dharma to achieve redemption and prosper-
ity of human life in the World.12 Balinese is living 
among the concept of Hinduism that embedded as 
their culture of ancestral. Religion and culture are 
having a very close relationship. As Alexander Gal-
loway pointed out, “religion is the human faith or 
belief on the power in outside themselves, where 
they seeking for satisfy of emotional needs and to 
get their stability of life, so religious belief emerges 

11 Dewa Made Karthadinata, “Estetika Hindu dalam Keseni-
an Bali,” Imajinasi Vol. 4 No.1 (2008): 1-7.
12 Ni Made Yudantini, Balinese Traditional Landscape (Den-
pasar: Udayana University, 2003), 67. 

Figure 16: The Philosophy of Balinese Cultural Development 
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Figure 17: The Vastupurusa Mandala

from human consciousness”. 

Tri Hita Karana is one of the main spatial philos-
ophies in Balinese urban development that con-
tains three causes of wealthy, protection, and hap-
piness.13 The first is Ida Sang Hyang Widhi Wasa 
or God as a creator, protector, and destroyer. The 
second is communal organisation to enhance social 
life of Balinese. The third is place or region where 
they were born and life that plays important role in 
society. The village border or walls surrounding of 
houses is believed to offer spiritual and material as-
pects. 

The Tri Hita Karana is acknowledged as the foun-
dation of urban development in Bali. Three criti-
cal relations in the Tri Hita Karana philosophy are 
harmonious relationship between man to the God 
represented by Parahyangan, man to the other man 
represented by Pawongan, and Palemahan which is 
representing man to the nature. This philosophy is 
playing an important role in deciding several urban 
planning policies in Bali, as an example, since 1960s 
building in Bali could not be as higher as pura (tem-
ple) as the God should be respected and be on the 
highest position. 

According to Ni Made Yudantini on her paper Cre-
ative Conservation and Balinese Traditional Land-
scape, Tri Hita Karana philosophy is a guide in situ-
ating the neighbourhood, economic, social life, and 
other regulation.14  

Furthermore, Ni Made Yudantini explained, the 
essence of Tri Hita Karana can be clearly seen on 
the Catus Patha or main cross road of the Balinese 
village or city, and on the Sanga Mandala or nine al-
lotments area that represent the spatial hierarchy.15  

In Bali, hierarchical space is obtained by dividing 
the space into three parts according to the three di-
visions of the Cosmos. These three parts are stand 
for utama (high), madya (middle), and nista (low), 
for architectural elements this concept named as 
triloka and for human anatomy named as triang-
ga.16 These triloka and triangga could easily be 
noticed anywhere in Balinese environment, from 
urban planning, village layout, layout of the house, 
structural detail, and even furniture. 

In the sanga mandala or nine allotments area, the 
most significant and sacred part of a house or vil-
lage is situated in kaja (on mountain direction). 

13 Richard Fox, Critical Reflections on Religion and Media in 
Contemporary Bali (Leiden: Brill, 2011), 118. 
14 Ni Made Yudantini, “Creative Conservation and Balinese 
Traditional Landscape: Scenarios for Eco City Concepts and Cul-
turally Sensitive Tourism Development,” (paper presented at the 
29th Annual Conference of the Society of Architectural Historians 

Australia and New Zealand, University of Tasmania, Launceston, 
Tasmania, 5-8 July 2012).
15 Ni Made Yudantini, Balinese Traditional Landscape (Den-
pasar: Udayana University, 2003), 68.
16 Joseph L. Aranha, “A Comparison Settlements of Tradi-
tional Nepal and Bali,” TDSR 2 No.2 (1991): 38.



021Figure 18: The Sanga Mandala



022Figure 19: A Typical Balinese Village

The central part of sanga mandala is the location of 
spaces that are used daily. The most “contaminat-
ed” or “disrespectful” areas are located in the direc-
tion of kelod (on sea direction). Balinese are highly 
aware of the spatial layout; every object in the lay-
out of the city, villages, houses, and temples should 
be in proper place.17 

The Balinese’s villages typically obey the rules of 
sanga mandala with refer to the orientation and lo-
cation of their most important or sacred elements, 
while it should consider the topography or existing 
conditions. In the typical or ideal desa (village), 
the three pura (temples) locations are represent-
ing the three worlds of the Balinese Hindu cosmos. 
A group of three pura positioned on a particular 
section of the middle world in regard to the upper 
and lower worlds.18 According to Joseph L Aranha, 
these pura are related to the three great divinities; 
Brahma who possess the creative power (repre-
sented by Pura Puseh); Wisnu who preserves and 
maintains life (represented by Pura Bale Agung); 
and Siwa, the lord of the underworld and destruc-
tion (represented by Pura Dalem).19 “According to 
the spatial hierarchy of the sanga mandala, the pura 
puseh should be located on the side of the mountain 
in the direction of kaja; the pura bale agung should 

17 Aranha, “A Comparison Settlements,” 38.
18 J. Stephen Lansing, The Three Worlds of Bali (Michigan: 
Praeger, 1983), 98.
19 Aranha, “A Comparison Settlements,” 41.
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Figure 20: Typical Catus Patha on Traditional Balinese Masterplan

Figure 21: Cultural Ceremony in Bali

occupies the middle position, and the pura dalem, 
next to the graveyard, has to be situated towards the 
sea (kelod),” added Aranha.

Pura bale agung represent the position of human 
being in the middle world. The middle world is 
positioned in the village square surrounded by all 

important buildings. “The pura bale agung is locat-
ed in the kaja corner of a square; other community 
structures that occupy spaces around it are the puri 
(palace or house of the headman), the wantilan (pa-
vilion for meetings and cock fights), the pasar (mar-
ket), the waringin (sacred banyan tree), and the kul 
kul tower (the kul kul is the drum used to warn res-
idents of danger, or to summon men to meetings),” 
wrote Joseph L Aranha in his paper “A Compari-
son Settlements of Traditional Nepal and Bali”. The 
settlements and other functions are positioned sur-
rounds the main square or if the village has linear 
form, they are located along the main road. In addi-
tion, these buildings are situated in obedience with 
the rule of utama - madya - nista since hierarchy 
and order are very important in Balinese culture. 

The Balinese village is stimulating the senses of ur-
ban experience; mass and void, building and nature, 
sight and sound, light and shadow, tranquil and vi-
brant. During daily life, Balinese village is very calm 
and peaceful, however during the cultural festivals, 
the streets and lanes is become the centre of activ-
ity, everyone dressed vibrantly and carry the offer-
ings to and from the temples.20 In Bali, social life 
is strongly influenced by ritual as religious ceremo-
nies are repeated daily, weekly, monthly, and yearly.

20 Jane Belo, Traditional Balinese Culture (New York: Co-
lumbia University Press, 1970), 53.
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Except for just one special day in the whole 
year, in Bali no day passes by without offer-
ings. They are found everywhere. Each day 
the lady of the house places little palm leaf 
containers with beautiful flowers on a fam-
ily shrine. A driver places a similar offering 

on the dashboard of his car or truck. A 
family member graciously carries towers of 
fruits and cookies to a temple on its festival 

day. Whole villages sometimes create en-
ermous offerings metres high. And within 
offerings, such wondrous details as little 

rice dough figurines and delicate palm leaf 
creations are almost hidden from view.

Francine Brinkgreve, 
Offerings: the Ritual Art of Bali



025Figure 22: Cathus Patha in Denpasar City #1

2.3.1 Catus Patha Studies in Denpasar



026Figure 23: Cathus Patha in Denpasar City #2
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2.4 Physical Elements of Master Plan21

Administration building should be easy to access 

from the road and railway system

A direct access to both landside and airside is 

required

Centralize facilities should be considered

administration bld

The airline, general aviation, and passenger traffic 

in the apron should be separated

The handling operations should be designed effi-

ciently and flexibly

Taxiing distance should be minimised

The fire fighter and other rescue services need to 

be positioned close to runway

runway

A simple road system is preferred

Public transportation access to terminal curb side 

and administration should be provide

Car park should be located near the terminal en-

trance

road layout

The design should expect the growth of cargo 

facilities

An efficient separation between passenger’s bag-

gage and freight

Accommodate cargo transferring between airlines

warehouse

Short-walking distance should be considered

Cross-airline transfers of passengers should be 

accommodated

The separated international and domestic func-

tions should be interconnected

Maximise the revenue through marketing and 
retail areas

Shared airline facilities should be encouraged

The terminal should be connected to public trans-
portation system

terminal

21 Edwards, The Modern Airport Terminal, 54.



028

Figure 24:  Madrid Barajas Airport
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3.
terminal building:

preliminary research
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3.1.1 Kansai Airport
According to Brian Edwards in his book The Mod-
ern Airport Terminal, Kansai was the first airport of 
any size to be developed entirely upon a man-made 
island, to exploit open curvaceous forms in order 
to reduce ecological impacts, to use the light and 
structure as a way finding strategy, to give the skin 
of buildings the qualities of planes, and to develop a 
multi hub transportation centre rather than merely 
an airport.22

Along the 1.7 km long terminal, Renzo Piano tries 
to animate the key routes through different form of 
structure and spatial quality that articulate the hier-
archies of use for each zone.23 Piano separated the 
design into four main parts, that each of them pos-
sesses the same geometry and structural elements. 
First is the terminal itself, second is 1.7 km long 

Kansai Airport, Osaka, Japan
Renzo Piano

20 millions passenger

The use of muscular structure systems 
to animate interior volumes and provide 
orientation

The use of curved profiles that respond 
naturally to wind pressures and aid ven-
tilation

Shortening the walking time with the 
use of people mover

Linear form eliminates the confusing 
way finding and shortening the baggage 
handling process

Figure  26: Kansai International Airport Terminal #2

boarding wing, third is the railway station, and the 
fourth is the multi-storey car parks.

The incredible thing about this gigantic airport is 
on how passengers could have the sense of direc-
tion without any confusing way finding. This prob-
ably derives from the orderly nature of its floor plan 
and the distinct character of each space.

The external smooth curve of Kansai is not merely an 
architectural fashion: it is to respond the typhoons 
that frequently hit this part of country. There are no 
wings, attics, skylights or parapets to seize the wind 
or set up swirl to interrupt the physics of the build-
ing. The same strictness also happens in responding 
the earthquakes. Piano uses a secondary structure 
that separate from the main structure to absorb the 
movements of earthquakes. 

22 Edwards, The Modern Airport Terminal, 176.
23 “Kansai International Airport Terminal,” Renzo Piano 
Building Workshop, accessed 12 July 2015, http://www.rpbw.com/
project/35/kansai-international-airport-terminal/.

Figure 25: Kansai International Airport Terminal #1

3.1 Precedents Study
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3.1.2 Chek Lap Kok Airport
Design’s footprint of Chek Lap Kok Airport reminds 
us of a primitive aeroplane, with the angled wings, 
a tail, and the fuselage. The main building is made 
up of three levels; the baggage handling area is on 
the ground floor, arrival concourse is on the first 
floor, and on the upper floor is occupied by depar-
ture concourse. The level separation aims to have 
an easier way finding for the passenger, and also a 
simple processing of baggage handling.
The airport is also reflecting the ever-
changing function of the airport. It is no longer 

Chek Lap Kok Airport, Hong Kong
Foster and Partner

63.3 millions passenger

Using levels to separate the concourse

Airport is engaged with many other 
function (multi-function) to provide 
different experience and maximize rev-
enue

The hierarchy of grids from structural 
frames to constructional units to cut the 
construction budget

serving one singular activity, but also engages in the 
business sector. Chek Lap Kok transports over 4.38 
million tonnes of cargo each year, making Hong 
Kong as a one of the main trading hubs in Asia.24 
In addition, within the terminal building, the busi-
ness and conference facilities dominate 10% of total 
floor area.

Foster designed a major structural grid in 36 me-
ter modules that each grid could break down pro-
gressively to 12 meter and 9 meter, and creates the 
components of 1500 mm grids.25 These carefully 
calculated structural frames and grids allow com-
ponents, assemblies, and panels to be produced rel-
atively economically.

24 “Hong Kong International Airport: About the Airport,” 
accessed 14 July 2015, http://www.hongkongairport.com/eng/busi-
ness/about-the-airport/welcome.html
25 Edwards, The Modern Airport Terminal, 187.

Figure 27: Chek Lap Kok #1

Figure 28: Chek Lap Kok #2

Figure 29: Chek Lap Kok #3

Figure 30: Chek Lap Kok #4
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3.1.3 Barajas Airport
Rogers’ main focus on this terminal design is to re-
ducing the stress of passenger by the clarity of   way 
finding and a minimum walking distance. In order 
to achieve it, Rogers designed a linear floor plan 
with a clear line of passenger movement from the 
check-in counter to the gates. When encounter a 
busy traffic, such as check-in area, the path is clearly 
understood with the help of signage. 

A single undulating roof is covering the whole ter-
minal. This roof provides daylight from the upper 

Barajas Airport, Madrid, Spain
Richard Rogers

41.8 millions passenger

Terminal roof structure provides a clear 
wayfinding

Extendable and flexible design

Using the skylight canyons as visual at-
traction

Using natural material as finishing

to the lower level of terminal through the series of 
light canyon. The canyon is providing a point of at-
traction, especially for the passengers who cross the 
canyon through the upper level bridges. 

The wave-like roof is supported by the massive 
V-shaped structural columns that provides robust-
ness26 and, in the same time, creates an interesting 
architectural articulation.

As for the finishes, Rogers did a different strategy 
compare to his previous buildings, the Barajas air-
port use more organic finishes.  The ceiling is made 
from bamboo that follows the wave of the roof.27 

The floor is finished with the limestone and granite. 
As a result, the terminal has a lively appearance by 
its natural materials and sunlight penetration.

26 Edwards, The Modern Airport Terminal, 203.
27 “Richard Rogers & Bamboo for Madrid’s Airport,” Tree-
hugger, accessed 17 August 2015, http://www.treehugger.com/sus-
tainable-product-design/richard-rogers-bamboo-for-madrids-air-
port-extention.html.

Figure 31: Barajas Airport #1

Figure 32: Barajas Airport #2

Figure 33: Barajas Airport #3
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3.1.4 Soekarno Hatta Airport

This medium-sized airport is famous for the adop-
tion of vernacular building of Indonesia. The air-
port consists of an arch of terminal facilities with 
three satellite piers in the form of roof pitched pa-
vilion.28 The adaptation of vernacular architecture 
is intended to encourage the cultural memories as 
well as to respond the tropical climate. While most 
of the airports are using air-conditioner, Paul An-
dreu decided to use the methods of ventilation and 
high ceiling to ensure the cross ventilation through 
the pavilion. Air conditioning system is used only 

Soekarno-Hatta Airport, Jakarta, Indonesia
Paul Andreu

57 millions passenger

Passenger pavilions surrounded by gar-
dens to create a distinct characteristic.

Extendable and flexible design

The use of traditional materials, tech-
niques of construction, and methods of 
ventilation.

on extremely hot days.

Each satellite is surrounded by tropical garden 
which creating a more natural atmosphere through 
the waiting room. The building received an Aga 
Khan Award for architecture in 1995, as the effort 
on integrating the airport with surrounding land-
scape.29 By using the colours, flower scents fra-
grance, and traditional construction detail, the air-
port has become a true gateway to the country.

28 Philip Jodidio and Paul Andreu, Paul Andreu: Architect 
(Switzerland: Springer Science & Business Media, 2004), 62.
29 “Landscaping of Soekarno Hatta Airport,” Aga Khan for 
Architecture, accessed 18 June 2015, http://www.akdn.org/architec-
ture/project.asp?id=1560. 

Figure 34: Soekarno-Hatta Airport #1

Figure 35: Soekarno-Hatta Airport #2
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3.1.5 Stuttgart Airport

Von Gerkan designed the terminal’s roof rises up-
wards as the metaphor of one moves from landside 
to airside, or from the ground to the sky. The rising 
ceiling, which expressed through the form of tree-
like branching columns, allows passenger to feel the 
sense of direction by moving towards the greater in-
terior volume.30 Furthermore, each zone is designed 
open and transparent, giving a clear view and easy 
wayfinding.

Stuttgart Airport, Germany
Von Gerkan

9.7 millions passenger

Transparencies give sense of direction

The rising ceiling expressed the moving 
towards the flight and/or towards the 
greater volume

Noise blocked by louvers

30 Edwards, The Modern Airport Terminal, 217.

Figure 36: Stuttgart Airport #1

Figure 37: Stuttgart Airport #2
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3.1.6 Cologne/Bonn Airport

Within this terminal, the departure and arrival 
concourse are separated into two different levels 
accompanied by a double-height roadside for each 
concourse. The distribution of passengers allows an 
effective using of space and discouraged the confus-
ing cross-circulation between arriving and depart-
ing passengers.

Cologne/Bonn Airport, Germany
Murphy/Jahn

9 millions passenger

Different level of concourse for a clear 
and effective passengers’ circulation

The used of standardized structure and 
cladding elements

Protecting skylight and glass facade 
from direct sunlight through the orien-
tation and overhang design.

Figure 38:  Cologne/Bonn Airport #1

In order to shortening construction time and re-
ducing cost, the structure and cladding components 
are standardized to allow the repetition and rational 
arrangement.31 The design attempts to avoid over-
heating while also providing an enormous amount 
of natural light. The skylights are oriented towards 
the north, and the clear glass facade is protected 
from direct sunlight by a long overhang.

31 Edwards, The Modern Airport Terminal, 220.

Figure 39:  Cologne/Bonn Airport #2
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Due to ever-evolving aviation industry, modern-day 
airport’s terminal is required to be designed and 
constructed to respond the variation of demand 
and the changing needs of passengers, airlines, and 
aircraft. The airport itself needs to be flexible, bal-
anced, and visionary in order to achieve these ob-
jectives.

According to ACRP Report 25: Airport Passenger 
Terminal Planning and Design, the terminal plan-
ners and designers should consider the key func-
tional and operational, which are including;32 

1. Concessions planning aims to gain revenue 
and offer the variety of interesting retails for pas-
senger and visitor
2. Security planning to ensure the flight and 
immigration safety through multiple screening 
process and passport checking
3. Passenger convenience through clarity of 
circulation, automatic people mover, and efficient 
baggage handling systems 
4. The used of information technology system 
for managing and maintaining the terminal build-
ing, and be accessible to passengers and staffs
5. Sustainability concept

3.2 Functional Organization Study

32 Transportation Research Board, ACRP Report 25: Airport 
Passenger Terminal Planning and Design, Volume 1: Guide Book 
(Washington D.C.: Transportation Research Board, 2010), accessed 
17 May 2015, http://onlinepubs.trb.org/onlinepubs/acrp/acrp_
rpt_025v1.pdf, 2.

Figure 40: Modern Airport Terminals

Different level of concourse for a clear and ef-
fective passengers’ circulation.

The used of standardized structure and clad-
ding elements.

Terminal roof structure provides a clear way-
finding.

Extendable and flexible design.

Using natural material as finishing.

Passenger pavilions surrounded by gardens to 
create a distinct characteristic.

Airport is engaged with many other function 
(multi-function) to provide different experi-
ence and maximize revenue.

The use of curved profiles that respond natu-
rally to wind pressures and aid ventilation.

Linear form eliminates the confusing way 
finding and shortening the baggage handling 
process.

Application of the Precedents
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OD + Hub

Domestic+International

Size

Construction Budget

Level of Service

Walking Distance

Wayfinding

  Flexibility

   
Maintenance

3.2.1 Terminal Layout

Pier

OD + Hub

Both

Medium to big

Moderate

Good

Depend on design

Depend on design

Depend on design

Moderate

Linear

OD + Hub (long walking 
for transfer)

Both

Small to big

Moderate

Good

Depend on design

Easy

Can not be expanded too 
long

Moderate

Remote Apron

OD + Hub

Domestic

Small

Low

If vehicle breakdowns 
leads to poor LoS

Very short walking

Easy

Super flexible on opera-
tion

Operating cost (for vehi-
cle + baggage handling + 

staff) is high

Satellites

OD + Hub (but transfer 
for different airline is 

difficult)

Both

Medium to big

High

Can lead to poor level 
as might confused the 

transfer passenger

Long walking

Confusing

Good

Operating cost (for trans-
fer + baggage handling + 

staff) is high

Unit Terminal

OD + Hub (but transfer 
for different terminal is 

confusing)

Both

Big

High

Can lead to poor level 
as might confused the 

transfer passenger

Short walking

Confusing

Good

Operating cost (for trans-
fer + baggage handling + 

staff) is high

yes moderate no
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3.2.2 Single-level and Multi-level Terminals 33

This design is appropriate for a small 
scale airport where first-floor move-
ment of passengers from terminal to 
aircraft via telescopic loading bridges 
is not necessary.34

This design eliminates the require-
ment of separated roads for each con-
course because all kerbside activity 
takes place at the same level. However, 
vertical people mover, such as escala-
tors and lifts, should be provided to 
move departing passengers up to the 
boarding level.

Nowadays, most of large scale termi-
nals are adapting this configuration. 
Departure concourse is usually posi-
tioned on the higher level, while bag-
gage handling and arrival concourse 
located below. This configuration 
proved to be economic and convenient 
for passenger and baggage movement: 
departing passenger arrive by an ele-
vated forecourt on the same level as 
the aircraft point, while arriving pas-
senger needs to move downwards to 
reclaim the baggage.

Usually, the high volumes terminal 
applies this configuration, particu-
larly that airport which served the 
wide-bodied aircraft. Practically, the 
departing passenger routes at higher 
level with downwards circulation to 
the airplane and arriving passenger 
routes downstairs.

Arrivals and departures on a sin-
gle main level

Two-level terminal with arrivals 
and departures in the same level

Vertical stacking of arrivals and 
departures

Vertical segregation

33 Christopher J Blow, Transport Terminals and Modal Inter-
changes: Planning and Design (Oxford : Elsevier, 2005), 25.
34 David Littlefield, Metric Handbook: Planning and Design 
Data (New York: Routledge, 2012), 30-4.

Figure 41: Single Level and Multi-level Terminal
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3.2.3 Domestic and International Passenger Flow 

The differences between international and domes-
tic terminals are the international terminals include 
customs and immigration procedures. As a result, 
domestic terminals can be simpler.

Departure 

Arrival

Arrival 

Shops and restaurant

Check-in

Car rental

Security 

Immigration

restaurant / kiosk

Waiting room

Boarding aircraft

Landing aircraft 

Baggage claim

Custom control

Departure 
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3.2.4 Principles of Passenger Flow 
In the design of terminal facilities, the passenger’s 
needs should be vital. Passenger and baggage flows 
should be smoothly circulating, clear, and flexible 
as possible. Based on Brian Edwards in his book, 
The Modern Airport Terminal, ten design principles 
should be followed:35 

1. The passenger’s circulation should be short and 
straight-forward
2. The passenger’s circulation should be free from 
service and staff route.
3. Cross-flow is not allowed
4. The disabled passengers’ routes should be remain 
vital
5. Level changing should be minimised, but if re-
quired it has to be easily accessed through vertical 
mover, such as lifts, escalators, and stairs.
6. All circulation areas should be dedicated for mul-
ti-airline use, except they are private terminals or 
piers.
7. choices in passport and customs control posi-
tions.
8. The airport should be designed as flexible as pos-
sible to provide the unexpected
9. The check-in areas’ configuration should allow 
passengers processed individually or in group.
10. The circulation should be able to operate in re-

verse situation.

In the term of function and planning, terminals are 
clearly an organizational, logistical, resource, and 
architectural challenge. Due to its complexity, the 
terminal design requires to remove the ambiguity 
and confusion, deal with the clarity of use, wayfind-
ing, as well as the readability of function. 

One of the biggest complaints about modern air-
ports is the stress that affects passengers. In order 
to remove the stress, the terminal itself should pro-
vide:36 

1. The tranquil and calm feeling
2. Natural elements, for example garden, finishes, or 
materials, in public area and wherever possible
3. A clear circulation and space organization
4. The use and functional hierarchies articulated 
through the structure and light

35 Edwards, The Modern Airport Terminal, 99.
36 Edwards, The Modern Airport Terminal, 130.

There’s nothing like an airport for bringing 
you down to earth

Richard Gordon
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Sustainability is known as a responsible practice 
for economic, environment, and social to achieve 
the current demands without harming the future’s 
quality of life. The concept is based on the sincerity 
that human being should not continue to exhaust 
the Mother Nature. Nowadays, human being is con-
tinuing to diminish the natural resources and create 
pollution without reconcile the long-term condi-
tion of the Mother Nature and other human being. 

The important strategies to encourage sustainability 
are reducing the pollution, conserving energy and 
natural resources, maximising the use of renewable 
energy, and minimize the negative effects of urban 
development, while in the same time the project 
should be able to engage on economic and social 
benefits. This part of thesis will research on envi-
ronmental sustainability of the airport.

Through the planning phase, several considerations 
should be deliberate in order to maximise the per-
formance of the building:37

 
1. Targeting a low energy and water use by en-
gaging in conservation technologies, as well as, by 
regenerating the renewable energy.
2. Maximising the use of daylight and mini-

37 Transportation Research Board, ACRP Report 25, 60
38 Transportation Research Board, ACRP Report 25, 65
39 Transportation Research Board, ACRP Report 25, 65

mising the solar-heat gains by orienting the build-
ing on east-west axis to ensure the largest facade 
will face north. By optimizing the daylight penetra-
tion into building, it will avoid the enormous use of 
artificial lighting.
3. Researching the economic benefits of using 
the green technologies and products in order to in-
crease the payback to the building operators.
4. Using the local material to minimise the en-
ergy and cost of transporting material.

The construction and operation of buildings con-
sumes over 40% of all mined resources.38 The selec-
tion of building materials has a major contribution 
on the environment. By choosing the sustainable 
materials, the owner and building’s user will get the 
significant benefits including a lower energy and 
maintenance cost, and improved health of build-
ing’s user. Based on ACRP Report 25, the following 
should be considered on selecting the building ma-
terial:39  
1. Recycle-able materials 
2. Timber-based materials from a sustainable 
managed forest 
3. Materials that minimise or eliminate pollu-
tion or toxic during manufacturing
4. Locally grown, harvested, and processed 

materials
5. Recycled or reused materials
6. Rapidly grown or renewable materials

3.3 Environmental Sustainability
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Changi
San Diego

Schiphol

Figure 42:  Airport Striving towards Sustainability
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Changi Airport, Singapore Water Management For landscape irrigating purpose, the airport us-
ing storm water through a rainwater harvesting 
scheme.40

Noise Management Locating the departure part of runway far-away 
from residential area.

Energy Efficiency Double glazed glass and automatic sunshades, 
which adjust its orientation according to the sun 
path, let the natural light penetrate the building’s in-
terior, while minimising heat gains from sunlight.41

Garden Home of 1000 tropical butterflies accompanied by 
flowers, greenery, and waterfall.42

San Diego Airport, United States Solar Energy The installed solar panels are producing 12.5% of 
the terminal’s projected annual energy use.43

Water Conservation Selecting the drought-tolerant plants, shrub, and 
ground cover for landscape area that minimise the 
watering needs.44 

40 “Water Management,” Changi International Airport, ac-
cessed 23 May 2015, http://www.changiairportgroup.com/cag/html/
sustainability/environment/water_management.html.
41 BCI Asia, Green Mark for Building Award 2014 (Singa-
pore: BCI Asia, 2014), accessed 23 May 2015, http://www.bca.gov.
sg/greenmark/others/gm2010.pdf, 45.

42 “Changi Airport, Singapore’s Green Getaway,” Changi 
International Airport, accessed 28 July 2014, http://www.scgh.
com/go-green/landscaping-and-outdoors/changi-airport-singa-
pores-green-gateway/
43 “San Diego Home to World’s First LEED Platinum Certi-
fied Commercial Airport Terminal,” San Diego Airport, accessed 22 

July 2014, http://www.san.org/News/Article-Detail/ArtMID/952/
ArticleID/42/San-Diego-Now-Home-to-World%E2%80%99s-First-
LEED-Platinum-Certified-Commercial-Airport-Terminal
44 “San Diego Home to World’s First LEED Platinum Certi-
fied Commercial Airport Terminal.”

3.3.1 Airport Striving towards Sustainability
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Energy Conservation The use of reflective rooftops in order to minimise 
the heat absorption and reduce the cooling system 
energy needs.

Storm Water Pollution Prevention To help preventing the solid substance entering San 
Diego Bay, the airport uses filtration system to take 
out 80% of the total suspended solids from airport 
pavement.45

Air Quality The use of organic-based paints and coatings proved 
to improve the indoor air quality.

Construction Material Materials used for the construction manufactured 
from within 800 kilometres of the airport, minimis-
ing the emission and cost required for delivering 
materials.46 

Schiphol Airport, The Netherlands Regenerating Energy Besides generating the energy through solar panels, 
the airport is also employ wind turbines to produce 
its own sustainable energy.

Brownfield Land To avoid intruding the valuable agricultural land or 
natural protected area, the airport complex is locat-
ed on a Brownfield land.

45 “San Diego Home to World’s First LEED Platinum Certi-
fied Commercial Airport Terminal.”
46 “San Diego Home to World’s First LEED Platinum Certi-
fied Commercial Airport Terminal.”
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Accessibility The building designed to be easily accessible by 
public transportation, such as railway system and 
bus. The building is also encouraging the cyclists as 
it provides comfortable parking facilities nearby the 
entrances. In addition, they also provide showers, 
changing rooms, and lockers for cyclists.47

Car Parking To keep surrounding area clear and green, the park-
ing spaces are positioned on the basement.

Landscape Similar to San Diego Airport, the vegetation chosen 
is the drought-tolerant in order to avoid the exces-
sive need of water.48 In addition, some parts of the 
roof are used as green roof to lower the heat gains 
in the building.

Water Efficiency The building used a rainwater system to flush the 
toilets.

Material The contractor managed to buy 38% of construc-
tion materials from recycled sources, and 63% were 
sourced and produced within 800km of the site. 
Furthermore, 96% of all the wood used within and 
around the building came from sustainably man-
aged sources.49

47 “Schiphol receives first BREEAM-NL certificate in the 
Netherlands for sustainable construction,” Schiphol Airport, ac-
cessed 23 May 2015,
http://www.schiphol.nl/SchipholGroup1/NieuwsPers/Persbericht/
SchipholReceivesFirstBREEAMNLCertificateInTheNetherlandsFor-
SustainableConstruction.html.

48 “Schiphol receives first BREEAM-NL certificate in the 
Netherlands for sustainable construction.”
49 “Schiphol Awarded First LEED Platinum Certification 
for Sustainable Construction in the Netherlands,” Schiphol Airport, 
accessed 28 July 2014, http://www.schiphol.nl/SchipholGroup/
NewsMedia/PressreleaseItem/SchipholAwardedFirstLEEDPlati-

numCertificationForSustainableConstructionInTheNetherlands1.
html
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Figure 43: Mind Map Sustainable Airports



047Figure 44: Temple and Mt Agung
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As mentioned previously, Balinese living is based 
on a set of cosmological orientation and ritual con-
siderations that affected most aspects of life, includ-
ing the architecture. Similarly divided into three 
parts as human body, the tripartite scheme is also 
applied to the components of built structure: the 
base or podium as the feet, the walls or columns as 
the body, and the roof as the head.

3.4.1 A Tripartite Universe
Balinese traditional architecture is contained 
of a metaphysics which embody the integra-
tion of whole universe that each part support-
ing the existence of other parts, and the mi-
crocosmic as a representation of macrocosmic.

In maintaining the harmonious relationship between 
human and the rest of universe, Balinese believed 
that their living space should be based on a cosmo-
logical framework of Dharma, such as correct orien-
tation of space, combined with ideas of ritual purity.

Figure 45: Tripartite in Architecture and Human Anatomy

3.4 Vernacular Architecture

The interest of local identity has been growing in 
this rising phenomenon of modernisation. Balinese 
contemporary architecture, which can easily identi-
fied in hotel and resort building, is trying to preserve 
the identity by applying the natural material for fin-
ishes and decorating the building with Balinese art 
features. However, is the vernacular architecture 
can only be applied through appearance? Will the 
social and culture’s objective be achieved through 
that approach? This sub-chapter will explore the 
other methods on applying vernacular architecture.
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The typical Balinese residential compound is ar-
ranged based on the Sanga Mandala which the 
most important and sacred part, such as family’s 
temple and sleeping pavilion for head of family, lo-
cated towards kaja, while the kitchen and rice barn 
occupy the “lowest” hierarchy on the seaward (kel-
od) end. The whole compound consists of a num-
ber of different pavilions clustered around a central 
courtyard which purposely free of built structures 
and functioned as gathering place for family and 
relatives.50

3.4.2 Pavilions

umah meten bale sakenam

paon lumbung

50 Julian Davison, Introduction to Balinese Architecture, 
(Singapore: Tuttle Publishing, 2003), 16.

Figure 46 : Balinese Pavilions
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Layout of the Dwelling

Figure 47 : Layout of Balinese Dwelling
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Candi bentar might be the most distinct built struc-
ture of the Balinese architecture. This split gateway 
could be found as the temple entrances that sym-
bolized the transition from the secular world to the 
realm of sacred.51 It is also used as the entrance of 
Balinese village and other important public build-
ings.  

3.4.3 Public Buildings

The unique feature of the wantilan is its pyra-
mid-shaped roof which usually found in temple 
and other religious or sacred structures. Although, 
nowadays, wantilan is functioned like a village hall, 
it is initially a cockfighting pavilion that supposed 
to be as a sacred building where the blood from the 
cockfight is the analogy of the blood sacrifice to the 
dark forces.52

The bale kulkul is a tower-like structure inhabiting 
an important location in the village. The kulkul it-
self is a percussive device made of timber with an 
opening in one side. When it is resonate, it is signal-
ling the villagers to assemble.53

candi bentar bale kulkulwantilan

51 Davison, Introduction to Balinese Architecture, 24. 52 Davison, Introduction to Balinese Architecture, 24. 53 Davison, Introduction to Balinese Architecture, 24.

Figure 48 : Public Building
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The Bali Aga, the ones who live deep in the moun-
tains of central Bali, believed to posses the original 
Balinese culture and architecture. They embody 
what the Balinese were like before the arrival of 
Hindu and Buddhist influences from India and 
Java.54

The Bali Aga house is simpler in the form; bamboo 
shingles pitched roof, solid rectangular walls, and 
timber or bamboo columns. The base is made by 
compacted earth while the walls are generally made 
of timber boards or bamboo strips.

3.4.4 Bali Aga House
Mount Meru or the sacred mountain is architectur-
ally articulated with a tower-like structure as analo-
gy of a mountain. It is made of timber structure that 
reinforced by a masonry podium. The most distinct 
feature is the series of pyramid-like roofs that place 
one on top of another and creating a Chinese pago-
da-like structure.55

3.4.5 A Resting Place for the Gods 

54 Davison, Introduction to Balinese Architecture, 30. 55 Davison, Introduction to Balinese Architecture, 37.

Figure 49 : Bali Aga House

Figure 50 : Mount Meru
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The tripartite classification system is also applied to 
the components of the built structure which every 
part has hierarchical order: the base or podium as 
the feet, the walls or columns as the body, and the 
roof as the head. As the head, the roof usually has 
more complex form and visually better than the rest 
of the building.

The Base
The base typically consists of compacted earth cov-
ered with brick or stone.56

The Timber Frame
The typical Balinese building is using the timber 
frame as its main load-bearing framework. The col-
umns of the house sit on the masonry or stone col-
umn bases named umpak.57 The frame supports the 
grass thatch sloped roof with the help of coconut 
wood or bamboo frame. 

The Walls
The typical Balinese house’s walls are detached from 
the timber frame that supports the roof, as a result, 
they do not carry any load. The walls are usually 
made from bamboo strips, natural stone, brick, or 
mud.

Figure 51: Traditional Balinese House Materials

3.4.6 Building Material

56 Davison, Introduction to Balinese Architecture, 20.
57 Davison, Introduction to Balinese Architecture, 20.

The Roof
The roof framework is usually made from bamboo 
canes that supported by timber columns. The roof-
ing materials used are grass thatch or clay roofing.

Through this project, the application of vernacular 
architecture can be achieved through the methods 
of following:

1. The relationship between human and God; 
respecting the God through application of sanga 
mandala in the term of direction and hierarchy of 
each zone.
2. The relationship between humans; first-
ly, through application of open space inside sanga 
mandala arrangement. The open space is always be-
ing the centre of activities for family and relatives. 
Secondly, Balinese village master plan embodies the 
spirit of togetherness; this project seeks the opportu-
nity to strengthen the social interaction.

3. The relationship between human and na-
ture; firstly, through application of garden which 
separate the certain function or zone. Secondly, to 
encourage the use of natural local material, espe-
cially bamboo as it is proven to be ecologically and 
economically competitive.

Application of Vernacular Architecture into the 
Airport
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I will remain as long as I am welcome 
among these people who have not abdicat-
ed from the highly sophisticated innocence 

of their world

Donald Friend

Figure 52:  Candi Bentar
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At the present time, when environmental and social 
issues related closely to economics, bamboo offers 
an innovative solution to the problems encountered 
by contemporary architecture. The environmentally 
aware design is currently taking the path of devel-
oping the new technologies and rediscovering the 
traditional materials since it is important to chal-
lenge the subject of sustainability not only through 
energy savings but also through the use of natural 
materials.

Bamboo is a plant with prominent advantages 
which can be considered as a strategic solution to 
modern-day problems; the excessive shrinking of 
tropical forest. It could also consider as specific ma-
terial to be applied on low-cost building that prior-
itize the environment.

Bamboo is highly competitive in the term of me-
chanical strength compared to modern materials. 
According to Vo Trong Nghia, a Vietnamese bam-
boo architect, “bamboo is the green steel of the 21st 
century.”58 If properly treated, bamboo could be as 
strong as steel, and as durable as timber. It is com-
parable with carbon fibre in terms of performance, 
lightness, and strength. It is hollow and light and 
made up of highly resistant fibres. Not only is 

bamboo one of the plants that absorb the greatest 
amount of CO2 during its life cycle, it generates 
35% more oxygen than trees of the same size.59

A fir tree requires between 12 and 15 years to grow, 
an oak need at least 120 years,60 on the other hand, 
bamboo is ready for use in three years proving that 
using bamboo as building material has no relation 
in endangering the size of the forest, and no doubt 
that bamboo is a highly renewable resource.

However, aside from its long list of benefits, bamboo 
has not received adequate recognition. Although it 
plays a significant role in Balinese living, bamboo is 
merely considered as the poor’s man timber. 

58 “Bamboo “will replace other materials” in architecture 
says Vo Trong Nghia,” Dezeen, accessed 13 June 2015, http://www.
dezeen.com/2014/07/16/vo-trong-nghia-interview-materials-archi-
tecture-bamboo/.
59 Alex Sanchez Vidiella, Bamboo, (Barcelona: LOFT Publi-
cations, 2011), 6.

60 Vidiella, Bamboo, 6.

3.5 Bamboo as 
Construction Material
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According to Gernot Minke, the advantages of bamboo struc-
ture include following:61

1. Bamboo is an earthquake-resistant solution as it is light
and possesses a low mass-to-flexibility ratio compared with
timber.

2. The shell or external layer of the cane performs very
high resistance to ten¬sion that equalling the steel.

3. It grows extremely rapid and ready to be used as con-
struction material after three to five years.

4. It confiscates carbon dioxide.

5. It owns a very low primary energy.

6. It is easy to be cut and grow anywhere; as a result, the
costs are relatively low.

7. Laminated bamboo demonstrates a great resistance to
scratch.

According to Gernot Minke, the disadvantages of bamboo 
structure include following:62

1. Bamboo’s structural behaviour is really varies depend
on species, the growing location, the age, the moisture, and its
glucose substances.

2. The durability is decreased when exposed to ultravio-
let rays and rain; as a consequence, it needs protection during
the construction and maintenance of the project.

3. Bamboo is vulnerable from insects and fungus’ attack.

4. The cane is easily cracked; make it complicate to apply
the joint and other supports.

5. The profile is changing in term of diameter and thick-
ness along its length.

61 Gernot Minke, Building with Bamboo Design and Technol-
ogy of a Sustainable Architecture (Basel : De Gruyter, 2012), 12. 
62 Minke, Building with Bamboo, 12.

3.5.1 Advantage and Disadvantage of Bamboo
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“Bamboo is the future.  It is the most beau-
tiful, versatile, tallest, and strongest material 
that we could possibly choose. The rainfor-
est is almost gone, plywood is mostly made 
from the rainforest and cement has a car-
bon load that is not going to help the future. 
That leaves bamboo and if children plant 
bamboo today in eight years they will have 
timber ready to go and they will get timber 
every year for the rest of their life to build 
anything they need”

John Hardy

Figure 53:  Green School Bali
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The use depends on the type of bamboo, its age and 
the part of the plant. Bamboo is a construction ma-
terial with many applications because of its positive 
mechanical characteristics, great flexibility, rapid 
growth, light weight, and extremely cheap. Nowa-
days, more than one billion people dwell in houses 
constructed by bamboo.63

Bali is located on the meeting point of several tec-
tonic plates that create the chain of active volca-
noes.64 In this seismic zone, bamboo building is 
highly preferred due to its lightness and flexibility. 
In addition, in such humid tropical zone as Bali, it 
allows wall with low thermal mass. The majority of 
traditional houses in Indonesia are constructed of 
this material because walls of bamboo planks en-
sure sufficient air circulation.

In Bali, bamboo is typically use as construction’s 
scaffolding. Other common uses are for crafts and 
everyday objects, musical instruments, and furni-
ture. Several pioneer of bamboo’s industrial devel-
opment in Indonesia develop laminated bamboo 
for the use of flooring, wall finishing, and furniture. 

63 Minke, Building with Bamboo, 14.
64 “Geologi of Indonesia,” Wikipedia, accessed 31th of Au-
gust 2015, https://en.wikipedia.org/wiki/Geology_of_Indonesia.

Figure 54: The Use of Bamboo

3.5.2 The Use of Bamboo
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Gigantochloa robusta
Gigantochloa robusta is a densely tufted and sym-
podial bamboo. The culm is up to 20 metres tall, 
7 - 9 cm in diameter, with a wall up to 18 mm thick 
and internodes up to 40 cm long. Because of the 
large, erect, and strong quality, Gigantochloa ro-
busta is usually used for pipes, construction, and 
handicrafts.65 

Gigantochloa hasskarliana
The culms erect 5 – 6 m long and 3 –5 cm in di-
ameter. It is a woody bamboo. This bamboo is of-
ten used for basket weaving and can be planted as 
a hedge.

Gigantochloa ridleyi
This species erects cylindrical stems up to 16-18 m 
long and of 10 cm of diameter with 30-45 cm long 
internodes; almost triangular persistent bracts, up 
to 25 cm long, covered by thick blackish down and 
ramifications at the nodes. Locally, the culms are 
utilized as construction material for rural dwell-
ings.66

65 “Gigantochloa robusta,” The Ferns Tropical, accessed 15 
January 2015, http://tropical.theferns.info/viewtropical.php?id=Gi-
gantochloa+robusta.
66 “Gigantochloa ridleyi,” Dr. Giuseppe Mazza, accessed 15 
January 2015, http://www.photomazza.com/?Gigantochloa-ridley-
i&lang=en.

Bambusa maculata
This species can grow to a height of 20 m with a 
culm’s diameter of 12 cm. The culms are thick-
walled. Generally, locals named this species as pring 
tutul (english: leopard bamboo). This bamboo is a 
beautiful species; the culms are cream striped with 
green when alive. The dried culms have dark brown 
marks scattered all over the culms when old. It is 
highly valued as a furniture material, musical in-
strument, wall panels, flooring, and handicrafts in 
Indonesia.67 

Dendrocalamus asper
Dendrocalamus asper (Giant Bamboo) is typically 
used as a construction material, while the shoot is 
usually consumed as a food. Dendrocalamus asper 
has 8-20 cm diameter and 20-30 m tall, and has 
thick woody walls between 11-20 mm.68 3 - 5 y.o 3 - 5 years old

dry season

moon-less night

no shoot

windy season

67 “Bambusa maculata,” Widjaja, accessed 15 January 2015, 
http://bamboofriend.blogspot.co.nz/2006/05/bambusa-macula-
ta-widjaja.html.
68 “Dendrocalamus asper,” Guadua Bamboo, accessed 15 
January 2015, http://www.guaduabamboo.com/species/dendrocala-
mus-asper.

Based on his experience, Ingenius Pradipto, a bam-
boo’s expert from Yogyakarta, claimed a bamboo 
requires three to five years to be capable as con-
struction materials. In addition, a bamboo cane 
should not have any new shoot when it is harvested. 
With the new shoots, the bamboo tends to increase 
its glucose and feed it to the new-born baby. When 
it has much glucose, bamboo is more vulnerable 
from termite and fungi. 

Effan Adhiwira, architect of Green School Bali, was 
specifying that the bamboo should be harvested on 
a dry and windy season, and on moonless night. 
The conditions will reduce the bamboo’s level of 
moisture.

3.5.3 Types of Bamboo in Bali 3.5.4 Harvesting the Bamboo
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With Pressure 
1 week

3.5.5 Bamboo’s Treatment and Curing
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With Immersion Pool
2 weeks

With Running Water/Stream
3 months

The curing of bamboo in order to get rid its glucose 
and moisture was practiced since a long time ago. It 
was done by submerge the bamboo into the stream, 
lake, or mud for more than three months. It proved 
to be effectively producing a durable bamboo, how-
ever it acquires a lot of time while bamboo needs to 
be used immediately for construction.

Currently, the common practices in curing the 
bamboo are by pressured pump or by sinking the 
canes into an immersion pool for two weeks. Both 
of borax and boric acid are used in these practices.
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> 20 years old   50 years old   80 years old

harvested on the right time

got cured before construction

maintained every 2 years

without sun and rain exposure

not cracked or nailed

With a proper procedure, the bamboo’s construc-
tion could be as durable as 20 years. Without both 
of sun and rain exposure, the bamboo structure 
proved to be more durable.

3.5.6 Durability of Bamboo Building
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+ Able to be bent to the extreme angle and suitable
for the big cane
- The method needs bamboo to be deeply cut on
some part, making it less strong

As a solution, a bamboo cane could only have three 
cuttings and those cuttings should be positioned 
near the node. To make it stronger, a structure 
requires to be bundle with three bamboo canes 
which each cane should be cut in different posi-
tions

+ It takes no time
- Only suitable for small cane

The method is only applicable for 2-3 cm diameter 
cane

+ A flexible and strong result
- Need a certain metal connector to join each strip

The metal connector looks visually aesthetic. It 
creates a good contrast among the bamboo domi-
nation

v cutting heating strips arches

Figure 55:  Bending Bamboo with V Cutting Figure 56:  Bending Bamboo with Fire Figure 57:  Bending Bamboo with Strip Arches

3.5.7 Bending the Bamboo
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lo-tech hi-tech

Figure 58:  Bamboo Joints Parameter

3.5.8 Bamboo’s Joint



065

During the site visit in Bali, author managed to in-
terview several bamboo workshops and architects 
in Bali to get the parameter of joints that possible to 
build for them.

The result shows their ability of mastering the mod-
ern joints.

Figure 59:  Acceptable Joints
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Figure 60:  Bamboo Workshop
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Utilizing bamboo in its raw form as construction 
material causes several challenges. It is hard to make 
reliable joint due to its geometry and vulnerability 
to crack. Also, since bamboo has a different cross 
section in its length, to define structural calculation 
is a problem.

Laminated bamboo lumber (LBL) is a relatively 
new solution of bamboo’s problem. LBL owns so-
lidity and flexibility. It is made of several bamboo 
strips that laminated using LFM Resin through 
high bonding strength. It possesses more density 
than normal timber, which about 720-780 kg/m3, 
almost the same as oak.69

3.5.9 Laminated Bamboo Lumber

Figure 61: Manufacturing Process of Laminated Bamboo Lumber Using Bamboo Strips

Figure 62: Laminated Bamboo Technology in Indonesia

69 S. Rittironk and M. Elnieiri, “Investigating Laminated 
Bamboo Lumber as an Alternate to Wood Lumber in Residential 
Construction in the United States,” (paper presented at First Inter-
national Conference on Modern Bamboo Structures, Changsha, 
China, 28-30 October 2007).
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The 8 m high structure with a 25 x 10 m footprint 
contains an exhibition space and conference areas. 
The 8 m long poles of local Julong bamboo70 from 
South China is used for the roof construction. To 
support the floor of the upper storey, Markus Heins-
dorff used laminated bamboo frames.  Even though 
the building is merely for short term used, all struc-
tural bamboo elements have been treated with a fire 
prevention agent.71 The stainless steel connecting 
pieces were customized especially for this pavilion 
and are intended so that the building can be easily 
disassembled after use. 

In order to provide a good mechanical key, the ends 
of the bamboo culm were first soaked with polyure-
thane resin and a further layer of polyurethane-res-
in-soaked grit. The next step, according to Gernot 
Minke, is “the ends were then filled by a concrete 
mixture made with a high proportion of fly ash, 
which ensures that the concrete adheres firmly and 
without pores or cavities to the inner surface of the 
hollow bamboo section.” The connecting pieces 
made from steel are set into the concrete allow the 
bamboo sections to be connected to one another.72 

German-Chinese House EXPO 2010, Shanghai, China
Markus Heinsdorff

70 “The German-Chinese House at the Shanghai World 
Expo 2010,” ArchDaily, accessed 9 May 2015, http://www.
archdaily.com/58871/the-%25e2%2580%259cgerman-chinese-
house%25e2%2580%259d-at-the-shanghai-world-expo-2010.
71 Minke, Building with Bamboo, 142.
72 Minke, Building with Bamboo, 142.

Figure 63: German-Chinese House EXPO 2010

3.5.10 Precedents
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The school is containing of different pavilions: 
main building, group of classrooms, gymnasium, 
student hall, kitchen, kindergarten, and bridge. All 
of the buildings are built with bamboo and have a 
straw roof adapted from the roofs of local tradition-
al houses. The architect designs an open building 
without any walls in order to allow cross-ventila-
tion. The main building has three storeys with the 
structures built with Dendrocalamus asper bam-
boo, while floor surfaces, stairs, handrails, and fur-
niture were using smaller bamboo.73

Green School, Bali, Indonesia  
PT Bambu

Figure 64:  Green School Bali

73 Minke, Building with Bamboo, 111.
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Through this study, the application of bamboo can 
be applied to the airport through the methods of 
following:

1. Using bamboo as a construction material
is one of the strategy on building the relationship
between human and the airport. The locals will be
able to participate on construction phase. In ad-
dition, by working together in the same project, it
helps in achieving the social relationship goal.

2. Facing the strict structural requirements of
an airport terminal building, the raw bamboo with
its limitations will only be used as secondary struc-
ture and decoration, such as to cover the concrete
or steel to soften the interior atmosphere.

3. To achieve the concept of tripartite where
the roof, as the utama or higher hierarchy, usual-
ly has more complex form and visually better than
the rest of the building, the roof structure will be in
curvaceous form that made of Laminated Bamboo
Lumber.

Application of Bamboo into the Airport

Figure 65:  Green School Bali #2
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Bamboo will become the ‘green steel’ of the 
21st century

Vo Trong Nghia
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Figure 66:  Balinese Girls
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4.
site
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The proposed site from government is within the ag-
ricultural land of Kubutambahan, located 1 km north 
of Pura Meduwe Karang, the most important temple in 
northern part of Bali.74 The acquisition of 1000 hectares 
of first class agricultural land is planning to be done by 
the year of 2017 in order to transform the whole land 
into an airport and its infrastructure in 2020.

4.1 Understanding the Currently Proposed Site

74 “Kubutambahan, Buleleng”, Wikipedia, accessed 10 July 
2014, http://en.wikipedia.org/wiki/Kubutambahan,_Buleleng

Figure 67: Site Visit
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Land-Use
Agricultural Land

Fishery

Village

Road

Temple

Figure 68: Land Use
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Regional Transport Planning

Figure 69: Regional Transport Planning
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Wind Direction

3.2 knots

Figure 70: Wind Direction
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Positioning the Runway and Terminal

Option 1 Option 2

Option 3 Option 4

All of the four options are showing the limitation of 
site and land-use. Among the options, option 1 is 
showing a high probability to be realised (the rail-
way might be built underground within the runway 
part, or might be changed its direction and turn 
into airport terminal).

Option 1 shows a noise pollution constraint as the 
runway is located near several temples and villages.

Noise  Pollution

Figure 71: Positioning the Runway and Terminal Figure 72: Noise Pollution
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The presence of an airport in Kubutambahan area 
will certainly give a huge impact to the econom-
ic sectors. There is no doubt that the tourism and 
trading business will increase rapidly as north Bali 
become easily accessible. However, as mentioned 
before, the airport will situate on the first class ag-
ricultural land75 that produces almost all of food 
source for the whole Buleleng. By eliminating the 
food source, Bali will certainly undergo the lack of 
food source.

Furthermore, the government’s proposed location 
is knocking the temples that scattered around the 
site. Balinese are really concern about their rela-
tionship to the God, human, and nature. Remov-
ing the temples, transforming the agricultural land 
into a massive capitalist building, and changing the 
social and cultural value are believed will create an 
inharmonious life.

Regarding the controversy over airport’s develop-
ment, the author tried to assess several alternative 
options of the site location.

4.2 Proposing the New Site

75 “Menteri Rini Pilih Bali Utara Punya Bandara di Atas 
Laut,” Bisnis.com, accessed 9 May 2015, http://industri.bisnis.com/
read/20150220/98/404637/menteri-rini-pilih-bali-utara-punya-
bandara-di-atas-laut.

onshore airport, on the contoured land

+ lower cost in constructing the site
+ eliminate the requirement of build the connecting
bridge between land and airport
+ direct access to aircraft
+ centralization of facilities cuts the construction,
maintenance, and operation cost

- noise pollution impact directly to citizen
- conditioning the geographical conditions (topog-
raphy, soil type, etc,) of the site is required

Figure 73: Site Options #1
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on reclamation landoffshore runway, onshore terminaloffshore

+ lower cost in constructing the site
+ eliminate the requirement of build the connecting
bridge between land and airport
+ direct access to aircraft
+ centralization of facilities cuts the construction,
maintenance, and operation cost

- noise pollution impact directly to citizen
- unsustainable solution as the development re-
quires an enormous amount of soil taken from oth-
er site

+ seawater acts as noise barrier
+ easy to expand
+ reducing walking distance as passenger directly
board the train system to the offshore piers

- high capital needed for constructing the site, piers,
and train system
- very high risk in earthquake area
- unsustainable solution as the development re-
quires an enormous amount of soil taken from oth-
er site
- long journey of baggage handling, adding an extra
opera¬tional cost
- passenger needs to orientate twice; in main termi-
nal and pier
- if the train breakdowns, it leads to poor levels of
service
- require additional security and airline staffs, add-
ing an extra operational cost
- need an early checking time, not suitable for In¬-
donesian habit

+ seawater acts as noise barrier
+ centralization of facilities cuts the construction
and maintenance cost
+ easy to expand

- high capital needed for constructing a big site on
deep sea level
- very high risk in earthquake area
- unsustainable solution as the development re-
quires an enormous amount of soil taken from oth-
er site

Figure 74: Site Options #2 Figure 75: Site Options #3 Figure 76: Site Options #4
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4.3 Understanding the New Site

Based on consideration, an onshore airport has more 
potential on reaching sustainable development. It is 
eliminate the need on constructing offshore site and 
its infrastructure. As the government’s site located 
on the agricultural land, the author proposed a dif-
ferent site located two kilometres away. The chosen 
site is situated on the non-habited and non-agricul-
tural land. The challenge of this site is its contoured 
characteristic, which elevate from zero meter to 18 
meter high.

Figure 77: Site Location
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4.4 The New Master Plan
Land Use

Figure 78: Land Use of New Site
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Utama and Nista Direction

Figure 79: Utama and Nista Direction
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Site’s Hierarchy according to Sanga Mandala 

Figure 80: Site’s Hierarchy according to Sanga Mandala
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New Master Plan

Figure 81: New Master Plan
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Figure 82:  Balinese Girls
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5.
terminal building:
research by design
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5.1.1 The Area Coverage Needed

5.1 Programming
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Figure 83: The Area Coverage Needed
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You cannot simply put something new into 
a place. You have to absorb what you see 
around you, what exists on the land, and 
then use that knowledge along with con-
temporary thinking to interpret what you 

see

Tadao Ando
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This strategy attempts to bring back the main mate-
rial of original Balinese architecture and looks what 
is currently available in Bali. It is also helping to 
reintroduce Balinese as the long-forgotten leading 
artisan of bamboo crafter. This strategy forms an in-
tegral part of making a bamboo urbanism possible 
in Bali. Through initially encouraging the physical 
use of bamboo in massive scale and extraordinary 
form, the material’s image as poor man’s timber will 
be eventually changing.

5.2 The Principles

Figure 84:  Green Village Bali

5.2.1 Materiality Strategy
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Figure 85:  German-Chinese House Expo 2010

Airport is known as a modern building that usu-
ally occupies the latest material and technology of 
construction. On the other hand, bamboo is known 
as a grass plant that only used for rural house’s 
construction and traditional furniture. This strate-
gy aims to change both of the paradigms. The use 
of bamboo in the airport construction will create 
a dialogue between modern and traditional, both 
will creating a contrast yet enhancing each other 
quality. As a result, people not only recognize how 
modern the airport is, but also how bamboo could 

softening the strong atmosphere that steel and con-
crete create. The North Bali Airport then possesses 
the analogy of candi bentar as it acts as a threshold 
which creates a gradient between modern airplane 
and traditional island of Bali.

5.2.2 Technology Meets Traditional Strategy
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Balinese is known as a natural-born handcrafter 
and have an incredible knowledge of traditional 
construction. Nowadays, Balinese’s ability in con-
struction is merely realized through the resort, ho-
tel, and residential built form. It is never getting into 
a bigger scale, such as a civic building or moreover, 
an airport. Those public buildings typically employ 
the modern technologies that can only be done by 
people who trained for steel-concrete structure. 

Through utilizing the bamboo, this project pro-
vides an opportunity for the locals to participate on 
building the airport. By letting the project handled 
by locals, the project ignites a massive scale of exhi-
bition room where Balinese’s handcrafting on bam-
boo structure could be exposed to the public. By 
letting so, it will generates several job opportunities 
for them; from planting the bamboo, harvesting, 
preparing the bamboo, constructing, and managing 
the construction process itself.

Thousands of people will work together, interact, 
and socialize through this project. It is indirect-
ly strengthening their man-to-man relationship 
which is part of the Tri Hita Kirana concept. More-
over, to allow the locals build their airport by their 
own hands, it will trigger a sense of belonging to-
wards the airport which a massive capitalist build-
ing rarely possesses.

Figure 86:  Social Strategy

5.2.3 Social Strategy
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There are hundreds or even thousands of people 
who circulate everyday through this building, yet 
how many of them could actually tell the distinction 
between each airport? Airport is always been a stiff 
place where people get processed in an exact step-
by-step; from check-in, security, immigration, and 
boarding the plane. Airport has been served people 
since century ago, and since then, airport is always 
has the image of machine, the machine that has no 
difference with the other machines, the difference 
which is always unidentified and anonymous.

The aim of this project is to create a sense of a place 
in an anonymous and machinery airport. The idea 
of using the traditional material will be combining 
with the “pavilion inside the landscape compound” 
layout and the sanga mandala configuration. Unu-
sually, views from the terminal windows are invari-
ably over the tropical forest and bamboo craftsman-
ship as against aircraft on the runways.

Figure 87:  Pura Ulun Danu

5.2.4 Sense of Place Strategy
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Even though, bamboo grows really fast and it rais-
es everywhere in Bali, the supply of bamboo are 
slightly decreased. Balinese uses the bamboo in 
everyday life; from the smallest thing, such as bas-
ket, to the scaffolding for construction. Through 
this project, the author aim to compromise with the 
problem. Bamboo is known as a fast-growing plant, 
it is only require three to five years to be ready for 
construction. As the airport project will be start in 
2020, the developer has five years to plant their own 
bamboos. By owning the bamboo plantation, it will 
be easier to supervise and maintain the quality of 
bamboo. This idea is also to encourage a long-term 
bamboo planting strategy for the island of Bali and 
Indonesia.

As the proposed site is currently unoccupied, it 
could be developed as the bamboo plantation which 
in the future will eliminates all of the cost and en-
ergy for transporting the material, and as a result, 
supports the airport in striving towards sustainable 
development.

Figure 88:  Bamboo’s Basket

5.2.5 Bamboo Plantation Strategy
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I think of architecture as a piece of clothing 
to wrap around human beings

Toyo Ito
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5.3.1 Folded Sanga Mandala
The Sanga Mandala is applied into the configura-
tion of the airport. As mentioned before, the most 
important or sacred part should be on the direc-
tion of mountain, while the least important or most 
“contaminated” part should be located towards 
the sea. The runway, apron, and boarding gates are 
identified as the most significant or most notable 
part of the airport which should positioned on the 
utama zone of Sanga Mandala. The concourse as 
the main activities area should situated on the cen-
tral zone between the court yards to reflect how 
Balinese normally life in their own house. On the 
other hand, the parking area which identified as the 
service or back-of-the-house will occupy the nista 
zone. 

The next consideration of this configuration is the 
stunning views that this site inherits. On the south-
west direction, the site has a clear view of Mt Agung 
and mountain range behind it. The opposite direc-
tion, on northeast it has a direct access to the beach. 
Based on the Sanga Mandala configuration, the 
utama zone –runway, apron, and boarding gates- 
will be facing the mountain, while the parking area 
will have direct view to the beach, and the central 
zone will only have main courtyard view.

In order to welcome the passenger with the series 
of stunning views, the configuration is then folded 
with the nista or parking zone positioned below the 
central zone, yet the parking area still have an ac-
cess to the beach. The central area now possesses a 
broad view toward the beach. Figure 89: Concept Sketches #1

5.3 Design Concept

folded folded
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5.3.2 Responding the Topography
The site situates on a contoured site nearby the sea-
shore. The contours elevate from zero meter level to 
18 meter high. The simplest method to recondition 
the site is by cutting off the whole contour, or fill-
ing it up and flatten the ground. But, is it the best 
way to respond this richly contoured site? Is it how 
Balinese architecture will respond the site?

Referencing the variety of built structures over Bali, 
several interesting examples show how they han-
dled this kind of contoured site. For an instance, 
Popo Danes faced a challenge task on dealing with 
a steep contour which the inclination off almost 
45° for Ubud Hanging Garden Resort’s project. The 
design preserves the characteristics of the site and 
optimally maintains the unspoiled natural condi-
tion of its locality.76 Inspired by that, this massive 
airport designed to sit nicely on the contours and 
creating a multi-level concourse which the higher 
level functioned as boarding gates and runway on 
the 18 meters high level, and the arrival concourse 
will be on the lower level, while four level parking 
located below the arrival concourse.

76 “Popo Danes Architect: Ubud Hanging Garden,” Arthitec-
tural, accessed 29 August 2015, http://www.arthitectural.com/popo-
danes-architect-ubud-hanging-garden/.

Figure 90: Bali Hanging Garden Resort

Figure 91: Concept Sketch #2
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Figure 92: Algae Facade to Bio-Fuels Scheme

5.3.3 The Sustainable Technologies

Solar Panel 

Rain Water Collecting System

Algae Facade

A metabolic loop starts on the CO2 and CO traf-
fic emissions bond together feeding the algae that 
live in the photo reactors facade.77 The glass panels 
on exterior louvers serve as an environment for the 
algae to develop. Jan Wurm, the associate director 
of Arup, describes bioreactors on smartgeometry.
org, as “transparent containers which create a con-
trolled environment for photosynthesis.” The algae 
are supplied liquid nutrients and carbon dioxide to 
stimulate growth. 

After the harvesting, the biomass transferred to 
a nearby heat and power plant, where it will go 
through fermentation process. The process creates 
methane gas and oil to produce electricity. “The 
generated power would be carbon-neutral,” said 
Mr. Wurm.78 

The airport will work as an environmental filter, the 
damaging traffic exhaust emissions converted into 
fresh air, bio-mass, and renewable bio-fuels. The 
bio-fuels will be used to generate electricity for the 
airport and to cultivate the bio-diesel and liquid hy-
drogen.  

77 “Bio-city,” Evolo Competition, accessed 14 August 2015, 
http://www.evolo.us/competition/bio-city/.
78 “German Building Uses Algae for Heating and Cooling,” 
NYTimes.com, accessed 23 August 2015, http://www.glassconglob-
al.com/sites/default/files/pdfs/New_York_Times_BIQ_Bldg.pdf.
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5.3.4 Multi-hub Transportation Centre 
In early 2015, Indonesia government announced 
their intention to build a passenger ferry terminal79  
50 kilometres away from the airport proposed site. 
Through this fact, an idea then arouse on how it will 
be more economically and spatially valuable to have 
a compact transportation hub that contain three 
different ways of travel: airplane, train, and ship. 
Situated on the middle of Indian Ocean and Pacif-
ic Ocean, between Asia and Australia,80 and in the 
middle of Indonesia, the proposed site definitely 
has the opportunity to be more than just an airport.

The lowest level of parking is connected directly to 
the ferry terminal, creating a complete closed loop 
circulation: airplane hub on the level 2, train hub 
on the level basement 1, and ferry hub on the level 
basement 3.

79 “Kementrian BUMN Utamakan 3 Proyek Infrastruktur di 
Bali,” Republika, accessed 18 June 2015, http://www.republika.co.id/
berita/nasional/daerah/15/02/20/nk2626-kementerian-bumn-utam-
akan-3-proyek-infrastruktur-di-bali.
80 Josef Rick and Rüdiger Wolfrum, “Law of the Sea at the 
Crossroads,” (paper presented at Interdisciplinary Symposium of 
the Kiel Institute of International Law, 10 July 1990).

5.4 Design Outcome

Figure 93: Floor Plan Sketches
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Figure 94: Section Sketch

Figure 95: Early Section

Figure 96: Explodametry
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5.4.1 Departing Process
The curb side for departing passenger situated on 
the same level with the check-in counter. After 
check-in, the passenger could spend time in the 
concession area or directly processed to the securi-
ty check on the upper level. The security check and 
outbound immigration are located on the same lev-
el, next to each other. By completing the immigra-
tion process, the passenger is directed to the conces-
sion and boarding gates on the upper level. During 
the process, the passenger is offered the view of the 
sea, tropical gardens, and the sacred Mt. Agung.

The multi-level configuration and effective circula-
tion help in avoiding a long walking distance and 
confusing way finding. As a result, the distance 
from check-in counters to the furthest gate is ap-
proximately 300 meters or 3-5 minute walk. 

Figure 97: The Walking Distance



104Figure 98: Check-in Interior
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5.4.2 Arriving Process
The current problem of the baggage handling is the 
arriving passengers usually arrive to the reclaim 
area much earlier than their baggage.81 Handling 
the inbound baggage certainly needs a lot of time, 
but the passenger’s consider it is a delay and ineffi-
cient work of the baggage handling operators. As a 
result, the Level of Service (LoS) decreased due to 
the unsatisfactory service.

The North Bali Airport determines to resolve the 
problem by psychologically attract the arriving pas-
senger through the sequence of experiences. The 
idea is to lengthen the distance between arriving 
and reclaiming the baggage. When passenger gets 
out from the plane, they will be welcomed by the se-
ries of bamboo’s umbrella-like structure in the wait-
ing room. However, it is just a “trailer” as passenger 
needs to go down immediately to arrival corridor. 
On the way to immigration area, passengers will 
pass through the long corridor with the background 
view of sacred mount Agung. After the immigra-
tion process, the retail area greets the passenger 
with its interesting variety of goods. By the end of 
the retail area, a circular ramp offered a downward 
access to reach the baggage reclaims area. A circu-
lar ramp presence aims to “force” passenger to see, 
feel, touch, and deeply experience the whole inte-

rior of airport’s atrium which mainly covered with 
bamboo. The passenger will experience the distinct 
local atmosphere in this airport that differ it from 
other placeless airports. By the time they reach the 
baggage reclaim area, their baggage is already wait-
ing for them on the carousel.

At the curb side area, the arriving passenger will 
be greeted by the sea vista accompanied with the 
wave-like bamboo structure in the ceiling. Unlike 
other airports, North Bali Airport will not be just a 
machine, which people just come and leave. North 
Bali Airport demonstrates how a machine could be 
filled with beauty and joy of Balinese.

81 Ting Zhang, Yuanxin Ouyang, and Yang He, “Traceable 
Air Baggage Handling System Based on RFID Tags in the Airport,” 
Journal of Theoretical and Applied Electronic Commerce Research Vol 
3 Issue 1 (2008): 112.



106

Basement 1 

Ground Floor

Figure 99: Basement 1 Floor Plan

Figure 100: Ground Floor Plan
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First Floor

Second Floor
Figure 101: First Floor Plan

Figure 102: Second Floor Plan
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Third Floor

Figure 103: Third Floor Plan



109Figure 104: Curb Side Perspective



110Figure 105: Exterior Perspective
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5.4.3 Section

Figure 106: Section
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5.4.4 The Forest
The aim of this project is to trigger the recognition 
of bamboo as a magnificent material which able to 
create extraordinary forms. The main concourse 
area as centre of activities should demonstrate this 
purpose. 

The idea developed through this project is to cre-
ate a sense of place and to embody the atmosphere 
of Balinese village. The form takes the analogy of a 
tree with the column as its trunk and continuous-
ly rises up as the roof structure. In addition to the 
structurally logic behaviour, a tree manifests the 
close relationship of human and nature, which re-
flects the Tri Hita Kirana concept.

The trunk will use the raw bamboo canes as it acts 
as a decoration and not the structural elements. On 
the other hand, the branches or the roof frames will 
be made by laminated bamboo lumber which has 
its solidity and flexible geometry. While the lam-
inating process is mostly done through industrial 
procedure, the process of preparing the strips of 
bamboo, bonding, and gluing them together will 
involve the locals.

The light penetrates into building through the bam-
boo tree-like structures will give the volume to the 
interior environment and provide shades for the 
space below, as well as creating a forest ambience 
from its shadows.

Figure 107: Main Concourse Interior
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5.4.5 The Bale Dangin
The concrete columns of the linear waiting room 
will be covered with a bamboo umbrella-like struc-
ture. This form has chosen because it has a simple 
form and able to be made with basic bamboo joint 
techniques. It grants the locals an opportunity to 
exhibit their craftsmanship into one of the most 
significant airport’s area. 

The design of this bamboo structure represents the 
mass-void inverse of Balinese living room or bale 
dangin, one of the pavilions inside the residential 
compound. The bale dangin is the place where fam-
ily spends most of their time together. The bale dan-
gin symbolized the warm atmosphere of Balinese 
family, and this concept is applied to the waiting 
room area. The handmade bamboo structure -com-
bined with the vista of the tropical courtyard and 
sacred Mt. Agung- will offer the departing passen-
ger a warm good-bye and in the same time, sincere-
ly welcome the arriving passenger.

Figure 108: Waiting Room Interior
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conclusion



115

The Indonesia government’s intention of develop-
ing a new airport on the north Bali, which possesses
stunning beautiful landscape and richness of cul-
ture, inspired the thesis’ objective - to show how 
to design a modern airport that is environmentally 
responsible and culturally sensitive. The thesis ex-
plored several aspects of modern airport master 
planning and terminal design, as well as, the study 
of environmentally sustainable airports.

In order to achieve the objective of this airport, the
explorations of vernacular architecture and local 
material are also necessary. Through the prelim-
inary research, the author decided to use several 
strategies to achieve cultural and environmental 
sensitivity: (i) proposing of a new site, in order  to 
preserve the agricultural site and prominent tem-
ples; (ii)  reintroducing of Tri Hita Kirana principles 
of planning;  (iii) reintroducing bamboo to rein-
force the environmental, social, and cultural aims.

The Tri Hita Kirana is applied holistically into this
project. The relationship between human and the 
God is reintroduced through the sanga mandala ar-
rangement for both master plan and terminal build-
ing configuration. The relationship between human
and nature is achieved through garden pockets, sus-
tainable design features, the way of responding the

contoured site, and the use of bamboo.

Bamboo has prominent advantages that mostly ig-
nored due to its image as a poor man’s timber. This 
project aims to change the perception by applying 
the material through an extraordinary form into a 
modern and important building, such as airport. 

The application of bamboo will also influence the 
third part of Tri Hita Kirana, human-to-human 
relationship. By using bamboo, the project creates 
an opportunity for locals to participate in building 
their own  airport. This togetherness will certainly 
strengthen their social interaction, as well as create 
the sense of belonging towards their airport.

In addition, the application of bamboo will soften 
the modern and strong looks of contemporary ma-
terials while creating a distinct genius loci – a great 
advantage when compared to the other, placeless 
airports over the world. As a result, the North Bali 
International Airport will become the true gateway 
to the island.

Finally, the research question of “how to design a 
modern international airport that is environmen-
tally responsible and culturally sensitive?” is suc-
cessfully answered.
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