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ABSTRACT

FREE FORM ARCHITECTU RE AND INTERIOR SPACE: A CRITICAL
ANALYTICAL APPROACH

Y el ntez
Master of ArchltecturgArchlitecture
SupervisorAssoc. Prof. DrkKk pe k Gg¢r s el Di no

June 2019199 pages

Architecture has been in period of transformatiorsince the last decade of the
20"century. There have been major developments in architecture in terms of the
design and realization processes due to the technological advihe@iS'century
witnesseshedominationof Free Form Architeture orthe contemporary architectural
practices and theories. The use of digital design tools further widens the limits of
experimental approaches in architectural design and realization. It is pogssalg t

that formal expressiohas become one of the focal points of architectural design. In
this thesis, it is supported that the overemphasis on formal expression may lead to an
undervaluation of the impamnce ofvarious keycharacteristics of interior spaces
Since space is of upmost importance in architecture and the interrelations between
form andspace constitute the dynamics of architectural design, the characteristics of
spaces in Free Form Architectural works are selected as the main topic of
investigation. This thesis focuses on the impact of formal expreskibe building

skin on interiorspaces, and adopascritical analytical approach number of cases

are selected and a thematic categorizatiomade based on tlachitectural drawings

in order to be able to analyze the cutrenientions about space characteristits
contemporary Fge Form Architecturél he results indicate that tfi@mal expression

of the building skin can be very limitedly perceived from the inside. Therefore, the



spatial concerns may have been regarded as secondary design consideration in
Contemporary Free Formréhitecture

Keywords: architectural design, architectural form, interior space, free form
architecture.
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CHAPTER 1

INTRODUCTION

1.1.Research Motivation

It has been widely arguebat architecture hdseen in a transformation processce

the last decade of the'20entury due to the technological advancgpecifically, the
development of digitaleichnologis triggered newdevelopments irarchitectue in

terms ofdesignconception andealizationand enabled architects to operatgth
complex computational tools and methods that support the design prédéssigh
digital media can be used for aide range of activities including design
communication, synthesis and evaluation, its wider implementation in architectural
practices has been rather limited to the generation and manipulation of architectural
form.2 For the last two decades, there hasnbgreat interest in formal architectural
experimentation resulting in the construction of an increasing numbdeeefform
Buildings2 215century witnesses the rise of the popularity of Free Form Architecture
which started t@ominae the skyline ofsomeof the major cities around the worid.

It is possible to say thahe visual features of Free Form Architecturave become

influential especially in design education and across young archieeudsvhile the

! Eekhout, Mick, Barbara Van Geldewalter Lockefeer, Martijn Veltkamp, and Karel Vollers.

2015.Free Form Technology from Delft Vol. 14. Amsterdam: [0S Press BV.
http://ebooks.iospress.nl/bookseries/resed@medrchitecturalengineeringseries.

2 Kalay, Yehuda E. 2004 rchitecture's NewMedia: Principles, Theories, and Methods of Computer

Aided DesignCambridge, Massachusetts: The MIT Press.

SPott mann, Hel mut , Al exander Schiftner, and Johal
Freeform Biternationdleu r e dMatbematische Nachrichten 15 28.
http://lwww.geometrie.tugraz.at/wallner/archn.pdf.

“Won g, Joseph F. 2 Fdrrd Archifedturee Qualimtivé Stualyf of therDés@ourse of

Four Ar ®ésign Studiedk(3):023767. https://doi.org/10.1016/j.destud.2001.002.



number ofcommissionghat favor Free &m Architectureto make their signature in

theparticularlocaleincreased

Contemporary architectural production has been criticized for its desiattract
attentionthrough its physicahppearance aiming to distinguish frahe others with

what is purpogd to be an identity of its owhThe digital developmentsave been

used as a toadf distinction by providing a set afperations of form generation and
manipulation’ Experimentationon complex architectural geometry has proliferated

by testing boundaes, querying traditional perceptions, and searching for new
materials and concepts araurthe topic of architectural forfh These newly
introduced possibilities increased the impact of the certain aspects of architecture
previously considered secondasych assurface manipulation and articulatidfhis
change irarchitectural thinking has led a displacement dhe criteria for judgment,

from an evaluation of form toward an assessment of thé@vations that lie
underneattits conceptiort® Various corerns can guide the processdefsign and

form reasoning irfFree Form Architectursuch as rationalization and performance
Rationalization can be determinant in termsfam making due to the reliance on
structural and materialistic aspects of architedtdesign. The building performance

can be a focal point with respect to environmental concerns. All these determinant
forces shape the studies on Free Form Architecture faeyd focus more on the
building skirt! and architectural formThe formal expressn of the architectural
works in terms of the increased complexity that can be achieved with new design tools

leads the conceptualization process.

5 Ibid.

6 Hertzberger, Herman. 2008pace and the Architect Lessons in Architecturd&R@terdam: 010

Publishers.

"Picon, Antoine. 2004. #fAThe Ghost ofPehpect8bi tecture: Tt
81 19. https://www.jstor.org/stde/1567337.

8Schittich, Christian. 201 mhDetdlBuiding Skins8iQk Basel: Mat eri al s.
Birkh2user.

% Picon op. cit.

10 | bid.

B6Building skin6é is the term to express the form of
analogy of building envelope and human. Please see page 45 for further information.



According to Carlos Marcosh¢ focus on the outward appearance of the architectural
works as the objectivef the design processuns the riskof leading to a banal
formalism inconsistent wf Hemmanderizdergdr e ct ur e
similarly, draws attention to the common focus on the building appearance by stating:
Architecture photographers areclined to capture buildings as objects
isolated from their surroundings, each time seen from an exterior viewpoint.
This is evidently how architects want their work to be seen, in independence,

asaselsuf ficient creation tléngtlyandth®&#@ msel ves r
is the image that travels the wotfd.

During the act ofirchitectual designform and space can be regardec aseango
solve a problem in response to conditions of function, purpose, and ctiriteist
important to note that creattyi plays an important role in architectural design
thinking, as working in the thregimensional érms demands the architect to anire

than just a problem solvét.

According to HermarHertzberger designing is basically a question of finding the
approprate concept for the task at hand and this concept can be defined as the idea
translated into spacé.A concept must be challenging in terms of leaving room for
interpretations byassertingas little as possible about form, and concentrating all the

more orthe spacé’i As space begins to be captured,
by the el ements of ma s s ,'8 Aecording totEdnouhdu r e C
Bacon, the essence of design is the interrelations between the two basic ingredients of
architecturadesign which are mass and spae&d since form is the point of contact

between these two, the quality of architecture is determined by the skill of the designer

?’Marcos, Carlos L. 2011, iNew Materiality: Di gi
Arbitrariness of Archit ecintarmafohal Gootremse anmndovafive r a me t r
Methods in Product Desigri037 46.

13 Hertzberge 2000, op. cit.

14 Ching, Francis D. K. 2014Architecture Form, Space, & Orde#. ed. New Jersey: John Wiley &

Sons, Inc.

“Abdel hameed, Wael. 2004. #i VnPsougeas as IDgastéddyDigifah i n ki n
Medi a. o

16 Hertzberge 2000, op. cit.

7 1bid.

18 Ching, op. cit.



in using and relating the elements of form, both in interior spaces and apé¢ne
spacesaround buildings? The relationbetween form and spacan be provided by
designing from the outside in, as well as, the insid€bRegardlessf the method
adopted, architecturebrings new spatial discoveries exhilarating spatial idea not
encounteredni that form beforé! So, architecture is an act of defining spaces, as

Edmund Bacon states: AThis is?®architectur e,

In contrastFree Form Architecturesuallyprioritizesbuildingform and building skin

as the focal point o&rchitectural designMoreover,spacesand their basic qualities
provided by Free Form Architecture are usually considered as secondary or
subordinate to complex form#lthough Free Form Buildings can be designed
focusingonconstructional or performat/concerns, aas an exploration of the digital
possibilities by using from theutsice in approach, the questionasthitectural spaces

as the primary concern of architectural desigmains.The studies on Free Form
Architecture generally covers the top of digital architectural design, representation,
rationalzation and performative design. As most of the Free Form Architdetorks
derive their motive fromform reasoning through these consideratiotise
characteristis of interior spaces areather neglected Therefore, this research
approachethe relationship betwearomplex architecturdbrm and interior spasen
contemporary Free Form Architecturas the research problenAs Herman
Hertzbergec | ai ms: A AN essent wayspreaentinevbatweids t hat sp
as a perman®nt challenge. 0

This researchfocuses on the impact of formal expression of the buildikig on
interior space and aims to expldhe intentions of Free Form Architectuin spatial
characteristicsThis exploration is carried ouby investigaing architectural drawings

of Free Form Architectural works. Simon Unwin also considisie plans and sections

1% Bacon, Edmund N. 196Resign of CitiesLondon: Thames and Hudson.

20Venturi, Robert. 1992Complexity and Contradiction in Architectuz ed. New York: Te Museum
of Modern Art.

21 Hertzberge 2000, op. cit.

22Bacon, op. cit.

23 Hertzberge 2000, op. cit.



asthe means of expressing spatial ideas in architeétdiee horizontal and vertical
spatial relations can be t@eminant in defining the relationship between the building
form and interior spacesSimon Unwin indicates the importance of analysis in

architectural practice as:
The word 6analysis6 comes from the Greek
6to break apartdé or O6to unloosed. To anal
to expose for assimilation its constituents and workingts powers. The
purpose of analysing arthcture, as any other creative discipline, is to

understand its underlying constituents and workings, so that their powers may
be assimilated and acquiré&d.

This thesis adopts a comparative analytic approach to discover the relationship
between the buildig skin and interior space in Free Form Architectural works.

1.2.Research Questions

Considering the discussion in the previous sections, this research asldhesse

following research question:

A What is the relationship betweethe formal expression of Free [Ror

Architectureandinterior spacs?

In order to answer this main question, a number ofqadstions have been addressed
in the chapters of this thesis, which are listed as following:

Chapter II:
A What is Free Form Architecture?

Chapter Ill:

A What are the derminant factors in architectural space definition?

A What is the role of buildingkinin interior space definition?

A What are the principles for visual perception of the buildiig from interior
spacean Free Form Architectural works

24 Unwin, Simon. 2014Analysing Architecture4. ed. London: Routledge.
25 |bid.



Chapter IV:

A What elationships exist between the building skin and interior sjpaEeee

Form Architectur@
1.3.Research Methodology

This thesis aims to explore the relatiopshetween the building forrand interior
space focusing on the architectural space defining elensgrii$al organization and
relationships, and visual perceptiith respect to the design objectives and processes

of Free Form Architecture.

This research adopts twoethods The first methods based ora literature review

aiming to benefit from the pvéous knowledge and theories in this fielthis part of

the research aims to study a wide range of sources in order to be able to define a ground
for discussion and construct the considerations that will guide the research. The second
method adopts the ipciples of case study researdh architectural researclas

Simon Unwin also claimsexploration and explication througkxamples is an
effective way of architecturalresearctf® This thesis examines existirgasesin
architectural practicaiming to g@erate a point of view towards contemporary Free
Form Architectural practicedRobert Yin provides the following definition in one of
the most frequently cited books on case
inquiry that investigates a contempoy phenomenon within its reble context,
especially when the boundaries betwgdrenomenon and context are not clearly

e v i d% Q@ase.studies can be applied both in case of quantitative and qualitative
research. In this thesis, they are used as aitgiad research on architectural
phenanena. With the visual examination of the orthographic architectural drawings

of the cases, a thematic categorization is made to be able to analyze the current
intentions about the characteristics of interior spaceSantemporary Free Form

Architecture.

26 Unwin, op. cit.
27Yin, Robert K. 2003Case Study Research: Design andiMels 3. ed. London: Sage Publications.

stud



The research process can be organized into two main phases. The first one focuses on
the literature review while the second one is case studies.pgBask hasubphases

as follows:
Literature Review

A The first phaseontains a literature review on Free Form Architecture covering
its definition and the common studies about it in architectural field.

A The second phase includes a literature review about form and space indicating
architectural space definition, spaoeurdary relationship and visual

perception.
Case Study

A In the first phase a number of cases are examined and a categorization is done
to be able to pnmade a framework for systematic evaluation

A The second phase indes the representative caseshef categdesin order
to comprehend better the interaction of the categories and the relationship

between the building skin and interior space.
1.4.Chapter Outline
Chapter II: Free Form Architecture

This chapter aims to discuss the definition of Free Form Architeahd¢he common

study fields about it in architectural domain.
Chapter Ill: Form and Space

This chapter aims to discuss architectural space definition, -boaceary
relationship and visual perception by providing considerations for the case study

researh.

Chapter IV: Case Study



This chapter presents case studiesbe able to understand the form and space

relationship in Free Form Architecture
Chapter V: Conclusion

Chapter V is the conclusion of this thesis which summarizes the re§iedinlys and

theimplications of the research.



CHAPTER 2

FREE FORM ARCHITECTU RE

2.1.Defining Free Form Architecture

Architecture has beeim a transformation period since the last decade of tiHe 20
century. There have been major developments in the architectural field in terms o
conception and construction due to the technological advahiediberation othe
formal expression and organization could be definedhasemergereof a new
approach to foramaking in architecturé With the new opportunities in form
generation, ahitectsembraced thendependeay on the simple geometries and
rectilinear forms® The development ofomputertools for 3D modelingenabled
architects to design volumes out of the classical vocabulary of Cartesiawlydt
they could deform, stretchnd manipulaté® Eekhout and Wicherdink the
technological developments in architectural tools and the emergérieee Form
Architecturein their book, in 2015y stating

In a sense, the evolution of free form architecture is a direct consequence of

architects and engineers being driven by the urge to explore new opportunities

that the latest generation 3D design computer programs provide them with.

Progression in 3D programs is now allowing designers to design

geometrically complicated virtual 3D buildh g s, whi c h -oafrfe sal way s
in shape and usually compasef nonrepetitive components.

28\Wong, op. cit.

®Mosoarca, Mar i us, Ant hi mos Anastasiadis, and
Architecture E ¢ dduraay iofc EnVvironnBental | Pcbiectian sand Ecoldy (1).
http://www.jepejournal.info/vol15no-1-2014.

30 Eekhout, et al., op. cit.

31 Eekhout, Mick, and Sieb Wichers. 201%rd of the Wings: The Making of Free Form Architecture

Vol. 12. Amsterdam, The Netherlands: 10S Press. http://ebooks.iospress.nl/voluroétioedvings
the-makingof-free-form-architecture.

e



There does not yet exist any consensus on the definitiéneef Form Architecture

among architect? Di f f er ent terms are usedobto defi ne
6Li qui d* ddeNad g nDtaSimdaaly, différent definitions aradopted to

describethe characteristicof Free Form Architectureln The Text of Freé&orm

Architecture Wong describes Free Form Architecture as a new approach to form

geneation thatis characterized by a dynamic juxtaposition of volumes expressing

separation, fragmentation and distortiand a fredlowing expression that seeks to

simultaneously reflect and reconcile the inevitability of a diversity of forces

influencing achitectural desigA® The expressiorof Free Form Architecture in

unbuilt formis termeda® vi si o n ar y’ baWond In tostradt, in the same

article, Wongsupports the idea of an architecture that tests the boundaries of
preconceived architectalr formal conventions that predate the Free Form

Architecture, instead of being constrained by the limitations of conventional

construction techniques and materf#lsWVhile this explaation emphasizes the

liberation of formmaking and form reasoning prosdsom the orthogonal forms

there arealsoother definitiors thatfocus on the visudeatures of the architectural

design artifacts A Random curves and tilts, i n which
exploding or collapsing, as opposed to conventional vérticaval | s an® ri ght an
can be listed as one of theBekhout and Wichers focus more on the digital generation

process and they interpret Free Form Architecture as:

[é ] the beautiful art of seemingly freely formed geometriesaefimable
by any regula mathematical formula and which are mainly driven by

2Ver mei j , Pet er AsXx(06 .atfi Raer ameestirginc f or Free Form Arct
Delft University of Technology. . http://resolver.tudelft.nl/uuid:531aadbfB 4c5081f8-

e5dbf89abef.

33 Eekhout and Wichet op. cit

34 lbid.

Mennan, Zeynep. 2008. AThe QuMETU i JrAR5 (B)f Non St an

http://jfa.arch.metu.edu.tr/archive/025816/2008/cilt25/sayi_2/17183.pdf.

36 Wong, op. cit.

37 Spiller, Neil. 2006 Visionary Architecture: Blueprints of theddern ImaginationLondon: Thames
& Hudson.

38\Wong, op. cit.

%9 Vermeij, op. cit.
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increasing capacity of contemporary computers combined with the desire of
designers and engineers to give uniglemtities to their creatiorfs.

Technological advances and digital capabilities lie & keart of Free Form
Architecture, therefore digital architecture is the key to understand delable to

come up with a definitioof it. Within digital architecture, a new formal stbaction
architecture has emergé&dDifferent from traditional tectdns, digital architecture

not only takes into account the interaction between architecture, environment and
people, but also reflects it in a dynamic structure, allowing the building to posse a
body with life#? This change is possible if only the complgAitvel of the design is
increased. Digitalization of the design process enables designeranigehighly
complex geometrieg\s complexity moves contemporary architecture forward, it also
poses new questions to be answeidek advanca design tools sedrchitects free to
explore the limits and since this exploratisrgenerally based on pure aesthetics, it
often results in awkward and out of scale structures or very costly constriétions.
Architects and engineers are imposed intense challenges frodesign stage to
construction, leading to the need of developing new approaches to design and
fabrication** As digital design defines a certain order in application of the procedures,
and it aims to provide desired improvement in problematic aspectgasssble to

say that anew architectural paradigm has been achievetigital architecturevhich

is based on both, new conception aesv production standards.

40 Eekhout and Wichers, op. cit

“Marcos, Carlos L. 2011. ANew Materiality: Di gi
Arbitrariness of Architectural Form and Parameie s i Igtarnational Conference on Innovative

Methods in Product Desigri037 46.

2 Gao, Wa n Ping. n. d. ATectoni ccBRPom AQashd t &¢ wdn
https://www.researchgate.net/publication/30876047_Tectonics_A_Case_Study_for_Dig#al_Fr
Form_Architecture.

“BrandtOl sen, Ceci l i e So s-Findiggofdr he DesigH afrCoreanHsticfeneelr o m
Shell s. 06 Dissertation. University of Bath- https
form-finding-for-the-designof-curvaturestiffenedshell.

“Chen, Zi Ru, Chor Kheng Lim, and Wei Yen Shao.
Digital Design and Fabrication in Freeo r m  Ar c¢ hloutnal oft Indusgial and Production
Engineerin@2 (2): 121 32. http://dx.doi.or(L0.1080/21681015.2015.1023853.

45 Marcos, op. cit.
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Following the brief effort to define Free Form Architecture, the first part of this section
will be focusing on the historical references in terms of both structural and theoretical

aspects of the topic.
2.1.1.Precedentsof 215t Century

Although Free Form Architecture gained its popularity and established itself around
the turn of the millennium, it ipossible to say that it hasructura) inspirational and
theoretical connectianwith the past.lt would be beneficial to point out these

connections in order to better understand the current state ofticergiiry.

If freeform is traced back imistory, it is evenpossible toreach the Viking boats
reflectedthe possibilities of freéorm based only on the technology of the tithe.
However, tce this is aatherwide perspective resulting in endless examptass
section mainly focuses on the refeces and influences in the history of architecture
namely20Mcentury, in which three main influential factors can be listed but not limited
to: Thin Shell Structuregformal/structural) Sydney Opera Hous@nspirational)
DeconstructivistArchitecture Khibition at the MoMA(theoretical) The first one is

the structural system which could be regarded as the precedent of Free Form
Architecture in terms of its conceptual and structural features. The secorgltbee
building that signaleda new age due tdhe inspiration it created among the
architects’” And the final one is the theoretical bretkough where architectural

form was subjected to a relentless semiotic critf§ue.

“%Bal dassini, Niccol o, Hel mut Pottmann, Jacques Rayna
Strategies and Developments in Transparent-Fogen Design: From Facetted to Nearly Smooth
Envel tnemaona Journal of Space Structui®s (3): 18597.

https://journals.sagepub.com/doi/abs/10.1260/62651.25.3.185.

4" Mosoarca, Anastasiadis and Apostolos, op. cit.

“®Hor n, Bradl ey. n. d. AiMeaningless Form / Formless M
Comput at i oSeekihg the CifybAa5 18.

12



Free Form Architecture could be regarded as the renaissance of the sheliestruct
because of its impact on the construction induStfipastore and Corrao explains

further the relationship between Free Form Architecture and Shell Structures:

One of the first structural system adopted for free form buildings was the shell
typology, whose technology, limitedly developed in the Thirties by Franz
Dischinger, found its great expression through the works of architects such as
Eero Saarinen, Heinz Isler, Felix Candela and Pier Luigi Nervi. Shell
structures are able to withstand and transfeds with minimal thickness and

rely on their threelimensional curved geometry and correct orientation and
placement of supports for their adequate performance. In fact, by their nature,
shell structures are supported at their perimeters. Although saogiated
structural elements, such as ribs, that might increase its strength, their
structural configuration doesn't allow to significantly reduce the inner space.
This is the reason why not only such structural systems generate dynamic and
expressive bidings but are also used to better organize the internal functions,
sometimes creating innovative impressing spaces. Such a system has a wide
application, for example, for freffowing interior spaces buildings:
auditoriums, sport facilities, public infrimsctures and so ofi.

Thin shell structures emerged in 1930s, with the desircover wide spans in an
efficient mannerr! A general definition of thin shell structures, which often referred
as concrete shell structures as well, consists of a curved eswrfach affects its
strength and stiffness, aneblatively small thickness as compared to its other
dimensions? In terms of tectonics there is a certain parallelism between Free Form
Architecture and concrete shell structutkge to their complete undeasiding of

structural continuityThe thin shell structure needs togiructurally continuous, and

49 Eekhout and Wichers, op. cit

Ypastore, Lui sa, and Rossella Corrao. 2010. AFil
Rel ationship Between Structure andStAdureshand ect ur e
Architecture
https://www.researchgate.net/publication/272500613_Filigree_constructions_vs_solid_constructions_
The_relationship_between_structure_and_architecture _in_the contemporary _age.

51 Huijben, Frank, Frans van Herwijen, and Rob Njsse. 2GlConcr et e Structures
I ntroducing -BecNéw CoOhbhswruction Met hod Using \Y
https://www.researchgate.net/publication/254902140 Concrete_Shell_Structures_Revisited_Introduci

ng_a New and_'Lowech' Construction_Method_Usingacuumatics_Formwork.

2Asmal jee, Zaakindi ag18f @ARonmShell Structures. o
Witwatersrand. . http://wiredspace.wits.ac.za/bitstream/handle/10539/1373Zkatimg of Thin

Shell Structures Zaahir Asmaljee.p@sequence=2&isAllowed=y.
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this continuity requires that the forces within the surface of the shell should be able to

be transmitted in a number of different directiéhs.

There were ififerent methods to design and calculate the shigdsveen 193950,

design process of the shell structures was mainly based on mathematically defined
geometrie$? Anton Tedesko, Eduardo Torroja and Pier Luigi Nervi are-wadiwn
engineers who designeahd calculated extremely elegant concrete shells in edfly 20
century. The Spanish architect Felix Candela is considered as the master of thin
reinforced concrete sheftsLos Manantiales Restaurac&n be shown as most well

known and successful examlkthis approacliiFigure 2.J).

Figure 2.1. Los Manantiales Restaurant in Xochimilco Mexico City by Felix Candela

Sourcehttps://www.archdaily.com/496202/atassicslos-manantialedelix -

candela

In the 19Bs, the wellknown engineer Heinz Isler followed a different approach for
designing thin shell structurebat was based on physical experimemattherthan
using mathematical calculatisFigure 2.2, which was most widely used in form
making of tennis rd sports hall§® His approach is explained in detail biyijben,

van Herwijen and Nisse as follows:

53 |bid.
54 Huijben, van Herwijen and Nisse, op. cit.
Chilton, John, and Chu Chun Chuang. 2017. ARooted

in t he Shell s dNéxus HNerwarkz Joutna | Novemlizer, 761335.
https://doi.org/10.1007/s000@1 7-0357-5.
56 |bid.
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In the spirit of Antonio Gaudi 6s hanging
sever al 6natural & phenomena, l'i ke air pr
design thin concrete shells. Due to the experimental character of his approach,

t hese shapes can be referred to as 0 E X
calculations were made by conducting load tests on smalé models which

were interpreted for the desighthefull-scale concrete structuté.

Figure22.1 sl er 6s Experi ment al For ms, basd on air

By the end of 19504heinterest inconcrete thirshdl structures suddenlywaded In

the late 1960s, complex timber shell structures appeared especially by the works of
German architect Frei Otf8.In general it is possible to say that shell structures in the
first half of the 28 century were structure based buildiskins dominating the
architectural expression, whose three dimensional form was generally determined by
the engineer rather than the archif€he rapidly escalating development in
technology brought a new approach to the concept of the shiblé 990s often
referred assculptural formswhose concern wakrm and aesthetics, more than

structural efficiency?

The evolution of the shell topologies resulted in complex architectural geometries
consising of different structural systems in the contemporary®agee fact thatin
20"century, shell structures were generally designed for single space requiring
functions, aiming to cover wide spans, makes a research required on the contemporary

Free Form Archi t ect uspatiasharacteastaspets.Tignani z at

57 Huijben, van Herwijen and Nisse, op. cit.
%8 |bid.

%9 pastore and Corrao, op. cit.

80 Chilton and Chuang, op.cit.

61 Huijben, van Herwijen and Nisse, op. cit.
62 pastore and Corrao, ojt.c
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shell structures can be defined as the precaxféhe Fee Form Architecture despite

the evidenscale and program differences between them.

The second influential factor listed is Sydney Opera House by Jorn (Fmure

2.9. It is also me of the most significant architectural warlof the advancing
technology and consideration of aesthédtidbe late 2fcentury as mentioned above
The most important impact of Sydney Opera Housaiuncinghe opportunity of
realizing the potential ture of the architecture. It showed that a new stage of
architecture was emergifg.

Figure 2.3. Elevation Drawing of Sydney Opera Hoffse

The conception and construction process of the master piece waseyjstarting
form late 1950s to 1970s. It was no doubt a diffiant collaborativeengineering
work. From the very beginning it was apparent that it had the opportunity of being one
of the wor | donsth repareta the rbathenlattcally sysisio design
approach which lies behind its provocative appearaRiuie 2.4.%° In terms of

conception it was incredibly innovative, however, the construction period was

53 Mosoarca, Anastasiadis and Apostolos, op. cit.

64 Utzon, Jorn. 19585ydney National Opera House

85 Murray, Peter. 2004The Saga of Sydney Opera House the Dramatic Story of the Design and
Construction of the Icon of Modern Australlaondon: Spon Pes.
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conflictive and expensiv¥. Baldassini and Potmann point out the importance and

diffi culties of Sydney Opera House as follows:

Concerning modern architecture, if we want to pinpoint the beginning ef free
form design, we have to refer to the Sydney Opera House, a case that also
demonstrated the difficulties of coupling architectural expoessvith
structural and technological constraints. That difficulty is well represented in
the long evolution of the shape, the endless site andahstantly increasing
budget®’

Figure 2.4. Principle Constuction Drawings of Sydney Opera Hoffse

These rationalization and construction difficuliges indicativeof the future problems

of Free Form Architecture in terms of construction.

Another important influential characteristics of Sydney Opera Houss isi6 i coni c
v a | . e dconic value here refers to a meaning related to fame, symbolism and
aesthetic quality® When it is combined with the innovation, it is not a surprise for
Sydney Opera Houge become an icorAfter the construction it shortly becarae
landmark, and serves as a symbol for both Sydney and Ausfr&liace the most
significant feature of Zlcentury is to be unique and iconic, Sydney Opera House can

be regarded as precedent of the signature architectural understanding.

6 | bid.

67 Baldassini and Pottmann, op. cit.

68 Utzon, op. cit.

® Skl air, Leslie. 2006 . il conic ArCityhOi {(1pct ur e
http://dx.doi.org/10.1080/13604810600594613.

Col bert, Fran-ois. 2003.udtTrhel iSHcmatiegdodpitof a Hous |
Arts ManagemeBt (2): 69 77. http://neumann.hec.ca/artsmanagement/articles/06 Colbert.pdf.
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The third andte final influential factor is the Deconstructivist Architecture Exhibition
at the MoOMA.At the MOMA exhibition inJune 1988 he ter m 6 Deconstruct.
introduced to describe the works of the participant architdatmnkO. Gehry,Daniel
Libeskind Rem KoolhaasPeter Eisenman, Zaha Hadid, Coop Himmelblau and
Bernard Tschumi who arestrikingly different from each other and moving in
different directions! The reason behind their communality was the reaction against
the dominance of pure forni$What was established in MoMA under the name of
Deconstructivist Architecture was not a new styléccording to Philip Johnson:
ADeconstructivist architecture represents n
it hr ee compllarcesibis notfeverii s e v e n  a fThérdforegFeee Boon. 0
Architecture means not only a description of the geometric characteristics of
architectural form but alsosymbolic act of freeing architecture from the limitations
of pure form” Horn argues further by saying:
Cuttothemdni neti es. Wi th the O6Decond show at t he
and the digital revolution lurking on the horizon, architecture occupied a
tenuous position between a recent past that r
and a future where new technaleg promised to make the expression of
almost anything possible. It is at this moment when, in the vacuum created by

the postmodern project, and for the first time in history, a form was created
that appearetb be completely-aignifying.”®

The architectamed above have expanded beyond the field of architecture and have
become influential figures in global art and cult(r&@heir works have shaped the

current state of contemporary Free Form Architecture.

T Wong, op. cit.

2 1bid.

73 Johnson, Philip, and Mark Wigley. 1988econstructivist ArchitectureNew York: Eastern Press.
https://www.moma.org/documents/moma_catalogue 1813 300062863.pdf.

4 bid.

SWong, op. cit.

"®Horn, op. cit.

7 1bid.
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Figure 2.5. Guggenheim Museum by Frank Gehry, in Bilbao

Source: https://www.archdaily.com/422470/atassicsthe-guggenheim

museumbilbao-frank-gehry

In 1997, aFree Form building was designed and realized: Guggenheim Museum of
Frank O. Gehry in Bilbadqigure 2.5. The impact of the building could be expressed

by saying AAlthough architecture critics
this type of building, its extreme contrast in form and prominent location just outside

the 19th and 20th centuryygit of Bi |l bao shook t/AEhe worl d
museum is located in an industrial city which was rather insignificant at thafTtimae.

very contrast betweehe building formandexisting built environment was notatfe

This architectural work of Fr&nGehry demonstrated the possibilities and brought
themto thewide public attentiod® The courageous, innovative and unidaamal

features of the building made it a symbol of the city. In this sense the iconic value of

the building expended worldwide, @v contributingoa t er m cal |l ed 6Bi |

to the literature of architecture.

Overall, after studying different periods and different events of the last century, it is

possible to say that 8entury gave birth to a nefermal expression in architeure

2.1.2.Current State of 215 Century

8 Eekhout, et al., op. cit.

" 1bid.

80 Terzidis, Kostas. 200Expressive Form. A Conceptual Approach to Computational DeSigon
Presshttps://epdf.tips/expressiMerm-a-conceptuabpproackho-computationalddesign.html.
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In the 21%century, Free Form Architectutasstarted tadominate both the practice
and education of architectural desf§iComplex free form structures can be regdrde

as one of the most striking featuiesontempaoary architecturé?

The technological advances digital design tools havealso gained pace. Formal
liberationin architecture was interpreted afberationfrom semantics, history, and
cultureand this radical ambiguity of meaning became unbeatgtaechitects® The
absencef reasoningvas quickly filled in by organic, biological and process based
design approachdsy courtesy of digital advanc&sConsequently, there arose a need
to generate new languages for architectural design. Islami explaihsrfu
In this era of digital and technological advancement, architects are beginning
to examine notions of boundary, with specific attention given to the
architectural surface. While in early twentieth century, modernists sought to
convey deep space thighuthe use of transparent materials, today, architects
attempt to compress allusions to the depth of the interior into the surface of a
building. Such shifts in architectural practice are the result of two related
factors: the changing attitude towardsasinoppositions in philosophy and

architectural theory, and more importantly, the development of new
technologies for architdural design and constructiéh.

Contemporary architecture is becoming a process of surfétiftge virtual space,

one of the conibutions of computer based technologies, has allowed the
experimentation on extraordinary complex geometries and the increasing flexibility in

generation of computer based surfatedMo s t of t hese geometri e:
considerations were not based on comsatility. This is because igital tools

advancingfaster that theconstruction techniquesequired to realize the designed

architectural forms. This resulted irgapbetween the conception and productadn

81 Wong, op. cit.
82 pottmann, Schiftner, and Wallner, op. cit.

B Silvetti, Jorge. 2003. AThe Muses Ar e Not Amus e (
Ar c hi t Elarvard Design Magaziné9.

84 |bid.

8 sl ami, Yahya S. n. d. @i g ihttps/lepub.uniSur f aci ng, o
weimar.de/opus4/frontdoor/deliver/index/docld/1334/file/islami_pdfa.pdf.

8| sl ami, Yahya -[@Fven Ar€hideGture. MoSingr Beyormd eéhe Ornament/Structure

Opposi ti8an, 0 671
87 Marcos op. cit.
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free forms® As the realization process moredifficult and expensiveass compared
to simpler architectural form&ree Form Designgosed many challengasterms of
architectire, engineeringmanufacturing and contractiff§ So, architecturenainly

focused on narrowing the gaptween conception drzonstruction
2.2.Common Study Fieldson Free Form Architecture

It is evident that the use of digital todlasan enormous influence dhe 2F'century

Free Form Architecture. The relationship between information and conceptualization
of design defines the pcess from idea to fordf.Digital advances offered architects
endless opportunities inrfas of geometric configurations, surface expression and the
temporal aspects of desi§h.However, the existing construction methods and
technologies could not yet copeith the highly complex geometri€$.The gap
mentioned in the previous sectiovas most apparent durintpe construction of
Guggenheim Museum in Bilbad’he Guggenheim was built with conventional
construction techniques and materials but followingatmer designs generated with

the digital tools and desires, the need of the adgveént of Free Fon Technology

became appareft.In the early stageBree Form Designs caused many probl@ms

the construction phase, therefore among builders they had thepopuln i ¢ k na me O F
Form Ni g%ht mar eso.

Following the realization of the gap, digital tools have evolved to bring solutions to

the problem of productiolCAD/CAM technologies provided new opportunities for

88 Eekhout, et al., op. cit.

89 |bid.

®Keézéelcan, Egemen Berker. 2015. AComplexity Mana
Conception: ForaBl i ndnes s and Softform.o0 Dissertation. |
http://etd.lib.metu.edu.tr/upload/12619094/index.pdf.

1l sl ami Subif ictiamlgo, op. cit.

2?Hu, Yongheng, and Qinying Li. 2014. dAlntegratin
on the View of Structural Performance Design Wbtew for AgentBa s ed Ar chii42ect ur e, (

http://anzasca.net/wpontent/uploads/20%12/09 34 86.pdf.
9 Eekhout, et al., op. cit.
9 |bid.
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production and construction of complex forfAsSo, it is possible to say that

technological advances and digital tools are used for both pateation (digital

designprocess) and realization (construction process) of the architectural products.
According to Wong: A[ €] titace thase veho wsethewo t y pes
computer to generate form and thd&se who use

With the increase in the importance of structure and materials, digital design evolved
into digital tectonics which has led to the synthesis of achite and structural
engineering.” The development of digital tools and the concerns about production and
materiality brought a change of paradigm which is not based on material itself but a
conceptual revolution about a construction aware design préc@sdinski and
Jaruszkiewicz explains this change as

These new architectures emerging from new kinds of industrial production

and design tools require new thinking and conceptions of architecture both

from the perspective of the designer and the persparigxcing the built

environment. Growing out of the analogue digital tectonics becomes the

primary factor in modern thinking, designing and constructing buildings. One

can only expect its impact to bring new materials, technologies and design
tools, and een more interesting buildings.

The architectural works of 2tentury proves that computer based digital architecture

techniques are not only a tool for design but also a new inspiring way of creative

thinking by means of producing the logic behind enere complex form&®°

In light of all these developments and changes in Free Fochitécture, the surveys,

works, and researches mainly focus on the use of digital tools. The works and

%Balinski, Grzegorz, and Krystyna Januszkiewicz. 2016
to Architectur al D @m®dedjan Endiheetrini6id o | 16048. . 0
https://www.sciencedirect.contience/article/pii/S1877705816328466.

% Wong, op. cit.

97 Balinski andJanuszkiewicz, op. cit.

% Marcos, op. cit.

99 Balinski andJanuszkiewicz, op. cit.

100Gao, op. cit.
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researches of architectural field mostly gathers around the twsqgfahteFree Form

Architecture: dgital design representation, rationalization, and performance
2.2.1.Digital Architectural Designin Free Form Architecture

20" century architecture has witnessed a transition to a coonelexdesign approach

in terms of exforation and representatidft This transitiorincreases the importance

of digital technologs operationalized during the design procésshitectural design

complexity has been dependent on the virtual space and 3D modelling offered by

digital mediat®® With accordance to this, it is possible to say that computation forms

the basis of the digital activities of contemporary architecie. G¢ r s e | Di no
Computational systems have emerged as a fundamental keystone in
architectural design during the talecades, marking the rise of a new area of

study that engages with design cognition, computation and generative
principles in contemporary design practiée.

Such a computational practice in architectural domain finds itself a formation called
Digital Design. In order to make a definition of digital designe can address the
explanation of Oxman:

By the year 2003 with the NeBtandard Architectures Exhibition at the

Pompidou Center in Paris, the concept of-atandard, nomormative, non

repetitive degn had become a major theoretical focus of this new
phenomenonr recognized today as digital desitjf.

She also defines the components of digital design as representation, generation,

evaluation, and performané®.

The role of digital design is not onlylaged with the architectural end product. The

word O0designdé covers both the act of des

101 Abdelhameed, op. cit.

102 Marcos, op. cit.

WGer sel Di no, Kpek. xplordtién. by Ma@meirie tGenerative (Bgstemsgyim  E

Ar c hi t BMETUdJaureal af the Faculty of Architecti#® (1): 207 24. https://doi.org/10.4305 /
METU.JFA.2012.1.12.

“Ox man, Rivka. 2006. #fATheory DesighStes (3g22966.n t he F
https://doi.org/10.1016/j.destud.2005.11.002.

105 | pid.
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of design simultaneoush® Since digital design covers the generation process also,
understanding of computational desidong with the computational tools requires an

evolution of designing not only the end product but also designing the pf8tess.

By the use of computer software, a great control oversgecial and logical
manipulation ofdesign can be achievé®.In the maipulation of the computational
models, new interfaces between different domains and the use of mathematics play a
crucial role requiring algorithmic thinking and parameterization skills for the
designet® The new and innovative mode of design thinkinghwét certain set of
operations and parameters which are algorithmically based, offers an increased
computational control over design geometry during design actiitfarametric
approaches arbased on defining relationships between elements and groups of
elements, and assigning values of expressions to organize and control those definitions
through programming and codittf. G¢r s e | Di no i nTheirc at es fur
adaptability and responsiveness to changiagign criteria and requirements make
parametric modsl especiallyuseful for design exploration in complex and dynamic
design settings!!?

Since the basis of digital design is the technological advances, it is important for
architects to be up to date. Technology progresses everit dagossible to sayhat
there is a growing amplitude of issues and subjects in digital desilytoreover,
there is a certain demand about the computational thinking in architectural domain

requiring more attentioft* In the new design possibilities as represented by dramatic

%G¢srsel Dino, op. cit.

YsSorgu-, Arzu G°nen-, and Semra Arslan Sel-uk. 2013.
Understanding MultDi mensi onal i t y Neausd Netwdd& p pourmab Aulust.
https://doi.org/10.1007/s000&1.3-0150z.

108 Gao, op. cit.

®sSorgu-, op. cit.
WG¢egrsel Dino, op. cit.
111 Chen, Lim and Shao, op cit.

12G¢rsel Dino, op. cit.
113 Oxman 2006, op. cit.

sSorgu-, op. cit.
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form-generative potential, a high level of publication on the subject has océtired.
A significantportion of architectural studies and researchedased on the digital

advances.
2.2.2.Representation

The nature of the task of representing architecture atteeslect the state of
architecture at each period of time. In simulating architecture, the necessary
conversion from that which is inhabitable, experiential, functional, and at
times, indescribable to an abstraction in an entirely different media isaoften
imperfect procedure that centers on its translatather than theactual
design*!6

Traditionally, the main application of architectural representation has been
representing the form of the architectural work for the dual purpose of explaining the
cogritive and conceptual processes and communicating design*tdeashieving a
situational awareness that allows for meaningful criticism of the design is the objective
in visualizing any architectural wofk® For the last decades CAD modelling systems
are themost used representation tools based on the axonometric drawing and parallel
projection rules. While CAD drawings are efficient filgsigncommunication, it is

not the same for the representation of the cognitive processes. CAD modelling
produces definitie geometric forms striping away ambiguitkiile creating a contrast

to the indeterminacy of physical based activities and artitatts.

It is evident thatuse of computer technologies has expanded its boundaries of

operation beyond traditional productionadings?® Digital three dimensional
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visualization technology contributed new representation techniques to the world of
architecture Computer aided design applications provide the ability to design
intension and conceptual features without recourse to twmersional
representation®! They offerunattainable qualities such as motion, texture, and real
time shadows to further enhance situational awaréfgsssthis manner, visualization

has a significant role in understanding and controlling of complex mesé3Since

Free Form Architecture is constitute of complex design processes resulting in complex
geometries, it must be represented three dimensionally. In order to represent the
expression of the spatial relationship between the various elevations, three
dimensional modsl areessential?* When the spatial information of the complex
geometries are delivered through suitablas, it can simulate depth which is one of

the most important component of spatial cognitith.Another outstanding
characteristic oFree Form Architecture is the notion of expression and emotion.
When free form is represented in a digital environment three dimensionally, it can be
full of emotion using a very active and direct method to affect immediate changes and
thus displaying emn in design?® As a result dynamic visualization can be

presented as the pinnacle of architectural representéfion.

Architectural representation is a constantly evolving area as architectural design itself.
As explained above, different eras, differeesign methods, and different design

products require different representation techniques. As the quality of design that is
wanted to be presented increases the previous method would remain insufficient.

Thus, it brings endless opportunities to evolve angess the techniques.
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2.2.3.Rationalization

The previously mentioned gap between the conceptualization and realization of Free
Form architecturénas led toa new area ofesearch and experimentation for both
architects and engineets.order totackle theproblems regarding the rationalization

of free forms rational and systematic approael and a full understanding of
architecturalgeomety is necessary?® Since architectural works made up of highly
complex geometries are often unige@utions their stuctural solutiondecome as
unique as the design itseomplex forms typically require custom structural systems
and building systems in a opeoject setting: Nomepetitive and arbitrary curved
forms increase the cost, time, effort and waste duringtbeesses of architectural

and structural design, manufacturing, optimization and construéfidvioreover,

these unique design solutions are often very difficult to operate and expensive. So, as
design conception changed with the technology, it forcedaage with respect to

materiality and construction as wéiP.

Realizing Free Form Architecture often requires the transfer and adaptation of
technologies used by other industries afd&ut the most important thing would be

to make use of modern technolegifor further implicationsi[ €] t he use of
technology means considering how to use new techniques, new materials and new

building methods to probduce structural hi

There are two aspects of this issue: structure and material. Frotrutttaral partjt
is possible to say that with Free Form Architecture established a new way of
construction. As mentioned in the previous sections, free forms have evolved to an
architecture of surface. The structural difference that has been brougbelgrims

is that a main structural system depending on surface geometry in contrast to the

2 wal lner, Johannes, and Hel mut Pott mann. 2011
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conventional frame approach of constructiéhThe most common attitude toward
realization & Free Form Architecture is thiationalization of the form for construaih
which is completely independent from the conception protessever, wat is more
evolutionary from producing solution to the already design buildings is that the
involvement ofload calculation principles via digital tools to the design process.
Marcos indicates further:

[ é tomputers have also allowed calculating enormously complex systems

of loads and stresses, and computerized robots have been able to manage the

positioning and assembly of the customized constructive elements. We can

refer to digial consciousness as the awareness on digital computing

enhancements applied to architectural design. Thus, digitally conscious

architectural design challenges modernist paradigm and proposes a new
grammar in accordance with digital cultd?é.

Thereisanevy|l vi ng met hodol ogy called o6digital t ec
use of design software with traditional construction methods. With this methodology,

computer aided fabrication techniques serve as an integral part of design process,

allowing architecd and engineerso comprehend the behavior of load bearing

surfaces, and to generate new architectural féffns.

From the materiality point of view, with the experimental conceptions and the
realization of complex geometries draw attention more than ememtonaterials and
concepts3® In terms of the relationship between material and architectural design
realization there are two types of approaches: designing the material in order to reduce
the dependency of architecture to material, and designing accaodthg material
propertiesin the former, which is less commahg building process shifts from the

building site to the factor{?’ It is also referred as infmaterial revolution, in which
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135 Balinski andJanuszkiewicz, op. cit.

136 Schittich, op. cit.

¥sSchittich, Christian, Werner Lang, and Roland Kripp
FromMateral t o Const r inOetail Buiding SKESSG&RY .. Bas el : Birkh2user.

28



designers of material plays a central réf€The latter, whichs more commonly used
especially in digital tectonics, focuses on the role and applications of materials and
technology in creation of contemporary architectd?@his approach opens the door

for a materiatbased design understanding which can be definedi gsé g
computational informing process that enhancesitbhegration between structure,

material, and form within the logic of fabricatitechnologies 6°

Oxman explains further the evolution of the approaches towards material and tectonics
as follows:
The growing affinity between the interest in the role of materials in design
and in the relationship to tectonics has
emerging new synthesis of material in design is resulting in the formulation
of conceptual principles dghe formal, structural and material in new digital
orders. Furthermore, the logic of these structural and material principles is
recently becoming integrated within the rationale of emerging fabrication

technologies, thus enriching the possibility of thaeptial integration of
design with fabrication and productiét.

Realization of an architectural design could be defined as the last and one of the most
important stages of designing process. Complex geometries always carry the risks of
construction andast efficiency. Since rationalization is the most problematic part of

the Free Form Architecture, the most significant density of studies and researches

appears on this aspect of the issue.
2.2.4.PerformanceBased Architectural Design and Free Form Architecture

The interrelations of an architectural work with its surrounding environment and
conditions have been one of the major aspects of the architectural design process.
Considering the great human contribution to the global warming and climate change

in termsof building industry, it becomes impossible to remain indifferent to the
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environmental issues from the perspective of architects and engiheessds the

end of the 20 century, the concept of sustainability is introduced to both the
consciousness of @ritects and the discourse of architectuepresenting a revised
conceptualization of architecture in response to a myriad of contemporary concerns
about the effects of human activit}f Sustainability inarchitecture aims to indicate

not only sustainalitly as a discipline but also a product of the disciptieds the
building industry, including architecture, engineering and construction, embraces the
awareness of sustainable and{oarbon era, the notion of performance in architecture
has drawn more tntion than evet** Performance as a concept evolved out of a
series of intellectual effortsommmenced in the 1940s and 19%0@sught a paradigm
shift in the humanities EThecurrentioterdaston as t he 0
building performancesaa design paradigm related to the emergence of sustainability
is framed within an expansive context including financial, spatial, social and cultural,
and purely technical realm& In this context, it is possible to say thtte
understanding of good dritecture has shifted to the notion of a building that is
sensitive to its environmeft! Achieving high performance level in buildings has
become a major challengén this new understanding, building designers are
encouraged to design buildings that fuliser expectations with regard to the quality

of the indoor climate and environment contributing to a sustainable develofffhent.

So, the potentials and opportunities of performance oriented architectural concerns for
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reducing the negative environmental @mepand improving the energy efficiency of

the built environment is on focus in many architectural reseatthes.

The rise of the concept of performance in architecture proposes that computer based
architecture transforms notions in the architectural diseotawards performance?
The developments in the theory and technology of digital architectural design plays a
great role in the emergencepsrformativedesign'>: Oxman explains further the term
performative:
The term performative may represent a synthesitwo of the essential
characteristics of digital design. Digital design processes support
transformation and generation of a geometrical model and they support
analytical evaluation of environmental performance based upon simulating
physical conditionsuch as solar or structural loadings. It is the potential of
an i ntegration of evaluative simul ati on
generationd and o6form modificationd mode

Performative Design. The term further implies thafgrenance can in itself
become a determinant and method for the creation of architectural®form.

In terms of digital architectural designgraputation, in analytical and generative
modes, has a key role in both the logics of how material constructionsadeeand

the way they will interact with environmeht fiToday digital quantitative and
qualitative performanecbased simulatiomepresents the technological foundation of
the emerging performativarchitecture described earli@P* The quantitative
evaluatons of specific design propositions can be qualitatively assessed by courtesy

of the developments on graphic output and visualization techniefuédthough
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designers can assess certain performative aspects of their projects with digital
analytical tools, fter the initial design is developed these tools would not be helpful
in terms of providing dynamic generative capabilities that could open up new
territories for conceptual exploration in architectural de$i§mherefore, designers
need to integrate thessessments and digital evaluations to the early design phases by
knowing how potential design decisions would affect the quality of the indoor climate

and environment as well as energy performante.

Performative architecture should not be regarded askdepnosolving method to be
applied on already existing design proposals. Form generation process based on
performative strategies of design that are grounded in quantifiable and qualifiable

performative aspects of building design is the main objective'fféere.

AsGo b man and Ne u mamtheadveattofedgital meédiadelchnologies

and the ability to conceptualizexpress and produce complex forms using digital
means, the question of the status of #mehitectural form is once again under
considerdabn.ot®® Performative architecture establishes a main change in architectural
conception by using building performance as a guiding design principle. Therefore,
performative architectural design approach and its form generative methods can be
used to answethe questions concerning the method of form expression in
conemporary Free Form Architecture. Thus, a great portion of architectural research
focuses on performative architecture in terms of the form generation principles of Free

Form Architecture.
2.3.Reseach Ground

Regarding Free Form Architecture as a new approach to form generation, form
reasoning process gains importanke can be derived from the common study fields

on Free Form Architecture, various approaches can be applied to design process
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concerning various aspects of architectural desigmese approaches can be based on
aesthetical characteristics of the architectural wbskbenefiting and exploring the
possibilities of digital ardsitectural design, or they can be concerning tectonic
solutionsand be based on rationalization process of architectural design, or they can
be focusing on the performative aspects, since aesthetics, tectonics, and performance
are integral parts of architectural desi@n the other handyhile the progress and
opportwities is valuablgthe question about the space characteristics that have been
provided by Contemporary Free Form Architecture remaimgeSarchitecture is an

act of creating spacspace is of upmost importance in architect@®, as this thesis
aims at exploring the relationship between the building skin and imtepaces, it
would be necessaty explore thespatial characteristiosn Free Form Architectural
works. The following chapter will be focusing on this issti@rting from architectural

spae generation tthe spaceboundary relationship.
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CHAPTER 3

FORM AND SPACE

Architecture expresses itself with spatial me¥fiSpace is such an integral part of
architectural thinking that architects grectically incapable of thinking ahbit at
all without putting themain emphasis on the spatial displacement of the subject in
time.1®* Moreover,Edmund Bacon defineschitectureas the articulation of spaé?.
Such articulation is achieved through formal expression. The interrelation of form and
space comp&s the dynamics of architecture. Thus, fand space are the critical
aspectof architecturenot regarded as ends in themselves but as means to solve an
architectural probler®®® Form is the primary identifier of a volume and it describes
the boundariesfdhe volume through the interrelations of the planes and surf3ces.
So, architectural form is the point of contact between mass and space and can be
defined as the expression of philosophical interactions of the forces of mass and
space'®® Form suggests ference to botltheinternal structure anthe externalform
indicatingnot only the three dimensional mass or volume but thlsaonfiguration
of the contours that delimit the architectural spg8& terms of space definition and
space quality of an anidectural work, the features of the bounding form are as
important as the form itselin Edmund Baconvords

Architectural forms, textures, materials, modulation of light and shade, color,

all combine to inject a quality or spirit that articulates spa@be. quality of
the architecture will be determined by the skill of the designer in using and
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relating these elements, both in the interior spaces and in the spaces around
buildings1®’
Theterm space articulation comprises both interior and exterior sgdiced by the
architecturaimass As this thesis particularly focuses onterior spacs, this chapter
aims to study the relationship betweabe formdefined by thébuilding skin andthe

characteristis ofinterior spacsin terms of space definition amperception.

In order tobe able to analyze threlationshipanentioned beforehis chaptefirstly
explores how architectural space can be defined with respect to the space defining
elementsaiming to provide gerspective towards the form of thailding skin as a
defining element of the interior spabg considering surface articulation, functional
differences of spaces, and internal spatial relationships of architectural spaces.
Secondly,the performativeaspects of the building skiwill be discussedsince
performative concerns plays a great role in the desigoegs of the building skin
including surface articulation and configuratidie final aspect that will be covered

in this chapter is the visuperception of the building skinvhich is critcal in definirg

a relationship between the skand interior space. With accordance to the issues that
will be discussed, this chapter aims to identify research considerations regarding the

analysis of the relationship betwettse form of the building skiand interior space.
3.1. Architectural Space

Space can be defined as a -®elftained entity, infinite of finite, an empty vehicle,
ready and having the capacity to be filled with thift§sThe Platonic idea of space
indicates a nothingness existing as aintem the outer world and without the object
it could hold space would still exist, as an empty, boundless conté&irirysically,
space is shaped by either what it is that surroundshy the objects within it, as long

as they are perceivabl€In other words, space is defined by the extension of material
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bodies or fields bordering on eadther!’ Martin Heidegger provides another

definition for space as follows:

A space is something that has been made room for, something that is cleared
and free, namly within a boundary, Greek peras. A boundary is not that at
which something stops, but, as the Greeks recognized, the boundary is that

from which something begins

which room has been made, that which isi&d its boundg72

its presencir

In the case of architectural space, the bounding material bodiggmaly created

by the contributions of architects architecture, a volume can be regarded as both a

portion of space defined by the surfaces and quantity of slisgaced by the mass

of an architectural work’® So, space is both the medium and the outcome of the

architecturaldesign operations.The term surface means more than just a two

dimensionalgeometry it is essentiathe architectural element defining theundary

of a three dimensional vaid* The primary purpose of existence of an architectural

enclosure is the separation of interior from exterior space.

The sparation of interior from exterior space is only possible by sgafiging

architectural operains. At this point, it is important to focus ¢ime ways in which

space can be defineds Simon Unwin indicatesiOften the materials and the way

they are put together impose or suggest geometry. And the geometry of buildings

conditions theshapes of thespaces they defin#/® In terms of space defining

architectural elements, Frandhing introduces three generic types of planes to

define space: overhead plane, wall plane and base.famer he pr operti es

plane as well as their spatial relatiomsta one another ultimately determine the visual
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attributes of the form they define and the qualitihespacet hey elffTheses e . 0
three generiplanes can be regardad both exterior building envelope and interior
partition elements.The formal maipulation of thee planes contributes the

characteristicef the spacas long as they are perceivable by the.user

Similarly, Simon Unwinexplores the space defining elements in his baaélysing

Architecture Unwini nt r oduces t he ftéoperasngimaparalleb and Or o
logic with the plane®f Ching, to explain and analyze building envelofecording

to Unwin, wall is used to divide and contain acting as a baemef roof defines space

beneath by providing a shelter from the forces of8kyValls (barriers) and roof

(shelter) can be combined to form an enclosbyeestablishing a clear inside

differentiated and separated from the outsfi@he combination and manipulation

of the planes introduced by Ching and elements used by Unwin iseafffegtthe

technical and digitabpportunities of the architects

As explained in the previous chapter, the use of digital technologies has widened the
vocabulary of space defining elemeaisl operations with which they can be realized

It is widely arguel that the contemporary architecturas a tendency to define the
building enclosur¢hrough geometrically complébuilding skins.*8? In this case these
surfaces can be regarded as the combinations of planes defined by IGHimg.
following sections, the functional differences of spaces, their organizational

interrelations and the categorization of spatial fowilsbe examined
3.1.1.Public, Private and In-Between Space

Every architectural worls associated with certain program and utility requirement
toacertainextent A" The first consideration of decisiwv

is what the space is intended for and what not, consequently what the proper size, is
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t o Wiristbe architectural program and activities that primarily give rispatial
differentiation in architectur®* Along the same line, it can be argued that different

activities require different levels of privacy.

The concept of &édpubl i c 6coaespbndiGgtshe spaidl e 6 c a
terms of 660hde fiPdvatadpates ard those that can be accessed

by one person or a small group of pedi§feThe exclusivenessf private spaces are
estallished through patterns of use, creating a sense of belonging and promoting
territorial behavior8” Publicspace, in contrast, is accessible to everyone at all or most

of the times®® So, accessibility is the key to determine the privacy level of an
architectural spacelhe functional distinctions and thresholds provides the key to

transition and conection of spces with differendefinitions®°

While private and public spaces represemb ends of a spectruna transitional
concept i s -bEs we p nHedzpeageexmans further as such:
The inbetween concept is the key to eliminating the gliivision between
areas with different territorial claims. The point is therefore to create
intermediary spaces which, although on the administrative level belonging to
either the private or the public domain, are equally accessible to both sides,

thatist o say that it is wholly acceptable to
them?1%°

Simon Unwin widenbet we e deddpng thetiarsibopaosyf 61 n
means of it between outside and inside, and secular and sacred to between public and

private 1% Unwin defines irbetween spacas dynamic routes that people follow by
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establishing hierarchies.-bBuiwvebeadabpacdoeann

a place in its own right, a zone not just passing through but to stop.

The character of #hspaces related to required privacy levels are determined and
provided by the space defining architectural elememtsich are previously
mentioned.The features of the space encloswmuild determine and be determined

by the privacy level. The notioof privacy plays a cruciaole in space articulation,

the relationship of the space and boundary, and space organization. Spatial
organization and interrelations of spaces are determined by the functional

requirements of the program, privacy levels of spaaedformal considerations.
3.1.2.Spatial Relationships

Space as Hertzberger argueshould bearticulatedto create places, spatial units in
appropriate dimensions and correct measure of enclosedness accommodating the
pattern of relations of those who willeig.1°2 Architecture can be regarded as a series

of linked spaces, each possessing particular quality and each related to th¥ other.

Francis Ching introduces four main types of the spatial relationships: space within a
spaceadjacent spacesnterlocking spaces, and spaces linked by a common sgce.

A smaller space can be contained within the volumea tdrger spacendicating a
spacewithin-a-space relationshiprhe containingspaceprovides a groundor the
containedb ne 6s r el at i o resvionmpentSuch atdistiection xan entyi o r
be perceivable if the differentiation in size is clggaerceivableThe distinction can
indicate a symbolic importance or domination of the contained spatiee case of
adjacent spaces, two space are compleseparated and defined by the planes
introduced in the previous sectiorhis relationship allows each space to be clearly
defined and respond to the functional requirements of the progitaenvisual and
perceptional continuity of the spaces dependshenféatures of the space defining
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elementsAn interlocking spatial relationship occurs when two igpatnits overlap

and create a zone of shared spd¢e shared space may remain as a part of the two
overlapping spaces or generate its own integrity aspace that links the two
overlapping ones. The latter shows a similar character with the spatial relationship
called spaces linked by a common space in which spaces are separated by distance

and related to each other by a third intermediate space

The faur types of spatial relationships that are introduced by Ching mainly focuses on

the horizontal relationships. However, Simon Unwin analyzes vertical spatial
organi zations of buil di ngs undAnalysinghe ter
Architecture!®® He approaches the vertical spatial relationships wéttiard to the
organization of cellular spacasad attic spaceand he also focuses on the relationship

of these spaces with the form of the buildsign. He explains his point of view

towards the iss e a s Stsatification is fmore about the differences in experience

it provides at the different levels of a building than it is about appear&ifce

One of the many cases exam e d i 18 bobknsa smalbhouse designéy the

Italian architect Marg Zanuso and built near Lake Como in 198hwin mentions

the use of gallery space as one of the main vertical spatial relationshipidaging

the section drawing of the house showrFigure 3.6 In this case sleeping area is
located above ground wlnds directly under the pitched roof remaining a visual
continuity with the rest of the buildingle explains attic space in the section drawing

of another case which & agriculturalaboratory designed by a Swedish architect

Fredrik Blomi in 1837 (Figure 3.7). Similar to the sleeping space of the previous

case the attic space is also directly under the roof. In both cases the shape of the spaces
is affected by the geometry of the roof structtif@Vhile the sleeping area of the first

case has a direphysical reference to the pitched roof, in the attic space of the second

195 Unwin, op. cit.
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casethe triangular section of the roof hlasen translated into a curved ceilingthe

presence of a secondary skif.
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Figure 3.1. Section drawing of the house by Marco Zarifiso
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Figure 3.2. Section drawing of thagricultural laboratoryy Fredrik Blom?%©
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3.1.3.Categorization of Spatial Forms

So far space defining elements and the organizatretationships of the architectural

spaces have been discussed. The relationship of form and space can be better
understood by analyzing spaces with accordance to their impact on formal expression.
firthe form and enclosure of each space in a buildingeritietermines, or is
determined by, the f2¢€hmgaefinestthnee categoides e s ar
spatial forms using a diagrammatic representation oplémedrawings of th&heater

i n Sei n?aj ok iasdarybe febnirigure 38%| t o

Figure 3.3. lllustrations of Ching sowing the three type of spatial féffhs

The first category consistd spaces that have specific and similar functions requiring
specific and similar formal articulatiorsichas offices They can be grouped into
singular linear or clustered forms. Their formal organization is not flexible on their
own but the flexibility can be provided with the formal organization of the clusters.
The second category contains spaces that Bpeeific functional and technical
requirementsuch as concert halls, directifetermining their specific forms which

will affect the forms of spaces around them. The third category stands for spaces that
are flexible in natursuch as foyerand therefoe theirform can be determined freely

by the spaces anmd them or the building skitself.

Different from these categories, Robert Venturi introduces another type which he calls
t hRe $i d u a’t*Resigual spacé is basically the left over spacedteftetoward

201 Ching, op. cit.
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something more important beyond itself. It can occur between outside and inside,
between one space and anotfé¥When the formal expression of exterior and interior
of a building differs,a distinction occurs. Venturi refets this distinction as an

additional space between the lining and the exterioragalhdicated irfFigure 39.

Figure34.Vent uri 6s diagrams showing tR® distinction o

The notion of flexibilityin terms of formal expressipas indicatedhe categories of

spatial forms byChing, is closely related with design methods and approaches of the

architect.The modernist way of architectural thinking claims that a building grows

from the inside out®’ With accor dance to this topic Le Cor
pl an proceeds from within to wit8Tbiuut:; the ex
understanding indicates that functions of spaaed their interrelationshipare

determinant irthe formal expressionof the building form On the other hand, when

the architectural design intentions foquamarily on thebuilding formand theform

dictatesthe spatial form of the spaces related to it, the buildeng be said that it

grows form the outside irDesigning from the outside in as well as the inside out,

205 |pid.
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according to Venturi, is so crucial that it gives rise to a criteraionthat constitutes

the center of architectural productifii.
3.2.Spacei Boundary Relationships
3.2.1.Building Envelope asa Performative Skin

Creating and articulating spaaggecessitates, among other thingseating and
articulating surfaes. Architecture comes into being with respectato act of
surfacing?®® It stands up to deal withnatural conditions but the way it handles and
builds anskin may differ with accordance to the developments of its tithe.
Exchanging energy and information with the environment and dgfamiohitectural
character are some importaesmwnsibilities of the building skid!? Therefore, the
building skin canbe defined as a transition between inside and outside, providing

protection from the external conditions and privacy.

The termduilding skird comes from the analogy of building envelope &uodhan
skinnBeyond the | ayer of cHitecturdis oftgnredesreddo 60 s e c
as a o6third skiné, delivering shelter an:
skin and other outer hulls in nature bears many analogies to the function of building
envelope in architecturé* The primary analogy eween skins and building
envelopes is the creation of a difference which is the establishment of an internal
environment!® Gruber andsosztonyiexplainsthe analogies further

Interaction between inside and outside takes many forms between total

closure ad total openness to matter and energy flows. Protection from
mechanical influences, radiation, unwanted substances and other organisms

209Venturi 1992, op. cit.
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is one of the most important functional aspects linking skin and building
facades. But the border between inside andidetalso has to provide
mechanisms for exchanging matter and energy nheeded to maintain
metabolism- permeability of some kind to air, water and nutrients is a
precondition for life, and for providing an internal environment with today's
comfort standard&®

Developments n digitd technologies andools in architecturehave facilitated
unprecedented exploration into surface expression and articud&tionthis era of
digital and technological advancement, examining the notion of boundary with a
certain amant of attention givenct the architectural surface heecome common
among architect&® Most recently, architecturaurface defined through digital tools

and their architectural tectonic qualities have become a fofuarchitectural
investigatior?'® The possbilities of building skins is ever expandingjven the
experimentation including testing boundaries, querying traditional perceptions, and

searching for new materials and concépts.

There must be some certain criteria in designing building skinmé&Weang defines

them by asking four main questions:

1. Function: What is the practical purpose of the building / the building skin?

2. Construction: What are the elements/components of the building/the
building skin and how are these elements assemileagiwhole?

3. Form: What does the building/the building skin look like?
[ €]

4. Ecology: What is the energy consumption of the building / the building
skin during construction, use and demoliti&h?

These questions form the foundation of the approachesdswvdesigning building

skins. Although tharchitect may valueneover anotherit is certain that building
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skin has som&inctionaland performancesquirements to servén case of functions

of the building skin, it is possible to make an analysidistafrom the existence of
human kind. Throughout the history, the very basic purposieecfct ofbuilding is

to have a shelter from the elements, wind and rain, cold or excessive heat and to draw
a line around the property creating a private spkérénother challenge is the
introduction of natural light in the sheltered spadeaylight use is one of the
fundametal tasks of the building skin andas increasingly importansubjectboth

in terms of the comfort anshtisfactionof the userg?® The articulation and relation
between opaque and transparent surfaces in the building skme isf the primary
themes in designing the external skin in architecttfr@ne of the main tasks of
building skin is to ensure comfortable condition in the interior by edong the
prevailing conditions in the surrounding exterior atmospf@r8o, architecture can

be regarded as the visible manifestation of the overcoming of natural forces such as
gravity and weathet?® In addition to the mentioned onkang compiles functias of
building skin as a building envelope an inclusive way asighting, ventilation,
protection from humidity, insulation against heat and cold, wind protection, sun
protection, glare protection, visual protection, visual contact and transparenty, safe
and security, prevention of mechanical damage, noise protection, fire protection,

energy gairt?’

Besides the functional and performative aspects of building skin, questions related to
design and visual appearance are in the foreground in the stretacaition of the
building skin since construction and design are inseparably linked and the structural
design of the building skin determines the visual appearance of a bd@fgling.

Surfacing as a design method for creating building skin allows much meaitevitye
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and productivity??® It results of a more dynamic and environmentally and structurally
responsive skins. The questionbeiilding skin and spatial characteristresnains the

same as the core of this study.
3.2.2.Building Skin and Interior Spaces

One of tle most important aspects of architecture is the fact that the physical
manifestations of architecture accommodate human activity by defining, articulating
and arranging spaces and forfffdn the case ahe building skin, spacedsorespond

to the need téorm visual relationships between the outside and irssdelements of

the same conceptigi! Therefore, the process of surfacing becomes the focal point of

the architectural investigatigri?

The interadbn of architecture and the building occupiartlosely related to the space
quality of the architectural work as well as the visual perception éfchitectural
spaceds visual form, its di mensgsomeo§ and scal
the factorgleterminant in space characterisacslare determined by the boundary of
space’®® The shape of the space enclosure defines the form of the &acte
relationshipbetween space and structure is not always simple and straightforward; it
is open to differerdipproacheas one may eithe@hooseand allow a stretural strategy

to define the spces onavishes to create, or one can decide on places and force the
physical structure of a building cope with thend®* Dimensions are determinant in

the proportion and scale of the spa8ealerefers tothe size of something relative to
oneselfi human scale. The experience of a place is radieffibcted by its scal&®
Configuration of the architectural elements leads to definition of sphaglet from

sky is the medium through which sightgaeople expeence the products of
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architectureand can bemanpulated by design to identify apes and to give

particular characteo a space by the surfaagiculation of the building skifP®

The only concern of a building skin cannot be its visual appeararnz® isactts not
merely a shelbut rathera physicality thataccommodags spatial configurations and
activities?>’ Building skins are determinant in characteristics of spacel the
interaction of interior and exterié?® Since perceptually and practicallietworlds of
outside and inside are mutually exclusive, building skin stands for as a border creating
and separating spac&€$.Building skin molds interior space and simultaneously

shape exterior space and descritferm, massing and image of building ipase?*°

It is important to remember the fact that a building slefines the border between
the space it interacts both in plan and section plafeWith the technological
advancement of architectural design tools, building skin has teat@mitto geneate
dynamic and compleformal expression&? The ability of generating dynamic and
free forms leads architects to question, examine and explore the notion of boundary in
terms of building skif*® Therefore, theimpact of the building skin on the
characterisgcs of interior spaces an issughat necessitatesore attention than the
physicalskin itself. Bacon explains the quality of architecture as follows:

Architectural forms, textures, materials, modulation of light and shade, color,

all combine to injech quality or sprit that articulates space. The quality of the

architecture will be determined by the skill of the designer in using and

relating these elements, both in the interior spaces and in the spaces around
his buildings?*

236 | pid.

27 Hertzberger 2001, op. cit.

238 Ching, op. cit.

239 Arnheim, op. cit.

240 Ching op. cit.

241 orenzo and Sprecher, op. cit.
242 pastore and Corrao, op. cit.
243 Schittich op. cit.

244 Bacon, op. cit.

49



Buil di ng s knpact@rsspagees is msyal thatthe building skin must be
perceivable form the inside as well. This situation introduces a concern about visual

perceptiorof the building skin from interior spaces
3.3.Visual Perceptionof the Building Skin

Visual perceptia of architecturaformal expression from the outside is what draws
attention the most bThtsisarshiteBtare; oohto lbo&k at, ment i on«
but to be in®**® So the visual perception of its spatial configuration and formal

expression form thenside deserves the same attentiBmce this study mainly

focuses on the characteristics of interior spaspect of the topic, this section is

constructed around the visual perception of the building skin form the intarader

to understand the wisl perceptiorof the building skinit is essential to define vision

and study the realm of perception of the visual space

Vision can be defined as a way of organizing space and elements in space or as a way
of looking at, defining the relationship ofsabject and an objeét® Peter Eisenman
defines vision in a more specific wag such:
In architecture, vision refers to a particular category of perception linked to
monocular perspectival vision. The monocular vision of the subject in

architecture allowdor all projections of space to be resolved on a single
planimetric surfacé’

Perception of the visual space can be related to the vision as well as cognitive
psychologyAccording to Paul Lintonvisud perception relies upon the optical cues,
psychologtal cuesand pictorial cue$*® Optical cues would refer to binocular
disparity which can be defined #se difference between the two retinal imagés

The sense of depth can be generated by the combination of the information from the
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left and the right eyes° Psychological cues can be regarded as accommodation and
vergence, in other words the focal distancdhef eyesandthe angle between the
eyes®! Pictorial cues on the other hand, are related to perspective and shading, and
the content may not be geomeaitly specified until the visual system can attributes
meaning to then®? So, it is possible to approach to visual space perceptiosets a

of interactiors between the observer and the physical world in terms of optical,

psychological and pictoriaspeds.

In the case of architecturepace perception is experienced through the interaction

with the space defining elemerts.Sight is the initial mode of interaction and

surfaces are the first place of contact with architecdré. J u s t l i ke worc
senteees, forms depend on how they are @Ar e
conjure up f2The percaption of the bendady ofdhe spiaceften

partial?®® It is possible to see and perceive only a certain part of a surface from a given
perspetive at a given moment’ But of course moving around in an architectural
environment and seeing the surfaces from different viewpoints can help perceiving in

a more comprehensive w&?. Expeiencing architectural workisivolves movement

from outside to insle, orthrough the serial stages of a rotf€The perception of the

given portion depends on some properties of visidation of memory, isual

continuity of the spaceanddimensions of the spagare the main important aspects

of visual perception ahe architectural spaces.
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The notion of memory plays an important role in visual perception of architectural

spaces. Arnheim explains the connection between perception and memory as follows:

AAn i nterior permits compare svoinsiwiotrhd so tnneemo rp
or anticipation. He can perceive its size or shape in relation to what he has seen before

or expect s?Similary,eUawinl albd raentiorts such a relationship by

s ay i n gWetarde eonstantlfi placing ourselves: we have a sehsbere we are

and of other places around u&g*Thewserovei gh up v
observer constructs an image or a framework in memory creating expectations with

accordance to the idea of interiority as a hierarchy between inside amtbé#tSince

visual perception and imagination are not limited to a range of optical images on which

they rely, visual perception of an architectural space organizes, completes, and

synthesizes a structure in the observers rffifid.

Visual continuity is an imptant aspect in perception of an inner speggatial
continuity and visual continuity are not the same thing. Ching explains the difference
between them in his diagrammatic representatidrigure 3.13 As it can be seen in
Figure 3.13spatial continuit can be interrupted but visual continuity can remain with
accordance to the architectural design. Going from up to down in the diagram the
interruption of spatial continuity occurs and visual continuity remains until the

situation at the very bottom.
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Figure 3.5. Diagram showing the visual and spatial contini§ity

264 Ching, op. cit.
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The dimensions, proportion and scale of a space play an essential role in visual
perceptiorof the building skin. While width and length of a spaefines the distance

of an observer from the building skin, height defines the scale of the space.
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Figure 3.6. Diagrams showing distance and surface perception relatiéfship

Perception of a surface, esfaly a complex surface, requires distance. As shown in
the Figure 3.14 distance in this case length or width of a space is determinant in the
perception of the building skitdeight, on the other hand has a greater effect on the
scale of the spacé&® In Figure 3.15 it is possible to see the difference between the
perception of the bounding surfaces on the left hand side and right hand side due to

the height differences.
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Figure 3.7. Diagrams showing heiglaind surface perception relationsfiip

In order a building skin to contrilbel to the characteristics of interior spattee skin
must be perceivablédf the complex characteristics of the skin cannot be perceived
from the interior spaces it interacts, th@mplexity would not be a feature of the
interior of the building. Then, the building skin would serve only to dbtside

observer, to the city.

The approactirom the outside ishapes the current state of Free Form Architecture
and raises questions abdbé contribution of the formal expression of the building
skin on the characteristics of interior spatke attention of the contemporary Free
Form Architecture on the formal expression of the building skin indiragitigs
indication on the instability fathe relationship between the creator of the form, the
designer and the usef€With regard to the issues discussed in this chapter, this thesis
aims to explore the intentions of the Free Form Architecture towards the relationship
between the building skiand interior space. This exploration can be achieved through
a comparative analysis of the built works of Free Form Architecture as the following

chapter will indicate.
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CHAPTER 4

CASE STUDY

4.1.Case Study Research

This study aims to understand and exptharédationship of the formal expression of
Free Form Architectural works and interior space tefne As explained in the
previous chapterglesign criteria and objectives in Free Form Architecture varies
according to the design method of the architette impact of the building skins,
which are produced by various digital tools in different desigthaus, on the
characteristics of interior spatsethe main concern of this study.

As explained in Chapter two, the contemporary studies on Free Form Argléte

may focus on other issues related to architectural design and realization processes.
This researcltan be regarded as an ®gation process of the stanoé Free Form
Architectural works elated to interior space characteristitherefore principles of

case study research adoped in order to be able to develapcertain perspective

towards the issue.

I n general, case study research is cond
posed®® In case of this study the investigated question wouldHwzev does the

building skin interacts with interior spaces in Free Form ArchitectlineZase study

method is useful when the focus of the study is on a contemporary phenomenon within
some realife context?’® With case study research, it is possible toresgthe

developed frameworRy therelationshipdetween the observed phenomenon and the

real situationg/! Case studies can describe both the phenomenon and thiéereal
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context in which it occurand are descriptively helpful in the illustration of eant
topics within an evaluatioff? Therefore, case study research principles are adopt
to be able to evaluate the current state of Free Form Architecture through the

examination of contemporary works.

In this chapter, a case based critigahlysis will be presented using tlwase study
method. Twentyeight cases, mostly selected fromP'@dntury, are examined with
respect to the research considerations derived from the principles explained in Chapter
Three Thematic categorization will be carried aumith respect to the casesth the

aim ofexaminng and discusag the spatial characteristién Free Form Ardkecture.

In order to evaluate idetail,the relationships of the categories, four representative

cases arénally selected and analyz&u detail
4.2.ResearchConsiderations

The examination of the cases requires certain considerations in terms of defining the
relationship betweethe building skin and indospace. Such consideratiorderive
themselves from the third chapter with accordance tmdtiens they contaimbout

space definition and building skin perception.

The previous chapter indicates how architectural space can be defined with respect to
the space defining elements and aims to provide a ground for evaluation of building
skin as a diening element of the interior spaceherefore, it focuses first on tiesues

of surface articulatiorfunctional differences of spaces with respect tar tthegree of
accessibility, and internal spatial relationships of architectural spswels as sz

within a space, adjacent spaces, interlocking spaces, and linking <pacssglering

these relationshipsf spacesand the contributions of the space defining elements
space characteristigsis possible tasethe categorization of spatial fornmgroduced

by Ching"3which also creates the foundation of the categorization of the relationships

between the building skin and architectural form that this study aipropmse The
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second aspect th#te previous chapter focuses on is the performatirections of
building skin to remind that there are performative design criteria that plays a great
role on tle creation of the building skin as well and the surface articulation and
configuration that are the results of such design thopkiffects the imrior space
characteristicas well. The final aspect that is covered in the third chapter is the visual
perception of the building skin, since it is one of the key factors of the relationship of

the building skin and interior space.

With respect to the sige definition and building skin perception it is possible to define

considerationghat will guide the case study research:

Form
Proportion andscale
Accessibility (public/private/in between)

Visual continuity

D> > > D>

Spatial continuity

Form, is the primary deteminantof the building skin and spac&he ways in which
the form of the building skin affectee form of the interior space will kbe main
focus. It is important to questidhe degree of influence that the building skin has on

the form of the interiospace

Proportion, of the interior spaces thate in physical contagtith the building skin is
determinant in the visual perception of the skin as explained further in the previous

chapter.

Scale can be approached in two ways. The first one woultidsdale of the building,
which is closely related to the program of the building. The buildings should be
evaluated with accordance to their programmatic complexity and scale. The second
way that scale can be considered is the scale of the interior shategeract with
building skin since it has an important role in the visual perception of the building

skin.
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Accessibilityof the interior spacdargelydefines their privacy level. The relationship
between @paceand thebuilding skin differswith respect to its level of privaggince
they have different spatial needs dadelsof enclosureThis differentiation is also

closely related with the scale differences between public and private spaces.

Visual continuityand spatial continuity are key factors in visual perceptionof the
building skin from interior space¥isual continuityand spatial continuitypetween
spaces that interact with the building skin can change the perception of the skin and
thespatial characteristiay these spaces.

4.3.Cases

In order to understand the relationship between the building skin and interior space in
FreeForm Architecture, twentgightcases are selected to be examined with respect

to the considerations introduced in the previous section.

As mentioned in the firstection of the second chapterany significant examples of

Free Form Architecturgvere realized during the 105asthin shell structures. The

first eight of the cases are selected from the representative architects of the thin shell
structures form 20century, and the other twenty of the cases are froteedtury
examples of Free Form Architectuf@orrespondingly, a comparative analysisuld

be possibleDue to the increasing complexity (both programmatic and formal) and
scale of the buildings from960s to the early 2tentury, examining the ways in
which architectural works have been interpreting such change through architectural

expression of space becomes also increasingly important.

Only built works are included ithe study since they have ingp@n the architectural
evolution more than designs that exist only on papiee.cases are not selected from

a specific building type since in the case of global scale, conceptualization of Free
Form Architecture is not dependent on the type or speaifictions accommodated

in the building. So, various types of buildings can be selected as examples to examine.

The full list of the cases:
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1. Kresge Auditorium, 1955, Eero Saarinen, Massachusetts, US
Palazzetto dello Sport, 1956, Annibale Vitellozzi, Pier LiNgrvi, Rome,

N

Italy

Los Manantiales, 1958, Felix Candela, Mexico

Ingalls Rink, 1958, Eero Saarinen, Connecticut, USA

TWA Flight Center, 1962, Eero Saarinen, NYC

Yoyogi National Gymnasium, 1964, Kenzo Tange, Tokyo, Japan

St. Mary Cathedral, 1964, Kenzo Tgm Tokyo, Japan

Sydney Opera Hous#973J Br n Ut zon, Sydney, Austr a

© © N o o b~ W

SEC Armadillg 2000, Norman Foster, Glasgow, Scotland

10. Auditorium Parco della Musica, 2002, Renzo Piano, Rome, Italy

11.City Hall, 2002, Foster & Partners, London, UK

12. Selfridges Departmeéistore, 2003, Future Systems, Birmingham, UK

13.Walt Disney Concert Hall, 2003, Frank Gehry, California, USA

14.The Hinzert Museum and Document Center, 2005, Wandel Hoefer Lorch +
Hirsch, Halle, Germany

15.Chengdu Contemporary Art Cent@007, Zaha Hadid, Chengddhina

16.London Aquatics Centy008, Zaha Hadid, London, UK

17.Novartis Pharma A.G. Campu009, Frank Gehry, Basel, Switzerland

18.Guangzhou Operadtise 2010, Zaha Hadidzuangdong, China

19.0rdos Art & City Museum2011, MAD Architects, China

20.Soumaya Museum(021, FREE/ Fernando Romero Enterprise, Mexico City,
Mexico

21.Dalian International Conference Center, 2012, Coop Himmelb(l)au, Dalian,
China

22.Galaxy SOHO in Beijing2012, Zaha Hadid, Beijing, China

23.Heydar Aliyev Center, 2013, Zaha Hadid, Baku, Azerbaijan

24.Fordation Louis Vuitton2014,Frank GehryParis, France

25.Harbin Opera Hous&015, MAD Architects, Heilongjiang, China

26. Paris Phillarmonie, 2015, Jean Nouvel, Paris, France
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27.Elbphilharmonie Hambur@®016,Herzog & de MeuronGermany
28.Phoenix Internatinal MediaCenter, in progres8IAD, Beijing Shi, China

These twentyeight cases are examined both in plan and sectemings in order to
understand the various types of relationships betweebuilding skirandthe interior
spacesCategories of the relationghich will be explained in the following section,
is derived from this analysis. The cases can be seen kigine 4.1and it is possible
to reach further and more detailed visual mateaatstechnical drawings the cases

from Appendix A.
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Figure 4.1. External visuals oflacases
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4.4, Categoriesof the Spaces Interacting with Building Skin

Since tlis study aims to explore the relationship of building skin with interior space

it is important to investigte the spaces that interact with the building skirthis

study, he primary medium for analyzing architectural works is drawfgSimon

Unwin emphasizes the importance of architectural drawing in expressing ideas as
follows:A The pl ans egpartitulasyenpobriard lmesausa, Isince architecture

is primarily a spatial art, that?**®*is where sp

In the first stage of the analysis, the technical drawiogstaining both plans and
sections, have been examinedhwespect to the considerations of the analysis to
discover the types of spaces that interact with dhiding skin. Following this
examination, some certain categogescerning the horizontal relations of spaaes
obtained from the plan drawingdowever, when the sa@ categorization is attempted
to applyonvertical relations with the examination of thectionsdrawings, a different
approactiowards categorizatios followed. Due to the approadhom the outside in

the gatial categories derivelom plan drawingsnay end up in differentertical
relations with the building skin in cross sectional viewsdwus, a different
categorization has been made for tieetical relations of spaces with buildirgkin.
The categories that are identified afeecareful visual examination of a number of
cases will be presented with accordance to the horizontal and vertical spatial

organization.
4.4.1.Categories Obtained fromHorizontal Spatial Organization

Through the investigation of plan views of the cases, itossiple to regard the
building skin agsemt)vertical spacedefining element. In thiapproach, the wathe
skin definesspacs or influencesthe spatial organization is important in terms of
categorization. In some cases, it defines the boundary ofsspgalé In some other

cases, it may define the configuration of the organization of spaces, and in some other

274 Unwin, op. cit.
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cases the form of the building skin can be defined by the space and its specific
technical requirements. So, thvéstigation of the plan views the cases points out
three main categories of spaces 2®hich
clustered spaces, form defig spaces, and flexibipaces. The first one indicates the
spaces which arorganized as clusters and can act flexibly vtheg are aggregated.

The second category consists of spaces that have specific functional and technical
requirements which are determinant in the form of the buildihg.last one indicates

the spaces that are flexible in nature and therefore can beedddy the formal
expression of the building skiflhe differentiation between the categories is not
strictly defined; the categoriespresent the spaces that interact with the building skin
coexising in space configuration of the architectural work witspect to the spatial

arrangement proposed by the architect.

It is possible to see how the categories apply to the cabeguire 4.2 and the images

can be found separately in Appendix B.

276 Ching, op. cit.
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Figure 4.2. Caegorization of spaces in plan views
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4.4.1.1.Clustered Spaces

Figure 4.3. Cases exemplifying clustered spaces

Clustered space$-igure 4.3, Chingd §irst category of spatial forms, atgpically
smallscale spacethat have specific but similar functions, such as offirets and
they can be organized as grodps.

Af ter a vVvisual examination of the cases
definition. Clustered spacese notindividually flexible, but they can acflexibly

when they araggregatedThe form and organization of the cluster can be defined by

the form of the building skims it can be seen in the case3 513, 14, 15, 16, 18, 19,

20, 22, 25, 26, and 2'hey are often adjacent spaces or treyle linked with another

spaceWith respect to their accessibility level, they areally private or semprivate

spaces. Thugjisual and spatial continuity between spacas belimited or absent

depending on the accessibility level and the organizafitimecspaces

On one extremet is possible to organizghole buildingwith clustered spaces whose
formal organization is determined by the formal expression of the building skin as in
the case 22 which is Galaxy SOHB@ijing by Zaha Hadid Architects a&=n be seen

in Figure 4.3 Alternatively,a more common way of usindustered spacess to
organize a limited portion of the building as in the cases 5, 7, 13, 14, 15, 16, 18, 19,
20, 25, 26, and 2'Regarding the cases 7, 15, 16, 18, and 25, it is pessibay that
clustered spaces can function as thevise spaces of forrdefining spaces such as

auditoriums and sports halls and they can be positioned between these form defining
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spaces and building skin. Therefore, the form of the clusters can bedlefth by
the form defining spaces and the building skihey can be organized along the
building skin in a linear way as in the case 15 whicBhgengdu Contemporary Art
Centreby Zaha Hadid Architects or they can fill in beewmethe building skin and
form defining spaces as in the case 25 whictH&bin Opera Houséy MAD

Architects as both of the cases can be seé€igire 4.3

Since clustered spaces are sns@ifle spacesvhen theyare organizeddjacent to the
building skin, this interaction b&een the space and skin is rather limited. As a result,
thevisual perceptiof the whole skins not possible due to the proportional features
of the spaces. Thereforbgtbuilding skin acts mainly aphysical boundary between

the inside and outsidand also as means of introducinday-light. As a result of their
small scale and their low level of interaction with the rest of the building due to the
difference in spatial proportions, it is possible to say that the potential for visual

perception othe building skin from these spacesatherlimited.

4.4.1.2.Form Defining Spaces

27,

Figure 4.4. Cases exemplifying form defining spaces

Formdefining spaces can be definadth respect to the second categoryspétial
form introduced by Chingas spaces that have specific functional aschnical
requirements and dictaspecificspatialforms, such as concert halls, conference halls,

theatre€’® These spacesandirectlyaffect the formal expreson of the spasearound
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them, andn some cases they can affect the formal expression of the building skin

itself.27®

It i s possible to reinterpret Chingds de
of the casesIn general, formdefining spaces are large scalgaes with specific
functions Cases 1, 24, and 6 indicatéhat inthe architectural works froh950s and

1960s form defining spaces constitute the most of the Free Form Architectural works.
Case 1 is an auditorium by Eero Saarinen, case 2 is a baske#oa|by Pier Luigi

Nervi, case 4 is a hockey rink by Eero Saarinen, and case 6 is a gymnasium by Kenzo
Tange.They were thespaces that determines the form of the entire structure. The
visual examination of the cases 20, 21, and 24 flw21% century fiows that form
defining spaces may not dominate theerall architecturalform, since theyusually
constitutgust a portion of the complex building program. Whereas, cases 10, 23, and
27 indicates the possibility of the dominance of from defining spasesbmth the
program of the building and the formal expression of the building skin. Witindrega

to the cases 10, 23, and #17s possible to say thauilding skin might not bdirecty
responsible foday:lighting, since the functional and tewical rejuirements of the
form-defining spaces do nokecessitate natural light. In this cadee articulation of

the building skin is directly influenceldy the requirements of the form defining
spaces.Their accessibility level depends on the pattern of usage fanctional
organization With regard to the cases 10, 13, 21, 23, 24, andn2y, do not often

apply visual or spatial continuity unless a functional or technical requirement dictates

SO.

The relationship between form defining spaces tedbuilding &in varies in two
ways. Firstly, they can define or have an impact on the formal expression of the
building skin, although such impact may not be perceived from interior due to
technical and functional adjustments of the spaces. &lation can be seen the
cases 10 and 2@ Figure 4.4 Case number 18 Auditorium Parco della Musiclay

279 bid.

69



Renzo kano and the form of the auditorium has a significant effect on theaform
expression of the building fornCase number 27%n the other hand, has a similar
effect perceivable in section drawing rather than plan drawings &ltipdilharmonie
Hamburgby Herzog & de Meuronwhich will be explaineah detailin the following
sectiors. Secondly, although they are form defining, the sparebe separatdtbm
the bulding skin with a secondary skin and the building skan be designed
independently providing the space no connection or perception as in théeyase

Aliyev Center by Zaha Had as indicated as case numbelir2Bigure 4.4

4.4.1.3.Flexible spaces

Figure 4.5. Cases exemplifying flexible spaces

Flexible spacesaccording to Chingyre flexible imaturethereforethey can be freely
defined by the spaces or clusters of spaces around®féris possible to grand this
definition with respect to the visual examination of the cases. Since flexible slpaces
not have specific functional or technical requirements they can be defined by the
building skin and interact freely with it. Therefore, such spaces aredsecgommon

type that the building skin interaatsth in the cases selected in this study

Flexible spaces can lu# an arbitrary scale or fornTheycan takeplace as a large
foyer as incase 21 Kigure 4.5, or a small exhibition hall as icase 14 Thar
proportionsmayalsodiffer. They can be narrow corriddike circulation spaces as in
the case 15, dargeand highfoyersas incases 9, 21, and 2S5uchvariationsarean

important determinant factan the visual perception of the building skard also
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influential in the categorizationvhich is done with respect to the vertical spatial

organizational relationsf the cases thatill be explained in the following sections.

Flexible spaces are usualliged agpublic spaces such as lobbies, foyessibition

halls; or circulation spaces can be seen in the cases 9, 11, 12, 135146, 18, 19,

20, 21, 23, 24, 25, 26, 27, and Z8ey can provide a certain level of visual and spatial
continuity with accordance to spatial organization of thedingis. They can act as a
buffer zone between form defining spaces tmabuilding skin as in the cases 9 and
28in Figure 4.5 As in these cases, flexible spaces can be shaped by the form defining
spaces and building skin and therefore they have thedtigtubabilityin providing

users with visual perception of the building skirthe cases selected in this studly

it was mentioned in the previous chapter, these flexible spaces have a certain
parallelism with 2 matheuwordsthey canect dsdlefser s p a c ¢
space between the building skin and form defining spaces. Morebeggrcan also

offer a space within a spaceagbnship as in thease21 shown inFigure 4.5 which

is Dalian International Conference Centsr Coop Himmelbl)au. In this case the
flexible gpace thatften functions as foyeembraces and contains the opera hall

entirely.

Overall, flexible spaces are usually large scale public spaces having the opportunity
of providing spatial and or visual continuity andairgct directly (without introducing

a secondary skias can be seen in all capesdth a lage portion of the building skin.
Therefore, it is possible to say that they have the highest possibility of a
comprehensive visual perception of the building skirthe cases selected in this

study.
4.4.2.Categories Obtained fromVertical Spatial Organization

Through the visual examinatiaf section views of the cases, it is possible to focus
on not only the relationship of the spaces with building skin but also thieavert

relationships between spaces. the categorization of spaces that interact with

281Venturi 1992, op. cit.
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building skin, main objectives are scale, proportion, visual and spatial continuity
between spaces since these are the determinant notions for the visual percepion of th
building skin. Ina vertical manner, in some cases, spaces may maintain visual and
spatial continuitythat allowsthe visual perceptiarMoreover,in some cases spaces

are separated completely allon visual perception obnly a very limited part of the
building skin. In some other cases, building skin may defirig one space which is
directly and entirely bounded by the skimhereas in some casdise portion of the
building that has a wider perspective in perception of the skin could act as an attic
space. So,he careful visual examination of the casdth respect to the vertical
spatial organizatiomdentifiesfour categoriesset back spaces, conjoint spaces, solo
spaces, andttic spaces, whicbannot be strictly separated aceh coexist in sp

configuration of the architectural work.

It is possible to see how the categories apply to the caBeguire 4.6 and the images

can be found separately in Appen@ix
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Figure 4.6. Categorization of sgas in section views
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4.4.2.1.SetBack Spaces

Figure 4.7. Cases exemplifying set back spaces

Setback spaces oabe defined as the spaces timaiintain visual or spatial continuity
by detaching away from the buildirskinand allowing a wider perspective for visual
perception of the building skin. The form of the building skin determine®theal

expression of thepaces.

As explained inthe previous chapter, visual perception requires a certain digtance
thetarget Moreover, visual perception of theilding skin of a large scaleuilding
requires either large scale spaces or small smas which are sdtack in order to
provide a certain distance for the visual perception of the building skin. The mentione
setting back could apply in two ways. It can be provided either with visual and spatial
continuity as in the cases 5, 9, 11, 15, 17, 18, 20, 21, 23, 24, 25, and 26, or visual
continuity only as in the casd® and 28 When spatial continuity is providei,is
possible to mention the spaces as urstddaclkspacesvhich are usually large scaled

By courtesy of their height coming from the setting habky are exposed more to
the building skin and they often need big amounts of day light which isdea\ay

the building skin. Since they provide visual and spatial continuiityrey spaces, it is

possible to sathat they are usually public spaces.

As can be seen fRigure 4.7 in cases 9 and 1Which aréSEC Armadilloby Norman
Foster andAuditorium Paco della Musicaby Renzo Pianoyisual and spatial
continuity maintained by setback spaces which functidoyes. Whereas, in case 19
in Figure 4.7 which isOrdos Art & City Museunby MAD Architects, while visual

continuity remains, spatial continuigoes not occurBut in both ways a certain
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perception of the building skin is achievenhce a direct interaction with a large

portion of the building skin is provided

4.4.2.2.Conjoint Spaces

Figure 4.8. Cases exaplifying conjoint spaces

Conjoint spacesshown inFigure 4.8 can be defied as spaces that are located o
different levels, completely separated from each other,dimedtly adjacento the
building skin.The form of the building skin is determinateformal expression of the
very limited portion of thespacesSince they interact with a very little portion of the

building skin,the visual perception of the building skin is very limited.

Conjointspaces are often small scale spasesan be seen imges 9, 15, 20, 22, 23,

24, 25, 26, and 2&ndtheir formal proportias changén the horizontal levekather

than vertical and this proportional differences are not determinant in terms of visual
perception of the formal expression of the building skm.other words,with
accordance to the casdblgy often do not reach the height that is needed for a
comprehensive visual perception of the building skin, but their width can change
according to the functional needs. Their accessibility level differsrdog to the
architectural organization and functiorr@lquirementsf the spaces. No visuar

spatial continuity occurs between the levels since they are all directly connected to the

building skin without any set back.

Therecan be clustered spacesyrh defining spaces or flexible spaces in different

levels.Regarding the scale of the spaces, visual perception of the building skin may
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vary. For example, in case 19, which @sdos Art & City Museumby MAD
Architects, due to the scale and poations ofthe space, a consideralilegree of
visual perception is achieved in conjoint space. However, in case 22, wiiatais/
SOHO in Beijingby Zaha Hadid Architects, the spaces are small scale and they
interact with a very limited portion of the buildingiskin this sense case 22 can be
defined as an extreme caskich provides the user with the fewest perception among
all casesWith regard to the visual examination of the cases, it is possible to say that
conjoint spacesio not necessarilyelate with oe anotherphysically, and heir
relationship with the buildig skin is mostly related to ddighting rather tharother
reasons Since they areisually small scaled and they do not interact with a large
portion of the building skin, their interaction isited and mostly natural illumination

based.

4.4.2.3.Solo Spaces

Figure 4.9. Cases exemplifying solepaces
Solo spaces can be definasl the single spaces thateract with almosall parts of
the building skinn a holistic mannein this case it is both possible that the form of
the building skin carbe determined directly bthe solo space®r the form of the
building skin can define the form of the solo space.

It is possible to say that smaltale solo saced buildings dominate the'2@entury
cases, especially the thin shell structufidse examination of the cases from 1950s
and 1960s, especialbases 1, 2, 3, 4, 6, and 7, indicatkat the early examples of
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Free Form Architecture were mostly desigrasdsmall scale solo spaced buildings
with a less complex programh@& cases studied in this research includetiors such

as restaurants, auditoriums, sports h&lisce they are designed foerely one space
(sometimes together with their subordinsgevices spacef)eir function is the most
determinant factor ithe form of the building skinSince the spaces are in direct
interaction with the building skin (without a secondary skin) a comprehensive visual
perception of the structure is achievednidoor spaces as indicated in the same cases

mentioned above

Considering the cases from®2dentury, it is possible to say thatg category applies

to two different building scales: small scaled buildings with a simple program
containing one major spa as case l4and large scaled buildings with complex
architecturalprograns containing one major dominant space in terms of function,
scale, and proportioas case 10 and 161 both scales minor service spaces can be
ignored as long as the major spaceastitute the majority of the building program

andalmost all portions of the building skin.

In small scale buildings with a sidgpprogram it is possible to ass#érat there are

two possible relationships provided between the solo space and builisingrekfirst
possibility is that the spatial requirements of the solo space can be determinant in the
form of the building skin. Cases 1, 2, 4, and 6 can be shown as examples. The second
possibility is that when the solo space does not dictate a spatial the formal
expression of the building skin is determinant in the form of the solo space. The case
number 14shown in thé=igure 4.9 indicates a small scaled solo space which is also
flexible: The Hinzert Museum and Document Centarthis case solepace derives

its formal expression from the form of the buildings si8mce it interacts directly

with the building skin, without the presence of a second gkispossible to say that

a comprehensive visual perception is achieved.

The same two patbilities apply to large scalel® spaced buildings too.aSel10

shown inFigure 4.9 Auditorium Parco della Musicig an example of form defining
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solo space. It has a significant impact on the form of the building skin and it can be
percaved from intefor. Case 16also shown ifrigure 4.9 isLondon Aquatics Centre

by Zaha Hadid Architectsnd it indicates a solo spat&t dominates other small scale
service spaces. The functional requirements of the solo bpaea certain impact on

the formof thebuilding skin but it is also possible to say that the formal expression of
the building skin is not entirely derived from the solo space and is determinant in the
form of the space. In both casemice the spaces have specific functional and technical
requirements, a secondary skimeededSince the spaces are not in direct interaction

with the building skin, a comprehensive perception of the building skin is not possible.

Since this category focuses on single major spaces, the issues of accessshitity,

and spatial continuity are not applicable.

4.4.2.4 Attic Spaces

Figure 4.10. Cases exemplifying attic spaces

Attic spacegqFigure 4.1Q can be defined as spaces located on the highest levels of
the buildirgs interacting with a very large portion of thpperbuilding skin.Their

form is almost completely defined by the formal expression of the building skin.

Attic spaces are often large scale public spaces but it is possible for them to take place
asboth singlespaces serving dkexible public spacesas in case 12, 11, 15, 24, 25,

and 26or more private and small scaled spaces such aegfdis in cases 19, 27, and

28, depending on the functional and spatial organization of the building. In terms of
proportion, it is possible to say that the former ones\aige to comprehend a very

large portion of the skin but the visual perception depends on the height of the spaces
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since it requires a certain distarfoe perceptionVisual and spatial continuity cdne

maintained in a horizonté&vel but they are not in terms of vertical connections.

There is one special case indicating a different situationcase 27 which is
Elbphilharmonie Hambury Herzog & de Meuronas shown irFigure 4.11 the
complexity of the building skinestablishes itself through attic spaces. The building
skin derives its form from the concauting asa form defining space amdeates some

small scaled attic spaces. They are the only spaces that witnesses the complexity of
the buiding skin.

Figure 4.11. Section of the&elbphilharmonie Hamburg

4.5.Representative Cases

In the previous sections the principles and considerations of the analysis of the cases
have been introduced and the basfi categorization of the cases and categories have
been explainedAlthough the investigation of the plan and section drawings of the

casessuggested a categoricgparation ofhe spaces with regard to horizontal and
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vertical spatial organizationt is important to understarfblistacallyhow they act
together.For this purposefour representativeases are selectedth respect to the

dominancy of the categorized spaces.

Galaxy SOHOBeijing by Zaha Hadid Architects will be examined for the clustered
and conjoint spaceuditorium Parco della Musiday Renzo Piano will be examined
for form defining and solo spacasdCity Hall by Norman Fostewill be examined
for flexible and set back spacdsondation Louis Vuittorby Frank Gehry will be
examinedor attic spaces.

4.5.1.Galaxy SOHO Beijing, Zaha Hadid

Galaxy SohqFigure 4.13 is designedy Zaha Hadid Architectasa complex that
housesetail, entertainment and work spaces in the capital city of Chiimaa 332,857
m? work whoseconstruction compted in 20121t is a grand scale example of Free

Form Architecture with a complex program.

Figure 4.12. Galaxy Soho Beijing

80



Source:  https://www.archute.com/galasgohostunningurbarlandscape

zahahadidarchitects/

According to the architects of the project, who are Zaha Hadi@atndk Schumacher

the main objective of the design was to achitwie movement and continuous open
spacesand to bring a new and contemporary interpretation to the tradit@miaese
courtyardswhich can be seen Figure 4.13?%? Three lower levels contain retail and
entertainment spaces, whereas upper ones consist of work spaces and innovative

business offices. Top levels are reserved for bars and restaurantgtiiadvatage

of having a extensiveity view.

Figure 4.13. Courtyard of Soho Beijing

Sourcehttp://www.zahahadid.com/architecture/galasspho/

In this study pla and section drawings of this building compiexexamined to
explore the relationship betwetireinterior spaces antiebuilding skin. It is possible
to see the categorization of spaces that interactheatbuilding skin in plan drawing
asshown inFigure 4.14and section drawirgy asshown inFigure 4.15 Appendix A
contains furthevisual material and other plan and section drawiagsovide further

information.

Galaxy SOHO is a mixed use building complex with a complex architectural program.
It constitutes heterogeneous spaces that are diffr@n one and other in terms of

282 This information is retrieved from ¢hofficial website of Zaha Hadid Architectsttp://www.zaha
hadid.com/architecture/galasxspho/
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scale and functionsThe program of the building includes shops as retail spaces,
entertainment spaces, and offices as work spaces. They are all small scale spaces with
specific but similar functionshe building form is dsigned as clusters thatrround

large atriums and are in direct connection with thédimng skin. They are organized

as adjacent spaces connected to etwdr avith circulation spaces thake place along

the atriumsand are the only flexible spaces time project The buildingform is

determinantin the waythat the spaces amusteed In other words, the form and

organization of the cluster is defined by the form of the building.

D CLUSTERED

Figure 4.14. GroundFloor plan of Galaxy Soho
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Figure 4.15. Section drawing of Galaxy Soho

As it can be seem Figure 4.15 the clustered spacese in direct contact with the
building skin having no vertical visual or spattantinuity. Since the spaces interact
with only a very limited portion of the building skin, visual perception of the formal
expression of the building skin is not possible. In this case, building skin serves as a
means of natural illumination rather thiamposing a formal expression to the spaces

it interacts.Figure 4.16is one of the very rare interior renders ofl&g Soho. It is
possible to sathat the fluid form of tk building skin has certaimpact on the interior
spacesbut this influence isnpvided by the ornamental elements and a little portion

of the building skin. Since the spaces are conjoint to the building skin, a
comprehensive perception is not possible and the fluid expression of the interior space
is not directly created by the forirexpression of the building.

An intention to eflect the formal expression of the building skin to interior spase

not been publicly declared as a design objective by the architectural design team of
the building.The impact of the building skin ontarior space may not always be the
main objective of the design process but it is possible to say for Galaxy Soho that there
is no intention or effort to reflect the formal expression of the building to interior space
except the fluid ornaments implanteside of the building. The fluid character of the
design is only perceivable from the exterior spagigsh as the courtyard and open

circulation spaces which can be seefigure 4.13
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Figure 4.16. Interior render of Galaxy Soho

Sourcehttps://arcspace.com/feature/galasgho/
4.5.2.Auditorium Parco della Musica, Renzo Piano

Parco della MusicéFigure 4.17 is a large public music complexhich is designed

on the site othe 1960 Olympics in Roméy Renzo Piandor competition in 1994

and constructedin2002 I't i ncludes three buildings whicl
boxeso: Sala Santa Cecil i d@hey @eadosation&i nopol i ,
around an open air amphitheater.

Figure 4.17. Parco della Musica

Source: http://archmessof-me.blogspot.com/2012/07/auditoriyparce
dellamusica_22.htmi
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The 750seat Sala Peissi is a very versatile space. By usingp@vable floor and
ceiling andalteringthe chaacteristics of the walls, it is possible abtain the best
possible acoustics. The Sala Sinopoli, with a 1,200 seat capacity, also has flexible
elements, with a mobile stage and adjustable ceiling make it particularly suited to
chamber music and danceafeemances. The main hall, Sala Santa Cecilia, seats 2,800
people and is reserved for symphonic concedsh concert hall differs from the other

in terms of dimension and functions, but they are all characterized by an extreme
flexibility and versatilityof the space. By these means, space can be regulated and
adjusted to the nature of performance, where floor and ceiling can be moved to adjust
the acoustic properties of the wall.

The plan and section drawings of the largest auditgriminich is Sala SaatCecilia,

is examined in the previous sectioi$ie spaces that have specific functions and
technical requirements such as auditoriums require specific forms arftbtlreeheen
previouslycategorized as form defining spa@eshis study. h this caseauditoriums

havea significant impact on the overall formal expression of the building skins. As it
can be seen in the plan drawingHigure 4.18 and section drawing iRigure 4.19

the auditorium is the dominant space that defines the form of the skinisttte one

and only space that has an interaction with almost all parts of the building skin. So it

is possible to define it as form defining solo space.
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Figure 4.18. Plan drawing of the Auditorium Peo della Musica
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Figure 4.19. Section drawing of the Auditorium Parco della Musica

Although the space has an impact on the formal expression of the building skin, such
impact may not be perceived frothe interior due to technical and fumnmbal
adjustments of the spaces. Taechitecturalelements and laysmsed for mostly
acoustical features of the spaces makes it impossible to have aviditedtontact

with the building skinEigure 4.20. So, the relonship is constructed on the form of

the building skin rather than the surface articulation of it.
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Figure 4.20. Interior of Auditorium Parco della Musica

Sourcehttps://www.10best.com/destinations/itabyhe/airport
fco/nightlife/auditoriumparccedellamusica/

4.5.3.City Hall, Norman Foster

The City hall of London wa designed by Norman Foster and completed in 2002.
can be described as one of the most symbolically important project of the capital city
of Endand as it aims to express the transparency of the democratic pfd@ssides

its symbolic references, one of the main objective of the design process of the building
is reachingoptimum energy performands minimizing the surface area exposed to
direct sunlight?®* This was possible by thenalysis of sunlight patterns throughout

the yearand employment of emnge of active and passive shading desice

283 This information is retrieved from the official website of Foster + Partners,
https://lwww.fosterandpartners.com/projects/tipfl/
284 pid.
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Figure 4.21. Enter the Figure Caption here

Source: https://www.expedia.mx/fotos/grdondres/londres/ayuntamiento
delondres.d6079025/arquitectunaoderna/

The City Hallhouses an Assembly chamber, committee rooms and public facilities,
together with offices for the Mawuwr, As s emb
support staff providing 12,000 rhof accommodation on ten levelBhe Assembly

chamber faces the north and the transparency of the building skin albomeners

to watch the Assembly at warlhe offices are located at the southern part of the

building in clusters surrounded by flexible circulation area. At the top #dlaxible

spacecalledd London6s Llisialga opeg to Public nsé and it can be used for

exhibitions as well.

In the examination of the plan and section drawings of thatactural work, it is
revealed that many different categories coexist in the spatial organization of the
building. In Figure 4.22and Figure 4.23the coexisting categories are shown. It is
possible to reach other technical drawings of the case in Appénéix further

information.
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Figure 4.23. Section drawing of City Hall

With accordance to the plan views of the c#sis, possible talaim thattheflexible
spaces have direct contact with the building skimch is almosentirelytransparent.

This transparency provideshigh level of day lighting for the interior spacde

visual continuity between the clusteredaces, which are often offices, with the
flexible space that surrounds it, which is circulation space, makes it possible to transfer
the day light even to the clustered spaces that are not in direct contact with the building
skin. As can be seemm the ®ction drawing Figure 4.23, the abovementioned
flexible spaces are conjoint to the building skin. Howeteey become set back
spaces as they function as vertical circulation spdueh reaches to an exhibition

area,as on the left hand side of thecden drawing.In the conjoint part the visual
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perception of the building skin is limited due to the absence of visual or spatial
continuity of spaces in a vertical manner. Wherga)e set back spacdsoth visual

and spatial continuity is maintaineddatherefore, a comprehensive perception of the
building skinwaspossibleOn thetopleveldp Lond on 6 s Lntevactsmgth Ro o mod
the whole upper part of the building skin by providing a wide range of visual

perception, therefore can be categorized t&s giace.
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Figure 4.24. Interior of City Hall

Source: https://www.fosterandpartners.com/projectsitigll/#gallery and
https://tiggerrenewing.wordpress.com/2012/11/09/view®ndonthe-

changinglandscap/

Although the conception of the building roots itself from symbolic references and
performative purposes, it is possible to say that the interaction of the building skin
with interior spaces is an important consideration during the design phase. The form
of the building and formal expression of the building skin is determinant in spatial
configuration and organization. It is possible to say that it is a building wbitderns

the characteristics of interior spa@nd successful in providing perceivable
relationships between building skin and interior spaces especially in the set back

spaces as can be seelfrigure 4.24

4.5.4.Fondation Louis Vuitton, Frank Gehry
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Foundation Louis Vuittor{Figure 4.25 is designed as large scale cultural center
with a comple program It is 11700,0 riwhich is completed in 2014t is located in
the Jardin doéAccl i mat at i o mardemthe Rrahitacts . Si

approaches it as a pavilion and aims to evoke the tradition of theet®ury glass

garden buildngs.

Figure 4.25. Fondation Louis Vuitton

Sourcehttps://www.architonic.com/en/project/frattkgehryfondatiorrlouis-
vuitton/5103341

The buildingskin has two layers of elements which can be describée asdin body

and attached surfaces as showhigure 4.26 Fondation Louis Vuitton isonstructed

with an assemblage of white blocks, which are &lsmwvn asdhe icebergs ¢lad in

pands of fiberr ei nf orced concrete. Tsuppdred &y I mme n
wooden beamare attached to the main body aimingiee Fondation Louis Vuitton

its transparency and sense of movemefiecing the water, woods and garden and
continually change with the light.
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Figure 4.26. Layering of the building skin of Fondation Louis Vuitton

Source:  https://www.urbanloka.com/mengintipegahnyamuseurdouis-
vuitton-karyafrank-gehry/

The building program contains exhibition areas, offices, a multipurpose hall, open
terrace, retaurants, bookstorgbrary, and art studiosThe ground level serves as an
active social space hosting a large entrance, exhibition areas, restaurant and bookstore.
The relationships of these spaces with the building skin is examined through plan
(Figure 4.27 and section drawingg-igure 4.28). Referring to these drawings it is
possible to say that flexible spaces are the ones that interact with the building skin. In
the circulation areas visual continuity is provided by the building skin and therefore
the glass panels that area attached to the main body could be at least seen rather than
applying a formal impact on the interior spadescan be seen in the section drawing
(Figure 4.8), the spaces other than circulation are defined by a secondary skin
provided inside and have no direct or indirect relationship with the building skin or
the glass panels attached to it.
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Figure 4.28. Section drawing of Fondation Louis Vuitton

The only space from which it is possible to perceive the attached panels and the
building skin in a comprehensive way is the attic space serving as an open terrace
(Figure 4.29. Fromthe open vertical circulation spaces located in between the main
body and the attached skin a limited perception of the panels abdilth@g skin is

also possible as can be seekigure 4.29
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Figure 4.29. Open terrace and vertical circulations of Fondation Louis Vuitton

Source: https://www.archdaily.com/555694/fondatiwuis-vuittorn-gehry

partners
4.6.Discussion

As this thesis focuses on the relationship between the formal expression of Free Form
Architecture andthe characteristics ointerior spaces, the exploration diese
relationshipsrequiredthe examination of the built works of the mentioned domain.
The case®f Free Form Architecture ranging from 1950s to 2010seaptoredto
undestand thechaacteristicsof interior spacs in relation tothe formal impact of
building skin. Thiscase based criticalnalysis revealed that scale and programmatic
complexity of the Free Form Architectural worksy have changethrough time.

The cases from 1950s mesmall scale buildings with simpdechitecturaprograms.

They were mostly solo spaced buildings and by courtesy of having one major space,
the building skin could have a determinant impact on the formal expression of the
space providing a comprehensperception of the skin. In contraghe cases from

21 century reveals that as the scale and programmatic complexity of the building
increases, the relationship between the building skin and interior spegesry
according to the spatial solution®pided by the architect.

Since achitecture is an act of definirgpaces both interior and exterior, independent
from the design objectives, and form reasoning of dhehitectural works the
characteristicsof the interior spacess an importantissue tobe discussedThe
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categorization provides a ground to examamal discuss the characteristiof the

interior spaces designed in Free Form Architecture.

With accordance to the findings of the comparative analysis of the Free Form
Architectural works, it possible to say that the maximum interacticsh @erception

of building skin may b@rovided with buildings of solo spaces irf2éntury as it was

in 1950s. Howeer, in case of buildings witbomplex progrars it is seen that the
interaction with thebuilding skin might belimited to the spaces that are organized
around the bondary of the skin. Theelationship between the building skin and
interior spaces depend on the functional and spatial requirements of the spaces, scale
and proportion of the spageaccessibility levels of spaces, and the visual and spatial
continuity between spaces. The visual perception of the building skin can only be
possible if the building skin interacts directly with the interior spaces. In other words,
the presence of a smwdary skin created to define a formal expression for the spaces
independenfrom the building skin, detachdke skin from the interior space by
providing residual spaces. A comprehensive visual perception of the building skin
requires large scale interispaces, which can be both solo spaces or attic spaces, or

setting back of the spaces allowing visual and spatial continuity.

Based on the findings of this research, it is possible to claim that there is a certain
intention in reflecting the formal exgssion of the building skin to interior spane

most of the studied cases; howevieecause of the scale and complexity of the
program itmay not be not possible fepaces especialfgllowing thefrom the outside

in approach. According to the examinatiof the cases, such reflection is made
possible for large scale public spaces and it may be renounced in small scale private
spaces in most of the cases. By considering the positive and negative findings about
the interrelations between the building skind interior spacest is possible to
summarize the ways to provide relatively better relationships between the building
skin andinterior spaces based on the categories and the findings of the research. It is

possible to address four main results:
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1. Direct physical interactiorof spaces with building skirs essential.
Thecased 0, 13, and 27, which contain form defining solo spaces such
as conference hallédicates that although the spaces have a direct
influence on the building form and the formal exgsion of the
building skin, it is not perceivable from the interior. The reason for this
situation is the second skin that is created inside to satisfy the technical
requirements of the space. In this case it is possible to say that in order
to be able taliscuss the desired interrelations, the building skin might
be preferred to be in direct physical contact with the interior space.

2. As it was explained further in chapter l1ll, the visual perception of the
building skin from interior spaces may requireestain distanceThe
scale and proportions of the spacegeha great impact iproviding
the necessary distance from the building skin. Large scale spaces that
are in direct physical coatt with building skin might lead ta more

comprehensive visual paption of the building skin.

The combination of the first and second results can be seen in the 1950s thin shell
structures. They consist of one major space and the presence of a second skin is not
applicable. In the first seven cases it is possibleetotkat the spaces are in direct
physical contact with the building skin and a comprehensive visual perception is
provided since almoshe entireskin is perceivable from the interiddowever, it is

rather more difficult to provide similar interior spad®aracteristics when it comes to

large scale Zkentury Free Form Buildings with a complex building program. Similar
relationships might be possible with large scale interior spaces which might also be

attic spaces.

3. Under the same concerns, small scgpaces can also provide the
desired distance when they are organized vertically as set back spaces.
When the visual and spatial continuity are provided, the observer might

visually perceive the building skin in a more comprehensive way, and
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the spaceqtha are organized by setting back) might generate a
integrated relationship with the building skin.

Flexible spaces can be better in generating a direct physical interaction
with the building skinSince flexible spaces would not have specific
technical regirements or proportional restrictions, it might be easier

to organize them interacting directly with the building skin.
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CHAPTER 5

CONCLUSION

Within the scope of this research, first and foremost it is aimed to exipéoreflection

of the formal expressioof the buildig skin on the characteristics of interior spaces

in the domain of Free Form ArchitecturEhe roots and principles of Freeoiffn
Architecture have been discussed asdatufrrent state is explored. The first phase of
the literaure review rewaled that the main concerns about the design and form
reasoning process of the free form architectural works are digital production tools,
representation tools, rationalization process including structural and material aspects,
and performative featurescaording to the common study field&nother aspect of
Free Form Architecture which the literature review indicasghat there are not many
studies about the interior space definition or visual perception of the building skin
from the interior. Thiss an indication ofthe design intentions of the mentioned
architecture and rises questions that guides this thesis.

In order to be able to answer the questions about the building skin and interior space,
it is important to study the spabeundary relatioship. The second phase of the
literature review served this purposeachitectural space definition can bgplored
through spatial relationships atite categorization of spatial forsnBuilding skinis
examined through its technical and performative pses andts relationship to
interior space definition is explored. This exploration revealed an important aspect in
the interrelation of the building skin@mterior space,which is the visual perception.

The visual perception principles defined todide to examine the existing examples

of Free Form Architecture.

Considering all the information gathered in the literature review section of the thesis,

research considerations are detected for the case study reS@agetthis thesis aims
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to explore tle existing relations in an architectural domain without agstablished

theory, case study research can be considered as a consistent el mination

of a number of cases selected both frofi@8d 2f'century Free Form Architecture,
revealed ceain types of relationships existing between the building skin and interior
spaceA categorization could be possible to provideaanework fordiscussionThe
categories have been explained individually but they exist together in the architectural
works. Therefore, in order to comprehend the discovered relationships, they have been
examined together on the representative cases. The case study research revealed that
thereflection of the formal expression ofilaling skin on interior spaces can tmade

paossible for lage scale public spaces and it carré@ounced in small scale private

spaces in general.

With accordance to the information gathered in ttase based criticanalytical
research it is possible to claim about Free Form Architectureinh2iscentury
building scale and the complexity of architectural program has increasespafia)
organization anda perceivable relationship between the interior spacesttend
building skin has become a challende. most of the cases, since Free Form
Architecture adopts from the outside in approachprithary design considerations
may notcontain the relationship between the interior space and theAskinentioned

in the first chapter, construction systems, mateaals rationalization process may

havebecome the primary concerns,vesll as, performative issues

Regarding the information derived from the case study resdtistpossible to say

that even though tharimary design considerations m@agt include the interaction of

the building skirto interior spacei is not totally ignored too. It is possible to detect

a certain effort to reflect the formal expression of the building skin to interior space in
the casesThe complexity of building program and the ambition comes from the
possibiliies of the digital tools weakens the possible relations. Therefoee,
comprehensive and perceivable relationships may be limited to a small portion of the

interior spaces which are usually flexible large scale public spaces. The rest, such as
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small scalgorivate spacesnay berenounced for the sake of providing a provoking

appearance to the city.

The formal expressioof building skincan be very limitedly perceived from the
inside Thereforethe spatial concerns may have beegarded as secondary dgsi
consideration in Free Form Architecture. Therefore, the fact that architecturads the
of defining spacs is not completely ignored but it is clearly not a primary design
criterion in the increasingly complex free form architectural wolssit is detected
that Free Form Architecturmay servethe technical guirementsand the iconic

statement to the city more than it serves to interior space.
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APPENDICES

A. CASES

1. Kresge Auditorium, 1955, Eero Saarinen, Massachusetts, US

< it AA 1 NI

Source: https://www.archdaily.com/492176/ad-classics-kresge-auditori-
um-eero-saarinen-and-associates/533aca0fc07a80be520000a0-ad-classics-kresge-auditoriu
m-cero-saarinen-and-associates-image
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PLAN

SECTION
Source: https://en.wikiarquitectura.com/building/kresge-auditorium/
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2. Palazzetto dello Sport, 1956, Annibale Vitellozzi, Pier Luigi Nervi, Rome,
Italy
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