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AN EVALUATION OF SKYSCRAPER FACADES IN
TERMS OF SUSTAINABILITY: IN CASE OF
BUYUKDERE AVENUE

ELA AKTA

ABSTRACT

The highrise buildings are consning much more energy compatedhe low
rise buildings. This energy consumption can be reduced by following sustainable
facade design criterialherefore, gstainable facade desigrarametershould be
corsidered while designing a higise building in terms of reducing the building's
energy consumption.
This thesisinvestigate the facades otthe office and/or residential functioned
skyscrapers built after ¢h2000s at Buyukdere Avenué#. studed the facaes
according to the sustainable skyscraper facade design parameters, which will be
emphasized within the thesis conteRurthermore,the researchfocusedon sun
daylight, natural ventilation, and material parameters. Determining a set of parameters
and hen evaluating the collected data of the buildings facades features within the
stated parameter$hereafteran evaluation chawas constructettom the collected
data having results with the consideratp@ncentileof the parameters, ending up with

a suggestion of sustainable skyscraper facade design for Buyukdere Avenue.

Keywords; Sustainable facade design, Sustainable skyscraper, Faoadgy E

efficientfacade, Skyscraper, Energy efficient skyscraper.
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PREFACE

The study investigated the facades ofsskapers built in the 21century at
Buyukdere Avenue within the scope of the thesis, in terms of sustainable facade design
parameters. Aiming to determine the sustainable paramettéms examined facades.

Also, the highrise buildings are consuming ©lumore energy compeato the low

rise buildings. This energy consumption can be reduced by followingirsaiste

facade design criteria.

In general, | was interested in concepts such as skyscrapers, sustainability, ecology,
and ecematerial. Thus, | chasthis thesis topic to improve my knowledge, and | really
gained very beneficial information while researching the thesis. During the research, |
beame more interested in skyscraper facade designs, and | also observed in detail how
important the feade dsign is to the building. While writing the thesis, my aim was to

raise awareness on this subject.
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ac/h : Air Changes Per Hour
CO2 : Carbon dioxide

: Degree Celsius

kg/m . Kilo GramPerMeter

Km : Kilo Meter

kWh/m? . Kilowatt HourPerSquare Meter
kwhly : KWh Per Year

kWs/m? . Kilowatt HourPerSquare Meter
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m/s : MeterPer Second
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1. INTRODUCTION

In the 2% century, he skyscrapeconstruction which originated in th&880s,
increased rapidly in Turkey in general and in Istanbul especldibefore, the energy
consumption of the buildinigads toenvironmental harmAccording to Avaz (2002),
when we divide the environment into natural and built environments, it is seen that
50% of energy use, 40% of raw material use, 50% of the use of chemicals harmful to
ozone are created by buildmdpcated in built environmen{ayaz, 2002, cied by
Kahraman, 2015).

The aim of the thesis is to examine the facades, which are one of the main elements of
the buildings that make up the built environment and to propose approaches that are
designed to cause the least harm to the environienfirststeps that will reduce the
impact of a building on the environment and enable it to become a green building
should be taken at the design stddewever,according tdl ekeli andAtov (2017, as

they mentioed at their Sustainable Society and Built Enviroant (Surdaralebilir

Topl um v e Yapé papplesieow thetdndenay o ngamsumption mostly

in buildings(Tekeli & Atdv, 2017, pb9).

According toAlakavuket. al.(2015, approximately33% of tie energy consumed in
buildings. 70% of the energy spent on buildings i®spon heating and cooling.
However,according to the research done in the literature revibewell designed

building facade has an important role at reducing theggnconsumption of the
building (Alakavuket.al., 2015).

Buyukdere Avenue is locatedthe Levent district. Levent in the globalization process
has been positioned éstanbub s Cent r al Business Distric
commercial and financial center. Due to its location and due to the density of the
skyscrapers settlements in tlagea, it was deemed appropriate to be selected as a

project investigation area.

Accordingly, this thesis will investigate the facades of the skyscrapers, built after the
2000s at Buyukdere Avenue, in terms of-slaylight, natural ventilation and material

categories, within the sustainable facade design parameters determined.



Resulting withthe consideratiompercentileof the sustainable facade design criteria,
which was explained within the thesis scojfmding up with a suggestion of

sustainable skysqgoarfacadedesign for Buyukdere Avenue.

1.1.LITERATURE REVIEW

In the 22! century, sustainability criteria gained huge importan¢eéaonstruction
industry The foundation of sustainable development dates back to the 1970s. The
Human and Environment Coménce, whictwasestablished by the United Nations in
Stockholm in 1972, is the first international organization in the field of environment.
The usage of natural resources without wasting was emphasized e@brifésence
(Karakut, 2019).

The first offidal definition of the concept of sustainable development was maolérin
Common Future Report published in 1987 by the World Environment and
Development Commission, which operates within the United Nations. Sustainability
is defined in the report adHumanty can sustain development by providing daily
needs without compromising the ability of nature to respond to the needs of future

generationg (Brundtland, 1987).

Furthermore,le basis of humamduced climate change was developed by scientists
from the B century. In 1896, according to the research conducted by the Swedish
scientist Svante Arrhenius, who won the Nobel Prize in Chemistry, he found that
doubling the density of Cgas in the atmosphere would cause an increase in the
average temperature tife planetp a b o which & one of the main reasons that
causes the global warmir{§achs 2019 p.362). However,as a result of researches
conducted by different independent organizations, it has been revealed that global
warming is a reality and the environménpolluted in a way that will affect the living

conditions of the nd generationgKahraman, 20156

Thereupon, to improve the built environmehis necessary to select the components
of the built environment in a way that the building materials do herm the

environmen{Kahraman, 2016



Skyscraper terminology was first used in the 1880s with the construction-20 10
storey buildings in the USAhe technological developments brought by the industrial
revolution, which coincided towards the endtw 19" century, had an obvious effect
on the consuction of highrise buildings. A well as advances in building design and
the construction industry, enabled mugtorey buildings to be built. The production
of modern steel, the invention of the eléw, reinforced concrete building material,
the telephone, water pump, central heating systm@mghe most important of them
(Hasol,2014).

Modern skyscrapers began to be built in the United States in Chicago and New York
cities in the late 19century For this reason, the names given to such buildings mostly
originate from the American Architectural Literature. So, they used terms like
Multistory Structure, HighRise Building, Tall Building, Skyscrapegupertall and
MegatallBuilding(Saj | am, 2016

According to(CTBUH) Council on Tall Buildings and Urban Habit&igh building

lower limit is defined as a minimum of 1toreys or 50m (165 feet) and buildings
exceeding this limit are considered as higildings (Url-1). Despite the diversity in

the cefinition of a highrise building in various references, according to the German
standard, the building that exceeds r@2s classified as a higtise building. 13

storeyand above in the United States, while in Europe and TurkBysttbeyand

above réerred to be a highise building(Ké a & 8elcuk,2016).Moreover,according

to the criteria of CTBUH: Buildings exceeding 300m (984 feet) are defined as
Asupertall buil di ngso and8 faety asifiMegataly s e xc
Buildingo (Ur-I).

Norman Foster is a British architect who won the Pritzker Architecture Prize in 1999,

has mentioned at, the Harvard Center for Green Buildings and Cities Inaugural
Lecture, that there is a direct relationship between the pollution and the climate change,

and heemphasized that it is the strongest threat to the global society and the planet. In
1997, he designed the worldds first brea
the middle of the building which is providing natural ventilation by openable windows



into it. Additionally, by giving examples from his studies and projects it has been
progressed within the thesis scqpel-2).

On the other handElif Karakurt Tosun(2019) described green architecture in her
book, Sustainable Urbanizati¢8urdurulebilirK e n t | ,eag antgpe of architecture
that is sensitive to energy saving, effectively insulated, utilizing solar rays and using
recyclable materials as muchpsssible(Karakut, 2019).

In addition for centuries, we see thelimate is a dominant faatdor architects and
architecture all over the world. The shape of the structures has been substantially
influenced by environmental requirements. The building shell deh&listainable

building design guidéS ¢, r d ¢ r ¢ 1 ebi | i r )baogby Alakavekatale me k é
(2015)as the buildings main elements that distinguish the interior from the external
environment and thus, are in direct contact with the external climate conditions, which

is the main determinant of the indoor climate conditions. élaments that compose

the building shell are the extericadades and roof of the buildijglakavuk, et.al,

2015. This study will focus on the importance of the skyscraper building facade
design, in Buyukdere Avenue, and discuss the appropriate arftariskyscraper

facade designing.

According to Alakavuket.al. (2015) they mentioned thahroughout the world in
general and Turkey in particulabout 33% of the energy consumed in buildings, 30%
in industry, 19% in transportatipand 18% are used wther areasBesides,70% of

the energyconsumedn buildings is spent on heating and cooling. In other words, it
is used to keep the interior volume betspaces in comfort conditio&lakavuk,
et.al, 2015)

On the other hand,caording b the evaluatin at the articldGeneral Evaluation of
Energy Outlook in Turkey an@he World, 2016 yearend sectoraldistribution of
primaryenergyconsumption in Turkewas shown with 24.8% consumed at buildings,
25% at energy, 28% at cycle anénergyand 19.4%onsumedat transportdon (Kog

et. al.,2018).



2016 YEAREND SECTORAL DISTRIBUTION OF
PRIMARY ENERGY CONSUMPTION IN TURKE®

m Building mIndustry mTransport mCycle and Energy m Other

Image 1.1 2016YearEnd Sectoral Distribution of Primary Energy
Consumption in Turkey (Kog et. a2018).

Furthermore, e materials to be used in the project application phase have embedded
energy This embedded energy is the energy spent during the construction phase of the
material. At the same time, the wastesid gases emitted by the material during the
production process can be called asdal environmental performan@€ahraman, 2015)
Accordingly, it is beneficial to examine the roof and exterior facade elements that form the

building shell, where the heabdnduction is the highest

Ken Yeang, another architect, ogle examples and design techniques were beneifittial

the scope of the thesis. Hais architect, ecologist, planner and author from Malaysia, best
known for his ecological architecture antbmastemplans that have a distinctive green
aesthetic.Talked about his practical work on the ecological design of facades and
emphasized the importance of the design of the facade for human comfort and health,
referring to it as the third skin of a huméate also mentioned that a weksigned building

shell saves significant enerdye biefly introduced the facade &8n ideal exterior wall

should act as an environmentally friendly filt€Yeang, 2012)

He stated the main tasks of the facade as; prayidatural ventilation, controlling
crossventilation, presenting the exterior appearance of the building, protecting from

the sun, arranging windy rain, draining heavy rainwater, providing insulation in cold
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seasons, meeting the requirements arisingdmtwo seasons, summer and winter in
temperate regions. In order to develop a more direct relationship with the natural
environment, it should have interchangeable openings that functiondike fiters

with various part¢Yeang, 2012)

1.2.AIM OF THE STUDY

This study aims to determine the sustainable parameters in the facades designs of the
high-rise buildingsexamined within the scope of the thesis and then make suggestions to
improve the design of the facades in terms of sustainability. The study will focus-on sun
daylight, natural ventilation, and material parameters.
The highrise buildings are esuming moh more energy compardd the lowrise
buildings. This energy consumption can be reduced by following sustainable facade design
criteria.
Sustainable facade desigarametershould be considered while designing a igh
building in terms of reducintipe buildings energy consumption.

1.3.SCOPE AND METHO®LOGY

Scope:
Among the study, the relationship between theigé building facade design

and buildings energy consumption was emphasiz8dstainable facade design
methods were discussed within the sEopf the thesisthe importance of the
sustainable facade design was emphasized and worldwide$egbuildings that have
considered the sustainable facade design were given as an example.
The highrise buildings selected among the scope of the studg wealuated
according tosustainable facade design criteria in terms of-daylight, natural
ventilation, and material categories. Evaluation parameters had been determined for
each category and buildings were evaluated within the scope of those pasameter
The main criteria used at the selection of hiigle buildings to be investigated were;

1 High-rise buildings located at Buyukdererénue.

¢ Built or finished construction after the 2000s¥2&ntury).

1 High-rise buildings with offte and/or residential fictions.

1

High-rise buildings of 22 floors and above and higher than.91



Methodology:

Evaluation parameters were extracted according to sustainable facade design
criteria which have been emphasized within the theoretical part of the thesis. As, 15
paramegrs for surdaylight category, 12 parameters for the natural ventilation
category, and 3 parameters for the material category. In total thirty evaluation
parameters were chosen under the relevant categories. A-metddd was used to
determine the evaluah parameters. It was chosen according to the main requirements
of sustainable facade design criteria which were used as evaluation parameters in other
different sustainable facade design studies and extracted Also from the literature
review that havéeen done through the thesis study.

In order to evaluate the buildings according to the parameters, necessary data about
each building were collected. The data of the buildings was accomplished with mixed
method by contacting thb u i | sdrelevand companiescanning resources, and
examining the buildings with bare eyes.

Resource scanning of the buildings was fulfilled by investigating the articles,
magazines, newspapers, and research papers, etc. that provide information about the
building. Also by reviewig the website of the building, and the authorized companies
such as (The firm of the architectural offices that designed the building, the facade
manufacturers company, etc.).

The weak and strong aspects of the examined-dsgghbuildings facades were
discussed within the scope of the evaluation. Finally, it was achieved to a score for
every building according to the scoring system which was created within the study.

As a result, evaluation charts for each parameter were extracted from the collected
data,founding out the consideration percent for each parameter. Consequently, the
examined higkrise buildings were ordered according to their sustainability. Finally,
taking into account the strong aspects of the evaluation results, a proposal has been

made tacreate asubstructure for future studies.



2. THE CONCEPT OF SUSTAINABILITY AND ITS
HISTORICAL BACKGROUND

Through the history of human development, until the industrial revolution,
manufacturing styles and quantities did not create negative effects ontietueger, after
the industrial revolution in a capitalist order, the manufacturing and resource utilization
approaches of the industry and the consumption forms, developed in parallel with this, have
brought the negative effects of the human on the emieot to an alarming level (Tekeli
& Atov, 2017).Therefore, titurns out that the lifestyle of consumbesmsthe balance of
nature, as the amount of consumption has increased despite the decrease in production.
Which led them to find a new system oklifSo the term sustainability,hieh means

continuity, appeared

2.1.SUSTAINABILITY AND ITS APPEARANCE IN HISTORY
The originof sustainability gesback to the 1940s. When Buckminster Fuller built the

Dymaxion Houseand Cyclatron Geodesigo me a s-sush i s enlgfdo desi gn ¢
1940s and 1950s. Fuller is an American architect dealing with new forms of technology. His
designs are based on the rule of doing mo
AThe i mperative i s ofteedemand of prodecing morelerergys 0, i
then, the cleanest way to produce that energy should be considered. Because there is a direct
relationship between the pollution that occurred from prioduenergy and climate change
( Mi mar |l ékta).Mal zeme, 2012

Image2.1: Dymaxion House (UtB). Image 2.2: Cyclatron Geodesic Dome (L4).



Subsequentlytpcal and international organizations held by the United Neiptay an
importantr ol e i n t he & adefinitientofisustainabilityThe chicbraolpgy

of the building blocks related to the growth of the sustainable development approach

is shown in th€Table2.1) below;

Table 2.1: Chronological Development of the Sustainable Development Approach (KgraBw9).

Human and
Environment
Conference
1972

Our Common
Future Report
1987

World
Protection
Strategyl1982

World Nature
Charter1982

Delhi

Rio +20 Brussels Summit Agéa\lllg% Gr:]oebna;l Sustainable
Summit2012 2015 Goals§015 Development
Summit2016

Environment Sustainable
and Development Millennium Johannesburg
Development Commission Summit2000 Summit2002

Conferencel 992 1993

However, the first definition of the concept of sustainable development, as used
today, was made in the Common Future Report published in 19&@ebworld
Environment and Development Commission. Due to the Common Future Report,

Sustainability is the maintenance of natural resources by controlling current resources

usage to avoid the planet running out of them. So, it is important to mentiohthieat i

resources run out, theégmet will corrupt in the future. Therefore, we have to control

our usage in the present to save the planet for future generations.

There are more than 300 definitianfort he t er m A Shutstheamosta b i
accepted onesi the definition of the Brundtland Repof1987) ASust ai

development means meeting presents requirements without comprorhesingeds

of fut ur e (Bouedtlaady188j.i ons o

This reportalso mentionethe three dimensions of sustainabilitycil, environment

and economylmage2.3). The sustainable part is where the three intersect. Therefore,

the fiSustainabilityo term can not

social system and the environmé8brgug, 2009p. 39.

be

|
nab

me n



W
> e

Equitable

Image 2.3: The 3 Pillars of Sustainability/on Keyserlingk, 2013)

2.2.ECOLOGYAND ITS APPEARANCE IN HISTORY

The term Ecology is definetbr the first timeby the German biologisErnst
Haeckel in his book (General Morphology), weiit in 1866 on philosophy and
resurrection. This new term is derived from the Greek wi@kosd, andii bgo.
Which meang$iOikosd house, andLogos scienceThen it was translated to English

asREcol ogyo.

Ecology: (noun) used also @ ecology (eco+log). filt is a living science that deals
with the interrelationships between living things and their environi8et/gi, 2015

Ecology is an approach that treats each entity with its environment and evaluates its
relations with other living things. To inthte this approach, the ecological word or
(eco) abbreviation, has been used in various research fields as a prefix. Accordingly,

there are many physical problems experienced during theet@ury.

The rapidly expanding and strengthening technologicamces and the widening of
the activity area of the human have caused many negative consequences that threaten

the living environment of human beings and other living creaurds é c)é 200 2
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2.2.1.Eco-materials Definition and Classification

Ecomaterials weralefined by Halada and Yamamoto (20@t)(Modul H)
book asfiThosematerials that impraathe environmerds perfection during the whole
life cycle with preserving its responstbl e f f e ¢ (Yamamotcees. sab).
Furthermore, in North America and Europe, -etaterials are frequently called

Aenvirodmdretnalllyy mat eri al so0 omateria®nvi r onme

On the other handiccording tdProfessoryagi, (2002),an eo-material should pass
at least one of ten principal propertiesngared to traditional materia(¥amamoto
et. al). These properties aré: Energy saving ability2- Resource saving abilify-
Reusability 4- Recyclability 5- Structural reliability 6- Chemical stability 7-
Biological safety ability8- Substitutability 9- Amenity, and10- Cleanability

Moreover, eo-materials were classified within the sustainability concept, following
these four sustainable principles; Qyclic materials, 2 Mateials for ecology and
environmental protectior3- Materials for society and human health, anWterials

for energy (Yamamoto et. al. After that, ten suzategories were extracted from these
four main categories. Sutategories were liki is shown a{Table 22);

Table 2.2: SomeExampleOf Eco-Materials Which Are Currently Commec i a | Jagap d Kn

(Yamamoto et. a).

o T s

| Recycled materials _ Materials for n Hazardo_us free n Materlal_s for
waste treatment materials energy efficiency
revewsbie | | | Naemastr ||| Meeeeler
aretials environment load health impacts green energy
| Material for __ Materials for easy
efficiency disposal or recycle
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Accordingly, ecological materials are mostly reusable, renewable, or
recyclable/regcled materials. Examples of such materials can be shown like; sheep
wool, paper panels, compacted soil, adobe, terracotta, clay, flax, hemp, seaweed, cork,
wood, fiber, sandstone, rubble, timber, reusable brick, cut stones, volcanic pumice

stone, linoleumstraw bales for insulation, polyurethane blocks.

Although bamboo is an environmentallyefndly material growing quicklyit is not a
material growing in Turkeyln this case, it is not considered as an-eaterial in
Turkey. Thus, it is only ecologicat terms of the environment in which it grows. So,
according to the geographical location of the buildings, their ecological meanings and
the use of appropriate ecological materato differfor each environmer(Aytis &
Polatkan2010).

2.3.SUSTAINABLE BUILDING MATERIALS
The wsstainability of material is the main component of sustainable
architecture. By adapting the concept of
artificial and natural environment by ensuring the continuity of the resources, to the

buil ding material seg bhel domgematefri @s0s €

Sustainable building materials atefined byOrhun(2012) asfimaterials harmless to

the environment and human health during their life cycle, which includes, consume
minimal energy, obtain raw materials, process them, use them, maintain and repair and
waste phaségOrhun, 2012.

The energy used and the amount of.G€leased into the atmosphere during the
manufacture of a product or service are important indicators in tersostainability.

These indicators are defined as follows:

Embedded Energy:lt is the total amount of energy used during the production of the

material.

Embedded CQ: Defines the amount of GQ(Carbon dioxide) released into the
atmosphere during the prodiaet of the material. It is known also as (£€missions
- Carbon emission- Carbon footprint(Orhun, 2015

12



The concept of sustainability in terms of materials can be divided into two groups:
1 Direct acquisition approaches.
1 Indirect acquisition approaches

Direct acquisition approaches:

The approaches that aim to increasee thustainability of building
material/componestduring the production processes. All sustainability approaches
that reduce the embedded £g@nd hence embedded energy) value in thetcoction
process of the material or component fall into this group.

Indirect acquisition approaches:

The approaches that aim to increase the sustainabilipyidding in the usage
process by using building material/comporseint accordance with its nater All
approaches that take into account the nature of the material to make buildings effective
during the design po®ss are included in this gro(@rhun, 2015).

However, according t8hinoharg2004) if any material could fulfill the preconditions
(1) and the required circumstances of -aeaterials (1 and/or 2), then it could be an
ecomaterial(Shinohara, 2004ps it is shown at th@ able 23) below;

13



Table 2.3: Conceptual Model Of EecMaterials Within The Context Of Material Science
(Nowosielski et. al., 2097

o Green resource profile

MATERIALS
Al- Physical, ~ Minimal environmental
chemical, impact production
electrical...proport process
ies

y

ECO-MATERIALS

£2- Environmental
improvement

A3- Life cycle impact
improvement

High productivity

Minimal hazardous

High recyclability

High environmental
purification efficiency

However, in order to save energy spent between the production and the construction
area, it is important tbe noted whether the material used in the buildings is in the
immediate vicinity. For example, traditional building techniques and vernacular
structureghat usedocal materials are natural and spontaneous sustainable structures,

as they are completelymoduct of their environmerfAytis & Polatkan2010.

2.4.SUSTAINABLE ARCHITECTURE AND CERTIFICATIONS
Themethodsof application of thesustainabilityconcept, which is put forward
as a solution proposal for human and environmental health problems, arsetiscus

the field of architectue as in many other disciplines.

14



FurthermoreAysin Sev(2009) has defined sustainable atetture as;

fiSustainable architecture is to design buildings that protect the health and comfort of
people, prioritizing the use oénewable energy sources, using energy, water, materials
and the area where it is located, efficiently. Taking into consideration the future

generations, in the conditions it is in and in every period of its exigi¢Beg,2009)

According to Sey2009) we can gather the principles of sustainable architecture under

three headings;

Resource management principlejt foresees reduction of resource use, reuse and

recycling of resources.

Life-cycle design principle; It enables the analysis of the buildiagffects on its

existence and its surroundings.

Design for human principle; It focuses on the relationships between people and the

natural world(Zinzade, 2010).

Table 2.4: Frameworlk-or Evaluating Sustainability Of The Constructimdustry(Sey, 2009)

Sustainable Construction Principles and Strategies

Resource q . . L
management Life-cycle design |Design for huma|
Strategies
| |
| | 1
Efficient use of Pre-building Preservation of
energy strategies natural
Efficient use of| Building Conserving
water | strategies cultural resourse
Efficient use of| Postbuilding Protecting healt#'
materials | strategies and comfort ‘
Efficient use of
land

15



To design and operate a healthy building environment that holds on ecological
resources, some principles should be considered duringptiggruction and design
process of the building aiming to achieve the basigetanf sustainable architecture
(Solmaz& Kaya, 2015%.

These principles are:

Effective use of building land and resources.
Efficient use of energy.

Efficient use of water.

Efficient use of materials.

= = =42 4 -2

Provide interior comfort and observance of human health.
1 Waste management.

Sustainable architecture concept, including ecological environment, social and
economic conceptsai mi ng t o c o n & rneghtive tefieets dm uhel di n g
ervironment. Therefore these concepts are used to measure and define the

sustainability of the building.

In order to measure and evaluate the environmental impact of buildings, a wide range
of certain evaluation criteria is used. These evaluation methadseceategorized in

three ways;

1 Tools and information sources to compare products and components used in

building construction

1 Supporting databases used in the design and decision stages of the whole

structure.

1 Environmental assessment methods talke he structure as a who{8olmaz
& Kaya, 2015%.
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Furthermore, n different countriesorganizations based owolunteering studies
conducted,n order to measure and evaluate the environmental impacts of buildings,
within the framework of certain criterids of 2012, there are 27 different methods

developed in different countries

Apart from sustainable building certification systems, BREEAM in the UK, and LEED
in America, which are popularly used in the world, many sustainable building
certification systms, such as SBTOOL, HREAM and CEPAS used in Hong Kong,

SBAT used in South Africa, GREEN STAR used in Australia, and CASBEE used in

Japan, emerged in Canada but defined itself as an international system.

While the purpose of these certification systesidoi create a unique $gm by
consi der i n gsloeahstahdardspclinmticrdatadand living conditions. With
the international identity of LEED and BREEAM evaluation systems, countries that
do not have their own evaluation system have acceptegl tthesertification systems

as an evaluation system. Today, in many countries that are members of the World
Green Building Council (WGBC), SBTool also has been adapted to the local standards
in various countries as well as BREEAM, LEED, Green Star and E&S&/stems

(Aytis & Polatkan2010.

The most populaevaluation organization§ LEED - BREEAM i SB TOOL i
CASBEE) These orgaizations are categorized undenvironmental assessment

methods that take the structure as a whole evaluation method.

These metbds, which consider the whole structure within the life processes it has
undergone, assess within the framework of the determined criteria and present a
certificate as a resuBBecause there is no local certification system in Turkey, the most
accepted a#ification systems in the worldEED and BREEAM systems are used
(Solmaz& Kaya, 2015.
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2.5.SKYSCRAPERAND ITS APPEARANCE IN HISTORY
The skyscraper term is used for the giant size building or tower in terms of
height. High-rise buildings have different @ieitions. According to the famous
engineer Ali Armstrong, the mulsitorey structure/highise building are buildings
where, fast elevators are used, the carrier system is specially designed, the ones that
reflect the urban physicatenomic and technolacpl power

In the 2% century, buildings higher than 100 m are considered as skyscrapers. These
kinds of structures appeared for the first time in the USA in the 1880s, in 1890 the
Pulitzer buildingreached 26 floors and 94 meters. It was impossible begond this

with traditional building materials. Subsequent developments accelerated with the

presenting of the steel structure system.

Next developments like materials (Steel, reinforced concrete), vehicles (elevator), new
construction and lifting tectiques, started from the end"8entury, facilitated the
construction of higher building3he first tall structures were mostly symbolic.

For the history of skyscrapers, it is necessary to lookedt)SA, especially Chicago

and New York City. In combation with the industrial production of steel, the
development of glass and reinforced concrete, the development of elevators, other
vehicles and water pumps, in addition to the fact that the land is less and expensive in
urban centers, the passion of peof build high buildings for prestige, combined

with the ambition of engineers, were main reasons that caused a skyscrapers race,

started in USA, primarily in Chicago and NY €&

The tallest skyscraper befdréWl is the CGi | Is @ootworth building240 m) in

New York. Later, in 1930931, the Empire State Building was built agaiii (380

m). The height of the sharp endpoint of this building reaches 449 m. Subsequently,
buildings built through the later years, the Rockefeller Center (259 m, M¥)1he
100-storey John Hancoekenter (344 m, Chicago, 1968), the &st6rey World Trade
Center twin towers (417 and 415 m, NY, 1973, destroyed in 2001), Sears building (442
m, Chicago, 1974) and Petronas towers (452 m, 1998) in Kuala Lumpur are among th
famous skyscrapers of the2@entury(Hasol, 2014p. 188-190).
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Burj Khalifa (828 m), which was completed in 2010, is at the top of this list. Skyland
Office Tower in Istanbul (284 m) is theghest skyscraper in Turkey nofJrl-5).
Kizilay in Ankara Enek Building (24th floor, 76n, 19591965) is considered as the
first skyscraper in Turkey, therefore, in Ankara, it still nameidSkyscrapers (Hasol,
2014)

Recently,the number of skyscrapers primarily in Istanbul is increasing rapidly in
Turkey. A desity and highness contest continues with plot decisions based on parcels,

far fromholistic planningandurban planning.

In general, highguality concrete and steel, pedtess, corrosicresistant
reinforcement, firaesistant steels, cast partsxed systems and composite materials

are technological determinants in tgdéskyscraper designs.

From an architectural perspectivie, the 2% century performancébased design,
delicacy, structural expression, advanced technology, free architectural fo
(sculptural appearance), green character am$parency are at the forefrghtasol,
2014)

2.5.1.Skyscraper Classification Within Functionality and Height

The Emporis sitqUrl-6), which analyzes tall buildings, defines-$®rey and
35mhigh structures aswulti-storey buildings. German Research Centers accept 22m
and above as a high building. The Council on Tall Building and Urban Habitat
(CTBUH) in America, states that 4torey buildings do not count as highke in
places such as Chicago and New Yorkeve multistorey buildings are dense, while
it can be described as higise building in many cities of Europe. In addition, over
than 300m high structures are described f@uper Higld and overthan 600m
strudures asiMega Higho structuregEren, 2019).

Building Useln Terms Of Function:

If more than fifty percent of the building height is designed as a usage area)divey
enters the skyscrapecategory. If ot, the building falls into theower clasgSuch as

a cruise tower or communications amia).
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Tall buildings are also classified aerding to their usage functiogSaj | an., 2016

1 Single Function Buildings

At least 85% of the total floor area is dpgsed for the same use functighke an
office).

1 Mixed Function Buildings:

In the high buitling, if there are two or more different usage areas, the building has a
mixed function. Sports areas with supportive areas, parking areas, and sanitary

installation areas do not change this description

2.6.SKYSCRAPER ARCHITECTURE WITHIN SUSTAINABILITY
CONCEP

In the 2% century, the concept of sustainability in architecture is often
mentionedthrough skyscrapers. Especiafiince skyscrapers have largealesand
larger numbes of people than other buildings, the impact of them on the city and the

environmetal effects they create are higher.

Moreover, skyscrapers can create unhealthy conditions in the city by blocking the
sunlight of the buildings and living organisms in their surroundings, bringing loads of
traffic, installation and communication infrastture to the city due to the large
number of users, and may cause the formation of unpleasant strong winds for

pedestrians by changing the wind movements of the region where they are built.

On the other hand, skyscrapers are also buildings in which thadieaoling
ventilation, mechanical, circulation and lighting systems are required, and both the
initial investment cost and the cost during the use of the building are higher than other

buildings.

Internationally, there are two different views ore thusainability of skyscrapers
(Begec& Y a | €2018)r ,

The first one as Woo(2014)stated is that the skyscrapers are naturally sustainable,
prevent the urban sprawl and grow vertically by providing a high settlement density,

which reduces the transportation costs and the economy of thaguild
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The second is that a large amount of energy is consumed during the construction of
skyscrapers and is not sustainable because of its negative effects onshsystyms
(Wood, 2a4).

Within architecture, the necessity of three methods for low gnewgsumption is
mentioned. These methods include; material and component selection, supplier
economies (including a life cycle approach from the source to the waste water
channel), and the basic design. As a-traditional building type, the highse
building needs its own design setup and principles based on the design of new service

sysems, based on the climaticdét&sar ¢, 2016) .

From the second point of view, we may see that the image of the skyscrapers is not in the
sense of sustainable architeefugven thougive can see that the newly built skyscrapers

use renewable energy sources with the help of the developing technology.

Briefly, sustainable highise building, is a structure that is sensitive to resource use in
every period, observes the lleand comfort of the user, does not create environmental
pollution, does not impose an unnecessary burden on the infrastructure of its location and
fulfills all these criteria economically K € & Sefcdik, 201%

2.7.SKYSCRAPER FACADE DESIGN WITHIN SUSTAINAR.ITY
CONCEPT

Facade systems have a great role in creating healthy and comfortable use areas
by protecting the interior from the negative effects of the external environment
conditions as wle as contributing aesthetically to the architectui@ming of a

building.
SKYSCRAPER FACADE SYSTEMS:
1 Metal Facade Systems;

The main reasons for the application of metahfe systems in muistorey
buildings are; easy to assemble, require low maimieaand allow for individual

design.

In case of the increase in the height of the building, due to the increase of the effect of
the wind on the facade, the wind absorption level of the coating during the design, the
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corrosion resistance due to the stmetof the metal and elongation levels under the

influence of heat, etc. shlal be taken into consideratigiren, 2019).
Metal facade elements consist of three main parts. These;

1. Panels

2. Carrier structure

3. The joints that connect the panels togethe

1 Curtain Wall Systems:

Curtain wall systems are made of a carrier skeleton. It is made of fasteners and facade
panels used to fix the skeleton to the carrier system of the structure. Curtain walls can
be produced in three different ways as strip systéai panels, and panel systems.

The most widely used system is the strip systénsn, 2019).

Image 2.4: Strip System (Eren, 2019). Image 2.5: Panel Syste (Eren, 2019).
1 GlassFacades In Steel HighRise Buildings:

In steel structures, glass facade panels are used to take natural light into the interior, to

hamper the system, etc. There is a common use area for reasons.

There is a widespread usage arethe glass facade becausallows the natural light

penetration inside and it lightens the system, etc.
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There are many different shapes of spider glass holders from point connection

applicationglmage 26-7).

Before the application starts, designs of amalge elements should be made after the
studies depending on the regional climate conditions and the direction of the building.
It should not be forgotten that the use of sliding bearagginst horizontal loads
should be used in all facade applicatioespecially in multistorey buildinggEren,
2019).

ek b oden

Image 2.6: Spider Glass Facade (Ur). Image 2.7: Splc(jLeJL%I)ass Facadetail

1 Double-Skin Facade(DSF):

The Doubleskin facadesystems, which gained common use in rastitirey
buildings, are the energgaving facade systems that are arranged in different ways by
leaving a space called an air corridor between two facade shells between 20cm and

2m.

The control el ements used to puaeplaggdt t he
between the two shells and it is ensured that the use of the daylight is protected from

the undesired effect.

The second facade layer in the system allows windows to be opened on the upper
floors, despite the strong wind pressure in higk buldings. Thus, natural ventilation
(Image 28) of the office significantly contributes &avingthdoui | di ng user 0s

consumptior(Eren, 2019).
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1 Box-Type DoubleSkin Facade:
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Image 2.8: SchematicOf The Working Modes Of Doubl8kin FacadeA- InnerCirculation
Mode, B- SupplyMode, C- InnerCirculation Mode D- ExhaustMode (Zhanget. al, 2016).

Box-type windows are the oldest form Dbubleskin facads. It is the panel with

vents that provide air et and outlet at the top and bottom of the panels consisting of
double glass inside and single glass outside. In theseHght systems, laminated

single glass on the outside and double insulated glass on the inside are used. Between
the two shells,here is 206400 mm of space, which depends only on the size of the
window. Shutter elements can also be placed in this section if desired. Each panel

works on its own without being assoedtwith windows on other floo(&ren, 2019).

Shaft opening
Exterior layer

, Interior layer
Horizontal divider

11 11 1

Box-type wall system

Image 2.9: Box-Type Wall SystengEren, Image 2.10: Box-Type Wall System, Section
2019) (Eren, 2019)
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1 Shaft Type Double-Skin Facades WithBox WindowsProportional To The
Floor Height:

Chimney system works with box windows on shaft type box facades. The
heated dirty air used in the spaces rises and is sent to the chimney from the outlets on
the box windows, and thrown out of the exhaust vents at floor level inside the chimney.
It takes the opposite of this process in the fresh air. The fresh air is taken from the
lower part of the floor alignments to the chimrshatft, and from there the box enters
through the lower part of the window. Ahaft typedoubleskin facades with box
windows proprtional to the floor kight, the gap between two shell layers is
interrupted at floor height. By placing grilles on each floor level, dirty air delivery and
fresh air intake circulation is performed. Each floor is naturally ventilated by the
opemtion of these grill systems within itself. Solar control elements are placed between
the inner shell of the interigEren, 2019).

:,;_

Interior layer
Exterior layer
Horizontal divider

I 1T Je=—======1IN //
Shaft type doubleskin facade | F

Image 2.11: ShaftType DoubleSkin Facad Image 2.12: ShaftType DoubleSkin Facade,
(Eren 2019). Section(Eren, 2019).

1 Double-Skin Facades With Shutters Proportional To The Building
Height:

Thedoubleskin facades with shutters praoponal to the building &ght (Image 213-16)
shows almost the same features as the 4stoltey ventilated facades. While the outer

shell is a louver system, the inner shell can be made fromediffeystems.

Even when the louvered system in front of this facade is completely closed, there is no

air impermeabilityEren, 2019).
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Image 2.13: Torre Agbar Towe sBoubleSkin Image214Tor r e Ag bRoubleBlonw
Facade Dil (Eren, 2019). Facadd_ouvers(Eren, 2019).

Image2.16: Tor r e Ag bRoubleBlonw
FacadeThe Gap Betweemner And Outer
Shells(Eren, 2019).

Image2.15:Tor r e Ag bRoubleBlonw
Facade Shutters Detditren, 2019).
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1 Corridor Type Double-Skin Facade

Corridor facade is the type of facade where two facade layers are divided by the floor
alignments. Air exchange in the facade cavity can be done vertiaaltior

horizontally at the floor level from the corners of thelding.

If the Doubleskin facadas ventilated horizontally, the pressure in the facade cavity
must be kept under control. In this way, the facade grilles are designed to be controlled
according to the desired pressure level, wind direction, and speedretinices the
energy cost required for ventilation by making it suitable for certain pressure
conditions in theévuilding (Eren, 2019).

I
L L bl .~ 0
. > \ 2 4 | ’ L
To air shaft
Inner glazing Inner glazing
Exterior glazing | Exterior glazing
Horizontal split ‘ Horizontal split
t )
P
. ‘T_u
! ! | |
(B) Shaft-box type
— e N

-~ - g ™

\ Inner glazing Inner glazing

: Extenior glazing A Exterior glazing
Horizontal split

i s T, f

(C) Corridor type (D) Multi-story type

Image 2.17: Different Connection Typed Of Doubi8kin Facade&hang ¢. al., 2016).

27



Performance criteria expected from all facade systems are as follows;

1 At the junction of the facade with spaces such as body and widdowy heat

bridges should be designed to be minimized.

1 The heat retention properties of the maitlsrused in the construction of the

facade elements should be high.

1 Details should be designed to prevent metal facade panels from rubbing against
each other and making noise.

1 The performance of the joint panels arranged between the pamnel, panel
cariier system, etc. of the facade panels should be high against water, sound,

and heat.

1 In order for the fire resistance of the facade panels to be high, special attention
should be paid to choosing the insulation materials used behind the facade,
which are Ighly fire-resistan{Eren, 2019).

Moreover, artain walls, one of the most preferred facade systems inrisigh
buildings, have ceased to be passive elements with the help of advancing technology.
Furthermore,natural ventilation and natural lightingeaprovided with bioclimatic
facade designs'hus, large savings are obtained from the energy corsumarder

t o meet tsiransfds and liglding mepds.

The control of the heat, light and sound transition between the indoor and outdoor
environmenm is provided with the energgfficient facade design, and the negative

features of the outdoor environment are filtered like a strainer.

Energyefficient facades are created with enepggducing facade systems such as the
right glass selection, doubtgazed facade systems, structural silicon facades, solar
collectors and photovoltaic pan€lsK & & Seictik, 2016.)

Therefore, functional, structural, aesthetic, cultural and environmental factors should
be taken into consideration while designing the dacaf the building. In terms of
sustainability, environmental factors such as heat, light and sound are important factors
in the design of the building facad&lakavuk,et. al, 2015)
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Depending on environmental factors, the main functions of the buildaagle are:
1 Providing thermal comfort by controlling the effects of climatic elements.
1 Providing visual comfort by controlling natural light.

1 Providing auditory comfort by reducinge noise to an acceptable ley@ral
et.al, 2004).

fComfort can be defied as; achieve the highest level of satisfaction by consuming the
least amount of energy physically, under the conditions facing the humard being
(Sezer, 2004)

2.7.1.Bioclimatic Design:

Bioclimatic Design is an effective approach that can provide the besbfway
climatic comfort of the people with minimum eneryyhile aiming to reduce energy
consumption through passive methods, it also achieves important results in terms of
sustainability byconsidering material selectiaand conservation of natural energy
resourcegK é a& Selcuk, 2016).

Ken Yeang, an Englishased Malaysian architect, who is one of the mostkveiivn
names in bioclimatic architecture worldwide, defined the high bioclimatic structure as
follows; filt is a type of structure that uspassive low energy technigquesnteracts
with the natural environment, according to the meteorological and climatic data of the

region, and uses less energy duiingg constr uct i(deang,0ld). oper at

On the other hand, high building models, {stvape have the same fowsided facade
characteristics, regardless of the climate and region factors for long $esie
encountered. whereas buildings must have forms and facade systems adaptive with
their different meteorological, physicand geographicabnditions( K € & Seiciik,

2016).

2.7.2.Passive Design Method
The passive design method is actually bioclimatic design and it requires
understanding the climate of the region in order to take advantage of the energies and

climate features in the immediatersaundings. Passive design method systems
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provide heat comfort by using natural energy sources and basins like solar radiation,
indoor air humid surfaces, activation, internal gains, etc. The energy flow in these
systems occurs by using natural tools sashradiation transmission and convection

without using mecanical tools

T h e h s demand foan external energy source is concentrated on fossil fuels
today. Approximately 450% of the energy distribution is used in buildings and 50%

of total carbon wxide emissions are caused by buildings. 60% of carbon dioxide
emissions associated with buildings can be attributed to the activities of the residential
sector and about 30% to the service sectabl{p and commercial building$Yeang,

2012).

Table 2.5: Energy IndeXEE) And Carbon Dioxidg CO2) Emissionindex For Residential Buildings
(Yeang 2012).

Example case;

A "fictitious" building of randomly oriented compact EE kws/nt 100115
form (in acordance with 1990's construction CO, kg/n? 2529
legislation)

1. Step; EE kWs/m 85-100
Most windows face south; no shading COy kg/n? 2530
2. Step; EE KWs/n? 5565
In addition to the above features, all windows are dot

glazed (0.75 ac/h). CO, kg/n? 17-20
3.Step;

All windows have insulated night shutters or double ~ EE kWs/n# 50-60
glazing with heat control (Low E) coating; window are ¢, kg/n? 1518
according to instructions

4.Step; EE KWs/n? 3540
In addition to the above features, external iagah (U- CO; kg/n? 11-12
0.25)

5.Step; EE KWs/n? <30
In addition to the above features, mechanical ventilat CO, kg/n? <9

and heat recovery (0.5 ac/h)
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However, Passive design method strategies require proper formatting in conjunction
with the elements, the solar orbit of the building, usage of natural ventilation, planting

- landscape, appropriate facade design, sun shadingyetsng, 2012).

Some passive methods that can be applied in buildings to meet the inner comfort
requirement a listed below. These conditions can also be met by efficient or mixed
method systems powered by ecologically sustainable forms of energy:

Building orientation (main facades, openings, etc.).

Shell and facade design (window opening size, layout details).
Solar control elements (Ex. shading for facades and windows).
Passive daylight concepts.

Wind and natural ventilation.

Roof landscape.

Building envelope color.

Landscape arrangement (planting).

Passive cooling systems.

- =_ =_ =2 -4 -4 -4 -4 - -2

Building mass.

2.7.3.Energy Efficient Building Design

The history of architecture has been referring to the connection between the
building form and the climate. Tall buildings are buildings that are highly exposed to
the sun and wind. Accordingly, it is argued that the most suitable climate fori$gg
buildings is the temperate climate compared to the cold one. Theisgghuilding
benefits from natural heating as well as the effect of a large solar collector. Itis difficult
to say that a highise building is energgfficient in hot climatesThe highrise
building acts like a permanent solar collector and therefore requires large quantities of
air conditioning throughout the yeatlimate issues that concern highe buildings
are not only limited to the sun, but wind also appears to beporiant factor. Many
of the high-rise buildingsbuilt in temperate climates develop a design to take
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advantage of the dominant winds. The main concept enables the use of wind energy as
natural ventilation and coolingSar €, 2016) .

However architects have to think about how building design can generate energy, how
to manage it, how to consume it, and how to conserve it. Moreover, structures must
acquire and process renewable energy, consume and consanye aneffiently as
possible(Farrelly, 2017.

Ecologically sustainable design in higke buildings covers the designs that are;
environmentally friendly, minimizing energy consumption, reducing the use of natural
resources, using renewable and local resourcesticg healthy interior spacassing
solar energy, usingatural ventilation and natural lighting, usingreusable and

recyclable materials that do not requirgequent maintenance andrefaiSar 8., 2016
The following principles are aim through enesgf§icient building desigro:

1 Reducing unnecessary heat gains and losses by increasing energy conservation.

1 Combination of passive and active air conditioning system.

1 Preventing atmospheric potlon, climate imbalances, and ecological

deterioration.

1 Using more efficient and environmentally friendly renewable energy sources

instead of expensive and scarce febaed resources.

Parameters that are effective in the enefficient building desig process can be
classified as the location of the builditgilding ranges, building orientation, building
form, building envelope natural ventilation layout. By making use of these
parameters, it is possible to design buildings effectivelypuilin pasive and active
systemgDemircan& Gultekin, 2015.
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2.7.3.1. Facade DesigkeaturedVithin SunDaylight Parameters
Solar energy is the most abundant among renewable resources. It can be said
that solar energy is the most used renewable energy source forgheatnting,
lighting, and electricity generation in buildings. There are various alternatives for the
use of solar energy in buildings. The most important of these alternatives are listed
below(Demircan& Giultekin, 2015)

1 Generating energy from the sunrdbhgh passive solar systems (such as
sunrooms and large glass surfaces designed in the south direction).

1 Energy recovery from the sun (such as solar collectors and solar cells) and
natural lighting through active solar systems.

As can be seen from the orddove, the use of solar energy in buildings is classified

as passive and active solar systems. The use of solar energy for heating the spaces
during the design phase of the buildings is defindgassive solar systeimand every
technological productdaled to the design is definedfastive solar systems

1 PassiveSun Systems:

Since solar energy can be applied locally and does not require complex technology, it
has been a preferred energy source in the construction industry in recent years. In
additionto heating and cooling the building, solar energy is also used to obtain hot
water and electrical energy. According to many countries, Turkey is in an
advantageous position in terms of solar energy, the most common method of using
solar energy in Turkeysithrough the solar collectors placed on the roof surface is
obtaining hot water. Obtaining hot water from solar energy can be done by a decision
made during the design phase of the building or it can be realized during the use of the
building. By using skar energy, the heating and cooling costs of the building can be

reduced significantly and energy conservation is provided.
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Passive Solar Energy ‘
White or Iight-co]ored roofs

overnecd !'L:

nsulation

Image 2.18: Passive Solar Energy (UJ9).

1 Aktive Sun Systems

In order to utilize solar energy in buildings, supporting the applications with
mechanical equipment and additional heat storage measures, controlling the heat
distribution automatically, applying wateiur collectors, and using higgfficiency
collectors and solar <cells are defined
that are not used directly for indoor heating purposes, solar energy is usually
collected though collectors, the collected energy is stored adjacent to the building

or at the lower elevations, and stored in pebbly areas, and the stored energy is
distributed by means such as pumps and pipes, andi¢hieiis are heated by hot
water(Demircan& Glitekin, 2015)
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Active Solar Energy

White or light-colored roofs

heating

Super- window

Image 2.19: Active Solar Energy (Urb).
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Image 2.20: Active and Passive Solar Systems ().



1 SurfaceColor Of The Facade Light-Dark):

Building envelope (FacadesRoof) are exposed to the sunlight more than other
building elements. Therefore, their sabsorbing effects can be reduced by using
light-colored material. The absorption and spreading properties of certain materials
effectively protect the exterior wall from the radiation effect, especially in hot
conditions. Materials that reflect the radiation instead of absorbing it and which release
the absorbed heat more easily as heat radiation, allow the temperatures inside the
building to decrease. The facade should be as-tiglired as possible to alleviate

overall air conditioning loads drreduce the heat island effé¥eang, 2012).

9 Continuous Glass:

The continuous panel system window, due to its large transparent surfaciens be
than the strip window in terms of daylight inlet. However, the architect should use a
low emission coated glass to prevent the heat penetrating inside lithed(i£eng
et.al.,2012.

Image 22: ContinuousGlass FacadeJfl-11).
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9 Double-Skin Facade:

Doubleskin facadglmage 28) formed by exterior and interior two facade types. The
buffer zone formed between the intarand exterior shells is providing shading to the
interior space of the building. Moreover, sun control elements can be placed within the
buffer zongKésd, 2015).

i Low-E CoatedGlass

Low emission glassae®duces the direct heat gain by allowing a gresttio of the

light pass compared the heat pass, penetrating inside. It reflects heat back into space,
reducing heat losses and looks the same as transparent glass. Therefore, it is useful in
situations where sunlight is desired but solar heat gassealuced. It also allows

using slightly wider windows to allow daylight entry without having &y p price for

energy in winte(Yeang, 2012).

P>

Summer
heat
reflected out |
L e )

Winter heat
reflected
back inside

Sog Visible light
UVlight “e_ passes
reflected s,  through

Innerglass
Interior
Storm
Window

" LOW-E GLASS

Existing
Window

Image 2.21: Low-E Coated GlasdJrl-12).

Y ReflectiveGlass:

Sun reflective glass can reduce the sun inlet without affecting the appearance as much
as heanbsorbing glass. Reflective glasses can be useful in situations where heat
recovery is undesirable and external shading is not physically possible, especially on

western facadeg’’eang, 2012).
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M Insulation:

Increased insulation is an effective and a passive method to reduce energy
consumption in a building, especially in tempereliemate it can reduce the heat
bridges and leaks, and by increasing the external wall insulation we can reduce the

ratio of solid surfaces to glass surfaces.

The current standard for external wall insulation nowadays for the temperate climate
is 0.45 W/MK,

So, the designer should aim while designing to reach lower insulation levels than this.

Asingegl azed gl assbés heat | oss 3 whicewas s 10
recommended in building regulations. Thus, by using a daylaleed window this

rate can be reduced to 2.8 WM, and a threglazed window to 2.0 W/RK.

However, by reducing the ratio of deaf surfaces to glass surfaces on the outer shell, the

numbergiven above could be decreag¥@ang, 2012).
1 Skylight system to increase daylight:

1 Sky-Courtyards:

Sky-courtyards are formed by retracting on the facades, balconies, or withdrawing
several floors together in order to protect against the undesired effects of the sun in
high buildings. In addition to their bioclimatic functions, stgurtyardscreate social
spaces for users. Thus, a natural environment is created inside the building and comfort
condiions are provided for the usdrsK é & Seaictik, 2016)
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1 Atriums:

The atrium is the name given to the spaces inside the buildingclined roofs, it
provides shading and protection from rain, without preventing air from entering. In
addition, the atriums provide natural dayligihworkspacedHiowever solar heat gains
through windows in buildings can be reduced by blinds, balconies, deep recesses (such
retracted windows, etc.), or sky courtyattieage2.22,23 ( K é & Sdictik, 2016)

Image 2.22: Leeza S®IO Skyscraper, Zaha  Image 2.23: Leeza SOHO Skyscraper, Zah:
Hadid (Urk13). Hadd, Atrium (Url-13).
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1 FacadeShading Element:

Shading should be designeéd ensurdoththepassive passage of light reaches deeper
parts of the floors and to reduce glare. This method allows the designer to use
transparent glass and allows the daylight to enter the interior space better. Thus,
lighting energy load is reduced and a better adsthetationship is established

between the interior and exterior of the building.

However, he angle of the sun is different in summer and winter, so the designer should
keep in mind these differences especially in temperate regidns, in terms of
ecobgically efficient design, whil e desig

path should be taken into consideration.

The external shading systems have many advantages such as
1 Can reduce the heat gain entering the space

1 Can provide the space with freand clean air

! Can be used as a sound barrier

1 Can contribute to the aesthetics of the buildivigang, 2012)

Regardless of the location of the buildings, it is necessary to apply a noimbetical
sunshadingtyes, es peci abkhoysrfacésuchlaseaskeun and deastarg 6

facades, paying attention to the brightness and quality of the light entering the space.
The eastern facadrust be shaded since it receives the morning sun.

However, he building that receives its sunlight from the westfacade,has the
maximum density at the hottest time of the day. In order to make optimum use of the
facades, the angle control of the sun rays must be done correctly with ceaigater

designprogramgYeang, 2012).

At high latitudes, fixedhorizontal shading devices such as the console are very
effective onsouthern facadevindows. However, they have disadvantages because
they work only depending on the height of the sun, regardless of the outside

temperature. Hence, it can block beneficial sunligiwinter.

40



Fixed shading elements have been preferred mobile ones in the past, partly because of
their simplicity, low cost, minimal maintenance, and limitation of human intervention
in some respects. However, these are not as effective as moving carsbyayliimg

buildings facing south.
Movable shading elemeniigs two main advantages;

1. It provides maximum benefit from the sun and can be adapted to external

conditions in order to protect it from glare and excessive heat gain.

2. Shading elements can be turr@tlin winter, in temperate areas, to reduce heat

loss through radiation to the night sky in the building.

In temperate and cold regions, asaptive facades required, in residential buildings
allowing the sun penetration through the windows to heahthgor space in winter,

in offices reducing glare, and to reduce heat gain in the summer.

Furthermore, smart facadegerate with automatic angle control, which is affected by

the outside temperature value and the ray. In case of the occurrence ofeghwant
external heat gains, the shutters are positioned steeper than the periods when passive
solar gains can be used to reduce energy costs in heating. Therefore, angle control is
an important factor in terms of total solar energy transi#arather importahfactor

is the type of glass used and the air gap between glass which is separatitegitire

space from the outsiq& eang, 2012).

Table 2.6: Facadeshading Element Per Orientatifvieang, 2012)

FacadeOrientdion  Horizontalshading elemen Vertical shading element

North Not usful Recommended

South Reconmended Not useful
East Possible Reconmended
West Possilbe Reconmended
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1 Self-Shading Glass:

Fixed shading elements have been prefeoreet mobile mes in the past, partly
because of their simplicity, low cost, minimal maintenance, and limitation of
human intervention in some respects. However, these are not as effective as

moving canopy in shading buildings facing so(eang, 2012).

MNarndad
horizontal

overnang

Drop the __;;,ss-

Image 2.24: Window Shading Type¢Url-14).

2.7.3.2. FacaddéDesign Features Within Natural Ventilation Parameters

Natural ventilation is the replacement of usednath fresh air or outside air.
The natural ventilation conditn® occurring in the volumes are related to the features
of the natural ventilation system and external climatic conditions. Air flows occur due
to atmospheric pressure differences. Density differences lead to atmospheric pressure
differences and temperatudifferences lead to density differences between air masses.
The direction of the air flows determines the location of the pressure zones and the
speed of the pressure difference amo(Demircan& Gultekin, 2015%.
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Natural ventilation advantages &f&eneral Directorate of Energy
A Op e and madintenance costs are low.

A Reduces environment al sphechuseuit redoaces a n d

fossitbased energy consumption.
A 1t requires | ess s paadeeergydisiutienaspets.of i n
Alt can be controlled by users.

1 Natural Ventilation, Wind Effect:

Natural ventilation has a major i mpact o
the pressure change created by the wind, without using any mechanical equipment,
natuml ventilation takes place when the air esitee openings of the building such as

doors and windows, and provides fresh air to the indoor spaces. This method is mostly
applied in countries with moderate climatic conditions. In countries with hot, cald an

desert climate, natural ventilation is effective when applied together with mechanical

systems.

How to provide natural ventilation in higise buildings should be handled at the
design stage and it should be aimed to ventilate the building as a whokralyy, the
designs are naturally ventilated by using atriums;akyrtyardswindows that can be
opened and closedentilation chimneys, air inlegutlet ducts and fans. The most
important point to be considered when creating apaimeable buildinghell is the

control of the fresh air inlet.

In case the wind flow is perpendicular to the facade, it has the effect of pushing the
facade panels inward and in the case of parallel coming outwards. Therefore, when
designing faade systems, it should bepedle of balancing these internal and external
pressure Besides, variable wind loads such as cut winds and storms have compelling
effects for structures anddade systems of buildings. The buzzing and noise sound
caused by the wind have negative effemtsthe health and comfort of the users.
Therefore, facade design should be considered in a way that prevents the entrance of
extern&noise into the interior spageK & & Seaictik, 2016)
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T Wind Power:

As a result of the integration of wind turbines into high structures, which convert the
kinetic energy of the wind into mechanical energy and then into electrical energy, a
significant amount of energy production iopided. Three wind turbines, 29 meters
long, in the middle of the Bahrain World Trade Center in Manéimage 225-27),

were operated for the first time on April 8, 2008-18%6 of the building electricity
needs are expected to be met by these turljethrie, 2008)this complex which

Consists of a 24@neter high twin tower was designed by British architeat Wright,
maki ng i tsfirst skgscapeo with ids@wn wind turbineg K € & sSeélduk,
2016.

.,;,‘ - L‘:" Bty 1 4 i m‘ =

Image 2.25: BahrainWorld Image 2.26: BahrainWorld Image 2.27: Bahrain World

Trade Center, Tom Wright Trade Center, Tom Wright Trade Centerwind Power
(Url-15). (Url-16). (Url-17).

9 Skylight system (Ventilation)

1 Sky-Courtyards:
Sky-courtyards are formed by retracting on the facades, balconies, or

withdrawing several floors togethar order to protect against the undesired
effects of the sun in high buildingSky-courtyards provid natural ventilation
throughthe building. In the skycourtyard design, the speed of the dominant
wind should be kept at a level that will maipair thecomfort oftheusef Ké a s é f
& Selguk, 2016)
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1 Atriums:

The atrium is the name given to the spaces inside the building. In order to
provide natural ventilation, the spaces are maintained along the height of the
building and the upper part is not completely closad é & Sek;uk, 2016)

Swiss Re Headquarter@mage 228-29), designed by Norman Foster &
Partners in London, can be given as an example for the atrium usage, its floor
plans are placed on top of each other by rotating 5 degrees on each floor. Thus,
6 spaces were adihed on each floor and spisthaped atria were created
throughout the building. These atriums direct the hot air inside the building
upwards with the chimney effect in the summer months and reduce the heating

load of the building by creating a greenhowsdtect in the winter months.

Besides, these atriums contribute totlaéural light of the workplacggs K € a s € f
& Selguk, 201%H

Image 2.28: Swiss Re
Headquarters, Norman Foster
(Url-18).

Image 2.29: Swiss Re Headquarteientilation System
(Url-19).
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1 Ventilation At Double-Skin FacadeSystem

Doubleskin facaddormed by exterior and interior two facade tyfesage 28). The

second facade layén the system allows windows to be opened on the upper floors,
despite the strong wind pressure in higde buildings. Thus, natural ventilation of the

of fice significantly contributes to the
Double skinfacades are examined within three groups of ventilation; naturally
ventilated, mechanically ventilated and mixed ventilated. Naturally ventilated facade
systems are directed to the interior by taking advantage of the air praasiinie.
naturally ventilatedoubleskin facadesystems, the air gap created between the two
shells creates a chimney effect and natural ventilation of the interior is provided by
designing openable windows in the inner shell. The vents in the outer shell are closed
in winter and thanterior space is insulated which contributes to the heating of the
interior spaces, while the building can be passively coolelédng it open in the
summer.On the other hand, mechanically ventilaoubleskin facadesystems are
provided with HVACsystems placed under the floor or ceiling, and fresh air and dirty
air are absorbed. While the air taken from the inner shell to the intermediate space rises
to the other floors of the mechanical vehicles, it is expelled thrtheghrillesin the

outer slell. In mixed systems, both natural and mechanical ventilation systems are
used together. In cases where the natural ventilation system is not enough, the
mechanical system is activat@eren, 2019).

1 Vertical Shading Element:

Vertical shading element{émage 230) are not preferred for ventilation, it prevents
the wind flow and causes an asymmetric ventilation schema due to its vertical

orientation at the building facade. Thus increases the pressure on the facade.
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Image 2.30; Vertical Shading Elemer{Url-20).

1 Wing Wall-Wind Scoop

Wing walls are lowenergy vehicles designed to retain the wind through the interior of
the building with the help of a fin on the front. Its purpose is to increase the airflow
per hour, thereby creating comfortable indoor conditions similar to the effect of a
ceiling fan. While the wind scoop is placed in the dominant wind direction and benefits
from positive pressure, the wind tower air vent is placed in the opposite direction of
the dominant wind, benefiting from negativegsure and the opposite airflo@avka,
2015).

Image 2.31: The Bioclimatic Tower of Singapore, Ken Yeang (2t).
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1 Openable Windows:

Windows that can be openadd closed at the higise buildings, providing natural
ventilation to the building occupants. For example, in the caB®wlble skin facade

design, the interior shell may include openable windows even at high levels.
91 Natural Ventilation Grills:

It is the last element of a ventilation system. They are the elements that ensure the

supply of the incoming feed or the used air.
General expectations from culverts @4EGEP, 2008)
- Providing the required airflow,

-Providing the spread of air in the place,

-No disturbing air currents

-Sending the air directly to the collecting grilles,

-No noise.

-Providing proper architectural design and aesthetics.

Image 2.32: Istanbul Sapphire TowgFacade Natural Venttion Grill (Url-22).
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f VerticalLandscape EI ¢ammdaet s Kn The

Biologically, the leaf is an effective solar collector. The vertical landscape can shade
the interior and exterior walls of the building and minimize external glare and glare
within the bulding. Apart from the role of organic balancing, vertical landscaping also
serves to reduce the urban heat island effect and to reduce the temperatures
surrounding buildings as part of the passive design tédds, they provide natural

ventilation throgh the building and suppoairflow within the building.

Image 2.33: Vertical Landscape Elementdrl-23).

2.7.3.3. Facade DesigkreaturedVithin Material Parameters
Architects have a responsibility to use materials wisely and our future
structures will need to be designed using as efficiengwable resources as possible.
In addition to taking care of the source from which the material is obtained, the
architect is increasingly required to explore ways to handle the innovative architecture

with the material to end up with sustainable architex
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This ensures a building to be thermally efficient (it may mean combining materials, so
less oil is required to heat the building) or ensures the consideration of materials and

building structures in different contexts for recycling or reuse.

The emegence and development éémard materials that respond to different

impulses also change the design possibilities of the arcffactlly, 2017.
1 Natural Materials:

The sustainable approach in construction involves the use of natural materials,
obtainal from local sources, which can be easily reproduced (Ex. using reeds to cover

the roof).
1 NewUsesof Old Materials:

Recycled materials are an important issue tottaig. a contemporary architectural
concept that includes artificial, protruding, or reusederials, from steel construction
to brick walls.

1 Smart Materials:

The properties of smart materials may vary in response to changes in external stimuli.

For example, their form or color may change due to exposure to heat or light.
9 LuminescentMaterials:

These materials can emit lights of different colorsgpogrammed according to sound

or other criteria as a result of electronic stimuli.
M Biomimetic Materials:

These materials have been developed for use in buildings, but they mimic the
properties of therganic world or the plant world. As an example, it could be a material

that changes its color (such as a chameleon) to suit its surroundings.
1 Nanomaterials:

These humamade materials are available on a microscopic scale and have been
developed to varyaording to specific conditions. For example, a wall can become
visible by reflecting light through the use of thousands of electrical circuits embedded
in it.
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9 Living Carriers:

Living structures offer both the innovative and sustainable building optiotiseof
future. For example, @diving wallo may carry out the usual functions such as carrying
a load of a multiayered structure, as well as one of the layers that can support plant

growth. that is, the struate will flived and grow in time.
1 Local Material:

The need to consider the sources of building materials is becoming more and more
important. Materials must be obtained from sources close to the building sitade red

fuel use in transportation.
1 Recycling andReuse:

The most sustainable way of buildirtonstruction is to reduce the amount of raw
material usage, so recycled glass, steel and concrete are all practical options for the
architect against the consumption of raw materials. For example, Japanese architect
Shigeru Bardesigned a grid shell car system using cardboard tubes as carriers
(Farrelly, 2017).

Image 2.34: Paper Arbor, lMgoya, Japan, 1989, Shigeru Bal-24).
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Image2.35: Ap ol  Ofilding-clekartd,undonesia, Shigeru Bgurl-25).

2.7.4.Examples of Energy EfficientBuildings

Accordingly, optical and thermophysical properties of the building envelope
are important for energgfficient building design. Optical and thermophysical
properties are the determinants of the amount of heat gained and lost from the unit area
of the building envelope by the effects of outside temperature and solar radiation. The
internal environmental climatic condition and making heating and air conditioning
loads vary depending on the total amount of heat gainedoahdfom the building
envebpe(Demircan& Gultekin, 2015%.

Mor eover, L o ® dtobah eponanty; Dueotal theyintreasing awareness of
scarce energy resources, architects who take the principle of designing a sustainable
future, which has become a clear necessity, draw attenfite famous Malaysian
architect Ken Yeang has adopted the principle of creating a design input that will
ensure the continuity between the architectural form and climate. He has signed many
high-rise buildng projects in this directioh Sar €., 2016
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National Commercial Bank:

Accordingly, the first skyscraper 8audi ArabiaNational Commercial Banfmage
2.36-37), which was completed in 1983, designed by architect Gordon Bunshaft, a
partner of SOM architecture firm, can be given agxample for higkrise buildings

designed by adapting the climate of their environment.

Image 2.37: National Commercial Bankeddah(Mahmoud Elbelkasy 2016)

In this office building, the architect has applied a triangular plan scheme inspired by
the courtyard houses of the Arabian Peninsula. He placed offices on both sides of the
triangle and a skgourtyard on the other. Office spaces change twice through height.
The gaps in between are used as@&kyrtyards and natural movement is provided
with the effect of a chimney in the vertical. At the same time, it acts as a heat and solar
buffer against th desert heat by placing the vertical structural elements (service core)
on the facade of the building. Thus, a great reduction in ventilation costs can be
achieved by reducing the heat in the inte(idk € & Sdctik, 201%
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9 Pearl River Tower:

The 7%storey and 309.6 m high Pearl River Tower (20{ltnage 238) stands out
among the most energpfficient buildings in the world. The structure designed by
Gordon Gill from Skidmore, Owings and kg, besides not only saving energy with
passive methods baiso actively generating energy are the outstanding features at
first glance. It is expected to generate 1% of the electrical energy with 4 small scale,
vertical axis wind turbines with 10000 kWh/y power placed in the crevices on the mass
of the building.Since the wind speed in Guangzhou is an average of 4 m/s and it is not
possible to operate the wind turbines effectively, the airflow is increased to 8 m/s with
the negative pressure formed on2lseuthern side parallel to the wind. According to
the resuts of modeling and wind tunnel tests, this method will provide 15 times more

electrical energy than a staatbne, equivalersized conventional turbine.

Image 2.38: Pearl River Kulesi, GuangzhquS e v , Bakar eér , 2011)

In addition to wind power, a number of active energy strategies were also used in the
building. In addition to the thin film PV cells integrated into the 1500 m&sgié the

top of the mass, the 1500 m2 PV cells placed on the fixed solar screen on the west
facade will produce 2% of the required electrical energy with a total capacity of 300
000 kWh. In this office tower, which is exposed to the effects of the tiofuca a

double shell facade system is also designed to reduce the cooling load and energy

consumption of mechanical systems. The outer layer is made €& logated and
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insulated double glass, the inner layer is made of single glass, and when thkaair in t
middle layer gets too hot with the effect of the sun, it is thrown out with fans from the
spaces at each floor level without affecting the interior spaces. Under normal
conditions, natural air taken into the intermediate space is directed to mechanical
floors, where it is conditioned and delivered to the interior. In addition to utilizing
natural light indoors, there are automatic shading elements integrated iButbie

skin facadeand acting sensitive to sunlight in order to prewatar heating ééct and
glare(Sev& Bakar ér, 2011)

1 Menara Mesiniaga Building:

Menara Mesiniaga Buildingmage 239) in Kuala Lumpur, Malaysia, the building
designed by T.R. Hamzah and Ken Yeang; It is aimed to make maximum use of natural
light and provide passive h@aj-cooling by directing it to the sufhe concept, which

is based on the vertical landscape in the building design, starts from the ground floor
of the building and continues up to the top level with the rotatingcekytyards on

the building facad€éBegec& Hamidabagd2019

Image 2.39: Menara Mesiniaga Blding, Kuala Lumpur, Ken Yean(lUrl-27).

55



3. CASE STUDY: EXAM INATION OF FACADE ELEMENTS OF
SKYSCRAPERS BULT AFTER 2000SIN BUYUKDERE
AVENUE

Within this chapter, facades of skyscrapers, built afier2000s at Buyukdere
Avenue will be investigated in terms of the three categories of sustainable facade
design (surdaylight, natural ventilation, and materials) that have been explained

within the literature review done.

However, it was mentioned throutfte study, that sustainable building design should
takk 1 nt o consi dsednateisunnpath, dominant evind, @amd docal

materials, etc.

Istanbul is located at the northern half of the eath61.96km north of the equator.
The summers of lanbul are generally hot and dry, @hdwinters are rainy and warm
(Url-28).

It is affected by the Mediterranean, Black Sea, Balkan and Anatolian climates. In
winter, it is influenced by warm lodos which corfrem the Mediterranean and the
rainy weatherrom the Balkans or from the Black Sea (129).

In general, there are two dominant wind directions in Istanbul. The first, one called
Poyraz which comes from thiorth-east, and the second one called Lodos which
comes from th&outhwest direction(Url-30).
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3.1. BUYUKDEREAVENUE AND ITS HISTORY OF SKYSCRAPERS
BuyukdereAvenueis located at 41.078487 latitudes and 29.012815 longitudes. It

is connected to Levent as a Neighborhood and Besiktas as a (li#tr-H88).

Buyukdere Avenue is a major pathttmans through the districts &§ar ey er ( Ma s |
quarter), Besiktas (Levequarter), and Sisli (Esentepe quarter) on the European side

of Istanbul, Turkey. The road passes through the following places, it starts at Sisli
Mosque and flows in an eastward direction partially under the bridge of thecityner
motorway Q1 within Meddiyekoy, Esentepe until entering Zincirlikuyu; where it

meets with Barbaros Boulevard and turns northward passiogMadak, Sanayi
Mahall esi, Levent and by the Fatih For es
Saréeyer neighborhood border. The total I
Zincirlikuyu to Maslak, it creates a borderline between the regions of Besikiias
westandKag hane in the east. |t is ndsmned afte
where it connects t@By the choice of Emlak Kredi Bank for a mass housing project

in 1947, Levent has taken its current form. Many sites and housing prgretbuilt

in the region, after this project. After 1980, skyscrapers and business centers were built
(Url-34).

After these developments, Levent in the globalization process has been positioned as
| st asnGenitrbl Business District. Levent started exdme a commercial and
financial center instead of a residential settlement. While the value of the plots has
been increasing, skyscrapers and business centers have been buiiGennts

Os ma n o] l).0he ddiritibn6of Central Busined3istrict, briefly called CH,

are the centers of big cities and places with high trade density. In zoning plans, they

are defined as the area reserved for soaltural and commercial structurégri-35).

Before being named as the Central Busiri@issrict of Istanbul, Levent was an area
with a population of about 2000, which was accepted outside of Istanbul in the 1950s,
without a settlement around(tGe & Og manoj | u, 2016) .

In the 1960s, itvas developed with 102-storey, multiapartment luxury apartments
and sites built by private individuals and cooperati@sksué& pilehvarian, 2019

With the increase in the presence of pharmaceutical factories;srakdlindustrial
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establishments andommercial communications in this region, accordingly, the
number of slums increased, and Levent has become an urban settlement. In the 1970s,

it was a place between slums and luxury buildihgé e & IOl mano ] | ut, 2016
continued its development in 198990 and started to take its current fqBdksu&

pilehvarian, 2019

Image 3.3: Buyukdere Avenue, 1966 Image 3.4: Buyukdere Avenue, T3 (Url-36).
(Url-36).

There was a serious change in the Levent region in the 1980s. With the opening of
Fatih Sultan Mehmet Bridge in 1983, the Central Busim¥sgict shifted toward
Leventdistricts, wtere the Bosphorus Bridgel@scated
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Image 3.7: Buyukdere Avenue, 201@Jrl-36). Image 3.8: Buyukdere Avenue, 201@rl-36).
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In the parts of the neighborhood overlookingyBkdere Avenue, large conglomerates
and Kyscrapers have been buiBabanci Center Towers, built in 198993, ands

Bank Towers, built in 1992000, are among the first skyscrapers of the region.
BuyukdereAvenue which has turned into a Central Business Area, has changed the
Istanbul silhoudée with its skyscrapers Ge & O ma n o] | Anothe? i@dsd) .
why these skyscrapers started to be built apuBdereAvenueis that the automotive

andfinancial sector, which was on the rise in the 80s, was looking for an unlimited

area for cheap and zoning rights.

Image3.9: | st asrsithouktt@(Url-37).

This region was determined asuBukdere Axis and was used for many skyscrapers.

Since it did not have an identity like thistorical Peninsula it was not thought that it

could affect the Istanbul silhouette as much as it is toQaythe other hand, Some
opinionsar gue that | stanbul ds Business Distr,]
does not ruin the Istanbul silhouetkdowever, since Buyukdere Avenue is currently

the Central business district of Istanbul, some skyscrapans be built there.
Therefore, ths field has been chosen for the thesis study and a proposal has been
presented in accordance withGompanies that want to take part in developing sectors

and international platforms have preferred modern rstdtiey buildings, which are
examples in thevorld, instead of the buildings in the old and inadequate Historical
PeninsulqUrl-38). Factories located in the region, which started to attract the attention

of investors, have left their places to skyscrapers. As an example to these; Tekfen Bulb
Facto y has turned into Tekfen Tower ,s& Phil
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Pharmaceutical Factory into Kanyon, Deva Pharmaceutical Factory into Zorlu Office
and Roche Pharmaceutical Factory @tmlilek Park. It was taken as the second center

in the 194 Master Plan. In this process, foreign bank branches, large conglomerates,
international companies and many other companies took their place here. Other
important decisionsvere taken in this master pldoksu & pilehvarian, 201
Buyukdere Avenue after the 1980s, has become the most important Secondary
Business Center in Istanbul, as it connects TakSidi, Mecidiyekoy, Zincirlikuyu,
Maslak, Levent and Esentepe, which are important centéstaabul. It is connected

al so to Kavacék and Altunizade, which ar e
the bridges. Its connection with the world has been through London Asphalt / E5
highway / TEM, which provides connection to Atk Airport (Torcu, cited byGoksu

& pilehvarian, 2019 Although the main use of the region was industrial until the
1990s, it became a trade management center with the fact thatiexpercent of
Istanbul offices were located in TaksimuyBkdereMaslak and Bsktas towards
2000s( B a y r a aitexd phyGiksu& pilehvarian, 2019

With the change of lifestyles, the existing settlements tledir place to the new
luxurious residential areas, residences, entertainment centers and shopping centers.
The first residence in Turkey, whietas constructed in 1993, is Akmerkez in Etiler.
After the first example, many different shopping centers, shoppingresadlence
projects were built in the region, such as Kanyon@mndilek projectsin the 1/5000

scale Baktasback view and affectedea plan, dated at 1991, it has been decided that
Buyukdere Avenue is a residential settlement and can be used as a commercial trade
area for tourism upon request. This decision has changed rapidly with the increasing
business centers and structures in Blegiktas, Levent, MaslakBuyukdere axis. It

turned into a business and entertainment center instead of a residen{iatdieamez

cited byGoksu& pilehvarian, 2019

An important reason for the banking and financietters to switch taviaslak
Buyukdere-Zincirlikuyu axis is the move of the Istanbul Stock Exchange to Istinye in
1995. It has become a center of attraction with the request of many sectors that wanted
to be in this regioifTorcu, cited byG6ksu& pilehvarian, 201p In the 2000s, besides

being a financial center, and with the developing world, it has become a center with
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luxury residences, meets the changing demands of people, and helps them reach all
they want. In the 1/100.000 Scale Istanbul Environmental Plan, completed in 2006,
Buyukdere Avenue remained as @B It has been observed that in 2010 and
afterwards, new shopping centers, plazas and residential areas pandezivith the

exparsionof transportation infrastructu&oksué& pilehvarian, 2019

3.2.EXAMINATION METHODOLOGY AND CLASSFICATION

Within the theoretical part of th&tudy,the role of the building facade design in
reducing energy consumption by following the sustainable design criteria was
emphasized.
The following criteria were taken into consideration while choosing thetates to
be evaluated,
High-rise buildings located at Buyukdere Avenue, built or finished construction after
the 2000s (2t century). Highrise buildings with office and/or residential functions.
High-rise buildings of 22 floors and above and highent®m.
Furthermore, selectdudgh-rise buildings were evaluad withinsunrdaylight, natural
ventilation, and material categorjés terms of sustainable facade desgstems. To
make the evaluation, thirty parameters were selagtddr the relevant aagories.
Data collectingwas completedwvith mixedmethod by contacting thb ui | sdi ng o
relevant companies, scanning resources, and examining the buildings with bare eyes.
investigating the articles, magazines, newspapers, and research papers, etc. that
provide information about the building. Also by reviewing the website of the building,
and the authorized companies such as (The firm of the architectural offices that
designed the building, the facade manufacturers company, etc.).
The evaluation will be donaccording to the scoring systeshown at(Table 3.1),
created by the researcher to extract the percentages and values that achieved in the
buildings,it will proceed as follows;
Firstly, every building will be investigated separately within the seleceahpeters.
Each parameter will be equalized to 2 points, thus each building will be evaluated
within the related parameters total score. In case of the parameter completely occurred,

the building score per parameter will be counted over 2. Otherwisegcdhe &f the
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parameter will be counted over 0. Besides, if the building fulfills half of the parameter

condition/s it will get 1 point over 2.

Table 3.1: Evaluatbn Scomg System

SCORING SYSTEM EXPLANATION

In case of the parametepmpletely occurred, the building score

parameter will be counted over 2.

If the building fulfills half of the parameter catidn/s it will get 1 point

over 2.

In case of the parameter wa®t occurred, the building score p

parameter will be counted over

As a result of this scoring, evaluation tables and charts will be extracted. Finally, the
evaluation will end withconsideration percentage per each parameter and per each
high-rise building. As a result, the sustainable facade design criteria consideration
percentile, which was explained within the thesis scope will be obtained. Ending up

with a suggestion of sustainla skyscraper facade design for Buyukdere Avenue.
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3.3.EXAMINED HIGH-RISE BUILDINGS AT BUYUKDERE AVENUE

High-rise buildings facades will be evaluated within the parameters shown at

the (Table 32-3) below:

Table 3.2: Evaluation Parametefisable

facade

Category | No Parameter Explanation Ref. Page
. The facade should be as light-colored as possible to alleviate overall air
Surface color of L .
. conditioning loads and reduce the heat island effect. The effect of
P1 |the facade (Light- . . . 38
Dark) absorbing the sun on the light-colored surfaces is lower than the dark-
colored surfaces, so light tones should be preferred on the facades.
P2 'wy;s,::::m‘r" Windows that have vertical or horizontal self-shading elements. 44
PLLIAN
3 | Continuous Glass Due to its large transparent surface, is bcu_cr than the strip window in 18
terms of daylight inlet
Double-Skin Facade System are the energy-saving facade systems that
P4 DSF are arranged in different ways by leaving a space called an air corridor 39
: between two facade shells between 20cm and 2m. Providing shading
and natural ventilation
(Heat controlled glass) By using Low Emission Glass, which radiates
Low-E coated . o L
P5 Glass heat, heat can be prevented from entering the building and absorbing it 39
T by the surface it hits on.
The reflective glass does not absorb the sun's heating rays inside the
P6 | Reflective glass bylldlngs, Reflective glas§ can be -parucularly useful on wlcslcm f'flcadcs 19
in case of heat recovery is undesirable and external shading use is not
physically possible.
P7 Insulation Heat, water and noise insulations, etc. 40
skylight system to | The usage of Sky-courtyards, Atriums, etc. increases the inlet of the
P8|." - . . . . . g 40-41
- increase daylight | daylight. Besides, provide shading for the relevant part of the building.
-
Y
E It is necessary to apply a number of vertical sun shading types,
= West-East facade | especially at the building’s hot surfaces such as eastern and western
s P9 shading el facad i i he brighi d quality of the ligh 42-43-44
= shading element acades, paying attention to the brightness and quality of the light
= tering th .
E‘ entering the space
= Lo
é'l’ P10 'Z:::i:ﬁ:ﬂ:g At the western facade the usage of »:crticn] shading clements is 474344
g preferable than horizontal one
= western facade
@
Horizontal
shading element At the southern facade the usage of horizontal shading elements is
P11 . 42-43-44
at the southern preferable than vertical one
SJacade
. Sun . Does the solar path taken into consideration in the north? (At the
consideration at . . :
P12 the North northern facade the usage of vertical shading elements is preferable than | 42-43-44
(Vertical) horizontal one).
Sun Does the solar path taken into consideration in the south? (At the
consideration at | southern facade the usage of horizontal shading elements is preferable
P13 , X . . = . . 42-43-44
the South than vertical one / Using a shading element inside, outside or in the
(Horizontal) middle / using a double facade system / Increase transparent surface).
5 Does the solar path taken into consideration in the east? (At the eastern
Sun . . .
consideration at facade the usage of vertical shading elements is preferable than
P14 lrhe East horizontal one / Using a shading element inside, outside or in the middle | 42-43-44
L I Using L
(Vertical) Using a double facade system). Shading is necessary on the eastern
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Table 3.3: Evaluation Parameters Talfléontinues).

Sun Does the solar path taken into consideration in the west? (At the western
consideration at facade the usage of vertical shading elements is preferable than
P15 . . . . ) . 42-43-44
the West horizontal one / Using a shading element inside, outside or in the
(Vertical) middle). Shading should be provided on the western facade
Natural Natural ventilation allows fresh air to enter the interior spaces (Ex. air
P16 e holes in double-skinned facades / fresh air entering the ground floor and 45
Ventilation . .
cvacuating from the roof when the air gets hot).
P17 Skylight system Sky-courtyards, Atriums, etc. function as a wind bucket, which 47
(Ventilation) ventilates the interior of the building (Increases natural ventilation).
P18 Natural Allowing Fresh air to Penetrate inside, providing natural ventilation to 50
ventilation Grilles the building. i
Usage of wind turbines at high structures, which convert the kinetic
P19| Wind Power energy of the wind into mechanical energy and then into electrical 46
energy, providing energy to the building.
No Vertical . . . o
P20 . Vertical shading element usage is not preferred for ventilation 49
e shading element
@ n . . . . .
E P21 Wing Wall Wing wall that pr.owd.cs n_al.ural vcnqlauon by detecting the wind and 49
g directing it into special balcony zones
= Allowing fresh air to get inside the high-rise building presenting natural
A Openable L . . . -
= P22 , ventilation and Fresh air to the occupants, reducing the sick building 50
i Windows
< syndrome.
£ . The vertical landscape can shade the interior and exterior walls of the
s Vertical o L L .
> landscane building and minimize external glare and glare within the building. Also
= P23 ) .P serves to reduce the urban heat island effect and to reduce the 51
= elements in the . o . e
g temperatures surrounding buildings. Besides, providing natural
= Facade I
z. ventilation.
Wind ) . ) . \ i
. i Does the wind taken into consideration in the north? (Natural ventilation
P24\ consideration at system, Double Skinned Facade, Wing Wall, Wind test, etc.) 3
the North Y ’ ! e ’ T
Wind . . . - . -
. i Does the wind taken into consideration in the south? (Natural ventilation
P25| consideration at . , . 45
) system, Double Skinned Facade, Wing Wall, Wind test, etc.)
the South
Wind . . . . \ A
26| consideration at Does the wind taken into consideration in the east? (Natural ventilation 45
il i AY gl N . . &
system, Double Skinned Facade, Wing Wall, Wind test, etc.)
the East
Wind . . . L , o
227 consideration at Does the wind taken into consideration in the west? (Natural ventilation 45
’ system, Double Skinned Facade, Wing Wall, Wind test, etc.) .
the West
Property of the facade Property 0[’!11(: material usc<'i in the facade (Rccyclul:!lc material, dur{.xb]c
material and low-maintenance material, fast renewable material, energy-efficient | 52-53-54
E material, long-life material, local material, etc.)
R4
2 Materials must be obtained from sources close to the building site to
g P28| Local Material . . g 45
£ reduce fuel use in transportation.
= y e ad . .
A The most sustainable way of building construction is to reduce the
| . Recyclable . . .
= P29 Materials amount of raw material usage, so recyclable are all practical options for 54
g ) the architect against the consumption of raw materials
= Environmentally | Architects have a responsibility to use materials wisely and our future
P30 Friendly structures will need to be designed using as efficient, renewable 53
Materials resources as possible.
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3.3.1.Istanbul Sapphire Tower

1. ISTANBUL SAPPHIRE TOWER
Const. Date 20062010
Architect Tabanl éeofjlu
_— Residential Retail
Building Func. (Mixed-Use)
Facade Schiico
Company
1 CTBUH Awards.
. 1 Best Tall Building
Certificates Europe 2011 Award of
Excellerce
Arch. height 261 M
Floors (a.gr.) 55 Floor

Materials used

Reinforced Concrete +

(general) Steel
Glass Curtain wall/
Facade DoubleSkinned Facade
Al Schiico- ASS50/ASS
70.HI -Automatic Series
1 4™tallestin Istanbli
T 1t i s tdfiesteological skysgrdper.
1 The building is especially focused on the height and
. climatic structure as the main features of the project.
Building
Features 1 It was Istanbul's and Turkey's tallest skyscraper between
and 2016, and the™4tallest building in Europe when i
construction was completed in 2010.
f As of 2019, Istanbul Sapphire is th# tallest skyscraper i

Istanbul and Turkey.
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Image 3.11: Istanbul Sapphire'sé€ade(Url-24).

Image 3.13: Istanbul Sappihé Double Skinned
FacadeSystem(Url-59).

Image 3.15: Istanbul Sapphire Double Skinnec
FacadeEastern Facade, (Ug4).

Image 3.12: Istanbul Sapphir&astern Facade
(Url-24).

Image 3.14: Istarbul Sapphire's Vertical
GardengUrl-24).

Image 3.16: Istanbul Sapphire'S€urtain
System(Url-59).
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