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ABSTRACT

A BIOMIMETIC PERSPECTIVE ON (RETRO)FITTING OF BUILDING
ENVELOPES

Oztopr, Zelal
Ph. D., Department of Architecture
Supervisor: Prof. Dr. Arzu Goneng Sorgug
Co-Supervisor: Assoc. Prof. Dr. Semra Arslan Selguk

February2018, 17%ages

The starting point of the research is the problerfraifo)fitting in architectureExisting
buildings are constrained by their fixed andistenaterialityand limited life spanYet

they often require interventions due to changes around them. In practice, these
interventions are commonplace, yet very little attention is devoted to preparidigdpsii

to these changes before they require interventions. Therefore, current understanding of
(retrofitting in architecture implies turning the building back to its original state, after it
becomegetro. Unlike this, living beings do not become retrather they aim to fit the

best condition of their current situatidhrough adaptation strategiego this endthe
buildings share much in common with organisms in nature and can borrow a number of

information from them with biomimetics

Thisresearch fouses on the design of the building envelope, as it is very influential with
regard to retrofittingRevisiting the analogy betweéme skin and building envelope, the

thesis aims at redefining (retro)fitting with a new design approach nanfedhasa pt i v e

\'



fittingo. The early design phase is particularly important, as decisions taken during this

stage can det er mi ne Withhadaptifeffiiting,tbiilding envebopest he de s
can act like the skin in nature since they will be coded with the abilfisting. Taking

nature as a measure am@rning from the fitting modesf nature, the infrastructure of

change will beintegrated to the genes of the design from the beginning. With this, the

building will be ready for possible mutation scenarios arapadely fit into changing

conditions.

Keywords: Praminary design phase, biomimetic desiggtrofitting, nature as a measure,
building envelope.
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YAPI KABUKLARININ (RETRO)FKTK ! ZERKNE BKO
ACISI

Oztoprak, Zelal
Doktor a, Mi mar |l ek B°Il ¢ myg
Tez Yoneticisi: Prof. Dr. Arzu Gonen¢ Sorguc¢
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Bu tezin baklanbekt albikt aeer onfiiampé paoblsami d
durajan madedesemnérnlké erxmegrl eri il e késéetl an
etrafl aréndaki deji kimlere bajlé olarak
midahalelen cokcaka k@ama - ékmagapal aagpmem¢gdahal e ge
deji kKimlere hazér ol masé konusuna -ok az
mevcut a n | askidikea/ retyoaolluiktaressronr a onl ar &€ orj i na
d°nd¢r meyi Bunwunar a ks e demeded/ reto®lmazlar, bersirk yierine

adaptasyonstie j i | er i il e mevcut durumlarénén en
Bu bajl amdajpdp&iarcanl el arla bir-ok ortak

biyomimetik ile bir dzi bilgi ddung alabilirler.

Bu arakteéerma, (retro)fit konusunda -ok etk
odakl anér . Bu tez, der i ve yapé kabuju ar .
kavraméné Ouyar| adagenibl rr t agguimuiieadded d @ @ mé
tanéml amagfekberdeasarém s¢greci, bu akamadak
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(fit olma) belirlediiji i-in ©°zellikle °nemlid

uygun (fit) olma becerisi ile kodlanadalar € 1 - i n deri gi bi davr anmal
bir ©°1-¢t olarak el e alarak ve ondan uygun ol |
tasarémén genlerine en bakéndan entegre edilm
senaryol ar ésmaddijaizieean ok awkulvl ara wuyarl anabilir
sajl ar.

Anaht ar Kel i mel er : ¥n Tasarém AkKkamasé, Bi yomi

Doja, Yapé Kabuju.
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CHAPTER 1

INTRODUCTION

This chapterdescribeshe main scope and structure of this research. The research field of

this study emerges from the symbiosis of architecturagydesid biomimetics.

While the idea of naturmspired design has always been prevalent throughout the history,
especially with the discovery of microscopeg tibility to learn from the forprfunction,
behavior of the living beings, from their molecular compositions to their environments,
has significantlyadvanced in the last centuddter the 19" century, withthe interest in
biology as a discipline, the tendency of imitating nature gave way to scientific knowledge
and laws explaining nature. Due to advancements in computer technologies and growing
interest in the paradigm of complexity and complex systemsgepses and relations of
nature came to the ford@his led to a closeexamination of natral and mafmmade
processes anckvealed that they are more similar than previously tho(Bylownell &
Swackhamer, 2015, p. 1%As Brownell and Swackhamé2015)explains, thigs partly

due to the fact thd@imore advanced human creations, such as a city, a building, tend to
resemble the inherent complexities and behaviors of natural systems and must adhere to

natural principles in order to enduce.

As BarCohen(2006) points oytih r ough evol uti on, naithur e ha
various solutions to its challenges and has improved the successfu. oftes

experiments of nature involvgsinciples of many different fieldéhat we recognize as



science and engineeringuch as ptsics, chemistry, materials, science, mobility, control,
sensorsetc(Bar-Cohen, 2006. Further,they involveall scalesfrom micro to macro.
Therefore, in manyexamples the technologies that are similar to those invented by
humans are being used by the organisms in nature in a more intelligent and efficient way.
Biomimeticsbasically aims to translate this intelligence of nature to human beings for
solving the prol#ms we are struggling to solvBifferent from nature inspired design
prevalent throughout the historyjomimetics introduced the systematic approach of
knowledge transfefrom biology to other fieldsAs Mazzoleni(2013) points out,
biomimeticsexceeds an analogy, performing diverse levels, such ake organism,

behavior and ecosystem.

With the growing impact of biomimetics, a new direction is foundnfiany fields, such

as engineering, manufacturing, material science and even for medicine and fashion. In
architecture also, many current approaches are trying to transfer strategies from natural
systemsHowever, in most of the studies, nature architectalatonship is still on a more
form-basedevel. In this sense, finding a biomimetic method is still an ongoing discussion
since architeat are trying to go beyond forlmasedrelations and to learn more from

nature.

The mind shift brought by biologicatnowledge and computational thinking, together

with the advancements in digital fabrication technologies, g n a | a shift in arct
relationship with natureln the last 30 years, many of the developed computational

theories and methods have beerspired by biological principlesContemporary

architecture is now intensely engaged with these theories and methaisthe past

decade, atmperiale (200§ mentions fisignificant digital research has emphasized the

development of smooth, voluptuoushetectural objects with attention to topological

surfaces and skiis Contemporary architectural culture is suffused by concepts like

smooth exchanges, flows, continuousness, performative surfaces, skins, membranes

(Imperiale, 2006) The extensive use of these concdmar a closer relationship with



nature thatrequires considering complexity of nature through its prosesmseé patterns,

from which its properties and performance emerge.

The building envelope is at the heart of these issues, as the first architectural element that
is perceived from outside and that interacts and engages with the environment. The term
envel@e implies wrapping and surrounding the space people live in, in a similar manner
organisms are surrounded by their skins in natkeeent architectural trends, which are
mentioned above, brought a new understanding in the building system hierarcltyy as su
the strict differentiation between roof and facade can often not be made. For this reason,

the term envelpe has become extensively widespread.

The envelope includes additional functions such as loadbearing, active or passive
environmental control anahdividual expressiorDifferent from traditional approaches
today, the envelope is not seen as an isolated building component but as an integral
el ement with considerabl e i mport &urtee 1 n
with today 8, duildngenvelopestan be cesated from a series of braided
surfaces visualized on computers, and machine instructions can be sent straight to the

factory to enable full size fabrication.

With the increased us# the skills of digital design and fabation toolsin architecture

the issue of skin has been magnifigahperiale, 06, p. 270) Over the past decade,
significant digital research has emphasized the development of smooth, voluptuous
architectural objects with attention to topological surfaces and @knperiale, 2006, p.

270). The concepts of smooth exchanges, flows, continuousness, performative surfaces,
skins, membranebave suffused contgmorary culture(Imperiale, 2006, p. 270)The
extensive use of thanalogy ofthe skin can be traced through many built and unbuilt
examplesof building envelopes an@searches and experiments in the field. Despite the
growing impact of biomimetics in architecture, without a systematic method to transfer

biological knowledge, thapplication of the term skin cannot go beyond a me&phor.



At this very point, this study claims that it is worth revisiting the andlbgyween the

skin and the building envelopiéurther, it suggests thhatiilding envelopes share much in
common withnatural skins and can borrow a number of information from them with
biomimetics Skin can be described as the outer layer of the body of orgarisings
study, he term skin is used on a general level to refer to any animal covering, including

fur, feahers, scales, exoskeletons and shells.

In architectural discourse, today, another source of confusion is related whtmitiang

of the current topics okfficiency, performanceadaptiveness and responsiveness
Contemporary architecture ig@msely @agaged with these topicacross multiple realms,

from spatial, social, cultural to purely technical such as structural, thermal and so on.
These topics are all driven by the search for new solutions to create buildings with
responsive performances to viauy functions, user needs and climate conditidiere

are two main directions in these ongoing discussions: improving existing buildings and
designing new buildings with these ideAs. noted earlier, the building envelope is the
interface of inérior ard exterior environmentdrough which we perceive, interact and

engage with the buildind.herefore, it is at the focus of these ongoing discussions.

The hypothesis of this study is predicated on the assumptiorwitima biomimetic
perspective,the ideao f Afittingo en eficierew Ipaforreasmce,t h e
adaptiveness and responsiven&g&en in this contexthé conception aheseterms bears

a much closer comparison with the biological idea of fitting, such as it is seen in the

natural skinlt is the application of the biological analogy of the skin that makes it seem

more appropriate to describe theveloping membrang the buildinga s @A f inthisi n g o .

study, performance is consideredaasmoment of fittingAdaptation is one of the most

I Analogy and metaphor both compare a situation in one domain with the situziustlier. Considering

their use within the design context, the key difference between them is whereas metaphors assist the
designers to define the define problem, analogy maps the causal structure between a source and a target
domain. For further informatig seeHey, et.al(2008.

4
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encountered terms in biomimetic studies and within the context of this study, it is

considered aa function of fittingwhile adaptation i function of fitting.

Currently, since the existing buildings comprise the largest segment of the built
environmen, the ideaof firetrofittingd has achieved a certain curren@round these
discussionsin this study (retrofitting is used as a broader term which comprises all the
updates required to extend the life span of buildilngsature, organisms have thelapi

to become and remain fitting before they become retro. This is achieved by adapting to
current conditions. Unlike thisn order to be fittingbuildings are aimed at turning back

to their original state, which is considered as the optimum. In otbedsywwhen the
design is finished, it is congded as the best fitting condition of the buildemgd it is
permanently frozert herefore, in most cases, the design does not infwives-proofing

scenarios

The analogy of skin and building envelope pde¢ a great potential to redefine
(retro)fitting in architecture as fitting in nature. Developing an understanding of the
building envelope analogous to the skin requires a holistic viewpoint, as Allen and Starr
(1982) indicatei wh i ¢ h s e e knsallest aumlber of elxplandtoey prenciples by
paying careful attention to the emergent properties of the whole as opposed to the
behaviours of (askitedinReapletagl@%)Rgrenttyt ghere had

been some significant attempts to develop a biomimeti@aphprto the building envelope
(BadarnakKadri, 2012;Gruber& Gosztonyi, 2010; Mazzoleni, 2013)hese studies are
mostly concentrated on learning lessons from nature in order to increase energy and
resource efficiency of the envelope. In these studies, nature is taken as a model and
mentor, yet nature should albe taken as a measure. In a similar vein, since skin can be
used as a measure for the design of the building envelope, further studies can also be

discussed in this realm.

In this study, protective covers of architectural constructions, whether nantbe as

envelope/facade/surfaceof, are to be discussed as analogous to the skin in nature. To
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this end, all the discussions along the study will be held by taking the natural skin and its
functions as a measurRather thanearching forfinding specific brmal or functional
analogies, his study attempts to focus ¢ime nature of the skin and to develop a new
biomimetic approach for the design of the building envelopesloing this, first and
foremost, a holistic biomimetjerspectives required for tw things: mapping successful
strategies of nature in a systems understaidamgl thus learning from it, and integrating

the natural processea® the whole of the buildingParticularly adaptation principles in
nature, which makes natural organisms fgfiwill be taken as a measurefihess in
building envelopedt is proposed that developing such an appraacklation with nature

is importantfor transforming the envelopes to the skins for buildings.
1.1Problem Statement

The contemporary debateniarditectural discourse on the topics of efficiency,

performance, adaptiveness and responsiveness are related to two main expectations from
buildings:1. uildings need to fit to existingonditions, 2. hildings needo sustain their

fitting state. It can bebserved that thenderlying reason of the deep irdghce of these

topics in contemporary ar Whlethenmtural skenisi s t he ne
al ways fitting, in building envelopes, fittin
donot have a simple yes/ no answer and assessme
still arguable. In order to understand what fitting really means to architectural design,

extend the use of buildings and thus increase their fitting capacity, thereegd to look

further than nature, where fitting is a question of survival.

In nature, organismsre able to respond to changes in their environment, either
immediately, involuntarily or purposefully, and develop adaptation strategies based on

the information on their genes and their ability to change. Adaptation is required to

2 Systems understanding requires a special way of looking at a thing, focusing attention on some particular
holistic behavior in a thing that can only be understood as a product of interaction amongpéutthet
information, seélexander,(2011)
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achieve a fit between the system and the environment and to maintain the quality or state
of being fit. Natural organisms become and remain fit by short term and long term
adaptaions (evolution). In this sense, adaptation is a process of becoming fit to changing
environment over and over again. In this regard, it became crucial to redefine the idea of
(retroffitting in architecturan relation with natureA biomimetic perspectivéts well to

the currentargument, since above mentioned conceptions like efficiency, performance,
adaptiveness and responsiveness arenathpsulated by the idea of fitting in nature.

this line of thought, (retro)fitting in architecture also becomegsestion of fitting.

Natural organisma&dapt in order to increase théiting capacity.Adaptations are the

Afndi fferences among the organisms in nature
of environments and (®uwsp Fadadaj & Omanse 2004 | i f e
Adaptation enables the organism to cope with environmental stresses and prassures

survive. Therebynatural organisms do not need to develop new stratamies future

proof. Rather, thes is already available strategies coded in their DWAich contain

genetic information about the organidm nature, fitting is a result of the internal forces

of functional integration, together with external forces of environmental adaptation. The

DNA is the driving force of these functions that in turn drive the response of the organism

to environmental conditions. This study proposes that buildings can be designed similarly,
made up of genes which are including the infrastructure of change and¢hpsdating

fitting from the very beginning of the design.

Among the systems of the buildingpetenvelope faces most of the changing conditions
around the buildingln this regard the envelope does not merely provide shade and
protection from the extaal environment, rather it has a multitude of functions to perform
and a range of conditions to adapt and responddday,there are many systems in
architecture that respond and adapt to charegptive responsive, dynamic, kinetic,
smartliving sysems.Most of these systems are actige that they can respond rtiate
changes with feedback systenhs. most cases, this process performed by changing
specific properties of a building within a specific time frame in order to manage changing
7



environm&t al conditi ons (Badarmakkadu, G042 p. $2%-or this ma n d s
reason, in buildings, responsiveness and adaptability are often consideredtiasereal
reactions to idetified parametersilthoughresponsiveness and adaptation are $einiat

are borrowed from nature, their application in architecisireery different from nature.

Unlike architectural examples, adaptation in nature involves a progressive modification.
Further, adaptation in nature is both a state of being and a prénest thesemajor
differences, buildings cannot usall potentials of adaptive and responsive systamss

natural organisms ddhereforejn most caseshey cannot sustain their fittirgjate and

dorequire (retro)fitting.

Currently, the fitting of building envelopes is structured around the needildetter
management of energy flows, both from the exterior environment into the buildings and
from the interior spaces of the building t@tbutside, with the goals of the improvement

of the buildingds perfor manceo (&aoadkvicckhe user c
Parlac, 2016)In line with this,the transfer of adaptation principles to the building
envelopes mostly focus on actively seeking equilibrium with mimickpegific features

from nature Since the constraints of thepecific featurawill not be exactly the same as
those in the designrpblem,it is hard to achieve thadaptive qualityof the imitated
natural systemFor instance, whilaeatureinspired, motorbased systems commonly seek

to achieve energy flow control, they produce a large amount of energy when reacting, thus
they increas overall energy load of the building. In such cases, the buildewsre
updateswith methods such as new enesfficient appliances or latest smart energy
controls etcln conclusionthe idea ofibstradng andtransferringstrategiesrom nature

requires a broader perspective.

In nature, # organisms change to be fitting-or instance, the bodies ofitman beings

are changing from birth to death. Those changes in human bodies are also reflected over

much longer time scales, in evolutionary time spavhere species change their form to

adapt, to survive. But we also see changes occurring in organisms -irmesaFor

instance, in order to grab little fish, an octopus changes its size, shape, color and texture.
8



While the population changes in evolutary adaptation, individusthange in short time
adaptations. Within the scope of this study, short term adaptations will be discussed, since

they better serve the purpose of the research.

Adaptation is achieved by the change in a characteristic thatcaffs t he or gan
survival or reproductiofFutuyma, 2009, p. 279Jhese changeas organismsre due to

the massive amounts of information that is contained by the cells. If the DNA is stretched,

it can be observed thatdbntains a lot of cod@hisgenetic code, as Alicia Imperiale puts

it, is an invisible energy or information that affects matdiraperiale, 2006, p. 282)n

a similar manner, algorithmic code has a capacity to create very complex geometries with
small amounts of datalt corresponds to the way nature constructs its designg usi

cellular componentsBut the code in nature is embedded in the cell itself and cells
organize themselves to adapt to changes around Wéereas the algorithmic code has

been shaped by a designer, the information in DNA has been shaped by a historical

process of evolution.

To this end,n natural skin, fitting is a result of environmental conditions on the one side

and metabolism and energy and resource balance on the other side. Further, with response
and adaptation strategies which are codedinorgams 6 genes, the skin
conditions and s uCureatly, m duilding endelogegdrformamag st at
drivenarchitectural design aims to set a similar framework to our buildings, emphasizing

on integrated and comprehensiveimation of various quantifiable performances of
buildings. In this regard, een though there had been a number of different approaches to

the idea of performance in architecturés in most cases limited to the performangtn

respect tgphysicd environment of the building-or a long time, the idea of performance

is considered as a pesttionalization and correction method. Currently, with the
developing algothms, increasing use of Building Information Modelling (Bl a

design tool and changgy understanding of biology, performance becomes both a state of
being and a process. In other words, it becomes relatedhgiidea obeing a building

and sustaining its function.



This study takes this point further, with taking nature as a measuteusnddefining the

idea of performance as a problem of fittimg.nature, fiting is a question of survival.

Organisms in nature need to achieve and sustain a fit by adapting their shape and function

in real time to environmental changes. Similar tg,tfitting of a buildingrefers to its

state of being appropriate for a particular environment, at the same time meeting comfort
requirements of itsd us dayesed prdblent whicmcgnbef a bui |
defined across multiple realms fronpagial, social, cultural to structural, thermal,

environmental etc. A configuration of a building may be called fit if it is able to maintain

given the specific configuration of its environment. Adaptation is required to achieve a fit

bet ween tdesyutidmd ngdser sd6 de mmmanainthemd t he en\
quality or state of being fit. Learning adaptation strategies from nature and taking nature

as a measure to set fitness criteria in buildings would openeup perspectives in
performancedriven design in architecture which can foster sustainable development in

architecture.

In order to explore this point further, the research focuses on the fitting of the building
envelope. Building envelopes can be designed to prevent, to hide, to synloliz
represent, to commemorate dtcorder to helguildings,survive and function for a long

time, building envelopeseed to beome and remaifitting. In nature, fitting of the skin
results from interactions between programmed instructions and em&rdal conditions

and triggers. In most cases, this is achieved efficigdhtigugh economic handling of
material and energy. For instance, in the eggshell the thinnest possible shell is enough to
fulfil the purpose, which is a very efficient usé materal. These fitting strategies of
nature can guide us to redefine fittimgarchitecture and extenie life span of buildings

by increasing their fitting capacity.

As Baumeistel(2014 p.163 mentions: A well-adaptedbiological strategy must meet

thefunctional needsf the organism in theontextin which it lives in order to contribute

its survivab Ln essence, the basic strategy of survival is theequiraf meeting functional

needs in context. Baumeister then transfers this ldssonnatureto human designs as:
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fA well-adaptedDESIGN must meet thieinctional needsf the DESIGN CHALLENGE

in thecontextin which it MUST EXIST in order to contributesiSUCCES8(Baumeister,

2014) In this manner, at urban scale, in order to be fitting in, the design of the building
envelope needs to be integrated into the nature, rather than just impesmngrtimature

fitting on. At building scale, building envelope needs to be integrated with the other parts
and systems of the building on the level of shape, processes or interactions within the

building as a whole.

This study addresses the importancéwiding envelopes and their fitting cagty in
extending the life spans of buildindsfocuses on the fitting of the building envelope at
building scale Architectural constructions and biological systems for protective covers
are exposed to the samevgonmental conditions and needs. Therefore, the requirements
of the skins in nature and envelope of buildings are compar&ikestudy aimso learn
lessons from natur® increase fitting capacity of buildings with designfature-proof
building envéopes. With a biomimetic pspective, fitting requires to beoded in the
genes of the desigmteracting and c@volving with the buildingrom the earlier stages

of the design until the demolition, evenagcling of the building. With thissimilar to
nature the idea of fitting becomes integrated to the design asfifeand multlayered
processwhich involves all systems of the buildinguch a perspectivaot only enables

designing longasting buildings but also extending the life of existngjdings.

Life spans of buildings are specific. Regarding a sustainable approach, it is desirable to
extend bhat period as long as possible.order to extend their life span, the buildings

requre updates which are referred with a number of terms sachefarbishment,
restoration, renovation and repair. In order to avoid vagueness, in this research,
Aretrofittingo i d9fuswed exsa miumier é lhfiefaittteteimmgior
means meeting requirements of a purpose or sitdatioowh i d & réefedrrs t o r e

3 Accessed fromhttps://www.merriarmwebster.com/thesaurffisting. Retrieved at: 25.12.2017.
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of an earlier timé.This is to say,itne is the factor that makes something to become retro.
Since, conventionally, time is not considered as a design parameter from the beginning,
the buildings do not develop instant reactionsew conditionsFrom this point of view,

it can be stated that buildingsedesigned to fit at a certain time and to a certain range of
conditions.Retrofitting seeks to overcome this problemfitiyng the existing (already

retro) buildings to changin@xisting) conditions.

At this point, it is important to understand lauilding asa system of systemin
Refurbshment Manual, Giebeler et. (@009 p.23 describe buildings a8summary of

parts with differentlife span®. According to theirlife-expectancies table, building
envelope as a whole might require its first retrofit after 20 years. This means that buildings
from 1997 are now possible candidates in terms of envelope retirofast, the lifetimes

of buildings typically are long, but many of the technologies as well as the activities they
shelter and support are changing. In many instances, accommodating these changes has
been a costly and resource insensitive process of alteration, reconstruabiatnigirt

replacement.

Since buildings are assets with different §fEnsunder a new use, with a transformation

or customization they could be consideredorn If the possibility of living several lives

is integrated into the genes of the desigmfithe very beginning of the design process,

the buildings can be born again and this creates possibilities to improve their efficiency.
This concept of several lives is one of the sustainable approaches that should be taken for
architectural designWithout an extensive construction and demolition, it will also bring

a new understanding of material use and historic preservation of buildings.

Unlike architectureorganisms in nature do not become retro, rathertibegme fitting.
They are programmetd adgpt and become better suited to changing conditions. Yet, the

term retroimpliesturning back to original conditions, while searching for a language to

4 Accessed fromhttps://www.merriamwebster.com/thesaurus/retiRetrieved at: 25.12.2017.
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do this. In most caseshts requires an extensiwnstructionand transformatian In
nature, the chages to adapt and become fit are alwagwer.Further, fitting process in
natureaims at better adapting to current conditions, not to the original $tageis done
with different time intervals. In this study, the notion of retrofitting is discussedigh

the skinanalogyanith e t er mi $ifus ¢ d nigdwst eimalchiedtureir et r of

It can be claimed thaitfing is a question of survival in built environmests it is in

nature When we look at the history of architecture, from iconicldings to the
anonymous ones, we will see that the idea of fitting exists in many examples. If
architectureds relationship with nature i ¢
becomes crucial to rethink fitting in nature and retrofitting in aechitre.Buildings are
designed for |l ong and wuseful l'ife, to fit
conditions. Buildings need to serve to a variety of functions through their life cycle.
Therefore, it is necessarlat they respond to diffent fluctuating parameterst these
parameters are considered from the beginning of the design process, buildings may not
need retrofitting. For this purpose, it is required to consider fitting in a similar manner
with nature, as better suiting to exigficonditions rather than the original ones. With this,
buildings will bedesigned a&iture-proofandwhich are considering possible future needs

and requirements, can function longer and increase thegpda.

1.2 Hypothesis

Within this framework, tehypothesis of this research can be defined as foll@Bugding
envelopes/surfacdatades can act like the skin in nature if they are codedhatability
of fitting. The designer shouldmploy fitting from the very beginning of the design

process rdter than(retro)fitting the envelopeuring the life span of the building.

There are tworesearch questions in this study: Can we redefineretrofitting/
adaptiveness/responsiveness/ performancditting in architecture in terms of

biomimetics learningfrom the functions and performancesséins in nature 2.How can
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we encapsulatthe idea offitting in building envelopesrom the very beginning of the

desigr?
1.3 Objectivesand Scope

The central focus dhis studyis not really the change in shapie, color or other design
parameter but the process of change itself as a design\gghehis, the buildings can
adapt before they become reffbie issue at hand is to increase fitting capacity of building
envelopes and extend their lives with adagpfitting. To this end, there are two ways to
follow in this study: improving the fitting capacity of existing buildings ardetainking
architectural design with the idea of adaptive fitting. Existing buildings constitute an
important part of the prédm. However, due to the difficulty of assessment and

monitoring of existing buildings, the scope of the study is limited to new designs.

The research is carried through an analogy betvpeetective covers of buildingand
biological systemsThis analogywill reveal how the knowledge gained from the proposed
biomimetic approach is to be reflected to the design process. Rather than exemplifying
the proposed approach with a specific design problem, this research aims to give a general
understanding of howdaptive fitting approach will be reflected in design. Thereby, it is

not aimed to give a detailed explanation of each step of the proposed biomimetic

approach.

The aimof this research i uncover the potential of trenalogy on theature of the
skinand building envelopeshe subject of the research is very broad and, ter&in
boundary conditions are need to be Jéte research could have been carried with a
specific focus on different covers from nature: animal skins, shells, outer coveastsf pl
etc.Since they better serve the purpose of the reseatichheir diverse fitting strategies

animal skins are chosen as the biological models to explore.

The main objectives of this study are:
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1 To explore and construct relationships betwas&m in nature andbuilding

envelope in architecture
1 To reconsider architectural design process with a biomimetic viewpoint

1 To explore potential of biomimetics and its implementations in architectural

design
1 To identify fitting modes in natural skin and buildienvelope

1 To explore the potential akdefining the idea of fittingn architecture with a

biomimetic viewpoint

1 To propse a holistic approach to develop the analogy of building envelop and

natural skin

1 To propose a design approach to increase fitapacity of building envelopes
1.4. Significance

When buildings are designed for both present requirements and future chandie their
spanswill be exteneéd To this end, & a result of the proposed design approach, this
research can contribute ttee sustainable devepment of the built environmerfurther,

it will bring a new understanding to the material use and preservation of buildings.
Eventually, d of these can provide a new perspective for both architectural design and

practice in general.
1.5. Methodology

Biomimetics in a multidisciplinary field. Therefore, it cannot be approached with
conventional architectural researofethods. Due to this complicated multidisciplinary

nature of the field, biomimetic studies are mostly searching and sisgusppropriate
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methods. There are attempts to develop biomimetic design methods but establishing a
general method for the generation of design concepts still remains arguable. There is a
need for a specialized method to engage related field and thi®dne#eds to be

reconsidered in every design problem.

In this study, an empirical research is conducted to identify the factors and levels that are
relevant to solve the current research problem and to choose the appropriate design
approach.ln general, bimimetic design methodologies are set based on two major
phases: the preliminary design phase and emulation iBesically, the preliminary

design phasmvolves the exploration of the probleamn d nat ur al systems
investigation, leading ta design concep#fter the first phase, transformation of the
gained knowledge from nature into solutions for building envelapes complicated
multidisciplinary process, which needs to involve technological and industrial knowledge.
Therefore, the degh approach developed in this research aintisegireliminary design

phase.

In order to develop the adaptive fitting design approardt,df all, the research problem

is defined in the domain of architecture. Even though a concrete problem is dafined,
problem formalization was not yet identified. Second, the problem and its environment is
transposed to biology in order to understand how nature has achieved the solution to the
problem. The biological models are identified by searching through literahd using

web engines and databases. Eventually, solutions provided by nature to design problem
are categorized andhapped in order to suggest a particular way to look at nature. This
mapping allowed the combination of several biological models and,ghuasiples and

processes in order to propose a solution to the initial problem. Further, this mapping also

5 Existing biomimetic design models can be explored in two main phases: the preliminary design phase and
emulation phase. The preliminary design phase results in generating a design concept through the
investigation of natural organisms. It includes idécuifion of the problem in the source domain, then
reframing the problem, alternative generatibine emulation phase includes implementation and testing of

the design concept.
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served the base for the formalization of the problem. Third, a deeper understanding of
initial problem is developed with findings from nature innchi This led to another
mapping which includes both fields and provides a new perspective to the initial problem.

Last, with this new perspective a new design approach is developed.

1.6. Limitations

The current study provides a selection of representptiveesses and factors based on

the analysis of a rather modest number of biological models, which can be considered as
negligible compared to the number of sampmest in nature. Generating a reliable
database requires an extensive research on natstehws/and various resources and
collaborators from numerowhksciplines A refined selection of optimized processes and
factors can be achieved by consideration of a wider number of biological mdekekhe

sample size and number of processes and fattobe considered and their mapping
remain a great challenge at this stdges worth to note that, even if such an extendable
database is created, there would still be a need of a continuous investigation and update,

since nature is continuously upahwgiitself.

Another limitation is the fact that proposed design approach does not consider current
technologies as potential inputs. Therefore, the generated design concepts might provide
good scientific solutions, but their implementation might pose serahallenges in
engineering, availability of technologies, €fo.avoid this, the architect needs to consider

these limitations and filter the relevant biological models and solutions accordingly.
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CHAPTER 2

LITERATURE REVIEW

Man always obseneknature and tried to find solutions to his problems through his
experience. Until the very end of"18entury, man has learned shapes and forms from
nature through the observation of natural structures. Since thedhimbntury chemistry,

later molecudr biology and recently systems biology have begun to contribute to the
accumulation of knowledge on natural organisms. After the industrial revolution,
development of new technologies and advanced tools for observation, particularly
electron microscope,nd then the scanning tunneling microscope, enabled analysis of
nature at atomic level. The alteration of the scale that we look at organisms made way for
new discoveries, such as the first DNA profiling in the 1988ad thus broug new
insights to biolgy. This is followed by developments which are mostly exploring how
organisms encode, store, reproduce, transmit and express inforraagatually, today,
biologists are trying to find out how to map genomes, edit DNA sequences and how to
map seklsignalng pathways. All these developments have given access to a whole new

worlds and gave birthtotifebi ol ogy .revol uti ono

6 The modern process of DNA profiling was developed in 1984 by Alec JeffreyydeFited information
seePanneerchelvam & Norazn{R003)
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Starting from the 1970s, the way disciplines learn from nature was redéfiviital the

growing interest in biology as a disciplinaettendency of imitating nature gave way to
scientific knowledge and laws explaining natugame aspects of nature, which are
undetectable to the human eye, have been discovered by science. This triggered new
approaches to transfer this knowledge anceteetbp anew biological perspectiv8 hese
approaches have been given a number of names in different disciplines, biaticss
biotedhnics biotechnique, biognosibiomorphism, biophilia, bioinspiration, biomimesis,
biomimetics and biomimicnAll these synonymous or related concepts are rooted in the
samedea thafinature herself is a prodigious inventor and has already produces through

natural selection all kinds of devices, structures and matér{@teadman, 2008, p. 260)

The first one to be coined among these terms, Bons definedas fithe science of
systems, which have some function copied from nature, or which represent characteristics
of natural systems or their analogg®/incent et al. 2006, p. 471)As Senosiaili2003)
explains, rather than simply tracing or copying, bionics is based on the idéevhay

model can potentially provide ideas for thesige of new methods and mechanics that
will improve those currently existingin the 1950s, there was another word,akhivas
coined by Otto Scféernhe transfer di idea®and amaldgues Bom
biology to technologySc hmi t t 6 s was lwroademia meaaisdeyond the
medicd and robotic focus of the tertionics, embracing fields such as engineering,
design, chemistry, and electronics and so brdeed, there are simpler definitions for
biomimetics that are explaining what the youwligripline is about. For instance, German
Biokon network defines Bionik (German equivalent to the biomimetics) dgl#eoding

of inventions of animate nature and theirinnovaéi i mp|l ement at andn i n
The Centre for Biomimetics at the Univigysof Reading defines biomimeticas fithe
abstraction of good design from nator@sruber, 2011, p. 147t present, a broader term,

biomimicry, is making its way into many of the most intpot areas of researdPawlyn

” A New Biology for the 21€enturyby Committee on a New Biology for the2Century: Ensuring the
United State Leads the Coming Biology Revolution, National Research Council, 2009.
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(2011)d enot es that appearance of the word O6bi

to 1962. Nevertheless, the word is mostlywndy the work of bitogist Janine Benyus,

whose workspecifically intends to focus osustainable solution®awlyn, 2011)

In order to avoid ambiguity andue to its emphasis on biological processes and
interactionsthe term biomimetie is adopted in this resear€&homimeticsbasically aims

to map the patternandtranslate thgrocessesf nature to human beings for improving
the quality of ou lives. To this end, biomimetiagpresents a new way to look at the

nature. Rather than leang aboutnature, biomimeticsffers learningrom nature.

As Hanks andSwiegerg2012)denotes, mimicry of biological processes is crucial in first
progressing toward understanding them and then going beyond. To achieveighis, i
important to go beyond models and implement the knowledge gained through mimicry
on the wider scendt this point, it will be useful to addredise key distinction between
biomimicry andbiomimetics In brief, biomimicry is an idea that is more ingjpion
oriented, whereas biomimetics is based on the idea of reeegseeering. Hanks and

Swiegerg2012)explains the distinction between these terms as follows:

fiBiomimicry offers tremendously powerful strategies, but also
demands responsible development in order to provide benefits while
mitigating potential damage. The biomimetic approach does, however,
inherently encourage an examination of how a particular structure or
process fits into its surroundings and may therebyisass the
development cfustainable approaches to technological and industrial

developmerdt (p.7).

As shown in the following tabldsayemi et. al. (2017) illustrates the difference of these

terms due to their specificity of analogy and an axis of related fields.
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Table 1 The field of bieinspiration.(Fayemi et. al.2017)

Mechanics Bionics

N —— s -l o e W -

Individually
Other fields labelled
v h]()imumtmn

Related
Fields

Biologically
Inspired Biomimetics
Design
\ ¥ Increasing
» specificity
of analogies

Within the lastfew decades, different biomimetic approaches have been described and
specific process models are presented by a number of resedrcloeder to embed
biomimetic information into their research ar@ds biomimetic studiesfirst of all, a
multidisciplinary approach is essential. Second, a general framework cannot be applied to
all design problems since the scale and the requirermrsrdsthe involvement of other
disciplines is different for each problem. Therefore, existing frameworks of biomimetic
design need to be specified around every design problem and in the way that they engage
disciplines. For this reason, most biomimetic stsdattempt to find a methodology that

can be specified around the design problem.

Nature provides a large database of adaptation strategies which makes natural beings
always fitting. Until now, a number of researchers and desgyaimed to transfer

adapation principlesof particular organisms into architectural domayiet describing

8 For detailed information about examples of these process modé&layssmai et. al(2017)
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this highly effective and selective datab
systems is still a challenge for architecture. It involves designing mimics whichohelp

unravel how these systems work. As important as this is to go beyond models and
implement on the wider scope the knowledge gained through mimicry. Then, it is required

to explore on the one hand how similar functional features may be implemented to
different structures and, on the other, to present that novel functions of similar or even

higher efficiencies and adaptivities may be evolved in artifgyatems.

Before moving on, it should be noted thatheliterature review presented in this chapter

the term building envelope is considered with a broader perspectvé the scope of
currentresearch questiomcluding all different approaches around the ideanekloping
membraneof buildings For this reason, it mageem arguable whether théven
exampledits well to our currenunderstandingf building envelopeThis confusion is

due to different approachés the building envelope architecture in terms of scale,
material, technique and understandingact,there is no universally apgable definition

of the term Abuilding envelopeo. | ngst ead,
and approaches that share the same intention of enclosing the buildesgigatinghese

different approaches is out of the scope of this stlidgrefore this researcpresentsts

argument through variety of different examples thfe building envelope in the literature.

2.1 Solutions Inspired by Nature: Biomimetics in Architecture

AWe learn important things from imitating animals. We arerapfices

of the spider, imitating her in the task of weaving and confecting

clothing. We learn from the swallows how to construct homes, and we
learntosing r om bot h t he (Democktusgdd0BBCishe s wan o0
cited in Senosian, 2003, p..3)

Nature has always assisted man allengeshel ped

People started looking nature for inspiration and development of various devices many
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centuries agoAmong these efforts, engineering examples are remarkkafgdo their
methalical approachesHowever, except Leonardo da Vinci, it was not utiig 19"

century that people made the leap from mere observation to application. In this regard, as
Mazzoleni (2013) points out, Leonardo da Vinci could m®nsidered as the first

biomimetic designefp. 7).

In the context of the wide range of architectural discoursesuer cover of the buildings

has alwayshad a major importancdf architecture is explorediree the industrial
revolution, the evolution of the outer cover from the facade to the envelope can be
observedt different scales, forms and systeifisinking theouter cover as an envelope
implies approaching it as a whole, rather than the sum of individual compomerats
similar manner with naturéooking at the last centuyryhe first example of this evolution

can be considered as the structures of Antoni G&edond example is the shell structures

of the 1950s, which apgofoundly inspired by the structures in nature. Last, the structures
of Buckminster Fuller and Frei Otto, which weaksodeveloped with lessons from nature.

Further exploration on theseamrples will follow in this chapter.

The last century has witnessed a remarkable change in the nature of the building envelope.
In the 19" century,industrial revolutiorintroduced nevbuilding materials, products and
techniques reshapingcomponents othe buildings andleading to the possibility of
lightweight and transparent structurémtil the development of the steel franmethe

early 20" century almost all buildings oény size had depended on thealls to hold

them up. In other wordshe exterior walls wereforming the structure of the buildings

well askeeping the weather alwith the development of steel frame, the walls were no
longer required to bear any weight, instead the interior frame held up the building and the

exteriorwalls kept the weather out.

According to Del Grosso and Basso, the idebuwliding skinoriginated only after these
developments introduced by the industrial revolution éinatiberating the exterior walls

from their loadbearing taskDel Grosso & Basso, 2010When the traditional load
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bearing wall constructions gave way to frame structures, a new metaphorical comparison
appeared in architecture, of the skeleton of the animal with the structural foamaw
columns and thee y mo.f Isob 18%l jcHbratid €reenough stated that
fithe principles of construction can be learned from the study of skeletons and skins of
animals and insectgas cited in Steadman, 2Q0B. 39) Later, in the steel frame
structures of the | ate 1800s, the separat.i
made completefimaking the metaphor especially afSteadman, 20085teel beams

and girders allowing for wider interior spaces also provided flexibility of prehfacade

which was laternamed ésf r e e p | an 0 laybhedCorbusier e the midOO0a. d e 0
This new structural understanding and structural possibilities brought their own problems
and complexity.All these changes made architects to sedmhnew sources of
inspiration.In this regard, particlarly in structural domainnature appeared as a major

source of inspiration.

Thehighlight of thiswas Joseph Paxtondos Crystal Pal ac
of 1851.For the design of the structure of the Crystal Palace, Paxtonyada botanist,

took nature as a modeHe designed the roof of the Palace based on his studies of the
water lily, victoria amazonicathat could hold the weight of a small ch{ldggermont,

2007; Eryildiz & Mezini, 2012; Margolius, 2002He observed the underside of thg |

leaves, where the primary ribs act as cantilevers and thin cross ribs between them reinforce

the main members. Then he designed ribbed iron support structure for large glass panes.

In this way, he created a light yet strong roof, covering an aregldken square meters.

In this context Crystal Palacean be seen as the firsethodichiomimetic approach to

the design of the building envelope.

In the earlyl900s Antoni Gaudi was another importafigure who explored nature and
natural structures ia methodicway. The | mportance of Ghasudi 0s
aim to develop a hdtic understanding of buildings, and thus enveloped,from his
explorations of how force and environment effects the shapein nature Gaudi
conceived of nature as msodel and he did experiments to develop his idea of structural

25



integrity and economyn this regardefficiency of the sucture was the certr point of

his work and shap&audiexplored animal skeletons and the dynamicsiofiusksand

plants and usethem as a guideThen hedeveloped his own method based on his
observations on natural forms and he invented advanced structural systems. His hanging
chain models were among early examples of experimental methods of form finding
(Oxman, 2013)Besides, his models were the early exampldab@tearch of efficiency

and fitting as a result of the compromise between material and energy.

Figure 1 Gaudis hanging model for Colonia Gudlbource:
http://lupwards.the3doodler.com/gaudegradeamilia-with-corneliakuglmeier/
Rerieved at 25.12.201y

In the turn of the 20th centurwith the potentiabffered by thdormless or fornfinding
gualities of plastidiquid concretgPedreschi, 2008a new era has started in architecture
and construction. This hasage possible the realization siell structures, which are
profoundly influenced by the genetry and efficiency ofshell structures in nature.
Severud(1945) pointed out the relevance of natural models in the desigrshail
structuresas follows:f..it is a fact that contemporary architect and engineer faces few
problems in structural desigwhich nature has not already met and sofvép. 149)

Engineering pioneers of thaid- 20" century such & Max Berg, Eugéne Freysinnet,
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Robert Maillart, Pier Luigi Nervi, Félix Candela and Edouardo Torroja have pushed
reinforced concrete to its limand made experimentwith shell structureso achieve
strength and lightness. Among them, Nervi and Candelartature as a model to create
their structuregArslan Selguk, 2000 They aimed to span even wider spaces with less
material, leading to light structures, similar to the combination of strength and lightness
found in nature. Looking models for this in nature, they aimed to understand how natural
laws are related to form and fordée shell structures they created can still be considered

as notable examples of stiffening in architecture.

Figure 2 a) Amazon water lilyp) Plan and view from Palazzetto dello Sport in Rome

by Pier Luigi Nervi(Sourcesa) https://asknature.org/strategy/leaxgpgenstructural

support/ b) www.pinterest.comc)https://argteoria.wordpress.com/2013/09/23/&la
expressionismestrutural/ Retrieved at25.12.201Y

Architect and inventor Buckminster Fuller wasother important figure whadedicated

his studies to explore puiples found in naturas a structural rationaléle sought to
understand natureds geometry, how natur al
maintain themselves. Driven from the principles he found in nature, such as material
efficiency, structuraintegrity and modularityf-uller created structures which he thought

as a whol e. I n t hi mwintew adeprture Fran the @ndérstanding r u c t
of the exterior of afacade and surface to the enveldparther, hedrew inspiration from

the structure of radiolariafBrayer, 2013pndcreatedone of the first automated climate

adaptive envelopes ims deggn ofthe USPa v i | i o n \ahich Eakgcompdtes 7
controlled solar respasive systenfVelikov & Thun, 2013, p. 81)
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Figure 3 a) View from radiolarianp) The US Pavilion in Expo 1967, Montreal, Canada
(Sourcesa) http://www.micracopyuk.org.uk b)
https://www.pinterest.co.uk/pin/2918896195758102R@trieved at25.12.2017)

In the 1950s, German architect Frei Qttasalsoexploring structural principles in hae

for his constructiongicreated through a dependency on physical forces, the constraints

of materials and the effect of spatial boundary conditioftsl-Ali, 2008, p. 15) He

developed light tensile and membrane structunspired by the spider wepsnd

proposed new innovative structural types @ndding envelopesuch as the cable net

structure he designed for tli&e r man Pavi |l i on at(Cobeapand 667 i n M
Kresling as cited in Vincent et al., 2006)e wasbuilding physical models, which were

similar to chain modeling technique Gaudi usadyrder to determinthe optimum shape

of a formand totest its behavior. He spoke @éfinding fa mas his models were

restructured over a certain time span, through material intera¢@ias 1996) In this

sense,tican be argued that,hile Gaudi originated the idea of forfound envelopem

architecture, Otto developed the procesth using shape and information to reddle

use of material and energy to enclose spadesimportac e of Ott ods wor k ¢ ome
his understanding of building as result of environmental forces and as a Wwhide.

enabled him to think of designing building envelopes rather than individual components

to enclose spaceAs Kolarevic(2005)me n t i tleerbsn,findfing techniques he used in

his tensile membrane structures are still considered as the nearest example of
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performancedriven architectural form generation, in which the form of the membrane is

dynamically affected by changing the forces that adchermoded (p. 199)

Figure 4 a) Structural membrane form finding study by Frei OklipGermanPavilion
in Expo 1967, MontrealCanadgSourcesa)
https://formfindindgab.wordpress.com/2016/12/22/hae+describethe-estheticsof-
structuralsurfacesl?/. b) https://www.archdaily.com/623689/ahssicsgerman
pavilion-expo67-frei-otto-androlf-gutbrod Retrieved at25.12.2017)

Another importance ddttod s  wagether with Gaudis that theyare considered to be

the classical basis for computational models of ffimding and emergencfOxman,

2013) As Oxman puts it, their experiments introduced the concepts of force simulation
as a process of design, and physical design models in whitbiearcan be modified.

Their experiments introduced an understanding of nature as a set of processes. More
importantly, these were the early attempts to find a medium between animate and
inanimate, throughnteractive experimentation of the integratedat®nship between

form, structure, material in a form finding procg€xman, 2013, p. 109)

In the 1970sthe quest for structural efficiency has continued to dominatestagonship
of architecture with naturén the late 1980gnergy efficiencycame out to ba main
topic in architecturadue to recent developments in technology and the emezgef
sustainability issued his has shifted thiacus of inspiratiorirom structural efficiency of

nature to its energy efficiencylhe building envelopecontinued tohave a major

29


https://formfindinglab.wordpress.com/2016/12/22/how-to-describe-the-esthetics-of-structural-surfaces-12/
https://formfindinglab.wordpress.com/2016/12/22/how-to-describe-the-esthetics-of-structural-surfaces-12/
https://www.archdaily.com/623689/ad-classics-german-pavilion-expo-67-frei-otto-and-rolf-gutbrod
https://www.archdaily.com/623689/ad-classics-german-pavilion-expo-67-frei-otto-and-rolf-gutbrod

importance since it defines the boundaryndbtions of the enclosed spgaand energy
systemsLater on, vith the aim of increasing efficiegaf the buildingsgreen building
standards such as LEEBREEAM, CASBEE etcare developed arfeegan to be applied

to the building envelopes.

In the 1990sthere had been an interesthe idea of performance as a design paradigm,
largely due to sustainability issuésgether with theecent developments in technology
(Kolarevic, 2004, p. 45)The idea of performance was not new in architecture and it can
be defined very broadly, across multiple realms, from financial, spatial, cultural to purely
technical. However, it is mostly considered as a response to the moverhgrésmand
sustainable desighVithout a broader perspectitbe idea of perfornce in architecture

is still remains asn elusiveconcept.n this study,with a biomimetic perspéive, it is
claimedthat performance is a question of fitting. Nature provides the best statdards
evaluatethe fitting of our buildingsin order to survive, nature needs to fit in, while
buildings needo achieve the best performanéstting is a diret consequence of the
metabolism in naturet fits the form to function in an efficient wags a wholeSeen in

this light, integration of performance architectural design with a broader and holistic
perspectiveprovides a potential to understand théglding and thus itdbehavioras a

whole.

While the idea of performance has been discussed widely in archijéctine late 1990s,
Benyuwsdefined biomimicryas a new direction in science that limegure withsustainable
solutions and innovationTo date, biomimicry has received ineasing attention in
architectural discours®ne of the first built examples of the applicatiorba@mimicry

in architecturas the Eden Project Biomes by Grimshaw Architectdie Eden Project
Biomescan be considered agmising example of biomimicry in architecture since it
attempts to take nature as a model to creaistainable solutions, such asing
responsibly sourced materials, being energy efficient and constructed with minimal waste

(Eden Project2017) However the sustainable dimension of the project came forward up
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to a point andhe model it took from nature remained as a metaphor. In brief, the initial

intention of the design was partially achieved.

Figure 5 The Eden Project Biomes by Gsimw Architects in Cornwall, UKSource:
https://grimshaw.global/projects/t#eglenprojectthe-biomes/ Retrievedat 25.12.2017)

Nature operates on systenas)d thus, without mimicking whole systemsthe use of
biomimeticsin architecture will be limited to being either a fofinding process or a way
to provide sustainable solutions. nature, form, function anstructure are interrelated
and indistinguishabla/Vithout awhole-systems perspectivéhe transfer of morphology
and formcanseldomgo beyond imitation of a few features of a particular orgarsamece
these featuresardly match the function of the irated natural systemBy consequence,
the designed system cannot succeed and fit in as the imitated one in THiadueeare
examples in other disciplines tlggaes beyond the mimicking of formoale. For instance,
the nose of Concorde jet imitates the imotof a swan when landingn brief, © solve
our problems likenature biomimetic desig needs to consider tivehole system and the

process, how something is made and how it fits into a living system.

In this regard,ite Eastgate Centre, built in HaraZembabweby Mick Pearcexemplifies
the attempt of systematic application of biomiim@rinciples in architecture.iedesign
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of the Eastgate Centrdrew inspiration from African termite towersvhich provide
natural cooling of the interior by maintang 31 degrees Celsius, allowing a continuous
harvest of fungus aliv@.he building is passively cooled Imimicking this sofnisticated
ventilation systenin section diagram and cooling functidfor the scope of this study,
even though thenodel from natu is not directly used fahe design of the envelope,
Eastgate Centrestill constitutes an important attempt ofstematic application of

biomimdic principles in architecture.

e oo Deep overhang
Fi for shading

Low energy
downlighter

'Cool air from atrium

Figure 6 Section from a termite mound and the passientilation and cooling system
of TheEastgate Centr@ Harareby Mick Pearcg€Source:
http://www.mickpearce.com/Eastgate.htRetrieved at25.12.2017)

It can be claimed that the main promigéiomimetic design is learning from the systems

and processes of nature to solve our problefus. this purposein the realm of
architecturethe notion of generative design is a particuladypromising oneToday,
biologists canuse a number of technigs to model the form generation and growth
processes of natural organisms or to simulate their behavior. These techniques are
barrowed by architects and integrated into their ffinding processeyetin a partially
metaphoric wayFor instancejn the last few decades, growth has been explored in
architecture through rule based computational systems by the creation of algorithmic
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growthsec i pts for the devel oaxhtecturgimpefialea2006,mor p h

p. 277) Yet, in these scripts, nature is usedametaphosincethe processs directly
imitated in the virtual wrld. For instancethe Embryological House by Greg Lynn
integrategirowth and development to the design process in the virtual envirofitgant
1999) However|f the project is thought to be implemented to the real world, the concept

of changas lost.

It is important to acknowledgéat the potential of generative design does not lie in the
form-finding methods, but in iterocess based logic whichholistic aml repetitive Due

to that fact, geerative design is a useful method for addressmgplex systems and
patterns in nature. Moreover, generative dealgohas a capacity to address most of the
contemporary issuesn architecturesuch asfitting, performance, efficiency and

optimizationwith a biomimetic perspectivéMore importantly, gnerative desigshifts

the emphasis from the design of individual elements and layers in the building envelope

to the thinking of the envelope as a whole.

The envelope oBeijing National Aquatics Centerexemplifies the use of generative

designmethodsLi ke Fr ei Ottobs structures, desi

structure of soap bubbleget organized and optimized with computational procedures.
Here, the intention is to develop &thodichapproach to naturén the end, a largecale
bubblelike structurewhich satisfied aesthetic and performance requirements is generated
(Roudavski, 2009)However, as a cellular structure, the design has a capacity to include
a lot mae information. For instance, cellular structures in nature are highly adaptable. By

consequence, in this example nature is taken as a metaphor rather than a model.

33

gn



Figure 7 National Aquatics Center (Water Cube) in BeijingPTW Architects
(Sourcehttp://www.ptw.com.au/ptw_project/watercuhationalswimmingcentre/
Retrieved at25.12.2017)

In concluding, it could be stated, over the last centtingt there had beethree
benchmarksn naure-architecturerelationship First, the 28 century introducedew
complexitiesand problems with newaterials and construction methadsarchitecture
This, in turn, shifted thattention to the strugtal solutions in nature, whicachieve
stiffness with the combimtion of strengthand lightness.Second, the increase in
environmental problemsn the second half of the P0century pointed out the
responsibility of the discipline of architecture in taking precautions deekloping
sustainable solutionsThis resulted in reconsidegnissues such as efficiency,
performance and optization in architectural design and looking at nature for its efficient
solutions.The last benchmankasthe emergence of biomimicry, which haslefinedhe
relationship of architecture and nature towaadsiethodial way. Reconsidering nature
with contemporary opportunities of technology has influenced architectural design
thinking and thus, biomimicry turned out to be aappealing source of inspiratidor
addressing complex problems of architecture.effect there had been significant

attempts to transfer biologic&knowledge to architecture. Howeverthe idea of
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biomimetics in architecture requirésther exploration, since there is still a need for a

comprehensivesystematic and holistimethodolog.

The following table marks above mentionedenchmarksand reveals the changing

relationship of nature and architecture through the evolution of the building envelope.
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Table 2 From the cladding towards the skin: a biomimegcspectivédeveloped by

the author)

DNA OF THE BUILDING ENVELOPE

Goethe
Crystal Palace

Emst Haeckel

hanging chains- Gaudi

D'Arcy Thompson

Geodesic Dome- Buckminster Fuller

Frei Otto

adaptive-conditional architecture- Eastman

Fun Palace- Cedric Price, Gordon Pask
participatory architecture- Yona Friedman

responsive architecture- Nicholas Negroponte

€ ron microscope
sustainability, Brutland Report
computer aided design and fabrication
Institut du Monde Arabe- Jean Nouvel
evolufionary architecture- John Frazer

media wall

biology revolt

performance driven desig

biomimicry- Janine Benyus

transformable architecture- Chuck Hoberman

flexible architecture- Robert Kronnenburg

© cladding- Botticher

facade- Viollet-le-duc
enclosure- Berlage

dressing- Semper

the principle of cladding- Loos

1900

free facade- Le Corbusier

1950

thinking skin- Michael Davies

adaptive envelope

communicative envelope

2000

green envelope

interactive building envelopes
intelligent skins- Michael Wiggington
surface- Leatherbamrow, Mostafavi

Sang Lee, Stefanie Holsheu
Giuliana Bruno

enclosure/envelope- Marc Angélil

building skin- Christian Schittich
Michael Pawlyn

envelope- Jenny Lovell
Michael Hensel
liaria Mazzoleni
skin- Sarah Bonnemaison
Stephen Kellert
Julian Vincent

envelope- Alejandro Zaera-Polo

living cladding- Philip Beesley

adaptive building skin- Del Grosso and Basso
climate adaptive building skin- R.C.G.M.Loonen
breathing skin- Doris Kim Sung

living envelope- Lidia Badamah-Kadri
skin/envelope/enclosure- Mayine Lu

smart building skin

36

organic morphology

structural
efficiency



2.2 Why and How BiomimeticsWorks in Architecture

In the 20" century, the advancements in science and technology erdtideabstraction

of laws of life and apply them elsewhi€elly, 1994, p. 7) As theknowledge of natural
systemss developed, the understanding of the properties borrowed from naturedas als
evolved. Nt ur e 0 shas dpeguni ta Ise been extexttto solve theproblemsof
mankind Today, as Kelly(1994) declares, it is becoming increasingly difficult to
distinguish the things of the nature and the things of mankielly points outthat the
metaphors between the machines and organisms areasstbklfirst machine itself. Yet,
currently, these metaphors are becoming real. First, as({{8By)explains, the materials

in nature such as food, fibers and shelters taken Then,the ways toextract raw
mat er i al s biospbenavas develpedtod@reatsynthetic materials. Presently,
natureds | ogi c i s (Kélg 19843 The emergirrgchareelis tevafoll: t a k e
the logic of Bios is being imported into machines, levlthe logic of Technos being
imported into life. In other wordsihumanmade things are behaving more difke and

i fe is becomi n(gellynm®34e engi neer edo

Like other disciplineshis has changetthe relationship étween architecture and biology,

with the deep interest of architects in the developments in biological sciences, particularly

i n the works of scientists such aAasinGoet he
other discifines, in architecture, dgether with theadvancements in computer
technologies and growing interest in the paradigm of complexity and complex systems,
processes and relations of nature came to the foReconsidering nature with

computational tools andipciples paved way to innovations and improvements.

Meanwhile, @vancements in technology brougtfigital design and fabrication ¢és to
architecture, first as a tool for representation then as an extension of mind and thinking.
This has changearchitectural design understanding, shifting the attention from the end

product to the procesBy consequence, as a process based and data driven diigitah,
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design has a potential to relate architecture with nature in a different way through

computational dsign models.

While there are many historical examples that fitittesa of learning from natuye¢he
formalization of the concept occurred only in the laté @htury with the work of Janine
Benyus. Theidea has been linked to sustainability with Benyasd Biomimicry

| n s ts wonk,tinewdich biomimetics turns out to Bea strategy for not only taking
advantage of nature to produce novel structures and processes, but also as a way to
combat the negative environmental impacts of current practifidanks & Swiegers,

2012, p. 6) However, it is arguable @ particularfocus on sustainability isequired in
biomimetic studiesThe current research claims thia¢se studies should be concentrated

on processes and systems itunawith a broader perspective.corollary, the produced
structures and processes wilherentlybe sustainabléhe main potential of biomimetics

is not offering sustainable solutions but providanmethodicahpproach to nature. In this

vein, it canbe claimed thabiomimeticsaims to abstracprinciples that liebehind
organi smés and speciesd6b capability to sustair

relation to the habitat over time.

Benyusproposesithree fundamental ways to learn from nature in order to solve a

specific problem, considering nature as a model, as a measure and as an(Batorus,

2002) Firstly, natureas a model for design i mplies emul at |
systems and strategies to solve human problems. Secondly, as a measure of design, nature

is taken as an ecological standard to judge the rightness afadainnovations. Lastly,

nature ag mentor offers a new way viewing and valuing nature, foot only what can

be extracted from the natural world, but also what can be learnt fi@uariyus, 2002)

Based on this framework, it can be argued that, wiatereas amodel andnentorare

design methog) nature as a measuris an evaluation method which ensures fithe

design passes a sustainability test, as well as an audit to check for missed limits and

opportunitie® (Baumeister, 2014, p. 187)

38



Each of these three ways could be seen as potential entry points but all three ways together
describe the experience asuaessfupatterrsigapureo ac h t
should be understoadgith a systems perspectivia this regardpat ur e 6s r i ght ne
standards, cannot be taken wilhateuordsj t so f
viewing nature as a mentor requires taking nature as a modeieaslrelt should be

noted that, fom this perspective, theiereeways eventually become indistinguishable.

Seen in this light, biomimetics can also be considerdthasst of our understanding of

nature, in which eery experiment ia measure of ouunderstanding (Hanks &

Swiegers, 2012, p. 4)

In architecturegven though there are attemptsatke nature as a modsid mentorthere

is rarely an exampleof usingnature as a measun&/ithout using nature as a measure,
taking it as anodel or mentohas a risk of becomingn incompletgrocessThe idea of

taking nature as a measure implies a comparison of the performance of our designs with
nature.If nature is considered a measupenciples found in nature can be used
evaluating the fithess and appropriaten&fssur designgo existing conditionsln fact,

utilizing nature as aneasuring tooleadsus to performance driven desighnature is

taken as a measure, then architecture can explore its boundariesader lway, not only

limited with energy but also function, aesthetics etc.
2.3 Building Envelope-Nature Relationship

If we look at the evolution of life on earth, we will see that life is made possible by
membranes. The function of the membrane is twibfib provide a surface on or from

which interactions and reactions can occur and be controlled, and to provide selective
barriers to keep reactants together and rest of the world @tincent, 2009) Within the
hierarchy of the organism, these membranes can occur at any level. The releeb,

tissues, organs are all surrounded by a membrane. In all cases, all levels, whether the
membrane, cell wall or the skin, the enclosure is specialized not only as a covering but

also as a selective barrier to control the movement of substarameds aut of cells.
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In architecture, the idea of providing a membrane hatedt&ntom the textile structures,
evolved into the cladding, facad@deventuallyt o d a y dike building envelopes.

This radical change can be seen in fhable 2 in Section2.1. In historical terms, as
Herzog et al(2004)mentions, the primary reason for creating an effective barrier between
interior andexterior is the desire for protection against hostile outside world and inclement
weather(p. 19) Later on, other requiremenfor control and regulation functions have
been added to these protective functions such as light in the interior, an adequate air
change rate, a visual relationship with the surroundings but, at the same time, a boundary
between private sphere and puldireas(Herzog et al., 2004)n this part of the study,
referring to three periodsf the evolution of the protective covés important for

understanding the transformation of the facade to thelepe.

Earlier, nomads built transportable tents, which are made of cloth, in order to protect
themselves from natural forceBrom the textile structures of the primitive times to
contemporary period, there has been a great shift in bukdinglopesOne of the most
considerable periods that affected the buildengelopedesign was Gothic architecture,
which was based on a lo@icinsferring structure. Since the walls in Gothic architecture
were no longer loatdearing, it allowed for the creation of ggr windows on the external
walls. In the Renaissance peridfacades became completely detached from the body of
the building itself, for the first time becoming an independent architectural elevitleim

t he over a(Heérzogsdtal. @04, p.6Ahe outward appearance of theltding
became important and fages started to hung over the frontefaaf the building,
expressing aesthetic intentions. The idea of designing the exterior wighe axpressive
face oft h e scontireiedtthooughout the #7and 18 centuriesin the 20" century,

the traditionaload-bearing wall constructions gavey to frame structure#t was only

9 The 19th century architect Gottfried Semper, claimed that architecture has evolved from these tents of the
nomadic peoples. Foethiled information seBemper(2004)
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after thesecond half of the 20century that the exterior walls of the building, together

with the roof are referred as the building envelope.

In architecturethe idea of theenvelope fulfils the role of the membrmnThe term

envelope emphasizes the close comparisons with the skin in nature and it also highlights

the intrinsic and integrated quality of the whole building fabric, rather than the layered
characteristic associ at ed ngudedigh. Intthisenandenr ap p i
the envelope has a potential to perform as part of a holistiditogiimetabolism and

morphology which igleeply connectetb other parts of the building and environment.

2.3.1 Building the Analogy

The building envelope is noiited to the actual space it occupies as part of the entire
structure, but also influence the space in and around the building. It is the key feature
when observing a building from the exterior and has impact on the interior. Like the
natural skin in orgaisms, the envelope is where the building meets with the environment.
The envelope may need to address both aesthetic, physical, architectural and comfort
objectives. To this end, it is an integral part of the entire building with direct relation to

desiq, use, structure and other building services.

The analogy between the outer covers in nature and buildings can even be seen between
the human skin and the envelops,it ispresented in dble 3 In the following chapters,

the analogy will be broadenedtiwvskins of other organisms.
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Table 3 Analogies between theumanskin and the building envelofgdeveloped by the
author)

SKIN ENVELOPE

space defining space defining

interacting with other systems| | interacting with other systems

formal

domain of the visual

. & 4

As it is seen from their similgrerformance expectatioasd requirementsks in nature
provides gorominentmodel for the design of the building envelopke primary function

of both the skin and the envelope has always been to provide a shelter and prdtection.
other words, e main analogy between the skin and the building envelope is the
establisiment of an internal environmenthey both act as a switch that regulates the
interaction between inside and outsidée interaction between inside and outside has
many levels from total closure and total openness to matter and energy flows. In nature,
the grade of difference needed is a result of environmental conditions on the one side and
metabolism and energy and resource balance on the other side. In building envelopes, the
interaction between inside and outside is defined by the requirements teeablyk
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performance and energy control on the one side and the fandalisualexpression of

contemporaryultureon the other side.

The skin is in a constantage of evolution, renewing amdgenerating itselfSkin varies

in thickness due to its chgimg relationship with skeleto\s it adaps to the particular
gualities of the bodyit gets thick where skeleton needs some padding to soften contact,
hardened in response to frictilmperiale, 2006) In different parts of the body the skin

also varies in other features such as texture, color, scent and temperature. Similar to this,
different parts of théuilding envéope are exposed to differespatial and environmental

forces,and therefore have different requirements.

Skin performs with and for the body as well as performing for itself. With a series of
exchanges between the skin, the body and external envirgrskientesponds and adapts

to the changing conditions. As a result of these complex andlaystied exchanges and
relationships between these systems, skin types in natural organisms are highly
differentiated from the feathers of birds to the scaleshef fish, shells of turtles,
exoskeletons, tree trunks and so earther,as Brandon (1978) mentiortbere is also a
significant variation in morphological, physiological and behavioral features among

members of a speci¢g. 183)

Figure 8 Images of the skins of differenrganisms in nature.

In nature, skin always fits in as a direct consequence of the metabolism, determined by

energy and sulsnce.Skin also fits in environmental conditions, depending on its ability
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to adust or resist to external forse Adaptation esbles the organism to cope with

environmental stresses and pressuWhile adaptation as a state of being refers to

changes in individuals, adaptation as a procefss to changes in populations, that is

evolutionary adaptation. In evolutionary adapmajithe advantageous traits are passed

from older generations to the younger ones. These traits are passed on to next generations

and eventually such traits become common in the population. As a resyiggulation

becomedbetter adapted to some aspefcthe environment than it was before.

Table 4 Functiondanalogies between the skin and émelopgdeveloped by the

SKIN

insulation

seals/barriers
filters-semipermeable |
storage

redirection

author)

FUNCTION

constructive

protective

regulatory

communicative
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insulation
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redirection




The skin has several functions, the most important being to form a physical barrier to the
environmat, allowing and limiting passage ofatter and energy of all typeshile

providing protection against miciarganisms, radiation, toxic materials and mechanical
injuries. Besides, acting as a protector and barrier, the skin performs as a communication
medum serving a critical role in how the body interfaces with the external environment.
Similarly, in buildings, the envel ope has
control and performance qualities. The design and position of variety of system
components and layers constituting the envelope affect the floor plans and the elevations,

and respond to environmental and social context.

Together with protecting the body, the skin also regulates body temperature and fluid
balance. Furthermore, thekin facilitates the twavay passage of gases through it.
Likewise, composition of the envelope has a direct influence on the interior environment
affecting comfort, energy and durability of the buildibge the natural skin constitutes

our facial featues, which make up our identityuilding envelopds fithe calling card of

a building and its designér(Schittich, 2006, p. 9)Both the natural skin and building
envelope embody the dialogue between internal and external worlds as they respond to
inputs from both environments. They both protect interior environment from the exterior,
while keeping connected to it. Moreover, both the natural and architectural skin is made
up of a series of layers. In natural skin, these layers are complex, interrelated, and highly
differentiated. What lies under the skin affects the surface, the filarfibetsand bones
contributes to the smooth surface of the body. In brief, skin is an interface, which acts as
a threshold, allowing for interaction with the elements in multiple directions and scales
(Mazzoleni, 2013, p. xxi)Similar to this, building envelopests as an interface, adapting

to conditions specific to the location at the same time providing interior requirements. To
putitsimplyli ke a sui t, a buildingbés envel ope mu
location, from climate to use and inhabitation, in order to get the most adaptivevétl,

2010, p. 22)
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2.3.2 Examples of Skin Inspired Building Envelopes

Naturecan bea prominentsource of inspiration for the design of the building envelope.
Three i mportant benchmarks have changed buil d
changedsts tectonics and redefined it: computational degpgriormative thinking of the
1990s,the emergence of biomimetics. For the architects who wanted to use current
advancements in their designs, this tectonic change had become a lot more important than
uncerstanding the change in architectural design and thinking, and more importantly
understanding the potential of biomimetics in architectdeamy contemporary examples

are manifesting the amalgam of these three different approaches in different levels. Som
of them are more artificial, while some are more data related. theeigh the analogy
between the building envelope and the skin is conceptually explored in aohamgse
examples, the built examples which propose a systematic methodology for ther wansf

biological knowledge from the skio the building envelope is relativelgre.

Although natureprovides many solutions to oproblems, the application of the natural
model to an architectural design appears to pose great difficslteds as the sding
difficulties. The scales and complexity levels of nature and architecture are different.
Therefore, how to compare these two levels of complexity and to transfer knowledge
between them poses itself as a major challenge. To this end, mapping ofwbese
different levels of complexity is one of the main objectives of conteampdiiomimetic

design methods.

Different methods exist for biomimetic desigBruber (2011) points out thatast

research groups work in a very narrow field and ttmesdetailsof their work are not

accessible, but a few considers developing strategies and methods to use biomimetics as

a tool for innovation The developednethods present nature on a vertical scale, either
top-down or bottorrup. Yoseph Bar Cohe(2006) puts it as follows:il n  or der t o

approach nature in engineering terms it is necessary to sort biological capabilities along
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technical categories usingapg@l o wn st r uct ur(e496)Theseimetieodsv er s a

will be explainedn the following chapter in details.

Scale transfer poses a great difficulty in architecture. Therefore, several contemporary
examplesof biomimetic desigmeman in relatively small scale, in pavilions or facades
rather than in building leveClimate responsiveness, one of the important functions of
the envelope, has been concerned in many exaniesxemplify,a research pavilign
named as the Hygroskiis, developed at the Institute of Computational Desl@D] of

the Stuttgart UniversityBased on a passive approach that is related to the hygroscopic
behavior of timber, Hygroskin aims to explore responsive capacity within the material.
The adaptable systeis composed of wood cones that open when the relative humidity

increases and close when internal moisture decréEsieg et.al, 2014.

Figure 9 The Hygroskin Pavilion by the Institute of Computational Design (ICD) of the
Stuttgart Universitf{SourceKrieg et.al, 2014)

In Hygroskin, adaptive behavior is intrinsic to the design,civhs not one of a kind
system.Currently, architecture is preoccupied with considerations of design criteria that
neglects the inherent material properti®g.contrast, all organisms in nature are formed
by the interaction of intrinsic and extrinsic forces. As a result of this interaction, shape
changes may occun organisms.Unlike architecture, shape in nature is inherently

connected to functiorShape chages, allowing for adaptation of successful strategies,
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play an important role for survival in natural systemslants, some changes are based
on intrinsic abilities, triggered by external factors such as changes in external load or
humidity (Hoheneder & Gruber, 2016, p. 33)V/hile some of these shape changes are
irreversible (e.g. fracture), shape changes induced by humidity claaegeversibly
cycled as the moisture level vari@doheneder & Gruber, 2016Hygroskin aims to
transfer this very biological principle of shape change triggered by ditymio

architecture, in order to overcome the problem of climate responsiveness.

In architecture, there is an increasing interest in designing specific building envelopes to
match desiredunctions such as harvesting emeror material(Hoheneder & Gruber,
2016) Among these Hy g ssysielns design constitutes an important example since

it integrates shape change to the function through intrinsic properties of #reainged.

In other words, fitting ability which is achieved by the shape chasgeot anadded
property rather it is an integrated part of the systema way, this approach is similar to

the hypothesif this study.

Anotherexample of building envepes which is developed with a similar approach is the
Flectofin by ITKE. The fitting ability of the envelope comes from the intrinsic property
of the materialinspired by the valvular pollination mechanisnsurfelitzia regina€Bird-
of-paradisejlower (Schleicher et. gl2011) In a similar manner with the flower, the fins

of Flectofin are able to shift 90 degrees, relying on reversible material deformation rather
than the use of technical hingg®pez etal., 2017)
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Figure 10 a) TheBird-of-Paradisd-lower, b) Full scale prototype of FlectofifSource:
Lépez et al., 2017)

In the same line of thinkinghé One Ocean Thematic Pavilion for Yeosu Expo 2012,
designed by SOMAArchitecture, features an external kinetic facade system that is
inspired by the research on plant movements and kinematic mechanisms like the Flectofin
(Lopez et al., 2017, p. 6960he One Ocean was initially an attempt to scale Flectofin to
the size of the buildingbés fa-ade, however
and high wind loads, another kinetic system inspired by the research on plants has been
developedKnippers & Speck, 2012, p. 8n this regard, it exemplifies the difficulty of
applying biomimetic principles at building scale. Tkieematic medidacadeof One

Ocean developed in collaboration with Knippers Helbig Advanced Engineering, consists

of 108 vertical lamellas made from glagser reinforced polyme(Knippers & Speck,

2012, p. 7) This kinetic shading system can adapt to light conditions controlling and
responding to changing slight conditions during the day, as well as allowing the artistic

staging of special lighting effects.
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Figure 11 View from One Ocean Pavilion in Yeosu, South Kof®aurce:
http://www.somaarchitecture.comRetrieved at25.12.2017)

Above mentioned Hygroskin and Flectofin are two of the closest biomimetic examples of
the idea of coding thability of fitting from the beginning of the design. However, as
mentioned, they have scaling difficulties which makes them hard to apply at building
envelopes. There also other examples of searching fitting in building envelopes similar to
nature. For instance, anothereasch pavilion that is designeg the same research group
with Hygroskin, at the Institute of Computational Design QT of the Stuttgart
University, the Sea Urchin, exemplifiegshe search for achieving structural and
morphological performance. The desigihthe envelopés based on the analysis of the

constructional morphology of sand dollars, a type of flat, burrowing sea urchin.

The constructional principles found in sand dollar is transferred to timber plate Bhells.
design is inspired from the mnal structure of the sand dollar which relies on the
geometric morphology of its double layered system teddifferentiation within the
material(Menges, 2017)Another inspiratiorpoint for the project was thienger joints

and fibrous elements though which the calcite plates of some sea urchin species are

connectedThis multrmat er i al connection enables the

integrity during growth and exposure éxternal forces.
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Figure 12 Sea Urchin, 20186 ICD/ITKE Research Paviliofsourcehttp://icd.unt
stuttgart.de/?p=1622Retrieved at25.12.2017)

Even thoud the Sea Urchins also a significantattempt of transferring biological
knowledge to architectur#,differs from previous examples giveniadoes not integate

the idea of fitting to the design. Rather, it focusedh@abstraction of structural and
morphological éatures of the chosen biological modiel doing this, it focuses on
different groups of the sea urchin. While the plate growth and fiber and finger joint
connection strategy comes from the regular sea urchin, double layered structure and
material differetiation strategy comes from the irregular sea urchin. These principles of
different groups of the organism vary depending on adaptation strategspecific
environmental conditiongn other words, these principles are a result ofritexaction
betwea the organism and i@bility to adjust or resist external environments. As such,
they areorganism and@ontext specific. In this regarthe Sea Urchirtransfergrinciples
developed in dierent contextdo the samestructure.This approach has a poteh to
provide a pattern to the solution to the problem. However, it is arguable if this potential

is used in the design since it is not mentioned by the researchers.

Moreover, the project transfers these biological principles as isolated functions. It
concentrates on morphological aspects of the sea urchin, yet largely overlooks other

aspects such as functional or behavioral. It is crucial to remember that everything in nature
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is interconnectedfor instance morphological aspects are inherently connected
functional aspectsTherefore, when trangfming biological knowledge into design
taking each property individually may result in deficiencies in the properties of biological

model since nature operates holistically.

All these points considered, it ¥g8orth to remind the need to search for a systematic
method for biomimetic design in architectulre orderto create a truly better performing
architectural biomimetic model, the design would not only have to mimic spkecifices

of systems found in mare, but the overarching systems as well. Biomindegignshould

imitate both the major systems and the minor systems working in unity with them. It is
needed to study and understand how the system works, how it is associated with its

environment and he it works within the larger scale before applying it to architecture.

2.3.3 Recent Studieon Skin-Envelope Analogy

Similarto current studyin the realm of architecture, there are some researchesaisach
address both method studies, the attemplohg nature as a measure of transferring the
arising knowledge to the system and the idea of reconsidering performance with a
biomimetic perspectiveln these studies, the skanvelope analogy becomes more
apparent and situatddowever these are mostlynbuilt research studies. Traprove the
argumentsthe question of how to transfer this analogy to buildings is discussed with

following researches, both search for anethodand application

In heracademic researcBadarnakKadri (2012) proposes a biomimetic methodology,
named as the living envelope, for the generation of design concepts. In order to validate
proposed methodology and to assess its generality, it is applied on foumemsmtal
aspects that need to be managed by the building envelope: air, heat, water aha light.
her study, BadarnaliKadri utilizes adaptation strategies from nature as a key strategy for
the design of the building envelopes that can accommodate thhersngntal changes

with less energy consumption. Although her study presents a general methodology for the
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generation of design concepts, integrating all relevant aspects and systems of the building
is still challengingHer research is similar to this diuin approaching the envelope with
principles of adaptation in nature, however, it does not focus on integrating these
principles to the genes of the desigrther, rather than focusing on the nature of the

skin, it addresses specific features of thia.sk

Collabaating with a biologist, Mazzole2013)develops a comprehensive body of work

on characteristics of organisms at a certain context which ssalveuilding envelope

problemin her book titledArchitecture Follows Nature: Biomimetic Principles for
Innovative DesignShe explores ways of utilizing animal skins for performative building
envelopes Even though Mazzol eni éaspect§ froma@nmalgs r e
skins to inform building envelope, developing a general holistic methodology still remains

as a challengét differs from this study in same aspects withBadaralbnd r i 6 s. r es e a

In their paper titledSkin in Architecture: Towards &ilnspired FagadesGruber and
Gosztonyi(2010)also develop a comprehensive study, taking human skin as a model for
the degyn of the bioinspired facades. With this study, they aim to provide a basis for
further research aiming at enemgf§iciency and sustainability.heir explorations provide

a detailed analysis on the analogy of human skin and building envelope, withsregard
their properties and functions. It has a different scope from current study since it does not
aim to providea methodology to transfer this analogy into an abstraction and a design
concept.The analogyof skin and envelopprovided in their study isimilar to current
research, yatarrowerin scope Whereas this study focuses on the nature of the skin with

a broader perspective, Gruber @olsztonyp s st udy concentrates on

Considering nature inspired examples in architecture, it isrfitapt to note that strategy

found in nature can sometimes be directly copied, but usually the constraints of that
particular natural example will not be exactly the same as those in the design problem,
thusdirect imitation seldom represents the bestlkation (Gruber & Gosztonyi, 2010)

In order to transfer strategies from nature to architecture, araetosh needs to be done
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following profound research in biological model. Hatds required to reduce complex
information and identify relevant parameters and boundary conditidfithout
considering these steps carefully, biomimetic architecture caemeal all aspects of
nature and remains limited to imitating morphological aspects. In many cases, Badarnah
& Kadri (2015) denotes, implementing biomimetics include three challeni(@}:the
search for and the selection of appropriate strategies from the large database found in
nature; (2) scaling difficulties; (3) conflicts between solutions of intiegr@arts of the

design concepto.

As it is shown in above mentioned examples, design of the buildirejog@vin the realm

of biomimetics requires methodical approach,in a manner that isupporting the
interdependence of the envelope with other systentiseobuilding. One problem with
current biomimetic building envelope approaches is that they leave other systems of the
building intact and only deal with energy efficiency. While designing a building envelope
in the realm obiomimetics it is inevitableto focus on energy, however, we cannot deal
with energy consumption in isolation. fact, systems or aspects of the building should

not be dealt in isolation. Further, the concept of biomimeticaild be considered more

broadly,not to miss further opptunities that are provided by the living world.

To sum up, current literature shows variations in both understanding of biomimetics and
in the sale and implementation field. Yat,can be concluded that, with a biomimetic
perspective evaluatingsustainaility and performance of our builths should bea
guestion of 6fittingéo. Nature fits the
coexistence of form, function and material. In this way, nature enhances energy efficiency
and optimizes resource utilition.Every time natural organisms face with changes they
react by adaptation, which enables them to become better fitted to survive and reproduce
in their environment. With these strategies, thlyays sustain their fitting state. In this
regard, thedea of fitting in architecture needs to be addressed in orcatemature as a

measure to evaluagdficiency of our buildings.
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Before moving on to the next chapter, it will be illuminating to give a glossary of terms
that are used in this study. Sonents barrowed from nature and their architectural

analogy within this study carelbriefly explained as follows:

Table 5 Glossary of termgdeveloped by the author)

Nature Architectural analogy

Skin Building envelope

Gene Infrastucture of change

Metabolism The sum of processes that take plaghin the systems o
the building

Life Design, construction, use, demolition and recycling
building

Species Building groups in same building standards and code

Fitting Appropriataess to the current conditions

Fitness criteria Variables of fitting
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CHAPTER 3

THEORIES AND POSTULATE

Both natural organisms and buildings require to be fitting in order to subvikeenatural
organisms, buildings are not monolithic unities bamplex systems which constitute
multiple and diverse components that operate at different scales and levels. Due to the
difficulty of transferring knowledge between these two domains, which have different
levels of complexities, this research focusegtennature of the fitting, to construct a

broader perspective.

Although buildings are apparently statiicgy often require interventions due to changes
around them such as the building codes, population growth, environmental conditions,
technology or finacial issues. In building industrgurrent activityabout the fitting of

the envelopes is more concerned with extending the life of existing buildings and upgrade
of existing structures rather than with the creation of new structlires.generally
acceted that approximately 50% of construction work involves upgrade pr@atan,
Douglas, & Pratley, 2009)

In practice, the intervemns to existing buildings are commonplace, yet very little
attention is devoted to preparing buildings to these changes before they require
interventions. Therefore, current understanding of fitting in architecture implies turning
the building back to iteriginal state, after it becomestro. In other words, it aims to

learn from the past, to create the present. Unlike thigglibeings do not become retro,
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rather they aim to fit the best condition of their current situakoninstance, the starfish

can regenerate damaged parts or lost arms, but the generatedaamaw one, not a
replica of the damaged or lost off@rst, it needs to heal the wound and then it begins to
generate new dsl which in turn, triggers a new procegowth. Unlike buildings,
regeneration in starfish is innate and titudoes not need to look at its damaged or lost
partsand turn to an original state. Rather it regenerates itself as it develops itself from

within.

As noted earlier, existing buildings also become lockedoirparticular patterns of

behavior, energy and resource use and so on, constrained by their fixed and static

materiality, limited life span and infrastructure. Understanding howpgradethese

buildings and to overcome logk, and then facilitate systes change and plan the

reproduction of the next generations will be critical to achieve sustainable solutions.

Within the scope of this stugdyipgradeis not seen solely in terms of repairing and

maintaining buildings but as reconfiguration of the behaamat relations of the systems

of the building. To put it in another waypgrades conceived as method to design not

only the Aprocess product ONebdesstomsdyshiskihdhe HfApr oce
of a systemicupgraderequires consideringat just isolated parts and systems of the

building but an integrated, whelmuilding process.

With all these in mind, in this study, it is aimed to redefine the concefitetfo in

architecture with a biomimetigerspectivehrough the analogy of theiskand building
envelope.For this purposet hi s research appromstdadaoises t he
retrofitting, as in natureNatural organisms are skillfully and conservatively take

advantage of material and energy resources. Theymagple needsvith an optimum

solution and select for shape or pattern based on need, such as their growth patterns or

limitations imposed by the conditions of life oneaths or gani sms 6 i nterface

exterior world, skin plays an important role in their fitting.
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In a similar manner with nature, if buildirgvelope are coded with the ability of fitting
from the very beginning of the design, they can act and perform like theTsldrthree
sections of this chapter aa#med to develop an understandindfitifng in architecture
analogous to nature.rBt, fitting modes in natural skin are explored, then the current
understanding of fitting in architecturedkarified, finally, fitting modesn architecture
are investigatedhrough new designs and existing buig. Given the diversity of
availablefitting modes in nature and architecture, in the last chapteantlegy between
the fitting of the skin and the envelope is built. Based on the disagssichapters 2 and

3, a new desigrapproach to answer thesgarch question will be developed in the

following chapter.

3.1 Fitting Modesin Natural Skin

Similar to buildings, itting is a question of survival in nature. An organism that is not
functioning properly cannot survive in the long rudaptation and edution allow
organisms to survive within the constraints imposed by thepective environmentssA
Reap et al(2005) put it, adaptatiorrefers tofithe behaviouraland material changes
organisms make within the period oflai f e, twhilenevolution refers tdislower,
fundamental genetic changes, occurring over the course of many generaBwik
adaptation and evolution arensideredsiihallmarks of lifé (Solomon, Berg, & Martin,
1993)

Adaptation is required to achieve a fit between the system and the environment and to
maintain the quality or state of being (i{olland, 1992. Natural organisms become and
remain fit by short term and long term adaptations (evolutionhuildings, there are
examplesof short term adaptations, bavolutionary dimension would allow another
dimensionof adaptationthat is yet not availablelhis couldbe possiblewith further

developments ithe use obuilding information modelling (BIM)n design
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Together with adaptation, sadfganization is also a central attribute of living systems,
and of their evolutionln buildings, there is seldom raexample of the use dfelf
organizdion in a strategic wayPetra Gruber, 2011, p. 124)ut could provide a new
perspective to buildingThe self-structuring capacityin nature requires networks,
diversity and distribution of structures across scales. Further, ifi@goires the ability

to retain and build upon existing patterneghich is often donéhrough the use of genetic
memory (Mehaffy & Salingaros, 20135tructures that code earlier patterns anesex
and reincorporated laterAs Mehaffy and Salingaro@013) states, e most common
example of this is the DNAwhich enablesfithe evolutionary transformation of

organisms®. The fitting capacity of natural organisms is transferred through the DNA.

Besides fitting capacity, natural beings are gea#ly coded with the ability of economic
handling of material and energy. Their energy efficiency and optimization of resource
utilization, together with adaptive featuresake them fitting in contexin buildings,
energy efficiency haa bigand continously growing impagtwhereagsnanagement and
recycling of resourcestill needs to be discussed furthidature can provide a model for

developingecyclic production processas building industry.

Like the envelope in buildings,sathe interface betweerha body and external

environment, the skin has a pivotal role in the adaptgtiooesses of natural organisms.

Among the ancestors of the earliest reptiles, the adaptation to full time life on land was
accompanied by drastic changes in the structureeafitim(Jablonski, 2006, p. 28T hese

animals evolved scales in order to balance the stiffening effect of the outermost layer of
their skin and t oility @ablanskh 2006hpe 28yablonski@d0® s 6 f | e x i

explains this further as follows:

AOnce formed, idividual scales cannot grow cell by cell as #mimal
grows larger. Thusto accommdate growth, it mudiorm a new set of
scales to replace the old set. Lizards and snakes, for exarap&y

their scaly costumall at once in a cyclical process calledeziding. In
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a synchronized sequence, the animal forms an entirely new epidermis,

the layer of older epidermis separates from the new and the older layer

falls away in one piece or several large piegtes| ndependent |l y, s h
evolved in the turtle lineageh& turtle shell ncor por ates the ani
spine, ribs, dermis and an tan keratinized epidermal layer in a

remar kably protective box that grows b

size increases throughout its bf€p. 29)

In organismsa wide range of environmental conditioeiects seHorganized growth.
Thereforethe organismaeedto be specifically adapted to the environment they grow up

in. The degree of variation between genetically identical organisms is the result of this
particular relationship with their environmeBesides different organismsjen modular

parts of the same orgam differ. Fur of the same tigerre not identicalSince these
adaptations help them survive in different areas, certain organisms with the same skin
color are found in one area, but not in anothlmheneder and Grub€2016)compares

these adaptation principles of nature to building standards and codes in archifecture.

t hey s thghyikiags that ére designed according to the same set of codes yet in
different sites generates siani) but not necessarily identical buildinggHoheneder &

Gruber, 2016)They aretailored to their specific context of location.

Similar to architectureninature, fitthg can be found at multiple physical scales and time
resolutions.For instance,the chameleon can change its body cdlmough rapid
molecular signaling within and between cedlken it is frightened and in response to
light, temperature and other enviroantal changesAs Wigginton and Harrig2002)
explains, he color changef the chameleors activated by hormones that affect special
pigmentbearing cells in its ski(p. 29) On the other hand, in animals at extreme latitudes,
color change happens with seasoms,colder temperatures and shorter days trigge

hormonal changes that give rise to dense and white @ateales, 2012)

61



Figure 13 Polar bear and Grizzly beé®ource:
https://lwww.theweathernetwork.com/news/articles/clinrctange. Retrieved at
25.12.2017)

As Louw and Seely1982)mentions, lhere are tree basic types of adaptations, based on
how the genetic changes are expressaatphological physiological and behavioréds

cited in BadarnaliKadri, 2012, p. 19)Morphological and physiological adaptations
involve functional features that help organisms to adapt to their environment, whereas
behavioral adaptations relate to the actions done by organisms in ordewit@ sur
(BadarnakKadri, 2012, p. 19)Due to these adaptations, the skin of natural beings has
become highly diversified. Changes in environmental conditions affects the metabolism
andits energy and resource balance, thus skins of organisms of the same species might
differ from each other, such as the pobmar and grizzly bear (figure 13Besides
contextual changes, there are many other reasons for skin adaptations. For ingance, th
male peacock evolved the adaptive trait of the tail feather display to compete for a mating
partner. The sea horse is able to change to match the color and surface texture of the coral
they live on and thus protect itself from the predators. In sune thiflerentiations in the

skin help organisms to adapt and remain fitting to enhance their survival. The great
diversity of the skin in nature provides a ground to understand fitting patterns of the skin

in nature.
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Within the scope of this studyitting modes of thenatural skin can be grouped in four
functions: regeneration, growth, protectiodaommunicatiofTable §. It will be useful

to briefly explain these terms in order to establish the biological context of the research.

Table 6 Fitting modes of the ski(developed by the author)

Function Mechanism

Regeneration Renewal

Restoration

Growth on edge

Growth Growth of organisms with shells
Molting
Addition
Protection Strengthening
Coloration
Communication Signaing

Sexual attraction

3.1.1. Regeneration

Regeneration is a fitting strategy of the skin which is achieved through the processes of
renewal and restoration. Restoration is a response to injury by healing with repair
mechanismsWhile repairleads to tk formation of scar, renewal fully recovers wounds
with architecture and functionality of identical to unwounded gkiawronskaKozak et.

al.,, 2014, p. 61)Echinoderms, many reptiles and amphibians are able to regenerate tissues
and organs. For instandéa stafish is cut into two, each of the pieces may regenerate
into a new anima(UCSB Scienceine, 2006) Regeneration also serves as a defensive

function, named as autotomy, as the animal detaches a limb or tail to avoid dAfpileze.
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escaping a predator, if the predator catches the tail, it will discof@8B Scienceline,

2006) After autotomy, cells move into actionétissues regeneratelaginnis, 2006)

The natural skin responds to the injuries with-seffair.Self-repair, which is found at all
levels of organisms in nature, cb@ considered as a prerequisite for (@&uber et. al.

2016, p. 25) There are several mechanisms of -seffair in nature. In fractured or
critically damaged living tissues, an intermediate tissue is formed after the scar tissue, in
order to heal themselveafter amputationsin some aimalsjust the wounds are healed

yet in others, the lost part is regeneraWfthile amphibians have remarkable capabilities

for regeneration, mammals respond to injuries with a repair process that heals-the post
amputated region through a sq&awronskaKozak et al., 2014, p. 61)The moon
jellyfish exhibits an exception, as they heal the wound rather than regeneration their lost
limbs (Abrams et. a).2015)

In building industry, regeneration and sedpair still representa major challengein

which onlyfew successful examples exishnlike nature, currently, detection and repair

of the damaged elements buildingsdoes not usuallydppen in a selbrganized way.

Yet there are attempts to develop dedfaling asphalt, concrete and meataimaterial
sciences These smart materials can be used for the optimization of natural sources since

they can regenerate themselves over time.

3.1.2. Growth

Another key fitting strategy ithe natural skins achieved by growth. In nature, growth

is based on cell divisioand change of cell volume. Itasgradual increase in physical
size and occupying space with an integrated process efrgalfization(Gruber et al.,
2016, p. 24)In general, concepts of growth in protective covers of animals are growth on
the edge, growth of organisms with shelisolting and addition.Growth is such a
compl ex phen oreygelnompson(19%2) staieg) thafifor growth to be so

uniform and constant in all the parts as to keep the whole shape unchanged would indeed

64



be an unlikely and an unusual circumstain¢e. 35) Rates vary, proportions change, and
the whole configuration alters accordingiynlike this, in built environment, growth is
mostly achieved by theddition ofa new structure when extra space or additional function

is requiredThese strategies will be explainedther in the following sections.

Growth is an ongoing process in human skia.Gruber(2011) exemplifies, sails and

mussels also grow continuously, owing the mineral substance that is deposited on the
margins of their shell§. 118) On the other hand, animasmewith exoskeletons and

some reptiles, such as crabs, spider and insects grow in stages. Some of these animals
molt their skin periodically to llow further growth.In the molting processanimals

discard their old skin or exoskeleton, meanwhile synthetize and form a new one to match

the new bodyGao et al., 2017, p. 1As the animal grows, its skin becomes stretched.
Unli ke human skin, a reptilebs w&ly the doesn
animal reaches a point where further growth is not possible. When this happens, a new
layer of skin grows underneath thgistingone. As soon as it is complete, the old skin

peels away, leaving behind a replica of itself behind.

Figure 14 Molting examples from naturg&ource www.pinterest.comRetrieved at
25.12.2017)

Molting process differs from species to species, depending on the environmental

conditions, their nutritionadtatus and their growth rate. Theduency of shedding will

change dur i ng Intgéneral aince yoanges @niméals groe at a faster rate
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than mature ones, they molt more frequently than an adult of the same dpepidses

shed their skin periodically. Turtles, on the otherdahed in pieces and slough skin on
their neck, legs and old scales located on top of their top and bottom shell. Lizards also
shed their skin in pieces and some of them eat their sloughed skin. Iguanas shed their skin
in pieces on the outside of thewdies except for their eyeballs. Snakes shed their skin in

one piece except for the giant snakes which may tear their skin.

Some animalsvith hard sheB such as silk worm, are trapped in their carapace. They
require to destroy this carapace and get ridl dhey escape arttieninflate themselves

until their outer skin harder{®tto, 2015, p. 243As they are particularly vulnerable and
sensible in the phase without a hard shell, this is a dangerous period for the organism
(Gruber, 2011, p. 118ptrategies of metamorphosis and pupa phases bridge the time of
reconstructior{Gruber, 2011, p. 118)

Figure 15 Silk worm metamorphosiSource: wwwpinterest.om. Retrieved at
25.12.2017)

In the example of silk worm, the cocoon provides thermal insulation, enabling hibernation
in a way, as well as keeping the body functions intact. With all these, the cocoon provides
a suitable environment for the animal towgrdn buildings, a similar strategy of layering

can be observed yet applied in a more static way. In nomadic tents, an additional layer
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was added to provide thermal insulation and keep interior conditions stable. In modern
building envelopes there are sadskin and double fagcade applications. Nature provides
useful models to develop this strategy further for contemporary envelopes, in a more

dynamic and holistic way.

3.1.3. Protection

Protection is another fitting function of the skin which is achieveoutih strategies of
strengthening and coloration. Like buildings, outer covers of organisms need to cope with
mechanical stressebhis is commonly achieved by strengthenihgough the hardening

of the outer layer. For instance, the shell of the turtieldg@ed from its ribs and acts as

a shield. This fitting strategy provides enhanced mechanical protétaiolonski, 2006,

p. 29) Similar to this, the envelope provide protion against mechanical damage in
buildings.Further, the skin of animals provide protection from radiation, dirt and micro
organisms. The movement of these substances is achieved bypesemiable
characteristics of the skin. The building envelope ®wa similar protective cover for

buildings, yet it acts more as a border between inside and outside.

There is amtherprotectivestrategy of the skirngoloration,which isusedfor protection
from predators, sending warning to predators or productiomsoflation. Coloration
strategy als@xist in buildings but unlike nature, it is used for communication purposes
and aesthetic intentionk animals, the reason of coloration is that different species and
different parts of the body are subject to diigrselective forces such as concealment,

communication and regulation of physiological proce¢Saso, 2005, p. 125)

Camouflage and mimicry are two mainlorationmechanisms that provide protection
from the predatorsCamouflage is achieved lgeneral color resembland€aro, 2005)
Animals can remain concealed when their overall coloration resembles or matches the
natural background of the environmdi@ndler, 1978) Camouflage is used when an

animal resembles either the general background or specific objects in order to avoid
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detection To exemplify, the cuttlefish can dynamically change their appearance to match
the background as well as changing their shape to resemble objects like seaweed or stones
(Nokelainen & Stevens, 2016Background matchingn animalsmay change due to
seasons or with ag€aro, 2005, p. 125Mimicry, on the other hand, is when an animal
resembles another creatuoe inanimate objeceither for defense or to gain other
advantaged-or instance, somspecies of caterpillar can inflate its abdomen when it is
faced with a predator. The markings on the enlarged abdomen resemble the eye and the

shape of a poisonous snake which prevents it from being eaten.

Figure 16 An exampleof mimicry in animalqSource:
http://www.bbc.co.uk/nature/adaptations/MimicRetrieved at25.12.2017)

The animals also use coloration for warning, in order to signal that they are harmful
poisonous Here, the color patterns used to evade, confuse or deter visually hunting
predatorgEndler, 1978, p. 320For instance, a venomous coral snake uses bright colors
to warn off potential predato(Borbes, 2009)n architecture, the envelope is the primary
elementhatdetermines the safedf the buildingas it provides protection against enemies
and storage provisions. Unlike coloration solutions in natural skin, the envelope is

expected to be stable and robust, mostly heavyweight constructed.
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Figure 17 An examjpe of coloration for warning in anima{Source:
http://www.bbc.co.uk/nature/adaptations/AposematRetrieved at25.12.2017).

Besides protection,otoration of the skiralsoprovides hermal insulation to animals in
extreme environment€olor pattern in animals is adjusted for thermoregulg&ordler,

1978, p. 319)Some animals such as the arctic fdxarge their color with the seasons in
order to have better insulation propertiEer a similar purpose, in building envelopes,
the thickness of the insulation material is @ased.Current envelopes present a
functional layering system, which differs according to the required difference between
inside and outside. The bigger the difference, the thicker the layering, like the lihdiber

prevents heat loss from the body ofteranimals.

69


http://www.bbc.co.uk/nature/adaptations/Aposematism

Figure 18 Arctic fox in different season&ource:
http://www.bbc.co.uk/nature/life/Arctic_FoRetrieved at25.12.2017)

3.1.4. Communication

Lastly, communication appears as a fitting mode of the skin that is used for signaling and
sexual attraction. For this purpos@jraals use colors and patterns in order to convey
information aboutheir age, sex, mate quality and fighting ability to other indivislual
(Taylor & McGraw, 2007, p. 592 olor pdterns which are used in species recognition
and courtship should be as bright and as distinct as possible in order to avoid mistakes
and make the process fasfEndler, 1978, p. 320)Like the skin in naturehistorically,

the building envelopbas beemsed as a main medium of communicat&tayting from

thecave paintingg o t he come c&imp ofra-rayd ds o

To concludehis sectiona classificatiorof fitting modes of the skithat is generated for
the purpose of current reseaislgiven belowWith thisin mind, the following sections
of this chapter concentrates on the idea of fittingbinlding envelopes. Firstly, a
conception of fitting and an overview of fitting strategies in building envelopes are given.
Then the relationship among fitting strategies in natural skin and building envelope is to

be presented to set a basewrtedge forfurther discussions.
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3.2 The Concept ofFitting in Building Envelopes

Fitting is one of the main purposes of architecture. In gertmrédlings are designed for

|l ong and wuseful i f e, to fit its usersbo
Buildings need to serve to a variety of functions through their life cycle. Therefore, it is
necessary that they respond to all fluctuating parameters, some of which are common to
all buildings and some others that are specific to the buildifithin the scope of this
research, fitting in architecture iscknowledgedas a relationwhich defines
appropriateness to the current conditiofisis relationinvolves one or more variables
(fitness criteria)wvhich arerelated with common expectations from buildsras well as
designspecific intentions and requirements.is worth to note that\en common
expectations from buildings are context dependemtluding local micreclimate
requirements such as natural ventilation potential, acoustic properties ancowifatt.

For this reasanevery variable of the fitting function needs to be specifically defined in

every design.

Like theskinin nature thebuilding envelopglays a cruciatole inthefitting capacityof

the buildings. Even though the buildings aessentially static, the environment around
them constantly changes. Therefore, the envelope needsnaly withthese changes.
Thefactorsthat are affecting the fitting capacity of both buildings and their envetares
be grouped in twoexterior enviramental factors and usérequirements andemands.
First, coping with environmental conditions one of the mainasks of the building
envelope Lopezet.al. (2017) lists théasic environmental issues that are affecting the
building as follows: ight (solar radiation), temperature, relative humidity, rainwater,
wind, noise and carbon dioxide (airgu i .fThese environmental factors are constantly
changing and creating new challenging situations to cope Riitt.of all, seasons bring
different climatic environment¥ne of the solutions to respond to these changes can be
thought asheidea of introducing variability into the fabric blilding envelopeThis

can be achieved either with a simple or complex syst@minstance e venetian blind
and curtainscan be considered #se oldest examples that provigeotection from light
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and heat as well as providing privacy. Yyhean be simply adjusted thanging local

climatic conditions.

Second point to consider is that the building envelope accolae® many people, each

with a different set of requirements, varying time to timse.tle user needs and habits
vary, the way they interact with the building envelope chanigegeneral, the users
require thermally comfortable buildings. Besides, theyehsome culturally dependent
habits, needs and preferences. Thesalaeaffected by attitude to health, safety, risk

and aesthetic requirements as well as regulations and organizational and social norms.

The building envelope needs to be adaptabled@orus 6 creeds and requirements

since they wultimately affect usersd health

In nature, fitting of the skirs a result of the interaction between the skin, metabolism and

the environment. In a similar manner, fitting capacity of théding envelope can be

t hought at three interconnected and indist
1) to the requirements thatitneedstofuffilu nct i on, occupant s deme
etc.; 2) to the whole buildingts integration wth other parts and systems of the building;

3) to the context. Through mapping the variables within these levels, they can be further

categorized into three types of parameters about design, performance and context.

The critical point where our understhng of fitting in thebuilding envelope differs from

that of the natural skin is that the skin becomes and remains fitting in the long run. In
other words, the skimadaptively fits In fact, the building envelope also needs to fit
adaptively, sinceitpjas a cruci al role in the buildin
between the building and the external environment. By increasing fitting capacity of the
building envelopes and designing them futpreof, buildingscan better fulfil their duties

andfit in their context.

Within the scope of the technologies of their tiGaudi and Otto attempted to approach
the problem of fitting in a similar manner with nature, by examinimgability of the
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subject to adapt its structure in order to take a staisiéguration under the influence of
external forcegStojanovic, 2013, p. 57)They aimed at achieving efficiency, and thus
increasing fitting capacity as a result of the compromise between material and energy, as
it is seen in nate. In the following years, with the advancements in technology and
computationand emerging energgsuesthere had been a growing interest in exploring

the fitting capacity of buildingswithin the scope of this studyhdse attempts can be
examined intwo groups: first, the ones that are designed tditiag, mostly with
responsiveadaptiveand intelligensystems; second, the ones that are built upon existing
structures, which is oftethone through a process refergedretrofitting.Table 8 preses

an overview of fitting modes in architecture.

Table 8 Fitting modesin architectureSome parts are adapted frflnoonen et al.,
2015)
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Having considered the conception of fitting in building envelopes and the factors affecting
its fitting capacity, some of the fitting strategies will be briefly considered in ¢ke n

section.

3.3.Fitting Modesin Building Envelopes

3.3.1 Adaptation in Building Envelopes

ASurvival -the only criterion of success in biolegis largely about
adaptation to surrounding conditions and change, both local and global.
We need methodstedchnical or biologicat of designing processes of
adaptation that can make amdaintain successful structui@glmhof &
Gruber, 2016, p. 2)

The idea of adaptation is eft found in the fitting processes of new buildingsme of

theseare theoretical, yet potentially applicaldBiildings are by necessity static and fixed
elementsHowever, they are also required to respond dynamically to changes around
them.A certain level of flexibility and a capacity for adaptation and change is required in

order to comply with changing environmant condi ti ons and userso
(Meagher, 2015, p. 160As it is explained in previous chapter, thepacitynecessitates
considering multiple fitting parametergarticularly in building envelopesyet, if
contemporary examples of adaptive building envelopes are explored, it can hedbse

that the prominent functiorof these envelopes is to maintain tk&able interior

environment and to adapt to current weather conditions

The term adaptation is barrowed from biology and thus it suggests solving problems with

multiple parameters rathéhan merely adapting to individual concer@smpared to the

concept of responsive, adaptive is a much broader concept since it seeks to optimize

functionality and waste reductigiolland, 1992, p. 3)The wor d fdAadaptat i

which is consisted of 0.A\Vithoabiamindetichergpdva,r e 6, m

the frequently wused t er mrefes tbidapnorphogenetcu i | di |
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evolution and reatime physical adaptation of a design in relatida its surrounding
envi r o@nrObad ed. al.2017, p. 1480)

In nature, the tern adaptation refers to both the current state of being adapted and to the
dynamic evolutionary process that leads to the adaptation. Every time natural organisms
face with changes they react aedit by adaptation, which enables them to become better
fitted to survive and reproduce in their environment. Similadgapive building
envelopes requires accommodating change in multiple ways and syBtentier, it
requiresvarious elements sucls asensors, actuators and command wires in order to

identify, react and adapt to changes.

Natural organismare coded with genetic information which enables theootstantly

adapt to different external and internal stimiliother wordsadaptationianor gani s mé s
natural way of fitting.In a similar manner, in the design of building envelopes that are
inspired by adaptation principles found in nature, the issnet simply how to create a

system capable of changimgresponse to varying environmahtonditions but how to

integrate the infrastructure of change into the design of the system.

To sum upcontemporary understanding of adaptive building envelopes has a common
focus on the buil di nng énsironmentalacobndittonssltloingg wi t h ¢ h e
this, these envelopes mostly rely on available standard regulations for buildings to
determine thénterior comfort demand#n this way, the interaction between the user, the
environment and the building cannot be specializéds, the building&nnot be tailored

to its specific context of location, from climate to use and inhabitation, in order to get the
most adaptive fitWhile considering fitting parameters of the envelope tlimate
conditions are not the only changing parameters. Theglaeshort term and long term
parametersf fitting, alsochanging time to time such as the personal, technolotpcail

and economic ones. These parametand their adaptive strategyeed to be set
specifically for every design, since their importarfactor changes from one building to

another. These fitting parameters will be further discussed in chapter 4.
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3.1.1.0rigins of Adaptive Building Envelopes

First of all,in order to understand the emergence of responsive and adaptive systems in
architectire, we need to look at the introduction of information technology and cybernetic
concepts in architectural space in the 1960s. At these times, encouraged by the
developments in cybernetics, the focus of adaptive systems in architecture was based on
usercentered interactions. For instance, Cedric Price advocated that architectii@ was
service that should enable its users to reconfigure it according to their individual needs
and criteriad (Kretzer & Hovestadt, 2014Price was one of the first who conceptualized
adaptive environments that could plogly move and transform in order to respond

changing programmatic and environmental conditiémazer, 1995, p. 20)

In the late 1960s, cybernetics tried to synthesize the strategies of biolagiaaisms

with technology, with concepts like information feedback, -egfanization and
adaptation(Yiannoudes, 2016, p. 5)n biology and cybernets, adaptive systems refer

to organisms or mechanisms capable of optimizing their operations by adjusting to
changing conditions through feedback. Inspired by these ideas, in 1969, Andrew
Rabeneck mentioned the use of cybernetic technologies in buildingsjer to make

them adapt to future needs of their inhabitants, and thus aid architects in extending
lifespan of their buildinggRabeneck, 1969)He argued that cybernetic technologies

would enable echitects to produce completely new types of flexible, and-cesetered

buildings. In 1972, Charles Eastman presented Adagtoraitional Architecture which

was very similar to Rabenecko6s propositi ol
model, Eashan aimed to improve the fit between the needs of a building userand th
spaces they occupiccording to Eastman, the highest fidd be achieved with the least
Afeffort in physi aald, exhlhyindIco gieaans,0 & mc ieal
particular surroundingas cited in Vardouli2015, p. 25)More importantly, he pointed

out that although many qualitative and quantitative measures are considered to be fit

during the design process, they do not respond to future changes of their environment and
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u s e(msscibed in Vardouli, 2015He pointed out the need for adaptation by declaring
t hat fAureriscumed fpoe to dccupancy (Vardouli, 2015)

In the same years, Yona Friedmsuggested superstructures over the city, which are
providing flexibility throughallowing inhabitants to construct their own dwellings within

the structures. He explains this as follows:

AThe essential fohte s pat i al town i s what | call Asp
multi-level spacdrame grid supported by pillars separated by large

smns [é.]. This infrastructure represents
mobile part consists of walls, floor slabs, partitions, which make

possible individually d ci ded space arrangements: t he
within the infrastructure. Thus all elements whare in direct contact

with the user (i.e. those which he sees, touches, etc.) are mobile, as

opposed to the infrastructure which senfes collective use and is

fixedd (as cited in Eaton, 2002, p. 221)

Later on, Friedmaisuggested a new design methodology for architects to evaluate the
future changes of buildings more accuratdfie wrote that the profession of hitecture

must respond to the changes that surrounded its practice. To do so, in 1971, Friedman
provided the model ofparticipatoy architecturé which gave users an interface for
cortrolling buildings responsively with the belief that this type of systeyald provide

users with a means for adjusting spaces to meet their changind eeks2006, p. 496)

He suggestethat this kind of a system would enablgildings to change over the long

term, as well as the short tefBterk, 2006, p497)

In following years, architects such as Nicholas Negroponte suggested that the profession
of architecture needs to change and they offered systems and cybernetic approach to
design provides a tangible model upon which such a change could be Ipafsed,

Negroponteds work | aid the -grivemachitectiralr what
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design today. In the 1970s, Negroponte developeditisr c hi t e ¢ t uwhigH Ma c h
had three notable capabilitie$il. generation: an environment for rapid design
manipulation, 2. evaluation: this is knowledge on various aspects of the design, 3.
adaption: a learning mechanign{Shi, 2010, p. 513)In this systemfievaluation is the

critical link between generation and adaptoifNegroponte, 1975)As Shi (2010)
denotes, Ne gr o p oachine dasically mssdsithe pedamanceaof theM

design, enablingp adapt or to optimize the design to achieve the best performance.

This system is referred as mmawepesporseisy e ar c
how an organism reacts to stimulusdaptation is als@ response to stimuli but it
develops over long periods of timEhere are also short term and long term adaptations.
Short time adaptations are the ones that happens during the life span of an individual,
enablingthe individual to fit in the environmegbnfronting it.Long term, golutionary,
adaptations are, on the other hand, inherited characteristics of a species that develop over
time in response to an environmental facltetting the species surviv&eneration after
generation, advantageous tsaltelp some organisms survive and reproduce, and these
traits are passed on to greater and greater numbers of offspring. Depending on the
circumstances, after a few generations or after thousands, such traits become common in
population. The result is a polation that is better suited, better adapted, to some aspect

of the environment than it was before. For instance, legs once used for walking are
modified for use as wings or flippers. Scales used for protection change colors to serve as

camouflage.

Theseparadigms still guide current models of interactive, smart architecture where
interactivity revolves largely around the user. In thé® 19s , Johidealfr azer 6
Evolutionary Architectureopened the way towards natural analogy for computational
design proessegFrazer, 1995)Frazer asserts that the concepts of biological growth and
form can be applied as the generative process for architecturaHersuggested a new
form of buildings, one that is interacting and evolving in harmoni wétural forces,
including those of societfParlac, 2002p. 183) He develops an evolutionary approach
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with the idea of expressing architectural concepts as a set of generative rules and digitally

encoding their evolution and development. By this way, a number of prototypical forms,

which are then evaluatechdhe basis of their performance in a simulated environment,

are develope(@Frazer et.a).2002) The keyfeatureof Fr azer 6 s evol utionary
genetic algorithm, base of the biologi evolution. According to him, evolutionary
architecturef...proposes the model of nature as the genexdtivce for architectural

f or (Frazer, 1995, p.9MT he si gni f i c &outoraryoddel B thafithe r 6 s e
produced architecture is a participant of na-t
acting like the mechanisms to which it was formed: in exchange with environment,

responsive to feedbackaedv o | ut i onar y (Menges &Aslquistyw201l,rpi ght 0O

20). Further, the evolutionary model can be used in architecture as an optimization tool

which selects solutions that have better performance according to some criteyithget

designer.

More recently, the idea oésponsivenes®und in these predecessdias engaged with

t he dynami cs of environment al conditions i n
performance with respect to climate chan(ielsKkhoury & Moukheiber, 2015, p. 223)

This resulted in the conception of &édenvironme
arefocused orclimate control based otaily, seasonal and yearly climateytitims In

fact, the idea oflimate controin building envelopewas nothing new. \Wwhin the scope

of the technologies of their timmany cases of vernacular architectioael already made

optimum use of energy saving potentials. In modern times, glassbéen used

extensively, increasing the issue of excessive-doain in winter and overheating in

summer(Knaack et.al.2007, p. 88)In 1929, Le Corbusier proposed a solution for this

problem, with his mur eutralisant, which was meant &wtively respond to exterior
influences(Knaack et al., 2007)n 1981, Mike Davies broun a new perspective with

this #Awall for all seasonso. Ohichfwaganul at ed t
multifunctional skin that could dynamically respond to changing environmental

conditions. In polyvalent walthere wereseveral functional layers within a glass element

80



which providesun and heat protection, aredjulate the functions autotielly according

to existing conditionsHere, the wall itself was meant fidfil the energy requirements

(Knaack et al., 2007, p. 8%ven though neither LeCasr si er 6 s nor sDavi es
were neveltransferredinto an acceptable moddhey laid the ground for developing

different solutions to the problem of energy saving in modern building envelopes.

Today, there armmany examples based on the idea thatenvelopean flexibly adapt to

changing conditions and needs, such as kinateractive, intelligenbuilding envelopes,

that make use of computational sysgeand mechanical apparatusésth their unique
technological potential, these examples have the capacityd x t end bui | di ngo
as well as enhancirenergy and reswoce efficiency Following section gives an overview

on contemporary adaptive building envelopes.

3.3.1.2.Current Approaches in Adaptive Building Envelopes

In the building envelopes produced after the energy crisis of the 1970s, the use of passive
solutions derived from traditional technologies are began to be changed with increasingly
active, responsive and kinetic solutions. As a result, these building envelopés bend

more adaptive to daily and seasoealvironmental changes. The dynamic control of
energy flowss the key feature of these building envelopes which are miesiljtated

by new materials and the latest advances in sensing, control and actuation systems.
Kolarevic and Parla€2015)explains the key focusf adaptive building envelopes in a
similar mannerfibetter management of energy flows, both from the exterior environment
into the buildings and from the interi spaces of the building to the outside, with the
goal s being i mprovement of the buildingods
buildingo (p. 70) These adaptiveuilding envelopes mostly comprises of layetsch as

double skin, corridors and boxed types, where each layer performs a specific function and

where their combination carlilescribed by a very complex syst@horito et al., 2016)
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Loonen et. al. (2013) explains the role of adaptation in building envelop&s laave the

ability to repeatedly and reversibly change some of its functions, featuilgshawor

over time in response to changing performance requirements and feababndary
conditions, and doinghis with the aim of improving overall building performaade.

486). The logic of adaptive building envelopes is time based, responsive and dynamic.
Furthermore, it is inherently procelsased.The temporary statef an adaptive building
envelope is a result of the circumstances of the moment on the basis of an activated

process and potential for changlarevic & Parlac, Q16).

Even though increasing fitting capacity through adaptive and responsive building
envelopes resembles nature, it is completely different from how fitting is achieved in
nature. The main difference is that what is adaptive in this approach is thotthel di ng 6 s
fitting capacity, but its chosen parts or systems. Thus, ratheratttaaving a whole
systemditting, the building partially fits and does not adapt its fitting ability for future
changesBesidesfitting is genetic in nature. The parts oétbrganism at every level act

as a whole to become and remain fittifgrther, as mentioned earligne term adaptation
suggests solving problems with multiple parameters rather than merely adapting to
individual concerns. Current examples of adaptatiorarchitecture rarely considers
multiple fitting parameters. Rather they focus on a simple parameter, which is, in most
caseschanging climateonditions Adaptation is inherently context specific, and climate

is an important aspect of the conteédbwe\er, it requires to be considered with other

affecting parameters.

Just like the skinn nature,currently here arediffering approaches and methods to
adaptive building envelopg3able 9. In nature, variationn the adaptation of thekin
mostly relieson genetic information and sigpecific conditions. On the other hand, in
building envelopes, thdifference mostly lies on the method of actuation, in which there
are essentially four distinct ways: motmised, hydraulic, pneumatic and matebased
(Kolarevic & Parlac, 2016 he adaptive behaviof the envelope can be passiwihout
direct control by the users, like material based adaptive systeihsvasexemplified in
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section 2.3.20r it can be activen which components literally move with the use of any
external energy sourcentrolled manually or automatically. Most examples of the latter
approach to date rely on motor based systems such asthamical actuatiofKolarevic

& Parlac, 2015, p. 71)Today, the most common motbased actuation system is the
mecharzed Venetian blind system inside an air cavity, usually in a double skin system
(Kolarevic & Parlac, 2016 Recently, thee is an increasing use of pneumatic actuation,
with Ethylene Tetrdluoro Ethylere (ETFE) based systems that provide different shading
densities. Thenaterial based adaptive systems are quite rare, since they require further

developments for their largeeale applications.

Table 9 Contemporary examples of adaptive building envelopes and their adaptation
strategiegdeveloped by the author)

Building Adaptation | Natural Envelope Medium/
Principle model Function Technology
Institut du - Control light | Motor-based
Monde Arabe| Response to levels and
sunods transparency.
Al Bahar with _ Leaves, Motor-based
Towers changing | foers and | Reduce heat
configuration | pin spines gain and thug
from open to energy
Gardens by | closed. - consumption.| Motor-based
the Bay
The Media | Pneumatic | - Control light | Computer
TIC sun shading levels and controlled
transparency. pneumatic
actuation
The BIQ Response to | Microalgae Produce Materialbased
House sunoés energy,
location. control light
and provide
shade.
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The first largescale example of an active adaptive behawitt mechanical actuatian

building envelopes was developed by Jean Nouvkistitut du Monde Araben 1989.

The mashrabiya shaped shading system of the building is sandwetnezbn two sheets

of glass. The system is composed of photosensitive diaphragms which control light levels

and transparency i n r(kolarpve & Palact2015,ph7hs sunbdés | oc
it can be observed in this example, fitting and thus adaptive behavior is based on a simple
parameterin which boundary conditions only affedise envelopeln this example, asi

many other contemporary exampldss tmain focus of the adaptive systenmieasing

the performance of the buildivgth optimum use of energy.

Figure 19 Mashrabiya shadings of Institut du Monde Arab®aris by Jean Nael
(SourceAdriaenssens et al., 2014)

Following Institut du Monde Arabedue to the advancements in material science and

technology climateadaptivebuilding envelopghavegained increasing attention in the

challenge ofiharmonizing energy performance within the wider scope of overall building
performanc® (Loonen et al., 2013)The 2" century application of HVAC systems

resulted in an impermeable envelope that isolated the in{éwlalington, 2009)On the

other handsinceclimate adaptive building envelopsspport the use of variability that

is available, they allow for a change fréma nuf act ur e d ®dobtraliméitese di at ed o

(Loonen et al., 2013)his aspect of climate adaptive envelopes islamio the natural
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skin since itdoes not alter and reconfigure interior environment, rather it mediates

between the exterior and interior to keep the balance.

In building envelops, rew possibilities oflouble skinshading systemsreateda higher
degree of adaptation and flexibility to adjust in relation to changing solar altitude angle
over thecourse of the day. These of these systenns building envelopesouch upon
building performancen terms of energpn the one hand and aesthetic on the other.
mentioned, energy requirements of tiauralskin and the envelope are similar.most
cases, the dynamic effect of adaptive envelapestes architectural icons gmavidesa
degree of spectacle for the visitors. In this sense, plegiormance in terms @festhetis

and communication can be compared to magogstingand communicative abilitiesf

the skin.

To exemplify, the envelope of Al Bahar Towers, designed by Addakitects, is
representing the cultural elements of Abu Dhabi, while aiming at providing comfortable
spaces in extreme weather conditions and temperatures of Abu Dhabi. Similar to Institut
du Monde Arabe, the towers feature mashrabiya shaped and imillaggomated
shading components which are opening and closing via centrally located actuators. This
intelligent system better distributes natural diffused light, optimizes the use of artificial
lighting through dimmers linked to sensors, and reduce®aling loads. Eventually, the
envelope helps to reduce overall energy consumption, carbon emission and mechanical
room size(Fox, 2016, p. 96)The desigrconcept of dynamic mashrabiya system of the
envelope is inspired by natural adaptive systems like leaves, flowers and skin spines that
are open and close in response to the(Bar, 2016) However, the particular reason for

this behavior in nature is not the same as the way it is used in Al Bahar Towers. Therefore,

it can be argued that the biological model is usealragtaphor.
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Figure 20 a) Design principlep) view from the envelope of Al Bahar Towgource:
Fox, 2016)

Another notable examplehich addresses energy and aesthetic oriented performance
requirementsvith an adaptivenvelopesystem is th&ardens by the Bay in Singapore,

designed by Wilkinson Eyre ArchitectShe intention of the design was to create an

o

architectural icon, which is addressedth thed y na mi ¢ i pattemnefatipep | e
envelopgKolarevic & Parlac, 2015, p. 78Besides aesthetic concerns, tasign of the
envelope was also challenging in terms of enengge it aimed to create a large, cit@
controlled glass house. For this purpose, the epeefeaturesndividually controlled,
retractable trianglshaped fabric shades. Each shade can be fully extended or rolled up
depending on solar conditions, actuated by the sensors inside the bwihithgnonitor

the environmental conditions brief, similar to the previous exampéelaptive behavior

of this example aims to increase fitting in terms ofrgpeonservation andeathetics.
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Figure 21 Gardens by the Bay i@ingaporeby Wilkinson Eyre Architect§Source:
Kolarevic & Parlac, 2015)

The MediaTIC building in Barcelonadesigned by Cloud 9, employs a network of
sunlight, temperature and humidity sensors which triggers two kinds of reactions through
ETFE cushions. Thenvelopeadapts to the sunlighbat hits the surfacegcting as a
variable sunscreen arranged in thES§d-E layers that are deflated to let more daylight in
when needed-urther, in the west side of the envelope, the ETFE cushiofiiedevith
nitrogen to form a vertical cloud that shades the interior by changing the opacity of the

envelope.

Figure 22 The MediaTIC Building in Barcelona byCloud Q (Source
https://www.designboom.com/architecture/v2&f1 1-building-of-the-year/ Retrieved at
25.12.2017)
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Recently, several researchers are trying to developtimddpilding materials, mostly
looking at nature in whiclfithe structures recycle their materials, permit change and
adaptation and make efficient use of ambient ene(gsazer, 1995)Thesematerials are
embedded with lovenergy responsiveness. TlBeale is theprincipal challenge in
developing adaptive building materahsed systems in full scale. The reason of this is
that materials behave differently, for instance-finear, at different scalé®arlac, 2002,

p. 182) Thisis to say, what works at one scale will not work at another@ne.of the

rare full scale examples of matert@sed actuation is the BIQ House in Hamburg, which
h as a&kin@irbits twwo sideghat grows microalgae. The microalgae produced within
this bio skin is used to produce energy and also can control light and provide($hade
BIQ Building Project Flyer2013) Considering these developments in adaptive building
materials, it can be claimélatpassive systems that can harvest energy from sun or wind
will be increasingly used in the futur@oing beyond the focus ohergy preservation,
these systems focuses on producing energy. However, in the future of adaptive building

envelopes, the attention seems to remain in energy related topics.

Figure 23 The BIQ House built for the 2013 InternataBuilding Exhibition (IBA) in
Hamburg.(SourceKolarevic & Parlac, 2015)
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To sum up contemporaryadaptivebuilding envelopes commonly perform in tways

energy and aestheticBhe other aspects such as the structural performance is rarely at the

focus of these system most cases, these systeans engaged with the dynamics of
environmental conditonsian att empt t o maxi memcyanddhei | di n
dynamic effects that awiith ireangfoensbletshrfacesbou i | d i |
wi ndow mechani sms, these envelopes coul d
visual perception, change thesgtee of covering the building in order to control
environmental conditiong hus the key characteristic of these systems is their ability to

modify energy flows(manifested as light and heahrough the building envelopén

addition the adaptive envepees are also used for spatial effects and aesthehiegh@ve

the ability toengageand interact with their environment through the dynamic effect of

the adaptive behavior.

In these exampledh¢ adaptive layer, within the other layers of the enveloge/eis the

desired adaptive performandéis is mostly achieved by developing a component based
system, where a small actuation can lead an emergent &yecbntrolling light levels,

solar gain and thermal performance, adaptive envelope systems eaaut® energy

usage, enhance comfort and increase the flexibility of the buildings. However, their
contribution to energy efficiency and sustainability of the building in the long run is
arguable. First of alldespite all these efforts on adaptive buitgienvelopes there is
hardly a holistic example which evolves together with the rest of the building, responding
to both interior and exterior environmenta. other words, in rare cases the add on
adaptive elements become an integral part of the buil&egond, as mentioned earlier,

most of these systems are motor based actuation systems, consuming electrical energy
while trying to decrease energy load in the building. Further, these systems can be broken
easily, due¢ o friction probkbheinyg flcade afettebnstitutidp e r ma n
Monde Arabe buildingKolarevic & Parlac, 2016, p. 230)

In adaptive envelopexamples to datehere are inspirations from nature at metaphoric
level but biomimetics is hardly employed in above mentioned envelopes, possibly due to
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the difficulties in largescale applicationToday,in most cases, adaptation process is

performed bychanging specific properties of a building within a specific time frame in

order to manage changing envir o({@Badlamh a | condi t
Kadri, 2012, p. 12)Forthis reason, in buildings, responsiveness and adaptability are often

considered as rediime reactions to identified parametddsilike nature adaptive features

of the building envelope leave the other systems of the building intact; adaptation within
onedesigned system, but unable to cope with the unintended consequences of interactions

with other systems. In other words, what is gained in one system is lost elsewhere as the

result of other uexpectedinteractions.With a biomimetic design perspectivehet

multiple systems angerformance requirementsf the building envelope can be

reconciled in avhole systems understanding, similar to the fitting in nature.

3.3.2 (Retro)fitting of Existing Building Envelopes

Both natural organisms and buildings requio be fitting in order to survive. In
architecturetoday, finew buildings only add somewhere between 1% and 5% to the total
building stock (Wigginton & Harris, 2002) Therefore,besides considering fitting
strategies fothe design ohew buildings,t is essential to considevays ofincreasing
fitting capacity of existing builithg stock As buildings continue to be occupied, they need
upgrade to remain fittingn building industry,current activityabout the fitting of the
envelopess more concerned with extending the life of existing buildingsugrupladeof
existing structues ratherthan with the construction of the new onédsis generally
accepted that approximately 50% of construction work invalpegadeprojects(Doran

et al., 2009)

Suchprojects, born of economy and, resource and material efficiency, are referred to by
many terms today: renovation, refurbishment, rehabilitatiorAstcan be observed,ast
of these terms begins with the prefix of,ihich meansgain. his can be intgreted
as these termaim at turning back to an earlier time, @a original purpose osituation.

In other words, they aim at fittingurrent conditions to a prigtate.In nature organisms
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do notbecoméi r e tratherdhey aim to fit the best condiiiof their current situation.
In this part of the study, (retro)fitting is used as an umbrella term toexfdimgdesign

and construction activities which are anhte extend the life dbuildings.

In architecturalpractice,a variety of different sétegies areused for (retrdjtting of
building envelopes.df the purpose of this thesis, it is necessary to défiese strategies,
their motivations anthedegrees atheir interventionsAccording to the Fagade Research
Group at the TU Delftthere ae four groups of(retro)fitting strategies of the bigiing
envelope(Knaack et. al. as cited in Rimao, 2008) These strategieare listed in the

table below anavill be discussed furthen the following section.

Table 10 (Retro)fitting strategies of the building skifAdapted from Knaaclet. al)

(Retro)fitting strategy

Rﬂfe Remove the old fagcade elements and replace with new ones.

Wrap it | Add a second layer to the fagade, i.e. insulation, cladding of balct

second skin facade etc.

Add on| Attach a new structure to the building, i.e. new floor, balconies.

0O
Q
<
@

it | Cover courtyards or atria with new structures, i.e. greenhouses.

L1111
T
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(Retro)fitting in building envelopes is carried out for different reasdhs. motives of
(retro)fitting are often interconnected. On the other hand, they still have differentfrates o
changeFor instance, the technical requirements for the envelopes have been increasingly
tightened due to increased emphasis on human comfort and the envir@derelriks &
Janssen, 2004, p. 144)he architectural value of the envelope, on the other hand, is
changing so fasso that the aesthetics of the envelope are soon out(td¢edriks &
Janssen, 2004, p. 148s a resultthere might be a gap between the technical and the
aesthetical lifespan of the envelope. Unlike this, in nature, the organisms transform as a

whole and thus change in onetgys triggers change in all systems.

The upgradef the building envelopenight have technical and functional motivations,
along with financial and social motivati@nBuildings suffer from different technical
problems which often require repair and upgrafl outdated componen{&etro¥itting

to improve the technical qualitan be done on grounds of comfort improvement such as
reduction of noise or draughipgrading of building services can be another measure of
improving technical qualityThe buildirg can have functional shortcomings like small
apartment size, inadequate layout and lackcokssibility for the physically challenged.
The upgrades that are done to improve these functiondtiegiavould also trigger
changes on the building envelopevadl. Financial and social motives for (retro)fitting
are also very importantt is important to note that, similar to naturehatever the
motivation, the challenge is to increase the fitting capacity of the buildings, which is the

mainobjective of ths thesis

Another aspect to consider in (retro)fitting of building envelopes is the degree of change,
which varies from minor repairs to total refurbishment of entire builiBigbeler et al.,
2009, p. 10)There are a number of terms to refer differextients ofintervention.The

terms applicable to the scope of this study are listed below, wdrehbetween
maintenance andemolition Maintenance is limited to the replacement or repair of
defective buildingcomponentgGiebeler et al., 2009, p. 13pemolition completely
eliminates existing structure and components. nature, there is neithepartial
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replacement nocompletedemolition but rathertransformationwhich is innate, arises
from within, in the form of fitting In this regard, he terms considered in this study

addressethe transformation hbetween these strategies.

Table 11 (Retro)fitting levels for building envelopgédevel@ed by the author).

< A o o
@) o P O
¢ & S C;\\o S oc\’\\ o)
O(\ x§ ES <& N N (_‘)\\ NN
X K\ O Q No) N N o
& © ~ © © 50 o ®<°
& @ @ @ @ @ @ &
level of
intervention
cosmetic repairs, repair, alteration
does not add and additions while
new components preserving the
architectural value rebuilding of a
structure that no
replaces outdated longer exists
components,
;nc%rpolro‘fes new T
SHNoedy incomplete
=~ structure

( replaces, repairs
defective and/or
\ outdated parts

In general, the life cycle of a building is linear: it is designed, then constraétedthat,

its life starts with operation and maintenance and ends with demolitrenbuilding is
monitored andhe condition of its systems aassessed through its life for (retro)fitting.
While fitting in nature is a life cycle issue, in buildings it is a pestign iSSUeAs it is
exemplified in the graph given below, during (retro)fitting processes, design and
construction activities increassuspendinghe life in the building.There are similar
recovery processem fitting processes omhature as well like postmolt stage in
crustaceans. lthe postmolt stage, the crustaceans recover from their previous molt.
Since the physical barrieofmed by the cuticle is not yet fully functional, the organism

needs to mobilize its body reserves in order to harden and mineralize its weak cuticle
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(Improving the Molting Periods in Farmed Shp in order to Promote Growth,d.). As

it can be observednlike buildingsthere is no disturbana life in this process.

Table 12 A typical example of the life span of a buildifdgeveloped by the author).
P

design and construction
activity

life / finess

fime

(retro)fitting life (retro)fitting

To sum upgven though above explained strategiesaaknowledged issues in building
construction practice, their theoreticaiderstandingemains arguable. lifis part of the

study, the existingtrategies are examined under an umbrella term: (retro)fiingre

are many individual (retro)fitting exgmteswhich are addressing their own set of needs

and required methodsyet it is hard to find their precedenfBhis study proposes
redefining (retro)fitting in terms of biomimeticBo this end, tgpropose a new perspective

to the issue, thisesearchgr o ac h us e s t, dsé ndtueeThenstratdgiesandi n g o
motivations of fitting in buildings are similar to natyfieable 13. It will also be possible

to apply the processes of fitting in buildggimilar to nature,fithe idea of fitting is
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integrated from the beginning, coded in the desigea the genes of the organismgith
this, rather than aiming to return to their origisttes, buildings wouldim to fit the best

condition of their current situation.

Table 13 Fitting strategy in nature and their architectural analogy according to the
degree of chang@eveloped by the author).

Fitting Strategy in Nature Architectural Analogy
Coloration Renovation

Autotomy Refurbishment

Growth Conversion/transformation
Restorabn/repair Restoration
Renewal/molting Reconstruction

Shell exchange Replacement

More detail on the idea oédefiningfitting is part of answering the research queséind

can be found in chapter 4.

3.4. The Relationship BetweerFitting Strategies in Nature and in Building

Envelopes

Examples given iprevious sectionkave shown that just like the organisms in nature,
buildings go through many life stagd@firoughout their lives, they aupgraded b¥itting
modes which are similao that of naturen order tdbe continuously @apted to keep pace
with changingdemandsHowever thesdfitting methods are applied in a different manner
than natureWhen considering common, staikthe-art fitting strategies and examples,

certain categories of interveati can be identifiedTable 14. In this sectionthese
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categories are used to provide a systematized approguedent an overview dhe
relationship among fitting strategies in skin and enveloples.purpose of the overview
is not to present all pasdities, butto categorize them by identifying the basic principle
and highlight similarities and differences in each case, in ordiecrtease fitting capacity

of buildings, as itis in nature.

Table 14 Fitting strategies of blding envelopes with their natural analog{dsveloped
by the author).

Fitting strategy Analogy in nature

Add-on Growth/protection

Replace Renewal/metamorphosis/communicatio

Cover it Regeneration(healinfgrowth

Wrap it Regeneration(molting)/proteoti
3.4.1.Add-on

The addon concept implies adding a new structure to the existing building, usually when
a new appearance, extra space or additional function is netdsgh vary from small
interventions like adding new balconiesa whole new builitig as an extension to the
existing one.n lateal extensios, the old envelope is no longeart of the building
envelope and thus the new envelope can be used to comply with the requirement for
improved aesthetical, environmental and functional perfoo@an vertical extensions,

additional usable space is constructed despite the lack of available space in the plot.

A building envelope may be considered as physically obsolete regarding to the
deterioration ofenvelopés physical fabric due to factorsckuas radiation, water, air

contamination, permanent loading ett/hen this happens, the envelope is either
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demolishedreplacedr regenerated, mostly transforming into a new fateome cases,
regenerations achieved by addingn a new structure, egth lateral or vertical, to the
existing envelope. This strategy smilar to the regeneration processes of natural
organisms. However, different from the building enveldpe, natural skin is able to
recreate lost or damaged tissues and organs wittamsforming the old tissue, and does
this without demolition and new constructidn.regenerationfather than addirgn a

new structuretissues heal and rebuild themselves through the internal processes of the
body. In fact, many animals have an inndigitg to rebuilding missing structures lost to

injury.

In buildings, many regenerated envelopeature no longer existing windows passed
down from a previous life. Thedeaturesseem to be blocking light and losing the
possibility of increased ventilatn. With this, ey lose their functioandbecome a scar

on thefabric of the envelopeeven though the rest of the envelope is regenerated, these
scars remain because they waot designed to be closed one day.other words, the
envelope cannadaptandheal these scarkor instancethese scars are evident on the
envelopeof the CaixaForum by Herzog&edMeuron in Madrid.The regeneratiorof
CaixaForum exemplifiestheatddn st rategy. The ol d buil di n¢
anew corten steel eslope addean the existing brick envelope, giving the building a
new appearance and extra sp&¢hile thisregeneration gave a new face to the envelope
the older scars remained. As it can be seen from this exaamgleffom many others,
regenerated partaddonto the existing envelope rather than evolvirgurally from the

old building tissue
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Figure 24 a) Old power stationh) The CaixaForum in Madrid by Herzog& de Meuron
(Sourcesa) https://circarq.wordpress.com/2013/10/2Htiguacentralelectricadel
mediodia/ b) https://www.herzogdemeuron.coRetrieved at25.12.2017)

Throughout the worldthere are mangostindustrial buildingslike CaixaForumgdue to

the collapse of the industry era in the second half of tRe&6tury(Shaogiang, 2010, p.

5). In Europe, for instance, there are many examples of museums that are converted from
old warehousesl hesebuildings required regeneration or demolition in order to be used
in new ways. In the buildings that are regenerdtetienvelopes mostly get a new face to
comply with the new use of the buildirlg.such casesegeneration mostly achieved with
addon structuresThese new elements ofhe envelope do ndbllow the industrial
elements from a formal standpoint, but @z fill the new needs and gaps in the old tissue
rather than overriding the existing struct&haoqgiang, 2010Driven by the needs of
the new use, these regenerations are knitantbinbetween old structuresreating a
patchwork in the fabric of the cifyvVong, 2016, p. 45)

Exi st i ng biildings grovideican@nuity and form an identifiable, tisyecific

layer (Zijlstra, 2009) Yet without considering the purpose or organization of the existing
structure, the host buildings become simply an economy of nfé&msy, 2016, p. 46)
Contrary to the stepwise fitting processes of nature that occurs over time is the intentional

overwriting of existing structures as an assertion of supremacy. This can be seen
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particularly in religious bildings which are undertaken on behalf of religious convictions

or for the expansion of empirl such cases, architectural elements of the new religion
are addedn to the existing envelopgich as the minarets or belfri@he Temple of
Luxor in Egyptis a good example of such a regeneration, demonstrating the remnants of
a large & century Roman fort, superimposed upon the entry courtyard8,cartury
Christian chapel and a startlingly whité"eentury mosquéNong, 2016, p. 50)Another
example is the Mosque at Cordoba, Spain which was originally a Christian church, then

transformed into a mosque and later returned to church again.

Figure 25 The Great Mogue of Cordoba ispain(Source:
http://www.readingtree.org/tep0-mostbeautifutmosquesn-the-world/. Retrieved at
25.12.2017)

In some regeneration projects, theeadof overwriting the existing structuseith
contrasting additionappears as an architectural concept. The Military History Museum
in Dresden and Royal Ontario Museum in Ontario, both by Daniel Libeskind, demonstrate
this idea with the new, aggressiveogeetric forns fiwhich intentionally interrupts the

existing buil di mfibeskind,2@E)si cal symmetry
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Figure 26 a) The Military History Museum in Dresden by Daniel Libeskib)l Royal
Ontarb Museum in Ontaa by Daniel Libeskind(Sourcehttps://libeskind.com/
Retrieved at25.12.2017)
In these examples, it is evident that the idea and procesgeieratiorof the envelope
is different from natureFirst of all, contrary to the stepwise nature of regeneration in
nature the existing structure undergoes a radical transformationntéhventions on the
building envelope Second, theprocess is toglown since the predetermined form is
imposed on thexésting structure, not arising from withidks Samuel Taylor Coleridge
puts it, tansformation in nature, on the other hand, is innate and shapes itself as it develops
itself from within (as cited in Adams, 1957, p. 4Tast, unlike natural organisms that
transform as a wholehese examples are regeneragrgpting structures with additions

andconversions.

100


https://libeskind.com/

Figure 27 Dovecote Studio in Suffolk, U.K. by Haworth Tompki{&urceBloszies,
2012)

The field of conflict into which architect is drawn in regeneration processes is on the one
side the existing building with its idea of space created by constructidmaaterials and

on the other side the ingredient seen as necessary, which results from a change in demands
or change of uséGiebeler et al., 2009, p. 18)\s exemplified aboven contemporary
regeneration wid, it is a common strategy talding new elements and separating these

two, leavingii ol d 0 a nedsily fdistiagasbable (Shaogiang, 2010, p. 6)his
separation results in a fragmentation éneakdown into layers through adding new to

old in a clearly identifiable ay (Giebeler et al., 2009)n contrast, nature regenerates
without adding a new layer, it evolves from withias a continuouand homogeneous

whole such that it is impossible to differentiate the old and the new.

While this separation aims piteserving the preeminent value of the old in its authenticity,

it also preventsevolution of thedesign from the old building tissuéNith this,
regeneratiordoes not share the same language with the old design and becomes a new
design itself, physically addirgna new tissue to the old orf@éonsequentlyit has lesser

references from the old building tissue and transforms into a new one.
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Besides regeneration, another purpose of theoadtbncept is growthAccommodating

growth in buildings still remains as a challenge. This is partially because current
understanding of design and building has adown approach, whereas growth processes

in nature have a bottonrp approach based on cellular compondaien though dynamic
growth is not yet achieved in buildings, there had been some attempts for additional
growth. In the late 1950s the Metabolists, a group of Japanese architects led4ny Ken
Tange, began looking at cities and buildings as expandable, flexible structures, capable of
organic growth and transformation over tifMazzolenj 2013, p. 12)These thoughts of

Met abol i sts are <clearly demonstrated in Kish
which embodies an explorative and adaptive design attitude for a building as an organism
(Mazzoleni, 2013)

Figure 28 Nakagin Capsule Tower in Tokyay Kisho KurokawgSource:
https://www.archdaily.com/110745/atassicsnakagincapsuletower-kisho-kurokawa
Retrieved at25.12.2017)

Anotherattemp for growth in architecture was the addition of modular elements, which

later becameelated witha historical movement referred as Structural{®®etra Gruber,

2011, p. 157)Structuralism proposed coherence, growth and change on all levels of the

built environment. This can be exemplified by

which comprises of clearly defined modules that are structuredhiore or less flexible
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arrangemen{Mollerup, 2001, p. 74)Another example is Herman Her t zber ger 06 ¢
building in Apeldoorn. Both these examples are organized likiy avith interior streets
and markets. In addition, they both contain some kind of-buittpenness for future

changegFrampton, 1992)

Figure 29 a) Municipal Orphanage by Aldo van Eyd), Centraal Beheer in Apeldoorn
by Herman Hertzberg€Bourcesa) https://www.archdaily.com/151566/athssics
amsterdarorphanagealdovaneyck b)
https://www.pinterest.jp/pin/3127187678573240F&trieved at25.12.2017)

In nature, growth processes are also developed with add on strategies. For instance, a well
known example, nautilus, grows by adglimaterial to its open rim. Nautilus builds its
shell in stages, each time adding another chamber to the already existingrshshiell

grows with each new chamber, yet remains similar to itself.

Figure 30 The Nautilus $oure@: www.pinterest.conRetrieved at25.12.2017)
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In general, logical growth is based on cells which can increase in number andrsize.
architecture, currentlwe are far from the technological capacity that enables the ability

to generate new modules achieve increase in size.terms of materialthe principle of
addition ismostly used by assembling prefabricated elements onlsitplants, water

intake is essential for cell enlargement. The bamboo, for instance, can elongate 90 cm per
day due tahe uptake of water by already existing célishof & Gruber, 2016, p. 30)
Currently, a similar system in architecture can only be thought of in the form of pneumatic
structures that achieve their structural stability through internal prgssiref & Gruber,

2016, p. 30)

In general, in architectur&ontext, growth is associated with the increase in terms of
material used or space enclosed. In contrast with nature, this requires extensive planning
and construction which are mainly performed -tlmvn. Since the building is not
designed to grow, it Impens withadditionswhich are not from within and holistic. It is
worth noting that selbrganized bottorup processed can be observed in unplanned
settlement structures which reveal surprising similarities with nature. Characteristic
patterns have emergén those areas. Yétis hard to achieve thi@éontrol of growth and

the establishment of a topwo ordeo (Petra Gruber, 2011, p. 149he touses in these
neighborhoods mostly start with simple makeshift cores, continuing with incremental
construction and expansion. They often add extra units in order to shelter the growing
family or provide rental incom the fimilies.In some caseshe iron reinforcements are

left open and ready for expansion with the addition of a new flodhis modethe idea

of fitting is not adaptive to environmental conditions, but to the social and economic

conditions of the user.
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Figure 31 Examples of lateral addn strategy as an example of growth in buildings
(Sourcenhttp://www.ilkehaberajansi.com.tr/haber/kaegpisiniyikim-ekiplerine
birakmadaryikti.html. Retrieved at25.12.2017)

Similar to this, n the 1970s, John F. C. Turner of MIT developed an idea surrounding the
concept that housing should be conceived ofasanon ng pr oj ect . Event
premisetured i nto O0incremental buildingd develo
who aimed at solving the problem of urban migration, resulting in squatting and huge
housing deficits. Gattoni proposed incremental building as an answer to the problem.
Three levés of surveys are anticipated in a full understanding of incremental housing: the
house, area and the contékhreelevels of surveys are anticipated in a full understanding

of incremental housing2009) For an initial understanding, a data sheet, which
summarizes the key issues in understanding the process of incremental lgonsithg

is suggested (figure 33Thedata sheet includes a process graph which links the four
elements in the process: time, family size, household income and number of imoms.

this graph, xaxis shows the years, whileaxis shows the number of the occupants.
Further, the data sheietcludes expansn descriptions for each stage which are achieved

with lateral and vertical additions to the envelope.
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ESTABLISHED SQUATTER SINCE 1958
El Agostino, Lima, Peru
- I

Vivienda consolidada

Figure 32 Typical data sheet of incremental housing gro(@burce:
http://web.mit.edu/incrementalhousing/understandingFormat/level1BasicSurvey.htmi
Retrieved at25.12.2017)

3.4.2.Replace

Replacementof a building envelope impliesemoving old envelope elements and
repdacing them with new onedn this strategy, the loadbearing structure and interior
layout is kept while the envelope is replacEde level of intervention can vary from the

entire envelope to parts of ithe replacement of entire envelope in buildings be
compared to the shell exchange processes in crustaceans such as hermit crabs. As hermit
crabs grow, they require larger shells and thus they find a new one and abandon the
previous oneThis is a resource sensitive process, since nothing is wastedrialler

shells become homes for smaller hermit crabs. Unlike tiacement of the building
envelope mostly involves demolition and new construction. In this sense, it requires

starting all over again as opposed to the evolutionary change in nature.
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Figure 33 Hermit crab shell replacemef8ource www.pinterest.comRetrieved at
25.122017)

In most cases, the reason for replacement of the envelope in buildings is not the
requirement of growth, since the area around thigling allows for limitedexpansion
Ratherreplacement is mostigone within the same or at least similar limits, to eliminate
the physical problems of aging components, for providing better thermal and acoustic
comfort or for aesthetic concerns.the Reichstag, New German Parliament in Berlin by
Foster and Partnerthiereplacenentstrategy is used to represent the character and history
of the building, as well as improving accessibility and environmental performance
(Foster, 1999)The original cupola is replaced with a new one, which is contrastingly
light ard transparent, making its activities on vielw.this example, the replacement of

the evelope is used fditting current aesthetic, accessibility and energy requiremients.

other words, it is used for regeneration and protection.
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Figure 34 a) Parliament building before replacemdntReichstag, New German
Patiamentin Berlin by Foster and PartnegSource:
https://www.fosterandpartners.com/projects/reichstag-germanparliament/
Retrieved at25.12.2017)

The stratgy of replacemenis similar to the molting of animal& this sensearthropods

such as crustaceans suggest important role models since their exoskeleton cannot grow
gradually with the organism. For this reason, like buildings, they need to build &inew s

to achieve growth. This process, molting, in crustaceaiisasmonally controlled while

it is also significantly influenced by environmental conditions, physiological and
developmental stageSkinner, 1985)Chang and Mykles (2011) explains this process as
follows: fiLike most other arthropods, crustaceans must initially loosen their connectives
between their living tsues and their outer cuticles, escape from the confines of these
cuticles relatively rapidly, take up water or air to expand the new, flexible exoskeletons
and then quickly harden them fdefenceand locomotion (p. 323)

%_[;i{‘>i{; ‘J> f> ‘:;;;‘j{g;./«; ~

Figure 35 Molting process of arthropodSource:Drage, 2016)
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As Charles Bloszies mentions, a building typically dogtsmolt its skin, but the envelope

of 185 Post Street in San Francisco has done so more tha(Btogzaes, 2012p. 132)

The original brick envelope was built in the early 1900s, and then in the late 1950s, it was
wrapped with a tile and metal framed window system in order to modernize its
appearance. Recently, Brand + Allen Architects removed this wrapping tseckp®

original envelope and then theyweapped it with a glass layer.

Figure 36 Fitting phases of 185 Post Street San FranciSoarce Bloszies, 2012)

Another example that can be compared to molting in nature is the retrofitting of the
envel ope Taver by®enpyseand Prasadin London.| n Guyo6s Tower

envelope is replaced bmprove energy efficiency and sustainability of the building. First,

the existing envelope of the tower is over cladded by a newtlere the old envelope is
removed from inside. To this enthjg strategyreverses a traditional+@adding solution
by ower cladding the building whilst in occupation anctrthremoving the existing
envelopgPenoyre & Prasad, 2014)
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Pre-retrofit External cladding in place Old windows & blockwork removed
to create add | floor area

Figure37Guy 6 s Tower in London, (Bourceel ope repl ac
http://www.penoyreprasad.com/projects/gligwer-externalretrofit/. Retrieved at:
25.12.2017)

There are fundamental differences between the ways nature and architecture are thought
and designed, yet theye both based on the same requirements, structured with the same
mathematical and physical principles. The above exemplified molting process of the skin
arises from inside out with the increase of surface area or folds, through cell proliferation
and enlagement. The new cuticle is secreted then the old cuticle is split and shed. This
process is cyclic, happens when the older cuticle is outgrown. In addition, the information
required for this process is integrated to the genes of the organism, and driggere
environmental conditions as well as its own metabolism. In architecture, the introduction
of inside out processes and molecular interactions is difficult but could create better

performances.

To this end, in architecture, there is still a lack oeanelope system which has modules

with precoded information that can accommodate inside out processes. At this point, the

distinction between modules and pathways is particularly relevant. Carter et al. defines a

pat hwag speziic informatiofflow canduit, usually a sequence of molecular

interaction® (Carter et al., 2010, p. 2) | n contrast, t Are y define
informationprocessing unit with a setfontained emergent functioCarter et al., 2010)

According to this, modules can contain multiple pathways and pathways can operate
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between modules to structure connections between mo@idetr et al., 2010)n this
line of thought, focusing on the pathways, and thus the processes is as important as

focusing on the miules to achieve the success of nature.

It is important to note thatjolism found in naturaprocesss opposes to the current
applications in buildings which are paying attention to the appearance and behaviors of
isolated parts, rather than the emetgeoperties of the whole. In natuteansformation
emerges as a whole, within the natural evolution of the organism as a result of the
interactionbetween codedenetic informatiomnd environmental conditions and triggers

The skin evolvesss the orgasim grows and the size and needs of the organism changes.
The shape change of the organism is inherently connected to function since in nature,
specific shapes attract other organisms to help reproduction, provide protection against

predators or enable matd and energy to be harvested.

In this vein, natural organisms pretend to replace their skin to provide proté&dridhis

purpose, iey change their skin color and patterns with camouflage and mimicry, as
explained earlief-urther, color change algoovides insulation to organismnia.building
envelopes, there are examples of color change but they are not used for insulation
purposes. Rather, they are used either for aesthetic purposes or to introduce dynamic
aspects to the building, like the meda&cddes. The communicative functions of the
envelopes have been discussed in the realm of performance in architecture since the 1970s
ard t his has resul t e dWiihoomputedcanyrdies lightsystdms,a f a -
these envelopes are used for masdgisplays that are communicating with their
environment. This approach changes the envdfopea static monument to a performing

actor (Edler, 2005, p. 152)

This fitting mode of the building envelopes is similar to coloration processes in natural
skin that are used for signalingdasexual attractiorzor instancethere are white stripes
on spot tklatk ceakwhitkksgrge as a warning to their predators to keep their

distanceOn t he ot her hand, one of the earlier
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envelope also featusecomputer controlled spots on its envelope which are used for

communicating with its environment.

Figure 38 a) Kunsthaus Graby Peter Cook and Colin Fournid), spotted skunk
(Source https://www.museum
joanneum.at/fileadmin//user_upload/Presse/Standorte/Abbildungen/Kunsthaus/BIX_02.j
pg. Retrieved at25.12.2017)

In animals, patches of color, rather tharm@l coloration, may be used to communicate

to members within the same speqj€sro, 2005, p. 129)As Caro explains, this fitting

mode may function as social releasers, such as signals of subordination or devices to
intimate rivals, may warn organisms within the same species that predators are close or
may sigral reproductive conditiofCaro, 2005)Between species the signal of markings

or bright colors are sl to warn predators that the organism is toxic or distasteful. For

instance, the spotted skunk which has black and white patches of fur on its body.

It can be argued that, in architectural examples of coloration, the building envelope
becomes separateddhalienated from its inner programmatic structure with a strong
emphasis on aesthetic, dynamic and interactive asfigdier, 2005)On the other hand,

in nature, coloration of the skin is tightly related with the organism, resulting from the

organi smés physi ol og Wbatis commod in pathycasésdsahat f unct i

their skinappeargo be replaced.
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3.4.3.Cover it

Covering strategy mostly indicates a physical groatiditional functionand protection

of insulationin buildings. This can be done by covering parts or entire internal and
external courtyards and atriBhis strategy has a great impact on the building envelope as

it changes the relation between inside and outside as well as adding extra functional space.
The earlier examples of this concept was seen it@heertury which relied on iron and

glass coveangs: passages or arcad#s most cases, these ttpalleys were inserted

pedestrian paths through building blocks, connecting two streets at tiimgeigoll &
Kostof, 2013, p. 664)

Figure 39a) The Passage du @&, Parisp) Vittorio Emanuele 1l Gallery, Milan
(Sourcesa) http://parisadele.com/portfolio/passadecaire/ b)
https://madeinvan.lifef@alie/. Retrieved at25.12.2017)

The courtyard of an earlier inn in historical Ankara, Cengelhan, is covered with glass
while the building was transformed into a museurhe Great Court at the British
Museum by Foster and Partners in London also dematestthe same idea with different
means and requirements. The design covers the former courtyard with a glass and steel
roof, using the statef-the-art engineering and technology. With this, the courtyard
becomes an extension of interior space, ovemyitis character.
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Figure 40a) Cengelhan Rami Ko¢c Museum in Ankardy) British Museum in London
(Sourcesa) http://www.mimarizm.com/makale/cengelhamoykusu_113824)
https://www.fosterandpartners.com/projects/gaairtat-the-british-museum/

Retrieved at25.12.2017)

The strategy of coveringwas implemtee d i n a di fferent manner
of the Morgan Library, New York. There were there historical buildings existed in the
site, which were distinct in appearance, representative of different times in which they are
constructed. To cover theem between these buildings, Renzo Piano inserted a new
element instead of a glass covering.

Figure 41 Morgan Library in New York by Renzo Piaf8ourceBloszies, 2012)
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The strategy of covering envelopes cahe considered witkelfrepaiing processesf

the skin. Selfrepairing processes are caused by either natural growth processes or b
artificial injuries. As Imhof and Gruber (20)6mentions,ii slf-repair is found at all
hierarchical levels of living beings from the macromolecule to the entire organism, and
can even be considered as a prerequisite foo Iffe25) Thereare several nehanisms

of selfrepair in natureThe reason that theisburned skin feels hot to touchthat it is
infused with blood and mounting a hot and vigorous inflammatory response in order to
repair the damage caused by UY®blonski, 2006) In the event of an injuryja highly
complex and coordinated set of processes is initiated to restore tissue structure and
barrier functioro (Walker et al., 2015)In general, this process occurs in three phases
inflammation, prolifeation and remodeling, which result in-establishment of skin
integrity (Walker et al., 2015)In fractured or critically damaged living tissues, an

intermediate tissue is formed after the scar tissue, in order to heal themselves.

W Fibroblast X Myofibroblast @ Neutrophil ® M1 macrophage ® M2 macrophage
Inflammatory phase Proliferative phase Remodeling phase
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Figure 42 Schematic representation of the phases and timeline process of the skin
healing process in mid&ourceWalker et al., 2015)

Unlike nature, in most cases, (retro)fitting processes of building envelopestatep
wise and inside out. Yet there aemptan material sciencet® develop selbrganized
healing and repair in building materials, which can lead (retro)fitting processes to become
like fitting in nature For instance, Speck et al. investigatieel selfhealing characteristics
of climbing plants in order to develop a sb#aling membrane material for using in
pneumatic structureSpeck et.a).2006) As it can be observed in figure 43, functional
model of the generated membras@ery similar to skin healing processes in nature.
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Figure 43 Functional model for a setkpairingbuilding envelopéSource:Speck et al.,
2006)

Di fferent f r omselerepairdstaifuncgon that equires ripusaructuiing
beyond surface coatingGruber et al., 2011, p. 13'Hor instance, fie Natural Process
Design Inc. has developed sedpairable durable concrete, with the idea of embedding
repair material in ducts ioracking or tension zone before it subjected to damage. When
cracking occurs, this repair material will be released from inside and etftedemage

area, where it penetrates into cracks and rebounds ¢oi¢ieal material of structure and
structurewill be repairedKadam & Chakrabarti, 2013)

The design strategy of Elemental, led by AlejandrovAraalsoresembles the repair
process in skinSimilar toa wound, Elemental leaves space between their structures to
accommodate further growth. For instance, tQeimta Monroy development in Iquique

is designed to make the most of a tiny budget bydimg the frame and the essential
spaces for each house, leaving the remainder for the residents to complete themselves
over time. The main design strategy for these unfinisheenoame houses in lquique

was that half of the houses are identical therdtaésesandleft for future uses. The first

floor of the finishedhalf is made up of unfinished concrete floors and the second is

covered in unfinished plywood. There is only one sink in the kitchen. The main idea is
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building everything that families wadl not build themselves, such as concrete

foundations, plumbing and electriciti¢lemental, n.d.)

Figure 44 Quinta Monroy in yuique, Chile by ElementéSource:
http://www.elementalchile.cl/en/projects/quinteonroy/ Retrieved at25.12.2017)

Although the space left for future use resembles the woundnntBkir repair process is
simpler, without a complete integration to existing envelope. In repair process, the skin is
healed from within, sharing the same architecture and functionality of uninjured tissues.
I n El ement al 6s p-lbetwpearsqaites a rew spatial, pphysieal andn
material quality. The surfaces defining this space do not offer any integration. In this
sense, although it is an important attempt to accommodate geittbut requiring
demolition and leaving some areas unfinishédis not as effective as unfinished
structures irunplanned settlements, that were mentioned earlier.

3.4.4 Wrap-it

Wrappingstrategy impliesovering the envelope witnsecond layeft can include small
interventions like cladding of balconies, or lmiges like wrapping the whole envelope.
Different from replacement, this strategy is less disturbing for users as the interventions
are carried from outsidd.o this end, it does not suspend the life of building. Wrapping

117


http://www.elementalchile.cl/en/projects/quinta-monroy/

can be done for various reasonstsasproviding better thenal and acoustic comfort or

complying changingestheticlemands.

To exemplify, wth aesthetic concerngrank Gehry wrappedn existingCalifornian
housein layers of unfinished, frugal materials suclp@svood,corrugated metachain
link. The wrapping extended the house towards the street and left the existing envelope

almost untouched.
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Figure 45 Gehry Residence in Santa Monica by Frank Gé¢Bource:
https://lwww.archdaily.com/67321/gehrgsidencdrank-gehry Retrieved at
25.12.2017)

The wrapping strategy, since it is imposed from outsidellesigees the way nature
operates fitting processes. Therefore, it is hardnid & direct analogy of this strategy.
Wrapping, in a way, transforms the existing envelope. A similar transformation can be
observed in metamorphosis processes, in whichrilmeals need to destroy and get rid of
their carapacén order to achieve growthn metamorphosijsthe transformation starts

from within and growth is achieved in stagEsr instancesilk worm demonstrates an
advanced form of metamorphosis, which eventually produces an adult that does not
resemble the larva. In this metamorphogis,ihsect passes through four distinct phases.
First of all, during growth, the larva of caterpillar goes through 4 molts. Then it spins a

cocoon of silk threads around itself. Inside the cocoon, the larva changes into the brown,
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chitin covered structureatied the pupa. Finally, metamorphic changes of the pupa result
in an emerging motfMedhekar, n.d.)In this example, transformation happens &salt
of the process. In this process, the skin of the insect transforms as a whole, in a stepwise

manner, from within and bottom up.

Figure 46 Metamorphosis of the silk worgsource: www.pinterest.corRetrieved at
25.12.2017)

In contrast with this process based and inside out growth process of nature, glazing
balconies in buildings also provides physical growth of interior spdwe balcony is a
semtopen space which extends from the walls of a building. However, nowatlays, i
used as aextension for the indoor living space by enclosing the balcony. In s®sae,ca
the walk separating indoor and outdoareas are removedhis fitting strategy of
building envelopes does not lggm through interaction that arises from withRather, it

is implemented to the existing structure, by wrapping the -gpace. In this regard,
glazing balconiess aninaptfitting strategy which changes the layout and transforms the
building envelopewithout areference from the prior stagRecelly, this strategy is
developed andew apartment blocks began to be designed with aligadgdbalconies.
With this, theglazing system of balcony has beconmegrated to the building. Here,
glazingof balcones is not an adaptive strategy which arissgle out and evolves with
the building. However, with this strategye designer integrates titea of mutation to

the design and freezes it.
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Figure 47 a) Example of glazed balconl) Lotus, Beytepe in AnkargSourcesa)
https://balconyideas.co/thacredibleencloseebalconyideas/enclosetialconyhouzz
encloseebalconyideas?2/. b) http://www.lotusbeytepe.com.tiRetrieved at
25.12.2017)

In Mediterranean climates, these glazed balconies serve as part of the living space during
transitional periods and as part of the climatic buffer during surttmaack et al., 2007,

p. 11) In this strategy, the intention is similar to that afaublefagadetoday which is
obtained by adding an extra layer of glazing outside the facade to provide the building
with ventilation or additional soungroofing (Knaack et al., 2007)Another way of
applying doubldacade is referred as teecondskin facadewhich is obtained by adding

a second layer of glass over the entire outer surface of the buitagck et al., 2007)
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Figure 48 a) Double facadelh) Second skin facad&aurce:Knaack et al., 2007)

Even though the idea disconnecting inner and outer layers with an empty space seems
similar with natire, it is dramatically oppose#irst of all, it is not evolving from within,
ratherthe outer layer isisiply mounted on the inner layeemaining as an additiomhe
natural skin operates as a part of a holistic metabolism and morph&8eggnd, the
envelope does not transform as a whdlas is also evident ithe termhology used to
refer the systemsince the term fagade implies a simple surface rather than a total
enclosure that acts as a whdkeurther this systenis not resilientand thus adaptivi®
changing environmental conditiorss it offers limited possibilities of controlling the

interior environment.

With all these, it can be understood that the analogy of the skin in sskionthcades

does not go beyond simply wrapping the interior space. However, the skin as a biological
model offerdurtherpossibilities For instancethe skin of orgnisms is strikingly resilient

to changes itheir environment. Thusome animal species can survive in the face of the
bitter cold of polar regions with simple but effective &gges such as fur color change.

The actic fox changes the color of its caad the seasons chan@beyadapt to the low
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polar winter temperatures as a result of the tthemnse and multilayered coat, which is
thicker during wintefPrestrud, 1991)

While animals adapt tenvironmental changdsy regulating their thermal conductance
and their thermal balance, notably by changing insulative properties diuthaird skin,
buildings adapt to ltangingenvironmentalconditions withactive and passive design
strategies in building envelop€eBhe activestrategiegnclude systems withinnovative
technical devicesensor or motor based systeasgexplained in earlier chaptelPassive
strategies i@ the ones that are related with the design of constryatiaterial properties

and shape of thenvelopeitself. For instance, thermal insulatidayers are used in
envelopesn order to reducenwanted heat loss and gain, dhds increase the energy
demands of heating and cooling systeiifsese insulation layers are similar to insulative
properties of animal skinslowever, in nature, these properties are adaptive, therefore fur

color and coat thickness of animals in different regions are varied.

In conclusion, a it is seen from the examplesyreently, fitting modes arepplied to
buildingswhen the building is already not fitting and change is neetieely are not

designed to be ready for possible future changkat is every timditting is needed,

fitness criteria are set around the problem at hand, without considering future changes.

Further, every problem is approached in isolation, without devel@sygstematic and
holistic solution and considering the rest of the building. By consequesnoentfitting
solutions largely remain as a malgewhich has littleeffect on increasing fitting capacity

of buildings in the long run.

On the other handitfing modes of the natural skin are holistic, iterative and sustainable.
Fitting processesinnatue ari se from within outward,
essential characteristics and its inner identity. Similar to this, fitting in buildings can be
derived out of its content, its function and its context. With such a perspective, the

required trasformation is to be discovered, found, rather than imposed on the existing
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structure and fitting would be the reflectionoh e bui | di ngbés i nner

its interaction with its users and environment.

Fitting is achieved through differentrictions of the skin such as regeneration, growth,
protection and communication. The idea of learning ftioafitting modes of the natural

skin is not simply the simulation of the processes of these functions. Rather, it requires
understanding the natuoé these processes and transferring it to similar fitthagles of

the building envelopdn a similar manner with naturétting modes in architecturean

be seen as a part of the natural evolution process of a buildingder to achieve this,

the arditect needs to consider possible fitting modes from the beginning and develop
his/her design according to this scenario. With this, the architect can integrate the
infrastructure of change to the genes of the design. Considering fittiagdasign
paraméer changes thdetails of the design. As a consequence, a new design approach is

needed in order tfit buildingsas nature
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Table 15 Fitting modes of the skin in nature amdilding envelopes in architectufgeveloped by theudhor).

FITTING MODES

example mechanism reason process process reason mechanism example
[ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [

=
=

Human skin ———————— Flexibility Structural provision for growth ———  Growth + Growth + Growth Structural provision for growth Flexibility Membrane systems
Vertical ———— CaixaForum
Extension Expansion AE Lateral Glazed balconies

Both ways

Fs PN AT .nf ¥

- DOMAIN OF NATURE DOMAIN OF ARCHITECTURE
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CHAPTER 4

A NEW BIOMIMETIC DESIGN APPROACH

Asit is arguedfitting processes of the skin can guide and redefine (retro)fitting processes
of the building envelopeCurrently, the idea of dynamic fittinig the underlying theme

of thewidely usedermsin architecturelike adaptiveness and responsivenéd¢thiough

these conceptions seem to resemble nature, simeilarity with the processes in nature

still remains arguabléddaptationresponstenessperformance and efficiency of naal
organisms are all characized by the logic of fitting and achieved by organism and
contextspecific processesn this vein, frst and foremost, the terminology that we use
for these process@s architectureneeds to be rdiscussedin order to onstruct a
biomimetic viewpoint to the issue, terms like (retro)fitting, adaptiveness, responsiveness,
efficiency and performance needsWithtiis,be con
theidea ofbiomimeticdesign will be approached in a diffetenanney constructed with

a broader perspectivEventually, this perspective wallsoaffectthe design approach in

architecture.

The idea of fitting is holistic by nature. Therefailgs study claims thdttting processes

and patterns in nature canlp betransferred to architectur@th a holisticapproachAs
understood in this research, the most important feature of holisnmisidts outcharacter,

from the smallest humber of explanatory elements and principles to the emergent
properties of thevhole.Naturedesigns fitting proesses at a time and integrates it to the

genes of the organisrn other words, fitting arises from the smallest element, the DNA.
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Architectural constructions should be designed in the same manner, in order to be fitting
like nature.Fitting should be arising from inside anketrules of fitting should be

integrated to the design from the very beginning.

Thediadapt i vapproadh thatiismpgesented in this study is developed with this
perspective, through emulatingihg processes in nature. It offers an ideal fitting process,

as it is in nature, through considering performance criteria and fitting from the very
beginning of the design process. As will be seen, this requires a new perspective to the
design approacand redefines the understanding of (retro)fitting in architecture. Further,

it brings a new material and structural agenda, changingatigtruction processes and

the details ofthe buildings In this chapter, first adaptive fitting approach will be
elaboated, second the new biomimetic approach will be presented, andhéast
application of the nevapproachwill be introduced through thdesign of thebuilding

envelope.
4.1. The ldea of Adaptive Fitting

In this study, the notion oitfing in architectue is describedvith reference tmature, as

a relation which defines appropriateness tadagirements ofurrent conditionsAs has

been notedsuch a descriptioof fitting comprisesontemporary conceptionealing with
changesuch as (retro)fittingadaptiveness, responsiveness, efficiency and performance.
These conceptiorsh ar e t h e s a mwhichcargbe letter |atniofronh nature.t o 0
In nature organisms need to adjust themselves to changes around them in order to get the
mostadaptive it. In buildings, the typand level of change is planned and implemented
when it is needed, whereas natural organisms have the information of change which is
ficontained in small units of code that are syntactically connected and interrelated

through comhbiational rule® (Imperiale, 2006, p. 276)

In buildings, fitting is mechana since it is imparted through external forces. In nature,

on the contrary, fitting is innate; it arises from within, and reaches its determination
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simultaneously with the development of the organiBitiing in nature, then, does not
necessarily returnota previous condition. It constructs rather the next best condition,
regarding to inherited information of change and environmental trigf@tsig in
architecture entails the idea of turning buildings back to their original &atthe other
hand, itis hard to talk about an orital state in natural organisms since they are in a

constant evolution.

Significantly, he aspect of Aunfol di ng fguidasthisvi t hi n
study in answering the research question aedefining current understanding of
(retro¥itting in archtecture.With a biomimetic perspective, (retro)fitting buildings
corresponds ttheadaptation in nature. Thukis study claims that (retro)fittingquires

to be understood asproblem of fitting. Unlike thiscurrent understandirgf (retro)fitting

implies turning the relevant aspects and elements of the building back to their original

state. The process of (retro)fitting is not a systematic and holistic bke fitting

processes in nature. Thereforesddom contributes tahe fitting of the building in the

long run It is ratherapproacheds a shortterm concemv,i t h -andboclbtasept i o1

an urgent response to obsolescence.

This study proposes reframing this juxtaposition of adaptation and {itétig)with a

new conception nameds fiadaptive f i t t The gdéa ofadaptivefitting implies
ARadapti ng bef o.rLearningefrondhefittinggnodes df matorén adaptive
fitting, the infrastructure othangeis integrated to the genes of thlesign from the
beginnirg. With this, the building will be ready for possible mutation scenarios and
adaptively fit into changing conditisnin adaptive fittingbuildings becomé&iture-proof
anddesigned so thalhey can still be used evertlife requiements changét is crucial to

note thathe central focus of adaptive fitting is not really the change in shape, size, color
or other design parameter but the process of fitting itself as a designAssisecore,

therefore, adaptive fitting is integingthe behavior itself into the design.
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The conception ohdaptivefitting requires a new approach for the design of buildings.

Contemporary understanding of the design is locktmparticular patterns of behavior,

relations, engyy and resource usené so on.In adaptive fitting design approacthe

designer employs the idea of the mutation of the building as a méthadthe vey

beginning of the design phagepcessing fitting ability to the genes of the design, as in

nature. By doing this, fithescriteria of the building become design criteria. Further,

fitness criteria become resilient in the sense that it is open to probable changes and
transformations in relation to the steps and
approachdesign, costruction and building systems are not distinct entities that develop
independently. Rather, they are all integrated in a holistic manner from the beginning and

throughout the process.

Adaptive fittingapproachaims to move beyond conventiomasignappraches that see
fitting as a domain of repairingpaintaining buildings and upgrading their performance
towards arunderstandingjtting as a survival strategy of existing buildings, similar to that
of natural organisms. In this sense, fitting, pursuedutjitobiomimetics, becomes
holistic, iterative and sustainabpgocess tht provides the resilience of adaptation in

buildings.
Thecharacteristics adidaptivefitting design approach can ké&borateds follows:

1 Adaptive fitting arises from within rathe r than by external addition. The idea
of adaptive fittingtriggersdevelopment through irem modification.To this end,
all the parts of the building and the whole exist for each otherpntité sake of
some external purposén adaptive fitting approdc athough the buildings
respond to the outside world, they operate in such a way to counteract outside

stimuli in order to maintaithe equilibriuminside, like the organisms in nature.

In nature, fitting of the organisms arise from within. As a genaiatiple, the

organisms function bottomp, capable of assembling materials and structures by
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manipulating and organizing their individual fundamental building bl¢Rezap

et al., 2005, p5). Unlike this, design and construction are traditionally considered
as topdown processes. Therefore, in fitting processes, the predetermined
intervention is imposed on the existing structure. Fitting in nature, on the other

hand, is innate and evolyéself as it develops itself from within.

In nature, this is achieved with the interaction of components that occurs on all
levels.In this line of thought, adaptive fitting approach may require a system in
which fitting emerges from the interaction efergy and material within the
system that proceeds over through time. In nature, such an interaction also leads
to emergent characteristics, which needs to be discussed further in the emulation

phaseof a biomimetic desigand, thus, is out of scope ofghresearch.

In adaptive fitti ng, there is a continuity: the old condition constructs the new
one. What happens to the old when the new is reaaty the olds completely
obsolete iplanned and integrated to tesign. Like nature, theld condition of
thebuilding has the informatiofor building the new e from inside out.n other
words, it knows how to construct the new one but it does not know what will be

constructed.

Adaptive fitting redefines the Libeuil din
cyde of a building has often a linear direction in which material systems are
running down. This cycle is often defined as a etfiteugh linear system passing

through materials processing, assembly, use and demolition. In this cycle one end

of life scenarias recognized as the demolition of the building. If we look at nature,

we will realize that ecosystems have evolved over a long period into completely
cyclic systems. Since it recycles everything, resource and waste is undefined in
nature. Waste to one paf the system represents resource to another. Identifying

the nature offitting modes of the skin, searching for patterns of fitting and

transforming these patterns intlesign strategies that can be applied both to
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existing building envelopes and tethew ones alters life cycle of buildings in a

cyclic manner.

Adaptive fitting is ableto encode capacity of fitting in buildings both in the

long term and the short term.In adaptive fitting, patterns in nature juxtapose

with the design process in arclitere. On the one hand,daptive fitting is
responsive to momentary change i n user sbo
accommodates change in the short tédm.the other handdaptive fitting aims

at longterm use of the building, therefore it considersggiterm changeatterns.

Adaptive fitting requires identifying spaces that change and do not change.
Natural systems retain and build upon older patterns of information, at the same
time they respond to change by adding novel adaptations. In a similaeman
building that is designed with adaptive fittingproacimutates from the existing

situation of the building when change is needed.

Adaptive fitting requires a newmaterial and structural agenda.The standard
practice requires specialized and muétiplans and skills for any interventions. In
contrast with this,ie idea of adaptive fitting relies on techniques that are able to
allow additional interventions over the timdthvsimple processedhe most
convenient way to apply modifications to anistxg construction would be
simple and robust construction techniques based on lightness and flexibility
principles, with the possibility to obtain reversible and removable interventions.
These issues about the material, structural and technical ageadaionde

discussed further in possible emulation of the adaptive fitting approach.

In adaptive fitting approach, the systems and components that are no longer
useful for one building may be reinstalled in another building. For the
systems and componentnnot be raised as such, the materials from which they

are made can be disassembled and reused for the production of new components
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or systems. In fact, this latter principle isdebed byBraungartand McDonough
(2002) as thecradleto-cradle conceptThis principle extensl the concept of
building manufacturing towards building -neanufacturing. Furthermore, it
implies a material and structural design that considers more carefully the materials
used and the way in which components are joined, in order to allow reusability
and disassembly. Consequently, the components and materials that constitute an
adaptive fitting building have an extended lifetime that may be substantially

longer than conventional buildings.

Adaptive fitting allows buildings to remain in use longer, ther®y preventing

costly and wasteful comprehensive demolition and rebuildingThey become

more resilient ath less wasteful. Adaptivigting buildings fit their environment,
purpose and inhabitants as they are designed to enable modifications to be made
as neded. They are ready to accommodate change in a more responsive manner
as they adapt to changing needs. Thawokthis responsive capacity, thegn

remain fitting to environmental, cultural and societal changes for longer,
maintaining pae with what is epected from themAlthough all these abilities

have operational ramifications that bring economic advantages, it is crucial to

remember that they also provide benefits of enhanced sustainability.

Adaptive fitting approach is designing alternative future-proofing scenarios

from which potential solutions emerge Different from hitherto adaptive
solutions, rather than being possible endpoints, these possible-pubofeng
scenarios should be used as a basis for further investigation and elaboration. To
this end, it can be claimed that adaptive fitting design approach proposes no
specific processes, algorithms or steps. It offers a way of approaching to the fitting

of buildings, in a similar manner with nature.
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4.2. Developing aNew Biomimetic Approach

The endrrance and efficiency of natural systems are emergent properties, they emerge
from simple units and rules. However, the properties of these systems cannot be deduced
from their componentsTheir complexity emergesrdm simple set of initial rules,
processd from inside outThe success of natural systems is dependent on the processes
of their constituent parts, yet their parts do not solely determine their beh&woeby,
understanding their complexity and transferring strategies from them requées th
recognition of theinside out patternsThis demandsa new approach for biomimetic
design that isderived from the evolutionary development of living systems, from their
material properties and metabolisms, and from their adaptive response to changjes in th

environment

In addition, andn fact of wider significancehis study claims that recognizitige inside

out processes and patterns in nature enables constructing a holistic biomimeti& view.

holistic view of biomimetics involves mapping of paterni n | i f eds gener al C he
and processes, and then incorporation and application of these patterns across multiple

spatial, temporal and organizational scales of the deBgrticularly in architectural

design, focusing on the inside out develeptof the natural systems enalilesisferring

knowledge opatterns and behaviors to buildings.

As mentioned earlier, in developing a biomimetic design methotoplistic view is
required for two thinggrirst, looking to nature with a holistic perspgetiand mapping
patterns of successful strategies provides understanding of its systems as a whole, as well
as understanding how a particular structure or process fits into its surroundings and may
thereby assist in the development of successful solutidhgreby, i enables
understanding thénside out patterns ancklations in nature across multiple scales.
Natural systems havemergent qualities as a result of the regular intemactio
interdependence of items. For this reason, a holistic biomirapfioach necessitates

recognizing interconnections, identifying and understanding feedback anrlih@an
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relationships, understanding dynamic behavior and systems at different/Acatdd &
Wade, 2015)

Second, &olistic view can also allow a potential integration of mfutctionality of
natural systems and thus multiple aspects in one design coRceibter this line of
thought could be expected to open reasonable approaches foadbrtopics in
architecture like sustainability, efficiency and performance in a multidimensional manner.
In order for a biomimetic design to exhibit the success of the mimicked processes and
factors, the relations by which mimicked useful idea is achiemeed to be considered

and integrated to the building as a whatethis line of thought, unlike traditional design
approaches, an overall design problem cannot be solved with solving individual problems
one after the other. In other words, the holist@haviour of the building cannot be

understood in the individual part not can it be seen with the addition of parts.

Another important point of current study is the use of patterns in nature to guide design
processes. The potential of a patterns appracvealed in this study and it is used to
develop a new biomimetic design approach for the design of the building envelopes, as it
is presented in this chapter. Christopher Alexander defines a patfera ast-gant rale

which expresses a relation be®n a certain context, a problem, and a

s o | u (Alexander, Ishikawa, & Silverstein, 79). Based on this definitigrpatterns

can be considered as an abstraction of design solutions that are relevant for a group of
design problemqAlexander et al., 1977)They build analogies between observed
solutions and problems at hand and are used to transfer knowledge across domains
(Hoeller et al., 2007)n this regardit is reasonable to use pattemisen aiming to imitate
solutions from nature. Dpge the potential of patterns to abstract and transfer knowledge
between domains, they have barely been used for biomimetic d&€agen & Reich,

2016)
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4.2.1 Current Biomimetic Approaches in Relation with he Proposed Inside

Out Biomimetic Approach

In the lastwo decades, there had besaverahttempts to develop a biomimetic approach

to transfer knowledge from nature to human probldomil recently, there had beéwo
different approaches with vaus terminologies in biomimetic§l) challenge to biology
(Baumeister, 2014)top-down (Speck & Speck, 2008) biomimetics by analogy
(Gebeshuber & Drag 2008) problem base(Helms, Vattam, & Goel, 2009 echnology

pull (ISO/TC266, 2015and (2) biology to desigBaumeister, 2014 )ottomup (Speck

& Speck, 2008)biomimetics by inductioGebeshuber & Drack, 2008olution based
(Helms et al., 2009)biology push(ISO/TC266, 2015)Both two approaches have
different starting pointand differing characteristics as design procefSegl, Vattam,
Witgen, & Helms, 2014)in the first instance, a design problem is identified and then the
solutions in nature are searched. Here, the problesads to be clearly recognized and
matched with organisms that have solved similar problems. In the latter instance, a
particular characteristic, behavior or function in an organism or an ecosystem is identified
and then it is translated into human desighsis approach is based on the previous
knowledge of biological research, and then applying this knowledge on the design of the

problem that you already have.

Among these two approaches, there have already been attempts in developing specific
biomimetic asign process models in different disciplines. Regardless of their approach,
biomimetic process models involve three different domains: problem, nature and solution.
In most of these process models, three general phases, which promotes the transition
between one domain to another, are identified: problem definition, exploration and
investigation and solution development. The main differences between the presented
process models is observed in fliases of their methodologies and biomimetic tools
that are ged. The main differences between the initial phases of these models are

relatively minor.
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In brief, both topdown or bottorrup approachemostly employ linear and hierarchical
processes. The adaptive fitting approach proposed in this research changes this
hierarchical view of biomimetics into an interrelated network sysiRsuoently, there had

been attempts to develop ndmear biomimetic dsign approaches. For instance,
PedersetZari (2007) proposeda systems approach based on three biomimicry levels:
organism behavior and ecosystem level. The first one indicates mimicry of a specific
organism, the second is the mimicry of how an organism behaves or relates to its larger
context and the last one is the mimicry of an ecosystem. Ped&adandicates, there ar
further dimensions within each of these levels, such as the form, material, construction,
process and function. According to her, for instance, at organism level, material of a
specific organism can be mimicked, while at ecosystem level, an ecosysiamsvhade

of structures made from the same material can be mim{&@eaed 2007)

PederseiZari attemptdo develop anonlinear systems approach for the generation of
biomimetic designs, yet her approach concentrates on systems separately. It is worth to
remind thatany system cannot be wrdtood without recognizing interconnections and
nortlinear relationships, understanding dynamic behavior and systems of systems. This
is to say that an ecosystem cannot be understood without recognizing the organism and
behavior level. Furthermore, a dingon within a level cannot be understood without
recognizing other dimensions. Complexity can be reduced by modelling different parts of
a system conceptually and view a system in different ways. However, in architecture, this
brings the danger of desigwgj buildings which are stylistically or aesthetically based on

nature, but are made and function in an otherwise conventional way.

In the last decadehére had also been some researchers that develop biomimetic design

models with cyclic processeBor ingance, in her previously mentioned reseatgétiia

BadarnakKadri (2012)proposed ayclic biomimetic design methodology which is based

on two major phases: preliminary design phase and the emulation plaseding to

BadarnalKKa dr i 6 s r e dodimddesign solutions fmo nadueethe requirements

of a certain challengghould be defined and then analogical systems in nature that perform
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similar functions should be identifieBhethen points out the need for design tools that
support transitios between the domains, especially the identification of biological
analogies and their abstraction for design concept generation. In this regard, the proposed
biomimetic strategy, the living envelope, is aimeditacilitate the transitions between

the varous phases of the design process, with a special attention to biological information
representation, principles identification and abstraction, and their systematic
selectiom(Badarmh-Kadri, 2012, p. 43)

Another recent example Br sl an Sel cukds r edigparammewhi ch
t hi nki fAgslarcSelcuk20@0) In her methodology, first stage is the identification

of the real problem based on the observations. Then, a real natural model is selected in
order to relate the defined problemm@anmadestructuresAfter that, the mathematical

model of the dfined problem is constructed througppropriatesimplifications.Later,

this mathematical model is transferred to a computational model and evaluated. Finally,
nondimensional parameters that are set into design problem are to be discussed and

compared 1 the generated desigArslan Selguk, 2009)

The main difference of this study that needs to be emphasized is that, it aimgsrioctons

an inside out view of nature, regarding its general characteristics. Such a view also entails
an inside out biomimetic approachwhich unfolds from withinThe above presented
linear approaches include hierarchical phases.cybkc biomimetic desig methodsre

based on iteration loops of hierarchical phasasgrent research differs from existing
models in this sense. Rather than linear or cyclic, this research emplaysdanout
processilt is proposed that, in architecture, the new way onhliegrfrom nature might be
thinking through the inside out development of nature. The idea of inside out provides a
nonlinear and norhierarchical process, which can be diagrammatized with the shape of

spiral.

Adaptive fitting design approach presentsrderrelated process, where investigation and

abstraction goes hand in hand. The investigation goes back and forth through
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simultaneous mapping of the two domains: biology and architecture. This interaction is
due to the fact that a comparison and simeitars mapping of biology and architecture
may lead to a knowledge gain in both domains. In the following table, the adaptive fitting

design approach is illustrated along wattisting biomimetic approaches.
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Table 16 Existing biominetic design methods alongth adaptive fitting design approagtheveloped by the author).
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