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Abstract

The building envelope plays a crucial role in saving or consuming energy, depending on the type of the envelope
and design. Architects and engineers need to consider many issues when working with envelope designs, including
environmental issues, aesthetic appearance, occupant comfort, and view; these aspects make the envelope a
multifunctional component, thus the integration approach is the optimal method to address envelope design. In the
last decade we have witnessed the inclusion of the kinetic envelope in many typologies of buildings. Many scholars
believe the kinetic envelope improves the environmental performance of the building. The purpose of this paper is
to review the current practice and development of the kinetic envelope and to investigate its role in the improvement
of energy performance in buildings.

Keywords:Kinetic envelopes; Green architecture; Facades; Enerdfye capability to adapt to change through kinetics into reversible,
performance; Responsive architecture; Shading device deformable, incremental, and mobile modes.

Introduction Cedric Price asks, “What if a building or space could be constantly
enerated or regenerated?” [6]. He argues for the new role of

hitect ticularly in the 1960 41970 [1-3 di rchitecture aer the failure of modern architecture in the 1960s.
architecture, particuiarly inthe 1969s an S ) ]. enew paradigg, e is considered one of the earliest architects to bring this discourse
shi in architecture coincides with advancements in computer science

cybernetics, and building technology that have altered the architectu'r"c'ato architecture when he designed the Fun Palace in 1961. He was

from a static form to a more kinetic and dynamic form. e origin n uenced by the work of Gordon Pask and his theory of conversation.

of the word Kinetic is Greek, pertaining to, or caused by motiofpU!ing the same time period seminal works paved the way for the
[4], thus the main aspect is the motion and integration within thekinetic concept of architecture, such as Yona Friedman’'s “Mobile
context of the surrounding environment or occupant. e Children's Architecture Manifesto” (1956), and the beginning of the Archigram
Museum of Pittsburgh is a hands-on interactive children's museum iand the great design of the Plug-in city in 1967, and the seminal book
Pittsburgh, Pennsylvania. It is in the Allegheny Center neighborhood Architecture Machine by Nicholas Negroponte, published in 1970.

in Pittsburgh's North side (Figure 1).

ere has been an interest in interactive, responsive, and intelligeng

Fraser stateshow can architecture become part of an increasingly
responsive and changing social environment characterized by digital
technology, global nomadism and ubiquitous consumption? Is it
possible for buirl.575ive 83nd chin (F)0, Zuk W [5] dearchitecture in which building components, or whole buildings, have

Figure 2: Fun palace-Cedric price.
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Why We Need a Kinetic Fagade?

e architecture from the last decade has changed to transformable,
dynamic, interactive objects to achieve numerous goals, including
environmental considerations, human considerations, social
interaction, and sense of place. Micheal Fox states, “ e primary goal of
intelligent kinetic systems should be to act as a moderator responding
to changes between human needs and environmental conditions [7,8].”
at will help to achieve many goals, toward a high e cient building,
because the building will be more exible to adapt its envelop for the
external weather, which mainly considered in a sun glare and a direct
heat gain, that will exempli ed in the case studies in this paper. e
facade is the most important protection structure from the harsh
weather, in the outer environment, thus the advanced of this system
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Figure 4: Sketch for the envelope idea.

Figure 5: Al Bahar Towers.

amount of energy savings, particularly for tall buildings. e World

Project description

Council House 2 (CH2) is an o ce building in Melbourne, Australia
that features a kinetic fagade with a great sustainability approach. e
building comprises numerous sustainable strategies, including wind
turbines on the roof, chilled ceiling, double skin fagade, and timber
shutters that work as a kinetic device to protect occupants from direct
sun by tracking the sun’s path in summer and providing full shading
for the indoor environment. e building is the rst o ce building to
get six Green Star rating (GBC of Australia) [17]. e kinetic facade
(operable timber shutters) improves the building’s performance, and
based on a post-occupancy report [18] the sta productivity increased
by 10.9%. In addition, 80% of the occupants appreciate the building’s
indoor environment. Improvement of occupant well-being was an
important goal in the achievement of sustainability, in addition to
energy saving and reducing the environmental impact [19] (Figure 8).

Council House 2 (also known as CH2), is an o ce building located
at 240 Little Collins Street in the CBD, in Melbourne, Australia.
It is occupied by the City of Melbourne council, and in April 2005,
became the rst purpose-built o ce building in Australia to achieve
a maximum Six Green Star rating, certied by the Green Building
Council of Australia. CH2 o cially opened in August 2006.

Performance features

e building achieved remarkable results in environmental

Figure 6: Parametric Mashrabiya Model.

Trade Center in Bahrain, which is classi ed as the same region type,
achieved a 14% reduction in energy by introducing wind turbine
[15]. How this goal was achievable? Moreover what the main role for
kinetic facade to create a great environmental performance for this
project . e main aspect of the Al Bahar Towers is the reinvention o
the traditional Mashrabiya. With advanced technology, the mechanis
of the triangular shading panels is based on a linear actuator’s respons
to the sun’'s movement to provide solar and glare protection, and
maintain privacy. Antony Wood states, “Many believe that the facade|is

Figure 7: Thye Mashrabia system of operation.

the real battleground in the ght for better building sustainability [16].

Al Bahar could thus be considered the advanced guard in that ghts Location Melbourne Building Uses 21¢FH

[17].” To summarize, this kinetic facade system reduces solar gain, Status complete Structural Style

improves indoor lighting, increases occupant comfort, and reduces construction Architectural Green

energy consumption by 50% and Cémissions by 1,750 tonnes per Start 2004 Style Architecture

year (Figures 5-7). Construction End 2006 Materials Concrete

Case Study 2 Floors 10 Heights 388 meter
Floors Area 12,536 m? Elevator Count -

Case study 2 was explained at Table 2. Table 2 Case study 2.
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performance, with an 85% reduction in electricity consumption,
lower emissions at just 13%. e facade was creatively designed with a
unique solution for each direction of the building envelope; all of which
combine to provide 80% of the occupants with a view. e kinetic
system applied to the western facade exceeds 95% of shading during
the day and provides natural ventilation at night by automatically
opening the windows and allowing the night air to cool the building.
e mechanism of the western fagcade works on an automatic actuation
system to track the sun’s position and provide shading in the a ernoon
(Figures 8-10).
Case Study 3
Case study 3 was explained at Table 3.
Project description
Location Essen-Germany Building Uses 21¢FH
e Q1 Headquarters Building, outside of Essen, Germany is Status complete Structural Style
Construction Architectural Green
Start 2004 Style Architecture
Construction End 2010 Materials Concrete
Floors 10 Heights 50 meter
Floors Area 170,000 m? Elevator Count

Figure 8:

Table 3: Case study 3.

another example of a well-designed facade that consists of an advance
kinetic system to achieve a high level in German sustainability
standards. e main character of the building is the sun shading
system, which works with the sun’s path, and creates a unique identity
for the building. e designer, Jurgen Ste ens says, “When you look at
the building in the evening when the sun is going down,it is absolutely
amazing to see what the stainless steel does with this red light.” e
complex fagade system made it possible to reduce the HVAC load on
the building by maximizing the amount of natural air ventilation and
by minimizing glare and direct heating gain (Figures 11 and 12).
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proliferation of this type of system. In addition, the results in energy

saving is considerable.

References

1.

10.

11.

Performance features 12.

e building consumes less energy compared to a typical o ce 13.
building. e sustainable strategies used to accomplish reduction,
including the kinetic facade, allow the building to consume less thaw.
150 kWh/sg.m./year. 15.

e outer skin of the facade works as a sun-shading system,
consisting of approximately 400,000 metal “feathers” in three di erent
shapes - triangular, square, and trapezoid. All these element automats
with assistance from 1,280 electric motors, work to open the whole sun
screen for natural light or to close it completely to protect building
occupants from glare and heat gain. Another important aspect for the
kinetic facade is the ability to move in windy weather up to a speed of
70 km/hour (Figure 13).

Conclusion

is paper focuses on the environmental performance of kinetic
facades in buildings by reviewing current practices. e process
involved an investigation of literature studies that conducted research
to evaluate the performance of kinetic fagade systems from numerous
perspectives.

e kinetic facade proves to be an e ective approach to designing a
building envelope, as shown by gures of reduced energy consumption,
making the kinetic facade an optimal method to address harsh climates,
particularly in the case of sun shading, and to provide convenient
natural lighting and fresh air.

e case studies examined in this paper are evidence of the

Kolarevic B (2009) Towards integrative design. International Journal of
Architectural Computing 7: 335-344.

Sharaidin MK, Burry J, Salim F (2012) Integration of Digital Simulation Tools
with Parametric Designs to Evaluate Kinetic Fagades for Daylight Performance.
The 30th International Conference on Education and research in Computer
Aided Architectural Design in Europe (eCAADe) — Digital Physicality, Physical
Digitality, Prague, Czech Republic.

Kensek K, Hansanuwat R (2011) Environment Control Systems for Sustainable
Design: A Methodology for Testing, Simulating and Comparing Kinetic Facade
Systems. Journal of Creative Sustainable Architecture and Built Environment
1: 27-46.

Moloney J (2011) Designing Kinetics for Architectural Facades: State Change.
Routledge, Abingdon, New York, USA.

Zuk W, Clark RH (1970) Kinetic Architecture. Van Nostrand Reinhold, New
York, USA.

Haeusler MH (2009) Media Fagades: History, Technology, Content. Avedition,
Ludwigsburg, Germany.

Michael F, Miles K (2009) Interactive Architecture. Princeton Architectural
Press, New York, USA.

Selkowitz S, Aschehoug O, Lee ES (2003) Advanced interactive facades—
Critical elements for future green buildings? In Proceeding of Green Build,
the Annual USGBC. International Conference and Expo Paper LBNL-53876,
Pittsburgh, PA, USA.

Charles Linn (2013) Kinetic Architecture, Design for Active Envelopes —Images
Publishing Group, Mulgrave, Australia.

http://www.geberit.com/media/local_media/publikationen/2013/Geberit_View_
Reference_Maga zine_2013_en.pdf

http://www.designboom.com/architecture/aedas-al-bahar-towers/
http://skyscrapercenter.com/abu-dhabi/al-bahar-tower-2/9130/

http://www.ctbuh.org/TallBuildings/FeaturedTallBuildings/AlBaharTowersAbu
Dhabi/tabid/384/5/language/en-US/Default.aspx

http://en.wikipedia.org/wiki/Council_House_2

J Archit Eng Tech
ISSN: 2168-9717 JAET, an open access journal

Volume 4 ¢ Issue 3 » 1000149


http://dx.doi.org/10.4172/2168-9717.1000149
http://dx.doi.org/10.4172/2168-9717.1000149
http://multi-science.atypon.com/doi/abs/10.1260/147807709789621248
http://multi-science.atypon.com/doi/abs/10.1260/147807709789621248
https://researchbank.rmit.edu.au/view/rmit:20636
https://researchbank.rmit.edu.au/view/rmit:20636
https://researchbank.rmit.edu.au/view/rmit:20636
https://researchbank.rmit.edu.au/view/rmit:20636
https://researchbank.rmit.edu.au/view/rmit:20636
http://www.sersc.org/journals/CSABE/vol1/4.pdf
http://www.sersc.org/journals/CSABE/vol1/4.pdf
http://www.sersc.org/journals/CSABE/vol1/4.pdf
http://www.sersc.org/journals/CSABE/vol1/4.pdf
http://ebooks.narotama.ac.id/files/Designing Kinetics for Architectural Facades; State Change/Cover & Table of Contents - Designing Kinetics for Architectural Facades; State Change.pdf
http://ebooks.narotama.ac.id/files/Designing Kinetics for Architectural Facades; State Change/Cover & Table of Contents - Designing Kinetics for Architectural Facades; State Change.pdf
https://books.google.co.in/books?id=tXBdOoZ-faYC&pg=RA5-PA270&lpg=RA5-PA270&dq=Zuk+W,+Clark+RH+Kinetic+Architecture%27.+Van+Nostrand+Reinhold,+New+York&source=bl&ots=5XzNRAqdxD&sig=YfasSyt6UamCQX2br6b5NZFKpPw&hl=en&sa=X&ved=0CB0Q6AEwAGoVChMI 90971iOyNalxwIVi8GOCh3rxQ7q#v=onepage&k+W,+ W%2C k+RH+ RHetics fo itecture%27.+Van Nos rand+Rei hold,+Ne%2C Yor &sourf=e/S/U</IsMap false/S/URI/URI(https://books.google.co.in/books?id=tXBdOoZ-faYC&pg=RA5-PA270&lpg=RA5-PA270&dq=Zuk+W,+Clark+RH+Kinetic+Architecture%27.+Van+Nostrand+Reinhold,+New+York&source=bl&ots=5XzNRAqdxD&sig=YfasSyt6UamCQX2br6b5NZFKpPw&hl=en&sa=X&ved=0CB0Q6AEwAGoVChMI 90971iOyNalxwIVi8GOCh3rxQ7q#v=onepage&k+W,+ W%2C k+RH+ RHetics fo itecture%27.+Van Nos rand+Rei hold,+Ne%2C Yor &sourf=e/S/U</IsMap false/S/URI/URI(https://ookc38 logue.nlaglevview[31r[0/49 1516</IsMap false/S/URI/URI(https://ookc38 logue.nlaglevview[31r[0/49 1516</IsMap false/S/URI/URI(https://ookbiblioin/bukks?id/its ractive-atecture%27.-fox-michael-kemp-miDesid/809840823</IsMap false/S/URI/URI(https://ookbiblioin/bukks?id/its ractive-atecture%27.-fox-michael-kemp-miDesid/809840823</IsMap false/S/URI/URI(https://bookwindows.lblglev/doim_perf/elre%rochromicearfs/attachmt0002_usgbc)>><</IsMap false/S/URI/URI(https://bookwindows.lblglev/doim_perf/elre%rochromicearfs/attachmt0002_usgbc)>><</IsMap false/S/URI/URI(https://bookwindows.lblglev/doim_perf/elre%rochromicearfs/attachmt0002_usgbc)>><</IsMap false/S/URI/URI(https://bookwindows.lblglev/doim_perf/elre%rochromicearfs/attachmt0002_usgbc)>><</IsMap false/S/URI/URI(https://ookimim_t56er4oinshectC3im96prl7A 1/t/erU5mbomicearfs/attachmt0002_usgbc)>><</IsMa 47/ookc38 logue.nlaglevview[31r[0/49 U5mb[0/435r2s4fp7 389.509 516.387 380.195]/Subtype/Link/Type/Annot>><</A 172 0hro5Map  sgue.nlaglevview[31r[0/49 U5mb[0/435r2s4fp7 389.509 516.387 380.195]/Subtype/Link/Type/Annot>><</A 172 0hro5Map  sgue.nlaglevview[31r[0/49 U5mb[0/435ectugeb00 t516.3media/.+ e-moQe/Link/6/E.Dg5koA27.o5&4okc3</IsC s://res_Vals_Refer[31r0g%</Ao00a zype_s://_ening Kinetics for Architectural Facades; Staa/.+ e-moQe/Link/6/E.Dg5koA27.o5&4okc3</IsC s://res_Vals_Refer[31r0g%</Ao00a zype_s://_ening Kinetics for Architectural Facades; Sta0hro5Mfs/mmoQe/ot>><</A 172/aedas-al-bahar-towe C/Kinetics for Architectural Facades;sky33 a02_AnglermoQe/obu-dhabearl-bahar-towe -2/9130/Kinetics for Architectural Facades; Stactbuhange/TallBuild95]s/Fea 172dTallBuild95]s/AlBaharTowe CAbuDhabeatabed/384/5/lturu6.3/en-USpdffaals.aspxKinetics for Architectural Facades; Stactbuhange/TallBuild95]s/Fea 172dTallBuild95]s/AlBaharTowe CAbuDhabeatabed/384/5/lturu6.3/en-USpdffaals.aspxKinetics for Architectural Facades;eniwikipoA27ange/wikiookuncil_House_s147807709789621248)>><</IsMap false/roa0haTypournals/CSABEDU:3.at8085147807709789621248)>><</IsMap false/roa0haTypournals/CSABEDU:3.at8085147807709789621248)>><</IsMap false/roa0haTypournals/CSABEDU:3.at8085147807709789621248)>><</IsMap false Stamelbovere.vicalse/S/USustainabel833]CH2/oboutch2/P6.38/AboutCH2.aspxKinetics for Architectural Facades; Stamelbovere.vicalse/S/USustainabel833]CH2/oboutch2/P6.38/AboutCH2.aspxKinetics for Architectural Facades; Staot>><</A 16.azypemoQe/office-ypejeink/thyssenkrupp-quarlermaspxKinetics for Architectural Facades; Stagreenbe CAopnsals.Subtydookcase-study_thysseniew[31r[0/49 U5mb[0/435r2s4fp7 389.509 5nhaberch.Subtgermanys-q1-build95]-boasts-a-dazzl95]-fKinet-of-400000-me23<-fea he C/Kinetics for Architectural Facades;5nhaberch.Subtgermanys-q1-build95]-boasts-a-dazzl95]-fKinet-of-400000-me23<-fea he C/Kinetics for Architectural Facades;-science.atypon.com/doi/abs/10.1260/147807709789621248)>><</IsMap false/S/URI/URI(http://multi-science.atypon.

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Fraser States 
	Why We Need a Kinetic Façade? 
	The Role of Kinetic Façade to Improve Environmental Performance 
	Hoberman States 
	Case Study 1 
	Project description 
	Performance features 

	Case Study 2 
	Project description 
	Performance features 

	Case Study 3 
	Project description 
	Performance features 

	Conclusion 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13
	Table 1
	Table 2
	Table 3
	References 

