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ABSTRACT

UNDERSTANDING TRANSFORMATIONS IN ARCHITECTURE FROM
POST-INDUSTRIAL CONDITION TO THE SECONDDIGITAL TURN

Alankaya Ece Alara
Master of ArchitecturgArchitecture
SupervisorProf. Dr.Ce |l al Abdi G¢zer

May 2022 151 pages

The influence between architecture and industry manifested itself in a series of new
technical developments, styles, and trends in architectural practice in the 19th and
20th centuries. With the inclusion of the advanced machine of industry, ‘computer’
into this sphere of influence, the sequential mode of transformations furcated and
dispersed ito a reticulated structure and began to penetrate the fundamentals of
architecture.Today, while the noimuman intervention/involvement of advanced
computation, robotics, big data, and artificial intelligence in daily life changes the
social, cultural, and economic conditions, on the other, the transformations in
architecture go beyond ere visual expressioand technical advancements and
affect thought, design, and fabrication process and organization of practice.
Therefore, this thesis aims to understand the transformations in architecture from
postindustrial condition to the Second dital Turn by examining the emerging
concepts and practices since the 1990s and the transformative relationship between

industry and architecture from the beginning ofltidustrial Revolution

Keywords: Architecturelndustry Relatiorship, Digital Technobgies, Computer
Aided Design and FabricatioAychitectue in Digital Age, Second Digital Turn
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CHAPTER 1

INTRODUCTION

All tools modify the gestures of thaisers, and in the design professions this
feedback often leaves a visible trace: when these traces become consistent
and pervasive across objects, technologies, cultures, people, and places, they
coalesce into the style of an age and express the sparitioe. The second

digital style, the style of a datffluent society and of a nouveau dath
technology, is the style of the late 2010s.

"In his "Talks in Google" speech about his bddie Second Digital Turim 2018,

Mario Carpo marks a rise ofreew direction in computesided design that drives
transformations in architecture. Behind the new approach lies the interaction
between architecture and one of the digital tools, namely artificial intelligence
(machine learning and big data), which hagaaxded with recent developments in
computational technologies. Using such computer intelligence as an ordinary tool in
practice has revealed the potential to process billions of times more than a human's
ability and an unfamiliar architectural language amgression hidden in the
computeraided architectural design and fabrication. In that regard, artificial
intelligence manifests a disjointed, broken, fragmentary, discrete, and rough visual
expression with its creative intervention into the nature ofsée architects build

and desigrt In parallel with the transformation in architecture revealed in this speech
by Carpo, the desire to understahd evolution of architecture through the previous
industrial developments as well as thther transformations caused by digital
technologies chinging with current industrial developmerfourth Industrial
Revolution constitutes the motivation for writing the thesiis desire requires
understanding the impact of previous industrial developments during the evolution

I Mario Carpo,The Second Digital Turn: Design Beyond Intelligengambridge, MA: The MIT

Press, 20175/5.

2Notes from,Talks at GoogleiThe Second Digital Turn Youtthari o Car g
Uploaded 22 Mar. 2018, https://www.youtube.com/watch?v=UVerq5DSdKU Accessed 20 Apr. 2022



of architecture, in other wds the transformative relationship between industry and

architecture.

1.1 Problem Definition

The antecedent effects of industrial developments in architecture are mainly based
on the revolution in the industry in the late 18th centlihe system of production
(constituted with a specific character in technology, a work organizattien,
relationship between labors and the laboployer), consumption, and social
structure, which preserved its form for centuries in feudalism, began to transform
under the pressea of the two driving forces, tHadustrial Revolutiorand the new
economic modelcapitalism.Besides theprofit, which has become the ultimate
objective, increasing the speed, flexibility, ease, and quality of production has
triggeredtechnological developments and thus brought new working environments,
business organizations, and legal regulatiohs addition, competition also
developed the mode of production, a fedatic, dynamic character that is led by the
constant influence in b@een. In such a setting where sectors that can only be
integrated into the new production system can exist, the changes caused by the
industry emerged more or less simultaneously, became widespread, and left their

place to new ones due to their dynamiaretcter’

It is accepted that there are four distinct revolutions within the many developments
in this character in the industiy the Firstindustrial Revolutionthe emergence of
steam engines, the use of mechanical tools, and factorization, thaeseanefossil

fuels took place. On the other hand, the Sedaddstrial Revolutiordiffers from

the previous one with the emergence of the assembly line, the use of electrical
appliancesandstandardization, and theass production of automobil€Bhe Third

Industrial Revolutiorincludes sharpt@angeswith the emergence of the computer

3Kl ker MBelxelst Bakék A-éséyla BKLKMSEL TEKNOLOJKK
DEMOKRAXKt anbul : Soru+#i7.Yayénl ar é, 1993), 15

DE



and the internet, the use of digital (computation) tools and automation, the linking of
capital and labor to financial technologies, 1vapitalism, globalization, and the

outbreak of global ecological crisés.

All these transformations revealed a problem of existence not only for businesses,
institutions, and organizations but also for laborers and, of course, individuals of the
society, who must have the knowledge andretdgical equipment to adapt to these
periods. Along with théndustrial Revolutiorand the other essential machine, the

cl ock, new fAtime consciousnesso devel ope
manBot h t htei niiewoo rakn-tl i mie & lalodwerkals@mprisoned in

the capitalist systeifior a profit® In addition to thelomesticelectronicsand vehicles
brought by theSecondindustrial Revolutionthetrendsof the period, such as the
American dream, the labeffort of theindustrialsociety was marginalized, and the

role of consumer gained importandauring the Third Industrial Revolutionwith

the shift of production to the service sector and the financialization of the economy
with digital technologies, qualified labor becaprecaiousthis time.

The concentration on economic actions withltigeistrial Revolutiorand capitalism

has also led to a tendency to see social/urban activities that shape the city like art,
sports, and play as a waste of time. Such an environment haswsd exery part

of the city to become a negotiable commodity. In addition, while the city centers
were enriched by world trade, the periphery of the cities became the settlement/slum
area of the proletarian class that immigrated from the countrysidetimgsal the

initial divisions of the city. During the Seconthdustrial Revolution the
improvement in living conditions affected the urban development and architecture,
rural life became a better option for the working population, and therefore areas such
as suburban and satellite cities emerged. As a result of motorized and advanced
transportation, which became widespread with the Thidustrial Revolution

“Rakit G°kEmrbHistriyel (Kevtrainthude Miem®dtdaékiayeénl ar é,
5Nigel Thrift, iThe Makingd a Capi t al i st TTheSociobgymfsTimied dlosnne s s, 0 i
Hassard (London: Palgrave Macmillan, 1990).



business areas, industry, recreation, and residential areas became distant and
separated from ehmther. Urban centers and selected areas, which are at the center
of globalization and financial opportunities, have been the basis for the development
of architectural and urban precedéhts.

It is debated whether the fourth revolution has taiace in the industry today.
According toGerman engineer and econonkstus Schwab an@urkish architect
and city plannelRa K i t G°k-el i, the following develo

revolution is taking placwith:

1 theemergence chdvanceccomputationin parallelwith tools likeartificial
intelligence (Al) machinéeeplearning (ML) quantum computersndbig
datg

1 usage of the robotic device and autonomous production that is developed by
the advancements in nanotechnology, genetics, and biotechnology

1 omnipresence/ubiquityith mobile techCyberPhysical Systems (CP&hd
thelnternet ofThings(loT);

1 occurrence of mixedeality (MR) environments derived from virtual reality
(VR), augmented realitfAR), and metaverse concepts;

1 advancements isustainable agriculture (permaculture, hydroponic), waste
management, minimization of energy consumption

1 transformation in the economy from production of goods/provision of
services to new virtual forms that inde blockchain, cryptocurrency and
NFT.”8

While Industrial Revolutios were changing society and the built environment,
architecture, like all other fields, tried to embrace and adapt to technological

innovations in the work. While the reflections of the technical innovations (new

SRakit G°kEebistriyel (Kevtrainthude Miemd3laékrayénl areée, 20
" Klaus SchwabThe Fourthindustrial Revolution(Geneva, Switzerland: World Economic Forum

2016), 7.

8Rakit G°kEesbistriyel (Kesvtrainthude Mem®didaékrayénlareée, 20



materials and tools) that emerged with isidial developments in architecture differ,

the interpretations of the periods also differ in the same way. Architectural critic
Reyner Banham defined the period from the late 19th century to the 1930s as the
fAiFirst Machine Agsé, t he age of maipsoandetihe reductmmof t h e
machines to human scaled while explainir
impacts on functionalism, machine aesthetic and language of modern archtecture
On the other hand, French architect Le Corbusier also said wantkéects, cars,

planes and ship makers knew how to deal with the advanced technology of the mass
production and assembly lif&Although experiments were done with Taylorism

and Fordism by the architects of the peyibid was not developed due the non
profitable character of the dwelling units in terms of its spatial and technical
attributes. The magsroduction of the identical and standardization were not the

right technology to be integrated into the architecture.

Banham defined the period as living as the "Second Machine Age," the age of
"domestic electronics and synthetic chemistry,” as he had explained in the second
edition of his bookheory and Design in the First Machine Agel967. As we enter

the Second Machine Age, the influerafehe spread of communication and media
technologies such as print media, television, cinema, and last but not least, computer
to architectural practice was unprecedented. This new kind of communication shifted
the understanding of local time to world gnwhile emerging new terms like
immediacy, omnipresence, and instancy that affected the perception otispace
Such an unusual flow of printed information and motion emerged a mass
consumption of images and a new kind of material culture. In such aorenent,

Martin Pawley, in his booKkheory and Design in Second Machine Amsnted out

a reduction of architecture to the imagery and a tendency toward visuiaihted

9 Reyner BanhaniTheory and Design in the First Machine Age, 2nd @tw York, Washington:
PraegeiPublishing, 1967),41.

10 Mario Carpo,The Second Digital Turn: Design Beyond Intelligen&@ambridge, MA: The MIT
Press, 2017Q

1 1bid.



practice rather than a theoreticatliented one. According to Pawley, the new
machine age began with the transition from modern architecture, a product of logic
and reason, to the pestodern architecture of visuals, styles, and trends. Many
additional architectural elements to buildings were a consequence of aesthetic
concerns ratlr than a technological necessityThe relationship between
architecture and industry until the invention of the compuotachine did not meet

the architectural language and form expectations.

Starting from the early 1990s, the inclusion of computer digdal tools (CAD,

CAM) in the architectural design process was the prominent turn of the Third

Industrial Revoluton Ear | y applications of digitaliza
mat hematics of continuityo in arbobitecture
al so known as the style of the spline or C

smooth, curving lines and surfaces, whishater called parametricisti.At the

same timefiNURBmMo d e lad rsso0 st i mul at ed the emergence o
was nspired byt he fAr hi zome, mul tiplicities, assemt
flight, deterritorialization, becad®ming inte
Del euze anAlThdisandtPlaaué Forsthis reason, German architect

and architectural theorist Patrik Schumacher defended the folding style by

emphasizing its importance in terms of creating new spatialities and formations.

On the other hand, digitalization has broad consequences for new information,

operation, and organizatiosystems. As one of the theorists of Hodustrial

society, The French philosopherJdam an- oi s Lyotard observed th
way of transmitting and acquiring information due to the process of
Acomputerizati ono and acyhoh they knowdedges andt u s and
remarked on the emergence of HAconplexities

12 Martin Pawley,Theory and Design in the Second Machine &peford: Blackwell, 1990).

13 Mario Carpo,The Second Digital Turn: Design Beyond Intelligengambridge, MA: The MIT

Press, 2017%

1 patrik SchumacheDIGITAL-The 6éDi gital 6 in lamdonl201® ect ure and Desi
Published in: AA Files No.76, Architectural Associati@n,

% JeanF r a n - o i sThelPgstmodem €gndition: A Report on Knowledd¥9.



The architectural practice which has already been an intricate process with the mega
scale buildings, became a more organizational process with tBe IGAhat sense,
new disciplines like project management and services like design consultants

emerged to bridge the gap that widened with the complexity of buildings

Bauhaus, Students' Block, 1926.

simple, repetative, rational geometries

Industrial Technology: Mass Production,
Assembly Line

Euclidean

Haydar Aliyev Center, Zaha Hadid Architects, 2007-2013
.Disney Concert Hall, Gehry Partners, 1391-2003.

smooth, curvilinear lines and surfaces

Industrial Technology: Communication
Tech., Computer, Computation (Digital
Tech.)

Non-Euclidean (Spherical, Hyperbolic

Fluid Strata: The Butterfly Effect, student project by Dafni
Filippa, Bartlett, UCL, 2021.

disfointed, broken, fragmentary, discrete

Industrial Technology: Big Data, Advanced
Computation, Artificial Intelligence,
Machine Learning, Robotics,

Volumetric Units (point-clouds, voxels!

Figurel.1. TheTransformatiosin Comparison. Retrieved from Personal
Collection 2022.

Mar x 6 s c r intustipuRevolatibnmeamtehe industrial separation

of the hands of the makers from the tools of production, may just as well be
applied today to the ongoing postindustsabparation of the minds of the
thinkers from the tools of computatioh.

Since the 2010s, an unprecedented range of data, 'big data' that was rare and
expensive before, ubiquitous and cheap now, has become one of the apparatuses that
signaling another tur to the Second Digital Turn. Engagement of Bdrigen

AI/ML and computation has created a language of a "messy discreteness" with
"point-clouds" and "disjointed and fragmentary states" with "volumetric units" and
voxels in architectural design and marafaing. The electronic brain can now do
billions of notations and calculations that the human mind cannot do. The alteration

in the way of thinking from the human mind to computation results in an unknown,

16 Mario Carpo,The Second Digital Turn: Design Beyond Intelligen&@ambridge, MA: The MIT
Press, 201)7 81.



unfamiliar expression related to the machinetsligence!’ On the other hand, there
is a vast range of digital tools, which includes 10T, robotics, biotechnology, MR that
is embraced with the spatial, ecological, economic or aesthetical attitude that is
revealing new possibilities of the relation Wween architecture and industrial

innovations

In addition to its own dynamics, architecture has been affected by the
transformations in other fields and their reflections, and on the other hand, it becomes
their representation. On top of these fact@shhological transformations and thus
new possibilities, limits, and additions they bring comes fore. For this reason, it is
essential to try to understand the transformations in architecture together with these
transformations instead of considering thasnpreferences arising from their own
field.

1.2  Aim and Scope

This thesis aims to understand transformations in architecture from the Post
Industrial condition to the Second Digital Turn and reveal the emergence of the
current interaction between developments in digital tools, fabrication techniques, and

transformatbns in architectural design.

There is an expedited change between technology and the built environment after the
postindustrial process which is manifested not only in the technical and
constructional status of architecture but also in the organizhtaspects of the
practice that has had multidimensional consequenc€esrefore, this thesis
emphasizes and intends to understand the consequences of the improvements and
technological developments that materialized in architectural language and its
expresion and the new organizational dimension and relation systems due to digital

culture's new interactive, collaborative, participatory environments

17 Ibid.



With the motivation to understand the consequences of the Fndtistrial
Revolution and its reflectionson contemporary architecture, this thesis mainly
focuses on the period from the 1990s, the inclusion of digital and computation
technologies, to today. However, the scope of the contents expands to the historical
background of the industry in order to enstand the revolutions in industry and

their impacts on architecture
1.3  Methodology and Structure

Understanding the transformative relationship between architecture and industry
reflected in contemporary architecture's design, construction, and thougésgroc
required an initial examination of industrial developments and their transformative
effects on architectural practice. The second part of this thesis represents background
research of questions regarding the series of transformations from mecharndaation
computerization that has had -fa&aching consequences for society, culture,
economy, urban, and architecture. Therefore, beginning with industry definition, the
chapter "Transformative Relatioms between Architecture and Industry"” tries to
understad the context of industrial developments and the transformative influence
of industrialization upon architectural theory and practice. In this section, Reyner
Banham'sTheory and Design in the First Machine Aayed Martin Pawley'Sheory

and Design in th&econd Machine Agsfer an architectural perspective parallel to

industrial developments in this thesis as a different assessment of the period

Before moving into transformations in architecture, in the third chapter, the current
transformations in thendustry are examined through many different perspectives,
such as the postdustrial age, information age, network age, and the transformative
influence of the industry along with the constant scientific and technological changes
is investigated throughosial and economic consequences. This transformation,
which started with computerization, is also discussed through newly emerging
definitions like Third Machine Age and the Fouttidustrial Revolutiorwith new

additions to existing network systems, virtual spaces, and new media.



In the fourth chapter, to understand the current condition of the relationship between
architecture and industry, the applications of recent technologies and industrial
production techniques in architecture are investigated through the works of architects
and researchers. The transformation of the architectural language, space, material,
construction, and hardware is analyzed, and distinctive reflections of industrial
transformations on contemporary architecture are highlighted. Throughout the
process, boththeories and practices of Greg Lynn, Antonio Picon, Patrik
Schumacher, Mario Carpo, Branko Kolarevic, and several other architects and
researchers are studied as prominent mentors of digital architecture. The conclusion
chapter represents the outputshd transition from the postdustrial condition to

the second digital turn and the impacts of previtndustrial Revolutios on
architectural practice, society, and the city

10



CHAPTER 2

TRANSFORMATI VE RELATION IN BETWEEN INDUSTRY AND
ARCHITECTURE

The shifts between societies were intermittent over the millennia, from primitive man
to the Industrial Revolution With the technical revolution in the 19th century,
society entered into a cycle in whichstlarted to change constantly within a short

time compared to past conditions. The frequency of these transformations has

increased as it gets closer to the current period and has created a pattern that the

timeline of alterations has begun to ramify, irgect and reticulate with further

connections with diverse disciplines

Architecture, on the other hand, has been related to production since the first human
being turned into ahomo faber® The effect of the transformativindustrial
Revolution and the subsequent developments caused changes not only in the
technique of architecture but also in its language, expression, and even in its
motivation. The reflections of the relationship betweestustry and architecture,

two entities that affect and transform each other in architecture, can also be perceived
by following these transformations. In this chapter, a brief description of the
Industrial Revolutionand the relationship between industrydaarchitecture is
provided in order to understand the contemporary relation and its architecture

2.1  The Context of Industrial Developmens

From Industrial Revolution to the current industrial condition, industrial

developments have had economic, socialtipali and cultural impacts that also had

18 Defines thehumankind as a makehat usegools. SeefiDe f i ni t i on o Oxfotdo mo
University Presshttps://www.lexico.com/definition/homo_faber Accessed 20 Jan 2022
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reflections on the built environment. These industrial developments encompass a
process that extends from the initial influences of reformation and enlightenment
movements that altered the mode of reasoning in feuuring thelndustrial
Revolutionto the current mukdimensional influence of digital environments and
computer intelligence. The periods that emerge from the observations on the
relationship between technological developmelnigustrialRevolutiors) and social
transformations are referred to with different periodic terms by researchers and
theorists. Regarding the economic growth policies of governments, numerically
indexed concepts such as "Industry 3.0" and "Industry 4.0" are usegrasexan
update and improvement or an aim in the industry. On the other hand, the "Machine
Age" focuses on the impacts of transforming machines during these industrial
developments on society and architectural theory and design. With an intention to
comprénend the context of industrial developments, this chapter initially starts with
understanding the Industrial Revolution and its direct social and
environmental -/urban i mpacts. Secondl vy, t he
effects of the later revoluti@ny industrial periods and distinct machines of these
periods. Moreover, it ends with brief research of what point today's industry stands
according to these studies, which will be discussed more broadly in the next chapter

of the thesis

2.1.1 Definition of Ind ustry

As the term 'industry' is etymologically investigated, early Latin words and their
meaning, industria "diligence" and industrius "active, diligéhttme forth, which
was used to indicate a cleverness and skill in thenphestrial period. In thenodern

sense, the term gradually came into meaning as manufacturing goods in factories and

®fibefinition Oalihe Etymalogys Dictionaryywww.etymonline.com/word/industry.
Accessed 21 May 2021
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an economic activity commonly related to raw material procegSihgthe end,
congruently, both these meanings of 'industry’ describe a production characteristic

of these periods

Table2.1. Definitionsof Industry

Pre-Industrial Age Industrial Age PostIndustrial Age
. Cleverness . Machinery . Providing
) manufacturing services

. Skill .
. Processing of . Producing
raw materials intangible value
. Economic
activity

The meaning machinery manufacturing of the term industry came fore with the
Industrial Revolutionwhich primarily occurred in Britain between 1740 and 1780.
The revolution was a unique phenomenon in humankind's history, which had vast
repercussions throbgut the society, economy, and landscape. Both urban and rural
settlements of the modeday are the result of this industrialization procéds
addition, the transformation of the term industry also indicates a difference between
the preindustrial andndustrialized stage. It is understood that on one side, the pre
industrial society was highly concerned with the skill and craft; on the other side, the

industrial society was to the manufacturing and maehiade

The shift from skill to machinery withithese definitions marks a transformation in
the dominant mode of production and making throughout the period. Technology,
economy, capital, population (which is related to the quantitative side of demands

and labor), increasing trade, and growth of merleee factors that affect and shift

20 fDefinition of Industy 0 Oxford University Presswww.lexico.com/en/definition/industry
Accessed 21 May 2021
21 Neil CossonsThe "BP" Book of Industrial Archaeologiondon: David & Charles, 1978)
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the production techniques and eventually the industry. Duringlridastrial
Revolution the radical changes in production technologies in a relatively short time
due to these factors were ultimately revolutionary. iéw structure of society and
industry caused chained reactions within the economy (from backward economy to
modern economy to global economy) and had many consequences in culture besides

the transition in production from hasidol to machingoo.??

The preess of change from machine to automatic and digital can only express the
industrial advancements reduced to a single layer. However, as mentioned above,
this change process has affected many areas at each rupture, simultaneously
generating new layers affluence. At this point, as culture, politics, economics, and
even individuals of society transformed into an industry, it also provides further
grounds for discussions through many new layers and new fields. Such fields can be
illustrated as 'culture indtry,’ ‘consciousness industry,' 'tourism industry, and more.
Consequently, as a constantly transforming concept, industry articulates and changes
society and its other dimensions

2.1.2 Industrial Revolution | Mechanic Production

The IndustrialRevolutionis the phenomenon that emerged with the transformation
of the production process, which was carried out with human and animal power in
the 18th and 19th centuries, with machines working with steam and water power,
and the transformation of prodtion into mass productiofl. The revolution in the
industry was also affected by the developments that took place in Europe in the 16th
and 17th centuries. The piredustrial period was under the influence of reformation
and enlightenment movements. Withthese periods, the "Reformation decreased

the power of the Pope and led to national unifications, and enlightenment freed

22 Neil CossonsThe "BP" Book of Industrial Archaeologiondon: David & Charles, 1978)
23 A Mahfi Ej ilmez, D¢nya Ekonomisi : Tarihselgge- kinde (Kstanbul, Remzi Kitabevi, 2018), 97.
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human reason from scholastic framewatkThis process, which brought science
and reason to the fore, later triggered technologicdlscientific developments and

inventions

In addition, simultaneous conversion to fossil fuels (coal reserves) and agriculture
fed the capitalist developments in Europe and was mutually beneficial to the
Industrial Revolutiorf® During and even beforené revolution, these capitalist
developments led to rapid population growth and the demand for-nead labor.

In the same period, while the precious metals coming to Europe from the colonies
affected the welfare level, it also increased the demandfsucner goods. All these
developments paved the way for new investments and, thus, laid the foundations of
theIndustrial RevolutionBecause of these reasons, England had more potential for
the revolution than other countries. For instance, England alawith the necessary

coal and iron raw materials due to a large number of colonies aneffiomnt

transportation (naval) of raw materiafs

James Watt led to the revolution of industry in the 1760s by advancing the steam
engine, which Thomas Newcomé&und and developed in 1712, into a less costly,
efficient tool. The economic structure of the period from the feudal era to the
Industrial Revolutionwas based on agriculture and animal husbandry, workshop
industry, and services. Some of the income thdtnot consume was saved and
invested in production to be evaluated for sale in foreign trade and fairs. From such
an economic structure to factories where people work collectively to-pnadsce

was revolutionary. In the end, after the revolution, pheduction becomes both

increased and got cheaper with a steam engine and coal adjustments

2 Davut IAdustrial ,Revdlution Impetus Behind the Globalization Proces¥.® net i m v e
Ekonomi  vol. 15, no. 2, (208): 3148 Retrieved from DergiPark.
https://dergipark.org.tr/tr/download/artiefiée/145992

25 DavidHarvey,Seventeen Contradictions and the End of Capitalidew York, Oxford University

Press, 2015 3.

26 A Mahfi Ej ilmez, D¢nya Ekonomisi Tarihsel Sre- kinde (Kstanbul, Remzi Kitabevi, 2018), 97

98.

27 |bid., 96.
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2.1.2.1 Impacts of Industrial Revolution

The history of makers came into light while experiencing nature and material and
crafting tools out of necessity. Toalmproved over time from the most primitive
status to maching§ hence,each epoch had its technics, tools, or machines to
produce, to bring forth into existence. With a mere statement, French philosopher
Bernard Stiegler conveys what is meant tes#id, "the human invents himself in the
technical by inventing the toof® Thus, every technological invention (tools,
devices, knowl edgeé) somehow reflects i ts
dimensions, including the built environment. According to giie the harmony
between humans and technics has deteriorated sincidbstrial Revolutiors

advent. He asserts that the period since then was such a radical change that
humankind had not sensed this technical dimension for thousands and millions of
years. Stiegler explains this situation, which is considered to be the first time in
human history, through the phenomenon of "Technologie de rupfuhe this
phenomenon, also known aslisruptive technologyt is accepted that technological
changes hay a definite effect on economic growth and industries’ development.
However, not every change affects environmental conditions. In this context,
whether technological change dsruptiveor enhancingpecomes significarit
According to Stiegler, the tecblogical changes in society before thnelustrial
Revolutionwere the impacts that improved the production process, that is, without

changing the environmental conditions. The new technology back then was a new

28 Distinguishing aspects of tools and machines: tools are instruments worked by hand, such as a stone
chip or a hammer, or a saw, while machines are an assemblage of jragttogether for a common
purpose. See: Bruce Mazlisthe Fourth Discontinuity: The Gevolution of Humans and Machines

(Yale UP, 1993)

29 Bernard StieglerTechnics and Time: The fault of Epimethémnford UP1998),141.

Thetermit echnol ogical ruptureo coined by French histori
such technological ruptures occurred over time. One can understand the concept by relating these
ruptures to the historic eras (gnestoric era, classical era). Preusly, each rupture was very far apart

from each other. Afteindustrial Revolutiorthe gap between them narrowed in an unusual manner.

31 Michael L. Tushman and Philip Andersaiifechnological Discontinuities and Organizational

En v i r on Adeinistratie dScience QuarterlyVol. 31, No. 3, (Sept. 1986): 4385, doi:
10.2307/2392832. Accessed 21 Mar. 2022.
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addition to the production process. Howevierdoes not mean that disruptive
technologies have not occurred before the revolution. Although it caused the collapse
of authority in communities and industries, harmony waestablished until the next
disruptive technology. Stiegler emphasizes thate$pds experiencing too many
disruptive technologies in such a short time after Ititeistrial Revolution The
distance between these changes is diminishing and disappearing to the extent that
cannot be followed and adapted. The consequences of theske teapnical
transformations can be observed as an unstable state of systems (social, cultural,

economic, and political) that demands constant changes and divisions tter on

On the other hand, technology came to the fore as a new field of businedsewith t
Industrial RevolutionOther countries, institutions, and investors, who learned from
England's economic growth and development process, behaved technology and
science as a new profit field. Technological changes fed by capital in the capitalist
systembegin to take their driving force from these investors. Harvey illustrates this
interaction with the development adversificationthat occurs as manufacturers
adapt steam engines and other unregistered technologies to different industries for
profit.3® In the end, highly supported technological change gradually accelerated

throughout the revolutian

2.1.2.1.1 The Transformation of Societyand the Mechanized Man

In this section, the transformation of society is discussed through the effects of the
changing work, time and space phenomena withrtthestrial RevolutionThe first

of this process begins with a change in the definition of work. Craftsmanship
production, which continued in workshops until this period, started to leave its place

in factories and mechanical production. This transformation caused the loss of some

32 Almafarag, fiMa n & Technics: Boaitube dJploadedS 16i Eeb 12611,, o
https://www.youtube.com/watch?v=ymtnUDAOEWc Accessed 13 Mar. 2021

33 David Harvey Seventeen Contradictions and the End of Capitalidew York, Oxford University
Press, 2015), 94.
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manual skills and abilities, and the standard methods at that time, such as giving
work to howses and families through small workshops, gradually began to disappear.
These workshops, which dominated production before the industrial period, were
able to reach a certain extent of mass production by employing a small number of
workers in the workshop Additionally, every individual development during the
Industrial Revolutioraccelerated technical progress and required specialization in
the use of machines and division of labor in the production process. In this process,
the existence of skilled ctafnen based on individual production has come to the
brink of extinction. Craftsmen's skills are also obsolete when the machine is put into
service. Any worker in the factory, regardless of ability, is reduced to the status of

an ordinary worker, to a subgence wagé®

On the other hand, with the proliferation of factories, the acceleration of
manufacturing, and the rise in trade, thdustrial Revolutiorreached such a point

that intense competition between machinergde goods and firms themselves
stated and intensified. Due to the economic competition, the gap between the two
classes, the middle class (bourgeois) who owned the means of production and the
working class (proletarig who only possessed their labor power, widened. Under
the newly emergd unregulated system, as the profits of the company owners
increased, the working class struggled more with low wages, poor working
conditions, and unhealthy living standards with high reimtsaddition to the ill
working environment and standards, tlaetfthat child workers were taken from
orphanages to work stands out as another detail that shows the harsh conditions of
that period. As a witness to the evolution of industrial capitalism, Engels analyzed
the social impacts of the industrialization ant$ ieconomic and political

consequences:

34 A Mahfi B ilmez, D¢nya Ekonomisi: Tarihsel&e- kinde (Ktanbul, Remzi Kitabevi, 2018), 98

99.

®He¢egin ¥zalp, Leyl aiTEkniuke DAT O mYen# EkaTeepkE nDeckndy a
Teknol oj i ni Il16SRetnieves fram¢ResgarchGateccessed 21 Mar. 2022.

36 Karl Marx used the termroletariatto describe the entire working class in an economic system he
called the industrial capitalism who can only earn money by selling their labor.
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The proletarian is helpless; left to himself, he cannot live a single day. The
bourgeoisie has gained a monopoly of all means of existence in the broadest
sense of the word. éThe plndactghe slave a n
of the bourgeoisie, which can decree his life or death. It offers him the means
of living, but only for an "equivalent”, for his wo#k.

To defend labor rights, uprisings by the working class began soon after and passed
throughseveral phases with few triumphs. One of the reasons that workers took
action was the long working hours. Nevertheless, according to British academic and
geographer Nigel Thrift, time was already a lost cause even though the workers
would gain a few leis@r hours. The new consciousnessimewas penetrating the

daily life of industrial man, but the workers were only fighting for the wtarle
modifications. In this sense, while following the traces of this new time perception
change in its articld@he Malng of a Capitalist Time Consciousnedsrift also
examines which factors affect this consciousness that society has unwittingly
adapted.

First and foremost, the piedustrial social life was away from the "system of
instrumental action" brought about byorking with machinery. Until the 15th
century, the "daily" life of society was set upon the sun movement and sundials that
were often located on church walls, the "week" was uncommon, and the cycle of the
"year" was dependent on the agricultural almaoaagligious calendat® Works

were predominantly tastiriented. The payment was given according to that
orientation. In the end, "the organisation of the day, week and year in rural areas in
mediaeval times was therefore rhythmic rather than meastfredt'this reason, the
consciousness of the future was not formed in the society; it would neither be
measured, nor calculated as a probability, nor imagined. In the 100 years before the

Industrial Revolutionclocks were used partly in houses, mostly ibliguspaces,

37 Friedrich EngelsThe Condition of The Working Class in Englgithrmondsworth, Middlesex,
England, New York, N.Y.USA, Penguin Books, 1987), 107.

38Nigel Thrift, it he Maki ng of a Capi t dheiSsciology of fimedQahn s ci ousn

Hassard (London: Palgrave Macmillan, 1990).
% 1bid., 107.
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church walls, and marketplaces. At that time, household clocks were not widespread

enough to integrate into the daily life of society

On the other hand, public clocks were used in general, however, to announce only
certain times of the dayAs the time came near thedustrial Revolution pocket
watches became a significant development in society and the watchmaking industry.
However, its use appealed to a particular class and people due to its cost until the
revolutionary period

The clock,not the stearengine, is the keynachine of the modern industrial

age. For every phase of its development the clock is both the outstanding fact

and the typical symbol of the machine: even today no other machine is so
ubiquitous*®

The modern time conscisness, which gradually developed with the emergence and
infrequent use of clocks, became a social phenomenon with the onsdhditsteial
Revolution In the case of the workers, participating in production in factories
required adapting to the machmehythm. Since the product belonged primarily to
the capitalist, not to the worker who produced it, it became necessary to be
disciplined, punctual, and standard. Moreover, since the ftimeecould now be
imagined, calculated, and invested, the capttaystem fueled by these profits
calculations was required to run like clockwork. At such a pointpthehanized
manemerged in industrial societis.Works were now mostly timeriented
(weekly wage, monthly wage) rather thdaskoriented, demonstrating the
transformation of employers' aim from task to worker's time. Time has ceased to be
a transcendent element of human experience and has becahgdive force
embodied, measured, and calculated with activities such &giwes, leisure times,
visiting times, meal times, dressiges, family visiting days, and holidays. This

division, at some point, brought about the separatiawof timeand other times;

40 | ewis Mumford,Technics and CivilizatiofLondon: Lowe and Brydone Ltd., 19594

4 Nihan GiderfizZ a man Maki nesi (Doj al Zamandan Saat Zamanéna
Thesis, 2004), https://www.proquest.ctinesis-theses/zamamakinesid o j-zarhandarsaat

zamam@&na K/ docvi ea2Pa2cobtitl81608441@ /
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thus, thedayhas become alienated from the individual of modswoiety*? The
capitalist system, which transformed working into a rigid system, also arranged the
leisure time as another domain of prdfitisuretime, which was supposedly the
individual's own time, has become the time not to participate in entegainm

activities, and experiences but to consume.

2.1.2.1.2 The Transformation of Cities and the Urbanization

Before thendustrial Revolutioncities such as Amsterdam and London created their
bourgeois class by expanding rapidly with international trade and colonization and
were already the focal points of economic development. While these trading cities
seemed to herald the coming of thedustrial Revolution the effects of the
revolution and powecontrolled capitalism on the built environment were highly
unequaled. The initial reflections of the process were not seen in metropolitan cities
such as London but small towns close to raw masdiie iron and coal. Later, with

the mechanization of weaving in the textile industry, the rest of the production
processes started to become mechanized. With the advent of the steam engine, the
importance of water significantly increased, and rttiks quickly covered the
waterfronts of the towns. In order to accelerate the efficiency of the industry,
channels were built, and the mills were lined up around these channels and rivers.
Almost every building was built without an architect in industrial tovike
Colebrook and Lowell, with a few exceptions. It is this civic architecture and

engineering that gives shape to these cffies

The steam engine, which increased the workforce's productivity in many areas and
accelerated production, had to be con@att in accessible, central points due to

their large and heavy forms. Therefore, towns became at the forefront in terms of

“Nigel Thrift,t it he Maki ng of a Capi t dheiSsciology of fimedQahn s ci ousn
Hassard (London: Palgrave Macmillan, 199()2

43 Kathleen Jame€hakrabortyfiChapter 17: Théndustrial Revolution o Arthitecture since 1400

(Minneapolis: University of Minnesota Press, 2013),i254
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both the flow of trade (market) and the labor force (workforce). The increasing
number of factories and the resulting labor forcecpeded to another phase by
initiating migration from the countryside to towns. Lewis Mumford defined this new

condition of aggregation in towns on two foundations.

The political baseof this new type of urban aggregation rested on three main
pillars: the abolition of guilds and the creation of a state of permanent
insecurity for the working classes: the establishment of the competitive open
market for labor and for the sale of goodilse maintenance of foreign
dependencies as source of raw materials, necessary to new industries, and as
a ready market to absorb the surplus of mechanized inditstgconomic
foundations were the exploitation of the coal mine, the vastly increased
prodiction of iron, and the use of a steady, reliabiiehighly inefficient -

source of mechanical power: the steam entfine.

Table2.2. Technical Aspects of Pdadustrial Age vs Industrial Age

Pre-Industrial Age Industrial Age
Technical Element Hand Tool MachineTool
Production Techniqu Craftsmanship Mechanic
Producer Type Craft Producer Mass Producer
Worker Class Skilled Worker Manual Worker
Production Location Atelier Factory
Common Resource Local material Raw material

Agricultural and

Economic System . Industrial
y Livestock

Technological

Transformation Intermittent Sequential

Pattern

44 Lewis Mumford,The Culture of Citie§New York, Harcourt, Brace and Company, 1938), 145.
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The outcome of these foundations occurred in the factory centersfattenies

were built near the energy sources and received a large labor force from the
countryside. For example, Manchester, known for its cotton industry in England,
expanded from a "modest town of 25,000 in 1772 to a metropolis of 367,232 by
1851". Simihrly, other towns, including Leeds, Birmingham, and Sheffield (textiles
and metalwork), "grew by 40 percent between 1821 and 1831 alone". On the other
hand, this new condition uncovered transportation issues as well. Inventors were
influenced to find an é@tient solution to transfer goods and raw materials. At that
time, improving transportation meant improving roads and a spate of canal building;
however, these solutions were insufficient and did not contribute much to brand new
manufacturing. Within thisaccelerated environment, in 1825, trains with
locomotives were invented in England and began to be used for the transport of
goods, people, and even information, thereby becoming a revolutionized link
between town&® Consequently, beyond the change ia thode of production, the
impacts of raw materials, energy sources (water, steam...), and investors were

reflected in the formation of cities, human density, and transportation

2.1.3 Secondindustrial Revolution | Mass Production

After the mechanization of the production, the industry moved one more step with
Secondindustrial Revolutionto mass production with an assembly line initially
used for the meatpacking industry around the 1870s. In his book Theory and Design
in First Madine Age, the era is also marked as the First Machine Age by Reyner
Banham. Though he does not state an exact date for what he called the "First Machine
Age," it can be understood as the time from the last decades of the 19th century to
the 1930s, as alsobserved and explained by Martin Pawley in his continuation
book Theory and Design in Second Machine Afeelndustrial Revolutiorand the

early period of the industrial age are defined as a period oft$male machines that

45 peterN. StearnsThelndustrial Revolutiorin World History,4th ed. (Westview P,2013), 3839.
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significantly impacted prodition and social life. In that sense, Banham defines the

First Machine Age as another revolutionary period until the Second Machine Age in

which the influence of small machines like "shavers, clippers, andlhaars; radio,

telephone, gramophone, tapeorler, and television; mixers, grinders, automatic
cookers, washing machines, r étametgthe at or s, v

fore as the new sense of living that society was going through

Table2.3. FirstMachine andndustrialAge inthe Timeline of the Period

1800 1825 ‘ 1850 ‘ 1875 1900 1925

Influenza

Great Depressio

Water And Steam Power, Mechanized Production | MassProduction, Assembly Line, Electricity

S. Giedion, in his "Mechanization Takes Command," traces the evolution of the
‘assembly line' under long chapters, from -neechanical to the mostdvanced
applications. He summarizes the purpose of the assembly line with his words, "The
growth of the assembly line with its labsaving and productieraising measures is
closely bound up with the wish for massoduction.*” Henry Ford used and
improved this attitude for the mass production of an entire automobile in 1913. Later,
this standardized, mapsoduced, and mas®nsumed new way of manufacturing
was called Fordism. The impacts of Fordism on the production process, labor, space,
state, and ean ideology were pointed out by D. Harvey with a table summarizing
everything. According to it, the transition in terms of the labor and the process was

from "multiple tasks to the singkask performance by worker" (a division of labor);

46 ReynerBanham,Theory and Design in the First Machine Age, 2nd @®kw York, Washington:
PraegeiPublishing, 196y, 9-11.

47 SiegfriedGiedion,Mechanization Takes Command, a Contribution to Anonymous HiStoirg
Printing (New York: Oxford Uniwersity Press1970.
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from "on the jodearning to no learning experience; from small batch production to
uniform, standardized mass production”; and more importantly from "demand
driven production without stocks to resoudrgven production including large
buffer stocks and inventory®'As the technology strengthened its presence within
this system, nature became the resource for accelerated everyday business with

powerful machines.

In the late period of the era, the resowncented mass production caused
overproduction and brantgew stocksystem within this transition. line Question
Concerning TechnologyM. Heidegger examined the modern technology to its
essence (which he defines as "enframing (Gestell)") and wrote about the new status
of the resource, standinngserve (bestand): "Evempere everything is ordered to
stand by, to be immediately at hand, indeed to stand there just so that it may be on
call for a further ordering." For further discussions, Heidegger adds, "If the man is
challenged, ordered, to do this, then does not masdiinbelong to even more
originally than nature within the standingserve?" As mentioned at the beginning

of the chapterthe human finds and relates itself to nature and the world in the
technical. However, herewith the modern technologies, naturdyuaman life were
objectified and turned into exploitable, consumable resources for energy for

everyday busines¥

In the meantime, the science that had come to the fore with curiosity and philosophy
in the Enlightenment Movement reached its highest lendlse industrial age, with

the capital which served as the driving force. Accelerated research and development
activities® in corporatesupported scientific laboratories and factories also

influenced technological developments and resulted in sciessed technologies.

48 David Harvey, The Condition of Postmodernity: An Enquiry into the Origins of Cultural Change
(Blackwell Publishers, 1992177,

49 Heidegger, Martin, and William LovitlThe Question Concerning Technology, and Other Essays

(New York: Harper & Row, 19773-35

lntheseyear§Reseec h and Devel opmento (R & D) symbolized
and economics. See: Danigll, fiThe Axial Age of Technology Tha Coming of Podndustrial

Society: A Venture in Social Forecastifiew York: Basic Books, 1999
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Such developments includedray, radio, gasolinpowered autos, airplanes,
polymers, and electronics in ti®th century, which were the forerunners of more
ambitious projects like the NASA space program, wireless network, and
computers?

214 Third Industrial Revolution | Automatic Production

Starting from the 1930s _when R. Banham ended the First Machine Agén Mar
Pawley continues to analyze the new condition of the relation between industry and
architecture. He discusses it under the "Second Machine Age." The same period was
also named the Atomic, Jet, and Space Age, started around the end of WWII in the
1940sand continued in parallel with the Cold War. Later, with the developing
industry, the Thirdindustrial Revolutionbegan around the 1970s, which is also
included in the period of Pawley's Second Machine Age. After that, the influence of
the invention of theomputer, the Digital Revolution, and the Information Age could

be traced through the later periods of the Second Machine Age.

Table2.4. Second Machine and Industrial Age in the Timeline of the Period

‘ 1900 | 1925 ‘ 1950 ‘ 1975 ‘ 2000 ‘ 2010

WWI | Influenza| WWII Cold War War on Terror

X | Oil Energy Crisis| X |Great Recession

Atomic Age Space Age

Jet Age

Third Industrial Revolution i >

Mass Production, Assembly LinElectricity Electronics, Computers, Automation, IT

Banhamés Second >

51 peterN. StearnsThelndustrial Revolutiorin World History,4th ed. (Westview P2013), 75.
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As for the Second Machine Age, R. Banham was the figgoitat out the transition

to the Second Machine Age around the 1930s. Banham distinguishes the period with
the developments in "domestic electronics and synthetic cherti$trige 1930s are

also crucial in terms of being the posar period. What makes thiperiod as
revolutionary as thdndustrial Revolutionand the First Machine Age is the
potentiality that occurred after the destruction of the First World War and subsequent
wiped out or weakened economic and political ideologies that dominated for many
years

Although the two world wars are periods of stagnation in many aspects, military
research has led to remarkable outcomes in the research and the development of
technology, especially communication tools. The need for military communication
equipment esulted in immediate action to improve the quality and quantity of
communication. Some of these innovations range from-tange cables, high
powered mobile radio sets, and sh@amge navigational systems to the most
complex ones: televisions, dgteocessing devices, and "electronic brain"
equipment (computeff Most importantly, after the World War I, the diffusion of
military technology (especially communication technology) had vast repercussions
on industry, economy, and society, thereby resultmg@ inew revolution in the
industry, which is regarded as the Thindlustrial RevolutionThe thirdindustrial
Revolutionthat continued with the 'Digital Revolution' and ‘information age' was
also related to the similar concepts in sociology and econosuick as post
industrial society, information society, knowledge economyindastrialization,

and network society.

In the postwar period, advancements in information and communication
technologies with the research and developments in microelectroidh@se in

the military field and science led to new conditions in many spheres, especially in

52 Reyner BanhaniTheory and Design in the First Machine Age, 2nd @®&w York, Washington:
Praeger Publishing, 1967), 10.

53 G. RaynorThompsonand George IBack, "Military Communicatiorl' Encyclopedia Britannica
https://www.briinnica.com/technology/militargommunicatiorAccessed 25 Apr. ZD.
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industry. With the spread of the computer; mechanical technology and
manufacturing, which is the foundation of industrial society, were displaced by the
"intellectual technology" (based on mathematics and linguistics), which uses
algorithms (decision rules), programming (software), models and simulations
thatalso provided the automation in productt8riThe conception of technology
which was woven with the embied elements of industry (machinery, steam
engines, textile machinery, steel, railroads) shifted from the factory floor,
disembodied and turned into a systematical organization of knowledge and thus
automation of production. The transition from machinegnafacturing to the new
status of the industry was characterized by the R. Kaplinsky ifelsisnology and
Development in the Thirehdustrial Revolutioras the movement from the period of
machinofacture to systemofactidreThis new mode of production @istinguished
from the rest by some kind of coordination or organizational system that gathers,
processes and transmits the information that flows over the factory floor and thus
mediates between the spheres of design and manufacture. D. Bell saw the new
communicative system as an infrastructure of the new society, and he wrote
The infrastructure of industrial society was transportétiports, railroads,
highways, trucks, airpodswhich made the exchange of goods and materials
possible. The infrastructuref postindustrial society is communication:
cable, broadband, digital TV, optical fiber networks, faxnal, ISDN

(integrated system digital networks, combining data, text, voice, sound, and
image through a single chann#).

Industrialsociety, based on "a labor theory of value,” enabled industry advancement
by seeking labesaving alternatives. Whereas posdustrial society and science
based technology are based on the "knowledge theory of value,” and in this new

economy, knowledge ithe primary source of its innovations and developnnts

DanielBellbiThe Axi al Age Bhe ComimgofRognbustgalySociety:mA Venture
in Social ForecastingNew York: Basic Books, 1999}5.

55 CharlesCooperand Raphael KaplinskyiTechnology and Development in the Thirtustrial
Revolution ®he European Journal of Development Researoh 1, no. 1, (1989):87.

56 Daniel Bell,in The Coming of Podhdustrial Society: A Venture in Social Forecast{hgw York:
Basic Books, 1999117.

57 1bid., 19.
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Therefore, as the knowledge became a valued capital, the economy shifted its focus
from the production of goods to provision of service and information-iRdsstrial

society then followed a press of dandustrialization as a result of globalization at

the end of the 20th century. Due to social and economic changes, it is the
phenomenon of reduction, -tecalization, or removal of industrial activities,
especially in developed countries. Whileetworkers of industrial society were
directed to new alternatives such as finance, information, and service sector,
manufacturing was moved to loweost sites or overseas where the labor force was

cheap

Table2.5. Technical Aspects of Industrial vs Pdstlustrial Age

Industrial Age PostIndustrial Age
Technical Element MachineTool Digital-Tool
Production Techniqu Mechanic Intellectual
Producer Type Mass Producer Lean Producer
Worker Class Manual Worker Service Worker
Production Location Factory Office
Common Resource Raw material Information
Economic System Industry Service
Technological
Transformation Sequential Constant

Pattern

Another rupture of the Thirthdustrial Revolutiorwas in the status of knowledge.

This condition of knowledge which is still transforming today, was investigated by

French philosopher and postmodern theorist-Feana n - oi s L3988 imar d ( 19
1979 as aew condition of the Second Machine Age. In the bddie Postmodern

Condition: A Report on Knowledgeyotard analyzed the process perceived in the
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postindustrial society and the status of knowledge that transformed with the advent

of the computer. Accding to his investigations, research and the transmission of

the information and thus the status of knowledge altered as a consequence of
6computerization6é as he called it. Knowledg
became scientific in the modermaedue to concerns about the legitimacy of

knowledge. However, in the pesitdustrial period, both the status of knowledge and

its legitimacy transformed and differentiated from scientific and narrative
knowledge. According to J. F. Lyotard, the sourcthisf change caused by the new
revolution is a fivariable in the status of
society, which emerged from developments in information technology and
computers, manifests itself as successive fragmentations, divisiorsymaplexities

in information and simultaneod®

2.1.5 Fourth Industrial Revolution | AutonomousProduction

The 21stcentury industry noticeably reveals itself as cypeysical and

autonomous systems fed by the widespread use of informatiorcanguter

technologies and their development and transformation with the contributions of

altered society. On the other hand, a new alteration from the Second Machine Age,

the age of O0domestic electronics and aut oma
can beobserved due to the consequences of recent transformations. The most evident

sign of this transformation is the shift from unmanned production conditions of stable

machines in factories to; firstly, the developed limb movement (through a robotic

arm and ég) with robotics; secondly, the etictory work capacity and isite

production; and thirdly, restablished integration of human to machine (H2M)

relationship

Like the previous industrial and machine ages, the perceived new machine age and

new Industral Revolutionhave impacted and transformed society and all other

8JearF r a n - oi sThelPgstntodem €gndition: A Report on Knowledd¥9.
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related systems throughout the beginning of the 21st century. As this thesis aims to
understand the condition of 24dc#ntury industry and architecture and their relation,

a deeper investigian of the perceived transformation of industry is covered broadly

in the third chapter and briefly in the fourth chapter

Table2.6. The Altered Condition of Po#hdustrial Age

PostIndustrial Age 21st Century
Technical Element Digital-Tool Robotic LimbTool
Production Techniqu Automatic Autonomic
Producer Type Lean Producer Custom Producer
Worker Class Service Worker Knowledge Worker
Production Location Office Off-Factory
Common Resource Information Big Data
Economic System Service Virtual
Technological
Transformation Constant Reticulated

Pattern

2.2  Tracing the Influence ofIndustrial Revolution upon Architecture

In the 1960s and 1970s, many architects who werensatisfied with

i ndustrial mass production said: O6Thi s
mind and body. But if you made this statement in 1970s, there was no
alternative to industrial mass production in economies of scale. If you wanted

to make soméing cheap, you had to use mass production. That was’1977.

59 Gramazio, Fabio, Matthias Kohler and Silke Langenberg. "MARIO CARPO IN CONVERSATION
WITH MATTHIAS KOHLER" in Fabricate 2014: Negotiating Design & Makinfl,ondon: UCL
Press, 2017 15.Retrieved from JSTOR
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Italian author and architect L. B. Alberti's separation of design and making in the
Italian Renaissance “aefined the architecture profession. Architects were not
"makers" anymore like they weia Middle Ages orii bmo fabeo® as Richard
Sennett also indicated in his bobke Craftsman Meanwhile, the division of
architectural practice as the architect, the thinker, and designer of the practice, and
the producer, who is only the maker of theigiespresented a similar process in the
Industrial Revolutiorwith the division of labor. The standardized mass production
and the assembly line brought by the mechanization of production also caused a
transformation in which the worker's performance wasofed rather than the
knowledge or the learning experience. Similarly, the architect's authority, once
changed in the Middle Ages, continues to decline with increasing engineering
complexity with industrialization and information complexity reaching éakpwith
computerization. Another discipline comes into prominence as one part of the
architecture, "craftsmanship,” which combines mind, body, material, and the
knowledge learned with experience while bringing forth a totality with meticulous
attention todetail. At this point, not only the craftsmanship's "making by hand"
aspect, the methodology in the production process, and the established dialog

between object and subject provide a comparable surface that concerns architecture

Since the onset of thendustrial Revolution with the continuous evolution of
machines, the language of architecture has transformed simultaneously. Beginning
from the machine _used as a tool_to the machine _used as a worker_, created diverse
consequences in the process of duaion. Mechanization entered into the
manufacturing world with adornment toward the clean, perfect, and beautiful end
product. In the 19th century, with the Second and Tiniddistrial Revolutionmass
production spread into the mechanized manufactsgstem, which popularized the

significance of the quantity of goods rather than its quality. In such an accelerated

50 Richard SennetiThe CraftsmarfNew Haven: YaleJniversity Press, 2008)
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mass production system, standardization becomes a social issue regarding lacking

quality, value, and meaning

The transformation continuedith the computerization and inclusion of CAD
software in the design process. Digitabl language caused a transition in the
expression of the object to a smooth and curvilinear surface. On the other hand, CAD
has made the architect's drafting and mod&ing process into a series of digital
techniques. Such reduction of traditional 'hand and mind' design activity to the 2D
digital image has impacted the architect's perception of space and scale and,

therefore, the architecture

The way to embody the CADBesign in harmony with the material has also been
enabled with CAM technologies. High technology fabrication techniques (CNC
Milling, Laser cuttingé) have affected
with the material. In recent years, robotic fahtion, which has been on the agenda,

is regarded as another industrial development that transforms architecture as a
second phase of CAM technology. Robotics, which is included in the research and
practices of architects, bridges the gap between desgymaking, increasing the
architect's authority over the architectural process for the first time since the Middle

Ages

2.2.1 First Machine Age and the Inclusion of Mechanic Machine

In the most general framework, thelustrial Revolutions the process of traition

in the late 1700s from hand production to machinery; to the production involving
iron and chemicals; to intensive use of steam and water power; to a new system that
both concerns manufacturing and architecture; to the mechanized factory systems.
Theintegration of machines into society has also led every industry to urge to adapt
technological development. In the following years, the development of steel and

concrete systems is followed in heavy industry

33
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In the machinery and iron industry, which wehe main assets of thedustrial
Revolution the building materials iron frame, wrought iron, and cast iron profoundly
influenced the engineering forms and architecture of the period. J. Wilkinson's
developments in working iron systems allowed the deaigd construction of the

first castiron bridge in the 1780% The use of iron as a construction material
continued in bridges, roads, and warehouse structures, both concerning disciplines
of engineering and architecture. In the early days of the indusansformations,

the form and language of the buildings remained faithful to the details, such as lion

figures, brick pavements, and gothic arches

Figure2.1. The Britannia Bridg&ntrance withLion Figures, 1846Retrieved from
https://upload.wikimedia.orgAccessed 9 Jan. 2D2

With the sudden emergence of the glass sheet in the 1850s, the "fully glazed

structure" was immediately used in architecfdr€his technique, which was first

used in botanical gardens, was later used as a covering system for wide openings in
train stations. For instance, in Turner and Joseph Locke's Lime Street Station, the
roof is covered as it is used in botanical gardensyheh the structure's closure and

its relationship with the ground are considered, the brick wall comes to the fore.

61 Kenneth FramptorilodernArchitecture:A Critical History, 3rdEd. (London: Thames & Hudson,
1992), 29.
521bid., 33.
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Regarding architectural language in a similar condition, K. Frampton writes the
following quote fromTr ai t ® d 'waitteo by an emgeean L.eReynaud,
regarding the 'representation’ issue that was recognized at that time

Art does not have the rapid progress and sudden developments of industry,
with the result that the majority of buildings today for the service of railroads
leavemore or less to be desired, be it in relation to form or arrangement.
Some stations appear to be appropriately arranged but having the character
of industrial or temporary construction rather than that of a building for
public useP®

g
B 7NN
(st

e
(]

Figure 2.2. The Crystal Palagd.ondon, United KingdomJoseph Paxtqril851.
Retrieved fromhttps://www.metalocus.esAccessed 9 Jan. 2022

Like train stations, exhibition structures became the buildings where engineers could
have experiments with glazed structures. The Crystal PalacejrbiB51 by the
garden designer Joseph Paxton, is an example of these engirtei@isigThe
structure of Crystal Palace was influenced by the technical, mechanical, and
structural details associated with its construction process. However, being
unprecedented scales brought unforeseen problems related to its ventilation. Later,
increasing competition from industry led to the proliferation of exhibition structures
where machines were exhibited. At some point, these structures where machines

were exhibited turned into structures that exhibit themselves like machines. That

3 1bid., 33-34.
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transformatioralso manifests itself in two French engineering in the 1880s: one is
"Galerie des Machine," designed and erected by architect Ferdinand Dutert and
engineer Victor Contamin; the second is the wrougirtt tower Eiffel tower by
engineer Gustave Eiffel

The main principle that gives form to machines is their functional efficiency.
Machines ranging from steam engines to airplanes and their components are joined
and assembled in accordance with technical and mechanical working principles. In
such a design procgsit is not possible to remove and discard any part or it is not
expected to be added a random component to the system without any functional
concern. The primary purpose of the machine design is to provide functionality.
Later, this functionality of thenachine creates a formal composition and language,

a particular harmony and rhythm over the mechanic machine. The machine's design
and production logic reveal themselves as the "machine aesthetics.” In architecture,
while it can be observed as the intewsifion of the effect of functionality in the
design process during modernism, it has also been observed as an architectural
language. That influence can be seen as a manifestation of architectural elements,
constructional structure, materials, infrastuat details, in short, its tectonics, as an

undisguised construction and as a brutal frankness of maférials

The transition from hand production, aka craft production, to machinery had a broad
repercussion that shook the production itself from its dation, language, process,
environment, and even meaning. Machine's role in making beautiful, perfect, and
clean eneproducts in such a short time that could not be done by hand took the craft
production to an arguable defeat. Craft's inevitable conditias caused not, of
course, by the fact of its outstanding quality or uniqueness but by the fact of-its one
of-akind end product. The components that craftsmen produced by hand caused
intricate complications to resolve, especially in crafted vehiclesaatithe, when

their maintenance, partial replacement, and repairment were taken into account. In

54 Reyner BanhaniTheory and Design in the First Machine Age, 2nd @®&w York, Washington:
Praeger Publishing, 1967)
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the bookThe Machine That Changed the WorddP. Womack, D. T. Jones, and D.
Roos put forward the condition of the automotive and motor industry and the
struggles that occurred from itgaft origins tomass productiorhile emphasizing

the problematic aspects of both of these production methods, they concluded the
study with an emphasis on "lean production,” which the industry shifted to in the

1950s and 60sgeviving the motor industt§?

Figure2.3. Craft Production,MassProductionComparison, Medievabettlements
Sorano, Tuscanygft), UrbanSettlementsf Modernism, The Pruittgoe Complex
(Right). Retrieved fromhttps://upload.wikimedia.orghttps://images.adsttc.com/

Accessed 9 Jan. 2022

As for the craft origins of the production, "The craft producer uses highly skilled
workers and simple but flexible tools to make exactly what the conswskefa’i

one at a time% Vernacular architecture with skilled builders that work with the
material available in certain regions could be an example of this system. Skilled
builders, who were not educated architects, were capable of what the consumer/client
asked for and taking imediate, local actions. However, like other artisanal products,
craft production was insufficient to meet the demand and economic condition of the
new world population that started to grow with thdustrial RevolutionFor that
reason, another producervaticed, which is "The magsoducers" that "uses

narrowly skilled professionals to design products made by unskilled workers tending

55 James P Womack et allhe Machine That Changed the WofiNew York: Macmillan Publishing
Company, 1990)
56 1bid., 12-13.
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expensive, singkpurpose machine$”Even though the magsoduction ended up

with a continuous, still moving assemblyedi that provided a final standardized
product, the positive aspect attributed to the production system was the
interchangeability of parts and the easy attachment of these parts. Nevertheless,
architecture is not a product that needs to be repaired, elishblesl, or interchanged.
Therefore, the favorable aspect did not apply to architecture. However,
standardization, as a negative aspect of the mass production, has become a principal

issue in architecture and architectural theory

Figure2.4. The Architectural Language of tk&@stMachine AgeBauhauduilding,
Dessau: thestudent AccommodationBlock, Dessau, Germanyyalter Gropius
1926.Retrieved fromhttps://archdaily.com/Accessed 9 Jan. 2022

Another development that fundamentally affected industrial society was reinforced
concrete, which began to be developed inten:
the 1870sand 1900s. The French builder, Hennebique, overcame the problems

regarding the reinforced concrete system and enabled the integration of
reinforcement, monolithic joints, and cement that is very close to what is used today.

After the trials started with ghmill and road structures, reinforced concrete became

the primary material for every building type in the early 28htury architecture.

571bid., 13.

38


https://archdaily.com/

The sophisticated wide spaces explicitly designed for reinfecoadrete
technology by French architects Anatole Baudot and Viollede-Duc between

1910 and 1914 were too vast for the technology of that early period. However, Max
Berg's iconic "Centennial Hall" represents an intricate dome design built with a series
of the reinforceeconcrete truss system. In the 081920s, the reinforced concrete
frame became a standard technique in architecture while enabling a massive building
blocks like architect Matte Trucco's "Fiat Factory" it gave the foundations of Le
Corbusier's "Maison Dofmo," which led to the emergenoé a modern language

in architecture. In the following decades, the reinforced concrete construction
technique in architecture has developed with engineering applications, especially on
bridges like wide parabolic or ribbed arches, and-8bwng techniges, and has
become the most economical construction techrfigjue.

As a result, the language of construction that emerged with all these technical
developments, the "materiality of the functional form of architecttiraid the
"honesty" ofexpression constituted the characteristics of modern architecture in this

period

2.2.2 Second MachineAge and the Inclusion of Computer Machine

Along with factory machinery and chemical production, which are the two main
elements of théndustrial Revolutionarchitecture and engineering have integrated
throughout the First Machine Age. The Second Machine Age, namely the age of
MachineDesign, wheth Reyner Banham called the age of "domestic machines and

synthetic chemistry’® was harshly introduced as "an age without ideology, and its

68 Kenneth Frampto, ModernArchitecture:A Critical History, 3rdEd. (London: Thames & Hudson,
1992).

69 Maria Voyatzaki,iComputing Architectural Materiality: The Hypétatural Aspirations of the
New P ar mternagomgl Journal of Architectural Computing no. 4 (December 2009): 555
64, https://doi.org/10.1260/1448/71.7.4.555.

0 Reyner BanhaniTheory and Design in thiéirst Machine Age, 2né&d. (New York, Washington:
Praeger Publishing, 1967), 10.
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books are not theoretical...they are more likely to be collections of images with a
bland, soothing text laid likevall-to-wall Berber carpet between thefhby his
student Martin Pawley in his bodieory and Design in The Second Machiftee

spread of media that was unprecedented in its time, such as photography, print media,
cinema, and television, enables peopleammunicate unilaterally. However, these
technocultural paradigms reveal their character with mass consumption of image
and material culture accordingly. In architecture, a similar condition emerged with
the architectural books and magazines. The pi®jgere treated as a "collection of
images" without any content of plan, principles, and applications by journalists and
advertisers, not architects. According to M. Pawley, architects had also educated
themselves to be visually oriented rather than thieatly oriented and let
architecture be "reduced to imagefy.Therefore, the willing abandonment of
ideology, reason, and logic created an architecture that appeared as a deposit of styles

for any architect to replicate

Figure2.5. TheArchitecturalLanguage of th&econd Machine Ageyl2 Building,
JapanKengo Kuma, 1991Retrieved fromhttps://www.wallpaper.com/Accessed
9 Jan. 2022

" Martin Pawley,Theory and Design in the Second Machine &yeford: Blackwell, 1990), 4.
21bid., 1-11.
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After World War Il, military developments advanced communication technologies

and enabled the invention of the computer. The computer machine, which also
characterizes the beginning of the information age, has an extraordinary impact on
architecture compared to previous maelsi that influenced the fabrication process.
Machinedesign, also known as computeded design (CAD), is the inclusion of

the computational machine in the design processes. With the influence of the French
aerospace industry, computational technologiesewnitially used in the design
process of motor <cars and ships before &

made its application for complexities in curvilinear construction

Figure2.6. The Influenceof the Digital Tools on Aesthetic SkinThe Museum of
Pop Culture Seattle, Frank Gehry, 200Retrieved fromhttps://en.wikipedia.org/
Accessed 9 Jan. 2022

Although the computeaided design (CAD) has begun to change its appearance, it
has not been reflected in the entire architectural object. Regarding the issue, Pawley
definesAmerican architectur@as "badge engineering” or "signatuaechitecture™

and compares the car without a badge to architecture without a facade/skin. Pawley
explains the division of the representative unity of architecture into structure and
appearance as follows, "The cruel truth is that, despite their appapefdipsuccess,

all postModern architectural achievements are isolated from the major technological
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developments’® In addition, Voyatzaki also points out that the "building elevation"”
has no longer been an "inseparable part of the whblghe reflecton of the
Industrial Revolutiorof the period is therefore reduced to the expressive body of
architecture that unfolds to the city and informs it. In addition to the form, on the
other hand, the separation of skin from the functional body of modernismaatha

the significance of material variation.

The architectural design, which has become an intricate process with the computer's
inclusion, has reached the point where the architect cannot manage it individually.
This complexity of buildings, together wwitinfrastructural details and growing
scales, led to the emergence of new disciplines such as "Project Management" and
services such as "Design Consultan@ylh parallel with the negativity of the
emergence of a new branch of labor on the constructiety ttee production of
architectural drawings comes to the fore with the potential to reduce these costs. This
potential was based on the assumption that the drawing process might be automated
in the future with CAD. Even though it has not happened yegrttiatect's role was

reduced and was divided into an organizational network.

Turkish architect and city planner Raxkit G°
financial and stock market performance in parallel with the developing digital

technologie in this period. According to his research, with the emergence of

globalization and neoapitalism, the relationship between production and capital

changed, and physical production lagged behind the financial sector and its
transactions. In the meantinteal estate had to acquire a liquid character and was

transformed into aoney capitaby the economic circle with "mortgage" and other

similar systems. The skilled designer/maker architect was also affected and

transformed by this cycle and had to tréw building as an investment project in

73 Martin Pawley,Theory and Design in the Second Machine &eord: Blackwell, 1990)1-11.

74 Maria Voyatzaki,fiComputing Architectural Materiality: The Hypétatural Aspirations of the
Ne w P ar mterhnagomgl Journal of Architectural Computing no. 4 (December 2009): 555
64, https://doi.org/10.1260/147® 71.7.4.555.

" 1bid., 5.
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order to respond to the demands of finance and capital. The architect, who is regarded
as skilled labor, now had to master project time and cost management, real estate

evaluation and economic value, project managenaad coordination issué%

For this reason, therecariousness of skilled laboccurred that affected the whole
system of organization, and indeed the skilled laborers as architects and urban
planners. In parallel with this condition, th€ontinuous Professional Formation"
phenomenon, which aims to equip professional groups with current technological
conditions and working organization, established another transformation. The
increasingly tricky training and working process of skilled tabas caused both
attrition and separation in the profession. In Turkey, these transformations in
architecture and urbanism emerged in the form of different fields such as expertise,
building inspection, occupational safety, and separate professional etsaarid
unions. As a result of all these alterations, the architectural profession has been under
the threat of marginalization and assurance, both from the perspective of finance and
professional division$’

In the end, the separation of the facade ha&f building, which has received a
communicative and expressive significance, from the entire architectural structure,
and divisions of professions into servigased definitions characterizes posidern

architecture influenced by the information techna@sgf the industry

2.2.3 Third Machine Age and the Inclusion of Robotic Machine

The architect's authority and the range of duties are not known for being quick to
alter. From the transformation of the architect's competence in the Middle Ages to
the role of @signer, as Vitruvius stated, architects had to have skills for every

construction process and, of course, had to have knowledge of every branch. After

thelndustrial Revolutionarchitects were fallen back on regarding the knowledge of

"Rakit G°kEsabHistriyel (Kesvtrainlhudve Memanlagékfrayénl ar e

" bid.
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construction and h building construction technology developed, with the first
experiments of the engineers of the period. In the meantime, the authority of the
builder has spread to many disciplines, such as electrical and civil engineering. It has
reached a point wherenabst a sole authority cannot be reached in the architectural
process. With the information revolution, the practice of architecture began to be
associated with the service sector, which has led to the proliferation of disciplines
such as project managemanmtd consultancy. Nowadays, as robotic machinery and
its limb (arm, leg) technology are involved in the process, the observed
transformation in the authority of the architect over the whole practice has become

visible with the ongoing experiments and pobge

Figure 2.7. Emerging Architectural Language as the Third Machine Agzla
House, Iltaly, Mario Cucinella Architects, 2021.Retrieved from
http://www.itsnicethat.com/Accessed 20 Jan 2022.

As computer machines transformed the architectural design process, the robotic
machine has affected its constructfmocess. It has turned into a new element that
indicates the inclusion of the builder under the authority of architecture. As-the in
situ robotic fabrication technique revealed, machines are freed from factory
boundaries. These machines were sometimesnkhto the size of domestic
electronics and used for hobby purposes by any individual, and sometimes-for one
hand construction of a design with immense dimensions. Today, complex and,

therefore, costly architectural constructions are in trend. Even theenuwhlthe
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responsible team member in the process of such design have increased incomparably

more than in previous periods

Figure 2.8. 3D Printed Concrete Book Cabin, Shanghai, China, Professor XU
Weiguo's Team, 2021. Entrance with a patterned surface and experiment with
exterior form (Left), top perspective with openings for light and entrance (Right).
Retrieved fromhttps://www.archdaily.com/Accessed 20 Jan 2022.

Therefore, the architect, who holds the authority of the whole process with robotic
fabricaion, enables a different alternative with the altered material science and
altered space of the present technology. Since this thesis aims to understand
transformations in architecture within the Fouriustrial Revolutionthe analysis

of the relationsip between architecture and the current industrial technology is

explained in further detail in the fourth chapter
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CHAPTER 3

TRANSFORMATIONS IN INDUSTRY

Since thelndustrial Revolution a series of developments occurred throughout
histoty, beginning with the steam engine that initiated mechanization and continuing
with computerization which influenced automatic manufacturing. It has been about
50 years since the invention of the computer, whose continuous influence has never
ceased. Progmmed machines took over jobs, causing technological unemployment.
Digitalization played a role in the shift in the business sector and triggered processes
of deindustrialization with the onset of the service sector. The industrial society,
which began wh the struggles of the working class, has already started to engage
with the new working conditions like a home office, virtual workplace, and flextime.
Meanwhile, the terms digital culture, the digital, and the virtual economy have been

used to describihe period since the 1990s

3.1 The Postindustrial Condition

The Firstindustrial Revolutionwhich was set by the railroads and the invention of
the steam engine, started mechanical production in 1760. Then, in the late 19th
century, the Seconbhdustrial Revolutionwhich led up to mass production, was
triggered by the inventions of electricepd assembly lines. Lastly, in the 1960s, the
Third Industrial Revolutionstarted with "the development of semiconductors,
mainframe computing (1960s), personal computing (1970s and 80s), and the internet
(1990s).7® followed by an automatic production twithe programmable and

systematical process.

8 Klaus Schwab,The Fourthindustrial Revolution(Geneva, Switzerland: World Economic Forum
2016, 11.
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Looking at the last 20 years, the debates about the current period, whether it is the
third industrial period or the fourth or fifth period, are continuing. While academics
and professionals still argue ovee tiopic and insist on the fourth one, the economist
and social theorist Jeremy Rifkin, in his bobke Third Industrial Revolution

claims that we are still in the third one even with emerging intdragtd mobile
devices and intelligent buildingé However, the ongoing technological
breakthroughs and developments, which are characteristic of the last 20 years, cause
an unprecedented situation that needs to be discussed and understood. Due to the
constant advancements, it is hard to define a generalitaefim such an ever
changing period. In the meantime, many thinkers are influenced to give definitions
to these transformations. Some of the defined alterations of new society vary from
Daniel Bell's "posindustrial society" definition to "informationosiety,” "post

modern society," "network society," "pestonomic society,” "postcarcity

society," "knowledge society," "personal service society," “pagitalist society,"

"the technetronic society," "horuentered society?? All these different cooepts
agree, at the very least, that a new revolution is taking place. In hiSThedkourth
Industrial Revolution K. Schwab emphasized the overlooked scope of the new

revolution

We have yet to grasp fully the speed and breadth of thisreeslution.
Consider the unlimited possibilities of having billions of people connected
by mobile devices, giving rise to unprecedented processing power, storage
capabilities and knowledge access. Or think about the staggering confluence
of emerging techrlogy breakthroughs, covering wigtanging fields such as
artificial intelligence (Al), robotics, the internet of things (IoT), autonomous
vehicles, 3D printing, nanotechnology, biotechnology, materials science,
energy storage and quantum computing, to naresv®!

7 JeremyRifkin, The Thirdindustrial RevolutionHow Lateral Power Is Transforming Energy, the
Economy, and the Worl@New York: Palgrave Macmillan, 2011

80 KrishanKumar,From PostIndustrial to PostModern Society New Theories of The Contemporary
World (Malden, MA: Blackwell, 2005).

81 Klaus Schwab,The Fourthindustrial Revolutio(Geneva, Switzerland: World Economic Forum
2016),7.
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The massproduction and automation process of the Zf@htury industry has
developed into a new systematic relation with grebrebking developments such

as the invention of the first microcomputer in 1971 and the establishment of the
Apple Canputer Company in 1976. For the 21st century, it is necessary to mention
an altered condition of the emerging technologies of robotics, autonomous
production systems, and cyberspace and cybernetics. Epochal developments include
the Internet of Things (loTi 2000, the cellular transport system in 2010, and
autonomous interaction and virtualization in 2020. Results of these developments
are used to derive design principles for new industrial conditions. M. Hermann, B.
Otto, T. Pentek'’s study on Industry gdthers six design principles: Interoperability,
Virtualization, Decentralization, Redime Capability, Service Orientation,
Modularity.2

1 Interoperability is the term that represents the condition of today's-over
connective digital environment that enhances the communication between
and within the variable type of businesses, (Health, IT...) communities, and
even politics. The principle can be exemplifiedhatwitter being a political
space or contagious tracking application that integrates with every
i ndividual 6s dat a.

1 On the other handvirtualization is the translation of every physical
information regarding to the condition of a business to a digi@lmhent, so
that the translated data can be used to analyze and demonstrate the operations,
reflections.

1 Decentralizations a primary principle that relies on multiple subcomponents
rather than a centralized computer. The aim of suchtagking in bewveen
components is to release one computer's automatic control and develop an

autonomous judgment process

82 Hermann, Mario, Thomas Pentek and Boris Otfesign Principles for Industrie 4.0 Scenarios,"
2016 49th Hawaii International Conference on System Sciddaas2016): 3928937.
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1 The possibility of an autonomous process is due toghletime capacityof
the contemporary digital environment. The accelerated development of
network speed, 10T, and cybghysical systems (CPS) enables a-teaé
information transfer between 'human to human,' 'human to machine," and last
but not least, 'machine to machine.’

1 Service orientatioris the serviceoriented attribute of today's cotidn that
allows smooth and accessible communication between service businesses
and customers

1 With themodularityof contemporary industry, a flexible adaptation is

possible in case of new transformations, demands, and necessities.

Due to the deeplynterconnected, multifaceted structure of new developments, the
emerging developments are evolving at ramified and diversified pace rather than a
linear one. The unprecedented structure of this new revolution also proves another
specific point that sets @part from the preonditions. However, it is also arguable
whether a new revolution occurred or not. An opposite sociological perspective
comes forward by claiming that the contemporary condition is just an accelerated
extension of industrial society. Whis debate is actually due to the technological
determinist approach of social theorists. Moreover, theafled change and

alteration are already in the essence of industrial society.

Despite opposite opinions, it is hard to deny recent technologpealition that is
developing at a pace that society is not accustomed to, thelayelted organization

and functioning caused by these chain reactions, and lastly, thelinkdtd
condition that ultimately spread throughout the world. New principlaadafstry

not only alter the economic condition of humankind but also cultural, political, and
indeed social. Integration of every individual through the current digital
environments inevitably leads to more comprehensive influences that can expand the

job definitions to globalized competition

The reticulated and multinked condition of the age is the principal transformation
in any industry from technology to digital technology. This provides the initial
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principle of period: being smart. For the last exades, industries having a digital
transformation rather than a physical, relying on software rather than hardware. The
advantages of readily available constant information, today's coordinated actions,
and collaborative decisions seem to be a {&@eng demandable option. Thus,
although objects and end products are physical, the main goal of any industry has
been to develop and digitally integrate the production process rather than the product

itself.

One of the other principles of the period is thecehtralized decision,” which is the
characteristic of CPSs to make a decision to perform their task autonomously. These
new developments enabled a network of communication between huadine,
machinemachine, and machiresource that caused "a paradigshift from
centrally controlled to decentralized production procesSels.is the period of a
nortliving intelligence that knows its current status and goals through its production

history, which can also transfer and direct the next phase of praaluctio

In the end, with the popularization of the usage of cyber (web, social network, data,
apps)i physical (robotics, computer, mobile, tv) systems, and IoT; the accelerated
alteration become more complicated with the participatory, interactive, collateorati

mode of production which progress over a domain with multiple and variable inputs.
The production period with one hand and one book are long gone now and
transforming into more complex systems of organizations with vast data of impacts

of such variablenputs.

3.2  Globalization and Virtual Economy

The cultural and social progress developed due to industrialization can be expressed
in a series of fundamental ages and economic systemg@rdimustrial agewas

an economy dominated by manual labor, livestand agriculture. While it was an

83 Mario Hermann,ThomasPentek andBoris Otto. "Design Principles for Industrie 4.0 Scenarios,"
2016 49th Hawaii International Conference on System Sciddaa2016): 39283937.
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economy driven by factories producing goods foritigistrial agejt was based on
service and knowledge labor through computer and media tools fqoshe
industrial ageor the information age. Looking at the curreetvelopments, a new
paradigm is mentioned caused by a ksgleed network, virtual sector
advancements, graphics technologies, and substantial data storage. In this regard, a
shift is argued from the information age and its economy based on theory, analysis
and rational thinking to a new economy based on creativity, imagination, and user
generated content (UGC) and therefore to a new epoch, "the imaginatioff age."
However, just as the efficiency of the industrial economy has not decreased with the
informaion age, the service sector has not lost its effectiveness in this neiv era

imagination

The principal component of the current economic condition, the service sector, was
in a secondary or tertiary position in pnelustrial society withdomestic services

and in industrial society with transportation and financial services. The altered
condition in terms of the economy emerged with the shift from theseimnty
positions to the human service that includes health, education, sociaksand
professional services mentioned under mass media, public health, consulting, and
real estate. This transformation is interpreted as the alteration of society from an
industrial society to a postdustrial society, from the manufacturing of gotalthe
provision of service®® As a matter of fact, when we take a look at the economies
of developed countries, even though there is a crisis in traditional industries like
automobile, textile, construction; new industries like computers, electronics,
biotechnology, VR, robotics that is based on information/knowledge are improving
sharply. Furthermore, many traditional industries, including construction, were also

impacted by the COVIEL9 pandemic, which resulted in an urge to engage their

84 Charlie MageefiThe Age of Imagination Coming Soon to a Civilization Near YoBecond
International Symposium: National Security & National Competitivenéss, 1, (1993): 9598.
Retrieved from Web Archivénttps://web.archive.org/

85 Daniel Bell, The Coming of Podndustrial Society: A Venture in Socigbrecasting(New York:
Basic Books, 1999).
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operational cgle with the digital systems. As the direction of the new regular shifts
to digital, many industries are trying to integrate into this change, despite the
disruptions such as loss of momentum and recession. However, according to Toffler,
this transformatio process, which looks like a recession, is, on the contrary, a
restructuring of the techmeconomic basis. In other words, it is the process of
constructing a new "third wave" economy based on different principles from the old

"second wave" industrial eaomy.#®

In the meantime, another actor in this process that deals with the concepts post
industrial economy, the information age, the Digital Revolution, and more is
globalization. Globalization, with its most general definition, is the new cultural,
socid and geopolitical condition that emerged with the end of the Cold War in the
late 19808’ Historically, globalization made its presence and acceleration with the
transportation and communication developments and international trade in the 18th
century. Fbwever, it can be said that it has reached its current meaning in the last 50
years with the global interaction of societies, ideas, cultures, values, and more.
Today, the movement of information with the emergence of the internet, and the
movement of pedp with the advancement of transportation technology, has
accelerated globalization of any culture (popular culture, westernization), economy
(digital economy, cryptocurrency), politics (global democracy) and even global

health (COVID19 pandemic) in theasne manner.

Globalization is one pillar of economic growth today, and before, ‘consumerism' was
another pillar. It operates on the idea that one's happiness araewmglldepend on
consuming material goods and services. As Koch points out
What constitute consumer society, or a society of consumption, is social
structure and social relations, and image at least superficially defined by

consumption, both as activity (consuming) and as social signs (what is
consumed). Compared to previous industrial sasetthe formation of

86 Krishan KumarFrom PostIndustrial to PostModern Society New Theories of The Contemporary
World (Malden, MA: Blackwell, 2005).

87 Murray FraserfiA Global History of Architecture for an Age Gflobalisationfi ABE Journal(Jul.
2019):14-15. Doi: https://doi.org/10.4000/abe.57(Retrieved from OpenEdition Journals.
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identities, social structures and status moved from what we produce to what
we consumg®

Such society is identified with the places they live, clothes they wear, brands they
use, and their symbolic value altered the aspect of liwiagitably with it. In that
sense, the transformation of the environment began with the consumption spaces like

malls, shopping centers, streets, and squares.

The altered condition can also be followed by the current economic condition
ramified with anew rupture, the COVIEL9 pandemic. Interestingly, the new
condition that emerged with this new change can also be interpreted as a reminder
of the old industrial system. While the service sector, which is the pillar of the post
industrial economy, somehomaintains its momentum through digital platforms
and online systems, there has been a significant crisis in manufacturing, consumer
goods, and materials (global chip shortage, medical supplies). Electronic consumer
goods such as automobiles and graphecdsare affected by the crisis, mainly due

to the shortage of semiconductor circuit systems, which has caused complications in
the current consumption pattern. Due to the COYfDpandemic, the economy's
current condition still struggles with these shartin crises (slow shipment, global

shortageé) in manufacturing.

Another economic complication of the contemporary altered condition is the effect
of social media. With the online shopping strategies of Instagram, Facebook, and
YouTube and the increasingnéncial information exchange through Reddit and
Twitter caused another transformation that should be mentioned. Massive
transformations like online shopping and its virtual organization have affected the
consumer's everyday life. In the meantime, intememes as a part of the internet
culture spread through whole social media with a remote part to play in the economy.
The influencing role of these internet memes promoted the idea of 'stock memes'

88 Ksenia Katarzyn®iatkowskafiEconomyandArchitecture. The Role of Architecture in Process of
Building the Economic Potential of Spagé&lumanites and Social Sciences Revjaol. 1, No. 2,
(2012): 549555.
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used to manipulate stocks' popularity and impress tragstiors who are still young

and inexperienced. These are highly speculative as they create a slippery slope for
investors who will probably experience heavy losses or big gains. Currently, a virtual
economy that is hyped with cryptocurrency, NFTs, and weeta has also
influenced the proliferation of similar environments. For instance, Dogecoin was
created as a crypto payment system as a ‘joke' by software engineers Billy Marcus
and Jackson Palmer out of these platforms. It is also considered the fingt ‘coen

that became a legitimate investment option. More importantly, even as a 'meme' and
'joke," Dogecoin went from the bottom option to one of the top cryptocurrencies with

interferences of critical personalities like Elon Musk

3.3  New Information Society

The norms and habitual structure of the society arshaped with each new
transformation and new advancements that have broad reflections over production
systems. The mode of society affected by each of these alterations was defined
repeatedly by socigheorists. The agricultural revolution that the hunter society went
through, followed by théndustrial Revolutiorand the information revolution, is
summarized as the stages that the mode of society went through until it became the
information society. e transition to the information society is accepted as a result
of the Third Industrial Revolution which encompasses the emergence of the
computer and the internet. Today, as a consequence of the Hodustrial
Revolution which is claimed to be happ@g with continuous developments such

as CPS, Al, loT, and Blockchain, a new society model is mentioned under the term
Super Smart Society. While the term "Industry 4.0" is emerged from Germany,
"Society 5.0" draws attention as a term originated in Jap2015, introduced by
Japanese Prime Minister Shinzo Abe. The striking philosophy of this new society,
"which has development goals such ateaning systems, smart cities, and

innovative ecosystem, aims to overcome social problems and improve people's
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quality of life by integrating the digital environment and the physical environfifent"

is the focus on humarentered understanding.

However, even in the timeline from the information society to the new information
society, new ruptures, nelaranches, and as a result, new layers of society have
emerged. While the society is going through the minor transformations from "lean
backward" (Television) to "lean forward" (Computer) and to "lean backward" again
(Tablet, Smart Phone) according to gghnological mediums, it has also become

the focus of discussions on the agenda through concepts such as network society,

postwork society, mass societ{

In the transformed condition of the industry, the class structure of the society is
ruptured simildy. In the new society, the workplace where the employee works
(home office, work from home) and the work type itself has changed. Drucker
defines the 'new class,' He also claims that they will gain a privileged position in the
new age where knowledge tise real power, as the "knowledge class/knowledge
worker," as also A. Touraine puts forward. It should be remembered that while the
definition of factory worker could not be made before the industry, it was not
possible to define a 'knowledge worker' beftire information revolution. Therefore,

it is stated that this new class is replacing the-bhlkar worker (factory worker) of

the industrial society and the whitellar worker (office worker) of the post

industrial society.

Moreover, the acceleratatigitization of the industry and its rapid integration with
the media and the new working class that functions as information/data reduces

society itself to an information/data source, a kind of new raw matéiialthis

®NisaAk én ftk aalemi k Yayénlar | kKkéjénda Topludn 5.0 Kavran
At at ¢r k iniversitesi Kk t,iVela 85 No.v2e(20K)d &77-593 Bi | i ml er D
https:/Hoi.org/10.16951/atauniiibd.79275Retrieved from DergiPark.

9 Sylvia ChanOlmstedet al.,fiTowards a Video Consumer Leaning Spectrum: A Meel@entric

Ap pr o aordi® Journal of Media Managemenwol. 1, no. 2, (June 202 12985
doi:10.5278/njmm.2590445.4600.

%1 peter Drucker,iTh e Age of So c iThdAtlahtic MonthlyMolr 2ia Noi 5o Mow.

1994): 5380.
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regard, Heideggerstandingreseve should be revisited. Monitoring and keeping
the personal information and experiences (likes, preferences, purchases, click
information, locations, etc.) disclosed by the social media user as a raw material
resource and presenting and selling it todlggtal industry is a typical example of
human as a standirrgserve. Today's equivalent of the already existing trio of 'labor,
commodity and profit' can be translated as ‘humanity, data, and profit." Zuboff
discusses this condition of monitoring undex term "Surveillance Capitalism" and
summarizes the new relation between data and society as follows

the new data assets were produced through surveillance, they constitute a

new asset class that | calll Asw@ervei
seen, attract significant capital and investment that | suggest we call

.
C

Asurveillance capital .o The decl ar at

disembedded and extractive variant of information capitalism that can | label
isurveill atdce capitalism.

3.4 Robotics and AutonomousProduction

The "complexity and the division of knowledge" that initiated with the advancements
in communication technology in the pastlustrial period can now be-neterpreted
through the area of robotics. The already divided dis@pl have become
specialized in their fields and have started to collaborate and integrate to develop
complex systematic technologies like robotics and space technology. The
intertwining relationship of computer science and mechatronics with other
specialzed fields like genetics, biengineering, software engineering, and
disciplines like architecture, art, and other dedigsed fields has blurred the
boundaries betweadttgital, physical andliving that enabled the development of

robotics®®

92 Shoshan&uboff, "Surveillance Capitalism and the Challenge of Collective Actitiew Labor
Forum,Vol. 28,No. 1 (Jan. 2019): 1@9. doi:10.1177/1095796018819461.

9 David A. Mindell,Our Robots, Ourselves: Robotics and the Myths of Autorilew York:
Viking, 2015).
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Thefield of robotics has been developing and growing more and more these last 20
years, where industrial robots are included in domestic life and daily life compared
to the late 20th century when industrial robots were widely used in the mass and
automatic poduction of both industrial and consumer goods. As in the Second
Machine Age, where domestic electrical machines are included in daily life, it is
observed that in the new machine age, domestic production machines and
autonomous robots are included in gdife with broad social and environmental
impacts. The new domestic production machines include various products that vary

from production technique to material type

Figure 3.1. Robotic Assembly ofAutonobile in TeslaFactory. Retrieved from
https://www.theguardian.comAccessed 9 Jan 2022.

Although robots predate thechnology of the 21st century, it stands out as a product
that has become more practical and widespread with today's programming language
and Al technologies. Since the development of this field is due to the joint
contributions of multiple disciplinesisi usage area is also extensive. Robots are
mechanical systems that implement human actions and tasks that are difficult,
impossible, or time&onsuming to perform. Compared to a human workforce, robots
can work quickly for hours without being affected mgtaent conditions. They can
perform many dangerous tasks, from insecure construction jobs to impossible
exploration journeys. An industrial robot, for instance, has been able to integrate
itself into the existing production cycle of the automotive seétsrfor the other
areas, fully autonomous robots in surgery, space exploration, and construction have

recently begun to be implemented and developed
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Figure 3.2. 3D Printed Ocular ProstheticSAD and CAM Process(left), Printed
Prosthetic Application in London, UK, 2021 (Right). Retrieved from
https://3dprint.com/ttps://assets.newatlas.cotcessed 19 Jan. 2022

3D Printers, which stand out with their accessibility, have been used for the
production of prototypes for a long time, and for this reason, it has also been called
rapid prototyping. This type ofnsall-scale machine, due to its capacity to be
included in every practice with its wide range of materials, continued to develop in
various industries, from food to the medical industry. The general principles consist
of a 3D digital model created eitherttviCAD or 3D scanner and a file that includes
the sliced layers in-gode for 3D printing. Since the whole process takes place
through different interfaces and software, it is possible to produce a physical model
of any product by a mere producer with mafar knowledge. The scale of the
intended physical model can limit the 3D printing technique. Since the current
working area and volume of the 3D printer cannot be exceeded, the designs-of large
scale products are printed in parts and assembled acdgrdngthey cannot be
produced as a whole. Today, the application of 3D printing that affects society the
most is its use in the medical industry, prostheses, organ and tissue transplants. Other
than its sectoral usage as an industrial tool, 3D printirgb®gome a customer

product that is used by many people for hobby purposes.

Another central stimulus, which influenced the 2destitury social structure and
functioning, therefore its industry and production technology, is rapidly rising
interconnectivity and advanced organizational systems. With the increasing

connectivity, the 2000s distinguished itself from the others as a period in which the
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digital age became widespread, communication was ubiquitous, and society's
relationship with technology becamedmary. These mukliayered communication
networks also contain a layer covering all new technology products. New
developments such as CPS, loT, lloT, cloud storage, and cognitive and artificial
intelligence are included in this interconnection systerwéen H2M, M2M, and

M2H. Autonomous, unmanned, and eVights-off factoryprocesses, which are the
new industrial production targets of developed industrial countries, are pursued by
utilizing advanced production machines that use these systems and thereby

exchanging information, reports, and feedback.

Consequently, the industry shifts to a new advantageous production cycle with the
inclusion of advanced network technologies and robotics. The primary advantage of
the new production technique is the rentmgtrol and monitoring of the production
facility via mobile devices. Since the system shares information to the concerned
executives through these networks, {tgake action and setting management can be
done to avoid unnecessary production, material,esn@agy waste and lower costs.

In the meantime, cloud servers and data collection within the system come to the
fore as a repository where presets, customer settings, and sentiments are stored, as
well as the data of previous experiments and experienabstie process. In
addition, the whole operation with production line status can be tracked by other
partners and customers, which enhances the transparency from beginning to end. In
summary, machine intelligence, advanced wirefestsvork, and robotics &dnce

the existing condition of the industry to a mtna@nsparentpredictable adaptable
anddata-drivensystenr?

As a result of the fourth chapter, the industry's digital and physical tool developments
in the last 20 yearBave had a multidimensional impact on society, economy, and
culture. These developments, which are claimed to be the extension of

computerization and the information age, have also been claimed to herald a new age

9 David A. Mindell,Our Robots, Ourselves: Robotics and the Myths of Autoridlew York:
Viking, 2015).
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of imagination. From a computerization geective, software and computers appear

to advance automation, enabling simultaneous intervention in the production
process. With digitization, the transfer of physical data to digital media resulted in
transformations of existing codes of objects (i.aysical book to ook, turning

page to scrolling down). With the addition of the everyday and extensive use of the
Internet to the personal computer and digital environment, concepts such as
communication, globality, and production have gained new mesrkivgry process

and system has a virtual counterpart, and the shift from physical to digital has
accelerated as well. In the whole progréiss,userplayed a role in triggering all
developments at the center. Various upgrades (in mobile devices toteskices)

were made by advancing according to the user type, purpose, and even the place of
use. With the development of robotics and the spread of domestic robotics in the last
20 years, the user has become both a consumer and a producespétghntenet

and cyber communication have made new virtual environments and organizational

forms possible, affecting every aspect of life from production to lilseiggs
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CHAPTER 4

TRANSFORMATIONS IN ARCHITECTURE

The impacts of the stitvolving postindustrial conditions of the Fourtndustrial
Revolutionon society, economics, and production systems were portrayed in the
previous chaptefransformations in Industryin that respecilransformations in
Architedure will be descriptive of the outputs in architectural language and visual
expression, spatial conception and perception, construction techniques, and materials
influenced by the impacts of technological developments and the Hadtstrial
Revolution First and foremost, computer, computation, and digital tools were used
in architectural practice before the ongoing Fourth Revolution. The digital
transformation took place in architecture in the 1990s, ahead of many industries, as
it harbors the potentidor variability, complexity, and differentiation rather than
standardized identical copies of products offered by previtngustrial
Revolutiors®® In this sense, digital technologies in some way have resembled the
previous mode of industrial productiby increasing productivity/"efficiency" with

an aim to "automate design and drafting activities" and, on the other hand enabling
a "novel generative approaches that regard computation as an aid to the design

process and to explore design ideXs."

Digital tools and software have led architectural practice to the experimentation and
exploration of "norEuclidean geometric space, kinetic and dynamical systems, and
genetic algorithms," and possible spatial variations and formatiofise early
representatie of digital turn, the Barcelona Olympic Fish, was designed by Gehry's

9 Mario Carpo,The Second Digital Turn: Design Beyond Intelligengambridge, MA: The MIT
Press, 2017), 3.

% Kpek G ¢ r di@réativeD Design, Exploration by Parametric Generative Systems in
Ar c hi t BIETUJQUBNAL of thEACULTY of ARCHITECTURED, no. 1 (June 1, 2012): 207.

97 Branko KolarevicArchitecture in the Digital Age, Design and ManufacturfNgw York, London:
Spon Press, Taylor & Francis, 2003), 2.
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office in 1992 by utilizing the Dassault's CATIA software. The inclusion of digital
continued with many similar approaches, including Bilboa Guggenheim Museum
(19931997), Disney ConcerHall (19922003), and Bard College Auditorium
(2000:2003), which reflected the complexity of variably formed surfaces and curves.
In the meantime, new visual software and tools like Alias/Wavefront (Maya) and
NURBS (Non-Uniform Rational BSplines) modeles that can create parametric
curves and surfaces, came into the architectural praéfidteese modelling software
based on NURBS also led emergence of the "folding" style that was inspired by the
“rhizome, multiplicities, assemblage, smooth spackne of flight,
deterritorialization, becoming intense, and abstract machine" notions from the
Deleuze and Guattaris Thousand Plateal8 The creative potential dbld have
influenced several architects in the industry of the time, including Zaha Hadid
Architects, as the architecture moved from deconstructivism's "logic of conflict and
contradiction” to a "more fluid logic of connectivit}®® MAXXI (1998-2010),
Haydar Aliyev Center (2062013), Dongdaemun Design Plaza (2@04.1) by

ZHA became the predents of such smooth, curvilinear, "topological" and "rubber

sheet" expressions in architecture of the early decade of digitfl'age

The design process and logic that passes through specific algorithmic principles,
parameters, or notations that manifesé-form geometry with mathematical splines

and NURBS is called parametric dest§At°® On the other hand, just as folding was
accepted as a style by Schumacher, the parametric design was also accepted as an

architectural style by several architects and theorists with variable movements such

98 patrik SchumacheBIGITAL-The 6éDi gi t al & Designldmden2019 ect ure and
Published in: AA Files No.76, Architectural Associati@n,

9 1bid.

100 Branko Kolarevic,Architecture in the Digital Age, Design and Manufacturifew York,
London: Spon Press, Taylor & Francis, 2003), 3.

101 1bid., 21.

2 Kpek G ¢ r dSierdativeDDenign, Exploration by Parametric Generative Systems in
Ar c hi t BIETU dQUBNAG of the FACULTY of ARCHITECTURE no. 1 (June 1, 201207

224,

103 Mario Carpo,The Second Digital Turn: Design Beyond Intelliger(@ambridge, MA: The MIT
Press, 20175/4.
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as parametricism and blobism. Carpo defines theemewt asthe style of the blob,

also known as the style of the spline or digital streamlifiidgmonstrating smooth,
curving lines and surfaces due to its relation withl¢ulus, the mathematics of
continuity:'1% Today, parametric design in architectuteeory is discussed both as

a "spline dominant” variation in architectural design and as a new generative design

methodology, new logic to the way of making.

In recent years, architectural practices have demonstrated new architecture and
digital integraion potentials that signal a second digital turn. While these new
aspects emerged with the use of new technologies of the Fndtistrial
Revolution they paved the way for a new transformation in architecture ranging
from the intelligence behind the lgmmage of design to isitu realtime fabrication

techniques

4.1  NewPossibilitiesof Architectur al Language

Today, architectural theory and practice are moving from adapting to advanced
computational technologies, artificial intelligence, robotics, amlogy/genetic
technologies, to revealing their potential. New methodologies, algorithms, and big
data stimulate design language and its grammar from its familiar condition. At the
same time, the information age reveals a reverse return to the pasy ledivinig,
changing, combining, and-resenting the accumulated media data

41.1 PostDigital: The Language of New Digital

Rather than thpostdigitalmovement that focuses on being human/humanist in the

digitalized society, this thesis uses thefinition ofpostdigital as "the period

104 Mario Carpo,The Second Digital Turn: Design Beyond Intelliger(@ambridge, MA: The MIT
Press, 2017%
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following the rise of the digitdl'° which refers to the beginning of a new turn that
differs from the digital age that represents the comprehensive integration of
architectural design and construction. The tuapresents a transition from
"discovering the new ways to create, invent and work together" to "applying those
lessons" to the work, profession, and real wditdRecently, architects and
researchers have attempted to explain the mutual observations sfartretion in

digital architecture and urban studies and practices by deriving new approaches and
understandings. These studies on the language and the visual expression of
architecture generally meet a common point. That is, there is a change taking place
in the way of digital usage from a desibased integration to more holistic control

that narrows the gap between btithory/practiceanddesign/makingWithin these
scopes, new paradigms that have reflections on the language of architecture are
explaina in this section through three concepts that stand out and differ from each

other with subtle distinctions:

1 digital materiality thatmergeghe immateriality of digital and materiality of
architecture;

1 digital craftsmanshighatnarrows thegap between design and construction
and

9 digital morphogenesishat provides new organizational, spatial potentials

systems derived from the living organisms

Firstly, within the context of the digitalization of architecture, the material state of
archtectural space and the bodily and tactile perception of space has been the center
of many discussions. Today, the dimension of this debate has changed with the
emergence afiew materialityin architecture and fabrication, contrary to the

envisioned immatgality .

105 fiDefinition of postd i g i Qxfart Wniversity Pressyww.lexico.com/en/definition/podigital
Accessed 5 Apr. 2022
106 Chris AndersoniMakers: The Newndustrial Revolutior(New York: Crown Business, 2014), 17.
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Before the case of the dichotomy between material and immaterial that is constituted
in the language of architecture, the condition of the material in architecture comes to
the fore. In recent decades, the development of material scientetiashe design
industry the focus of radical experiments. P_Wall by Andrew Kudless, as an
instance, utilizes the new material knowledge. The traditional wall, which is
"smooth, firm, regular and by convention, neutral," becomes a representation of
imperfect human skin with "bulges and crevices; love handles and cleavage, folds,
pockmarks, and crease€”While exploring the potential of cast plaster, Kudless
tries to achieve a dynamic visual expression with a static. form
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Figure 4.1. New Possibilities of Digital. Banvard Gallery, Knowlton School of
Architecture, Ohio State University, Columbus, Ohio, P_Wall, Andrew
Kudless/Matsys, 2006. Retrieved frdrtps://www.matsys.desigmiccessed 2 Jan.
2022.

On the other hand, Fabio Gramazio and Matthias Kohler emphasize another
alteration in the digital design language that emerged with the attention
to materiality, which is called digitainateriality or new materiality. In this case, the
interaction of two opposing domains, material and digital, executed with new digital
fabrication processes, enables the material to be "enriched by information” and the

material to become "informed®® The new materiality generated through the union

07/P_Wall (2009y Mat sy s, 0 Matpssiwwsv,matey€design/p waD0Q
108 Fabio Gramazio and Matthias Kohld®igital Materiality in Architecture (Baden, Switzerland:
Lars M¢ller )Publishers, 2008
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of fabricationandprogrammingpresents a manner beyond mere replications, but a
diversity through scales, materials, structures, and components beyond the

traditional spatial norms

In addition, the shift of d@gn and fabrication from its traditional relationship to the
interactive process between material, data/information, programming, and
fabrication let architects control the process from beginning to end. This
transformation, which affects the nature ofhatecture, significantly changes the
language of design and, indeed, the role of the architect, who can now be involved
in the design and building process through the programming tool. "The course of the

design and materialization process" has becomatanate process that "takes on

its character little by little" by the central role of the architétt.

Deplazes Architekten, 1@mazio & Kohler, 2006. Retrieved from
https://www.archdaily.com/Accessed 9 Jan. 2022.

Wi nery i Switzélartl,spartially designed and fabricated by Gramazio &
Kohler, represents the potential of robotic production and being the intermediary
between material and digital. Inspired by the basket and grapes combinations,

adigital patternis developed fothe facade. Programmed parameters for the whole

109 Fabio Gramazio and Matthias Kohl@igital Materiality in Architecture (Baden, Switzerland:
Lars M¢ller Pldblishers, 2008)
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building are created according to this "digital image d&faTherefore, the digital
materiality does not revolve around the material itself but also encompasses the
digital sense of the process tlatludes the dynamics of thmaterial As in the

case of Winery in Flasch, the nstandard design process constituted through the
new language with the combination of material (brick) and the immaterial (digital

image)

Another paradigm in the digitabe that is reflected in the architectural language is
digital craftsmanship. Before the mechanization of production, craftsmanship was
not a separate concept from other production systems. With the guidance of Glenn
Adamson's book, Thievention of Craft Aukje Schukken summarized the case of
craft in today's context by pointing out that "Craft" has been viewed as "a rejection

of modern technology or a rigid use of traditional production processes" or "arts and
crafts' kind: homemade DIY greeting cardspdlowcases.” The meaning we have
understood today "was not around until the invention of machine production at the
dawn of the Modern Erd! Due to the accelerated production of machines,
incorporating the craft into this field of making has been seeanasutdated,
traditionalist, kitsch practice for over a century. In order to rectify such an
understanding, Richard Sennett states that "Craftsmanship may suggest a way of life
that waned with the advent of the industrial societyput this is misleading.
Craftsmanship is named an enduring, basic human impulse, the desire to do a job

well for its own saket?

Richard Sennet, Professor of Sociology at the London School of Economics,
extensively analyzed the concepts of craft, craftsman, and craftsmanshigp in
book The Craftsmandescribing the ateliers and workshops of the Middle Ages as a

system with their own rituals and authority. Ateliers came forward as a "productive

110 iGr amazi o Kohl er Research, o gramazi ok
https://gramaziokohler.arch.ethz.ch/web/e/projekte/371.html

111 Aukje SchukkenfiCraft & Architecture: The Redefinitiomnd Relevance of Craft in Contemporary

Productiond (Master's ThesjDelft University of TechnologyQct 2016, 23.

12 RichardSennett,The CraftsmarfNew Haven: Yale University Press, 2008.
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space" where thenaster who was the authority in the process apgrenticeor
journeyman confronted and solved the issues face to face and irtimest®®
Throughout the narrative of predustrial production, Sennet revealed dluédonomy
andoriginality of the craft and theollaborative hierarchicalstructure of tle atelier,

and thus described craftsmanship as a way of making. As a result, Sennet provided
a broad understanding of the nature of production in the Middle Ages until its defeat

to the way of machine manufacturing

I n Al bertidés thdenyvical boopdiofj tbethech

with Al bertidos separation in principle b
modern definition of the architect as an author, in the humanistic sense of the
term114

Figure4.3. 3D Printed Chair, Gilles Retsin, Manuel Jimenez Garcia, Bartlett UCL,
2015. Retrieved frorhttp://fourthdoor.co.uk/Accessed 6 Jan. 2022.

In addition, the division of craftsmanshipto the design and making in the Late
Renaissance, and thus a clear hierarchical distinction between architect and builder,
gained importance at this point. Architectural historian and critic Mario Carpo has
pointed to Leon Battista Alberti, describingetheparation of design and construction

as inventing the modern architect as "a thinker and a makleawfngs rather than

1131bid, 54.
14 Mario Carpo,The Alphabet and th&lgorithm(Cambridge, Massachusetts; London, England: The
MIT Press, 2011), x preface.
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"a maker obuildings' like a craftsmart!® With this distinction, architectural design
has turned into an intellectual act perfangi“notational art" by separating the

profession form the manual work of productidh

In the last decades, the architectutasignin which geometrical and constructional
limits were eliminated with the inclusion of digital in architectysedctice in the

1990s has narrowed the gap witlakingas a result of the "technical continuity"
achieved between compuiaided design (CAD) and computaided manufacturing
(CAM).2" In this period, which is considered as the rebirth of the idea of
craftananship and the potential to return to the workshop and atelier logic, the new
digital production process narrows the gap between designing and making, offering
a participatory, interactive and collaborative environment. Hand/mind integration
also providesnonstandard and nelnear relationships throughout the design
process, and in parallel, the visual expression and language of architecture have also

been transformed.

Figure 4.4. Digital andMaking Integration. Tecla House, Italy, Mario Cucinella
Architects, 2021. Retrieved frohttps://www.archdaily.com/Accessed 9 Jan. 2022.

115 Mario Carpo,fiDigital Darwinism: Mass Collaboration, ForFinding, and the Dissolution of
Aut h o rLeg?26 (R012): 98, https://www.jstor.org/stable/41765764.

118 bid.

117 Mario Carpo, fiT h e Craftsman a n @erspecta e#4 (200I):a 87 r , O
https://www.jstor.org/stable/41662949
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The residential project Tecla, one of the latedt rkealization, was designed and
fabricated with a computexided process. The production of treube, which was

3D printed with the rapid prototyping technique, designed by Mario Cucinella
Architects (MCA), was completed by the Italian manufacturing specialist WASP.
The Tecla house was made from a local soil and water mix and was built as the first
eco-sustainable house model. The fabrication of the structure consists of a rotating
arm from a central point and adding/processing the material layer by 1&y¢hile

the language of this layered fabrication is reflected in the wall texture pfdfe=t,

the rotational movement of the machine has also been reflected in the form of the
building. Instead of a standard combination of architectural elements and tectonics
with the separate relations of columns, walls, and floors, a unique langudggehas
achieved that unites the whole system

-
I

Figure4.5. Digital Grotesque |l Michael Hansmeyer and Benjamin Dillenburger,
2017. Retrieved frorhttps://www.designboom.comAccessed 6 Jan. 2022.

In addition, a new direction is evolving in compugétled design that counts a new
language of intelligence to the architectural practice. At the core of this approach lies
the combination of architecture with artificial intelligence (Al/ML computing Hase
on Big Data), one of the digital tools advanced with the development of computing

technologies. The use of computer intelligence, which has the power and speed of

118 Mario Cucinella ArchitectsiTECLAT T e ¢ h n o | o g yhttpa:imvew.iGdarahitetts.it/tecla
2 Accessed 28 Dec. 2021

72


https://www.designboom.com/architecture/digital-grotesque-grotto-2-3d-printed-michael-hansmeyer-benjamin-dillenburger-07-14-2017/

processing billions of times more tharh@man brain's ability as a tool in
architectural practice has created a unique architectural language and visual
expression hidden in the synergy between comgitierd architectural design and
fabrication. It arises when ndruman machine intelligence brings new toolkits such
as new "point clouds,” "vametric units,” and voxels {8imensional) to the
architectural design proceS$.With such respect; Grotto Il represents a language of
artificial intelligence by notating and calculating-Billion voxels to fabricate such
monument?® The computation process of Al encompassesedes of trialerror
experiments within the system which also indicates thetireal way of making
between master and apprentice in the mode of craftmanship. Consequently, artificial
intelligence manifests a complealisjointed, broken, fragmented, discrete, and rough
language with its creative interference in the mode of the way architects build and

design*?!

i é
i

Figure 4.6. Design andBehavior Integration. H.O.R.T.U.S. XL Astaxanthin.g,
EcolLogicStudio, 2019. Retrieved fronttps://www.ecologicstudio.comAccessed

9 Jan. 2022.

119 Mario Carpo,The Second Digital Turn: Design Beyond Intelliger@ambridge, MA: The MIT

Press, 201781.

120 Dillenburger BenjaminfiGrottoi Benj ami n Di |l |l enbur ger , oricddenj ami n
Material, accessed April 30, 204#tps://benjamirdillenburger.com/grotto/

121 Mario Carpo,The Second Digital Turn: Design Beyond Intelliger(@ambridge, MA: The MIT

Press, 2017), 55.
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Exploring the interdependence between digital in design and biology,
nandechnology, and genetics gives rise to another paradigm, another language of
intelligence, living organisms. In the early stages of interaction with architectural
practices, digital media and tools were widely used by architects to visualize the
design ida. According to Kolarevic, the change in the understanding and perception
of digital environments and tools started with the encouragement of their
transformation from a "representational tool" to a "productive tool;" and it led to a
new design language,digital morphogenesis®® The constitution of an
architectural form is quite different from the traditional processes achieved by
sketching, as some CAD tools working with algorithms inherently require a series of
mathematical data entries and calculatioinsthis design process, like the data
entered by the designer, the digital design environment automatically generates a set
of formal ideas and options that further enhance and transform the.design
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Figure4.7. Boolean Operator, Suzhou, China, Marc Fornes / THEVERYMANY,
2018. Retrieved frorhttps://theverymany.comAccessed 6 Jan. 2022.

In biological studies of animal or plant embryos, tleion of morphogenesis refers
to the "generation of tissue organization and shape" of a complex org&hiEne

term has become popular in many disciplines, including architecture, as a new

122 Branko Kolarevic,Architecture in the Digital Age, Design and Manufacturifdew York,
London: Spon Press, Taylor & Francis, 2003), 17.

123 Jonathan Bard, fiMorphogenesi® Scholarpedia Vol. 3, No. 6, (2008)
doi:10.4249/scholarpedia.2422 Retrieved from Satpadia
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understanding of generation systems that can be simulated. TDaecpon
possibility of complex forms with computarded design initiated a break from the
traditional network of relations and its static design norms. Nowadays, computer
aided architectural design operates in a more dynamic process, with more
approachale complex geometric forms and easily integrated alternatives. In parallel,
the grid system, its repetition, and symmetry brought by modern construction
systems and later used with prefabricated industry have decreased with the mass
customization and falwation techniques, in which the morphogenesis design
language and its form provided. A significant example of integrating morphogenetic
architectural design with environmental ecology and biology, H.O.R.T.U.S. XL
Astaxanthin.g is designed and fabricatedUmpndonbased EcolLogicStudio using
computerbased algorithmic design and 3D printing techniques. The inspiration for
its algorithmic language and form comes from the development of coral organisms.
This project comprises two interesting components: thgnped and the other is

living organisms.

Another aspect of morphogenesis that attracts the attention of architects is its
foundations irbehavior While morphogenesis design processes encourage the
exploration of new areas in search of behavior, they jpéa@ the way for the
emergence of new possibilities regarding form, concept, and fabrication. From
behavior to the concept, form to fabrication, the process of design turns into a
synchronized and intertwined relation that transforms architecture intdf-a se
organized system. As N. Dunn emphasized, "these aspects are of great interest to
architects, since morphogenesis can assist the emergence of speculative designs that
may explore possible scenarios in relation to the variety of paftalthough the

useof mathematical calculations to manage morphogenetic design in architecture
and its algorithms was new in this period, the work of Antoni Gaudi is the first
example of such an experimé#t Later, with the new generative digital processes,

124 Nick Dunn,Digital Fabrication in ArchitecturgLondon: Laurence King Publishing, 20188.
125 The only similarity of Antoni Gaudi with this current condition is the vihmdiscovered new
scenarios by putting forward speculativerks
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variable artictations of form came into the significance that actually stimulated the
research of form as an adaptable detail. Consequently, these researches shifted the

emphasis on "making of form" to the "finding of forAt®'

4.1.2 PostMedia: The Language of Old Media

i T mew avangarde is no longer concerned with seeing or representing the
world in new ways but rather with accessing and using in new ways
previously accumulated media. In this respect new media isnpexdia or
metamedia, as it uses old media asits prima ma t?er i al . 0

Lev Manovich's concept of pestedia sheds light on the understanding of today's
other aspects of architectural language. Rather than considering the emerging
advancements and representing the age and the world in new ways, many architects,
artists, and designers use accumulated design materials and elements, in other words,
theold media In this case, the former functional reasons for these design and
architectural elements are, in general, ignored when thagsembled. As if they

were pcked up from the debris, these elements are copied and pasted into the new

design

1"' i
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Figure4.8. Design andMedialntegration. Social Housing France, Antonini Darmon,
2016 Arcadia Cinema, Francdracks Architects, 2020Cappadocia Spa Hotel,
G° khan Av c,iStoijzd House, Zdlle2 @e Arquitectura X, 20R6trieved

126 Branko Kolarevic,Architecture in the Digital Age, Design and Manufacturifdew York,
London: Spon Pres3aylor & Francis, 2003), 17.

127 Lev Manovich,"Avant-garde as Softward-rom "New Vision" to New Medi&.(Sep. 19939 15
Accessed 6 Sept 202ttp://www. manovich. net/docs/avantgarde_as_softdare
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from https://www.archdaily.contittps://www.dezeen.conmttps://www.gadarchit
ecture.comhttps://www.archdaily.com/Accessed 9 Jan. 2022

Copy Paste: The Badass Architectural Copy Gumllished i The Why Factory,

the research unit of Dutch architecture studio MVRDV, critically looked at today's
copy-paste design language and considered it an obstacle to the development of
architecture. On this subject, MVRDV's founding partner Winy Maas talks to
Dezeen, a popular online architecture magazine, and says that architects and
designers experience a condition around being original. V. Maas emphasizes that the
unigue aspect of architecture has suffered for some time, slowing down potential
advancementsni the discipline. In the book, it is seen that many contemporary
architectures hold typological similarities with both current and previous precedents.
In this context, architects are criticized for not being able to break away from history

and not being jgen to current research, experiments and innovatféns.

Figure 4.9. Originality Issue in Postmedia. Retrieved from
https://www.floornature.comAccessed 9 Jan. 2022

On the other hand, in experimental digital surfaces such as KooZA/rch, another
manifestation ofhe postmedia language of architecture stands out, using a similar
copy-paste action as a tool, but this time as creative, critical thinking, and criticism.
In this digital platform, which is part of the Architectural Association School of

Architecture é London, various works draw attention to critical thought, a situation,

128 Winy Maas et al..Copy Paste: The Badass Architectural Copy GuiBetterdam: nai010
Publishers2017).
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or potential that pushes the limits of architecture, with mostly a collage technique
using existing architectural el ements. For
"Exodus" progct, in order to keep the industrial chimneys, which are losing their
importance today, as a cultural valuefuactionalized as a design eleméfttin yet

another work called "Wheat Belt,” Renan Teuman reproduces the truss and structural

elements andeuses them as a connecting elem&ht

Figure4.10. Critical Manifestation of th®ostMediaLanguageExodus, Aitana San
Jos ®, 2021 (Top) Wheat Bel t, Renan Teuman,

https://www.koozarch.confittps://www.koozarch.comAccessed 9 Jan. 2022.

Another dimension of this discussion covers the transformatiooll@ige from a
physical citandpaste action with scissors to a photoshop action made with merging

and morphing techniques today. In the pdigital age, it is debated whether such

29Aj tana San OdEoxso® usguiHeerriat,age | Preservation | Retr
interview by KooZA/rch, May 27, 202 https://www.koozarch.com/interviews/exodus/

130 Renan Teumn, Wheat Belt, interview by KooZA/rch, October 25, 2021,
https://www.koozarch.com/interviews/whealt/.
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works, which try to act as collages rather than generating a new "dajitaje" are
romantic/nostalgic attitudes or absurd contradictidh®verall, the use of old media
as a design language interestingly exists today both in digital media and in the built

environment with two opposite perspectives.

4.2  New Limits of Spacein Architecture

The invention of the telegraph signifies the separation of information from the
papyrus paper and stone slab with which it has been associated for centuries, and
similarly, from the messenger that also means a detachment from natureanshds
travel. A similar alteration in the transport of information has been experienced today
with the invention of the computer. Materlzdsed production processes have begun

to diminish with the spread of its virtual alternatives. Just like 50 yearsagater

needed paper to practice, and an architect needed a ruler and sketch paper to draw;
today, all this production process has been detached from all these m&tenls

this point, it is questionable whether the architecture as an embodiméct, is/h

both the receiver (from the architect) and the sender (to the subject) in information
transfer, is weakened by these virtual spaces. There are indeed many contradictory
opinions on this subject, as there are many debates. However, the common
agreemat is that architects should be very well aware of these new dimensions that

threaten their foundations

In such an environment, the advancing components of technological products are no
longer based on their traditional organizations, geometric and meahan
assembling schemes, but more abstract, virtual connections and network links.

French professor of thidistory of Architecture andechnology Antoine Picon, in

BlBilge Bal and fiBarhiag Qaramojl lue S°yl ektajicha Ar dén
Mi mar én Ej Mt ment | & k DI85 g i (January 2019): 23,
http://www.mo.org.tr/mimarlikDergisiDocs/pdf/MIMARLIK405.pdf

132 Marshall McLuhan,Understanding Media: The Extension of M@ambridge, Massachusetts;

London, England: The MIT Press, 1994); 89.
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his bookDigital Culture in Architecture: An Introduction for the Design
Professionsevaludes the alteration between the two making irgmd postdigital

design as follows

Nothing was more admirable than the systemic or synergetic arrangement of
elements that characterized a Gothic cathedral or a bicycle. Computers and
more general eleanic equipments are no longer designed according to
these principles. They appear as layered assemblages of hardware and
software. In these stadike assemblages, systemic or synergetic
organization is replaced by a different and in some ways looserofype
relation based on interfacing. Interfacing has more to do with problems of
codewriting and translation from one code to another than with traditional
structural desigh®?

These two different conditions are unavoidably similar to pegpéeteptions of the
condition of the city today. The virtual space that users are experiencing through
digital and the physically shared space they dwell in prove the contrast and
confusion, even for the designers and architects. In the end, there seenwt b
worlds, virtual and physical, where architecture has been influenced since the digital

revolution

In that sense, in his influential tekarzans in the Media Forgstoyo Ito argues on
behalf of the architects of the virtual and ordinary body ofstifgect. He writes

"we people of the modern age are provided with two types of body to match these
two types of nature: the real body which is linked with the real world by fluids inside

it, and a virtual body linked with the world by the flow of eleasb'** His design,
Sendai Mediatheque and its body, which is heavily material with its colossal steel
plates and its fluid translucent features like the flows of electrons, can be read as a

metaphorical transposition of having the two bodies

Our perceptin of space today comprises two: real space that is tangible and virtual

space that extends to the realms of seamless mediums. First and foremost, these

133 Antoine Picon,Digital Culture in Architecture: An Introduction for the Design Professions
(Basel: Birkttuser, 2010), 20.

134 Toyo Ito, Architecture Words 8: Tarzans in the Medfiarest(London: AA Publications, 2010):
119120
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virtual spaces are indeed virtual mediums or in other words, media. From Walter
Benjamin'sArt in the Age of Mechanical Reproducti¢h936) and Marshall
McLuhan'sUnderstanding Medi&l1964) to Lev Manovich'$he Language of New
Media(2001), and to the most recent ones, the theory of medium and media is
debated and conceptualized to understand the cumeditions of information. This

new dimension, in fact, goes back to the early days of media theories. McLuhan's
interpretations of the medium, which were not even as advanced as today's, are
significant in understanding today's information society andadigation. In the

light of McLuhan's work, four distinct facets of the mediums come to the fore. One
is that the mediums are not disinterested, so they have both "psychic and social
consequences, without regard to their content” secondly, mediums aBsiers

of the men's and women's senses," and thirdly, "each medium is in constant interplay
with other media." Lastly, mediums "manipulate our perception of the space and
time."®> Today, in the transition from the traditional medium to the digital Séen

that new computerelated mediums are intensely in this field of influence. As L.
Manovich observed, these new mediums can be exemplified as computer games,

websites, blogs, mobile interfaces, interactive environments, and virtual .reality

421 Metaspace Intersections ofArchitectur e with New Mediums

Meta, as a prefix, comes from the Greek wimieta,meaning "after, behind; among,
between." Additionally, its second meaning, "changed, altered,” and thirdly, "higher,
beyond," are closer to the meaning used these days to explain the altered conditions.
In the modern sense, meta has another meaningahaée misinterpretation and

also affects the use of the word metaspace. This misinterpretation is "transcending,"”
which comes from the meaning of metaphysics as "science of that which transcends

135 Miani, Mattia. "Mcluhan And the Theory of Communication,'Noemalab.eu
https://noemalab.eu/org/sections/ideas/ideas_articles/pdf/miani2.pdf Accessed 8 Nov. 2022.
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the physical.*®® Due to this definition, metaspace means pace transcending
ordinary physical space" and defines a digital extension of the physical space. When
these digital extensions are directly related to communication over electronic

devices, it is called "cyberspace."

Cyberspaces constitute a virtual medithat allows a new way of humamman
interaction through a computer or mobile devices. In these spaces where sensory and
auditory senses are predominantly involved rather than traditional tactile
communication, software technologies are used to incréfaseparticipant's
experience. "NFTism," a virtual gallery displayed at Art Basel Miami Beach, was
designed by Zaha Hadid Architects (ZHA) as cyberspace for NFT artists and their
works. NFTism was designed and incorporated with the metaverse, whicHlys brie
explained by ZHA as "an online environment, coupling spatial and interaction
experiences of cyberspaces with supporting social, community forming and
economic infrastructure:® Apart from the digital architectural elements, the
designing process indles a series of cloud, network, visualization, and vigkeoe

technologies to build thredimensional, interactive, and online spaces

Figure4.11. Virtual Gallery as arAltered Metaspace. NFTism, Metaverse, Zaha
Hadid Architects, 2021. Retrieved fromttps://www.zah&hadid.com/ Accessed 9
Jan. 2022.

136 fiDefinition of Metad Online Etymology ixtionary, https://www.etymonline.com/word/meta

Accessed 2 Oct 2021

B NFTi smbé at Ar tiZBaahsae |IHaMliiadmiArBcehaicthect s, 06 Zaha Hadi d
2021 ,https://www.zahéhadid.com/2021/12/01/nftisrat-artbaseimiamibeach/
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Video games are another metaspace that stands out in its relation to architectural
design. While architecture was a resource that fed the video game space, its
construction, and environment at the beginning of the industry, thesidee
relationship has turned into a mutually beneficial relationship between architecture
and games. The gap teen the two disciplines narrowed since game design
proceeds through the same mechanics and software as architectural design. However,
at this point, the difference between the subject of architecture and the subject of the
video game comes to the fore.nlike architecture, video game venues are
environments in which the player can be involved at any time. As for architecture,

the design is not enough for it to be experienced; its physical construction has to be

accomplished for a proper architectural ilwement of the user

Figure4.12. User Experience Design in Video Gamkedical Center for PUBG
Mobile, Zaha Hadid Architects, 2022. Retrieved friottps://www.zahéadid.com/
Accessed 3 May 2022

In video game spaces, architects also achieve a domain to design typologies that they
havenoét de-ifé. Forimstancéd, Medical Ceptra fesportPUBG Mobile

was choseby Zaha Hadid Architects to deal with a hospital typology. Even in such

a virtual nature, the ideas of the design consisted oflveally, engagement with
nature, and panoramic views of the environment. In the game, every player starts
with a parachute fading to strategic locations/building blocks that include essential
assets for the player to survive as the last standing. Such user engagement provided

a view from the top of the buildings, which is usually rare to experience in daily life.
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Thus,thetoy i ew al so became

design®*®

another significant

On the other hand, the space design that generally attaches more importance to the

functionality, aesthetics, and perception of space tackles another posttatkgical

aspects. Vulnerability of being in a closed area, tactical standing locations and

viewpoints, and various vantage points took part in the design process. In addition,

trying to adapt to the game design constraints with the limited amountyabpoks

and performance restrictions became another case for architects to cbiisider

Considering that architecture is a functional living space, designing an architectural

space and a video game space cannot be regarded as the same activity. However,

both architecture and video game design has similar concerns by meeting at the point

of 'experience of the subject' and supporting each other in developing it. In video

game design, architecture emerges as an element that makes the scenes and game

worlds reaistic. By using 3D representations of tangible architectural assets and

historical buildings, developers try to reach a more lifelike experience for players.

Some of these representations' accuracy attracts the attentions of archaeologists and

historians.

Assassinods Creed,

as

one

portrays a very dense reconstructed environraedt

o fclassidaldhistery, g a me s

building materials and styles are period accurate; city layouts and landscapes
conform to what is known about their dngl geography, other material
culture mostly adheres to the style and technology of the day, people tend to
be dressed and act appropriatelyd acenes of daily life fit within scholarly

expectationg#°

HPUBG MOBILE X Zaha

Apr. 2022
140 Aris Politopoulos et al id Hi st or vy

Hadi d
https://lwww.zahéhadid.com/2022/04/06/pubmobile-x-zahahadidarchitectsbehindthe-scenes/.
139 Notes fromPUBG MOBILE,iPUB G MOBI LE x
Youtube Uploaded 5 Apr. 2022, https://www.youtube.com/watch?v=UVerg5DSdKtkgsed 25

| s

Our

Ar c Wécessed Mapb, 222,72 a h a

Zaha Hadid

Pl ayground®6:

Creed: Odyssey Advances in Archaeological Practis®l. 7, No. 3 (2019): 317323.
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Since video games seek for the players to walkratcand explore the designed
environment, there, architecture comes to the fore with its potential contribution.
These games usually have a vast eperid that leads players to explore every
designed part of the game. Such an exploration process in ya®es like

Assassin's Creed makes history and architecture a playground

Figure4.13. GameSpace as aAlteredSpace. Assassinds Creed:
from Let's Visit the Parthenon History Tour in AC: Odyssey Discovery Mode
https://www.youtube.comAccessed 9 Jan. 2022.

On the other, another meteace, social media, also known as social networking like
Instagram and Twitter, has come forward as a new medium that enhances the
communication of the masses. Apart from their social, political, and economic
aspects, these social mediums build communitiat integrate architects, clients,

and those interested in architecture over a mobile device. Social media are indeed
used for an information flow and interchange, as in when traditional media like
magazines and videos were used for the same motivee\Hownitiatives like Plan

Attack are cases where new media's creative engagement and interactive feedback
features arise. Integration of architecture and social media Instagram was established
by a graduate architect Matthew North with its project Plaacdk. As a host of Plan
Attack, he shares stories of building plans with variable alternatives while asking for
the participation of those interested by choosing one of the options he listed. The
whole process continues with a series of collaborativegdesplutions for
architectural floor plans. Consequently, followers are incorporated into the design

process in an unprecedented way
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Bonus Question!

Figure 4.14. Participatory Design Process in Social Media Space
matthewnorth/InstagranRetrieved fromhttps://www.instagram.comAccessed 9
Jan. 2022

Figure 4.15. EducationalProcess inSocial Media Space matthewnorth/instagram
Retrieved fromhttps://www.instagram.comAccessed 9 Jan. 2022
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4.3  New Potentials in Mass Customization and Digital Fabrication

The concepts of digital fabrication and masstomization have been in the field of
architecture since the digital turn; however, the new modifications, potentials, and
techniques signal a second digital turn. A production system that is practiced today
passes through a series of processes, includaotmpn capture, racking system, deep
learning by machine/artificial, and retaine fabrication by robotics. With the
advancements in computation, robotics, and machine learning in the Fourth
Industrial Revolutionthe production process that is usuallpsidered at the end of

the design process has begun to merge and turn into a new generative design process.
This section, which investigates the effect of transforming production in architecture,
also touches upon the transformed production organizatioungh the interface and
software engagements brought about by digitalization

431 Mass Customization: NonStandard Mass Production

Modernism in architecture was influenced by the Fordist production brought by the
industrial technology of the period and its yeasd cheap manufacturability and
became the simple, repetitive expression of rational geometries. However, the
computercontrolled production that emerged with the digital age has made it
possible to produce more complex and various systems with lesé'dnstddition,

CNC machines and 3d printers, which have been involved in architectural practice
since the 1990s, facilitated the transfer from the computer screen to the physical
world.**2 While all these developments have brought the concept of mass

cusbmization to architecture, they "opened up unprecedented opportunities for

141 Branko Kolarevic,Architecture in the DigitalAge, Design and ManufacturingNew York,
London: Spon Press, Taylor & Francis, 2003), 84.

Y2GregLynnfiCont i nui ng towar d EXx tMass QestorMzatios andPDesighuct i on,

DemocratizationNew York: Routledge, 201970.
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architects to engage in complexity and variability informal articulation and the

material realization of buildings#®

Beyond enabling digital representation and new dedggic, these new
technological developments have transformed the production method, which was
previously based on molds or prototypes, intbleato-factoryprocess. Fildo-
factory is defined as a seamless relation of the design and fabrication pnduels,
encompasses a "direct transfer of data from a 3D modeling software to a CNC
(Computer Numerically Controlled) maching® These new design and
construction processes have become "more direct and more cotfiilesfiat they

are easy and quick to imgrhent
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Figure 4.16. Designated by Customer and Md&&®duced Productdleft),
Customizable Housing with Ri2efined Modules(right). Retrieved frombook
chapter-rom Massive to MasSustomization and Design DemocratizatiBnanko
Kolarevic and JaBPinto Duarte.

The first architectural trials of mass customization were on housing projects that

customers can customize via websites. In this process, customers were expected to

143 Branko Kolarevic and J@&Pinto Duarte,iFrom Massive to Mass Customization and Design
Democr at i Mass Customizationi amd Design Democratizat{blew York: Routledge,

2019), 2.

144 Kas Oosterhuis et alfiFile to Factory and Redlime Behavior in ONEAr chi t ect ur e, 0
Fabrication: Examining the Digital Practice of Architecture, Proceedings of the 23rd Annual
Conference of the Association for Computer Aided Design in Archite@00d,295.

145 Branko Kolarevic and J&Pinto DuartefiFrom Massive to Mass Customization aDdsign

Democr at i Mass Customizationi amd Design Democratizatitlew York: Routledge,

2019), 2.
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choose lte house design they liked and personalize it under certain limits. Again,
similar approaches were also valid for other design professions so that today's
customers can choose the materials and colors of products sushias &nd shoes

and create thernique products.

On the other hand, Greg LysrEmbryological House project reflects the impact of
mass customization from a desigaepoint of view. This home project is a
representation of how the design process, which includes procedural operations an
tools, contributes to mass customization. Lynn tried to achieve formal and spatial
variations by exceeding rigid limits by using the staft¢he-art technology of the
period in the design of the project. The design, which consists of different
combinatons of 50,000 surfaces created using Maya's Script Editor, was then used

for the Italian Pavilion using digital fabrication methddf.

Figure 4.17. Embryological House and Digital Variations, Greg Lynn, 2001.
Retrieved from book chapt&@ontinuing Toward Extreme Mass Productidsreg

Lynn.

In addition, these results are emerging because "the digital technologies are not used
as a medium of conceptidout as anedium of translatiom a process that takes as

its input the geometry of the physical mod€f.'In the case of standardization and

the individual authorship of the architect as a desigrmme to a discussion by

¥GregLynnfiCont i nui ng towar d EXx tMass QestorMzatios andPDesighuct i on,
DemocratizationNew York: Routledge, 2019), 718.

147 Branko Kolarevic,Architecture in the Digital Age, Design and Manufacturifdew York,
London: Spon Press, Taylor & Francis, 2008),
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indicating that the digital ag provides participatory authorship, interactivity, a
collaborative environment, and thereby a variability which is also similar to the pre
industrialized process of making. During the digital production process, this
integration between architects, desg(with establishing participatory relations),
and builders (with making on the surface or with robots and 3D printing) narrows

the gap between the division of designer and maker.

Figure4.18. AutomatedRoboticConstruction The Glass Vault, SOM, c.r.e.A.te lab
and Form Finding Lah202Q Retrieved fromAnatomy of Structureéfhe Future of
Art & Architecturehttps://www.youtube.comhttps://parametri@rchitecture.com/

Accessed 16 Jan 2020

Within this context, the construction industryespecially computesided
manufacturing (CAM) since the 90s, has developed rapidly in the last few years. The
increasing existence of CAM has undermined the logic and economics of industrial
prefabrication and its mass production, which has been goingr @while. In the
meantime, computerumeric control machines (CNC milling machines) took over
the manufacturing and construction cycle, which is regarded as the "First Wave of
Digital Fabrication®*® in architecture. However, from tasipecific computer
controlled production to more nespecific robotic production, which is coming to

the forefront recently, has believed to be triggering the "Second Wave of Digital

148 Archim MengesfiMor phospaces of Rolb|oArch 20125panger,Vienmat i o n ,

(2013): 28.
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Fabrication®*® and "Second Digital Turn," as Carpo pointed B@tThis non
specific (norstardard attribute
of the basic robotic hardwafe that only becomes specific when equipped
with a particular effector and to®dl enables the design of new fabrication
processes prior or in parallel to a specific project, and thus potentially

challenges theonventional hierarchy and sequences still predominant in
design and fabrication®™ n todayés arcl

4.3.2 Digital Fabrication: Computer-Aided Design andManufacturing

Digital Modelling, Fabrication, and its tectonidsistorically, go far back to the
program developed for the French aerospace industry (Dassault Systems), called
CATIA (Computer Aided Threglimensional Interactive Application). By the end of

the 20th century, this new software got a notice in industties as automotive,
shipbuilding, and consumer products. However, as a significant figure in theorizing
digital architecture, Kolarevic, in his boékchitecture in the Digital Agepointed

out that the building industry among the last to change and atmptechnologies;
CATI A had been in use for 20 yeat¥® befor.
With the intention of sustain effective design and construction process with complex,
non-repetitive forms and curved surfaces of buildings, Frank Gehrthartdch unit

began to explore the use of digital tectonics and its fabrication on corsideer
architectural designs. For a step taken in the early 1990s, it remained only a stimulus
for developing the first digital tectonics due to insufficient buaiddconstruction,

prefabrication industry, and complex measurement systems

Digital modeling and fabrication comprise the process of both design and production

that integrates CAD and modeling with manufacturing and construction. Digitally

149 1bid.

150 Mario Carpo,The Second Digital Turn: Design Beyond Intelliger@ambridge, MA: The MIT
Press, 2017).

151 Archim Menges fiMorphospaces of Robotic Fabricatjo@®ob | Arch 202 Springer, Vienna
(2013) 28-29.

152 Branko Kolarevic,Architecture in the Digital Age, Design and Manufacturifdew York,
London: Spon Press, Taylor & Francis, 2003),
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fabrication of amobject requires sets of 2D drawings and 3D modeling (including

four models wireframe, surface, mesh, and solid) derived from CAD software. In his

bookDigital Fabrication in ArchitectureNick Dunn mentions four main principles

of digital fabrication thatire similar to the traditional process of modelmaking in

architecture

T

T

Cutting: the most common, accessible digital fabrication technique used for
the production of flat components derived from {hmensional digital
design data. A cutter head (lasmam, plasmaarc, watefjet) and a sheet
material are two primary components of this fabrication process that later can
be combined with a particular pattern

Subtraction:is a subtractive fabrication that subtracts particular volumes
from the existing solidnaterial. A milling machine (CNC) and a three
dimensional volumeare sufficient for this process to run while leaving
behind more desired shapes with volumetric and accurate but fast results.
Addition:is an additive fabrication that adds materialsudd up the desired
component in layers. A particular composite material is treated thibegh
head ofafabrication machine that moves through a cycle ofdivoensional
sheets.

Formation: technique deforms or reshapes the whole into the desired shape
rather than adding or subtracting material. For that, this process employs
mechanical forces like heat and steam

Currently, ongoing fabrication technologies are laser cutting, CNC milliaghines

(similarly, CNC sawsindCNC joinery machines), rapid prototyping, 3D scanning,
and robotics>?

One of the oldest digital fabrication techniques, laser cytivas involved in

production with CO2 lasers, since it was used to shape titanieetssior aerospace

153 Nick Dunn,Digital Fabrication in ArchitecturgLondon: Laurence King Publishing, 20138

89.
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applications around 19704t the same time, CO2 lasers have become more common

in cutting noAmetallic products, such as in the textile industry. Recently, laser
cutters have become widely popular, with corporate, industrial, and evseonpl

uses ranging from schools to workplaces, from art to architecture. Regarding the
materials used in laser cutting fabrication, materials that can fit the specific layer
thickness, such as fabric, cardboard, plastic, wood, and metal, come to the fore
Additionally, another aspect that affects the plate thickness is the types of lasers that
offer different methods such as melting, burning, or evaporation. Fabrication
processes may also differ depending on the material and laser beam type, and the
numbe of layers. When used with accurate techniques and settings, laser cutting

offers a highquality finish compared to traditional methdds.

In architecture, laser cutting spreads over a wide area, from-scaddl use such as
modelmaking toconstructing serbpen spaces that rise to human scale. At this
point, considering the twdimensional end products of laser cutting, it is commonly
preferred to be used in cutting detailed, curved, or patterned surfaces, which usually
takes time to cut focomplex structures. Again, considering the same reasons, for
designs ascending to the third dimension should be transferred-tirweasional
information and has to be assembled after being produced in layered components.
By reducing the cutting degrdeser cutting can also be used for processes such as

marking, sorting, and even texturing to make assembling easier to faéfitate.

Andrew Kudless has used laser cutting as its mere fabrication technique to build a
structural, freestanding surface, theManifold Screen. By aiming for "the
development of a material system with a high degree of integration between its

design and performancé® Kudless developed a honeycomb system that can

154 bid., 90.

155 bid., 91.

156 fiManifold Screen- Mat sy s, 0 M a hittgs y/sww. mabsys @lekign/manifelitreen
Accessed 27 Nov. 2021
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perform as a structural system. The project is developed with ao®tript to

reshape the hexagonal geometry into an alignablepggdhizing internal system

(Top), Laser cutting layout for the Manifold Screen (BottoRgtrieved from
https://www.matsys.desigittps//www.matsys.designAccessed 9 Jan. 2022

The other digital fabrication technique used at the beginning of the digital turn is A
Computer Numerical Control (CNC) Router, a compuatantrolled machine that
works with subtractive techniques. TRENC-based tools, including milling and
routing processes, require a computer system to generate particular coded
instructions that control the movements. These short computer scripts, also known
as Gcodes, tell the machine what to do. As the name sugdesitS milling and
routing work through two techniques. Both of these techniques wor&nbgving
materialfrom the piece rather than adding it. However, the milling technique is
applied for metals such as steel, titanium, and aluminum with a small cartéag

while the router is applied for nemetal materials such as wood, and plywood with

a large cutting are&’ On the other hand, one aspect to mention of this carving
technique, is that it creates minimum waste in the production e$tamadard pieces

and thus offers both practical and economical solution

The technique was used by Chris Bosse and PTW Architects for their pavilion
design. Entry Paradise Pavilion is designed as a fair trade pavilion inspired by

themicroscopic cell structureThe projecis portable and even fits in a bag with its

157 Nick Dunn,Digital Fabrication in ArchitecturgLondon: Laurence King Publishing, 2012). 96.
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component system. The pavilion, weighing only 17 kilograms, can be assembled in
an hour and is fully reusable. Even though the whole structure looks as if it is solid,

the hightechnology nylon material and lighg usagenanifests itself as elastic and

soft that composes unique spaces. The workflow includes a series of biomorphic
studies by using architecture software and then a process of transformation of a three

dimensional structure into an unrolled taimnersional panel for CNC cuttinty®

Figure 4.20. Entry Paradise Pavilion, Chris Bosse and PTW Archite2@06.
Retrieved fromLisa Iwamoto,Digital Fabrications, Architectural and Material
Techniqueghttps://www.ta-v-a.net/ Accessed 9 Jan. 2022

Another digital fabrication technique that is recently started to be usedZXor 1
realization of architectural projects Rapidprototyping. The technique, however,

first emerged with the Stereolithography technique in the late 1980s and then became
involved in many 3D printingelated industries, including architecture. Recently, it

is the most common method in digital faation that works with
theadditiveprinciple. Today, 3D printing machines, which are frequently used at
homes and workplaces, are the equivalent of these digital fabrication systems. Rapid
prototyping consists of a laser that moves at an X and Y axé$ déen adds light
sensitive liquid polymer to each layer and a platform that slides up and down at Z
axis as each new layer is added. The meaningpidd in this technique is related to

the fact that the material begins to solidify immediately aftertided to the model.

BAENtry Paradi se Pa-av-dnetpAccessdd A \ah ,2022tps: Moww. ba-v-
a.net/projects/entrparadisepavilion/.
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Since the final product caused by the plastic material builds some complications such
as weeping, it must be revised for cleaning and correcting. In addition, another
negative aspect of rapjrototyping is the restraint of the machitgelf that any
endproduct cannot exceed a particular size. For this reason, it is not widely used in
architecture in the early applications of the architecture, except forscaddl works
such as pavilions and moed®laking. However, any computarded project on a
limited scale can be produced in one go with rapid prototyping, regardless of its

complexity>°

Figure 4.21. Rapid Prototyping Process fromModelling to Fabrication and
Refinement. The RadiolariBavilion, Shiro Studio and f3hape, 2008Retrieved
from https://blog.bellostes.comAccessed 9 Jan. 2022

As a micrearchitectural experiment, RadialaPavilion is fabricated with the very

first 3D mega printer by additive manufacturing compar$t2pe and Shiro Studio
collaboration. The main idea of this project was to demonstrate the capabilities of
technology in construction by developing a lasgale structure that is monolithic,
seamless, and frderm. The pavilion is made of

an artificial sanes t one mat er i al without steel
design and execution had to be intrinsically resilient to several static stresses.

EmnstHaeckel s©6 studi es on radi ol ari ans

source of inspiration; mineral and siliceous skeletons, through a gentle,
evolutionary formation process share an affinity with the way that the-mega

159 Nick Dunn,Digital Fabrication in ArchitecturgLondon: Laurence King Publishing, 2012), 102.
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printer operates, through the gentle, stteposition of mineral and siliceous
material, layer after layef®

Unlike the aforementioned processes and techniques that produce tangible end
products, 3D scanning can be defined as a production related to the digital
environment. This technology plagsrole in reading the already existing physical
object and producing the information of this object as digital data. Some software
can manipulate this digitally transmitted data, or exchange can be established and
synthesized with existing CAD software. &émchitecture, when modeling on the
screen with digital tools is complex, takes time, is not possible or not preferred, it
enables spaces to be constructed and manipulated quickly, thus constituting a bridge
with the digital*®?

Technically, 3D scanning Uities a laser to read or scan the targeted physical object.
Depending on the object (surface, space, etc.) to be translated, the laser can be used
through a digitizer or tripothounted box. The translation process can be done
autonomously by setting up pods and programming them or manually by

projecting | asers ont.®? surfaces |ike bui |

Figure4.22. Physical tdigital Translation with 3C5canningTechnique. Inventory,
oddviz. Retrieved fromttps://erdalinci.com/Accessed 7 May 2022.

180 Shiro StudiofiR a d i o htg:¥/viwav.shirestudio.com/radiolaria.phfccessed 1 Dec. 2021.
181 Nick Dunn,Digital Fabrication in ArchitecturgLondon: Laurence King Publishing, 2012), 108.
162 |pid., 109.
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The art project "l nventory" by oddvi z, whi
Takkén, and Ser kan rKsaerped thexcharadteristiosrofepnbtice d and p
spaces by using this 3D scanning techni§@#lany other usages of 3D scanning

and its possible future integrations are beyond limit. Today, the whole from physical

to-digital translation is also known as "reverseiragring.t%*

On the other hand, the 3D scanning technique has been used to develop the design
process by transmitting the project that was worked physical model to digital. In that
sense, The Louisiana pavilion was developed through physical modelmaking
techniques by folding and exploring the curved structures and forms. Then using 3D
scanning, the physical model was translated into digital information. With the
reference of digital information, the fabrication process proceeds to the next step,
which compises molding, casting, and 'tessembly’ processes. The pavilion is also

known for its seHsufficient architecture that its material behaves (absorbs and

releases energy) according to the information of ambient tempetatie
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Figure4.23. Translation fronPhysicalModelmaking tdigital. Louisiana Pavilion,
Denmark, 3XN, 2009. Retrieved fronttps://gxn.3xn.com/Accessed 9ah. 2022.

In recent decades, robotics has become an increasingly developing research area that

influences architectural practice, interacting with machine learning, piyesical

B3flnventoryi Er dal | nci, 0 Er dal https/teidalincitendoddviz ed 6 Jan 2022,
164 Nick Dunn,Digital Fabrication in ArchitecturLondon: Laurence King Publishing, 2012), 109.

165bid., 110.

%[ oui si ana Pavilion, Can Architecture Learn from Ne
2022, https://gxn.3xn.com/project/louisiarpgavilion.
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systems, and digital fabrication. As a multidisciplinary practice of engimgeand
computer science, robotics integrates engineering and mathematics fields with
architecture by creating new directions in compaided design and fabrication.
Since the 1970s, robotics has been used in architectural practice to operate
constructons but left out of the process. The alteration of this condition was
stimulated by the "articulated robot®"in studies of architects and researchers.
Since robots are complex machines that can contain all the technologies mentioned
above within themsebs and are capable of more complicated applications,
including technologies like lasers, scanners, and more, they can accomplish limitless
applications. In addition, robots are not as limited as other technologies to their
boundaries and their current Itioa. As Dunn mentioned, its flexibility comes from
robot 6s abi | i-tupic dpace, selieferkencingnts pasitionoann
relation to an object. I n addition,
6end effecter 6, arrapafytools and ber ppogrananeceto a n
accomplish very specific, sophisticated actitfis

Figure 4.24. In-situ Robotic Fabrication of arArchitecturalElement (eft), Non
StandardProduction inArchitecturaPractice (ight). Retrieved fronhttps://ethz.ch/
https://www.instagram.comAccessed 11 Jan. 2022.

As a sitebased fabrication practice, The Rock Print Pavilion is a project designed
and constructed for the exhibition Hello, Robot, Winterthur in 2018, demonstrating

a narrowed gap between humans and tbbhe construction is performed by a

187 Nick Dunn,Digital Fabrication in Architecture(London: Laurence King Publishing, 2012},11
168 |bid.
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robot which is also known as an “$itu fabricator,*°and lasts four weeks to build

rock pillars. Researchers from Gramazio Kohler at ETH Zurich used the "jamming”
technique with the twines in between each layéoade, granular rock to keep rocks

as pillars. As asserted by the research team, the pavilion demonstrates " the
transformative power of digital construction processes by creating a pavilion out of

a heap of loose aggregates tied up with twine by a rébbt."

.

Figured25. Robot & Al Museum, Meli ke Altéenéekek A
Retrieved fromhttps://www.melikealtnisik.com/ Accessed 1 May 2022.

Robots can perform advanced operations and movements that the ‘robotic arm' can
lift, hold, move, put, and even in between each action, and get any component to
have procedures like cutting, adding,sobtracting. Moreover, through exploring

the concepts like "motion capture, tracking systéMsand technologies like
machine learning and robot programming, a collaboration between humans and
robots can be achieved, as observed in the most recent stndlest. case, human
actions provide the movement information to the CoBots to help throughout the
process of construction. The advantage of such collaboration comes forward as

169 |sabelle Herold,iRoc k Pr i nt Pavilion in Wi nterthur, o ETH Z
https://ethz.ch/en/newandevents/etinews/news/2018/09/rogbrint-pavilion-in-winterthur.html|
170 Gramazio Kohler ResearchiiGewerbemuseum- Hel | o, Robot , Winterthur,

https://gramaziokohler.arch.ethz.ch/web/e/projekte/364.html AccdsBed. 2021.

171 Dagmar Reinhardt et afiCoBuilt 4.0: Investigating the Potential of Collaborative Robotics for
Subject Ma tlriteenationBl XJqumaal of #rchitectural Computint, no. 4 (August 27,
2020): 353.
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robots can "perform repetitive, dangerous or specified task sequence witlzegtim

precision.’?

For instance, The Robot & Al Museum by
planned to be built in order to increase the robot interest and knowledge of the public

in Korea, and is known to be an unprecedented museum gotitesxt. The museum

not only aims to exhibit robots but also aims to inhabit mobile robots that serve and
construct. In this respect, "a sphéke nondirectional, fluid and natural form" are
designed as the metaphor and characteristics of the spadmtsf and visitors. The
construction of the building will be done in a series of processes, including molding,
assembling, welding, and polishing by a team of robots under the management of the
BIM system. MAA office aimed to save effort, time, and mongyldaving all

operations and services to the robots in this project

4.4  New Materiality in Architecture

In effect, in all the branches of building, industry, as powerful as a natural
force, invading like a river that rolls to its destiny, tends more and taore
transform raw natur al materials and
materialst’®

New design and construction approaches have developed with the integration of new
production techniques and tools brought by digital and industrial developments into
archtecture. The introduction of these new technological innovations both motivated
and accelerated experimental studies on materials, fabrication, and design processes
in architecture. This cycle is catalyzed by the fact that each new architectural
geometry/pace leads to searching for new materials and vice versa. Most of the new
material studies focus not only on the functional form (reinforced system, steel

carcass) brought by material studies in modern architecture or the functional skin

1721bid., 354.
173 e CorbusierTowards a New Architecturérans. John Goodman (1923; repr., Los Angeles, Calif:
Getty Research Institute, 2002p5.
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(noise, light conbl) of postmodern architecture but also on the holistic and complex
ways of designing and constructing the architectural space, as well as on the solutions

of current socil economic and especially ecological problehfs.

Living in such an age of matatfiscience, it is inevitable to hear of products such as
recycledplastic tshirts, plastigpowered electronics, curvable willow glass, and self
healing concrete. New material innovations, aligning with the acceleration of
development of new products ovéne past two decades, mark these times
unprecedented compared to previous ones. The motivation behind these accelerated
innovations could be considered the same as the factors that caused the changes that
technology has undergone in the last few centutiesuld also be attributed to aero

space engineering and applications, which have rapidly developed in recent decades.
For instance, "Memory Foam," used as a sports mat and instrument in daily life, was
initially produced to resolve the physical complioas that astronauts experienced
during space flight. It could also be argued that the attitude taken against ecological
and environmental destruction is a motivation. On this subject, Blaine Brownell, in
his bookTransmaterial emphasizes that ramaterials that were seen as cheap and
endless in the industrial age, in the poslustrial age, turned into diminishing raw
resources, polluter fossil fuels, and toxic industrial wastes, which makes it another
interesting source of motivation that leadsadvancements of new materials in
today's society’”® Although some of the events and phenomena mentioned above
(wars, space and atomic periods, motivations of disciplines) have affected the
development of new materials, it should not be forgotten thaagiation and the
demands of the capitalist system within the financial cycle also had an impact.

On the other hand, with digital and visualization technologies, the final image that
initially emerges with the construction process has begun to appeiailgigiith
software before its construction. Regarding this condition, architect and researcher

174 Maria Voyatzaki,fiComputing Architectural Materiality: The Hypé&tatural Aspirations of the
New Par m@rhagaomglJournal of Architectural Computing, no. 4 (December 2009): 561,
https://doi.org/10.1260/1478771.7.4.555.

175 Blaine Brownell, TransmateriaNew York: Princeton Architectural Press, 200611.
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Rivka Oxman conveys it as the transformation of production of buildings from the
materialization opaperbased drawing$o digital information!’® Now, buildings

are designed, fabricated, and assembled through digital. The ability to ensure a
connection between design and concretization undetraiahrough these stages
becomes an important feature that supports the system. Additionally, digital studies,
which were also initially based on abstract algorithms at first and understanding the
third dimension and its geometry, have passed into the experience of materials and
investigation of the phenomenology of these spaces in the last two decades.
Phenomenologicalesearch through digital experiences has led to an attempt to
understand the experiences of variable materials and the emergence of

unprecedented new material uses

Figure4.26. Brick vs Zero Carbon EmissidcComposable Brick, National Assembly
Building, Bangladesh, Louis I. Kahn, 1982 (Left),-Hy New York, MOMA PS1's
Young Architects Program Winner, 2014 (Right). Retrieved from
https://elcafetindelaspittps://arquitecturaviva.comAccessed. 7 Jan 2022.

Applying new materials to architectural praetihas not been as easy as industrial
products or other smadicale applications. In addition, above all, testing new
materials in largescale architectural projects are risky and expensive. On the other
hand, in an industry where the targeted life of #gding is a minimum of 30 years,

the outcome of the new material will be uncertain. Therefore, scalk and

8 Rivka OxmanfiTheory and Desi gn DesignSludieRF nor3gMay 06y i t a |
230, https://doi.org/10.1016/j.destud.2005.11.002.
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temporary architectural projects such as the pavilion, exhibitions, cabins, shelters,

and huts offer a freer surface to experience these newiataté

The architectural sector and reseabased offices trying to create architecture
specific to digitalization and the new industrial era have a new palette of materials
with variable degrees of "transparency, translucent, blurred, bright, folded,
compressed or moveable that often 'melt' through light and data sys$tasswell

as materials that manipulate appearance, the strength of structure or immaterial
materials that create forms with light, heat, dampness, sound, vapor, and odor.
Brownell ha also categorized the latest trends that have come out with the new
material palette as “ultraperforming,” "multidimensional,” "repurposed,”

"transformational,”" "recombinant," "intelligent," and "interfaci&®

The handling of the materiality of buildis within the contemporary industrial
context and the current motivations towards new materials mainly has three focal
points: Spatial Motivations that try to achieve new physical architectural space and
organization, Ecological Motivation that aims to h#® built environment, and

lastly Technological motivation that combines technological systems with materials

44.1 New Materials with Spatial Motivation

Recombinant, multidimensional, and intelligent materials are composites consisting

of complexcombinations of multseparate layers or fillings. Although there have

7 Thomas Schpfer et al., Material Design: Informing Architecture by MaterialitfBasel:
Birkh2user, 2012), 20.

178 Maria Voyatzaki,fiComputing Architectural Materiality: The Hyp&tatural Aspirations of the
New P ar mternagomgl Journal of Architectural Computing no. 4 (December 2009): 562
63, https://doi.org/10.1260/1448/71.7.4.555.

179 Blaine Brownell, TransmaterialNew York: Princeton Architectural Press, 2006), 6
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been many attempts to create these composites, they are "mainly used for limited

applications and mostly for aesthetic purposés.”

As an illustration, aecombinanmaterial (Panellg IGU) with LED-backlit was
used in Burnsville Performing Arts Center with the intent to give definition to the
entrance. Transparent columns at the &en

designed as a performative and aesthetic element using lightimycdiooh

Figure4.27. Burnsville Performing Arts Center, Ankeny Kell Architects, Burnsville,
USA, 2009. Retrieved frorittps://i.pinimg.com/Accessed 18 Jan 2022.

Recombinant mat&ls are hybrids combined with two or more different materials
that are better than the sum of those materials. These hybrids are developed with
cheap and reusable components used as filler, or with a combination of components
that achieves a harmoniousulti-function, or with an achievement of a more
valuable material than each component of this hybrid. In that sense, reinforced

concrete is a precedent of such material combinatfon.

Considering the current composite material studies, the following iadatere

exemplary. Some of the recombinant materials can be

180 Osman Atamaniintegrating Digital and Building Technologies: Towards a New Architectural
C o mp o sinterratiodal Journal of Architectural Computing, no. 2 (June 2005): 183,
https:/doi.org/10.1260/1478077054214442.

181 Blaine Brownell, TransmaterialNew York: Princeton Architectural Press, 2006), 8.
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1 a combination o€ast acrylicandmarble pebbleéhat uncovers the unity of
granular stones to be used as a floor tile, tabletops, and cqunters

1 a hybrid product that combinegectricityandwoodthrough aluminum
conductors that manifests the potentiality within the union of material and
technology;

1 a material produced by using the advantage of a sandwich wall system that
consists of two layers: one that is structured éikeoneycomb systerand
the second is thigberglassor resinbased layethat covers both faces. These
panels can be both flat or curved and included in interior designs with their
strong and rigid but lightweight composite structure;

1 a combination ofjlassandmetallic interlayerghat provides more valuable
features than any laminated glass material. These composites are interior and
exterior glazing with features like solar radiation protection, acoustic
performance, noise reduction, and other corrosibasmake them durable
components for glazed structures;

1 amaterial made gfaperandwoolfelt with a particular layer system that can
also be used for acoustic and noise control. This hybrid material was used to
construct a freestanding wall structurattban be reformed in any shape by

curving and rearranging the positions

On the other hand, with the new digital and technological developments, the structure
imitating the functionamechanical parts of the machine turns into an autonomous
system structre with the abilities such as transforming, mutating, adapting, and
changing. In addition, the relationship between the traditional building system
imposed by théunctional formand theaesthetic skinwhich was later separated
from the whole, has alsoransformed into a more complex structure that
complements each other. At the same time, Professor of Architecture Maria
Voyatzaki stated that this has been a new condition in handling building materials

and attributes it to the "diminution of the importaraf the distinction between load
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bearing and nofoad-bearing building materials® Digital tools that enable the
management of complexity beyond this traditional structure within the design
fabricationrassembly cycle also enable a reflectioarnchitedural space Regarding

this condition, ETHER/I, a tessellated aluminum surface by dECOi Architects,
demonstrates an architectural space defined by the design of the double skin

material83
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Figure4.28. ETHER/I, Mark Goulthorpe, dECOi Architect§&seneva, Switzerland,

1995. Retrieved frorhttp://www.newitalianblood.comAccessed 15 Apr. 2022.

Flat surfaces sic as walls and ceilings that define #rehitecturalspaceare
materials that became widespread in production even after research eaxibe z
Therefore, "augmented dimensionality”" is a movement that continues to develop
with  today's technological dewgiments and digital environments.
Althoughmultidimensionamaterials and applications seem complex enough and
difficult to progress with their dimensional problematics, it is possible to develop
new dimensions and understand their mechanics by viewing fitoeen macro and
micro scales® One of the initial attempts of this condition was Mark
Goldthorpe'Aegis Hyposurface. This highly faceted surfaes driven by a

mechanical instrument that included pistons, sensors, and actuators controlled over

182 Maria Voyatzaki,iComputing Architectural Materiality: The Hyp&tatural Aspirations of the
New Par mtrhagomal dournal of Achitectural Computing, no. 4 (December 2009): 561,
https://doi.org/10.1260/1478771.7.4.555.

183 Branko Kolarevic,Architecture in the Digital Age, Design and Manufacturifdew York,
London: Spon Press, Taylor & Francis, 2003),-236

184 Blaine Brownell, TransmaterialNew York: Princeton Architectural Press, 2006), 8.
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a compuer system. The Aegis Hyposurface could deform and change its shape, light,
and sound by responding in rdéahe according to the sensdfS Due to its
responsive and adaptive dynamic skin and highly complex, electrical hybrid
structure; this could be botmultidimensional" and "intelligent" composite that

redefine the physical environment as well aswth#é element

Figure 4.29. Aegis Hyposurface, Mark Goulthorpe, dECOi Architects, BIO
International Convention in Boston, Massachusetts, 2007. Retrieved from
https://www.musicworks.caAccessed 1Bpr. 2022

In addition to Aegis Hyposurface, some otheitidimensional materialsan be:

1 a material designed wittorrugated anodizes aluminum shetbist
arecurvableandformable Changes in its thickness and depth of edges may
developdifferent variations with unique designs. Some of these are 100%
recyclable and not recommended for exterior, but rather for interior
applications like displays, fixtures, column covers, etc;

1 anacoustic panefor interiors to help the sound levels in caed interiors.

These panels can absorb and reduce the voice; thus, it is also used in the
automotive industry to help noise problems in automotive design;

1 acurvilinearceiling panel that is used to transform thp surfacanto a
unigue pattern with dimmesion, form, and color. To enhance the experience,

lighting can be installed either over or under, or middle of the system;

18 Branko Kolarevic,Architecture in the Digital Age, Design and Manufacturifdew York,
London: Spon Pres Taylor & Francis, 2003), 823
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1 an unordinanplywoodmaterial that is made of unique local wood and could

be athin textile layemused as aculpturaiwall component.

from https://www.archdaily.com/Accessed 16 Jan 2022.

Patkau Architects designed shelters by bending and deforming the thin layers of
flexible plywood material. Each space is identified with an introverted skin and an
opening formed with a sliSkins are made with two layers of plywood that are cut
according to the particular formation. Stress tests and technical experiments were
made for bending points on a fgiized prototype during the design process. As a
multidimensional attempt, Winnipegk&ing Shelters exemplifies the space
transforming property of the material, with theiPnensional layer gaining the third
dimension. In addition, Archim Menges and ICD/ITKE of the Stuttgart University
designed the ICD/ITKE Research Pavilion by Archim ges and others from the
Stuttgart University defined architectural space intending to integrate skin and
structure in one monmaterial, that no other constructional element needed. Thus,
the project consisted of plywood strips that were robotically matwied and
connected with a bending behavior. The bending behavior of the material was not
solely generating the form and structure but also establishing a "$ethaivioral

components that spatially mediate an intricate network of fofées."

186 Moritz Fleischmann et aliiMaterial Behaviour: Embedding Physical Properties in Computational
Design Pr drcletectsiral s ,Désign 82, no. 2 (March 2012): 451,
https://doi.org/10.1002/ad.1378.
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Figure 4.31. Prada sponge wall, Los Angeles, USA, OMA, 208@plication in
Prada store (left), Fabrication process (right)Retrieved from
https://aceprofileert.wordpress.caomccessed 18 Jan 2022.

On the other hand, for fashion brand Prada's clothing section, OMA created and used
an "intelligent” material (Prada Foam) is made entirely from polyurethane that was
cast to demonstrate translucent, spongy like condition that contains dichotomies
like solid and void, transparent and opaque, artificial and natural. The composite
"somewhere between air and mateffl"brought about new questions to the

boundaries oérchitectural space by enabling a new dimension to the walls.

Intelligent materials, aka. Smart materials are the main focus of today's material
innovations, which are inspired by biological systems and derived from studies on
microscopic scales. These t@dals can be active or passive and low or high tech.
The intelligence of these products is not coming from their integration with a
computational brain but rather from their innovative way of design. These may
include some features like "pollution redioct, water purification, solar radiation
control, natural ventilation, and power generation. An intelligent product may simply

be a flexible or modular system that adds value throughout its life &f&le."

Intelligent materials can be multiplied by the éolling examples

187 Christian Schittich,Interior Surfaces and Materials: Aesthetics, Technology, Implementation
(Basel: Birkltuser, 2008)10.
188 Blaine Brownell,TransmaterialNew York: Princeton Architectural Press, 2008)
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1 a mineral clay roof tile that can be used within a particular temperature,
region, and roof angle over 20 degrees and casckeslh

1 a decorative aluminum screen crafted with mathematical research, including
research on the rhythmic, rep@nal and sequential understanding of nature,
to structurally stand

1 a polyester film that can be used with glass materials to manifest designed
optical illusions. The illusion works when the viewer walks past the surface
and looks at it from differertingles. From some angles, it looks as if it is
transparent. In others, it looks fully fogged, which provides a variable

alternative

4.4.2 Re-useand Bio-materials with Ecological Motivations

In the 18th century, the development of the capitalist economy anddbstrial
Revolutionincreased immigration to cities and became the reason for rapid growth.
In order to meet the increasing population and demands, the cities spread and
scattered in an uncoordinated, structureless manner. In this process, many
agricutural areas that could not adapt to the pace of the new economic system were
lost; moreover, the acceleration of widespread use of transportation and production
tools caused an increase in carbon footprint and climate ch&hiéth the
development of the Information Age, a series of reactions toward the constantly
increasing ecological problems paved the way for the widespread attention to
environmental ethics in societ§ Approaches such as sustainability, green energy,
biodiversity, and recycling stand out in this process, forming the basis of today's

ecological attitude.

BHayriye Eyl ¢l Kaya i8nrdd ¢Ar¢zZlue bTidyilranBi $u skeenn,t | e Kk me
Ekolojik Planlamave EkiKk e nt Kent 0 Ar akt ér mal ar & Der glli,s. (Jour n:
30 (February 2020): 909, https://doi.org/10.31198/idealkent.53373.

190 Hatice Ay,iEk ol oj i k Bir TopllumskhKEkkl w@inedi m ve EKkoG¢
Ar akt ér ma l,ao. B(Febraary®026):i12, https://doi.org/10.51243/SAKIMER.
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New materials and information technology are seen as a great opportunity to deal
with nature again. First of all, today, being integrated with nature iesludore
complex approaches rooted in contemporary science rather than romantic
approaches such as floral and art deco. At this poew,approaches, which are
developing both in architecture and on an urban scale, overlap with fields such as
bioengineerig, morphogenesis, and nanthropocentri¢®® These paradigms are
commonly stimulated byhumancentered thought system asocial and urban
contexs built by industrialization. Therefore, the focus shifted to the intelligence and
systems of nofmuman livirg organismsnstead ofman and his rational systeithe

trigger for this change has been the inevitable "interdependence” of digital and other
disciplines (biology, architecture, genetics, engineering) since the .1$90<his
respect, what emerged iretBynthesis of digital and living organisms (mostly-non
human) studies in the context of the architecture and the city also directs today's

practice

Figure4.32. Algae Curtain, ecolLogicStudio with Urban Morphogenesis Lab (The
Bartlett UCL), Synthetic Landscapes Lab (University of Innsbruck), UK, 2018.
Retrieved fromhttps://www.photosynthetica.co.ukkccessed 15 Apr. 2022.

Algae-powered, biesmart cladding system Algae Curtain by ecologicStudio
demonstrated a union between-fdigital and architectural material. The curtain was

Bl Antonino SaggiofiCh apt er 6: Ot hAechitec@ite inlthe Bigitgl Age,, Désigh and
Manufacturing(New York, Landon: Spon Press, Taylor & Francis, 2003),i354

192 Claudia Pasquero and Marco PoletfiBio-Digital Aesthetics as Value System of PRost
Ant hr opoc en e IntArnatidmal Joerrak ofl Arahiteciural Computiri3(2) (June 2020):
120, https://doi.org/10.1177/1478077120922941.
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also installed at Dublin Castle duritige week of the Climate Innovation Summit
2018, which aims to accelerate the "adoption of nabased solutions to tackle the
global climate crisis." The system was created as a lightweight and translucent skin
that is able to capture CO2 from the atmasphas much as 20 large trees. These
skins, first and foremost, "functions as photobioreactor" and use daylight to sustain
the "living microalgae cultures.” The directors of ecolLogicStudio Pasquero and
Poletto assert the system of functioning in threenrsiyvetware(living microalgae
cultures), software (digital management systems with sensors in-tiead), and

hardware(the habitable surface for cultivation of living cultur&¥)

Figure 4.33. Physatoja, student project by Jiayi Tu and Qin Qing, Urban
Morphogenesis Lab, The Bartlett UCL, UK, 2017. Retrieved from
https://urbanmorphogenesislab.comécessed 17 Apr. 2022.

Urban Morphogenesis Labf Bartlett School of Architecture stands out with its
research that utilizes biological intelligence in pursuit of a new mode of reasoning.
These researches for both architectural and urban scales include a series of studies
that

1 focuses oncollective (memory) intelligendeased on the growth of
phycarum polycaphalum and the formation mechanism that can be used as a
design tool. The project "Physatopia” later utilizes a digitally generated
behavior model derived from the growing outpfitr@ organisnt®*

193 |bid.
194 fiUrban Morphogenesis LabPhy sat opi a, 6 Ur ban Morphogenesis La
https://urbanmorphogenesiblaom/physatopia
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1 aims to explore the organization and fabrication technique of urban fabric
with the help ogeomorphic and biotechnological intelligendhe project
focuses on the geography (Liwa Oasis in UAE) and the local resources (sand,

cyanobactea | , chemicals) for their research.

several formations and integrates them to spatial and urban.S¢ales

Figure 4.34. Biocement (Cynaobacteria), student project by Chunyi CHEN, Yilin
ZHOU, Ying HU, Han LIU and Wenzhe YE, Urban Morphogenesis Lab, The
Bartlett UCL, UK, 20142015. Retrieved frorhttps://ubanmorphogenesislab.com/
Accessed 17 Apr. 2022.

3 ’ - Rt o
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Figure 4.35. Microbialcellulose (Metabolizing Urban Wastesfudent project by
Lipeng LI, Peng LI, Wenjuan HUANG and Xue XIAO, Urban Morphogenesis Lab,
The Bartlett UCL, 2018016. Retrieved frorhttps://urbanmorphogenesislab.com/
Accessed 17 Apr. 2022.

1 problematizes the food waste and the air pollution caused by the burnt waste

and suggests a new material for a soluti

195 fiUrban Morphogenesis LalBl OCEMENT [ Cynaobacteria] 2014/2015, 0
Lab, accessed April 28, 202&tps://urbanmorphogenesislab.com/bioceri1t52016
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mix of bacteria, yeast, and other microorganisms). The biological material
consumes food waste and turns it into an organic substance that is beneficial
for energy reuse. The gainism involves in the urban context as an energy

infrastructure-®

In addition, repurposed materials, akaused, reclaimed, or recycled, a previously

used material, or a product that has completed its function, came forward as another
potential. In a way, it has a distinctive significance from other material trends in
terms of its attitude toward the value of raw material, -@zgrsumption, and waste

flow in the new age. Today, it has many applications, from waste ship parts to the
coaing material to the réunctioning of art objects to tables, and it is continuing to

develop

Figure4.36. DappleMaterial as &kin Element Mehr. WERT.Pavillon, Karlsruher
l nstitut fer Trahitekiem,0 Geonny e 2019R2theved Aom
https://www.wold-architects.com/Accessed 17 Jan 2022.

Recycled dapple material was used as the skin of Mehr WERT Pavilion with an aim

to prove both innovative and sensitive usage of waste resources. The project was
showcased at the Federal Garden Show 2019 in Heilbemphasizing recycled
material . Similar t o {purpesedsteelwhidheasused - ad e

19 fiUrban Morphogenesis Lab MICROBIALCELLULOSE [Metabolizing Urban Waste]
2015/ 2016, 0 Ur ban Mor phogenesi s Lab, acece
https://urbanmorphogenesislab.com/microfmiallulose20152016
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as a structural material, was taken from the Kneppers power plant that was

disassembled at the same time
Additional examples afe-purposed materials can be seen as

1 a finishing material for floors and may be used for cabinetry and other
furniture. Kirei is also known as "sorghdpased architectural millwork
material," which is a poshdustrial recycled material and a renewable
resource®’

1 a material produced as a 100% polypropylene tube that looks like a beehive.
Even though the material looks as if it is rigid, it is flexible, curvable, and
formable in every sense. In addition, it is porous and translucent and may be
used in inteiors for sculpture purposes, panels, and functional objects

1 recycled postconsumer polyethylene panels are used in many areas as
restroom partitions and store of furniture products

1 a100% recycled rubber from children's boots can be used for wall agserin

floor mats, and similar areas

4.4.3 Smart Materials with TechnologicalMotivation

Recent developments in digital and production technology have brought along
significant changes regarding the systematic formation and function of the material.
While systemsuch as software, interface, and cloud, which were included in daily

life with technological innovations, have been now integrated into the structure of
new materials, new functional performances have been emerging with

sensor/receptor, actuator, monitayj and tracking systems at the same time.

Unlike their traditional forms, for instance, ultraperforming materials, also known as
high-performance materials in engineering, are developed to achieve better strength,

durability, functionality, lightness, arglistainability. These materials have evolved

197 Blaine Brownell,TransmaterialNew York: Princeton Architectural Press, 2006), 8.
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with constant testing of the limits, as new technology does today. The shattering of
every limitation brings new thinking about the immediate environment, its design,
and architecture. Especially in the builbveonment, the focus of material
developments is the idea of reaching thinner, more porous, lighter, more transparent

quantities, that is, "dematerialization" and even "ephemeraffty."

oo |

Figure 4.37. Ultra-thin PhotovoltaicConcreteSystem onRoof Construction ETH
Zurich Researchers, 201Retrieved fromhttps://www.youtube.com/Accessed 15
Jan 2022.

As an ultraperforming material, Ductal concrete by LafargeHolcim integrated
photovoltaic technology and material into a quamel system. The photovoltaic
concrete panel system consists of solar films called HeliaFilm, and thin, lightweight
concrete layeringThe shell was designed initially as a roof for an apartment called
HiLo. The process included CAD and CAM testing of the structure'sspfjorting

and multilayered aspects. Therefore, the thickness of the HiLo's concrete roof varied
from 3cm to 12cm, fim edges to supportive surfaces. Other ultraperforming

materials can be examined as follows

1 a concrete material containing resources like mineral fibers, silica fume,
superplasticizer, and many more to achieve lighter and durable wall panels,
acoustic paels, and other construction systems that can also create thinner

sections and higher structuyes

198|pid., 8.
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a translucent concrete material made by adding an array of polymers while
casting concrete as a binder. By increasing or decreasing the polymer ratio,
variations in transparency can be derived

a translucent silica aerogel that consists of 97% air and 3% silica. Since most
of its composition consists of air, the gel material is light
andnanoporousnaterial with advantages in energy conservation and
daylight transmittance as a lightansmitting insulation material on roofs and
walls;

a steel mesh chaise longue that aims to be nearly transparent. The membrane
is made of welded stainlesseel mesh suitable for exterior applications

a wood material uskfor acoustic walls, roofs, and ceiling systems in theatres
and mixeduse projects. These panels are made from wheat straw and
recycled paper that come to the fore as both economic aneséwireg
construction systems

a 100% percent polyester of polyurahe material that has been developed
can be rigid, rubber, or even gel forms as it is cast. The usage of cast resin is
far beyond that; its applications encompass from wall panels and doors to
tabletops and sinks

A fire-resistant glazing system manufaet from multilayered safety glass

with a transparent intumescent layer in between

In the case of new materials' interactive, adaptive, and sensory applications, many

materials and spaces use the recent industrial innovations (IoT, CPS, Al, ML) to

estaltish links between people and spaces. In that case, MIT Media Lab developed

aninteractive wallthat identifies the users and their feelings by using biological

outputs. On the other hand, another study called "House_n" by MIT aims to build an

immaterial Ink between home and places of work, learning, and recovering. On the

other hand, "digital wallpaper," a currently developing prototype, constitutes another

aspect of the motivation towards technology. The motivation behind this project is

to prove that arhitects can also contribute to the industry with new technology. This

new innovative material consists of separate flexible electronic circuit layers like
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sensors, display, networking, and solar cell layer that are pressed and defined
together as one coropite layer. It is believed that in the future, it will result in
significant changes in architectural design, especially in the definition of the wall

and its associated elemeht’

COMPOSITE
LAYERE

Figure 4.38. Digital Wallpaper PRototype Retrieved from Osman Ataman,
Integrating Digital and Building Technologies: Towards a New Architectural
Composite, 2005.

In addition to multidimensional materials, there are &lansformational materials

that go through a bodily transfiguration yet are not kinetic that they may be
autonomous or drowned by the users. Like smart materials, these are also developed
with multiple features like solar control, waste reduction, illurti@m and more that

offer many functions, including more enhanced experiences. For instance, "The Give
Back Curtain," designed by Kennedy & Violich Architecture, is a transformational
fabric made of luminous phosphorus, also regarded as a téabmo tha absorbs

and reflects the light with the pretominescent pigments that are integrated into it

In addition, the transformational materials can be as follows

1 a concrete material that transports light from one surface to other with the
technique calledrotal Internal Reflection' that is also the same principle that

makes fiber optics work. Its transformative feature comes from the shadows

199 Osman Atamaniiintegrating Digital and Building Technologies: Towards a New Architectural
C o mp o sintarnatioral Journal of Architectural Computing, no. 2 (June 2005): 1889,
https://doi.org/10.1260/1478077054214442.
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or lights that fall on the materials' surface. It absorbs and responds with colors
without any power or electricity

1 a responsive glass that acts according to the environmental conditions and
transforms by curling, opening, and closing. The material is a lightweight,

nonpowered transparent material used for natural air movement and

automated environmental control in lolimgs

Figure 4.39. Fabric Woven with Proto-luminescentPigments The Give Back
Curtain, Kennedy & Violich Architecture. Retrieved from Blaine Brownell,
Transmaterial 2006.

Figure 4.40. Laser Cutting Experimentswith BL Special Material Steven Holl
Architects, 2006. Btrieved formhttps://www.albeflex.it/ Accessed 18 Jan 2022.

On the other hand, Interfacial materials have also emerged with the invention of the
computer and interface in the digital age that aimat&grate two opposite things:
physical and virtual. Investigating materials and their possible implementations with
interface systems makes these materials unique within their own time. Products and

materials fabricated through virtual instruments are alsluded in this section of
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trends. Additionally, interfacial materials are precious in terms of their involvement
with the latest and newest technologies in the digital age, for it leads to unfamiliar
fields in every advancement. BL Special, a laminatedd composite material that
Steven Holl designed with Nick Gelpi, Alberto Martinuzzo, and Alessandro Orsini
(albeflex), was developed for a laser cutter and other use-pegiotyping

techniques

45 New Additions to Architectural Hardware

A Wi tblisphere communities, there will be subnetworks at a smaller scale
still that of architecture. Increasingly, computers will meld seamlessly into
the fabric of buildings and buildings themselves will become computiees
outcome of a?® ong evolution. o

In 1996, at the dawn of digitalization, Mitchell asserted that aslrtiestrial
Revolutiontransformed the pridustrial buildings fromskeletons and enclosing
elementsto progressively complicateagnechanical entities the inclusion of
computers and autaation will also transform the buildings into a neesding
complex construction with new advancement in technof8in case of the pre

digital condition of the mechanical physiology of the building, systems like heating,
ventilation, air conditioning (MAC), electrical, safety systems, and more were
embedded into the fabric of the buildings. With the inclusion of the computer, such
systems have become automatic and even autonomous with the development of the

industry.

The distinguishing principles of diglization include the keyword$numerical
representation, modularity, automation, variability, transcotfitfogigital, virtual,

interactive, hypertextual, networked, simulated, demassification, and asynchrony,

200 william J Mitchel, City of Bits: SpacePlace and the InfobahiCambridge, Massachusetts,
London, England: Mit Press, 1996), 171.

201 |pid, 171.

202|_ ev Manovich,The Language of New Medj@ambridge: MIT Press, 2002).
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and more could be included according toeotbtudie€®® The transformation in
architectural hardware has started with the advancement of automation. The
automation system, which was introduced in production with the Thadstrial
Revolution has developed while acquiring new technological additions withetve
revolution experienced today. Since automation works with algorithmic software,
no-human involvement is required. On the other hand, these extensions, associated
communication systems, and CPSs remain complex systems that need cooperation
with other dsciplines.

vray:

‘

Figure4.41. Rendering software with minimum system requirements, a comparison
between vray and twinmoion software. Retrieved frdmtps:/i.ytimg.com/
Accessed 28 Apr. 2022.

Today, even as an adidnal part of the computer system, hardware has turned into
a desigraccelerating attribute. Processor, graphic card, and RAM have become
terms that every architect or architectural office should know due to the digital
culture and developing industry. @hardware and computer selected in this process
vary according to the type of work to be done and the software to betlmsgdhe
marketplace and service personnel may be insufficient in terms of necessary

knowledge and mislead the customer.

203 Martin Lister et al. New Media: A Critical Introduction, 2nd Etlondon; New York: Routledge,
20009).
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Figure 4.42. Internet of Things and control over mobile devices. Retrieved from
https://www.whsmarthome.comAccessd 28 Apr. 2022.

Today, especially in architecture, with the development of CPSs and the
establishment of the relationship between each system with the invention of the IoT,
industries have come to the fore under the name of "smart." These are known as
'Intelligent Buildings,' 'Building Management System (BMS)," 'Building Automation
System (BAS)," and if it is integrated with housing, known as 'Home Automation,’
‘Smart Building' that consists of the elements as actuators, hardware controllers and
sensors iaddition to the architectural elements. BASs have emerged with a principle
that aims to improve the occupant's comfort. This building industry has developed
and has become the indispensable essential element of sustainable buildings and

green buildings thademonstrate controlled energy performafiée

Essentially, building automation is an automatic control center that manages heating,
ventilation, air conditioning (HVAC), electrical, lighting, and shading systems in
buildings. The new additions to its fusmdental structure have become a crucial
system of the modern industry with rising ecological concerns that improve energy
efficiency, reduce operating and maintenance costs, archives building information,

increase security, and enable remote interventisinthis point, if the BMS and the

204 Jim Sinopoli, Smart Building Systems for Architects, Owners, and Buildarasterdam:
ButterworthHeinemann, 2010),-6.
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BAS are compared, while BMS is defined as the system that controls the
fundamentals of the system, BAS is a system that includes everything else that is

related to the electricity in the buildisg

An extension of BASssi"Home Automation System (HAS)" also known as "Home
Building Automation System (HBAS)" or "Digital Home." Unlike the complex
BAS, HBASs are controlled by the residents from inside of the home through a
control panel, monitor, or unit that typically incksla user interface with an Internet
connectiorf®® Applications of Home Automations systems varies with the particular
combinations of HVAC, lighting control system, occupa@agyare control system,
indoor positioning system appliance control system, haets, security, detectors,
elder and disabled systems including the devices like voice control (Amazon Alexa,

Google), air control devices, smart home appliances (with-inuititerface).

Figure4.43. Ceiling Mounted Home Robot and Mobile Robot by Toyota Research
Institute (TRI). Retrieved fronhttps://assets.rbl.mshttps://images.ctfassets.net/
Accessed 28 Apr. 2022

Recently, robots have been included in the context of domestic electronics to
improve human capabilities in living spaces. As one of the leading teams in robotics,
Toyota Research Institute (TRI) aims to enable robots to adapt to every human

environment. Apart from the development of mobile robots, TRI advanced eeiling

205M. Asadullah and A. Raza, "ABverview ofHomeAutomationSystems,"2016 2nd International
Conference on Robotics and Atrtificial Intelligen¢2016): 2731.
208 | pid.

124


https://assets.rbl.ms/25559591/origin.jpg
https://images.ctfassets.net/f24mlsnfm2rh/5bPYAQTDDtwvqz1mHVxD5l/fae3adadb2a3a7dfbf5b153941a5f67e/TRI_Teaching_Robots_to_Help_People_in_their_Homes.png

mounted robotthat can perform in narrow spac@6Consequently, the integration
of new technological hardware justified the predictions of Mitchell, who said,
"computers will burst out of their boxes, walls will be wired, and the architectural
works of the bitsphere Wibe fewer structures with chips than robots with

208

foundations.

Figure444. T¢r ki ye M¢gteahhitler Birlifji Mer k e
Turkey, 2013. Retrieved froimtps://avciarchitects.comAccessed 4 May 2022.

On the other hand, one of the movements in architecture taken against the
environmental problems caused by kh@ustrial Revolutiorover the years has been

the Green Buildingalso known as the "zemnergy of neazeraenergy building*®

The energy and environmental performance of buildings are certified with
classification and evaluation systems such as LEED and BREEAM. "Mitigating
environmental degradation through conservation, reduction of pollutants, and
protection of water and natural resources and habftétag'well as improving social

and economic health, are the main aims of the-estiblving concept of green
buildings. In addition to these certification systemgreen buildings can also

incorporate specific targets according to urban policies and government regulations.

"fRobotics | TRI , 0 Toy ohttpgs://We.si.glebal/ouiworkirabatitsi t ut e, n
Accessed 28 Apr. 2022

208 william J Mitchel, City of Bits: Space, Place and the Infobaf@ambridge, Massachusetts,

London, England: Mit Press, 1998)/2

209Frank Ching and lan M ShapirGreen Building lllustratd (Hoboken: Wiley, 2014), 6.

210 |pid., 7-9.
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These policies vary from one country to other and differ according to regions,

provinces, and districtsnd may include goals such as ecovillage and greems.citie

One of Turkeis intelligent and sustainable architectural projects is the Turkish
Contractors Association Headquarters, desi g
competition. This project wasompleted with the participation of engineers from

many different disciplines and received the LEED Platinum Certificate. In the design

process, air circulation and temperature control were provided with a method defined

as a "labyrinth system" and involveseveral active and passive systems with

photovoltaic panels and hot water pipé's

Like other automation systems, green buildings require the cooperation of architects,
engineers, civil engineers, contractors, and clients. Thereforeothplexity of
systems is reflected in the architectural drawing and modeling software, extensions,
and tools, which helps the architects and engineers improve sustainability in projects
and integrate and develop design simultaneously. One of the proruoEntBIM

and Green Building Information Modelling (Green BIM), allows users to get
analyses such as conceptual energy analysis, solar and shadow analysis, and
sustainable analysis by using the topographic, environmental, material,

constructional informatn stored in the database

21 AT MB Mer kez Bi nasé, o Avci Architects TR, Ac
https://avciarchitects.com/tr/proje/tamhberkezbinasi/
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CHAPTER 5

CONCLUSION

Industrial and technological transformations have had multiple effects on
architecture while transforming social and daily life. On the one hand,
transformations from théndustrial Revolutionto today's industrial technologies
brought convenience and spe@ production, economic growth, improvement in
comfort and health conditions, ease of communication, and accessibility to broader
geographies. At the same time, such an accelerated production has become the
primary source of environmental pollution, emerconsumption, widespread
commodification, and surveillance problems. Understanding the current position
required returning to the stiévolving postindustrial condition that came to the fore

in the 1970s. The transition to the posdustrial period heitaken place with the shift

of information infrastructure from transportation to communication, from highway
to cable, to the basic structure of today's society. Behind this change lies a new
determinant called "computerization," in Lyotard's words, aedlifference in how
information is transmitted and obtained due to the changing status and legitimacy of
knowledge. Thus, the resulting complexities and divisions are simultaneously

reflected in disciplines, society, economy, and the built environment.

In the first instance, with the development of the Information (IT) and
Communication Technologies (CT), new business areas have emerged under the
novel tertiary sector of the economy, the service sector. New séraseal job
definitions such as project caultancy and management, real estate, investment, and
expertise, as well as new requirements for working environment such as division of
labor and organization, have aroused. The-puaBistrial process has led to the
implementation of a series of natiofrayional deindustrialization and industrial +e

localization policies in the form of y@daptation, reduction, or even removal of the
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industry in the urban context. In addition to the cities' industrial, business, and
recreation sections, functions/seescsuch as health, education, transportation, and

their positions have also gained importance.

However, with the increasing world population, demand, and consumption of goods,
there has been an accelerating increase in industrial production rather than an
expected decrease. Even heavy industry has continued to be an essential part of the
economic growth strategies of countries such as China, Japan, and Korea.
Meanwhile, the environmental threats caused by the industry have revealed the
importance of wasteomntrol, restriction of plastic bag consumption, and other
individual measures in daily life. Also, the development of digital/computer
technologies has led primarily to the economy's financialization, resulting in an
increase in financial value and a dexse in physical value. In addition to the
capitalist system's marginalized labor, the finabased economy has led to the
precariousness of skilled/qualified and intellectual professions such as architects. In
parallel, within the monegapitatmoney cyat, the conversion of architectural
objects into capital has accelerated. The city and other settlement centers, which have
become the focal point of financialization and globalization, have been transformed
by capital owners into experimental areas witlysskapers, oases, historical
decorations, and neon lighting on the facade to add symbolic value to the capital

cycle.

Since the 1990s, the internet, a f@ale information transformation apparatus, has

led to increased shared and collected data and bambean information bank with

ample storage. Initially expensive and complex to access data due to limited shared
data and storage capacities (compressed .zip and .rar files), it has become accessible
and inexpensive as the accumulated data and storagel @rvers, deep web) has
expanded. This new source of knowledge provides the technical, scientific,
experimental, and functional data necessary to solve contemporary problems while
also enabling the development of artificial intelligence (Al), machiaslag (ML),

deep learning technologies, and quantum computers. Integrating big data and
computation with nanotechnology, genetics, and biotechnology also triggers the
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development of robotic technology. Developments after the 2010s mark the Fourth
Industrial Revolution which provides an intelligent production system where
machines and robots control, analyze and instruct each other independently of human
interaction. As the core technology of the autonomous system, CPSs operate in a
particular action cyclefirst, certain information is collected by the sensors; loT
transfers specific data to the cloud or local servers simultaneously; synchronous
feedback is received from these servers. One result of this new system is the upgrade
of already existing "humato-machine" and "machin®-human” communication to

a whole further "machinr®-machine” communication. In the meantime, the new
limits of space brought about by digitalization were discovered when new
experiences such as mixed reality (MR), virtual tggdVR), and augmented reality

(AR) were created, paving the way for concepts such as the metaverse.

Architecture is, on the other open to both positive and negative impacts of
digitalization and industrial technology. The influence of computers, compuitati

and digital tools (CATIA, Alias/Wavefront, CAD/CAM) in architecture manifested
itself in the 1990s with the potential to create 4kaclidean, nofrepetitive, and
nonstandard production systems as well as variable, complex, kinetic and dynamic
forms. At that time, the integration of digital tools/software and compaited

design depended on three primary uses: one as a means of presentation, digital
representation of the idea; second to automate the process of drafting activities; and
lastly, as a Igic of design formation interdependent on the notation/algorithms
superimposed on the design. In the end, the domination of curvilinear and fluid
expression in the architectural language of the period was in general influenced by
Calculus (the mathematio$ continuity) and the NURBS Modelers and inspired by

the creative potential of Deleuze and Guattari's folding. While this process allowed
a new logic in the design process as parametric design, it has also led to the
emergence of new styles andms in achitecture, such as parametricism and
blobism. In addition, the feasibility of highly complex surfaces and lines has enabled

the realization of analogy with nature in architectural and urban experiments; for this
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reason, 'topological,’ 'organic,” and lebsheet' characteristics have also been

ascribed to the curvilinear architecture.

Today, unlike the early periods of the digital age, advanced cloud capacity/storage,
network technologies, AI/ML, and computer processing power have triggered
breakthrough in digitalization and paved the way for the discussion of a second
digital turn in architecture. First of all, within these developments, it is possible to
(1) realize a realtime integration between tlieesignand making processesThe
distinction betwen architect and builder emerged after the Middle Ages, and the gap
between design and construction widened afterward, has begun to narrow at the new
digital threshold. While working on the raw state of design, architects can explore
the constraints and psibilities of its construction through a series of simultaneous
feedback mechanisms with new techniques-ttéactory, triatanderror, and in

situ fabrication). In that way, the design and formation process are merged and
handled more holistically, ts improving the targeted 1l realization. Meanwhile,

as it enables thedésign through makingirocess and holds the potential of
participatory, interactive, and hierarchical workshop logic, the results also mark the

rebirth of craftsmanship performed bgnd and mind.

Another impact of the transforming way of working, cheap and practical production
and materialization has been the riajrowing gap betweetheoryandpractice
thusincreasingresearchbasedarchitectural practice Universities and resedrc
laboratories with the necessary resources and efficient facilities are observed to
provide the potential to produce and participate in urban and architectural studies
with novel technologies. In addition, many architecture students and academic staff,
who have interdisciplinary experience with these opportunities, continue their

studies through researtfased architectural offices.

The driving force behind these practices lies in the architects’ motivation to
contribute to the industry with new technaksg that (3)pffer solutions
to ecological urban, andsocial problemsesides the architectural concerns. These

urban and architectural studies include variable approaches such as non
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anthropogenic/nohuman intelligence that responds to theavironmental
degradation caused by humanity and intelligent technologies embedded in the
buildings' fabric. Thus, the inspiration for new projects may become living
organisms that can regenerate, adapt, decompose and renew nature, or technological
tools, components, and cables that can improve the performance of the built

environment.

In addition to the current industrial technology, with the reflection of the changes
mentioned earlier in architectural practice, it has become possible to create the
adaptabn of (4)new languages by including th@elligence of norhumanssuch

as artificial and living organismmto the design and fabrication process. In the last
decade, digital technologies and CAD/CAM practices have broken away from the
limitations of tle human mind. This shift's core is based on the transition from
calculus to advanced computation driven by deep learning and machine learning
(ML). Since these advanced machines can process billions of notations and
calculations of a complex system morepaale than the human mind, a new
unknown and unfamiliar language is emerging within the architectural language.
Rather than the calculation system familiar and common in architectural practice,
different methods are being tested with new notation systhatsutilize point
clouds, volumetric units, and voxels developed according to these intelligences'
capacities and functioning. While preparing the design of an architectural structure
made up of billions of voxels for the fabrication, the machine mangsiiathrough

the process; there, the design language, unique to architects, begins to disappear and
leaves its place to the language ofititelligent machinesA similar transformation

in the architectural language is observed in practices under memdsig, which

tries to adapt the ability, order, and organization of-nemanliving organismgo

both urban formation and architectural fefimding, material, and function. These
studies show that the architects/designers aim to be the party in the Imeéngeen
digital and biology, harbor a neanthropogenic attitude, and arise due to the global
energy crisis, environmental pollution, and damage caused by the accelerated

production of industrial society. These approaches turn into generative prooesses i
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architecture that enable the exploration of spatial potentials through another living

system.

New geometries, spaces, and parameters in architectural practice led to further
material studies, and reciprocally new materials also create new potentials that
enable unique formations. Material studies are separated into two that answer
(5) thefunctional bodyof modernism and thaeesthetic skirof postmodernism,
shifting towards morentegrative holistic, andcomplexunity. These materials and
structural sysggms can also transform, adapt, and mutate according to the data derived
from the environment or parameters programmed to perform as intended. New
motivations in architectural material include a technological one that adds sensory
and interactive technic#yers; and an ecological one that experiments with living
cultures and habitable surfaces (wetware and hardware)-modpesed, relaimed

materials.

New digital mediums such as video games, mobile interfaces, and social platforms
(6) extend the boundas of architecture both witkeducative interactive,
communicative cyberspacesand experimental virtual spacesthat inhabit new
potentials of architectural design, space, and perceptidhat, video games may
enable architects to design projects amblygies that have not been dealt with in
reatlife, consider new viewpoints, which is usually rare in daily life, and experience
new design constraints of game mechanics like polycounts and performance issues.
In the end, new digital spaces enhance thkalworative aspect of the new
technologies by bringing together different professions from different industries

which use the same tools but in very different ways.

The reflections of these industrial and architectural transformations in different
regions differ depending on the economic conditions, development plans, and
investments per country, as well as the research support, sufficient resources, and
facilities of universities. In Turkey, artists, architects, and designers (games, graphic
design) are vdely involved in cyberspace and virtual space practices with the

widespread usage of computers and networks. However, new technological systems
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and hardware are only implemented by a few architects under sustainable and
intelligent building design. Digitdlabrication techniques and material technology,

on the other hand, contain a limited number of examples within the scope of current
advancements. Nevertheless, in terms of the insufficient number of instances, there
has not been a big difference betweemk€y and other developed countries. Since

the industrial technology and digitalization that have developed in the last 30 years
have not spread to an urban scale and affected the society in this respect, these
architectural practices mostly remain limiteg their unique existence.

Within the negative side of impacts, such advantages and transformations mentioned
so far in this thesis are also open to converting(G@hitecture to a meréorm of
commodification representing a divergence from its essérgianciples such as
tectonic truth, contextuality, environmental sensitivity, meaning and timelessness
and (6)architects tgprecarious and marginalized labdsy including artificial

intelligence and advanced computation into the design process.

Therefore, the transformations in industry and the impact of technology should be
evaluated with a critical distance while celebrating new developments and
possibilities. When the difficulty of doing research mainly concentrating on
contemporary developments is concerned, this study is open to further alterations
and alternative evaluations. Similarly, the plurality of titles and research areas leaves

it open to further contributions and studies.
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APPENDICES

A. The Comparative Framework of the Outcomes

Projects / By

Projects / By

Early Decade of Digital Age | Digital Tum
. From Standardized to Variability and
Efficiency

. Non-Euclidean Geometries

The Guggenheim Museum Bilboa, 1993-1997.
Gehry Partmers

Disney Concert Hall, 1991-2003.
Gehry Partners

. CAD/CAM = Representation Tool and
Generative Process

. Software influence (CATIA. NURBS
modelers)

Haydar Aliyer‘éen
Zaha Hadid Architects

Dongdaemun Design Plaza, 2009-2011.
Zaha Hadid Architects

A. NEW POSSIBILITIES OF ARCHITECTURAL LANGUAGE

1. Post-Digital: The Language of New Digital
Digital Materiality

. language of immaterial

. merge between the immateriality of digital
and materiality of architecture.

Fabio Gramazio and Maithias Kohler (2008), Chris
Anderson (2014).

Digital Craftsmanship

- language of AT | hand+mind

. narrowing gap between design and
construction; collaborative, interactive

Richard Sennett (2008), Mario Carpo (2011), (2012)
Aukje Schukien (2016).

. Fold. Curvilinear, Bloby. Fluid.
Topological. Rubber-Sheet Expressions

Branko Kolarevic (2003), Ipek Giirsel Dino (2012),
Patrik Schumacher (2019), Mario Carpo (2019)

L'Hemisferic, City of Arts and Sciences, 1998
Santiago Calatrava

Sage Gateshead. 2004.
Norman Foster

Digital Morphogenesis
. language of behavior | form-finding

. new or 1. spatial p 1al

derived from the living organisms.

Branko Kolarevic (2003), Jonathan Bard (2008), Nick
Dunn (2012).

Digital Grotesque IT XL Astaxanthin.g
By A Kudless. Matsys M. Hansmeyer, B. Dillenburger EcoLogicStudio
Year T Liocation 2006 / Banvard Gallery. KnawlmnA School of 2017/ “hmer le monde exhibition, 2019/ “Le Fabfique du Vivant™ Centre
Architecture, OSU. Columbus. Ohio, USA. Centre Pompidou, Paris. France. Pompidou, Paris, France: Japan; Austria.
Dimension  15"x 9" x 1’ (4.57m x 2.74m x 0.3m) SN hEHE 37 oGl S facsateat NA
4m x 2m x 1m print space.
Material Plaster. elastic fabric. Sand-printed el (slicate+binder) PETG ther 1 micro-algae, biogel.

Design /
Fabrication
Process

The point-clouds. created through the
grayscale values of an image. are used to mark
the positions of the dowels that limit
flexibility mn the fabric pattern. Plaster is
poured into the mold within the limits of the
fabric while expanding it with weight. They're
assembled 1nto a larger surface.

Design constituted from 16.386 design
variations, 260 million surfaces, 42 billion
voxels. 156 GB production data that are
calculated on ETH EULER high performance
computing cluster. After 2-year design
process, it is 3D printed and assembled in
about 1 month.
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The substratum is designed as a porous shell
and 3D printed in pieces. The assembled
structure is infilled with bio-gel substance for
Photosynthetic cyanobacteria to live, absorb
CO, and produce O,, biomass and energy.



‘Winery Gantenbein

TECLA Houses

Boolean Operator

By G 10 & Kohler, Bearth & Deplazes Mario Cucinella Architects Marc Fomes, Theverymany
Year / Location 2006 / Flasch, Switzerland. 2021 / Massa Lombarda, Ravenna, Italy. 2018 / Jinj1 Lake Biennial Suzhou Shi, Chmna.
Dimension 400 m? fagade 60 m? 735 sq. feet (68 m?)
Material Concrete skeleton. 20.000 bricks. Local raw earth mixture 1-2mm thick ultra-thin aluminum
The facade design 1s created with a digital 7000 G-codes are used by two synchronized The curved. twisted design and structure 1s
image data representing a "basket" of "grapes" 3D printer arms that are controlled determined by 3D analysis to come together
Design/ with varying sizes. The brick wall is simultaneously over a software that optimize as a single skin.
Fabrication calculated by a computer and built by a robot by avoiding collisions and
Process ensuring the operation. They are built with

using a programmed parameter. 72 wall
1 are bled with data inf d
robot’s maneuvers.

2. Post-Media: The Language of Old Media

. the new avant-garde no longer seeing or
tepresenting the world in new ways.

. accessing and using in new ways
previously accumulated media.

- uses old media as its primary material.

. new media 1s post-media

Lev Manovich (1999)

/
Arches Boulogne, Social Housing

350 layers of 12 mm and average 6 kW
energy within 200 hours.

originality issue
. copy-paste design = an obstacle to the
development of architecture

Winy Maas et al. (2017)

Arcadia Cinema

. copy-paste as a collage technique as an
architectural manifestation of a critical
thought.

_ digital platforms of accumulated post-
media language.

. experiments with the limits of elements

Bilge Bal and Bahar Avanoglu (2019), Aitana Aguilera
(2021), Renan Teuman (2021)

Exodus
By Antonini + Darmon Architectes Tracks Architects Aitana Aguilera
Year / Location 2016 / Boulogne-Billancourt. France. 2018 / Riom, France. 2021/ digital - KooZA/rch
Dimension 2426 m? 1028 m* NA
Material White cast-concrete and others. Volvic stone. concrete and others. NA

Arches of antiquity. power. erudition. stability
and wealth give the inspiration for fagade.

NI ol
Cappadocia Spa Hotel

Arches inspired by the history of the site. The
arch is used with a modcmv mmpr%a 1
A

Sforza House

The chimneys. losing_ their importance as a

cultural value are re-interpreted.

Wheat Belt

By Gokhan Avcioglu Taller de Arquitectura X Renan Teuman
Year / Location 2020 / Cappadocia, Turkey. 2021/ Zicatela, Oaxaca, Mexico. 2021/ digital - KooZA/rch
D 37789 m? NA NA
Material Soft stone and others. Sand-yellow bricks and other local materials. NA
Design Brocess Design strategies come from connections to Vernacular traditions of the site inspire the Reprodl_lces and re-uses the truss system as
e the surrounding geography and history. blurred lines inside and out, arched ceilings. connecting and structural element.
B. NEW LIMITS OF SPACE IN ARCHITECTURE
. two bodies ordinary body and virtual body Metaspaces . spaces exceeding the ordinary physical
. real space that 1s tangible and virtual space. . spaces transcending the ordinary physical space | video games
the realms of seamless medium. space | cyberspaces Marshall Mchihan (1964), Toyo Ito (2010), Antoine
. . . Picon (2010), PUBG X ZHA (2022), Aris Politopoulos
. flows of electron | user interface. . spaces over other metaspaces | social media etal. (2019), matthewnorth / instagram (2022).
| — =
 —— [ %\
r \ 7
e
“ay
Dominion Office Building NFTism Virtual Art Gallery Athen: in Assassin’s Creed Odyssey
By Zaha Hadid Architects Zaha Hadid Architects Ubisoft Quebec. Ubisoft
Year / Location 2015 / Moskva, Russia. 2021 / cyberspace 2017 / video game
Design Process Dynamic. fluid space design for the atrium. “Software as a Service” built with MMO tech. Anvil Engine 1s used as a game engine.
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By

Matthew North

Medical Center
Zaha Hadid Architects

Year / Location

2022 / social media - Instagram

2022 / mobile game - PUBG

Design Process

Interface is used for people to participate.

C. NEW POTENTIALS IN MASS CUSTOMIZATION AND DIGITAL FABRICATION
1. Mass Customization: Non-Standard Mass Production

. computer-controlled mass production.
fabrication technology. file-to-factory.

. customizable, vanations, more complex,
less cost.

Custom Prefab Homes

. second wave of digital fabrication

from task-specific to computer-numeric,
non-specific controlled production.

Embryological House

T ‘

3D software with game mechanics constraints.

. establishes participatory relations.

Branko Eolarevic (2003}, Kas Qosterhuis (2004),
Achim Menges (2013), Marie Carpo, (2017), Greg Iynn
{2019), Branke Eolarevic and José Pmto Duarte
(2019).

Glass Vault

By Resolution: 4 Architecture Greg Lynn SOM., c.r.e.Ate lab and Form Finding Lab,
Year / Location Website - www.reda.com 2002 / Venice Biennale, Venice, Italy. 2020/
Dimension  Customizable Variable ;ﬁ:ﬁéﬂg‘ﬁl?ﬁ? BBt
Material Customizable Variable Glass brick. epoxy.
After designing the Conceptual Blocks, Using state-of-the-art technology of that time, A cooperative design with robots and humans,
creates modules of essential areas i housing the house and 1ts vanations were achieved where robots participate in the parts that
Combines areas with a range of customizable through formal and spatial manipulations over require accuracy and spatial recognition while
Tz typologies. By delexmi.ning the basic type, an Maya’s Scrpt Editor. These variations are hms perform the tasks that require
Fabrication endless number ofvananaqs are manipulated generated with the mmbmaum of 50,000 flexibility and real-time settings. The vault
Process through a software. According to the surfaces. One of the houses is digitally structure 1s created in-situ by two humans

orientation, views, program. and others, these
variations include Double-Wide, L. and Z
typologies. Pre-designed modules are posted
on a website for potential client to personalize

fabricated and assembled.

2. Digital Fabrication: Computer-Aided Design and Manufacturing

. Laser Cutting . Rapid Prototyping Technique

CO2 lasers m 1970s in textile industry; two- Stereolithography technique in 1980s; rapid
dimensional end product; bl lidifying material. correction needed:
needed. adding technique.

. CNC Milling Machine . 3D Scanning Technique

CNC based tools, milling, routing, cutting;
G-codes: short computer scripts:
removing/carving technique.

Manifold Screen

reading/scanning the physical object;
through a digitizer or tripod-mounted box;
digitall itted: reverse engineering.

The Radiolaria Pavilion

scaled, fixed-in-situ robotic arms. Rigid epoxy
1s applied between each brick by humans as a
bonding material

. Robotic Fabrication

working in non-cubic space: self-referencing
its position; robotic limb; programmed
sophisticated actions.

Nick Dunn (2012), Matsys (2004), LAVA (2006), Shiro
Studio (2008), Erdal Inci “Inventory”, GXN Innovation
(2009), Isabelle Herold (2018), Dagmar Reinhardt et
al, (2020), Gramazio Kohler Research (2018), Melike
Alfimgik Architects (2023)

1

The Rock Print Pavilion

By Andrew Kudless. Matsys Shiro Studio. D-Shape Gramazio Kohler Research in ETH Zurich
Year / Location 2004 / Architectural Association. London, UK 2008 / Pontedera. Italy. 2018 / Winterthur, Ziirich, Switzerland
Di 1 NA 3mx3mx 3m, 27 m?. 11 x 3m pillar height.
Material  3-mm solid cardboard. Inorganic binder. sandstone. 30 Ton lar stone. 120km string.
The honeycomb system is developed through CAD drawings are used and lated by the Previousl hed j: ing and
several software. including Maya Mel script, d-shape 1nto the 3D layering infc ion. The 1 hni 1 d the project for
Rhinoceros. form*Z. and AutoCAD within the fabrication process includes the world’s the pavilion’s pillars. The digitally controlled
Design/ research of integrating material system, largest 3D printer at that time, having a 6m x fabrication process includes a construction
Fabrication  design. and performance. Material is laser cut 6m area and 12m height working space. The robot called an in-situ fabricator. The robot
Process binder material is layered with a 5-10mm adds layers of string and granular material to

and comes together with folding and binding
techniques. The biomimetic mspired the self-

organizing internal system and the alignable
hexagonal geometry.

coating series by adding the technique.
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Entry Paradise Pavilion

Louisiana Pavilion Robot & AT Museum
By Chris Bosse. PTW Architects 3XN. Melike Altmigik Architects (MAA)
Year / Location 2006 / Zollverein, Essen. Germany. 2009 / Humlebaek, Denmark 2023 / Seoul, South Korea.
Dimension 7m x 7m x 7m. 49 m* NA 2500 m*
) . . Polystyrene foam. flax fibres cast. Imm solar
Material High-tech Nylon and light cells cast, LED lights. Metal, concrete.
It 1s the result of the experiments with With the physical model. folding and curving With an emphasis on space designed for
irregular natural formations. Software of potentials are explored to determine the form robots and their visitors. it will be fabricated
Design/ Taiyo membranes is utilized in the process, of the project. Through 3D scanning, the by robots with a semi-automatic process. The
Fabrication and a CNC laser cutter with a Sm table 1s used physical model is transmitted into digital material of the project will be prepared by the
Process to constitute the pieces. Only 17 kg reusable information. With the digital model. the team of these machines. Drones will be

pavilion pieces are transported mn a small bag,
can be assembled / dissembled within an hour.

D. NEW MATERIALITY IN ARCHITECTURE

Spatial Motivation

diminution of importance of distinction
between load-bearing/non-load-bearing |
multidimensional. reflective, dynamuic |
merged and holistic structural system.

Brankoe Kolarevic (2003), Blaine Brownell (2006),
Christian Schitiich (2008), Maria Voyatzaki (2009),
Moritz Fleischmann et al. (2012).

process pursues further arrangements of
molding, casting, and test- bly p

involved to keep track of the construction and
intain security and inspection.

Ecological Motivations

synthesis of digital with the intelligence of
non-luman living organisms as an attitude
toward humanity’s mtervention in nature.
Antonino Saggio (2003), Urban Morphogenesis Lab
(2013, 2016, 2017), Claudia Pasquero and Marco
Polstte (2020), Hatice Ay (2020), Hayrive Kaya and
Arzu Susan (2020).
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Technological Motivation

interactive, adaptive, and sensory additions
of digitalization info new materials;
integrating technology mto building fabric;
and redefining the architectural elements.
Blaine Brownell (2006), Osman Ataman (2003).



