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Abstract  
Sustainable architecture is a comprehensive and cross-discipline area, which comprise from 

architectural design to material selection, as well as its sustainable use along the construction’s time. 

Therefore, and reflecting the specific Chinese context, it was presented to the author the possibility to 

investigate the current use of Beijing 2008 Olympic Games’ buildings, after the event.  

With the purpose of identifying and tackling the main concerns regarding these spaces/constructions, 

it begins with collecting information from literature research of case studies. Consequently, it is 

gathered information of the current use by site visits and surveys, highlighting, subsequently, primary 

sustainable measure taken regarding design, material and technologies.  

As a consequence of fieldwork and interviews organised by the author, it was possible to obtain a 

general comprehension at the level of architectural decisions as well as the original intentions exposed 

by architects and progressive development within the post game's alteration process. While together 

with developers, the aim was to get aware of not only concerns and respective countermeasures, but 

also feedback from users that could illustrate the most authentic image of building’s harnessing. 

Overall, always keeping an objective and critical sense was a key factor to analyse both positive and 

negative aspects of each Olympic building, ending up with a list of possible recommendations for 

improvements for future projects on the same subject. 

In short, the ultimate goal is to carry out a thorough study on a subject that is undoubtedly consistent 

and essential in today’s China, making use of case studies as a “breakthrough point”, from an 

architectural view, to understand the sustainable use in buildings of this great event in Beijing. 

 

Keywords: Post-Olympic uses, Olympic buildings, Sustainable Architecture, 2008 Olympic Games; 

Beijing. 
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Resumo 
Arquitetura sustentável é uma área abrangente e interdisciplinar que analisa e desenvolve tópicos 

desde a concepção arquitectónica até à seleção dos materiais, especificando a utilização destes ao 

longo do tempo dos edificados. Desde modo, e refletindo o contexto especificamente Chinês, foi 

apresentada a possibilidade de desenvolver uma investigação sobre o uso das construções para os 

Jogos Olímpicos de 2008, em Pequim, após o evento.  

Com o objetivo de identificar e resolver os principais problemas em relação a estes 

espaços/construções, começa-se com a coleta de informações por meio de pesquisas bibliográficas 

dos casos de estudo. Depois, com o auxílio de inquéritos e visitas ao local obtém-se noções claras 

sobre a utilização atual, destacando-se consequentemente as medidas sustentáveis principais a 

serem tomadas em termos de design, materiais e tecnologias.  

Como consequência dos trabalhos de campo e entrevistas organizadas pelo autor, foi possível 

chegar a uma compreensão geral ao nível das decisões de arquitetura. Ademais, as intenções 

originais expostas pelo arquiteto e os desenvolvimentos progressivos para o processo de alteração 

pós-Olímpicos também foram analisadas. Enquanto em conjunto com os promotores/gerentes, foi 

crucial entender as preocupações e as respectivas contra medidas tomadas, não esquecendo o 

feedback de utilizadores que contribuiu para o montar de uma imagem verídica quanto à utilização 

dos espaços construídos. No geral, seguir um apurado sentido objetivo e crítico foi decisivo para 

analisar ambos os aspetos positivos e negativos de cada construção Olímpica, chegando-se a um 

grupo final de recomendações que visam a melhoria de futuros projetos que se enquadram na 

mesma área. 

Em suma, o objetivo principal é realizar um estudo profundo sobre este tema que é indubitavelmente 

consistente e de carácter essencial na China moderna, utilizando os principais casos de estudo como 

ponto de partida e uma visão arquitectónica crítica para compreender o uso posterior dos edifícios 

deste magnífico evento dos Jogos em Pequim. 

 

Palavras-chave: Utilização pós-Olímpico, Construções Olímpicos, Arquitetura Sustentável, Jogos 

Olímpicos 2008, Beijing. 

 

 

 

 

 

  



	 iv 

Table Of Contents 
 
Acknoledgement..................................................................................................................................... i 
Abstract .................................................................................................................................................. ii 
Resumo ................................................................................................................................................. iii 
Table of Contents ................................................................................................................................. iv 
List of Acronyms and Abbreviations .................................................................................................. vi 
List of Figures ...................................................................................................................................... vii 
List of Tables ........................................................................................................................................ ix 
 

 

INTRODUCTION ..................................................................................................................................... 1 
1. CONTEXT ........................................................................................................................................... 6 

1.1 BEIJING ......................................................................................................................................... 6 
1.1.1 Geographical Context ............................................................................................................. 6 
1.1.2 Climate, Resources And Environment .................................................................................... 7 
1.1.3 Air Quality ............................................................................................................................... 9 

1.2 2008 OLYMPIC GAMES .............................................................................................................. 12 
1.2.1 Urban Planning For The Olympics ....................................................................................... 12 
1.2.2 Olympics Games Venues ..................................................................................................... 14 
1.2.3 Green Olympic ...................................................................................................................... 16 

1.3 A BRIEF REVIEW OF OTHERS OLYMPIC GAMES .................................................................... 17 
1.3.1. Sydney 2000 ........................................................................................................................ 19 
1.3.2. London 2012 ........................................................................................................................ 21 

2. CASE STUDIES – INFORMATION COLLECTED ............................................................................ 24 
2.1. OBJECTIVES AND METHODOLOGY ........................................................................................ 24 
2.2. UNIVERSITY OF SCIENCE AND TECHNOLOGY BEIJING (UTSB) GYMNASIUM ................... 25 

2.2.1. Highlights on Sustainable Design, Materials and Technology ............................................. 26 
2.2.2. Information Obtained from site visit and interviews ............................................................. 29 

2.3. CHINA AGRICULTURAL UNIVERSITY (CAU) GYMNASIUM .................................................... 37 
2.3.1. Highlights On Sustainable Design, Materials and Technology ............................................ 38 
2.3.2. Information Obtained From Site Visit And Interviews .......................................................... 41 

2.4. THE NATIONAL AQUATICS CENTRE (WATER CUBE) ............................................................ 49 
2.4.1. Highlights On Sustainable Design, Materials And Technology ........................................... 49 
2.4.2. Information Obtained From Site Visit And Interviews .......................................................... 54 

2.5. THE NATIONAL STADIUM (BIRD’S NEST) ............................................................................... 60 
2.5.1. Highlights On Sustainable Design, Materials And Technology ........................................... 61 
2.5.2. INFORMATION OBTAINED FROM SITE VISIT AND INTERVIEWS ................................. 64 

2.6. SUMMARY ................................................................................................................................. 70 



	 v 

3. DATA ANALYSIS ............................................................................................................................. 72 
3.1. UNIVERSITY DISTRICT VS. BEIJING OLYMPIC PARK ............................................................ 72 
3.2. UTSB GYMNASIUM VS. CAU GYMNASIUM ............................................................................. 74 
3.3. WATER CUBE VS. BIRD’S NEST .............................................................................................. 76 

4. DESIGN RECOMMENDATION ......................................................................................................... 78 
CONCLUSION ...................................................................................................................................... 80 
 
 
Bibliography ......................................................................................................................................... 81 
Appendix .............................................................................................................................................. 86 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 vi 

LIST OF ACRONYMS AND ABBREVIATIONS 
 
COC  Chinese Olympic Committee 

IOC  International Olympic Committee 

CASBEE Comprehensive Assessment System for Building Environmental Efficiency 

LEED  Leadership in Energy and Environmental Design 

BREEAM Building Research Establishment Environmental Assessment Methodology 

BOCESGO Beijing Olympic Construction and Evaluation System of Green Olympics 

USTB  University of Science and Technology Beijing 

CAU  China Agricultural University 

BIMCMA Beijing Institute of Meteorology of China Meteorological Administration 

OG  Olympic Games 

PRC  People’s Republic of China 

PM  Particulate Matter 

BOCOG Beijing Organising Committee for the Olympic Games 

OCD  Olympic Common Domain 

NSW  New South Wales, Australia 

LOCOG  London Organisaing Committee of the Olympic Games and Paralympic Games Limited 

SCUT  South China University of Technology 

BIAD  Beijing Institute of Architectural Design 

GOBAS Green Olympic Building Assessment System 

ETFE  Ethylene Tetra Fluoro Ethylene 

ARUP  Arup Group Limited 

CCDI  China Construction Design International 

BSAM  Beijing State-Owned Assets Management Co. Ltd. 

CETC Construction Engineering Testing Centre, China Academy of Building Research 

APEC  Asia-Pacific Economic Cooperation 

CADG  China Architecture Design Group 

BMCUP Beijing Municipal Commission of Urban Planning 

GSHP  Ground Source Heat Pump  

 

 

 

 

 

 

 

 

 



	 vii 

LIST OF FIGURES 
FIGURE 1. PANORAMA OF THE FORBIDDEN CITY, BEIJING ............................................................................. 6 
FIGURE 2. LOCATION MAP OF BEIJING CITY ................................................................................................. 7 
FIGURE 3. DISTRIBUTION OF RAINFALL (LEFT, MM); DISTRIBUTION IN PERCENTAGE OF RAINFALL AREA 

(RIGHT, %), BEIJING, 2015 ................................................................................................................. 7 
FIGURE 4. DISTRIBUTION OF AVERAGE TEMPERATURE (LEFT, ºC); TEMPERATURE DIFFERENCE BETWEEN 

2014/15 (RIGHT, ºC ) ......................................................................................................................... 8 
FIGURE 5. PHOTO OF PEOPLE WITH MASKS ON A SMOG DAY, BEIJING .......................................................... 10 
FIGURE 7. SIX CORE FUNCTIONAL AREA OF FUTURE URBAN DEVELOPMENT IN BEIJING ................................. 13 
FIGURE 8. THE VENUE MAP FOR THE 29TH OLYMPIC GAMES ....................................................................... 14 
FIGURE 9. BEIJING OLYMPIC PARK SITE PLAN ........................................................................................... 15 
FIGURE 10. RELATION BETWEEN LOAD (L) AND QUALITY (Q) ...................................................................... 16 
FIGURE 11. SYDNEY OLYMPIC PARK SITE PLAN ........................................................................................ 20 
FIGURE 12. DISTRIBUTION OF VENUES IN SYDNEY OLYMPIC PARK .............................................................. 20 
FIGURE 13. LONDON OLYMPIC PARK LOCATION PLAN ................................................................................ 21 
FIGURE 14. THREE PHASES OF LONDON OLYMPIC PARK DEVELOPMENT ...................................................... 22 
FIGURE 15. VENUES DISTRIBUTION IN LONDON OLYMPIC PARK, PERMANENT (LEFT) AND TEMPORARY (RIGHT)

 ....................................................................................................................................................... 23 
FIGURE 16. DISTRIBUTION OF FOUR CASE STUDIES .................................................................................... 24 
FIGURE 17. SITE PLANS OF UTSB GYMNASIUM ......................................................................................... 26 
FIGURE 18. BIRD VIEW UTSB GYMNASIUM ............................................................................................... 26 
FIGURE 19. DETAILING OF THE FAÇADE ..................................................................................................... 27 
FIGURE 20. THREE PARTS OF THE OPTICAL LIGHTING SYSTEM ................................................................... 28 
FIGURE 21. EXAMPLE OF LIGHT PIPES SYSTEM IN SECTION ....................................................................... 29 
FIGURE 22. PHOTO OF CURRENT SWIMMING POOL ..................................................................................... 29 
FIGURE 23. PHOTO OF THE MAIN HALL ....................................................................................................... 29 
FIGURE 24. PLANS OF THREE STAGES OF THE VENUE (GAME PERIOD, DESIGNED POST-GAMES AND CURRENT 

SITUATION) ...................................................................................................................................... 30 
FIGURE 25. PHOTO OF THE PING-PONG HALL ............................................................................................. 31 
FIGURE 26. PHOTO OF THE BADMINTON HALL ............................................................................................ 31 
FIGURE 27. SECTIONS OF THREE STAGES OF THE VENUE (GAME PERIOD, DESIGNED POST-GAMES AND 

CURRENT SITUATION) ...................................................................................................................... 31 
FIGURE 28. PHOTO OF THE BASKETBALL COURT ........................................................................................ 32 
FIGURE 29. PHOTO OF THE TENNIS COURT ................................................................................................ 32 
FIGURE 30. AIR CIRCULATION AND NATURAL VENTILATION DIAGRAM ............................................................ 32 
FIGURE 31. CURRENT LIGHT USES IN THE MAIN HALL (LEFT), DETAILING OF PLASTER WALL SURROUNDED THE 

BASKETBALL COURT (RIGHT) ............................................................................................................. 34 
FIGURE 32. RESULTS OF THE FIRST PART OF QUESTIONNAIRE ACCOMPLISHED ............................................. 35 
FIGURE 33. RESULTS OF THE SECOND PART OF QUESTIONNAIRE ACCOMPLISHED ......................................... 36 
FIGURE 34. RESULTS OF THE THIRD PART OF QUESTIONNAIRE ACCOMPLISHED ............................................ 37 
FIGURE 35. SITE PLANS OF CAU GYMNASIUM ........................................................................................... 38 
FIGURE 36. CAU GYMNASIUM FROM WEST SIDE VIEW .............................................................................. 39 
FIGURE 37. BIRD VIEW OF THE CAU GYMNASIUM UNDER CONSTRUCTION ................................................... 39 
FIGURE 38. FAÇADA DETAILING UNDER CONSTRUCTION (LEFT) AND SOUTH-WEST CORNER OF THE VENUE 

(RIGHT) ........................................................................................................................................... 40 
FIGURE 39. NATURAL ILLUMINATION FROM ROOF, VIEW FROM CATWAYS ...................................................... 40 
FIGURE 40. PLANS OF THREE STAGES OF THE VENUE (GAME PERIOD, DESIGNED POST-GAMES AND CURRENT 

SITUATION) ...................................................................................................................................... 41 
FIGURE 41. THE WRESTLING HALL DURING OLYMPIC GAMES PERIOD .......................................................... 42 
FIGURE 42. CURRENT SITUATION OF THE MAIN HALL .................................................................................. 42 
FIGURE 43. INTERIOR VIEW OF A TRAINING ROOM ....................................................................................... 42 
FIGURE 44. PERSPERTIVE IN THE EXHIBITION HALL .................................................................................... 42 
FIGURE 45. SECTION OF THREE STAGES OF THE BUILDING (GAME PERIOD & CURRENT SITUATION,AND 

DESIGNED POST-GAMES) ................................................................................................................. 43 
FIGURE 46. VIEW OF THE BASKETBALL HALL ............................................................................................. 43 



	 viii 

FIGURE 47. VIEW OF THE PING PONG HALL ............................................................................................... 43 
FIGURE 48. ENTRANCE OF GUESTS (LEFT), INTERIOR VIEW OF AN OFFICE (RIGHT) ........................................ 44 
FIGURE 49. VIEW OF THE CRITICAL CORNER, FROM INTERIOR AND EXTERIOR ............................................... 45 
FIGURE 50. VENTILATION TUBE IN BETWEEN OF WALLS (LEFT), THE POSITION OF VENTILATION DEVICES (RIGHT)

 ....................................................................................................................................................... 46 
FIGURE 51. RESULTS OF THE FIRST PART OF QUESTIONNAIRE ACCOMPLISHED ............................................. 47 
FIGURE 52. RESULTS OF THE SECOND PART OF QUESTIONNAIRE ACCOMPLISHED ......................................... 47 
FIGURE 53. RESULTS OF THE THIRD PART OF QUESTIONNAIRE ACCOMPLISHED ............................................ 48 
FIGURE 54. SITE PLANS OF THE WATER CUBE ........................................................................................... 49 
FIGURE 55. BIRD VIEW OF THE WATER CUBE ............................................................................................. 50 
FIGURE 56. FAÇADE CONSTRUCTION DIAGRAM: TYPICAL SECTION ............................................................. 51 
FIGURE 57. SECTIONAL DETAILING OF ETFE FOIL STRUCTURE ................................................................... 51 
FIGURE 58. DIAGRAM OF VENTILATION THROUGH CAVITY BETWEEN SKINS ................................................... 52 
FIGURE 59. DETAILING OF ETFE FOIL WITH PATTERN (LEFT), THE CATIVAY BETWEEN INNER-OUTER SKINS 

(RIGHT) ........................................................................................................................................... 53 
FIGURE 60. CONCEPTUAL DIAGRAM OF LIGHTING IN WATER CUBE .............................................................. 53 
FIGURE 61. ANALYSIS OF INDOOR LIGHT ENVIRONMENT (NATURAL LIGHT) .................................................. 54 
FIGURE 62. PLANS OF THREE STAGES OF THE VENUE (GAME PERIOD, DESIGNED POST-GAMES AND CURRENT 

SITUATION) ...................................................................................................................................... 55 
FIGURE 63. THE COMPETITION POOL HALL (DURING GAMES) .................................................................... 55 
FIGURE 64. THE COMPETITION POOL HALL (POST-GAMES) ........................................................................ 55 
FIGURE 65. WARM-UP SWIMMING POOL HALL (LEFT) ................................................................................. 55 
FIGURE 66. MULTI-FUNCTIONAL HALL (RIGHT) ........................................................................................... 55 
FIGURE 67. SECTIONS OF THREE STAGES OF THE VENUE (GAME PERIOD, DESIGNED POST-GAMES AND 

CURRENT SITUATION) ...................................................................................................................... 56 
FIGURE 68. THE SOUTH STREET (LEFT) .................................................................................................... 56 
FIGURE 69. LEISURE POOL HALL (RIGHT) .................................................................................................. 56 
FIGURE 70. THE COMPETITION SWIMMING HALL IN PREPARATION FOR HOSTING AN EVENT ........................... 57 
FIGURE 71. ACOUSTIC INSULATION MATERIALS IN DIFFERENT PART OF THE CONSTRUCTION .......................... 58 
FIGURE 72. DETAILLING OF A ETFE STRUCTURE MODULE .......................................................................... 59 
FIGURE 73. SITE PLAN OF THE NATIONAL STADIUM .................................................................................... 60 
FIGURE 74. BIRD VIEW OF THE NATIONAL STADIUM ................................................................................... 61 
FIGURE 75. DIFFERENT STRUCTURE SYSTEMS OF THE BIRD’S NEST ........................................................... 61 
FIGURE 76. DETAILING OF LINKING BETWEEN STEEL AND CONCRETE STRUCTURES ...................................... 62 
FIGURE 77. UPPER AND LOWER MEMBRANE STRUCTURES (LEFT); SPACE BETWEEN 2 LAYERS (RIGHT) ......... 63 
FIGURE 78. ROOF VIEW OF THE BIRD’S NEST (LEFT); DETAILING OF RAINWATER DRAIN & SPACE BETWEEN 

LAYERS (RIGHT) ............................................................................................................................... 64 
FIGURE 79. PLAN OF THE STADIUM’S SEATS DISTRIBUTION ......................................................................... 65 
FIGURE 80. THREE LEVEL OF STANDS (LEFT); OPEN SPACE IN THE SECOND STAND (RIGHT) ........................... 65 
FIGURE 81. PHOTOS OF THE RESTAURANT, LOCATED IN THIRD FLOOR OF THE NORTH SIDE OF STANDS .......... 66 
FIGURE 82. SECTION OF THE NORTH SIDE OF STANDS (PROJECT) ............................................................... 66 
FIGURE 83. CURRENT PHOTOS OF THE CULTURAL CENTRE ........................................................................ 67 
FIGURE 84. PHOTOS OF THE BIRD’S NEST HOSTING BIG EVENTS .................................................................. 68 
FIGURE 85. PHOTO OF A VENDING BOX UNDER CONSTRUCTION ................................................................... 68 
FIGURE 86. STAIRS TO ACCESS THE ROOF (LEFT), SOUND-ABSORBING MATERIAL ON A TANK (RIGHT) ............ 69 
FIGURE 87. PLAN OF THE ROOF VISIT PATHWAY (NORTH SIDE); ................................................................... 69 
FIGURE 88. VIEWPOINT OF THE ROOF VIST PATHWAY ................................................................................. 69 
FIGURE 89. MAP OF VENUES’ DISTRIBUTION IN 2008 BEIJING OLYMPICS .................................................... 72 
 

 

 

 



	 ix 

 LIST OF TABLES 
TABLE 1. RATE OF CONCENTRATION PM 2.5 IN URBAN/SUBURBAN AREA IN EACH EMISSION REDUCTION STAGE, 

BEIJING ........................................................................................................................................... 10 
TABLE 2. PM2.5 CONCENTRATION STATISTICS OF JULY-SEPTEMBER (2006 TO 2008), BEIJING .................... 11 
TABLE 3. PERCENTAGE OF VENUES IN EACH AREA ..................................................................................... 73 
TABLE 4. UTSB GYMNASIUM VS. CAU GYMNASIUM 1 ................................................................................ 74 
TABLE 5. UTSB GYMNASIUM VS. CAU GYMNASIUM 2 ................................................................................ 75 
TABLE 6. WATER CUBE VS. BIRD'S NEST 1 ................................................................................................ 76 
TABLE 7. WATER CUBE VS. BIRD'S NEST 2 ................................................................................................ 77 
 



1 

INTRODUCTION 
BACKGROUND 

From the 60/70 years of last century, the environmental impact began to be an increasingly discussed 

topic, so, the Italian-American architect Paolo Soleri proposed the Arcology (Cosanti Foundation 

n.d.)concept: architecture and ecology. In 1969, shortly after the first idea of sustainable architecture 

appeared, an Anglo-American landscape architect Ian McHarg (Ian L. McHarg 1969) published a 

landmark work in regards to the sustainable architecture-"Design with Nature", which states the 

significance and an important harmonious development between these factors: human, construction 

and nature. Not so much time after, as a respond to the oil crisis in the 70s, with the intention of not 

being dependent, uses of solar energy, geothermal energy, wind energy, among other techniques in 

order to reduce the energy consumed by the human were carried out. 

As a consequence of environmental impact, this also had a significant influence on architecture, where 

the concept of sustainable development became to a primary concern, highlighting the first 

appearance of the solar energy uses as a possible measure to reduce the human footprint. However, 

along the evolution and most human needs, the first sustainable mind-set has also been undergoing 

changes. It is not only to give a simple answer of the question of sustainability, but also to apply the 

sustainable architectural concept to the whole space, as well as to implement changes in the practice. 

To this end, taking the environmental context into all areas of a project, from selection of building 

materials, transport, use, maintenance, and eventually to its demolition (Green Olympics Architecture 

Research Group 2003). 

Sustainable architecture to be sustainable has the primary objective of providing users a comfort, 

wholesome and efficient space, at the same time could decreasing in both waste of resources and 

environmental impact. This concept can cause a paradoxical situation, for instance, looking at the 

current situation, the result of a “Luxury House” provokes excess cost in energy and environmental 

impact/ influence; aiming to reduce as much as possible the expenditure of resources would go back 

to the time of "Cabanas", and despite the humorous tone applied here should be understood that this 

is not the objective pursued by architects. Therefore, in order to assess sustainability in architecture, it 

could not just think regarding the reduction of resources, also to the level of comfort, it should seek a 

harmony which compromises these two important factors. 

In 2001, the year of the bid for the host city for the 2008 Olympic Games 2008, the president of the 

International Olympic Committee (IOC) - Mr Samaranch announced that China had successfully been 

voted as the holder of the Olympic Games 2008 in Beijing (Moscow, 2001). Consequently, the 

Chinese Olympic Committee (COC) proposed an immediate focus on three important concepts: 

"Green Olympics, High-tech Olympics and People 's Olympics”. 

Green Olympic, besides being one of the three objectives, it is also a global trend in the current 

development in architecture. With increasing world population and the expansion of human activities, it 

is the Earth who suffers increasingly, because of problems such as acid rain, greenhouse effect, 

destruction of the ozone layer, climate anomalies and others. Looking at the issues raised here, tighter 

with possible shortage of natural resources (energy and water), it becomes clear that every human 
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being should have the duty to be responsible for the planet that we inhabit. Architecture, by its 

definition, is the art of designing and constructing buildings, as well as being one of the most important 

and applied human activities, consequently, new mentalities should be introduced and promoted to 

this significant area. (Green Olympics Architecture Research Group 2003). 

In the development of this thesis, with the objectives drawn towards in understand the area of 

sustainable development in architecture, based on the theme of 2008 Olympics in Beijing, then, it has 

inevitably the need of starting the first page with the general context of Beijing and the Olympics. 

MOTIVATION 

Today, China is one of the most rapid developing countries in this globalising world. On the one hand, 

its increasing construction significantly contributes to its development, and on the other hand, fast-

growing brought less thinking in architecture and inappropriate utilisation of technologies.  

According to the fact that Olympic games just occurs shortly during 17 days, some venues’ functions 

would inevitably be excessed, moreover, maintenance costs would expose the host city to a critical 

situation with enormous pressure. So that, the initial planning for Olympic venues is to make full use of 

existing sports facilities in the host city, trying to transform and to meet Olympic competitions 

requirements while minimising investment and reducing the pressure on the city’s development after 

the Olympics. In regards to this major international event which for the first time taking place in China, 

the city of Beijing constructed and remodelled up to 31 venues, in which 6 of them located in 

universities (ZHOU 2011). 

Intending to tackle and understand the primary concern of how to use those sports venues effectively 

after the event, making it produce social effect and economic benefit through logical operations. After 

the games, the buildings will enter an extended period of local service, so, how to manage these 

different properties/buildings. Moreover, is that the current management correspond to its prior 

planning? What could be changed/improved? 

The original intention of the Beijing Olympic Games can be summarised as the following: "Success of 

Olympics based on the city’s development" and "to develop the city’s throughout the Olympics (Wei 

2006). It is of high considerations of taking advantage from the Olympic games and carrying out a new 

driving force to the urban development of Beijing. Therefore, post-utilisation of Olympic buildings has 

been grown to a relevant affair for investigators. 

SCOPE AND OBJECTIVES  

The present dissertation does not fall only in one area of research, in this case, it is a combination of 

the investigation in Architectural Design and Architectural Technology, moreover, this study based on 

past realities and current views, as well as future prospect. In this sense, the expected result is a study 

on sustainable architecture to Olympic buildings, where investigates the positives, negatives and 

criticises to the needs for improvements, moreover, based on these studies, providing respective 

recommendations for future projects which share similar characteristics. 

Within the topic of Post-Olympics 2008, it was proposed four works as the "Case Studies", in which 

two of them are essential - as brand images of the Olympic Games 2008: “Bird's Nest” and “Water 
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Cube”. Since the other two were also built for host the performance of Olympic competitions, less 

prominent but equally significant due to its character by taken place in the universities of the city.  

Last decades, it was published various experiences in the field of sustainable architecture, hopefully, 

this research would contribute to the necessary review / more general analysis regarding the 

architecture of Olympics, starting from the design process to the technology implemented, and 

comparison of effectiveness in its utilisation between selected case studies. In this way, favouring 

future projects in this same area. 

RESEARCH METHODOLOGY   

The research methodology comprises in two parts, firstly, understand the reason of previous design 

for the space during the post-Olympics period; secondly, draws out from the real image of its uses 

after the great event, together with encountered issues and difficulties. This research is based on the 

analysis of a significant amount of data from reference research, as well as referenced to the theory of 

sociology, urban planning and others disciplines. All the studies are objective and scientific, combining 

theoretical investigation, site visits, and consequent surveys with architects, developers, managers 

and users. All in all, the research methodology can be expressed in the following points:  

1. Literature Research Method: The primary sources of information are the school libraries, journals, 

papers and other networks. Through comprehensive research and analysis, summed up information 

closely related to the topic. 

2. Site visit and survey: To obtain as much as first-hand information, from site visits to Olympic 

buildings in Beijing and interview the architect in charge of the project. Also, through practical research 

to complement the insufficient in literature study, then to maximise understanding of the reality of 

venues construction, management and status.  

3. Interdisciplinary Studies: Within the process of this research, it requires to be extended to the field 

of vision-related disciplines, including urban planning, management, sociology and many other 

disciplines. Relies on harmony between the various disciplines, reaching some unique research 

perspective and research methods, as well as respective results. 

4. Comparison Method: For these four case studies, it is significant to compare/analyse them vertically 

and horizontally, with the aim of achieving both breadth and depth of the studies, not just stay on the 

surface of the information obtained. Vertical comparison analysis constitutes the function of Olympic 

buildings during the Games, the post-match period and eventually to its conversion process; for the 

horizontal comparison analysis, comparing places with similar characteristics based on the 

corresponding information obtained, and, possible design suggestions for prospect projects. 

STRUCTURE OF THE RESEARCH  

The present dissertation is focusing on Beijing Olympics’ four buildings: the University of Science and 

Technology Beijing (USTB) Gymnasium, the China Agricultural University (CAU) Gymnasium, the 

National Aquatics Centre (Water Cube) and the National Stadium (Bird’s Nest). Firstly, research on 

the architectural design and planning for these buildings; secondly, intending to obtain first-hand 

information regarding the constructions, carrying out site visits and several interviews with 

professionals. Consequently, relying on collected data, identify the lack of coordination between the 
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design approach and the practical implementation, and eventually by comparison between buildings 

with similar characteristics, contemplate a functional overall design and planning system. Those 

mentioned above are divided into six chapters, from the introduction to the conclusion: 

1. Introduction - consists of Background, Motivation, Scope and Objectives, Research Methodology 

and the Structure of this document. Essentially, the aim of this chapter is to explain the field of 

research and its framework.  

2.  Context – This section describes the context of the city of Beijing and the main concerns of hosting 

Olympic games. It is divided into three parts: 

- Beijing:  Geography; Climate, Resources and Environment and Air Quality; 

- OG 2008: Summary of the main measures of being the host city, concerning of decisions taken 

regarding urban planning and venues, also, explanation of the Green Olympic concept, of how it was 

established and how it was implemented; 

- A brief review of others Olympic games: A quick review relying on the previous experience and 

results. 

3. Case Studies – Information Collected - In this chapter, as a result of various interviews and site 

visits, all the data obtained will be exposed organisationally, and being analysis systematically.  

- Firstly, through literature research method, gathering highlights of sustainable measures regarding 

design, of materials and technology; 

- Differentiate information in three categories: Architects (associated with technical drawings and 

diagram analysis); Developers (identify the lapse between the previous planning and present situation) 

and Users (based on the specific questionnaire and personal feeling).     

4. Data Analysis – In this chapter, it is essential to explore the current facts through horizontal 

comparison method, and, eventually, attaining in-depth primary issues. This chapter is divided into the 

following points:   

-  Olympic Park Venues VS. Universities Venues  

-  CAU Gymnasium VS. USTB Gymnasium   

i. Comparison between data such as area, permanent/ temporary seats, number of users, highlighted 

green measures taken and so on;  

ii. Comparison between policies and respective revenues regarding post-game operation; 

-  Birds’ nest VS. Water Cube  

i. Comparison between data such as area, permanent/ temporary seats, number of users, highlighted 

green measures taken and so on; 

ii. Comparison between policies regarding post-game operation considering the dimension and 

importance of “Landmarks”; 

5. Design Recommendations – Relying on the research and results obtained over the development of 

this dissertation, summing up the problem encountered and proposing dedicatedly recommendations 

for future projects that insert into the same area of sustainability in architecture for Olympics.   
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6. Conclusion – Concluding overall of the present research, proposing possible investigations of the 

same field that could contribute to the topic of sustainable architecture for Olympics.   
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1. CONTEXT 

1.1 BEIJING 

Beijing, the host city of the 29th Summer Olympics, is one of the most ancient cities in China, at the 

same time, it is also a city of the future. The iconic Forbidden City and Temple of Heaven represent 

Beijing’s glorious past, meanwhile, taking a tour in the CBD area such as Chao Yang district, those 

makeable skyscrapers transmits a strong perception of a modern city. This is Beijing, a city bridging 

the gap between history and present, and eventually, the future, 

	
Figure 1. Panorama of the Forbidden City, Beijing 

[Source: (Peonyt 2014)] 
In 2015, the National Bureau of Statistics of the PRC launched the Statistical Yearbook, in which 

proved that Beijing city have up to 21.70 millions of resident, including 8.22 millions of migrant workers 

(National Bureau of Statistics of China 2015). Throughout this high number of population, they came 

to be a fascinating mix, activating the city from the elder people in the early morning with Taichi to the 

young people in the late night of clubs.  

1.1.1 Geographical Context 

Beijing is one of the city with highest number of world's cultural heritage around the world, and this 

relies on its three thousand years of history, which given birth to the Forbidden City, Temple of 

Heaven, Badaling Great Wall, the Summer Palace and many other historical sites. Since 938 AC, 

Beijing had become the Liao dynasty’s capital, successively, has been to the capital of the Jin, Yuan, 

Ming and Qing Dynasties. On October 1 of 1949, with the establishment of the People's Republic of 

China, Beijing assumed the National Capital role (Beijing Municipal Government 2016).  

Besides being the capital of the People's Republic of China, Beijing is also the country's political and 

cultural centre, and it is a global well-known ancient capital and modern international city. Beijing is 

located in north latitude 39 degrees 56 minutes, longitude 116 degrees 20 minutes (Beijing 

Meteorological Service 2016), it locates in the north of the North Great Plains of China, adjacent to 

Tianjin on the east side, and, the rest are adjacent to the Hebei Province. Globally, there are several 

major cities have the same latitude as Beijing, for instance, Ankara, Philadelphia and Valencia. In 

Portugal, this latitude corresponds the city of Pombal, Leiria (Ribeiro & Avelar 2004). 



7 

	
Figure 2. Location Map of Beijing City        

[Source: Google Maps] 
The mountainous area of Beijing is around 10 200 square kilometres, accounting for about 62% of the 

total area, and, the rest is an open area around 6200 square kilometres. Beijing’s terrain is higher in 

the northwest and lowers in the southeast. The average elevation of Beijing is about 43.5 metres 

(Beijing Municipal Government 2016). Normally, in plain areas of Beijing are usual at an altitude 

between 20 to 60 meters, and, for mountains, the average elevation is around 1000 to 1500 metres 

(China Weather Network - Beijing 2013). The city of Beijing is divided into 16 districts and, its total 

area is 16410 square kilometres. 

1.1.2 Climate, Resources And Environment   

According to Beijing’s geological context, its climate is a typical northern temperate semi-humid 

continental monsoon climate, during summer normally has high temperature and rains, cold and dries 

during winter, spring and autumn are short. 

	
Figure 3. Distribution of rainfall (left, mm); distribution in percentage of rainfall area (right, %), Beijing, 2015 

 [Source: (Beijing Meteorological Service 2016)] 
In 2015, the average annual rainfall was 598.1mm, comparing with the year of 2007, the average was 

just 483.9 mm. The distribution of precipitation season is very uneven, 80% of the annual rainfall 

typically concentrates in the summer (June, July and August).  As the figure 3 illustrates, representing 

that the central area of Beijing is which receives more rainfall during the year of 2015 (China Weather 

Network - Beijing 2013). 

On the temperature, referring the yearbook of Beijing Methodological Service office, the average 

annual temperature is, in 2015, 12.2 ℃. In the spatial distribution, the mean temperature in the 

western and northern mountainous areas vary between 6 to 12 ℃ while the temperature in other 
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regions is from 12 to 14 ℃ (refer to Fig. 4, left). The average annual temperature is 0.5 ℃ higher than 

past years (average between 1981-2010, the same below) in most parts of the city (refer to Fig. 4, 

right). 

During 2015, the extreme maximum temperature caught by the Beijing Observatory was 38.9 ℃ on 

July 13; the annual minimum temperature was -9.2 ℃ on February 8 and 9.  For the winter (December 

2014 to February 2015) of Beijing, temperatures were relatively higher than past years, with the 

average temperature of -1.7 ℃. The same happened to the Spring 2015 (March to May 2015), the 

average temperature is of 14.0 ℃, slightly higher than past; the mean temperature of summer (June 

to August 2015) and autumn (September to November 2015) are, respectively, 24.6 ℃ and 11.5 ℃, 

revealing usual tendency as last years (China Weather Network - Beijing 2013). 

	

Figure 4. Distribution of average temperature (left, ºc); Temperature difference between 2014/15 (right, ºC ) 
 [Source:(Beijing Meteorological Service 2016)] 

Regarding the resources and the environment of Beijing, in 2014, the city’s government summarised 

that the water resources available were, in 2014, in a total of 2.161 billion cubic meters, down 12.9% 

from the previous year. At the end of that year, the total water storage capacity in large and medium-

sized reservoirs was 1.39 billion cubic metres, 417 million cubic metres less than that at the end of last 

year. The total water consumption was 3.749 billion cubic meters, an increase of 3.1% over the 

previous year, in which Industrial water consumption occupied 509 million cubic meters, decreased 

0.6%, and 818 million cubic meters were agricultural uses, also suffered a decline of the order of 

10.1%. Among all these, only domestic water consumption had an increased up to 22.4% than the 

previous year, with the total amount of 1.68 billion cubic meters. As for the natural resources, Beijing is 

rich in mineral resources, solid minerals, groundwater, geothermal, mineral water, oil and others. 

There are up to 127 types of minerals in Beijing, recently, it was also discovered 67 species spreading 

in 365 mineral sites, including one energy mineral, 19 different kinds of metal mineral iron, copper, 

gold, non-metallic minerals (e.g. cement limestone), metallurgical dolomite and other 32 categories 

(Beijing Municipal Government 2015). 

Regarding environment protection, in 2014, the annual afforestation area was 24 300 hectares, down 

by 23.1% over the previous year. However, the city's greening rate, forest coverage rate and the 

public green coverage revealed all increases and reached to, respectively, 58.4%, 41% and 47.4%. 

For the sewage treatment, in six districts of the city, its rate is 97.0%. However, the total rate was only 
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85.0%. Harmless treatment technology of waste had successfully implemented in (calculated 

according to the volume of garbage clearance) 99.6% treatment centres, which corresponds a 0.3 

percentage growth facing the past year. As a result, and is was mentioned in the Beijing Yearbook 

2014, the water shortage in Beijing has become an important issue which is restricting the economic 

and social development of the capital city. 

1.1.3 Air Quality   

According to the "International City Blue Book: International Urban Development Report (2014)", 

published jointly by Shanghai Academy of Social Sciences and China Social Sciences Academic 

Press, in where pointed out that Beijing's fairness index ranked the highest in the international cities, 

equivale to old industrialised cities such as Paris and London. However, the environmental problem 

has become the biggest concern in Beijing's urban upgrading – within 40 international cities in 

analysis, the ecological index of Beijing was just higher than Moscow's and located in the penultimate 

place. Within this study, the ecological indicators, one of the six main areas that were investigated, 

were divided into three parameters: livable index, environmental index and pollution index (Shanghai 

Academy of Social Sciences & China Social Sciences Academic Press 2014). As the report 

concluded, the Environmental indicators are about only half of the average, indicating that the 

environment is far from compliance; the pollution in Beijing is extremely dangerous, much lower than 

the average standard, and even, has been reached to an inadequate level for human habitation.  

Concerning this reality, in 2013, Beijing government comprehensively promote the establishment of 

ecological civilisation in the capital, tackling the air pollution; successively, an official development 

strategy named “The 2013-2017 Air Cleaning Action Plan” was launched. In the chapter of favorable 

developments, of the Beijing Yearbook 2014, it highlighted the following results, after the 

implementation of this policy: 3428 tons of coal-fired boilers has been completed its transformation in 

using clean energy; the substitution of 44 000 coal system to renewable power system, in the central 

area of Beijing; updates of 366 000 old motor vehicles; closed/ moved out from the city 288 companies 

with high polluted emissions; reduced 1.5 million tons of compressed cement production capacity in 

Beijing and so on.  

Also, with the establishment of urban environmental assessment and evaluation system, effectively 

managing both the urban and rural environment dirty mess, this is, controlling site dust, sediment 

transportation, special management on rivers and lakes water environment, as well as resolutely 

control for illegal construction. In 2014, the annual removal reached up to 12.614 million square 

metres (Beijing Municipal Government 2015). 

Since the 1990s, the urban construction area in Beijing has increased year by year, and the urban 

traffic has also grown rapidly- especially in the number of cars. By the end of 2009, vehicle ownership 

has increased to about 400 million; consequently, exhaust gas emissions from automobiles have 

become a primary source of  PM2.5  (Institute of Urban Meteorology of Beijing 2007). Being 

influenced, in Beijing, the respirable particulate became to one of the major air pollutants, and also, in 

most big cities in China. PM2.5, as a particle with relatively reduced size, also known as fine particles, 

this not only provokes hazards to human health and environmental conditions, but also causes a 
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significant impact on the visibility of the atmosphere. As a consequence, reducing the visibility of the 

air, so that investigations on PM2.5 has been to a pressing preoccupation for Beijing.  

	

Figure 5. Photo of people with masks on a smog day, Beijing 
 [Source: (Hodges 2014)] 

In order to offer an appropriate air quality during the Olympic Games, the Beijing Municipal 

Government, from 1999 to early 2008, promoted continuously the implementation of four stages of air 

pollution control measures in the pre-Olympic, throughout a strict pollution control action taken. 

Beijing Institute of Meteorology of China Meteorological Administration established two observation 

stations in the city and the suburb area of Beijing. These stations were continously collecting 

observation data for the period of July to September, during 2006-2008, consequently, analysing the 

rate of concentration of PM2.5, both before and after the Olympics. Additionally, its diurnal value varys 

according to different types of measures taken, as well as meteorological conditions characteristics 

analysis. 

Table 1. Rate of concentration PM 2.5 in urban/suburban area in each emission reduction stage, Beijing 
[Source: Author, adapted from BIMCMA] 

 

With intention in ensuring the air quality for the Olympic Games, during the July 1 to September 20 of 

2008, Beijing Municipal Government implemented more stringent measures on reduction of pollutant 

emission in Beijing and the surrounding areas, and the measure was divided into five stages (Table 1). 

On different stages of that the Table 1 mentions, control measures were also variable. During 1-19 

July, about 300 000 lower standard car with higher exhaust gas emission and around 30% of buses 

were stopped, as well as external trucks. Consequently, the Urban Station and Suburban station’s 

June 1-30 No control measures 81.27 69.08

July 1-19
Lower standard car and external truck 

banned of circulation
69.6 38.14

July 20  -  Aug. 7

Limitation of local car circulation 
(differentiate by odd and even number) ,

 construction site and coal-fired power company 
banned

87.97 73.87

Aug. 8 - 24 Further reducing of coal combustion. 42.17 36.72

Aug. 25 - Sep. 20 Gradually lesser Pollution Control Efforts 51.87 38.84

Main Measures
Urban PM 2.5 Rate  

(µg/m3)
Suburban PM 2.5 Rate 

(µg/m3)
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PM2.5 average concentration had decreased in the order of 14.4% and 44.8%, respectively. 

Afterwards, for the period of July 20 - August 7, based on the first stage, it was added a limitation law 

for motor vehicles, differentiating by odd and even number of their plate number. However, on this 

second stage, the rates of  PM2.5 did not fall but rose up, it was of the highest level among these five 

stages. During the Olympic games, according to all measures mentioned above implemented, it was 

also added more strict controls. As a result, the PM2.5 concentration decreased significantly in both 

urban and suburban areas, respectively, 48.1% and 46.8% lesser than the previous stage. Eventually, 

from August 25 to September 20, Beijing gradually removed these stringent pollution controls, and the 

PM2.5 concentration increased slightly compared with the third stage but remained at a low level (Pu 

et al. 2008). 

Intending to understand the variation of PM2.5 concentration rates in Beijing before and after the 

Olympic Games, the same entity had also made a comparative analysis of past years. The table 2 

below shows the Beijing’s PM2.5 concentration statistics in July, August and September, during the 

years of 2006, 2007 and 2008. 

Table 2. PM2.5 concentration statistics of July-September (2006 to 2008), Beijing 
[Source: Author, adapted form BIMCMA] 

 

As it can be seen from the table, in the urban station, the PM2.5 concentration rate was significantly 

higher than the suburbs, the difference variates in the range of 4.4 ~ 34.6 μg/m3. The levels of PM2.5 

in both urban and suburban areas decreased from month to month, with the lowest concentrations in 

September, with 48.9 μg / m3 and 33.3 μg / m3 in urban and suburban areas, respectively. Comparing 

to the same period in years of 2006 and 2007, during the Olympic Games period (August 8-24, 2008), 

the PM2.5 rate in the urban area decreased 46.5% and 35.1%, respectively. For the suburban 

stations, the PM2.5 rate was around 32.7% lower facing to the same period of 2006, and, mostly are 

similar to 2007 (Pu et al. 2008). 

From the above analysis, it can be stated that with the implementation of emission reduction 

measures, significantly reduced the concentration of particulate matter and effectively improved the 

urban air quality; especially in urban areas, in which suffers more from the anthropogenic emissions. 

Also, the reduction of anthropogenic emissions contributed  to the decline of the urban-suburban 

area’s difference in PM2.5 concentration rates, in which only 4.4 and 15 μg / m3 in the August and 

September of 2008, compared with a difference of 25 μg / m3 in 2006 and 2007 (Pu et al. 2008). This 

fact proved that not only the city’s air quality had progressed, but also the surrounded regions were 

getting better and better. 

Taking advantage from this case study, so far, several measures are yet law in force in the city of 

Beijing, for instance, the limitation law for motor vehicles, differentiating by odd and even number of 

Urban Suburban Urban Suburban Urban Suburban

July 74.5 55.6 97.8 63.5 80.8 53.3

August 76.7 53.2 63 34.6 52.1 47.7

September 73.2 47 73.4 45.6 48.9 33.9

Aug. 8 - 24 78.9 54.5 65 30.8 42.2 36.7

2006 2007 2008Rate of 
Concentration 

(µg/m3)
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their plate number. Moreover, most companies have been changing their fundamental energy to less 

polluted resources, this is the reduction in the use of coal. 

 

1.2 2008 OLYMPIC GAMES  

Hosting Olympic Games is not an esay task, Beijing, the host city of XXIX Olympiad, had encouraged 

all its citizens, from middle school students to senior citizens, to make sure that when 08/08/08 came, 

the capital would be ready for the remarkable event.  

It is worth mentioning that the success of Olympics 2008 was also relied on Beijingers, as the 

president of Beijing Organising Committee for the Olympic Games (BOCOG), Mr. Liu Qi said, “the 

Olympics should not only be about the competitions but should also be a part of lives of all people”. In 

this sense, volunteers and local citizens significantly contributed to its preparation and host. For 

instance, over 400 000 people have applied to be volunteers once the real demand was about 100 

000 volunteers. Moreover, taxi drivers were asked to take compulsory English courses to serve better 

the scores of foreigners who will descend on Beijing. These are very clear in showing that every part 

of the society demonstrated their enthusiasm and intention in helping the first Olympic games in China 

(Beijing 2008 Olympic Travel Guide Editorial Board 2008).  

1.2.1 Urban Planning For The Olympics 

Since 1993, in the Beijing City Planning (1993-2010), the Beijing Municipal Government made a clear 

definition of the site located in the northern area: "Extending the city's central axis, to both north and 

south side, the area beside the axis are dedicated to large-dimension public buildings and public 

spaces. Additionally, those should be able to represent the 21st-century's Beijing, in the science and 

technology sense, as well as demonstrating the city's development level". At that time, there was no 

specific plan for what kind of large public buildings, which could perfectly fit in the site, however, it was 

predictable that it would be useful to keep the land for future needs.  

In November 1998, the Chinese Central Political Committee and the State Council approved Beijing's 

bid on hosting the 2008 Olympic Games. By 1999, the Beijing Municipal Government and the State 

Sports General Administration established in together with the Coordination Group of Beijing's Bidding 

for the 2008 Olympic Games, consequently, studying the urban planning for the Olympic Park and 

respective sports venues. Eventually, in order to provide the best condition for the bid and deliver the 

best impression to the judges, the municipal government decided to focus on the site of the Asian 

Games, which located on the north of Beijing, intending to construct a more mature city throughout the 

construction of Olympic Park and Olympic Sports Centers (Li 2013). 

In 2001, the success in the bid of Beijing becoming to the host city for the Olympic games was a prove 

that the decision of the Olympic Park site selection was correct. This area is valuable not only because 

it is planning under strict control on its development, but also due to the perfect size, range, nice 

environment, matured surroundings, additionally, it is also strongly related to the important axis of 

Beijing, which correspond the historical and cultural heritage of the city (Li 2013). 
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Beijing Olympic Park is located in the northern part of Beijing city, 

in the north of the central axis of the city, from north to south, it 

across the North Fourth Ring Road, with the total length of about 6 

km, covers an area of 11.59 square kilometres. Moreover, as 

Figure 6 illustrates,  it is divided into three regions (Fu & Zhu 2010): 

The northern area is the Olympic Forest Park, covering 6.8 square 

kilometres. For the design of the park, it was used traditional 

Chinese garden techniques to build typical gardens, as the end of 

the central axis; In the central area which named of Olympic 

Common Domain, better known as OCD, main stadiums occupied 

an area of 3.15 square kilometres with construction land about 1.35 

square kilometres, and the building area planned was about 3.61 

square kilometres. The Olympic Village located in the north-west 

corner, which has around 510 000 square metres; in the south of 

the park, it is where several stadiums and news broadcast 

buildings took place, also considered as the core area of the 2008 

Olympic Games, as well as the largest concentration of venues. 

Beijing Olympic Park is not only the core area for the 2008 Beijing 

Olympic games but also one of the core functional areas, being part 

of the six core functional areas planned for future urban 

development in Beijing (Figure 7). 

	

Figure 7. Six Core functional area of future urban development in Beijing 
 [Source: Tsinghua Institute of Urban Planning and Design, Beijing] 

Focusing on the long-term development of the city and the needs of people's cultural life, making the 

Olympic Park become to a multi-functional service area, integrating sports competitions, conferences, 

exhibitions, culture, entertainment and leisure spaces, combined with open space, green surroundings 

and peaceful environment, ensuring to offer a great public activities centre. 

Figure 6. Layout of Beijing Olympic 
Park and Olympic Common Domain 

(OCD) 
[Source: (Beijing Planning Review, 

2010)] 
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1.2.2 Olympics Games Venues 

With the expansion in the scale of the modern Olympic games, requirement and dimension of Olympic 

buildings have constantly been raised. In 2008, the Beijing 2008 Olympic Games had constructed a 

total of 37 venues, in which six located out of Beijing and the remaining 31 are based in Beijing. Within 

these venues, there were 11 new constructed, 11 existents which need expansion and nine temporary 

venues (ZHOU 2011).  

As the first Olympics in China, Beijing attempted to apply innovative aspirations, intending to be able 

in providing better opportunities of post-utilisation of Olympic buildings, thus, among all Olympic 

venues, six were placed into University of the city. There were both new constructed and expansion of 

old buildings, respectively: construction of Peking University Gymnasium, China Agricultural University 

Gymnasium, Beijing University of Technology Gymnasium, University of Science and Technology 

Beijing Gymnasium, as well as the expansion of the Beijing University of Aeronautics and Astronautics 

Gymnasium and the Beijing Institute of Technology Gymnasium (Beijing 2008 Olympic Travel Guide 

Editorial Board 2008).  

Setting a part of venues in universities, it is with objectives that these could serve to the school as 

teaching spaces, also, offering to the surrounding residents a place where to practise sport, while 

improving its post-Olympics uses. At the same time, with these Olympic venues built on the campus, 

could also help to tackle the shortage of construction land in Beijing, releasing partly the pressure on 

Beijing's planning. Rational uses of University Olympic buildings could provide various aid in the 

development of college and public sports, taking advantage of the esay access and the high standard 

of facilities. In this regard, making the Olympic heritage reflects its significance continuously, and to a 

certain extent, bringing added values. 

	

Figure 8. The Venue Map for the 29th Olympic Games 
 [Source: (Lu 2007)] 

Besides some buldings took place in universities’ campus, most representative buildings were, 

appropriately, located in the Olympic Park which was planned since the root and dedicated to being 

the main stage for the games. In June 2003, the first project of the Beijing Olympic Park - Kehui Road 

had started, this starting was launched by the team of “2008 Beijing Olympic’s Project Construction 
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Headquarters”. Successively, by December of the same year, "Bird's Nest" and "Water Cube" lied 

their first foundation; the new branch of subway for Olympics started in May 2005; the Olympic Forest 

Park got into construction in June 2005. One of the three most important stadiums of the Beijing 

Olympic Games - National Stadium came first to be completed, in November 2007; the others two - 

"Water Cube" and  "Bird's Nest", closed their last beam by January 2008 and June 2008, respectively. 

The lastest completed construction was the 132-metre-high Olympic observation tower, by the end of 

July 2008 (Li 2013). 

This central area comprises buildings with extraordinary area and capacity, such as the 90,000 seats  

National Stadium (Bird's Nest); 17 thousand seats National Aquatic Center (Water Cube); 18 thousand 

seats National Indoor Stadium, and so on (refer to figure 9). 

On December 7, 2007, the Beijing Olympic Park Administrative Committee was officially established, 

marking the start of the Beijing Olympic Park entered the Olympic operation period. According to the 

official organisation, during the Olympics 2008, the maximum number of visitors to the park was likely 

to be 263 000 (on August 22) and the minimum 100 000 (on August 14). However, due to an 

increasing demand of diverse entities, the official organiser had to accept that to temporarily increase 

the Olympic Park tickets, so that the actual number of visitors should be greater than the expected 

data. Consulting statistics of visitor registered, the peak number of people happened after the Olympic 

Games period and had reached up to 500 000 (Fu & Zhu 2010).  

	

Figure 9. Beijing Olympic Park Site Plan 
[Source: (Bidgood et al. 2013)] 

These number facts undoubtedly prove of success in running the 29th Olympic games, which not only 

relied on the organiser and respective policies implemented but also on its urban planning and 

architectural design.  

1.2.3 Green Olympic  

The Olympic Games is unquestionably a significant influence on Beijing's current urban construction 

and planning, and, as one of the three principal purposes of hosting this big event, the Green 

Olympics concept played an important role. By 2003, with the support of the Ministry of Science and 

Technology and the Beijing Municipal Science and Technology Commission, the Green Olympic 
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Architecture Research Group carried out the research on the Beijing Green Olympic Architecture 

Evaluation System. 

The purpose was to carry out the "green building" concept to Olympic constructions, together with its 

architecture, implementing the green concept in the design process, preventing only visual and huge 

dimension impacts, but scientific and pragmatic, promoting a genuine idea of the Green Olympics. 

Additionally, this research could also contribute others urban constructions, at a national level, 

encourage the promotion of green ideas for effective development.  

	

Figure 10. Relation between Load (L) and Quality (Q) 
[Source: (Green Olympics Architecture Research Group 2003)]	

In this regard, it was referred to a Japanese rating system: "Comprehensive Assessment System for 

Building Environmental Efficiency", where it causes the separation of the two factors through a biaxial 

representation (XY), shown in Figure 10. In this graph, the X and Y axes respectively correspond to L 

(Load) and Q (Quality), wherein L is defined as the quantification of energy and resources invested for 

a certain quality Q. It was also illustrated the expected result, which is classified into five levels (Jiang 

& Lin 2006). For instance, A is representing an approach with a small investment (energy, resources 

and environmental impact), at the same time, obtaining a high-quality construction and is therefore 

considered an obvious example of "Sustainable Architecture". Exactly in the opposite case,  instances 

of an approach that are classified as level E, which mean a high investment is observed, but the result 

is not positive, and is clearly a case to be avoided. 

The Olympic venues' construction should follow the principles of Green Olympics – reducing 

consumption of energy and resource, throughout the use of sustainable design approach and 

technical strategies. In the building process of the Beijing Olympic venues, green energy-saving 

policies were mainly reflected in the following three points (Chen 2005): the energy use, the 

architectural design and the use of technologies. 

THE USE OF SOLAR ENERGY 

According to the Assessment System for Green Building of Beijing Olympic, it was purposed that the 

Olympic energy-saving plan, improving energy use efficiency at the same time of reducing the impact 

on the environment. By current national energy policy that promote the efficient, clean and sustainable 

development: it is encouraged the use of renewable energy and new energy system when technical 

and economic conditions are favourable, with the objective in energy-saving and environmental impact 

optimisation. 
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According to statistics (Chen 2005), Beijing has an abundant of geothermal, solar, biomass and wind 

energy resources. Beijing's average annual sunshine time was up to 2763 hours (China's longest 

sunshine city Yumen was 3300h). Therefore, the development of solar energy uses were likely to be 

potential. Expectantly, around 80% to 90% of the street lights around the Olympic buildings will use 

the solar photovoltaic technology to supply electricity and, in the stadium, solar energy will heat up 

around 90% of the bath water. 

THE ARCHITECTURAL DESIGN 

The purpose of green architectural design is to ensure that the designed Olympic buildings could meet 

the green requirements, reducing energy and resource consumption, meanwhile providing a well-

established indoor physical environment. Building’s design, including control of building’s size, volume 

and area, the project should be a result that relies on sustainable design strategy and technology, 

approaching the point of harmony and efficiency. 

This concept has been reflected in some venues, for example, after stages of design optimisation, the 

National Indoor Stadium’s construction area decreased from the original 85 300 square metres to 81 

700 square metres. Also, the number of seats in the National Stadium went down from 100 000 to 91 

000; within 17 000 seats of The National Aquatic Centre, up to 11 000 were temporary seats and also, 

6000 of permanent seats were removable. 

AIR CONDITIONING PARTITION 

Beijing's large public buildings accounted for only 5.4% of the city's construction area, but the total 

power consumption had reached to 33.5%, five times more than ordinary public buildings and 17 times 

higher than residential buildings (Chen 2005). As a trial, ShangDu was the first office building that was 

introduced air-conditioning partition technology, this is, each room has a separate thermostat. After the 

implementation of air conditioning partition, as a result, the electricity bill came to be half of past times. 

Introducing this technology into the venues’ construction - the audience, competition buildings and 

supporting spaces, enabling that air conditionings could be switched according to respective areas. 

Also, there are series of energy-saving measures, such as reducing part of the glass curtain wall and 

introduction of heat recovery systems, all these technologies were with the intention to save energy 

and optimise the environmental impact of such enormous constructions. 

 

1.3 A BRIEF REVIEW OF OTHERS OLYMPIC GAMES  

Olympic Games originated in more than two thousand years ago in ancient Greece. However, the 

ancient Olympic Games closed for 1500 years, only by the end of the 19th century, the best-known 

architect - Pierre, Baron de Coubertin who was born in Paris, put forward the initiative to host the 

modern Olympic Games. Consequently, the first modern Olympic Games was established in 1894 

while the first Olympic Games was held in 1896, in Athens, Greece (Young & Abrahams 2016).   

Taking a quick glance at the past modern Olympic games, host country funds are mostly spent on the 

construction of facilities, only through tourism receipts and game tickets during the Olympics is difficult 

to make up for the huge expenditure in venue’s construction. Mass revenue of the buildings to recover 

this significant expense comes from its post uses, so, at an early stage of construction, authorities 
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would ask architects to encompass the planning for the post-Games use. In this way, it can be 

reduced unnecessary waste, at the same time, making stadiums better serve to the public. For a 

better understanding of the context in the specific area, it was necessary to get immersed in 

publications regarding this.  

For architectural design of Olympic buildings, in China, several publications has referred importance in 

designing a practical venue for its post-Olympics utilisation since the early stage of projection, 

researching and intending to reach a harmonious point of venues’ function and uses. As Professor Dr. 

Jikui Mei from the Harbin Technology University, mentioned in his book - “Design of Modern 

Gymnasiums” 1998, drawn out an in-depth analysis of the current reality of China's sports facilities, 

referencing with international sports buildings focus on functional spaces and its efficiency. The 

research demonstrated that the status of sports buildings in China is, usually, with low social effect, 

mismatching between design and real uses. At the same time, the author analysed the change of 

venues post-games behaviours in both management mode and architectural mode, emphasising 

forward the theory of "facing the public, multi-composition and multi-functions". Moreover, highlighting 

at the initial stage of architecture design, including the space functions’ transformation after games 

(Mei 2002).  

Referring to design approach based on architectural approaches for sport buildings, Mr. Hu Bin, 

published in 2001 an article named “The Exploration of the Tendency of Large size Stadium and 

Gymnasium Design- Some Enlightenment from a Few Global Competition Works”, this is, essentially, 

focused on analysing the works of representative foreign architectural offices in large-scale stadium 

design competitions held in China, the author tried to explore the international development trend of 

large stadium design, which consists of Composite, Ecology, Advanced construction technics and 

innovating architectural image, these were common characteristics that most of projects share, to a 

certain extent, reflects the value of today's large-scale stadium design orientation. Among the new 

trends, the composite side is dedicating to the post uses of sports buildings(Hu 2001).  

Regarding the effectiveness of sustainable architectural uses in Olympic buildings, it could be referred 

to a Japanese rating system: "Comprehensive Assessment System for Building Environmental 

Efficiency (CASBEE)", considering the harmony between the committed resources and final product 

achieved in a sustainable way (Japanese Sustainable Building Consortium 2016). In addition to the 

Japanese system, there are many other different assessment systems for “Green Buildings”, such as 

the American System, LEED (Leadership in Energy and Environmental Design) (US Green Building 

Council 2012), the British system BREEAM (Building Research Establishment Environmental 

Assessment Methodology) (Building Research Establishment UK 2016), and among others.  

Following above-mentioned references, especially of the Japanese system, CASBEE, as a result and 

dedicated to the Olympics 2008, in collaboration with School of Architecture of Tsinghua University 

and others entities, it was drawn up a Chinese evaluation system, "Assessment System for Green 

Building of Beijing Olympic", intended specifically to the implementation of architectural technology of 

serving the 2008 Olympics in Beijing. This system comprises various phases of the project, namely 

Planning, Process Design, Construction, Monitoring and Approval. Moreover, at each of these stages, 

there is a clear focus in terms of environmental impact, organisation of transport, green areas, light 
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use, selection of building materials, air conditioning space, rain and sewage system, air quality, and so 

on(Green Olympics Architecture Research Group 2003).  

There are diverse publications regarding the Beijing Olympics Venues, focusing on the 4 selected 

case studies: Professor Architect Zhuang Weimin and Architect Li Tie and School of Architecture of 

Tsinghua University, in together, have published in 2015, in World Architecture Journal, “Judo & 

Taekwondo Venue of 2008 Beijing Olympic Games (USTB Gymnasium)”, in which focuses on 

designing a long-term functional gymnasium, to meet the requirement for Olympics and at the later 

stage, possibility of the conversion of spaces for postgame uses (Zhuang & Li 2015); in relation to the 

China Agricultural University Gymnasium, the responsible Architect Sun Yimin published in 

Architecture Journal in 12/2007, “Return to the Basis: Principle Rational of Sports Architecture Design 

- Design of China Agricultural University Gymnasium”, in which the author tried to sum up all the 

decision taken regarding its design and its sustainable utilisation in post-games period (Sun 2007); 

after the success of  holding the Olympics 2008, the China Architecture Design & Research Group 

launched, in 12/2009, a book to present the design process of the Bird’s Nest – “National Stadium: 

Part on Design”, which is divided into two parts: Idea & Content and Technology & Implementation 

(China Architecture Design & Research Group 2009);  at the same time, for another remarkable 

building, it was based on the data from the National Aquatic Centre Co. and published “Compilation of 

major achievement from the concept of Green Olympics, High-tech Olympics and People's Olympics”, 

this booked explained comprehensively the process since the design, technology, material to its post-

uses management and eventually to its architectural reversion (National Aquatic Centre Co. 2008). 

In this section, it will be discussed two of the past Olympic games, including both before and after the 

Beijing’s Olympics, with intention in a deeper understanding of the measures taken and respective 

objectives of each host country. 

1.3.1. Sydney 2000: 

Sydney locates in the south-east coast of Australia, is the capital of New South Wales and Australia's 

largest city and port. At the beginning of the bid, the Sydney city government introduced the idea of 

increasing environmental awareness, as stated, the "Green Olympics" concept that guided them to 

convince the judges and the public, thus, hosting the 2000 Olympic Games. 

In order to highlight the concept of "environmental protection" and "ecological", the NSW government 

chose Homebush Bay to construct the new Olympic park which located 14km away from Sydney.  

The site was originally a swamp and landfill, on the verge of the Sydney inshore. Since early time, the 

Sydney city government was planning to take a deeper look and, using the chance of Olympic games, 

as a great opportunity to tackle the existent environmental issues. The new Sydney Olympic Park 

covered a total area of 6.4 square kilometres and composed of three parts: the Olympic Park, 

Millennium Park and the Olympic Village (Sydney Olympic Park Authority 2016). 
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Figure 11. Sydney Olympic Park Site Plan 

 [Source: (Sydney Olympic Park Authority 2016)] 

	

Figure 12. Distribution of Venues in Sydney Olympic Park 
 [Source: (Sydney Olympic Park Authority 2016)] 

Most of the environmental protection ideas for the Olympic Park were concentrated in the design and 

construction of the Millennium Park. From the technical aspect, through the treatment of harmful 

substances, the restoration of vegetation and the purification of water quality, the original wetland is 

converted to provide leisure spaces (Shen & Shu 2008). In the initial plan for post-Olympics 

development, besides the construction of the Olympic arena with a big stadium, the Australian federal 

government also intended to construct Sydney's new exhibition centre, new residential areas, new 

high-tech industrial centre and new commercial district. 

However, after the Sydney Olympic Games, some problems were exposed, among which the most 

impactful was the lack of the city's population, the ratio between demand and supply of sports 

buildings and facilities were imbalanced, and even this led to some buildings being abandoned. 

According to the Sydney Olympic Park Management Office reported that, in 2003, the total cost of 

operation of the stadium were up to 139 million Australian dollars while the income was only 55.43 

million (Shen & Shu 2008). 

The reality of the Australian Olympic Games is combined with the success of the Olympic Games and 

the discontent of its post-games utilisation - this reflects the priority taken by the planners. Therefore, 

the rational design and planning before the game should focus on long-term planning, above all, the 

Game lasts only for two weeks. 
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1.3.2. London 2012 

For most of globalised cities, it is desirable to host an Olympic Games, whether for economic or social 

purpose, or even combination of both. Most of host cities take advantage from the Olympic Games as 

a catalyst to stimulate the development of critical sites with undeveloped environment and 

infrastructures. Therefore, for most of cases, it is not only improving the urban facilities’ condition but 

also strengthening or creating an attractive and energetic urban area/district. 

At beginning of bids for the Olympics 2012, it was proposed five main themes, in 2005, underpinned 

the vision of the London Organising Committee of the Olympic Games and Paralympic Games Limited 

(LOCOG): delivering the experience of a lifetime for athletes; leaving a legacy for sport in the UK; 

benefiting the community through regeneration; supporting the IOC and the Olympic Movement and, 

compact, iconic and well-connected buildings (The London Organising Committee of the Olympic 

Games and Paralympic Games Limited 2013). Thus, the concepts of "sustainable" and "economic" 

were sorts of a core for the Olympic’s planning, from the beginning until the end of the Olympic event, 

and eventually to its post-game utilisation, maximising the value of this unique urban legacy. 

The 2012 London Olympic Games site located in the Valley of Stratford, 13km away from the central 

area of London (Shen & Shu 2008).  This area was one of the poorest areas in London suburbs and 

with a huge necessity of development. It is the arrival of the Olympic Games that requires this region 

transform from a degenerate status to an area suitable for hosting the Olympic Games, as well as 

effective utilisation after the Olympic together with further development. In order to reach this goal, it 

depended on several facts, which not only fall to designing great venues and spaces but also 

considering social and economic factors – this was, sustainable post-Olympic utilisation.  

	

Figure 13. London Olympic Park Location plan 
 [Source:(European Institute 2012)] 

The original purpose of London post-Olympic planning led to the establishment of education, health 

and community facilities. Once the traffic connectivity has been significantly improved by the previous 

construction dedicated to Olympic Games period, this area became the extension of London, 

providing housing and job opportunities relying on its convenient distance to the city centre. 

Additionally, it was planned to form a richer public green space and connected the riverside and canal, 

creating public space with variety. According to big data analysis, the legacy planning of post-
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Olympics 2012 will able to represent 70% of the total project investment for the Olympic park district 

(Li & Li 2015). As a result, the planning, design and construction of the London Olympic Park was 

divided into three phases (Hilburn & Li 2011): Game Period (2012), Transition (2014) and Olympic 

Legacy (after 2014). 

	
Figure 14. Three phases of London Olympic Park development 

 [Source: (Zeng 2013)] 

The central vision of the London 2012 Olympic Games is to make it as "the most sustainable" Olympic 

Games. Englobing every stage of the project, since the design, construction, operation - game period 

and post-game, all these are linked and reflected the theme of sustainable development. Turning this 

idea into concrete, the committee highlighted the following sustainability themes: biological diversity; 

climate change; waste reduction; inclusively; healthy living of the Olympic’s area (Hilburn & Li 2011).  

Consequently, with preoccupation in confirming the viability of these sustainability measures, the 

London 2012 Committee regularly reviews and evaluates whether these sustainability measures are 

implemented as originally designed or not. Moreover, to avoid possible difficulties on sustainable uses 

of large-scale constructions, many of the Olympic Park buildings, after performed their destinated 

functions, were compressed or transferred to another place, intending to give them a new life. 

Typical buildings such as the Olympic Stadium, during the games, the maximum seats were 80 000, 

however, after the game period it was removed the upper part of the permanent seat and reduced to 

only 25 000 permanent seats. Also, the steel used for the stadium was half lower than the venues with 

the same dimension. Moreover, 42% of the stadium building materials were from recycled materials, 

and its water consumption was only 40% of those venues of the same dimension (Li & Li 2015). 

The Olympic Stadium was not the only case of the sustainable utilisation after the games. Within the 

Olympic Park area, there were up to 9 buildings, among which three were temporary: Basketball 

Arena, Riverbank Arena (Hockey Field) and Water Polo Arena (European Institute 2012). Besides 

temporary venues, most of the permanent venues were also planned to be altered, such as London 

Aquatic Centre, Eton Manor and VeloPark. Therefore, some relevant characteristics were highlighted 

due to its innovation and practicality in both architectural design and sustainability field (Hilburn & Li 

2011): 
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LONDON AQUATICS CENTRE 

Possessed 17 500 seats during the games period, after that time was removed its two wings 

temporary seats, currently the permanent seats were reduced to 2500;  around 30% of construction 

material were recycled, and the PVC used was the phthalate-free film. 

ETON MANOR 

Served as temporary training pool during the Olympic Games and as a training facility for tennis and 

water competitions during the Paralympic Games. After the games, it was transformed into an 

integrated sports facility consisting of a tennis centre (four indoor and six outdoor) and a football camp 

(two outdoor and one indoor); timber used for wood structure originated from recycled resources. 

VELOPARK 

The main bike hall has 6 000 permanent seats, but during BMX competitions, it could be added 6 000 

more temporary seats; the roof of the pavilion is made of cables and weights only half of conventional 

roofs, as well as reducing the amount of steel used. Moreover, natural skylight from the ceiling, 

reduced the need of artificial lighting and allowing natural ventilation; water and rainwater were 

collected and reused, helping to reduce more than 70% of water consumption. 

	

Figure 15. Venues Distribution in London Olympic Park, Permanent (left) and temporary (right) 
 [Source:(European Institute 2012)] 

London's aspiration of building the entire Olympic games as a benchmark for sustainable development 

has been realised. The relationship between the permanent and the temporary concept of during and 

post-Olympic utilisation contributed increasingly for this sustainable innovation. Being stated, London's 

success is not because of spectacular stadiums, but of more intelligent design and planning. All in all, 

planners were more focus on practicality, and keep focusing on its long-term sustainable 

development, instead of a mere success during two weeks. 
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2. CASE STUDIES – INFORMATION COLLECTED 

2.1. OBJECTIVES AND METHODOLOGY  

In order to observe the most authentic situation regarding the current use of Olympic buildings, it was 

relevant obtaining first-hand information of some of these constructions. Therefore, by the guidance of 

Professor Song Yehao (thesis supervisor from Tsinghua University, Beijing), together with literature 

research of several Olympic buildings in Beijing, four cases studies were outstood relying on its 

representative characteristic.  

	
Figure 16. Distribution of four case studies 
 [Source: Author, adapted from Bing Maps] 

At the first stage, it was selected four case studies in order to represent the most credible and 

authentic status of venues operations in post-Olympics time. As the figure above demonstrates, these 

four Olympic buildings are located in different areas: the University of Science and Technology Beijing 

Gymnasium and the China Agricultural University Stadium took place in the Universities Area, while 

the National Aquatics Centre and the National Stadium located in the Olympic Park area;  

Consequently, with intention in obtaining first-hand information regarding these four buildings, it was 

firstly researched on publications and books with particular descriptions of the building, highlighting its 

sustainable measure taken in terms of design, materials and technology. Secondly, by help provided 

from Professor Song and the School of Architecture of Tsinghua University, it was possible to contact 

to architects and current managers of each Olympic building. Eventually, through questionnaire 

elaborated by the author, destinated to users that could perfectly describe their perception and, at the 

same time, drawing the original image of the building’s uses.  

Therefore, during June and July of the present year, several interviews, building survey and site visits 

were carried out by author, in the city of Beijing. Consequently, it was identified main information that 

could represent as much as possible current uses of these four cases studies, and, by following the 

methodology below could the present investigation gain solid roots and correspond to the reality: 
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- HIGHLIGHTS ON SUSTAINABLE DESIGN, MATERIALS AND TECHNOLOGY: 

Relying on literature research and investigation, highlighting a selective number of features in 

design that could represent the main concern in sustainable architecture of the building. 

Meanwhile, specific materials and innovative technology that contributed to its sustainability. 

- FROM ARCHITECT: 

Throughout interview and contact to responsible architects for the building, information and 

first ideas regarding its design and program distribution, as well as original thoughts for its 

post-games uses which guide future revamp process. Moreover, by site visits will be able to 

attain the current use of each space and identify possible divergence between planning and 

reality. Please refer to appendix part of information obtained from architect of each case study, 

considering these more relevant are mentioned in this chapter.   

- FROM DEVELOPER: 

Interviewing the current manager in each Olympic construction could undoubtedly obtain the 

most precise information about the building. By possible difficulties encountered in space 

conversion and issue on its utilisation, likewise number facts in revenue or energy 

consumption, enabling the author to attain an approach that could appropriately represent the 

present situation of each case study. Please refer to appendix the complete inquiry from 

managers of each case study, considering parts are mentioned in this chapter.   

- FROM USERS: 

Based on questionnaire elaborated by author, it could be able to obtain information of their 

personal feeling, which comes from the functionality of spaces designed by architects, the 

effectiveness of sustainable measures and current operations practised. The questionnaire is 

divided into three parts: the first part is the personal information of the interviewees and the 

frequency of using the gymnasium (1-8); the second part is the user's personal feeling about 

the building (9 -13), and the third part is the user's understanding of sustainable building and 

renewable energy (14-16). Please refer to appendix the questionnaire and its respective 

answers. 

In the present chapter, these abovementioned will be thoroughly exposed, relying on first-hand 

information collected through site visit and interviews organised by the author. Exceptionally, the 

questionnaire for users was not possible to apply for last two case studies (National Aquatics Centre 

and National Stadium), due to a massive flow of people, lacking in collaboration of interviewees and 

time limitation.  

 

2.2. UNIVERSITY OF SCIENCE AND TECHNOLOGY BEIJING (UTSB) GYMNASIUM 

University of Science and Technology Beijing Gymnasium, currently with the number of permanent 

seats of 5050 while during the Olympic Games this number was 8012, including the 2962 temporary 

seats which were the demolition after the games (Zhuang et al. 2015). The site area and construction 

area were both about 25 000 square meters, during the Olympic Games this building served for judo 

and taekwondo competitions. 
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Similar to Beijing city’s axis theory, University of Science and Technology Beijing also has its own 

axis, this line pass through the school's main building, library, stadium and other major buildings. The 

new stadium located in the eastern part of the axis, in which the south side is the school canteen and 

new student apartments, the northeast side is the faculty residential and the west side is a sports field. 

Thus, within the design approach, in order to be able in integrating with the existing campus 

environment, symmetry becomes one of the essential design factors. 

	

Figure 17. Site plans of UTSB Gymnasium 
 [Source: Bing maps (left); Architect Li (right)] 

2.2.1. Highlights on Sustainable Design, Materials and Technology 

The shape designed for the stadium made it seems small, and this was surely improved the building’s 

constructive behaviour with reduced investment, once the coefficient of volume is only 0.11, 

significantly lower than the Beijing's standard average value of 0.3 (Zhuang et al. 2010). 

	

Figure 18. Bird View UTSB Gymnasium 
 [Source: Architect Li Tie] 

In order to weaken the sunlight that affects to the stadium on the east and west facades, on both 

sides, the façade was relatively close, with a few windows, mostly compose by the composite metal 

curtain wall. By this design approach, it could attain a lower overall energy consumption. In the 
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detailed design of the façade, inspiring from the “belt” used in judo and taekwondo sport (the purpose 

of the gymnasium was dedicated to judo and taekwondo competition), the façade composed evenly by 

3m wide 0.75m red rusty metal plates, making the whole building seamless (Zhuang et al. 2010). 

While for the deputy hall of the gymnasium, by using a large area of glasses, the transparency formed 

a contrast with the other side, but always in harmony and emphasising the main hall. 

	
Figure 19. Detailing of the Façade 

 [Source: Architect Li Tie (Left), Author (Right)] 
Regarding construction, the entire structure is gantry, with the outer wall filled with 200mm thick 

hollow, lightweight ceramic-concrete block (thermal conductivity is less than 0.22W/m2.K), above this, 

the outer 30mm thick extruded board (thermal conductivity less than 0.03 W/m2.K), serving as a 

thermal isolator. The major part of façade was rusty metal plate wall (plus 50mm thick cotton 

insulation), while for the glazed area, it was used 6+12+6mm type tempered glass (Zhuang & Li 2013).  

From the design to the construction of the stadium, it was widely used sustainable tecnhnologies : the 

water heating system works through solar energy, also, on the roof of deputy gymnasium (warm-up 

hall during games, swimming pool after games), about 800 square meters of solar panels were 

installed (refer to Appendix).  

By buried treatment equipment, waste water of bath would be recycled and eventually watering greens 

and wash the road. At the same time, through the drain on the platform of the second floor, the 

rainwater could be collected, and later through the central water treatment equipment, these water 

could also achieve to the reusable standards (Zhuang et al. 2010). 

It is worth mentioning that one of the most innovative and sustainable technology applied to this 

project was the Light Pipes. On top of the main hall, in the centre area, it was installed 148 light pipes 

with a diameter of 550 mm, collected through the organic plastic dome, natural light would be brought 

to the interior of the hall, illuminating the space with natural light (Zhuang & Li 2015). 

The optical lighting system was a new lighting device, the principle was to collect natural light by the 

dome, and through a tube with high directional reflectivity (and low decomposition), enhanced the light 

by the special device of transmission. Finally, in the ceiling of the pavilion, or the bottom of this 

system, the diffuser would evenly distribute sunlight across the entire surface of the room. 
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Figure 20. Three parts of the Optical Lighting System 
 [Source: Architect Li Tie] 

This lighting system was divided into the following parts: lighting collection devices (the dome), light 

transmission devices (the tube) and diffusing devices (the diffuser). In order to ensure the compatibility 

of this technology into the stadium, the following points was studied and solved thoroughly (Zhuang et 

al. 2010): 

- Efficient on collection of light 

Adapted to the gymnasium, it was developed a unique mould to its roof, comparing to normal domes, 

these were able to capture more of sunlight and efficiently transmitted to the next step; 

- Efficient on light transmission  

Within this system, the core part is the transmission device which assures the efficiency of light. 

Through the design light pipe, its solar reflectivity can reach up to 99.7% while major of general value 

was 98%, for the case that the transmission tube with 7-8m length, for the efficiency of light,  the pipe 

applied here could provide 2-3 times higher intensity than general pipes; 

- Uniform diffusion of light 

On the final piece in the system, a special diffuser made of lens were to tackle the possible difficulties 

in distribution of lights, effectively diffuse the sunlight evenly to the interior, from the sunrise to sunset, 

maximising access to natural light (Lightway - crystal tubular skylights n.d.); 

- Roof Waterproofing of Optical Lighting System 

As the roof is made of aluminum-magnesium plate material surface, to prevent leaking, the method of 

waterproof plate + sleeve + waterproof + imported tape were used, with which the waterproof plate 

was to adjust the roof slab deformation, and, others three elements were to protect the waterproof 

dome and junction with the roof. 
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Figure 21. Example of Light Pipes System in Section 
[Source: (Lightway - crystal tubular skylights n.d.)] 

Although this Olympic building’s post-games utilisation has been designed at an early stage, the real 

situation of the stadium should be explored and studied through site visits. Intending to obtain as much 

as possible first-hand information regarding the current situation of this building, it was organised by 

author, several interviews to direct responsible/users – Architect, Developers and the venue’s users. 

Only through these first-hand data could the authentic image be drawn out. 

2.2.2. Information obtained from site visit and interviews 

FROM ARCHITECT  

University of Science and Technology Beijing Gymnasium (USTBG), served for competitions of judo 

and taekwondo during the Olympics and for wheelchair basketball and wheelchair rugby during 

Paralympics, and, immediately after fully executed its original functions, the transformation process 

had started. 

As a sequence of an interview to Architect Li Tie, on June 8 of 2016, who was one of the main 

architects in charged for the gymnasium design, and from the Architectural Design and Research 

Institute of Tsinghua University, it was told that at early stage of design, post-games' uses have been 

taken into consideration. Moreover, even before its construction, a specific set of post-games design 

had been drawn, so that the transformation process followed strictly according to the previous 

drawings. In the figures 24, it was shown a difference in programs designed between games and after-

games and, eventually, the current situation obtained through the site visit. 

  

Figure 22. Photo of current swimming pool; Figure 23. Photo of the main hall (During games) 
[Source:  Ms. Ju Yang] 
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The main modifications include the removal of temporary rooms in the warm-up area and the 

temporary ground installed above the swimming pool prior excavated, later on, changing this to a 

swimming pool. Additionally, the removal of the temporary seat of the three floor were also carried out, 

above this, flooring it to a sports area (refer to figure 27). The entire modification project ended in July 

2009 and posteriorly in September 2009 formally opened to teachers, students and public. 

 
Figure 24. Plans of three stages of the venue (Game period, Designed Post-games and Current Situation) 

[Source: Author, adapted from Architect Li Tie] 
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The existing spaces have also been used effectively, adapting its functions to the most popular sports 

in the city – ping-pong and badminton. 

  

Figure 25. Photo of the ping-pong hall; Figure 26. Photo of the badminton hall (current situation) 
[Source:  Author, June 2016] 

Since the end of the Olympic Games until now, despite the transformation of the spaces and some 

computer control system (ventilation, light, etc.), the Gymnasium did not carry out any major structural 

modification. Regarding plans, all of the areas were mostly similar to what was designed, however, 

some of the functional arrangements of spaces were different.  

In the planning of post-games uses, several programs were also included, such as tennis, basketball, 

swimming, dance, student activity centres, cafes and other functions, however, in practice, the 

operators implemented more programs into the building, making the entire space efficiency than 

expected. As illustrated in the sections, one of the basketball courts was converted to a tennis court, 

and this demonstrated that operator always strived to better manage the gymnasium. 
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Figure 27. Sections of three stages of the gymnasium (Game period, Designed Post-games and Current 
Situation) 

[Source: Author, adapted from Architect Li Tie] 

  

Figure 28. Photo of the basketball court ;Figure 29. Photo of the tennis court 
[Source:  Author, June 2016] 

Natural ventilation and lighting, as well as roof greening, these sustainable features were also included 

in the design, in particular in spaces’ organisation and openings in façade and roofs.  As mentioned 

previously, use of a large area of metal curtain wall, partly with perforated panels, both of these 

contributed in reducing the sunshine and creating shading, likewise in allowing sufficient natural 

ventilation. The following section in diagram could explain the air circulation and natural ventilation in 

this gymnasium. 

 

Figure 30. Air circulation and natural ventilation diagram 
[Source: Architect Li Tie]  

FROM DEVELOPER 

Intending to obtain information closely related to the current situation, and identify the distinction 

between what was designed and what happened. After the interview with the architect Li Tie, the 

author visited twice to the USTB Gymnasium and had a chance to interview two officers of the current 

operator of the gymnasium: Ms. Ju Yang (Director of Department of External Cooperations) and Mr. Li 

(Responsible of the department of maintenance and equipment).  

Since the transformation of parts of USTB Gymnasium had started, the school board took an initiative 

to set up a management team dedicated to operation and management for the venue. In May 2009, 

the " Management Centre of the University of Science and Technology Beijing Gymnasium" was 



33 

formally established, comprising four subordinate departments which were responsible for daily 

management, maintenance, safety and external cooperation (refer to Appendix).  

Thereby, Ms. Ju Yang is the current head of the department of external cooperations, from whom 

several relevant information were provided:  

1. In order to obtain a certain income, the gymnasium has the service of rent spaces to outside, 

however, it was needed to ensure the availability of building’s space for students and teachers; 

2. During past years, the gymnasium’s management centre has gradually completed its transformation 

to become an own-managing entity, and, since 2010, the centre successfully got profits annually; 

3. In recent years, due to the high utilisation rate, the venue's facilities have been ageing in a certain 

extent, the management centre hopes to decide between maintenance or replacement through 

investigations on budgets and viability; 

4. Intending to enhance the venue's revenue and give use to spaces such as Media, photography and 

other large-scale used areas during games period but no use during the post-games period, it was 

implemented a plan of renting these spaces to outside entities/companies; 

5. In 2013, the gymnasium received a total of 102 380 students and provided services in 9 sports: 

badminton, swimming, ping-pong, taekwondo, aerobics and so on. From January 1 to November 30 of 

the same year, the building received 314 618 external customers, three times more than students. 

6. In 2014, the gymnasium undertook teaching tasks for freshmen and sophomores in courses of 

physical education, likewise school's sports team training. Weekly, a total of 76 classes, this means, a 

total of 2506 students had classes in the gymnasium. Within the year of 2014, the building has 

received over 90 215 people. From January 1 to November 30 of the same year, the gymnasium 

received a total of 235 371 external clients, by hosting large-scale events, the gymnasium’s annual 

profit increased significantly, moreover, as a consequence of these large scale events, the gymnasium 

has become socially recognised. This fact contributed indispensable economic support in making the 

original concept of sustainable development feasible; 

7. In 2015, the gymnasium received over 76 852 students and, up to 321 221 external clients, 

successfully held 24 large-scale events, five basketball leagues, three swimming competitions and 4 

Five-Ring plazza activities. 

Besides Ms. Ju Yang, it was also interviewed to Mr. Li (Responsible of the department of maintenance 

and equipment), from who several relevant information regarding the current performance of both 

equipment and functionality of spaces of the building: 

1. The solar panel system could perfectly afford up to 50%- 70& of water heating demand in winter, 

and 70%-80% in summer, the remaining part were complemented by gas; 

2. In 2015, it was implemented an innovated system of energy-saving for air-conditioners, which 

worked according to the temperature and air humidity. These spaces were classified into two 

categories: larger space (main hall) and tiny spaces (offices), in which the first were using units of 

refrigeration and cooling, and the second worked with only fan pipes. As a result, the introduction of 

this system helped to reduce 15% of electricity expenditures; 
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3. Regarding equipment use by different seasons, for summer, there are in total six units of machines 

in function (2 refrigeration pumps, two cooling pumps and two cooling fans); and for winter, only two 

units of cooling fans are in function; 

4. The Optical Lighting System played a significant role in energy-saving for the gymnasium. However, 

all the light pipes were concentrated in the central part and lighting the central area only; this served 

perfectly for Olympic games period because this corresponded the area for judo and taekwondo 

competition. Today, due to the actual function of the main hall, all the area need to be illuminated and, 

eventually natural light from the pipes could not fulfil the necessity, then, artificial light devices were 

necessitated. In 2014, the artificial lighting switch control system was improved, each area space was 

controlled by one switch instead of one general as in the past. (refer to the figure 31, left);  

  
Figure 31. Current light uses in the main hall (left), detailing of plaster wall surrounded the basketball court (right) 

[Source: Author, June 2016] 
5. After the demolition of temporary seats on the second-floor, basketball and tennis courts got into 

functions and had been serving to students and clients. However, the wall surrounded the court were 

soundproof wall due to the acoustic requirements during the games; the walls were constructed of 

plaster with small holes. In cases of a basketball ou tennis ball hitting on these walls, uneven damage 

was caused unexpectedly (refer to the figure 31, right);  

6. The smoke exhaust system of the swimming pool was not allowed to be used, while the exhaust 

system of ventilation system was not enough to meet the daily requirement for swimming pool. For Mr 

Li, the probability of fire accidents in swimming pool is small, the use of smoke exhaust system could 

be allowed and serves for daily ventilation works; 

7. Construction quality: the overall building waterproof quality was relatively poor, from the linkage 

between the exterior wall and ground sometimes leaked water to the underground level, typically 

happened in heavy rainy seasons. However, the roof was built in iron material, as well as the optical 

light system was implemented with a special waterproof treatment, the quality of roof waterproofing is 

relatively better than the rest part of the construction; 

8. The gymnasium has a total of 153 units of fan coil, mainly served to air-conditioner of offices, with 

the standard power of 70W and 150W, according to the areas and functions of each space. Moreover, 

a total of 21 units of fresh air handling, mainly served to ventilation and cooling of spaces with larger 

scale (e.g., hall and courts), with the standard of 2000 air volume and 3000 air volume, respectively. 
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The same cooling system was used for both the office and large sports areas, but the function varies 

depending on the final device (fan coil or fresh air handling); 

9. With regards to the maintenance of lighting, catwalks were located 2 metres away from each light 

device, in the case of possible reparations, this had complicated the work for maintenance staff. 

FROM USER 

In addition to the information obtained from architect and the building’s operator, the user's personal 

feeling and interpretation regarding the gymnasium are, as same important as data achieved from 

others two parts. Consequently, in June 2016, the author designed a questionnaire and managed to 

interviews users of the USTB Gymnasium, as well as asking help from local students. As a result, it 

was attained a total of 37 valid responses(refer the full questionnaire to Appendix). 

The questionnaire is divided into three parts: the first part is the personal information of the 

interviewees and the frequency of using the gymnasium (1-8); the second part is the user's personal 

feeling about the building (9 -13), and the third part is the user's understanding of sustainable building 

and renewable energy (14-16). 

 Figure 32. Results of the first part of questionnaire accomplished 
[Source: Author]     

Questions of the first part of questionnaire: 

1. Gender?      
2. Are you a student?   
3. What’s your age?  
4. How often do you use the gymnasium (weekly)? 
5. What do you practice in the gymnasium?   (Multi choices) 
6. How long do you spend on practising sport?    
7. Which is your favourite time to do sport? 
8. How much do you spend monthly in practising sport? 
According to the data collected, within 37 interviewees, current users are all students, and, there are 

more male than female, as well as their age is under 30 years old. From the result of question 4, up to 

30% of people use the gymnasium more than once per week, this showed how often the venue was 
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used and an increasing interest of practising sport in a gymnasium instead of open air area. Through 

the fifth question, it was shown that swimming is the most popular sport among others in the 

gymnasium, basketball and badminton are others two highly pursued by users, and, even with the 

presence of tennis court, there was not that much demand. Moreover, merely 5% of people used to 

practise other sports apart from the activities mentioned in the table. From question 6, mostly of users 

spend between 30minutes to 1 hour in practising sport, and also a major part of them pass 1 to 2 

hours in the gymnasium, this number fact transmitted that, in average, 1 hour is the time that most 

users spend in a indoor sport building. Based on results obtained in question 7 and 8, it could be 

concluded that a major part of people use the spasce during evening, after work or classes, and there 

were just a few users spend over 100yuan (around 14 euros) in renting sport venues, and, most of 

them enjoyed sports for free.  

This first part of the questionnaire provided a solid information in understand the current users of the 

gymnasium and main reasons/decisions while using the venue. 

Figure 33. Results of the second part of questionnaire accomplished 
[Source: Author] 

Questions of the second part of questionnaire: 

9. During your time in the gymnasium, did the ventilation fulfilled your needs? 
10. During your time in the gymnasium, did the illumination fulfilled your needs? 
11. During your time in the gymnasium, did the acoustic behaviour fulfilled your needs? 
12. During your time in the gymnasium, did the hot water supply fulfilled your needs? 
13. During your time in the gymnasium, did the spaces supply fulfilled your needs? 
The second part of the questionnaire focus on the user’s personal feeling regarding in five parameters: 

ventilation, illumination, acoustic behaviour, hot water and the space designed. It was with the aim to 

attain the most authentic information in regards to these five areas, in which could represent the level 

of accomplishment of design and sustainable measure taken by previous design and planning. 
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Form results obtained in these five questions, it was clear that a major part of users was satisfied in all 

these five principals regarding the construction. However, there were around 25% of users were not 

pleased with the spaces designed, being stated, they prefer more space for popular sports such as 

ping-pong and basketball, instead of having courts of tennis. The highest satisfaction was the 

ventilation part, only 10% of users felt the air condition could not fulfil their requirement, while the 

same percentage of people thought that illumination, acoustic and hot water supply were not enough 

for their usage (around 17% in these three).  

Questions of the third part of questionnaire: 

14. How much do you know about Green Building? 
15. For you, which entity should be responsible in promoting the gymnasium’s energy saving?  
16. What do you think the main difficulty in implementing renewable energy? 

Figure 34. Results of the third part of questionnaire accomplished 
[Source: Author]     

The third part of the questionnaire was dedicated to understand the user’s awareness regarding 

sustainable development of the gymnasium and who should carry this out, as well as the reason for 

difficulties encountered in its execution.  

From the question 14, roughly 55% of users have an idea of the green building concept while only 2% 

understand measures implemented in the building. Moreover, up to half of the users supported that 

the architectural design team should ensure the gymnasium’s energy saving at the early stage of 

design. Regarding difficulties in implementing renewable energy, all the users were aware that the two 

reason created the barrier for it: lack of technology and high investment.  

Throughout the interview to these three different groups, obtaining information about the gymnasium 

from three different perspectives. These undoubtedly contributed to gain a thorough understanding 

and reflections of the distinction between planning and reality, relying on important words and data 
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attained. In the following chapters, it is going to be presented investigations of the China Agricultural 

University Gymnasium, the Water Cube and the Bird’s Nest. 

2.3. CHINA AGRICULTURAL UNIVERSITY (CAU) GYMNASIUM 

The China Agricultural Univerisity Gymnasium located on the east side of campus, dedicated to 

wrestling competitions during the Olympic Games. The construction of gymnasium started on 

September 15, 2005, and was put into use on June 20, 2007. The total area of the site was 13 900 

square metres, and,  the total of construction area was of 23 950 square metres. During games, it was 

designed 8500 seats, including 6000 permanent seats. The building is comprised of three floors, in 

which the first floor was sunken, and the highest point of the building is 27.87m  (He et al. 2007). 

In order to meet the Olympic Games requirement, China Agricultural University determined an area in 

the campus with 150mx200m in plan for construction of the new gymnasium. Considering surrounding 

buildings have been completed, this land became to the new campus centre, and, intending to make 

the gymnasium better integrated with smaller buildings around, the volume is of main concern for 

design. Throughout the several phases of design and optimisation, it was decided that the future 

swimming centre (Deputy Hall) will be located at the northern part of the land while the main hall in the 

south. By this organisation, formed the west side as a the circulation area and, created a sort of node 

in the campus centre, together with the original green area on the west side (Sun & Wang 2012). 

 
Figure 35. Site plans of CAU Gymnasium 

[Source: Bing maps (left); Architect Sun (right)] 

2.3.1. Highlights On Sustainable Design, Materials and Technology 

Today, the concept of architecture has been changed constantly, and it is a result of an indiscriminate 

subjective appreciation of beauty, preconceived and keen on appearance desigan is not properly a 

right direction. Moreover, the architectural design approach for sports building such as gymnasium has 

also suffered this trend. Ignoring the programs of a building is surely culprit, so, besides the only "skin 

+ basic geometry"  design, other measures were implemented into this project. From the opening on 

façada to acoustic insulation, all these should be one, and being considered and embraced by 

architects.  The main body of the gymnasium holds considerable length, width and large interior 
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spaces, although its great dimension - with a height no more than 28m, the specific design made it 

more nature, distinct with a typical high-rise building.  Therefore, the treatment of architectural space 

should be to comply with the core requirements, while reducing in its scale, it will not only lays on 

integration with surrounded buildings but also for its long-term sustainable uses (H. Chen et al. 2008).  

Wrestling Hall did not sacrifice the rational design principles, on the contrary, it fitted in the 

optimisation process of continuous refinement, reducing the volume of space at the same time of 

enriching its aesthetics. As a result of the effective control and design, the wrestling Hall saved the 

original budget on acoustic insulation materials, without special sound-absorbing treatment, the space 

fulfilled all of the requirements (H. Chen et al. 2008). Furthermore, within a limited space designed, it 

was always possible to satisfy conversion in functional spaces. 

 

Figure 36. CAU Gymnasium from West Side View 
[Source: Author, July 2016] 

 
Figure 37. Bird View of the CAU Gymnasium under construction 

[Source: Architect Sun Yi Min] 
As we all are aware of, constructions like gymnasium require a considerable flexible for its post-games 

use, both regarding space design and its structure. For instance,  the roof of the gymnasium was 

designed with a margin for supporting more load rather than only the existing structure. On the 

engineering part, it was not a pursuit of the advanced structural technology but also used a matured 

gantry structure, moreover, through different levels of dislocation on the roof, achieving the purpose of 
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bringing natural light and ventilation into the building. As a result, this gymnasium was considered as 

the most budget construction among all new Olympic venues (Sun 2007).  

The roof and walls of this construction are all in metal, majorly double-sided slope. There are 24 

lighting windows between in gap of the staggered roof. The deputy hall was lower, with the maximum 

elevation of 9m while for the main hall the highest point is 27.22m. The overall area of roof and wall 

are about 16894 square metres, on surfaces, stainless steel embossment served as drainage gutter. 

 

Figure 38. Façada detailing under construction (left) and south-west corner of the venue (right) 
 [Source: Architect Sun Yi Min(left); Author, July 2016 (right)] 

The façada were constituted by a certain number of panels, and each these panels were made with 

waterproof quality, with the width of 400 mm and height of 65 mm, and, the wall material is made of 

galvanised steel. In terms of insulation, the material of thermal insulation for walls was of 50 mm thick, 

and, for the roof’s airtight layer, the material (tidal aluminium foil) was directly applied on the 50 mm 

thick insulation glass wool (H. Chen et al. 2008). 

  
Figure 39. Natural illumination from roof, view from catways  

[Source: Author, July 2016] 

After Olympics, students will be the main users of the gymnasium, and this means that saving energy 

and reducing maintenance costs are essential to ensure the venue’s running and continuously serving 

students. Within the design, natural lighting and ventilation were two substantial principles to be 

achieved, so that, through up to  400 gaps (windows) on the staggered roof and openings on exterior 
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walls, natural light could be guided into the venue and also facilitated the natural wind circulation (Hu 

2007). 

2.3.2. Information Obtained From Site Visit And Interviews 

FROM ARCHITECT  

During the 2008 Olympic Games, there were built 11 new Olympic buildings in Beijing. Among which, 

Architect Sun Yimin took charged of designing two of them: the CAU Gymnasium and the Beijing 

Institute of Technology Gymnasium (Hu 2007). 

  
Figure 40. Plans of three stages of the venue (Game period, Designed Post-games and Current Situation) 

[Source: Author, adapted from Architect Sun Yi Min] 
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The international architectural design competition for CAU Gymnasium started in March 2004. 

Consequently, by June of the same year, Architectural Design & Research Institute of South China 

Univerisity of Technology (SCUT), Kawaguchi & Structures, Japan and a cooperation team between 

an Australian firm and Beijing Institute of Architectural Design (BIAD), were nominated to the final 

stage of competition. After several rounds of comparative reviews, eventually, the Beijing Organizing 

Committee for the Olympic Games (BOCOG) and the International Federation of Associated Wrestling 

Styles (FILA), in January 2005, confirmed that the design proposal from the Architectural Design & 

Research Institute of South China Univerisity of Technology (SCUT) was selected as the project for 

execution. Three years later, in June 2007, the new gymnasium was completed (He et al. 2007). 

  

Figure 41. The Wrestling Hall during olympic games period; Figure 42. Current situation of the main hall 
[Source: Architect SunYi Men] 

Throughout supports and helps provided by School of Architecture of Tsinghua Unversity and 

Professor Song Ye Hao, the author had an exceptional opportunity to talk by telephone with the 

Architect Sun Yi Min, current Dean of the School of Architecture of SCUT, on July 11, 2016. Later on, 

several pieces of information and drawings were given for better investigations on this case study. 

At an early stage of design, dedicating to post-games uses, it was proposed that the main Wrestling 

Hall would be converted to a multi-functional space including basketball, volleyball, futsal, badminton 

and others inner gymnasium’s sport. Also, with removal of temporary seats, the central space was 

enlarged, allowing mores sport users, eventually, its current occupation is mainly for badminton 

  

Figure 43. Interior view of a training room; Figure 44. Perspertive in the Exhibition hall 
[From: Author, July 2016]  

From the site visit, some previous planning for post uses were changed according to current major 

necessaries. For instance, a part of the management team area was planned to be converted into a 

student club, however, due to the high demand for indoor training spaces, up to 6 rooms were 



43 

remodelled, each one corresponds 2 or 3 administration offices during games period. Likewise, for the 

previously designed museum area, relying on its ease of access (have an independent entrance from 

the south façade of the building). As a result, several cultural event was held there. Consequently, this 

space was converted into an exhibition hall in 2015, with around 1000 square metres. 

  
Figure 45. Section of three stages of the building (Game period & Current Situation,and Designed Post-games) 

[Source: Author, adopted from Architect Sun Yi Min] 
Intending to provide more sports facility to the university and making use of a large number of the 

warm up area (Deputy Hall), it was designed a conversion to swimming pool, which the excavation 

have been done since the construction year (Sun 2007). However, this alteration has not been carried 

out until the date of the site visit and, it is predicted to be ignored due to lack of financial support. 

According to the previous design, besides the no-constructed swimming pool hall, a basketball court 

was executed in the planned area, benefitting the university students and users. Since then, part of 

the destinated area for swimming pool was also be explored, taking advantage of existing structures 

and divisions, limiting space for a Ping-Pong hall, as illustrated in figure 47.  

   
Figure 46. View of the Basketball Hall; Figure 47. View of the Ping Pong Hall 

[Source: Author, July 2016]  
FROM DEVELOPER 

Similar to the case study of the USTB Gymnasium, with objectives in obtaining authentic information 

regarding nowadays uses and functionality of design approach for sustainable development in the 

CAU gymnasium, therefore, shortly after the conversation with Architect Sun Yi Min, the author had an 
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opportunity to visit the CAU Gymnasium, on July 12, accompanied by the current Executive Director 

Mr. Du, who have been taking charge of the building since early 2015.  

Currently, under the director, the venue’s management team comprises of two departments, in which 

one called “Department of Management of Activities ” and another “Department of Maintenance”. 

Comparing to up to 2000 workers during the game’s period, today, there were in total 30 personal 

working for the gymnasium’s daily operation. According to the Director Mr. Du, who has been 

managing both of the department, so some problems on its post uses were exposed: 

1. The swimming pool plan was not carried out, reasons because of the financial situation of the 

university. Also, the pool was filled with land at the beginning of construction, while in contrast with the 

USTB Gymnasium which was only covered by wooden slats, facilitating to its post demolishment; 

2. So far, pipes around the current basketball Hall (Deputy Hall) are not covered, its legacy because of 

the demolition executed. At the same time, in gymnasium’s interior, most of the pipes were exposed, 

by explanation from Mr Du, the investment for the CAU Gymnasium was at least 25% less than the 

same to others university’s gymnasiums, in order of 150 million yuan (roughly 21.4 million euros); 

3. Originally, it was designed a rainwater collection system, intended to reprocess and to be reused. 

However, the system was never got in function, and the rainwater flowed into the public sewer; 

4. According to Mr Du, the most critical issue is its sunken design, besides the esthetic value (smaller 

the volume of the gymnasium, better integration with surrounded buildings). From a functional/ 

operational view, 1.2 metres lower had been difficulting the access to the gymnasium, at the same 

time, in every entrance, guests would be required to go down (to ground floor) or go up (to spectator 

area/seats); 

  
Figure 48. Entrance of guests (left), interior view of an office (right) 

[Source: Author, July 2016] 
5. As the figure 48 shows, once a guest intends to enter to the main floor, immediately will need to 

step down, also, from the interior view of an office, the window located on top of the interior floor while 

this corresponds the ground of the exterior ground. In practise, these are in fact inconvinient for users; 

6. Due to this sunken design, in torrential raining days, a high concentration of water could flood and 

poured into the building, as happened in past years. As a countermeasure, proposed from the 

management team, it was built a reservoir to collect these excessive water; 
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7. The roof suffered the problem of leakage, and, the most relevant issue is: "thermal insulation". The 

director pointed out that with the presence of four corners in the venue, which was designed with 

windows as ventilation points, but in hard winters, its are critical points due to too lower temperature 

(could attain to -15ºc) and, several pipelines were frozen. As a countermeasure, part of function was 

denied and, external materials were also be applied to prevent its freeze;  

 

Figure 49. VIew of the critical corner, from interior and exterior 
[Source: Author, July 2016] 

8. For the specific context of the gymnasium, and for Beijing, heating should be more concerned than 

cooling by ventilation, Mr Du mentioned. There is a significant lack of heating equipment, especially in 

spaces which have direct contact with the exterior. So far, electrical heating devices were being used, 

however, intending to tackle this concern, the maintenance team was preparing for an overhaul, this 

is, replacement of electric heating with natural gas heating and establishment of new heating pipes in 

critical areas;    

9. Once the initial investment was relatively lower among others university's Olympics buldings, the 

interior finishing was in fact very basic. Moreover, users normally require spaces well defined and with 

good looking. Therefore, post-transformation of the gymnasium could come out with high investments, 

eventually could surpass the profit expected. 

Concerning abovementioned information given, the Director Du hopes to analyse the exact use of 

each space, in the sense of better promoting the gymnasium. Only through reasonable income could 

the sustainable development/operation being carried on.  

Apart from issues encountered, Mr. Du had also affirmed some positive point from the architectural 

design: 

1. In standard meteorological circumstances, natural daylight could fulfil the requirements, no 

necessary use of artificial light devices; 

2. The natural light was designed for mostly post games uses, for cases of hosting an event, artificial 

lighting would be needed, even though, expenditures on lighting were relatively lower comparing to 

others venues with the same dimension; 

3. Regarding ventilation, it also revealed a positive behaviour, in summer, air conditioning was 

dispensable due to the presence of several devices of exhaustion and insufflation (refer to figure 50). 
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Figure 50. Ventilation tube in between of walls (left), the position of ventilation devices (right) 

[Source: Author, July 2016] 
From the developer/operator’s point of view, the architectural design and function distribution were 

likely to be hasty works, architects did not fully take account of the reality of the building is located in 

Beijing, differentiating with south China’s climate, in the North, climate issue was constantly affecting 

on constructions. (Note: SCUT, the architectural design team, is located in the south of China).  

FROM USER 

Being similar to the previous case study, it was also carried out an interview to the CAU Gymnasium 

users, with objectives of obtaining as much as possible reliable information and, posteriorly draw up a 

clear and thorough study regarding this case study from three different perspectives. The 

questionnaire applied was similar to that of the USTB; only question 5 suffered some modifications 

due to different sports programs that the gymnasium provides. As a result, it was attained a total of 30 

valid responses (refer the full questionnaire to Appendix). 

Questions of the first part of questionnaire: 

1. Gender?      
2. Are you a student?   
3. What’s your age?  
4. How often do you use the gymnasium (weekly)? 
5. What do you practice in the gymnasium?   (Multi-choices) 
6. How long do you spend on practising sport?    
7. Which is your favourite time to do sport? 
8. How much do you spend monthly in practising sport?  
Interpreting the data collected, among 30 interviewees, men are twice more than women, and their 

current occupation is all students, as well as all under 30 years old. Thorugh the answers to question 4, 

every six out ten students rarely use the gymnasium once per week, while a small percentage of 6.67 

used to practise sports in the venue. By the fifth question, it was asked which sport were most 

practised in the CAU gymnasium, and drawn out  that the most popular sport was among others in the 

gymnasium, basketball, ping pong and badminton were the most pursued sport for users, which 

correspond three courts that the gymnasium has established; moreover, running was also a highly 

practised sport in the gymnasium, it was told by an interviewee that running was free of charge and 

due to the air pollution, students prefer to run in an indoor venue.  
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 Figure 51. Results of the first part of questionnaire accomplished 
[Source: Author]     

From the question 6, the percentage of users suffered a decline when the practising time increased, 

mostly of users spend between 30minutes to 1 hour in the venue once they go, and, there were no 

people had spent over two hours in the venue. Based on output of the question 7 and 8, it could be 

concluded that a most of students use the gymnasium during evening, which corresponds over 40% 

while only 30% of people practise sport during day time (morning and afternoon), and, there were up 

to 40% of people enjoy the venue for free while around 44% spend less than 100yuan (around 14 

euros) per month in this sport centre.  

This first part of the questionnaire provided basics information and preference of users, by applying a 

very similar questionnaire in both USTB and CAU gymnasiums, it is a key to obtain credible 

information and to provide a base for further comparative investigation. 

 
Figure 52. Results of the second part of questionnaire accomplished 

[Source: Author]     
Questions of the second part of questionnaire: 

9. During your time in the gymnasium, did the ventilation fulfilled your needs? 
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10. During your time in the gymnasium, did the illumination fulfilled your needs? 
11. During your time in the gymnasium, did the acoustic behaviour fulfilled your needs? 
12. During your time in the gymnasium, did the hot water supply fulfilled your needs? 
13. During your time in the gymnasium, did the spaces supply fulfilled your needs? 
The second part of the questionnaire has the focus on the user’s personal feeling, as the same 

applied to the UTSB gymnasium, also focusing on five different parameters: ventilation, illumination, 

acoustic behaviour, hot water and the space designed. Through the outputs, it could be concluded that 

in all these five questions, over half of total users have agreed the building’s performance regarding 

comfort, in which the highest satisfaction was in illumination and acoustic behaviours. However, there 

was also some part that users reclaimed, being stated, up to 30% of students feel dissatisfied with the 

space design, the reason behind were raised up by the issue of constructed spaces being unused (the 

major part of administration rooms are empty and with no defined functions). Moreover, the original 

plan of swimming pool did not carry out, and some students demonstrated willingness and favour of its 

implementation. While the space design was receiving some critics, others four were having more 

positive feedbacks, with lower negative opinions (no more than 20%).  

  
Figure 53. Results of the third part of questionnaire accomplished 

[Source: Author]     
Questions of the third part of questionnaire: 

14. How much do you know about Green Building? 
15. For you, which entity should be responsible in promoting the gymnasium’s energy saving?  
16. What do you think the main difficulty in implementing renewable energy? 
The third part of the questionnaire was drawn up to recognise the user’s perception regarding 

sustainable development of the gymnasium and which entity should take charge of its promotion, as 

well as opinions of development difficulties encountered in its execution. By the question 14, up to 

60% of users do have an idea of the green building concept while only 2,7% understand the 

sustainable measures applied in the building. Subsequently, around 47% of students considered that 

the architectural design team should ensure the gymnasium’s energy saving, following by developer 

and users, with 33% and 20% respectively. On difficulties in implementing renewable energy, all users 



49 

thought that the lack of technology and high investment were two main reasons, corresponding 

respectively 54.84% and 41.94%, while a mere 3.23% consider it was a resource shortage problem.  

Throughout the exposure of information collected from two case studies, it was able to attain a 

perception, from three different perspectives, of the current situation of these two venues. In the 

following chapters, instead of Olympic buildings located in universities, it will be presented 

investigations of two symbolic buildings - the Water Cube and the Bird’s Nest. 

2.4. THE NATIONAL AQUATICS CENTRE (WATER CUBE) 

The Beijing National Aquatics Centre, better known as “Water Cube”, located into the Beijing Olympic 

Park. This venue dimensioned with 177mx177m in plan and with 31 metres in height, moreover, the 

construction was surrounded by a “water belt”. During the Olympic Games, the number of spectator 

seats was up to 17 000, while for after games, this number was reduced to 6 000 seats, including 4 

000 permanent and 2000 temporary seats. The implantation area and construction areas were 

respectively 6.25 square kilometres and 7.95 square metres (Zheng 2008). 

 

Figure 54. Site plans of the Water Cube 
[Source: Architect Zheng Fang] 

Considering the specific localisation of taking place in front of another emblematic venue (the bird’s 

nest had started its design and site selection before the water cube). “It was with great responsibility to 

design a project that located right beside the Herzog & De Meuron’s Bird’s Nest”, the architect Zheng 

Fang affirmed to author during an interview. As a contrast to the complexity of the bird’s nest, it was 

proposed a simple form design as a cube. However, this did not fall into a simple approach, and a 

special façade was drawn out by the architectural design team - the CCDI (China Construction Design 

International),  in tandem with PTW Architects from Australia. Furthermore, together with the ARUP 

Group Limited that dedicated to the engineering part and eventually ensured the concretisation of its 

construction. According to Chinese reflections, the circular shape of the Bird’s Nest represents 

“heaven”, while the adjacent square form of the Water Cube corresponds “earth” (Arup Group Limited 

n.d.). So far, both of these two symbolic constructions have been contributing in harmony to the 

Olympic Park Area.  
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2.4.1. Highlights On Sustainable Design, Materials And Technology 

As a consequence of research, site visit and interviews, it was obtained a large variety of information 

regarding the Water Cube’s design and technique implemented. Thus, intending to focus on fields that 

possess a strong relation with its sustainable use, highlighted information were selected and exposed 

in this chapter, and, others will be attached in the appendix.  

The Beijing Organising Committee for the Olympic Games (BOCOG) and the Ministry of Science and 

Technology of the RPC, in together, implemented a system which named the Green Olympic Building 

Assessment System (GOBAS), dedicating to control the quality of Olympic venues’ design and 

construction. Consequently, the construction was classified with score 4.5/5, as a high-quality 

construction and excellent relation between Load-Quality; this positive consideration relied on its 

practical and façade design (ETFE foil), water consumption system, building’s acoustic, lighting, 

thermal environments and others sustainable measures (Song et al. 2008). 

 
Figure 55. Bird view of the Water Cube 

[Source: Architect Zheng Fang] 
One of the reasons that the National Aquatics Centre had a nickname as Water Cube came from its 

façade, by using ETFE foil as covering material to simulate the aspect of water (Zheng & Zhang 

2008). Over 3000 pieces of ETFE foil covered up to 100 000 square metres which correspond the total 

area of the exterior wall. Furthermore, each piece comprised two skins: internal skin and outer skin, 

respectively with functions in acting as a vapour barrier, providing protection for occupants from any 

overhead maintenance, and, responding to external loads such as wind, snow and heat (Arup Group 

Limited 2008). However, Beijing has typical northern temperate semi-humid continental monsoon 

climate, during summer normally has high temperature and rains, cold and dries during winter, so that 

the main difficulty was to tackle the cold insulation in winter and thermal protection system in summer. 

In sum, ensuring favourable behaviour of a building with the complete use of ETFE foil, while 

maintaining the original design of its “water” appearance, being stated, the following key points were 

critical: Thermal Insulation, Ventilation and Lighting. The design and structure heads carried out an 

approach for the façade’s membrane design through several experiences, and tackling issues 

confronted in the abovementioned points.  

THERMAL INSULATION 
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Intending to tackle the issue that ETFE foil’s insulation behaviour did not fulfill the Beijing’s building 

insulation requirements in winter, at the same time maintaining the original appearance and concept of 

the design, architects and structural engineers from the ARUP utilised the air cavities formed between 

the multi-layer ETFE foil structures to improve the thermal insulation of the structure of the façade.   

According to researches, once the number of foil layers increases from 2 to 5 layers, the heat transfer 

coefficient “h” of the foil structure decreased from 2.905 to 0.915 W / (m2.K) (Song et al. 2008).  

By experiments, it was placed ETFE foil structures with 4-layer membrane,  the output demonstrated 

that the “h” value could be reduced to 0.68 w / (m2.K), and, for the façade, three-layer membrane 

structure of ETFE was able to reduce its value down to  0.88 w / (m2.K) (Arup Group Limited 2008).  

 
Figure 56. Façade Construction Diagram: Typical Section 

[Source: ARUP, 2008] 
According to characteristics of high light transmission that ETFE foil possessed, sunlight could directly 

enter the interior and affect the indoor temperature. In addition to improvements for winter’s cold, it 

was also important to solve the effects that summer’s high temperature aroused. Thus, silver dots with 

a diameter of 16 mm, and these were coated selectively on the EFTE foil following a spot density of 

10%, 20%, 30%, 50%, and 65% (refer to figure 59); by adjusting the spot density on each foil to obtain 

different shading coefficient, controlling the intensity of sunlight that goes into the building (Zheng & 

Zhang 2008). To reduce the further impact of solar radiation in summer, it was designed a cavity 

space between two layers of ETFE membranes, this space serves as a natural ventilation device 

which allows the circulation of air and part of heat caused by solar radiation (Refer to figure 57). 

 
Figure 57. Sectional detailing of ETFE foil Structure 

[Source: Author, drawing adopted from (X. M. Chen et al. 2008)] 
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As figure 57 illustrates, the internal skin acts as a vapour barrier protecting the structure and others 

devices from the corrosive pool environment; the external skin provides waterproofing with internal 

skin as a secondary backup; while ensuring the natural light, heat load is degraded by double-skin and 

reduced as much as possible through cavity (Arup Group Limited 2008). 

As a result, the engineers decided to apply four layers of ETFE foil on the roof and ceiling of the Water 

Cube (four layers in each skin – inner and outer) while applying three layers of ETFE foil on façades 

(both skins), so that, the heat transfer coefficient attained to h = 0.68 w / (m2.K) and  0.88 w / (m2.K), 

respectively. In 2008, by using ETFE on façade and implementation of shading measures was able to 

reduce the cumulative annual load in order of 7.13% (Song et al. 2008). 

VENTILATION 
In the case of natural ventilation, the abovementioned cavity ventilation played an important role in 

energy-saving for the construction, by this, heat loads struck the building could be softened, through 

previous experiment carried out by the construction responsible entity BSAM (Beijing State-Owned 

Assets Management Co. Ltd.), once turned on the ventilation fan for cavities, it was able to save the 

building’s energy consumption on cooling up to 13.4% annually, corresponding 1089kW. In addition to 

natural ventilation, the Water Cube roof also possessed 20 mechanical ventilation on the its roof (refer 

to figure 55), in cases of possible failures of the natural ventilation system. Besides, other ventilation 

and energy-saving measures were also used in the Water Cube, for instance, heat recovery 

technology was implemented in the air-conditioning chillers, waste heat were collected and used for 

domestic water and swimming pool water heating, and, the rate of heat recovery could attain more 

than 60% of total waste heat emitted (Song et al. 2008).  

 
Figure 58. Diagram of ventilation through cavity between skins 

[Source: ARUP, 2008] 
As figure 58 illustrates, the sunlight projects to the interior of the building in different angles, being 

stated, the sun’s position in summer is relatively higher than winter, so, the red flux represents heat 

load, and the blue flux corresponds cold load. Throughout the cative ventilation design, during 

summer, part of heat load would reflect on the inner skin and then driven with a certain angle to 

outside, while in winter the cold load comes from the ground and its flux would be guided and vented 
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to the outside by one of the openings on the roof. Additionally, the connectors to link each panel of 

ETFE, which are the most likely to suffer dew condensation took a preventive heat treatment, 

preventing both the cold air from outdoor and the high-humidity air from indoor come to the cavity 

space between skins (X. M. Chen et al. 2008). 

 
 Figure 59. Detailing of ETFE foil with pattern (left), the cativay between inner-outer skins (right) 

[Source: Author (left), Architect Zheng (right)] 
LIGHTING 
One of the key features of the material ETFE was its high light transmissivity, which could attain up to 

94%. Comparing to conventional buildings, utilisation of natural light in the water cube could be 66% to 

106% higher and lighting energy consumption could be 44% to 68% lower, in total, it was likely to save 

up to 627 MWh in electricity, 29.4% lower than in conventional construction with the same feature 

(Song et al. 2008).  

 

Figure 60. Conceptual diagram of lighting in Water Cube 
[From: Architect Zheng Fang] 

In addition to aesthetics that ETFE foil brought, it was also relevant to consider the natural light 

environment, ensuring a pleasant lighting environment for Olympic swimming competition athletes, 

spectators and broadcast. The water cube’s light environment could be analysed through the 

conceptual diagram (figure 39): sunlight’s get into from the south façade, part of low-angle incident 

glare could be eliminated by ETFE foil; controlling of diffuse light entering from the roof (direct sunlight 

may cause reflective glare on the water surface, and consequently influence the competition); 
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controlling the uniformity of lighting at the top of the competition hall; by using artificial lights on top of 

the pool to obtain indirect lights and eventually to prevent dazzling light (Zheng 2008).  

Each part of the building requires a different value of light according to determined functions of the 

space (figure 61). Moreover, these functions were reflected on façades and roof through difference of 

spot density of silver dots, controlling the transparency and the light transmission rate.  

 
 Figure 61. Analysis of Indoor Light Environment (Natural Light) 

[Source: Author, adopted from Architect Zheng] 
Natural lighting also contributed the same to energy conservation, on February 27 of 2008, the natural 

lighting of water cube was analysed by the Construction Engineering Testing Centre of the China 

Academy of Building Research (CETC). Consequently, the results showed that the natural lighting 

could meet the requirements of competition hall for about 1050 hours per year, leading to a total 

annual reduction of lighting electricity about 430 000 KWh (Song et al. 2008). 

2.4.2. Information Obtained From Site Visit And Interviews 

FROM ARCHITECT  

The Beijing National Aquatics Centre, better known as Water Cube, served for competitions of 

swimming and diving competition during the Olympic Games 2008. In plan, the Water Cube measures  

177x177m, and in the functional distributions, it was composed of three major areas: 

- Olympic Competition Hall, about 130x130m, including swimming pool (50x25x3m), diving 

competition pool (30x25x4.5-6m) and 17,000 standard audience seats; 

- Leisure Pool: located on the south side of the construction, about 130x40m, however, this was not 

completed during the Olympic Games, and only in August 2010 it started in functions; 

- Warm-up Pool Hall consists of two floors. The basement is a warm-up pool (50x25mx2m) while the 

upper floor is a multi-purpose indoor playground. This last could be set to three tennis courts or two 

basketball courts.  

During the site visit, on July 11, the second-floor multi-functional hall was assigned to host a 

competition for martial sport during five days, and, in typical days, with two tennis courts that were 

established, space served to tennis training, as well as rent by hours. At the early stage of design for 

Water Cube, it was put in emphasis all the requirements both during and post-games together, 
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moreover, constantly considering on its operation, and, with the establishment of a multi-functional 

water theme centre, serving to the public. 

 
Figure 62. Plans of three stages of the venue (Game period, Designed Post-games and Current Situation) 

[From: Author, adopted from Architect Zheng] 

  
Figure 63. The Competition Pool Hall (During Games); Figure 64. The Competition Pool Hall (Post-games) 

[Source: Architect Zheng] 
Also, the warm-up swimming pool hall was also converted to a swimming pool which opens to the 

public, as well as a multi-functional space on its upper floor.  

  
Figure 65. Warm-up Swimming Pool Hall (left); Figure 66. Multi-functional Hall (right) 

[Source: Author, July 2016] 

According to the fact that Olympic Games last only shortly for 16 days, and the requirement was huge 

regarding space, personnel, mechanical and electrical load. After the 2008 Olympics, the Water Cube 

underwent a 200 million yuan (approximately 28.5M euros), revamping its interiors according to its 



56 

previous design for post-games utilisation. Among which, the first was the demolition of 11 000 

temporary seats which were located on higher levels, converted to two four-story buildings, better 

known as the North Building and the South Building (refer to figure 67). 

 
 Figure 67. Sections of three stages of the venue (Game period, Designed Post-games and Current Situation) 

[Source: Author, adopted from Architect Zheng] 
As the transport nodes of the ground floor, first floor and second floor’, the South Street linked the 

three major functional areas together. During the games, the main function of the south street was to 

distribute guests, and after the games, served as a welcome hall of the water theme park, providing 

services such as restaurants, bars, shops and other.  

  
Figure 68. The South Street (left); Figure 69. Leisure Pool Hall (right) 

[Source: Author, July 2016] 
FROM DEVELOPER 

After an interview with Architect Zheng Fang on July 11 of the present year, it was given contact of the 

responsible of the current operation team for the Water Cube. Through contact with the secretary of 

the general manager, Ms. Bian Jing, allowing an interview and walkthrough on July 14, with the 

current principal manager - Mr. Yang Qi Yong, who also served as an engineer since the early stage 

of construction of the Water Cube.  
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According to Mr. Yang, it was firstly affirmed that post-games alteration of the water cube had 

successfully fulfilled diary demand for operation. By demolition of 11 000 temporary seats, the current 

number of seats decreased to 6000, this means that the water cube could not host large-scale 

international swimming competitions. However, as the manager  confirmed:”It is almost impossible to 

host twice Summer Olympic games within the same venue, by demolishing a large part of spectator 

seat, converting the space into favourable place to hosting commercial, cultural and others activities 

which could bring vitality to the water cube”. As a result, with the construction of the two buildings 

(south and north) in place of previous temporary seats, the total area of construction increased from 7 

9533 square metres to around 10 0000 square metres. Thereby, facts regarding the current operation 

and spaces functionality were expressed by Mr. Yang:  

1. Currently, the swimming competitions hall destinated to host events, and the warm-up hall serves 

as a public swimming pool (a loyalty swimming club rent this place as training base). Also, the leisure 

park has been developing to an aquatic theme park, as well as the second floor of and 2-story tennis / 

multi-function hall (holding large-scale activities); 

2. The water of the swimming competition hall can be extracted or covered by a wooden floor, 

permitting activities upon it, and, adapting to the requirement to ensure the performance through its 

ease of conversion. Normally, clients who look for rent a large space such as the Water Cube, the 

activities holding would be more willing to have its own layout while using the space (the use of water 

or without water); 

3. For large public buildings, its post-games operation could not be supported by a single mode 

(hosting swimming competitions), the building needs to "survive", therefore, a significant number of 

changes in the internal space function are inevitable, conducting the building to be able of hosting 

different types of events. As a result, today, swimming functions are providing merely one-fifth of the 

day-to-day operational expenditures, to ensure a healthy cycle of uses, "Reversal function of spaces" 

should be carried out, intending to assure the building’s sustainability; 

  
Figure 70. The Competition Swimming Hall in preparation for hosting an event 

[Source: Author, July 2016] 
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4. Due to the APEC (Asia-Pacific Economic Cooperation) banquet took place in the Water Cube in 

2014, it was established a new power distribution system, strengthening over 2000 KW.h power 

supply, reaching up to 15 000 KW.h in total of its capacity;  

5. During daily uses, natural illumination could meet the requirement for most of the days, and there 

were no artificial lights in areas such as warm-up hall and leisure park; 

 
Figure 71. Acoustic insulation materials in different part of the construction 

[Source: Author, July 2016] 
6. According to Mr Yang, the largest conflict between design planning and daily use is the acoustic 

environment. As the building was fully coated by ETFE foil, its acoustic insulation behaviour was, in 

fact, poor, as a countermeasure, it was added soundproof walls of 18mmPC polycarbonate plate 

(transparent wall) on the connection wall of each hall. After Olympics, most of the walls in the 

swimming competition hall were converted to sound-absorbing (with perforated aluminium), the 

longest wall could attain to 100 meters, as well as sound-absorbing curtain were added on sides (refer 

to figure 71). As a result, the original noise frequency dropped from 75 dB to 55 dB, permitting a better 

acoustic environment; 

7. On the ETFE membrane structure of the ceiling, acoustic behaviour could be improved by adding 

Polycarbonate boards, however, the total coated area was around 20 000 square metres, due to 

budgetary issues, so far, this material was merely implemented on about 1000 square metres; 

8. Regarding operation expenditures, during summer (July, August and September), expenses on 

electricity comes around 1 million yuan (around 142 thousand euros) per month, this value is 20%-

30% higher than typical buildings with the same dimension. However, taking advantage of the 

façade’s coating, electricity and heating demand during winter are lower than usual constructions, 

balancing with extra expenses of summer; 

9.  Every day, around 40 tonnes of water were used in the bath, toilet and water-renovated system of 

the pool. In cases of being required to empty the pool, these water will be discharged to a reservoir 

located in the south part of the building, which has the maximum capacity of 2000 cubic metres. 

Moreover, the façade cleaning that requires manual work, every year, up to 2 million yuan (around 285 

thousand euros) were paid for labour costs; 
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10. For heating system (hot vapour system), annually, it could cost over 3 million yuan (around 428 

thousand euros) to meet the water cube’s demand, and, around 2 million yuan ( around 285 thousand 

euros) spent for water supply; 

 
 Figure 72. Detailling of a ETFE structure module  

[Source: Author, July 2016] 
11. Each unity of ETFE module on the roof comprises four layers of ETFE foil, in which the extreme 

outer layer is transparent blue and simple transparent for others three layers. This system was applied 

to both façade and roof, and, this first consist of 3 layers with the extreme outer layer in clear blue. 

Yearly, approximately half million yuan (around 71 thousand euros)  were the maintenance cost to 

ensuring the proper operation of this particular material (including pipes and linking parts). Moreover, 

according to the characteristic of ETFE foil, respective patching could be executed simply with 

adhesive tapes, as the Figure 72 demonstrates; 

12. Mr Yang referred that the natural ventilation system from the cavity between two façade skins did 

not correspond its contribution to the design represented. Most of the ventilation from this cavity space 

were carried out by the mechanical device located on the roof. Moreover, some difficulties were 

encountered during the use of these devices, so, today’s ventilation are mostly through air-conditioner. 

Electricity expenses occupied 65% of the total budget of the venue’s operation, and, within electricity 

expenditures, up to 44% were spent on air-conditionings. As a countermeasure, since 2013, the air-

conditioning system was improved by adding an intelligent control system (ECS600-4 Central Air-

Conditioning), therefore, this could contribute to lessening 10-20% of power spent on air-conditioners; 

13. Last year, Beijing was nominated to host the 2022 Winter Olympic games. Consequently, the 

Water Cube was assigned to carry out part of the competitions. For Water Cube, Mr Yang said:” 

Turning water to ice is only a temporary transformation, most likely changing back to water after 

games, or even to another type of superficial to meet different demands, as now we do.”  

Besides the flexibility in space reversal process, the appearance of the building influenced certainly to 

its post-games use. From perspective of developer/manager, social and cultural meaning of a building 

could easily bring fame to the construction, eventually, stimulating more clients with demands to rent 

spaces of this venue, therefore, enhancing the building’s revenue to ensure its sustainability in the 
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sense of economy. So far, excluding the initial investment, the Water Cube could afford expenditures 

such as labour salary, depreciation of equipment and energy costs, relying on its daily operation. 

FROM USER 

Due to a large variety and flux of users (mostly visitors and swimmers), it was hard to get favourable 

circumstance to organise interviews or asking to fill questionnaires. Thus, it was not possible to 

achieve information regarding the Water Cube form current users. 

 

2.5. THE NATIONAL STADIUM (BIRD’S NEST) 
The National Stadium, similar to the “Water Cube”, it was attributed a nickname relied on its 

architectural appearance - “Bird’s Nest”. The construction took place in the Beijing Olympic Park and 

located on the east side of the Water Cube, divided by the Olympic Avenue (refer to figure 73). The 

stadium has an oval form, in plan, it has 333m long from north to south and 298m from east to west; 

for its irregular form, the highest point is 69m height while the lowest is 40m; the void in the central is 

an opening with 182m long from north to south and east to west 124m. During Olympic Games, as the 

main Stadium, Bird’s Nest had up to 91 000 seats, in which 11 000 were temporary and was 

demolished after games. The total area of construction was 258 000 square metres and possessed a 

total of 8 floors, from 0 to 7 (China Architecture Design & Research Group 2009).      

Similar to the Water Cube, the architectural design team of the Birds Nest was cooperation in tandem 

of the CADG (China Architecture Design Group) and the Herzog & De Meuron Architects. This design 

team won the international architectural design competition for the National Stadium, in beginning of 

2003, afterwards, in July 2006, the construction had started and eventually was delivered in June 

2008 (China Architecture Design & Research Group 2009).  

  
Figure 73. Site Plan of the National Stadium  

[Source: Bing maps] 
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2.5.1. Highlights On Sustainable Design, Materials And Technology 

The National Stadium comprises a complex of renewed construction material and technology, 

corresponding the development of Chinese construction and the unique way of representing the 

country’s profile. Through countless times of experiment and  effort from several parts, since architect, 

engineer to construction workers, contributing together and striving for the concretisation of the 

project. In this chapter, it will be exposed some of the relevant measures of the building, considering 

sustainability on its usage during Olympics, as well as post-games operation.  

  
Figure 74. Bird View of the National Stadium  

[Source: Album Arch_Herzog & de Meuron, Pinterest] 
STRUCTURE 

The steel structure of the Bird's Nest is called as “huge span steel truss structure”, so far, the stadium 

is one of the largest sports buildings in the world. The shape of the building seems like a saddle, and it 

comes from a complex combination of technical considerations and structural demands, such as the 

spectator seats are higher in east and west sides (longitudinal direction) and lower in the south and 

north sides (transversal direction).  

  
Figure 75. DIfferent structure systems of the Bird’s Nest  

[Source: (China Architecture Design & Research Group 2009)] 
Therefore, relying on this irregular form, offering an excellent viewpoint to every spectator from 

different points within the stadium (Li 2011) (refer to figure 75). 
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The structure of the stadium comprises two parts: exterior steel structure and interior area of seats. 

This first consists of one principal structure and one secondary structure, as in figure 75 illustrated, red 

columns and beams correspond the 24 principal truss columns and horizontal structures, and others in 

blue are secondary structures that allow placement of coatings, stairs and others elements. Being 

independent with the steel structure, the spectator sitting area is made of steel reinforced concrete (Yu 

& Zhang 2008). Also, the roof of the stadium is composed of two layers, in the upper/exterior layer, the 

dimension of steel beam section has dimension between 1m x 1m to 1.2m x 1.2m, while for the 

lower/Interior layer, it was adapted smaller sections with dimensions between 0.8m x 0.8m and 1.2m x 

1.2m (Beijing National Stadium n.d.). 

The current systematisation of structural beams suffered modifications and turned to more simply. 

This decision composed of several considerations, firstly, as a material, steel have a large embodied 

energy which relies on several process and costs, causing environmental issues and having a high 

value of construction. Consequently, new technical calculations were carried out, with the intention to 

reduce the steel quantity and the construction investment, which response to the initial objective of 

“Green Olympics” (China Architecture Design & Research Group 2009). 

The linking point between the steel structure and concrete beam was articulated through a special 

technique, this is, all concrete beams were covered by a metallic tube, and, by linking this tube to the 

main structure, providing a homogeneous finishing aspect. Moreover, in parts that pillar drill through 

the concrete slab, a tolerance of 15cmx15cm was designed for possible deformations, once the pillar 

in made of steel.  

 
Figure 76. Detailing of linking between steel and concrete structures  

[Source: Author, July 2016]  
MEMBRANE STRUCTURE 
The roofing and main structure of façade are composed of steel structure and membrane structure. 

Within the membrane structure, consisting of two layers: upper or exterior is coated with ETFE foil and 

PTFE foil was used for the lower or interior layer (refer to figure 77).  Each ETFE foil was placed into 

space limited by steel beams on the roof, located from the lower point of the beam (1000mm x 

1000mm) and 750mm lower from the extreme limit. The membrane is linked to the steel structure 

through the ditch. Meanwhile, the ETFE soil has an own support system to ensure its stability and, the 
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ETFE surface is parallel to the orientation of these beams. On the lower/interior layer, the transparent 

PTFE layer was set 600mm below the steel beams on the ceiling and ranging from the inner ring to 

the parts behind the spectator seats (refer to the section in figure 78). Relying on this material’s high 

sound absorption behaviour, it is also called as an acoustic ceiling (China Architecture Design & 

Research Group 2009).  

 
 Figure 77. Upper and lower Membrane Structures (left); space between 2 layers (right)  

[Source: Author, July 2016] 
One of the most advantageous characteristics of ETFE and PTFE soil is very light in weight, besides 

the weight of the skeleton, the weight of the material is almost negligible. Comparing to others 

materials, the membrane structure is extremely appropriate for large-span constructions, particularly at 

the National Stadium that possesses such a huge steel structure. Moreover, these two materials have 

excellent behaviour on self-cleaning and durability, thus reducing future maintenance work. 

ETFE and PTFE are both with high transmittance, to a certain extent, contributed to guide natural light 

into sheltered areas; the ceiling of PTFE foil possesses an excellent sound absorption characteristics, 

consequently, improving the stadium’s acoustic environment and providing better quality for 

spectators. As the national stadium is constructed by steel cross-weaving skin, its roof comprises of 

modules (space created by beams) with difference sizes, among which the largest has over 240m 

square metres and the smallest is only 0.3 square metres. Therefore, to ensure the function of ETFE 

foil and to take advantage of it, modules with an area less than 1.5 square metres were set aside and 

did not use ETFE foil but with welded with plates of steel. On the lower layer (ceiling), once there were 

no waterproof requirements, the PTFE foil adapted small holes on itself, by these small holes, the 

sound could be absorbed a part of sound energy (China Architecture Design & Research Group 

2009). 

RAINWATER RECYCLING SYSTEM 
According to the unevenness of the roof of the National Stadium, each module has a relative lowest 

point, so, it was designed a drainage unit for each EFTE  foil skin module. According to the variety of 

area of modules,  the rain holes at the lowest point of each groove vary between 1 to 3 units. The 

groove is mostly 320mm wide, 200mm deep, respecting current requirement for drainage and 

maintenance. 
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Figure 78. Roof view of the Bird’s Nest (left); detailing of rainwater drain & space between layers (right) 

[Source: Author, July 2016 & adpoted from Architect Tan (right below)] 
Consequently, by adjusting heights of each module, it was set up to 120 drainage units (refer to figure 

78), collecting rainwater through the syphon system from the lowest point of each module, and then 

discharging to the collection tank. Lastly, through seven water-drainage column (steel column) 

distributed within the stadium (refer to the Appendix), flowing down to the reservoirs. At the early stage 

of construction, six large reservoirs were established, totalling its capacity to 12 000 cubic metres, 

and, with the annual water-recycling treatment of 58 000 tonnes. After treatment, the water will be 

used in 9 major areas, such as lawn irrigation for the competition field, air-conditioner cooling, toilet 

flushing, green spaces, firefighting and so on. With this sustainable measure, it could effectively 

reduce the stadium’s water consumption to a significant extent. 

2.5.2. INFORMATION OBTAINED FROM SITE VISIT AND INTERVIEWS 

FROM ARCHITECT  

In December of 2002, the Beijing Municipal Commission of Urban Planning (BMCUP) announced the 

international architectural design competition for the Beijing National Stadium. Consequently, in April 

2003, a design team consist of Herzog & De Meuron Architects and the China Architecture Design 

Group (CADG) was nominated with their design proposal for the new National Stadium (Li et al. 2013). 

Architect Li Xing Gang, the Chief Architect of the CADG, had contributed powerfully to the project, also, 

the representative of the design team – Architect Tan Zhe Yang, who worked since the beginning of 

the project until its conclusion, as well as post-games revamp process, played an indispensable role 

for its concretization. On July 15, 2016, it was great pleasure that the author had a chance to interview 

Architect Tan Zhe Yang, and consequently visited the National Stadium by the guidance of him. 

Considering the post-games uses, the owners of the National Stadium asked for an optimal design, 

being stated, including post-game commercial transformation program, integrating this program into 

the Bird's Nest at the same time preserving the original Bird's Nest‘s design concept.  

Relying on this, it was included a post-game alteration design with focus on creating commercial 

spaces (refer to appendix). Therefore, several parts were changed after the Olympics, in which the 

stand of seats was one of the main parts carrying out alterations. The stadium is composed of three 

parts: the basement which is 1.5m lower than the outdoor, with core functions of logistics, media, entry 
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of athletes, competition officials and VIP, as well as goods entrance also located on this floor; under 

this, there are 2 floors for parking and machines; the stands occupied the seven floors above the 

basement: the lower stand (first floor), the middle stand (second and third floor), the boxes (fourth 

floor), the upper stand (fifth and sixth floor) and on the last seventh floor has some small rooms for 

machines (Li 2011). 

During games, the National Stadium had up to 91, 000 seats, posteriorly, it converted and left around 

80 000 seats  (refer to figure 79): 

- For the first stand of seats, to ensure host high-level international competitions after Olympics, 

the media stand on the west side was kept, and, the media room will have direct access to the 

first level; 

  
Figure 79. Plan of the stadium’s seats distribution 

[Source: Author, adopted from Architect Tan] 

  
Figure 80. Three level of stands (left); open space in the second stand (right)  

[Source: Author, July 2016] 
- In the second stand of seats, it was removed the previous temporary seats of 4 sides on the 

third floor (refer to figure 79), converting the space behind, in the west and east side, to a 

open space which could be rent to outside clients for events using (refer to figure 80). During 
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the Olympic games, the glass curtain wall was previously placed in the 4 direction reserved 

(east, south, west and north) for its post-conversion, corresponding to temporary seats  (refer 

to figure 79), thus, these new spaces created could directly look into the stadium, optimise its 

lighting environment and landscape; 

- On the third stand of seats, it was also demolished part of temporary seats, as the plan below 

illustrates, designed to complement the post-Olympics alteration plan, providing more space 

for further enlargement uses.  

For the north side of the second stand of seats, after removal of the previous temporary, it was 

introduced a restaurant with a view of the inside of the stadium, providing the space with premium 

service and environment. Currently, the restaurant in practice names “Italian Arena Restaurant”. 

  
Figure 81. Photos of the restaurant, located in third floor of the north side of stands 

[Source: Author, July 2016] 

  
Figure 82. Section of the north side of stands (project) 

[Source: Author, adopted from Architect Tan] 

Besides the restaurant, it was also designed a hotel in upper floors, intending to creat the north side of 

the stadium a place of leisure and business. As the section of the north side of stands illustrates, the 

two underground floor serve to hotel's garage and warehouse area; the ground floor, in which 
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reception, bar and other service facilities take places; as abovementioned, the third floor is a 

restaurant;  the fourth, fifth and sixth floors are rooms of the hotel, taking advantage of the previous 

function of small meeting rooms, transforming these to standard suites. According to the design layout, 

most of the rooms have direct view to the stadium, and, eventually, providing to the stadium a hotel 

with about 80 rooms (China Architecture Design & Research Group 2009). 

However, according to Architect Tan, due to the security concern of the national stadium and 

investment viability, the hotel plan have not carried out (refer the plan in the appendix). Currently, the 

ground floor and first floor was converted to a social space -“Bird’s Nest Cultural Centre”, designed by 

Architect Li Xing Gang (the head of  CADG). Moreover, the third and fourth floor served to the 

restaurant, while the fifth and sixth floor have not suffered any modification so far.  

 
 Figure 83. Current photos of the Cultural Centre 

[Source: Author, July 2016] 
For the south side, in spite of the design have been done in a beforehand, similar to the project of 

hotel, its was proposed another function to this space – a commercial centre (refer to Appendix). Since 

February 2010, the Beijing government intended to develop this area and converting to a Museum of 

Olympic, showcasing the legacy of the Beijing Olympic games. However, due to bureaucratic 

procedures, this plan was also not carried out yet (Li et al. 2013). 

FROM DEVELOPER 

Subsequently, to the meeting with Architect Tan Zhe Yang on July 15 of this year, it was offering to 

author an great opportunity to visit the Bird’s Nest on July 19, guided by the Architect. By explanation 

and guidance of the Architect, allowing a thorough understanding regarding this construction in 

respect to its post-games uses. Also, it was possible to have a quick conversation with the current 

manager of the engineering department of the National Stadium – Mr. He Tao, from whom several 

relevant information of the stadium’s operation and data facts were provided.  

So far, the Bird’s Nest has been captivating customers with demand in hosting big events (refer to 

figure 84). The bird’s nest’s operation efficiency is mainly reflected in both in economic and social 
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benefits, relying on its iconic meaning and spectacular architecture. With this comprehensive 

development, this contributes to increase the stadium’s income and social recognition (Lin 2009).  

 
Figure 84. Photos of the bird’s nest hosting big events 

[Source: Architect Tan] 
Thereby, facts regarding the current operation and spaces functionality were explained by the 

Architect Tan and the Manager Mr. He:   

1. Bird's Nest indoor lighting system is comprised of fluorescent lamps, with a diameter of 16mm T5 in 

most of the spaces and, for larger spaces standardised T8 (26mm) were used. Regarding power 

supply, the use of the leading technology 100kW solar photovoltaic power generation would maximise 

the reduction of energy and resources wasted; 

2. Under the football field, it was established a system of Ground Source Heat Pump (GSHP) in an 

area of approximately 8000 square metres, enabling energy for the heating and cooling of the building. 

However, in daily uses, most of these energies were supplied by electricity and winter heating system; 

 
 Figure 85. Photo of a vending box under construction 

[Source: Author, July 2016] 
3. So far, the developers intend to revitalise the ground floor with commercial spaces. However, the 

ring road on this floor has more than 700 metres, turned its transformation more difficult. Subsequently, 

by cooperation between architects and current management team, and respecting to the situation of 

enterprise-establishing, these spaces will be developed, in stages, in divided area for commercial uses; 
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4. At the entrance floor, there are in total of 12 boxes of service (including staircases, elevators, sales, 

storage of goods and so on.), distributing evenly between each two entrances. Currently, the venue 

expects to establish a glass vending box (refer to figure 85), in the guest’s entrance area (first floor), 

carrying out some sales activities to promote the business environment; 

 
Figure 86. Stairs to access the roof (left), sound-absorbing material on a tank (right) 

[Source: Author, July 2016] 

5. The roof and ceiling are composed of two layers, respectively, in ETFE foil and PTFE foil.Moreover,  

for this second layer, noises was able to pass through the PTFE material and reflected between the 

two films, creating a high-noised acoustic environment. As a countermeasure, it was added sound-

absorbing material glued on the surface of rainwater collection tanks (refer to figure 86);  

6. Today, tourism is the largest source of revenue for the National Stadium. In addition to the 

traditional visit path, it was developed a new VIP visiting path, designed a new pathway to visit the roof 

of the stadium (refer to figure 87); 

7. In fact, around 1/3 of the stadium’s visit tickets were free given to some entities (according to 

Chinese culture), ignoring the initial investment (around 2 billion yuan =0,3 billion euros), by the 

current management team, the national stadium’s revenue and expenditure could be only balanced; 

   
Figure 87. Plan of the roof visit pathway (north side); Figure 88. Viewpoint of the roof vist pathway 

[Source: Architect Tan (left); Author, 2016 (right)] 
8. The northern part of the stands was previously designed for a hotel. However, its current use is for 

multi-purpose exhibition and cultural communication centre. The cultural centre was designed by 
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Architect Li Xing Gang who participated in the stadium’s design as well, the centre includes the 

sunken courtyard ( with Chinese rockery), a cultural corridor and service space; 

9. During the year of 2015, the total revenue of the Bird’s Nest up to 168 million yuan (approximately 

24 million euros), in which the tourism and rent were majors contributors, respectively, with 51 and 54 

million yuan. Meanwhile, others activities such as Winter Festival (an event), exhibitions, events, 

advertisement, catering, bird’s nest related products (sales of souvenirs ) also significantly contributed 

to the stadium's income.  

FROM USER 

Similar to the previous case study (Water Cube), due to numerous visitors and its great flux, it was not 

favourable to organise interviews or asking to fill questionnaires. Thus, it was not possible to achieve 

information regarding the Bird’s Nest from current users. 

 

2.6. SUMMARY 

The fieldwork and interviews have been run during June 8 to July 19 of the present year, started from 

the USTB Gymnasium to the Bird’s Nest. Along this process, undoubtedly the result attained is 

product of collaboration of several parts, eventually, information obtained could be summarised as: 

- UTSB GYMNASIUM:  

One of the highlights in design is the optical lighting system on the roof, which could mostly 

meet up the pavilion's indoor illumination requirement. While for the post-games revamp plan, 

the UTSB gymnasium had successfully constructed its swimming hall on its previous design. 

Regarding post games operation, it was established a management team, efficiently operating 

services that the building could offer, eventually, providing a great environment to all venue’s 

users. 

- CAU GYMNASIUM:  

Emphasising points in this building reveals in the natural illumination and ventilation, relying on 

over 400 gaps (some windows) created by designed staggered roof. Regarding post-games 

alteration, it was not carried out the initial planning (construction of swimming pool), due to 

financial difficulties. Moreover, the sunken design of this pavilion caused sometimes rainwater 

flood and poured into the building, together with the problem of non-defined function in parts 

of the building after games period, representing the most critical situation of this case study. 

Also, some drawbacks revealed in users feedback, up to 30% of interviewees feel dissatisfied 

with the space design, the reason behind was raised up by the issue of constructed spaces 

being unused. 

- THE NATIONAL AQUATICS CENTRE: 

Surely, the Water Cube differentiates itself with unique façade skin, which possesses excellent 

behaviour regarding thermal insulation, ventilation and natural lighting. However, according to 

the manager, indoor acoustic environment demonstrated a lack of quality; consequently, 

several measures had been taken. Concerning post-games conversion plan, it has 

successfully implemented ( removal of temporary seats and construction of the south and 
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north building), and, all spaces designed are having destinated uses, from where revenue 

comes and ensuring the water cube’s daily operation.  According to the general manager, 

most of the issues were tackled by appropriate measures, and, highlighted the flexibility in 

main spaces, which undoubtedly ensured the success of post-games operation more 

sustainable.   

- THE NATIONAL STADIUM:  

The remarkable structure of the Bird’s Nest assured its representative characteristic among 

others Olympic’s buildings. Additionally, through its double (ETFE and PTFE) membrane 

structure and Rainwater recycling system could generate the building more sustainable. 

Regarding its post-games' uses, removal process of temporary seats and construction of new 

functional areas were effectively completed. However, previous conversion plans such as 

hotel and commercial centre did not carry out due to bureaucratic process and security 

concerns. Furthermore, besides the largest contribution to the stadium’s revenue – tourism, 

others activities have been increasingly affording to the construction’s daily operation, likewise 

new development plans in establishing glass vending box in the guest’s entrance area (first 

floor), promoting the space with new businesses and more dynamic environment.  

All in all, throughout information obtained from these four case studies, an authentic image was drawn 

up, relying on literature research, interviews and site visits could attain a thorough understanding of 

current situations of these case studies, moreover, by information collected from different people, 

diverse but precise perceptions could provide the author with an objective perspective and trustworthy 

interpretation regarding the above four post-Olympics buildings.  

In the following chapter, information collected in this chapter will be analysed dedicatedly. Being 

stated, despite vertical analysis (investigation and comparison) between the previous planning and 

current situation of each case study, also, comparing horizontally case studies with similar 

characteristics. This is, UTSB gymnasium and CAU gymnasium, Water Cube and Bird’s Nest, 

according to their localisation,  dimension and others leading features. Therefore, with the objective of 

identifying main strengths and possible drawbacks, eventually, favouring future project for the 

Olympics by giving design recommendations. 
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3. DATA ANALYSIS 

3.1. UNIVERSITY DISTRICT VS. BEIJING OLYMPIC PARK 

For the Beijing 2008 Olympic Games, the total investment was about 300 billion yuan (approximately 

42.8 billion euros), in which a total investment of 22 billion yuan (roughly 3.2 billion euros) were spent 

on the construction of Olympic venues. Moreover, with the development of Olympic Games, many 

large-scale urban public spaces were formed, such as the Olympic Square pedestrian area, as a 

reception and social area to guests and local people (Wei 2006).  

 

Figure 89. Map of Venues’ DIstribution in 2008 Beijing Olympics  
[Source: (Xander 2008)] 

According to Beijing’s current situation of urban traffic and the distribution of existing sports facilities, 

the Olympic Organizing Committee proposed that the Olympic bulidings’ distribution should focus on 

the following points: Olympic construction and urban construction should be combined; part of venues 

are concentrated, and parts are dispersed; construction, renovation and expansion were combined to 

new constructions; planning previously the transition between games period and post-games 

buildings’ operation. 

The points mentioned above were strongly followed and implemented, several venues were 

constructed in areas with high-density populational and lacking of sports facilities while others were 

planned to be in universities’ campus, providing a space for future academic uses. As a result, 

Olympic buildings are mainly concentrated in the northern and western parts of the city and divided 

into four zones, including one central and three sub-zones: the central zone is Olympic Park, while the 

other three sub-zones are the University District, the Western Community and the North Scenic tourist 

area (outside of Beijing, not included in the Figure above). Regarding venues’ distribution,within the 
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four areas prior mentioned, it was rigorously followed the concept of “concentration & dispersion” 

(Beijing Civil Affairs Bureau 2016), in which the main buildings in each area were:  

- The central area of the Olympic Park: including the National Indoor Stadium, the National Stadium 

and the National Aquatics Center, as well as the Olympic Village and some Convention Centers. 

- Western community: including the Wukesong Cultural and Sports Center (Basketball Hall), Laoshan 

Bicycle Hall and Beijing Shooting Hall, with a total construction area of about 200 000 square metres 

and the total planned land area was about 0.5 square kilometres. 

- Northern scenic areas: softball courts, Olympic water parks and the expansion of the racecourses. 

- University area: A total of six university campus, including the University of Science and Technology 

Beijing Gymnasium and the China Agricultural University Gymnasium. 

With the well-distributed planning of Olympic venues (refer to the following table), providing a general 

development not limited only in one area, but also emphasising the city of Beijing as a whole, 

enhancing the quality of public facilities in several districts. It is worth highlighting two main areas, in 

which the case studies took place.  

Table 3. Percentage of venues in each area 
[Source: Author] 

 

UNIVERSITY DISTRICT 

Olympic buildings which located in Universities share a common characteristic: close to the Beijing 

Fourth Ring Road. In average, during the Olympic Games period and when the temporary traffic 

control was applied, the time for reaching the Olympic Park through the North Fourth Ring Road was 

around 30 minutes only (Xu 2010). 

All of the Olympic buildings in universities were located in the Haidian District. This district has up to 

39 higher educational institutions, with about 400 000 college students (Xu 2010). Therefore, the 

demand for stadiums is relatively greater than other districts of Beijing, additionally, by offering more 

sports facilities could contribute to physical education in colleges. Due to this particular characteristic,  

considering the radius of service not exceeding three kilometres, a venue in one university could serve 

two of other universities. For instance, the University of Science and Technology Beijing Gymnasium 

could be used to China University of Geosciences, and Beijing Language and Culture University and 

the China Agricultural University Gymnasium could ideally provide its service to the China Forestry 

University and Tsinghua University.  

BEIJING OLYMPIC PARK AREA 

The Olympic Park District is located at the northern end of the historical and cultural axis of Beijing, in 

which most of the main Olympic venues took place. Due to its distinctive identities, historical meaning 

and high public consideration, this site became to more unique than others urban areas. 

Venue Location Number Percentage

University Area 6 19.35%

Olympic Park 10 32.25%

Others 15 48.40%

Beijing (Total) 31 100%
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The construction of this region and its outer space also has a wider influence. According to its great 

size and symbolic significance to the society, haven captivated much more attention and concern. 

Therefore, the post-Olympics uses of venues in this area, such as Bird’s Nest and Water Cube, and 

sustainable development has gradually become an international interested topic. 

 

3.2. UTSB GYMNASIUM VS. CAU GYMNASIUM  

The UTSB gymnasium and the CAU gymnasium situated both in the university area, sharing similar 

geographical context and users in the post-Olympic period. Therefore, it is worth comparing one to 

each other, in term of original information of the building to the post-game uses, as well as 

management and users feedback. 

Table 4. UTSB Gymnasium vs. CAU Gymnasium 1 
[Source: Author] 

 
Through the above table, it is clear that both of these venues possess similar features construction 

area and a number of seats for spectators. However, while UTSB gymnasium had successfully 

implemented post-games revamp plans, the CAU gymnasium was not able to afford construction of its 

previous planning, specifically, the swimming pool. During the site visits, the author obtained 

information such as number facts of how many users were hosted by the UTSB gymnasium, this 

undoubtedly shows that the venue has a comprehensive management team and efficient managing 

system. In contrast, it was not given from the CAU gymnasium, relying on the fact of no rigorous daily 

registration.  

On the green measures, both of these had attained to the object of sustainable uses during the post-

games period. Moreover, according to research and site visit, it could be concluded that in both 

gymnasiums, badminton is the most popular sport, once the main competition halls were all converted 

to ensure badminton practise and training.  By questionnaire carried out by the author at China 

Agricultural University (CAU), part of the users were not satisfied with no construction of the swimming 

pool and space designed. 

 

 

 

UTSB Gymnasium CAU Gymnasium
Area (m2) 24 662 23 950

Nr. Seats 8012 (During game);                  
5050 (Post-games)

8500 (During game);                  
6000 (Post-games)

Post-games 
Alteration Plan Well executed Not executed

Nr. Users Attended 
(per year) 398 073 N/D

Highlights Green 
Measure

Optical Light System;            
Solar Panel

Natural 
Illumination&Ventilation 

Most Frequent 
Space

Badminton Hall;       
Swimming Pool;     
Basketball Hall

Badminton Hall;                   
Ping-Pong Hall;        
Basketball Hall

Function during 
Olympics Taekwondo&Judo Wrestling

Users feedback Mostly Satisfied Satisfied
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Table 5. UTSB Gymnasium vs. CAU Gymnasium 2 
[Source: Author] 

 

According to the above table, and with respect to the post-games operation, according to the particular 

situation of these two venues of taking place in universities, the Beijing Olympic Organising Committee 

delivered the operation right of these two venues to host universities (Hou et al. 2012). Subsequently, 

universities attributed respective management team dedicated to the building’s daily operation. Today, 

both venues have been hosting events such as badminton and basketball league, the university’s 

ceremony and so on. Intending enhance its income, the UTSB management team decided to rent 

some empty rooms to outside companies, while this policy was not implemented in CAU gymnasium. 

On construction quality, several issues were exposed in the CAU gymnasium – flood into the 

construction and coldness during winter, evoking dissatisfaction from the current operation team. In 

contrast, in the UTSB gymnasium, occasional leakage and material degradation revealed relatively 

lesser disagreement between the design and reality. 

Relying on revenue of providing badminton and swimming sports service at USTB, annually, the 

income surpasses its operation cost, while with only badminton as primary revenue factor, CAU 

gymnasium could merely afford its operation costs. As the current manager of the CAU gymnasium 

affirmed, the construction was the lowest investment among others university venues, with only 150 

million yuan (approximately 21.4M euros), almost 25% less than the same of UTSB gymnasium. 

To sum up, regarding the implementation of previous architectural design for post-Olympics, UTSB 

gymnasium had ultimately achieved the original objective, additionally, with a reasonable operation of 

the current management team, raising the revenue and popularity of the venue. For the case of CAU 

gymnasium, due to lack of funds and economic support, the original revamp plan was not carried out, 

and careless management team, consequently, affecting its post-games operation and own revenues.  

 

 

 

 

UTSB Gymnasium CAU Gymnasium

Operation Mode Management Team       
(University)

Management Team       
(University)

Large scale events Yes Yes

Rent to outside 
(long duration) Yes No

Construction Issue Occasional Leakage;               
Material degradation  

Rainwater flood due to suken 
design;                                   

Cold wave flows into the 
building during winter         

Cost/Revenue 
(year) Balanced with profit Balanced

Main Revenue 
Factor

Badminton;             
Swimming Badminton

Initial Investment 
(euros) 26.7M 21.4M
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3.3. WATER CUBE VS. BIRD’S NEST  

Similar to the above two case studies, the National Aquatics Centre and the National Stadium also 

share several common points. Being located in the Olympic Park and “face to face”, these two 

building, in terms of architecture, have been considered complementary to each other.  

Table 6. Water Cube vs. Bird's Nest 1 
[Source: Author] 

 

Relying on data from the above table, the Bird’s Nest is almost three times larger than the Water Cube 

regarding seats for spectators. As the main stadium to host the opening and closing ceremonies, the 

Bird’s Nest had up to 91 000 seats during games while the Water Cube possessed 17000. 

Consequently, an equal number of seats were demolished in both venues. Regarding post-games 

alterations plan, the Water Cube undertook the entire previous design while in the Bird’s nest, the two 

principal plans – hotel and commercial centre were denied due to security policies for this iconic 

construction. Currently, the national stadium has been developing its tourism services, which 

corresponded its original objective of being a social space (Zheng 2014).  

Regarding green measures applied in these buildings, the Water Cube highlighted with the entire 

ETFE foil coating, providing excellent natural lighting and thermal insulation. While in the Bird’s Nest, it 

was also implemented a double membrane system (PTFE&ETFE), together with the character of 

being outdoor stadium, ventilation, illumination and acoustic were secured. Moreover, the rainwater 

recycling system in the stadium significantly contributed to its sustainable use and energy saving. After 

the Olympics and respective alteration plans, the three most important spaces of the water cube have 

constantly been using, hosting events, leisure and sports purpose. Likewise, for the national stadium, 

the main field have been receiving large-scale events and, the most applicable function is for tourism, 

contributing greatly to its revenue. 

According to the following table, and with respect to the particular situation of these two buildings of 

their iconic meaning and massive initial investment (the bird’s nest cost up to three times more than 

the water cube), for the National Stadium, cooperation between the Beijing government and CITIC 

group corporation (a state-owned company) assured the fund for its construction. Consequently, a 

current operation team could be understood as a public entity (Wang & Liang 2012). In the case of the 

Water Cube Bird's Nest

Area (m2) 79 533 258 000

Nr. Seats 17 000 (During game);                  
6 000 (Post-games)

91 000 (During game);                  
80 000 (Post-games)

Post-games 
Alteration Plan Well executed Partly executed

Type of Venue Indoor Outdoor

Highlights Green 
Measure

Natural lighting;                  
Thermal Insulation 

Rainwater recycling system;                        
Membrane structure

Most Frequent 
Space

Main Swimming Hall;       
Warm-up Pool;              
Leisure Park

Main field;              
Restaurant;                      

Entire stadium serves to 
tourism

Function during 
Olympics Swimming&Diving Opening/colsing ceremony;                 

Athelicism
Users feedback N/D N/D
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Water Cube, up to 90% of the initial fund was raised from overseas Chinese and, as a result, current 

managers are associated to public entities. After conversion plans have been accomplished, the north 

and south buildings (two post-additional construction on the site of the prior temporary seat) are 

mainly rented to particular contractors, while in the Bird’s Nest, only one restaurant is managed by a 

private company.  

Table 7. Water Cube vs. Bird's Nest 2 
[Source: Author] 

 
On construction quality, in the Water Cube, indoor ventilation and acoustic insulation are not 

corresponding the previous design. However, counter measure has been developing and implemented, 

aiming to offer a great environment to users and eventually attract more clients and visitors. Therefore, 

by hosting events and rents spaces (commercial and leisure park), the national aquatics centre has 

successfully afforded all own expenses regarding operation and also, getting profits from these 

services’ revenue. Moreover, tourism leads to the national stadium’s total income, in contrast with its 

neighbour, a sort of monotonous business format was not able to take the stadium’s revenue so long.  

On the one hand, the Water Cube had completed previous architectural design for post-Olympics, 

moreover, with comprehensive operation and activities provided, allowing attain the objective of being 

profited and explore at most the venue’s potential. On the other hand, as a result of the monotonous 

business format in the National Stadium and several plans was not carried out, gradually, influencing 

its post-games operation and respective revenues. 

 

 

 

 

 

 

 

 

 

Water Cube Bird's Nest

Operation Mode Management Team       
(Public Entity)

Management Team                 
(Public Entity)

Large scale events Yes Yes

Rent to outside 
(long duration) Yes Partly (i.e.restaurant)

Construction Issue Ventilation;                  
Acoustic environment N/D

Cost/Revenue Balanced with profit Balanced 

Main Revenue 
Factor

Hosting events;                   
swimming pool Tourism

Initial Investment 
(euros) 146 M 471 M
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4. DESIGN RECOMMENDATION 

Considering all abovementioned problems identified, and, therefore, proposing some possible 

measures as design recommendation for future projects which share the similar context as these four 

case studies. Recommendations are divided into two parts, bringing together buildings with identical 

features, specifically, Universities’ Olympic buildings and Olympic Park buildings.  

FOR UNIVERSITIES’ OLYMPIC BUILDINGS: 

- On the design part, architects should be acutely aware of climate situation of the 

location/city/province, despite the fact that great building behaviours (thermal, ventilation, illumination) 

in an individual season, likewise, in the rest of the year, it is also important to provide similar 

behaviours. Most of the time, regionalism could limit the view of an architect, focusing in the most 

concerned design part while paying less attention to the area’s particular climate and extreme 

situations (e.g. torrential rain); 

- Considering the material applied in each space that will be requested for post games alteration, with 

different functions could the requirement vary, preventing material degradation due to huge difference 

between before and after (e.g. conversion of seating are to basketball court in UTSB gymnasium); 

- Utilisation of natural lighting devices (on roof) could be improved by considering in its post-Olympics 

behaviour, this is, at the early stage of design, simulating post-game uses of these devices, once 

these devices are permanent and hard to alternate its positions and projection area;  

- The most relevant is to respect the previous design for post-games, to be stated, each space design 

has its own characteristic and requirement for hosting different activities; 

- To avoid situations of no implementation of post-games conversion plan (e.g. CAU gymnasium), it is 

indispensable studying the financial viability of each particular case, and design project should be 

appropriate to the real situation of constructions, preventing “considerate projects” but no suitable to 

the site; 

- The quality of operation could be improved through management team, and this was clearly revealed 

within the comparison of these two case studies. A comprehensive management team and being 

flexible to current demands could surely bring more activities to the building, eventually, raising in its 

income and being self-balanced; 

- By taking place in universities, the primary function of gymnasiums is to serve students and school 

staffs. Therefore, revenues could only come from outsiders. Despite temporary space renting for 

practising sports, rooms with no defined function could always be rented, relying on its localisation and 

university environment, companies with profile research or I&D are suitable to university constructions; 

- Providing an extensive variety of sport or courses could also contribute to reinforcing the 

gymnasium’s profile, this typically requires investments in purchasing sports materials or recruiting 

trainers. However, through thorough viability investigation carried out by management team (as UTSB 

did), could precisely identify appropriate demands that the venue could offer or add with minimum 

investment (e.g. besides the existing Ping-Pong hall, extra Ping-Pong tables were added in the tennis 

court area, according to increasing demand for this sport at UTSB).  
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FOR OLYMPIC PARK BUILDINGS: 

- With the utilisation of innovative materials and technics in a construction of the principal public 

buildings, it is relevant being aware of its behaviour of its daily functionality (Sha 2011). As the case of 

Water Cube, the Department of Building Energy Efficiency of School of Architecture of Tsinghua 

University was assigned to provide constant follow-up regarding the ETFE foil structure’s functional 

behaviour, as well as tackling possible difficulties encountered during its functions; 

- Regarding architectural design for the post-game period, it is recommended to design the space with 

maximal flexibility. Due to the unique status of being large public buildings with a particular context 

and meaning, policies or management team changes could influence its post-games alteration plan 

(e.g. the National Stadium). Therefore, alterable spaces could provide more development 

opportunities; 

- According to the requirement of hosting Olympic Games, each building should provide a significant 

number of functional spaces. Consequently, these areas are likely to lose their uses after games. 

Therefore, for post-games operation of large-scale construction, one of the prospect development 

direction is to host large activities/events, taking advantage of existent spaces; 

- As reinforcement to the post-Olympics management team for large Olympics buildings (public entity), 

it could be established partnerships with private companies, this is, renting part of the building and 

contract for exploration. As the case study reveals, part (Leisure Park) of the Water Cube contracted 

to a private entity, with which a significant part of revenue for the venue’s operation comes; 

- Aiming to improve post-games utilisation, large scale Olympics venues should focus on diversifying 

their services provided. Reviewing most of past Olympic games, the main stadium was majorly 

converted to sport, cultural and public centre (Fu 2007). So that, the water cube has been adapting 

demands by variating the function of spaces, thus obtaining high income, while a monotonous 

business format in the Bird’s Nest should be improved by exploring others areas of business;  

- Under public entities controls, most of decisions or measures were taken by the management team 

could be time-consuming due to a complex structure and bureaucracy in government entities. As we 

are aware of, part of collaboration opportunities relies on exact timing, so that bureaucratic process 

could be a “counterforce” to the development. Thus, a simplified management system could facilitate 

its short-long term development and, giving more uses to the venue; 

- In general, for large public buildings, legal policies could significantly contribute for its sustainable 

post-games utilisation. For instance, tax reduction in some services offered (e.g. visit ticket, energy 

consumption, etc.). On the one hand, by providing cheaper access ticket could bring more visitors; on 

the other hand, through a reasonable reduction in energy tax, the venue could invest more in other 

areas such as implementation of alteration projects. Eventually, captivating more clients and raising 

the venue’s revenue (e.g. large-scale events, commercial services). 
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CONCLUSION 

Today, sustainable architecture is being a major concern around the globe, and, Olympic games are 

one the largest global events, therefore, intending to deepen understandings regarding these two 

areas, the research was carried out, and the present thesis serves as a report of the author’s work. 

Focusing on sustainable utilisation of post-Olympics buildings, then, it was selected four cases studies 

in Beijing, the host city of XVII Olympic games. These are composed of two Olympic constructions 

located in universities (UTSB and CAU gymnasiums) and two iconic Olympic venues that took place in 

the Beijing Olympic Park (Water Cube and Bird’s Nest). Relying on literature research and interview to 

responsible architect of the construction, obtaining information of previous design for post-Olympics 

uses was given and, consequently, by visiting the site and survey to the building’s manager and users, 

collecting the most authentic feedback regarding post-game operation and uses at first hand.  

With initial objectives of identifying the functional efficiency of spaces and the current operative 

situation in each venue, as well as highlighting sustainable measures taken in each case study, 

regarding design, material and technology applied. Along the investigation, it was always with a critical 

perspective, investigating both positive and negative side of each construction.  

Relying on the collected data and analysis between case studies that share similar characteristics, 

eventually, it was able to attain the initial objectives of understand thoroughly the uses in post-

Olympics buildings, from the design process to the technology implemented, and the effectiveness in 

utilisation of spaces. As a result, by proposing possible measures as design recommendation for 

future projects which share the similar backgrounds as these four case studies, preventing issues 

identified in these case studies and improve current operation to achieve sustainable uses in future 

constructions with similar features and context.  

Considering the fact that Olympic Games is being held once in every four years and sustainable 

architecture is playing an increasingly important role in nowadays development. So that, in addition to 

research on sustainable uses in post-Olympics constructions, it could be contributive investigating 

areas such as assessment of Olympic building’s sustainable architectural design (focusing on material 

and energy consumption behaviours). On a larger scale, considering the dimension and impact that 

Olympic games bring to the host city, the urban development and several sustainable measures taken 

for it, analysing its effectiveness and improvements.  
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Questionnaire of the utilization of the USTB Gymnasium  
(June 2016) 

 
1. Gender:       

Options No. Percentage 

A�Male 23 62.16% 

B� Female 14 37.84% 

Total  37  
 
2. If you are a student?   

Options No. Percentage 

A�Yes 37 100% 

B�No 0 0% 

Total 37  
 
3. What’s your age?  

Options No. Percentage 
A�Under 20 1 2.7% 

B�20-30 36 97.3% 

C�30-45 0 0% 

D� More than 45 0 0% 
Total 37  
 
4. How often do you use the gymnasium (weekly)? 

Options No. Percentage 

A�Less than once 24 64.86% 

B�1-3 11 29.73% 

C�More than 3 2 5.41% 

Total 37  
 
5. What do you practice in the gymnasium?   (Multi choices) 

Options No. Percentage 

A�Basketball 15 40.54% 

B�Badminton 12 32.43% 

C�Tennis 3 8.11% 

D�Ping-Pong 11 29.73% 

E�Taekwondo/Judo 1 2.7% 

F�Aerobics 7 18.92% 

G�Swimming 23 62.16% 

H�Others   2 5.41% 

Total 37  
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6. How long do you spend on practising sport?    

Options No. Percentage 

A�Less than 30 minutes 8 21.62% 

B�30 minutes to 1 hour 17 45.95% 

C�1 to 2 hours 12 32.43% 

D�More than 2 hours 0 0% 

Total 37  
 
7. Which is your favourite time to do sport? 

Options No. Percentage 

A�Morning 6 16.22% 

B�Afternoon 4 10.81% 

C�Nightfall 12 32.43% 

D�Evening 15 40.54% 

Total 37  
 
8. How much do you spend monthly in practising sport? 

Options No. Percentage 

A�Zero 13 35.14% 

B�Less than 50 yuan ( around 7euros) 11 29.73% 

C�50 to 100 yuan (around 14 euros) 8 21.62% 

D�100 to 500 yuan (around 70 euros) 2 5.41% 

E�More than 500 yuan 3 8.11% 

Total 37  
 
9. During your time in the gymnasium, did the ventilation fulfilled your needs? 

Options No. Percentage 

A�Yes 23 62.16% 

B�No 4 10.81% 

C�No opinion 10 27.03% 

Total 37  

   
 
10. During your time in the gymnasium, did the illumination fulfilled your needs? 

Options No. Percentage 

A�Yes 25 67.57% 

B�No 7 18.92% 

C�No opinion 5 13.51% 

Total 37  
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11. During your time in the gymnasium, did the acoustic behaviour fulfilled your needs? 
Options No. Percentage 

A�Yes 27 72.97% 

B�No 6 16.22% 

C�No opinion 4 10.81% 
Total 37  
 
12. During your time in the gymnasium, did the hot water supply fulfilled your needs? 

Options No. Percentage 

A�Yes 23 62.16% 

B�No 6 16.22% 

C�No opinion 8 21.62% 

Total 37  
 
13. During your time in the gymnasium, did the spaces supply fulfilled your needs? 

Options No. Percentage 

A�Yes 25 67.57% 

B�No 9 24.32% 

C�No opinion 3 8.11% 

Total 37  
 
14. How much do you know about Green Building? 

Options No. Percentage 
A�Never heard about it 16 43.24% 

B�Have a rough idea  20 54.05% 

C�Understand totally the measures were 
implemented in the gymnasium 

1 2.7% 

Total 37  
 
15. For you, which entity should be responsible in promoting the gymnasium’s energy saving?  

Options No. Percentage 

A�Architectural Design Team 18 48.65% 

B�Developers 11 29.73% 

C�Users 8 21.62% 

D.  Others 0 0% 

Total 37  
 
16. What do you think the main difficulty in implementing renewable energy? 

Options No. Percentage 
A�Lack of technology 21 55.26% 

B�High investment 15 42.11% 

C�Not enough renewable energy  1 2.63% 
D.  Others 0 0% 
Total 37  
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Questionnaire of the utilization of the CAU Gymnasium 
(July 2016) 

 
1. Gender: 

Options No. Percentage 

A�Male 21 70% 

B� Female 9 30% 

Total 30  

 
2. If you are a student? 
Options No. Percentage 

A�Yes 30 100% 

B�No 0 0% 

Total 30  

 
3. What’s your age? 
Options No. Percentage 

A�Under 20 0 0% 

B�20-30 30 100% 

C�30-45 0 0% 

D� More than 45 0 0% 

Total 30  
 
4. How often do you use the gymnasium (weekly)? 
Options No. Percentage 

A�Less than once 18 60% 

B�1-3 10 33.33% 

C�More than 3 2 6.67% 

Total 30  
 
5. What do you practice in the gymnasium?   (Multi choices) 
Options No. Percentage 
A�Basketball 9 30% 

B�Badminton 17 56.67% 

C�Wrestling 2 6.67% 

D�Ping-Pong 10 33.33% 

E�Dancing 1 3.33% 

F�Aerobics 6 20% 

G�Running 9 30% 

H�Others 2 6.67% 
Total 30  
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6. How long do you spend on practising sport? 
Options No. Percentage 

A�Less than 30 minutes 7 23.33% 

B�30 minutes to 1 hour 12 40% 

C�1 to 2 hours 11 36.67% 

D�More than 2 hours 0 0% 

Total 30  
 
7. Which is your favourite time to do sport? 
Options No. Percentage 

A�Morning 5 16.67% 

B�Afternoon 4 13.33% 

C�Nightfall 8 26.67% 

D�Evening 13 43.33% 

Total 30  
 
8. How much do you spend monthly in practising sport? 

Options No. Percentage 

A�Zero 12 40% 

B�Less than 50 yuan ( around 7 euros) 7 23.33% 

C�50 to 100 yuan (around 14 euros) 6 20% 

D�100 to 500 yuan (around 70 euros) 2 6.67% 

E�More than 500 yuan 3 10% 

Total 30  
 
9. During your time in the gymnasium, did the ventilation fulfilled your needs? 
Options No. Percentage 

A�Yes 16 53.33% 

B�No 4 13.33% 

C�No opinion 10 33.33% 

Total 30  
 
10. During your time in the gymnasium, did the illumination fulfilled your needs? 

Options No. Percentage 

A�Yes 19 63.33% 

B�No 6 20% 

C�No opinion 5 16.67% 

Total 30  
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11. During your time in the gymnasium, did the acoustic behaviour fulfilled your needs? 
Options No. Percentage 
A�Yes 20 66.67% 

B�No 6 20% 

C�No opinion 4 13.33% 
Total 30  
 
12. During your time in the gymnasium, did the hot water supply fulfilled your needs? 
Options No. Percentage 
A�Yes 16 53.33% 

B�No 6 20% 

C�No opinion 8 26.67% 
Total 30  
 
13. During your time in the gymnasium, did the spaces supply fulfilled your needs? 

Options No. Percentage 
A�Yes 18 60% 

B�No 9 30% 

C�No opinion 3 10% 
Total 30  
 
14. How much do you know about Green Building? 

Options No. Percentage 
A�Never heard about it 11 36.67% 

B�Have a rough idea 18 60% 

C�Understand totally the measures were 
implemented in the gymnasium 

1 3.33% 

Total 30  
 
15. For you, which entity should be responsible in promoting the gymnasium’s energy saving? 

Options No. Percentage 
A�Architectural Design Team 14 46.67% 

B�Developers 10 33.33% 

C�Users 6 20% 
D.  Others 0 0% 
Total 30  
 
16. What do you think the main difficulty in implementing renewable energy? 

Options No. Percentage 
A�Lack of technology 17 54.84% 

B�High investment 13 41.94% 

C�Not enough renewable energy 0 0% 
D.  Others 0 0% 
Total 30  
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Information Obtained - Interview June 6, 2016 
University of Science and Technology Beijing Gymnasium, Beijing 

Interviewees�Ms. Ju Yang - Director of External Cooperation  

Mr. Li - Responsible of Department of Maintenance and Equipment 
 

1. Temporary seats were demolished after the Olympics, converting these new spaces into basketball 

and tennis courts; 

2. The main spaces on the ground floor were given new functions after the Olympics, for instance, the 

warm-up area has become the current swimming pool. After the Olympics, the USTB Gymnasium is a 

self-management entity, so that the school assigned a team dedicated to the day-to-day affairs of the 

venue, maintenance and future sustainable uses.  

3. Ensuring the availability of venue’s space to students and teachers’ daily use, while allowing space 

rental to outsiders who would like to practise sprot, in order to obtain a certain income; 

4. During the past years, the gymnasium’s management centre has gradually completed its 

transformation to become own-managing entity, and, since 6 years ago, the centre started get profits; 

5. In recent years, due to the high utilisation rate, the venue's facilities have been ageing in a certain 

extent. The management centre  hopes to decide between maintenance or replacement through 

investigations on budgets and viability; 

6. Intending to enhance the venue's revenue and give use to spaces such as Media, photography and 

other large-scale used spaces during games period but no use during post-games period. It was 

implemented a plan of renting these areas to outside entities/companies; 

7. In 2013, the gymnasium received a total of 102 380 students and provided services in 9 sports: 

badminton, swimming, ping-pong, taekwondo and aerobics. From January 1 to November 30 of the 

same year, the stadium received 314 618 external customers, three times more than school students. 

8. In 2014, the gymnasium undertook teaching tasks for freshmen and sophomores in courses of 

physical education and school's sports team training. Weekly, a total of 76 classes, this means, a total 

of 2506 students were having classes in the venue. Within the year of 2014, the venue has received 

over 90 215 people. From January 1 to November 30 of the same year, the gymnasium received a 

total of 235 371 external clients, by hosting large-scale events, increasing significantly the venue’s 

annual profit , moreover, as a consequence of these big events,  the venue has become socially 

recognised. This contributed indispensable an economic support in making the original concept of 

sustainbale development faseable; 

9. In 2015, the gymnasium received over 76 852 students and, up to 321 221 external clients, 

succefully held 24 large-scale events, 5 basketball leagues, 3 swimming competitions and 4 Five-Ring 

plaza activities. 

10. The solar panel system could perfectly afforded up to 50%- 70& of water heating demand in 

winter, and 70%-80% in summer, the remianing part were complemented by gas; 

11. Electricity supplies the air conditioning system; 

12. Rainwater recovery system, the platform board on the second floor, allowing rainwater flood down 

into the green puddles below and consequently reuse the water for irrigation; 
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13. In 2015, it was implemented a innovated system of energy-saving for air-conditioners, which 

worked according to the temperature and air humidity, and, spaces were classified in two categories: 

larger space (main hall) and tiny spaces (offices), in which the first were using units of regrigeration 

and cooling, and the second worked with only fan pipes. As a result, the introduction of this system 

helped to reduce 15% of electricity expenditures; 

14. In terms of equipments use by different seasons, for summer, there were in total 6 units of 

machines in function (2 regrigeration pumps, 2 cooling pumps and 2 cooling fans); and for winter, only 

two units of cooling fans were in function; 

15. The Optical Lighting System played a significant role in energy-saving for the gymnasium, 

however, all the light pipes were concentrated in the central part and lighting the central area only, this 

served perfectly for olympic games period because this corresponded the area for judo and 

taekwondo competition. Today, due to the actual function of the main hall, all the area need to be 

illuminated and, eventually natural light form the pipes could not fullfill the necessity, consequentely, 

artificial light devices were necessited. In 2014, the artificial lighting switch control system was 

improved, each area  space were controlled by one switch instead of one general as in the past; 

16. With regards to the maintenance of lighting, catwalks were designed 2 meter away from each light 

device, in the case of possible reaparations, this had complicated the work for maintenance staff; 

17. After the demolition of temporary seats on the second-floor, basketball and tennis courts got into 

functions and has been serving to students and clients. However, the wall surrouded the court were 

soundproof wall due to the acoustic requirements during the games, the walls were constructed by 

plaster with small holes. In cases of a basketball ou tennis ball hitting on these walls, uneven damage 

was caused unexpectedly;  

18. Excess of emergency exits for the Gymnasium; 

19. The smoke exhaust system of the swimming pool was not allowed to be used, while the exhaust 

system of ventilation system was not enough to meet the daily requirement for theswimming pool, for 

Mr. Li, the probability of fire accidents in swimming pool is mere, the use of smoke exhaust system 

could be allowed and sharing the daily ventilation works;  
20. Equipment maintenance period: electronic components (3-5 years), fixed equipment (7-8 years); 

21. Construction quality: the overall building waterproof quality was relatively poor, from the linkage 

between exterior wall and ground sometimes leakaged water to underground, normally happened in 

heavy rainy seasons. However, the roof was built in iron material, as well as the optical light system 

was implemented with a special waterproof treatment, the quality of roof waterproofing is relatively 

better than the rest part of the construction; 

22. The gymnasium has a total of 153 units of fan coil, mainly served to air-conditioner of offices, with 

the standard power of 70w and 150w, according to the areas and functions of each space. Moreover, 

a total of 21 units of  fresh air handling, mainly served to ventilation and cooling of spaces with larger 

scale (eg. hall and courts), with the standard of 2000 air volume and 3000 air volume. The same 

cooling system was used for both the office and large sport areas, but the function varies depending 

on the final device (fan coil or fresh air handling). 
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Information Obtained - Interview July 12, 2016 
China Agricultural University Gymnasium, Beijing 

Interviewees�Mr. Du– Executive Director 
 

1. The gymnasium is composed of two halls: main hall (wrestling) and deputy hall (warm-up area), 

linked by a sunny corridor; 

2. The planning of swimming pool was not carried out, reasons because to the financial situation of the 

university and the venue. Also, the pool was filled with land at the beginning of construction; 

3. There are a large number of rooms without function after hosting Olympics, so, by the end of 2015, 

Mr Du took an initiative to give more functionality to these spaces. Currently, dance and yoga classes 

are teach in these "small rooms"; 

4. In the south side of the gymnasium, there is now an art gallery with more than 1,000 square metres; 

5. For the specific context of the venue, and for Beijing, heating should be more concerned than 

cooling by ventilation, Mr Du mentioned. There is a significant lack of heating equipment, especially in 

spaces which have direct contact with the exterior.  

6. So far, pipes around the current basketball Hall (Deputy Hall) are not covered, its legacy because of 

the demolition executed. At the same time, in the interior of the venue, most of the pipes are expose� 

7. Once the initial investment was relatively lower among others university's venues for Olympics, the 

interior finishing was in fact very basic. Moreover, users normally require spaces well defined and 

looking. Therefore, post-transformation of the gymnasium could come out with high investments, 

eventually could surpass the profit expected. 

8. The initial investment for the CAU Gymnasium was at least 25% less than the same to others 

university’s gymnasiums, in order of 150 million yuan (roughly 21.4 million euros); 

9. There is no long-term rent space in CAU gymnasium; 

10. There is no use for the second-floor platform after the games; 

11. The alteration process of "small rooms" and art gallery lasted for 30days, both at the end of 2015; 

12. During no-competition period, seating stand is closed, only for staff uses; 

13. In standard meteorological circumstances, natural daylight could fulfil the requirements, no 

necessary use of artificial light devices; 

14. Originally, it was designed a rainwater collection system, intended to reprocess and to allow to be 

reused. However, the system was never got in function, and the rainwater flowed into the public 

sewer; 

15. The natural light was designed for mostly post games uses, for cases of hosting an event, artificial 

lighting would be needed, even though, expenditures on lighting were relatively lower comparing to 

others venues with the same dimension; 

16. The gymnasium receives some large-scale events along the year, including both universities and 

outsiders; 
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17. The roof suffered the problem of leakage, and, the most relevant issue is: "thermal insulation". The 

director pointed out that with the presence of four corners in the venue, which was designed with 

windows as ventilation points, but in hard winters, its are critical points due to too lower temperature 

(could attain to -15ºc) and, several pipelines were frozen. As a countermeasure, part of function was 

denied and, external materials were also be applied to prevent its freeze;  

18. Regarding ventilation, it also revealed a positive behaviour, in summer, air conditioning was 

dispensable due to the presence of several devices of exhaustion and insufflation. 

19. For the refrigeration, it is used natural gas as main energy, and, air conditioning and ventilation 

system are not divided into different zones; 

20. According to the temperature changes, the façada suffers some deformation, and, as a 

consequence of irregular squeezes, part of glass wall breaks; 

21. In the case of the blizzard, during ice melting, while the interior heat rises and the roof snow 

thawed, however, the ground layer keeps frozen, causing damage to the mechanical system located 

on the ground floor.  

22. Due to this sunken design, in torrential raining days, a high concentration of water could flood and 

poured into the venue, as happened in past years. As a measure, by proposed from the management 

team, it was built a reservoir to collect these excessive water; 

23. According to Mr Du, the most serious of design is its sunken design, besides the esthetic value 

(smaller the volume of the gymnasium, better integration with surrounded buildings). From a 

functional/ operational view, 1.2 meters lower had been difficulting the access to the gymnasium, at 

the same time, in every entrance, guests would be required to go down (ground floor) or go up 

(spectator area/seats); 

24. So far, electrical heating devices were being used, however, intending to tackle this concern, the 

maintenance team was preparing for an overhaul, this is, replacement of electric heating with natural 

gas heating and establishment of new heating pipes in critical areas;    
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Information Obtained - Interview July 14, 2016 
The National Aquatics Centre, Beijing 

Interviewees�Mr. Yang Qi Yong – Principal Manager 

                     Ms. Bian Jing – Secretary of the Manager  
 

1. Currently, the swimming competitions hall destinated to hosting events, and the warm-up hall 

serves as a public swimming pool (a loyalty swimming club rent this place as training base). Also, the 

leisure park has been developing to an aquatic theme park, as well as the second floor of and 2-story 

tennis / multi-function hall (holding large-scale activities); 

2. The water of the swimming competition hall can be extracted or covered by a wooden floor, 

permitting activities upon it, and, adapting to the requirement to ensure the performance through its 

ease of conversion. Normally, clients who look for rent a large space such as the Water Cube, the 

activities holding would be more willing to has its layout while using the venue (the use of water or 

without water); 

3. For large public buildings, its post-games operation could not be supported by a single mode 

(hosting swimming competitions), the building needs to "survive", therefore, a significant number of 

changes in the internal space function are inevitable, conducting the building to be able of hosting 

different types of events. As a result, today, swimming functions are providing merely one-fifth of the 

day-to-day operational expenditures, to ensure a healthy cycle of uses, "Reversal function of spaces" 

should be carried out, intending to assure the building’s sustainability; 

4. Due to the APEC (Asia-Pacific Economic Cooperation) banquet took place in the Water Cube in 

2014, it was established a new power distribution system, strengthening over 2000 KW.h power 

supply, reaching up to 15 000 KW.h in total of its capacity;  

5. The mechanical ventilation system could meet up necessities of the building, relying on its high 

ceiling and large open spaces. 

6. During daily uses, natural illumination could meet the requirement for most of the days, and there 

were no artificial lights in areas such as warm-up hall and leisure park; 

7. According to Mr Yang, the largest conflict between design planning and daily use is the acoustic 

environment. As the building was fully coated by ETFE foil, its acoustic insulation behaviour was, in 

fact, poor, as a countermeasure, it was added soundproof walls of 18mmPC polycarbonate plate 

(transparent wall) on the connection wall of each hall. After Olympics, most of the walls in the 

swimming competition hall were converted to sound-absorbing (with perforated aluminium), the 

longest wall could attain to 100 meters, as well as sound-absorbing curtain were added on sides. As a 

result, the original noise frequency dropped from 75 dB to 55 dB, permitting a better acoustic 

environment; 

8. On the ETFE membrane structure of the ceiling, improving acoustic behaviour could be attained by 

adding Polycarbonate boards, however, the total coated area was around 20 000 square metres, due 

to budgetary issues, so far, this material was merely implemented on about 1000 square metres; 
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9. Regarding operation expenditures, during summer (July, August and September), expenses on 

electricity comes around 1 million yuan (around 142 thousand euros) per month, this value is 20%-

30% higher than typical buildings with the same dimension. However, taking advantage of the 

façade’s coating, electricity and heating demand during winter are lower than usual constructions, 

balancing with extra expenses of summer; 

10. For heating system (hot vapour system), annually, it could cost over 3 million yuan (around 428 

thousand euros) to meet the water cube’s demand, and, around 2 million yuan ( around 285 thousand 

euros) spent for water supply; 

11.  Every day, around 40 tonnes of water were used in the bath, toilet and water-renovated system of 

the pool. In the cases of being required to empty the pool, these water will be discharged to a reservoir 

located in the south part of the venue, which has the maximum capacity of 2000 cubic metres. 

Moreover, the façade cleaning that requires manual work, every year, up to 2 million yuan (around 285 

thousand euros) were paid for labour costs; 

12. Reclaimed water is used for bathrooms, as well as for the exterior water belt surrounded 

(approximately 10 thousand square metres) 

13. Each unity of ETFE module on the roof comprises four layers of ETFE foil, in which the extreme 

outer layer is transparent blue and simple transparent for others three layers. This system was applied 

to both façade and roof, and, this first consist of 3 layers with the extreme outer layer in clear blue. 

Yearly, approximately half million yuan (around 71 thousand euros)  were the maintenance cost to 

ensuring the proper operation of this particular material (including pipes and linking parts). Moreover, 

according to the characteristic of ETFE foil, respective patching could be executed simply with 

adhesive tapes, as the following figure demonstrates; 

14. Mr Yang referred that the natural ventilation system from the cavity between two façade skins did 

not correspond its contribution to the design represented. Most of the ventilation from this cavity space 

were carried out by the mechanical device located on the roof. Moreover, some difficulties were 

encountered during the use of these devices, so, today’s ventilation are mostly through air-conditioner. 

Electricity expenses occupied 65% of the total budget of the venue’s operation, and, within electricity 

expenditures, up to 44% were spent on air-conditionings. As a countermeasure, since 2013, the air-

conditioning system was improved by adding an intelligent control system (ECS600-4 Central Air-

Conditioning), therefore, this could contribute to lessening 10-20% of power spent on air-conditioners; 

15. Last year, Beijing was nominated to host the 2022 Winter Olympic games. Consequently, the 

Water Cube was assigned to carry out part of the competitions. For Water Cube, Mr Yang said:” 

Turning water to ice is only a temporary transformation, most likely changing back to water after 

games, or even to another type of superficial to meet different demands, as now we do.” 

16. The construction of Leisure Park lasted ten months (from October 2009 to July 2010). During the 

2008 Olympics, space served to storage, and, after its opening since 2010, the annual revenue could 

reach up to 50 million yuan (around 7.2M euros) 

17. In early autumn or winter, in Beijing, there used to have fog, this affects in the construction of the 

Water Cube. Therefore, some condensation problem happens in the cavity between membranes.  
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As the water of the Water Cube contains only a small amount of chlorine, its evaporation would not 

cause a great impact on building materials; 

18. So far, there is no leakage and other issues encountered regarding the construction quality, and 

the material applied demonstrated a stable behaviour. The majority of indoor building materials for the 

aluminium and glass; 

19. The Water Cube has a total area around 100 000 square metres, and, its annual revenue of 

approximately 100 million yuan (14.3 M euros). 

 

 

Information Obtained - Interview July 19, 2016 
The National Stadium, Beijing 

Interviewees�Architect Tan Zhe Yang – Architect Director (CADG) 

                   Mr. He Tao – Manager of Engineering Department 
 

1. Bird's Nest indoor lighting system is comprised of fluorescent lamps, with a diameter of 16mm T5 in 

most of the spaces and, for larger spaces standardised T8 (26mm) were used. Regarding power 

supply, the use of the leading technology 100kW solar photovoltaic power generation could maximise 

the reduction of energy and resources wasted; 

2. Under the football field, it was established a system of Ground Source Heat Pump (GSHP) in an 

area of approximately 8000 square metres, enabling energy for the heating and cooling of the building. 

However, in daily uses, most of these energies were supplied by electricity and winter heating system 

3. So far, the developers intend to revitalise the ground floor with commercial spaces. However, the 

ring road on this floor has more than 700 metres, turned its transformation more difficult. 

Subsequently, by cooperation between architects and current management team, and respecting to 

the situation of enterprise-establishing, these spaces will be developed, in stages, in divided area for 

commercial uses; 

4. At the entrance floor, there are in total of 12 boxes of service (including staircases, elevators, sales, 

storage of goods and so on.), distributing evenly between each two entrances. Currently, the venue 

expects to establish a glass vending box, in the guest’s entrance area (first floor), carrying out some 

sales activities to promote the business environment; 

5. For the utilisation of the ETFE and PTFE membrane structures, it was identified some issues, 

consequently, some measures were taken to solve it: the roof and ceiling are composed of two layers, 

respectively, in ETFE foil and PTFE foil. Moreover,  for this second layer, noises was able to pass 

through the PTFE material and reflected between the two films, creating a high-noised acoustic 

environment. As a countermeasure, it was added sound-absorbing material glued on the surface of 

rainwater collection tanks; 

 6. Today, tourism is the largest source of revenue for the National Stadium. In addition to the 

traditional visit path, it was developed a new VIP visiting path, designed a new pathway to visit the roof 

of the stadium; 
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7. In fact, around 1/3 of the stadium’s visit tickets were free given to some entities (according to 

Chinese culture), ignoring the initial investment (around 2 billion yuan =0,3 billion euros), by the 

current management team, the national stadium’s revenue and expenditure could be only balanced; 

8. The northern part of the stands was previously designed for a hotel. However, its current use is for 

multi-purpose exhibition and cultural communication centre. The cultural centre was designed by 

Architect Li Xing Gang who participated in the stadium’s design as well, and the centre includes the 

sunken courtyard ( with Chinese rockery), a cultural corridor and service space; 

9. During the year of 2015, the total revenue of the Bird’s Nest up to 168 million yuan (approximately 

24 million euros), in which the tourism and rent were majors contributors, respectively, with 51 and 54 

million yuan. Meanwhile, others activities such as Winter Festival (an event), exhibitions, events, 

advertisement, catering, bird’s nest related products (sales of souvenirs ) also significantly contributed 

to the stadium's income.  

10. A major part of temporary seats is located at the middle seating stand (now glass balconies, with 

restaurants, services, etc.), and part at the top of the upper stand. the Temporary seats were removed 

after the Olympics. 

11. VIP area situates in the west side of the Stadium, moreover, taking into account the activities of 

International Leaders, there were constructed two-storey underground car park; 

12. Each seating stand has around 30 000 seats, surrounded by a large staircase that ensures direct 

connection from the entrance floor to the upper floor. For the middle stand, it could only be accessed 

through elevator or inner stairs; 

13. The overall shape of the stadium looks similar to a cross-section of a saddle. The east-west 

seating stand is higher than the north-south direction, ensuring a better audience viewpoint for 

spectator and with other variety of rational design (ventilation, solar direction, etc.). The covered top is 

composed of two layers of steel structure, coated by membrane structures. The distance between 

these two layers is 12 metres; 

14. The stadium's structure comprises of 24 units of concrete slabs, linking with steel structure. The 

arc-shaped steel structures were built at a factory and then weld together with the structure on site. 

Taking into account with the security concern, the redundancy rate of this construction is as high as 

80%; 

15. The complex structural skin of the national stadium is composed of two overlapping system, in 

which the 24 units of concrete slabs and respective steel structure are rotated symmetrically along the 

central point. Moreover, large staircases (which connecting upper and entrance floor) are symmetric 

with one respective on the opposite side. 
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UTSB Gymnasium 

 

Figure I. Solar Panel (Left) and the drain on the platform of second floor 
 [From: Architect Li Tie (Left below), Author ( Left above & Right)]  

 
Table A. Structure of Management Centre of the University of Science and Technology Beijing Gymnasium 

[From: Author, adopted form Ms. Ju Yang and site visits]     

  
 
 

Table B. Comparison of uses of USTB Gymnasium’s spaces, by three different stages 
[From: Architect Li and site visits, information organised and illustrated by Author] 

 

Game Period Post-Olympics (design) Current Uses 

Main field Student playground 20 courts for badminton

Check-in area Gym 15 tables of ping-pong 

Warm up area Swimming pool Swimming pool

Civil air defense area Civil air defense area Gym

Copy center Broadcast area Spinning Area

VIP room Exhibition and Rest room VIP room

Press and media area Student area Rooms for rent

Doping control room Medical area Sport department office

Security zone Conference rooms Rooms for rent

Competition office  Logistics and equiment office Operation centre

Muiltifunctional rooms  Logistics and equiment office Reserved rooms

Second floor permanent seats Permanent seats Permanent seats

Second floor entrance No functions Taekwondo and Judo training area

Three floor temporary seats 
(north side) A basketball court A Tennis court 

Three floor temporary seats 
(south side) A basketball court Two standard basketball courts
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The Water Cube 

 
Figure II. Interviewing the General Manager of Water Cube – Mr. Yang Qi Yong 

[From: Author, July 2016] 

 

Figure III. Diagram of heat distransition from outdoor to indoor  
[From: ARUP] 

 

Figure IV. Interior rendering proposal for 2022 winter Olympic games  
[From: Architect Zheng Fang] 
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The Bird’s Nest 

 
Figure V. Site visit at the Bird’s Nest 

[From: Author, July 2016] 

 
Figure VI. Plan of the south side of stands (project) 

[From: Architect Tan] 

 
Figure VII. Section of the south side of stands (project) 

[From: Author, adopted from Architect Tan] 
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Figure VIII. Rain water collection tank (left), water-drainage column (right) 

[From: Author, July 2016] 

 

 Figure IV. Fourth floor plan of the hotel projected 
[From: Architect Tan] 

 

Figure V. Ground floor of the north side entrance (project) 
[From: Architect Tan] 


