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SURDURULEBILIRLIK KAPSAMINDA YUKSEK YAPI
CEPHELERININ DEGERLENDIRMESi: BUYUKDERE
CADDESI ORNEGI

ELA AKTA

OZET

21. yiizyilda diinyanin pek ¢ok sehrinde yiiksek katli yapilar insa edilmektedir
ve sayilart glin gectikge artmaktadir. Bu siiregte ¢ozililmesi gereken bazi sorunlar
ortaya ¢ikmaktadir.Yiiksek katli yapilar, az katli yapilara gore ¢ok daha fazla enerji
tiketmektedir. Bu enerji tiketimi, siirdiiriilebilir cephe tasarim kriterlerine uyarak
biiylik Olgiide azaltilabilmektedir. Bu yapilarin enerji tiiketimini azaltip verimini
arttirmak i¢in yiiksek katli bir yapi tasarlanirken siirdiiriilebilir cephe tasarim kriterleri

dikkate alinmalidir.

Bu tez caligmasinda, Biiyiikdere Caddesi’nde 2000’li yillardan sonra insa
edilen ofis vel/veya konut fonksiyonlu gokdelenlerin cepheleri incelenecektir.
Cepheler, tez kapsaminda vurgulanacak olan siirdiiriilebilir gékdelen cephe tasarim
parametrelerine gore incelenmistir. Ayrica, arastirma giines-giin 15181, dogal
havalandirma ve malzeme katagorilerine odaklanmistir. Katagorilere ait parametreler
belirlenip bina cepheleri hakkinda toplanan verilere, belirtilen parametreler
kapsaminda degerlendirme yapilmistir. Bu sonuglar neticesinde Biiylkdere Caddesi
icin siirdiiriilebilir gokdelen cephe tasarimi i¢in tasarim 6nerisinde bulunulmustur. Son
olarak, toplanan verilerden dikkate alinan parametrelerin yiizdelik sonuglarindan

degerlendirme cizelgeleri ¢ikartilip ¢alisma sonuglandirilmistir.

Anahtar kelimerler; Siirdiiriilebilir cephe tasarimi, Siirdiiriilebilir gékdelen,

Cephe, Enerji tasarruflu cephe, Gokdelen, Enerji tasarruflu gokdelen.



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

ELA AKTA

ABSTRACT

The high-rise buildings are consuming much more energy compared to the low-
rise buildings. This energy consumption can be reduced by following sustainable
facade design criteria. Therefore, sustainable facade design parameters should be
considered while designing a high-rise building in terms of reducing the building's
energy consumption.

This thesis investigated the facades of the office and/or residential functioned
skyscrapers built after the 2000s at Buyukdere Avenue. It studied the facades
according to the sustainable skyscraper facade design parameters, which will be
emphasized within the thesis content. Furthermore, the research focused on sun-
daylight, natural ventilation, and material parameters. Determining a set of parameters
and then evaluating the collected data of the buildings facades features within the
stated parameters. Thereafter, an evaluation chart was constructed from the collected
data having results with the consideration percentile of the parameters, ending up with

a suggestion of sustainable skyscraper facade design for Buyukdere Avenue.

Keywords; Sustainable facade design, Sustainable skyscraper, Facade, Energy

efficient facade, Skyscraper, Energy efficient skyscraper.
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PREFACE

The study investigated the facades of skyscrapers built in the 21% century at
Buyukdere Avenue within the scope of the thesis, in terms of sustainable facade design
parameters. Aiming to determine the sustainable parameters of the examined facades.
Also, the high-rise buildings are consuming much more energy compared to the low-
rise buildings. This energy consumption can be reduced by following sustainable
facade design criteria.

In general, | was interested in concepts such as skyscrapers, sustainability, ecology,
and eco-material. Thus, | chose this thesis topic to improve my knowledge, and | really
gained very beneficial information while researching the thesis. During the research, |
became more interested in skyscraper facade designs, and | also observed in detail how
important the facade design is to the building. While writing the thesis, my aim was to

raise awareness on this subject.
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. Air Changes Per Hour

: Carbon dioxide
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: Kilo Gram Per Meter
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1. INTRODUCTION

In the 21% century, the skyscraper construction which originated in the 1880s,
increased rapidly in Turkey in general and in Istanbul especially. Therefore, the energy
consumption of the building leads to environmental harm. According to Ayaz (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 buildings located in built environments (Ayaz, 2002, cited 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 environment. The first steps 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 stage. However, according to Tekeli and Atov (2017), as
they mentioned at their Sustainable Society and Built Environment (Strdurulebilir
Toplum ve Yapili Cevre) book, people show the tendency to over-consumption mostly
in buildings (Tekeli & Atdv, 2017, p.59).

According to Alakavuk et. al. (2015), approximately 33% of the energy consumed in
buildings. 70% of the energy spent on buildings is spent on heating and cooling.
However, according to the research done in the literature review, the well designed
building facade has an important role at reducing the energy consumption of the
building (Alakavuk et.al., 2015).

Buyukdere Avenue is located at the Levent district. Levent in the globalization process
has been positioned as Istanbul’s Central Business District and started to become a
commercial and financial center. Due to its location and due to the density of the
skyscrapers settlements in this area, 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 sun-daylight, natural ventilation and material

categories, within the sustainable facade design parameters determined.



Resulting with the consideration percentile of the sustainable facade design criteria,
which was explained within the thesis scope. Ending up with a suggestion of

sustainable skyscraper facade design for Buyukdere Avenue.

1.1. LITERATURE REVIEW

In the 21% century, sustainability criteria gained huge importance in the construction
industry. The foundation of sustainable development dates back to the 1970s. The
Human and Environment Conference, which was established 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 at this conference
(Karakurt, 2019).

The first official definition of the concept of sustainable development was made in Our
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 as “Humanity can sustain development by providing daily
needs without compromising the ability of nature to respond to the needs of future
generations” (Brundtland, 1987).

Furthermore, the basis of human-induced climate change was developed by scientists
from the 19" 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 CO- gas in the atmosphere would cause an increase in the
average temperature of the planet by about 5°C, which is one of the main reasons that
causes the global warming (Sachs. 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 environment is polluted in a way that will affect the living

conditions of the next generations (Kahraman, 2015).

Thereupon, to improve the built environment, it is necessary to select the components
of the built environment in a way that the building materials do not harm the

environment (Kahraman, 2015).



Skyscraper terminology was first used in the 1880s with the construction of 10-20
storey buildings in the USA. The technological developments brought by the industrial
revolution, which coincided towards the end of the 19" century, had an obvious effect
on the construction of high-rise buildings. As well as advances in building design and
the construction industry, enabled multi-storey buildings to be built. The production
of modern steel, the invention of the elevator, reinforced concrete building material,
the telephone, water pump, central heating systems are the 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 19" century. For this reason, the names given to such buildings mostly
originate from the American Architectural Literature. So, they used terms like
Multistory Structure, High- Rise Building, Tall Building, Skyscraper, Supertall and
Megatall Building (Saglam, 2016).

According to (CTBUH) Council on Tall Buildings and Urban Habitat, high building
lower limit is defined as a minimum of 14 storeys or 50m (165 feet) and buildings
exceeding this limit are considered as high buildings (Url-1). Despite the diversity in
the definition of a high-rise building in various references, according to the German
standards, the building that exceeds 22m is classified as a high-rise building. 12%"
storey and above in the United States, while in Europe and Turkey 10" storey and
above referred to be a high-rise building (Kiasif & Selguk, 2016). Moreover, according
to the criteria of CTBUH: Buildings exceeding 300m (984 feet) are defined as
“supertall buildings” and buildings exceeding 600m (1.968 feet) as “Megatall
Building” (Ur-1).

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 he emphasized that it is the strongest threat to the global society and the planet. In
1997, he designed the world’s first breathable skyscraper, with a green landscape in
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 scope (Url-2).

On the other hand, Elif Karakurt Tosun (2019) described green architecture in her
book, Sustainable Urbanization (Surdurllebilir Kentlesme), as a type of architecture
that is sensitive to energy saving, effectively insulated, utilizing solar rays and using
recyclable materials as much as possible (Karakurt, 2019).

In addition, for centuries, we see that climate is a dominant factor for architects and
architecture all over the world. The shape of the structures has been substantially
influenced by environmental requirements. The building shell defined at Sustainable
building design guide (Siirdiiriilebilir yap1 tasarimi kilavuzu) book by Alakavuk et.al.
(2015) as, the building’s 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. The elements that compose
the building shell are the exterior facades and roof of the building (Alakavuk, et.al.,
2015). This study will focus on the importance of the skyscraper building facade
design, in Buyukdere Avenue, and discuss the appropriate criteria for skyscraper

facade designing.

According to Alakavuk et.al. (2015) they mentioned that throughout the world in
general and Turkey in particular, about 33% of the energy consumed in buildings, 30%
in industry, 19% in transportation, and 18% are used in other areas. Besides, 70% of
the energy consumed on buildings is spent on heating and cooling. In other words, it
is used to keep the interior volume of the spaces in comfort conditions (Alakavuk,
et.al., 2015).

On the other hand, according to the evaluation at the article (General Evaluation of
Energy Outlook in Turkey and The World), 2016 year-end sectoral distribution of
primary energy consumption in Turkey was shown with 24.8% consumed at buildings,
25% at energy, 24.6% at cycle and energy, and 19.4% consumed at transportation (Ko¢
et. al., 2018).



2016 YEAR-END SECTORAL DISTRIBUTION OF
PRIMARY ENERGY CONSUMPTION IN TURKEY

HBuilding ®Industry ®Transport M Cycleand Energy ™ Other

Image 1.1: 2016 Year-End Sectoral Distribution of Primary Energy
Consumption in Turkey (Kog et. al., 2018).

Furthermore, the 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 wastes and gases emitted by the material during the
production process can be called as buried environmental performance (Kahraman, 2015).
Accordingly, it is beneficial to examine the roof and exterior facade elements that form the

building shell, where the heat conduction is the highest.

Ken Yeang, another architect, whose examples and design techniques were beneficial within
the scope of the thesis. He is an architect, ecologist, planner and author from Malaysia, best
known for his ecological architecture and ecomaster plans 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 human. He also mentioned that a well-designed building
shell saves significant energy. He briefly introduced the facade as “An ideal exterior wall

should act as an environmentally friendly filter” (Yeang, 2012).

He stated the main tasks of the facade as; providing natural ventilation, controlling
cross-ventilation, 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 arising between two 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 function like sieve filters

with various parts (Yeang, 2012).

1.2. AIM OF THE STUDY

This study aims to determine the sustainable parameters in the facades designs of the
high-rise buildings examined 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 high-rise buildings are consuming much more energy compared to the low-rise
buildings. This energy consumption can be reduced by following sustainable facade design
criteria.
Sustainable facade design parameters should be considered while designing a high-rise
building in terms of reducing the building’s energy consumption.

1.3. SCOPE AND METHODOLOGY

Scope:

Among the study, the relationship between the high-rise building facade design
and buildings energy consumption was emphasized. Sustainable facade design
methods were discussed within the scope of the thesis, the importance of the
sustainable facade design was emphasized and worldwide high-rise buildings that have
considered the sustainable facade design were given as an example.

The high-rise buildings selected among the scope of the study were evaluated
according to sustainable facade design criteria in terms of sun-daylight, natural
ventilation, and material categories. Evaluation parameters had been determined for
each category and buildings were evaluated within the scope of those parameters.
The main criteria used at the selection of high-rise buildings to be investigated were;

e High-rise buildings located at Buyukdere Avenue.

e Built or finished construction after the 2000s (21% century).

e High-rise buildings with office and/or residential functions.

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



Methodology:

Evaluation parameters were extracted according to sustainable facade design
criteria which have been emphasized within the theoretical part of the thesis. As, 15
parameters for sun-daylight 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 mixed-method was used to
determine the evaluation 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 have been 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 the building’s relevant companies, scanning 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 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 weak and strong aspects of the examined high-rise buildings 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 high-rise buildings were ordered according to their sustainability. Finally,
taking into account the strong aspects of the evaluation results, a proposal has been

made to create a substructure 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 on nature. However, 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 environment to an alarming level (Tekeli
& Atov, 2017). Therefore, it turns out that the lifestyle of consumers harms the balance of
nature, as the amount of consumption has increased despite the decrease in production.
Which led them to find a new system of life. So the term sustainability, which means

continuity, appeared.

2.1. SUSTAINABILITY AND ITS APPEARANCE IN HISTORY

The origin of sustainability goes back to the 1940s. When Buckminster Fuller built the
Dymaxion House and Cyclatron Geodesic Dome as a “self-sustaining” design call, in the
1940s and 1950s. Fuller is an American architect dealing with new forms of technology. His
designs are based on the rule of doing more with less. According to Buckminster’s dictum,
“The imperative is to do more in less”, in case of the demand of producing more energy,
then, the cleanest way to produce that energy should be considered. Because there is a direct
relationship between the pollution that occurred from producing energy and climate change
(Mimarlikta Malzeme, 2012).

Image 2.1: Dymaxion House (Url-3). Image 2.2: Cyclatron Geodesic Dome (Url-4).



Subsequently, local and international organizations held by the United Nations play an
important role in the formation of today’s definition of sustainability. The chronology
of the building blocks related to the growth of the sustainable development approach

is shown in the (Table 2.1) below;

Table 2.1: Chronological Development of the Sustainable Development Approach (Karakurt, 2019).

Human and
Environment
Conference
1972

Our Common
Future Report
1987

World
Protection
Strategy 1982

World Nature
Charter 1982

Delhi
Sustainable
Development
Summit 2016

Antalya Global
Development
Goals 2015

Brussels Summit
2015

Rio + 20
Summit 2012

Sustainable
Development
Commission
1993

Environment
and
Development
Conference 1992

Johannesburg
Summit 2002

Millennium
Summit 2000

However, the first definition of the concept of sustainable development, as used
today, was made in the Common Future Report published in 1987 by the World
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 mention that if the
resources run out, the planet 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 definitions for the term “Sustainability”, but the most
accepted one is the definition of the Brundtland Report (1987), “Sustainable
development means meeting presents requirements without compromising the needs
of future generations” (Brundtland, 1987).

This report also mentioned the three dimensions of sustainability, social, environment
and economy (Image 2.3). The sustainable part is where the three intersect. Therefore,
the “Sustainability” term can not be mentioned without talking about the economy,

social system and the environment (Sorgug, 2009, p. 39).
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Image 2.3: The 3 Pillars of Sustainability (Von Keyserlingk, 2013).

2.2. ECOLOGY AND ITS APPEARANCE IN HISTORY

The term Ecology is defined for the first time by the German biologist Ernst
Haeckel in his book (General Morphology), written in 1866 on philosophy and
resurrection. This new term is derived from the Greek words “Oikos”, and “Logos”.
Which means “Oikos” house, and “Logos” science. Then, it was translated to English

as “Ecology”.

Ecology: (noun) used also as “Oecology” (eco+logy). “It is a living science that deals

with the interrelationships between living things and their environment” (Sevgi, 2015).

Ecology is an approach that treats each entity with its environment and evaluates its
relations with other living things. To indicate 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 the 20" century.

The rapidly expanding and strengthening technological advances 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 creatures (Atici 2002).
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2.2.1. Eco-materials Definition and Classification

Eco-materials were defined by Halada and Yamamoto (2001) at (Modul H)
book as, “Those materials that improve the environment’s perfection during the whole
life cycle with preserving its responsible effectiveness” (Yamamoto et. al.).
Furthermore, in North America and Europe, eco-materials are frequently called

“environmentally-friendly materials” or “environmentally preferable materials”.

On the other hand, according to Professor Yagi, (2002), an eco-material should pass
at least one of ten principal properties compared to traditional materials (Yamamoto
et. al.). These properties are: 1- Energy saving ability, 2- Resource saving ability, 3-
Reusability, 4- Recyclability, 5- Structural reliability, 6- Chemical stability, 7-
Biological safety ability, 8- Substitutability, 9- Amenity, and 10- Cleanability.

Moreover, eco-materials were classified within the sustainability concept, following
these four sustainable principles; 1- Cyclic materials, 2- Materials for ecology and
environmental protection, 3- Materials for society and human health, and 4- Materials
for energy (Yamamoto et. al.). After that, ten sub-categories were extracted from these
four main categories. Sub-categories were like it is shown at (Table 2.2);

Table 2.2: Some Examples Of Eco-Materials Which Are Currently Commercialized In Japan)
(Yamamoto et. al.).

e S e

. Materials for Hazardous free Materials for
== Recycled materials =) X =) ol
waste treatment materials energy efficiency
Renewable Materlfals oy Matferlals fog Materials for
materials = reduction of == reducing human == RN GRS
environment load health impacts
Material for | Materials for easy
efficiency disposal or recycle
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Accordingly, ecological materials are mostly reusable, renewable, or
recyclable/recycled 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, linoleum, straw bales for insulation, polyurethane blocks.

Although bamboo is an environmentally friendly material growing quickly, it is not a
material growing in Turkey. In this case, it is not considered as an eco-material in
Turkey. Thus, it is only ecological in 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 materials also differ for each environment (Aytis &
Polatkan, 2010).

2.3. SUSTAINABLE BUILDING MATERIALS
The sustainability of material is the main component of sustainable
architecture. By adapting the concept of “sustainability”, which aims to protect the
artificial and natural environment by ensuring the continuity of the resources, to the

building materials, the concept of “sustainable building material” comes out.

Sustainable building materials are defined by Orhun (2012) as, “materials 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 phases” (Orhun, 2012).

The energy used and the amount of CO: released into the atmosphere during the
manufacture of a product or service are important indicators in terms of sustainability.

These indicators are defined as follows:

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

material.

Embedded CO2: Defines the amount of CO, (Carbon dioxide) released into the
atmosphere during the production of the material. It is known also as (CO2 emissions

- Carbon emission - Carbon footprint) (Orhun, 2015).
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The concept of sustainability in terms of materials can be divided into two groups:
e Direct acquisition approaches.
e Indirect acquisition approaches.

Direct acquisition approaches:

The approaches that aim to increase the sustainability of building
material/components during the production processes. All sustainability approaches
that reduce the embedded CO> (and hence embedded energy) value in the construction

process of the material or component fall into this group.
Indirect acquisition approaches:

The approaches that aim to increase the sustainability of building in the usage
process by using building material/components in accordance with its nature. All
approaches that take into account the nature of the material to make buildings effective
during the design process are included in this group (Orhun, 2015).

However, according to Shinohara (2004), if any material could fulfill the preconditions
(1) and the required circumstances of eco-materials (1 and/or 2), then it could be an

eco-material (Shinohara, 2004), as it is shown at the (Table 2.3) below;
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Table 2.3: Conceptual Model Of Eco-Materials Within The Context Of Material Science
(Nowosielski et. al., 2007).

o Green resource profile

MATERIALS
«1- Physical, - Minimal environmental
chemical, impact production
electrical...proport process
1es

y

ECO-MATERIALS

*2- Environmental
improvement

«3- 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 to be noted whether the material used in the buildings is in the
immediate vicinity. For example, traditional building techniques and vernacular
structures that used local materials are natural and spontaneous sustainable structures,

as they are completely a product of their environment (Aytis & Polatkan, 2010).

2.4. SUSTAINABLE ARCHITECTURE AND CERTIFICATIONS
The methods of application of the sustainability concept, which is put forward
as a solution proposal for human and environmental health problems, are discussed in

the field of architecture as in many other disciplines.
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Furthermore, Aysin Sev (2009) has defined sustainable architecture as;

“Sustainable architecture is to design buildings that protect the health and comfort of
people, prioritizing the use of renewable 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 existence” (Sev, 2009).

According to Sev (2009), we can gather the principles of sustainable architecture under

three headings;

Resource management principle; It foresees reduction of resource use, reuse and

recycling of resources.

Life-cycle design principle; It enables the analysis of the building’s effects 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: Framework For Evaluating Sustainability Of The Construction Industry (Sev, 2009).

Sustainable Construction Principles and Strategies

[BETEE Life-cycle design Design for human|
management |
Strategies
I
| | | 1
Efficient use of Pre-building Preservation of
energy strategies natural
Efficient use of | Building Conserving
water | strategies cultural resourses
Efficient use of | Post-building Protecting health‘
materials | strategies and comfort ‘
Efficient use of
land
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To design and operate a healthy building environment that holds on ecological
resources, some principles should be considered during the construction and design
process of the building aiming to achieve the basic target of sustainable architecture
(Solmaz & Kaya, 2015).

These principles are:
e Effective use of building land and resources.
e Efficient use of energy.
e Efficient use of water.
e Efficient use of materials.
e Provide interior comfort and observance of human health.
e Waste management.

Sustainable architecture concept, including ecological environment, social and
economic concepts, aiming to control the building’s negative effects on the
environment. 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 methods can be categorized in

three ways;

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

building construction.

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

structure.

¢ Environmental assessment methods that take the structure as a whole (Solmaz
& Kaya, 2015).
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Furthermore, in different countries, organizations based on volunteering studies
conducted, in order to measure and evaluate the environmental impacts of buildings,
within the framework of certain criteria. As 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 systems, such as SBTOOL, HK-BEAM 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 systems is to create a unique system by
considering each country’s local standards, climatic data and living conditions. With
the international identity of LEED and BREEAM evaluation systems, countries that
do not have their own evaluation system have accepted these two certification 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 CASBEE systems
(Aytis & Polatkan, 2010).

The most popular evaluation organizations ( LEED - BREEAM - SB TOOL -
CASBEE). These organizations are categorized under environmental assessment

methods that take the structure as a whole evaluation method.

These methods, 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 result. Because there is no local certification system in Turkey, the most
accepted certification systems in the world LEED and BREEAM systems are used
(Solmaz & Kaya, 2015).
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2.5. SKYSCRAPER AND 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 definitions. According to the famous
engineer Ali Armstrong, the multi-storey structure/high-rise building are buildings
where, fast elevators are used, the carrier system is specially designed, the ones that
reflect the urban physical economic and technological power

In the 21% 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 building reached 26 floors and 94 meters. It was impossible to go beyond 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 techniques, started from the end 19" century, facilitated the
construction of higher buildings. The first tall structures were mostly symbolic.

For the history of skyscrapers, it is necessary to look at the USA, especially Chicago
and New York City. In combination 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 people to 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 Cities.

The tallest skyscraper before WW!1 is the C. Gilbert’s Woolworth building (240 m) in
New York. Later, in 1930-1931, the Empire State Building was built again in NY (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, NY 1940), the
100-storey John Hancock-Center (344 m, Chicago, 1968), the 110-storey World Trade
Center twin towers (417 and 415 m, N, 1973, destroyed in 2001), Sears building (442
m, Chicago, 1974) and Petronas towers (452 m, 1998) in Kuala Lumpur are among the

famous skyscrapers of the 20" century (Hasol, 2014, p. 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 the highest skyscraper in Turkey now (Url-5).
Kizilay in Ankara Emek Building (24th floor, 76 m, 1959-1965) is considered as the
first skyscraper in Turkey, therefore, in Ankara, it still named as “Skyscraper” (Hasol,
2014).

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

far from holistic planning and urban planning.

In general, high-quality concrete and steel, post-stress, corrosion-resistant
reinforcement, fire-resistant steels, cast parts, mixed systems and composite materials

are technological determinants in today’s skyscraper designs.

From an architectural perspective, in the 21% century, performance-based design,
delicacy, structural expression, advanced technology, free architectural form
(sculptural appearance), green character and transparency are at the forefront (Hasol,
2014).

2.5.1. Skyscraper Classification Within Functionality and Height

The Emporis site (Url-6), which analyzes tall buildings, defines 12-storey and
35m-high structures as multi-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 14-storey buildings do not count as high-rise in
places such as Chicago and New York, where multi-storey buildings are dense, while
it can be described as high-rise building in many cities of Europe. In addition, over
than 300m high structures are described as “Super High” and over than 600m

structures as “Mega High” structures (Eren, 2019).

Building Use In Terms Of Function:

If more than fifty percent of the building height is designed as a usage area, the building
enters the skyscrapers category. If not, the building falls into the tower class (Such as

a cruise tower or communications antenna).
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Tall buildings are also classified according to their usage functions (Saglam, 2016).

e Single Function Buildings:

At least 85% of the total floor area is designed for the same use function (Like an
office).

e Mixed Function Buildings:

In the high building, 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
CONCEPT

In the 21% century, the concept of sustainability in architecture is often
mentioned through skyscrapers. Especially since skyscrapers have larger scales and
larger numbers of people than other buildings, the impact of them on the city and the

environmental 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 infrastructure 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 the heating-cooling-
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 on the sustainability of skyscrapers
(Bege¢ & Yalner, 2017).

The first one as Wood (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 the building.
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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 on the city’s systems
(Wood, 2014).

Within architecture, the necessity of three methods for low energy consumption 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 non-traditional building type, the high-rise
building needs its own design setup and principles based on the design of new service

systems, based on the climatic data (Sar1, 2016).

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

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

Briefly, sustainable high-rise building, is a structure that is sensitive to resource use in
every period, observes the health and 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 (Kiasif & Selguk, 2016).

2.7. SKYSCRAPER FACADE DESIGN WITHIN SUSTAINABILITY
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 well as contributing aesthetically to the architectural forming of a

building.
SKYSCRAPER FACADE SYSTEMS:
e Metal Facade Systems;

The main reasons for the application of metal facade systems in multi-storey
buildings are; easy to assemble, require low maintenance, and 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

21



corrosion resistance due to the structure of the metal and elongation levels under the

influence of heat, etc. should be taken into consideration (Eren, 2019).
Metal facade elements consist of three main parts. These;

1. Panels

2. Carrier structure

3. The joints that connect the panels together.

e 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 systems, half panels, and panel systems.

The most widely used system is the strip systems (Eren, 2019).

Image 2.4: Strip System (Eren, 2019). Image 2.5: Panel System (Eren, 2019).
e Glass Facades In Steel High-Rise 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 area of the glass facade because it allows 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

applications (Image 2.6-7).

Before the application starts, designs of anchorage 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 bearings against horizontal loads
should be used in all facade applications, especially in multi-storey buildings (Eren,
2019).

L Lank L o

Image 2.6: Spider Glass Facade (Url-7). Image 2.7: Spltzgrﬁéa)\ss Facade Detail

e Double-Skin Facade-(DSF):

The Double-skin facade systems, which gained common use in multi-storey
buildings, are the energy-saving 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 elements used to prevent the unwanted effect of the sun’s rays are placed
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 high-rise buildings. Thus, natural ventilation
(Image 2.8) of the office significantly contributes to saving the building user’s energy

consumption (Eren, 2019).
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e Box-Type Double-Skin Facade:
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Image 2.8: Schematic Of The Working Modes Of Double-Skin Facade: A- Inner Circulation
Mode, B- Supply Mode, C- Inner Circulation Mode, D- Exhaust Mode (Zhang et. al., 2016).

Box-type windows are the oldest form of Double-skin facades. It is the panel with
vents that provide air inlet and outlet at the top and bottom of the panels consisting of
double glass inside and single glass outside. In these floor-height systems, laminated
single glass on the outside and double insulated glass on the inside are used. Between
the two shells, there is 200-400 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 associated with windows on other floors (Eren, 2019).

Shaft opening
Exterior layer
Interior layer
Horizontal divider

IT II i 1T

Box-type wall system

Image 2.9: Box-Type Wall System (Eren, Image 2.10: Box-Type Wall System, Section
2019). (Eren, 2019).
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e Shaft Type Double-Skin Facades With Box Windows Proportional 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 chimney-shaft, and from there the box enters
through the lower part of the window. At shaft type double-skin facades with box
windows proportional to the floor height, 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
operation of these grill systems within itself. Solar control elements are placed between
the inner shell of the interior (Eren, 2019).

T

Interior layer
Exterior layer
Horizontal divider
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i

Shaft type double-skin facade [ F

Image 2.11: Shaft Type Double-Skin Facade Image 2.12: Shaft Type Double-Skin Facade,
(Eren, 2019). Section (Eren, 2019).

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

The double-skin facades with shutters proportional to the building height (Image 2.13-16)
shows almost the same features as the multi-storey ventilated facades. While the outer

shell is a louver system, the inner shell can be made from different systems.

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

air impermeability (Eren, 2019).
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Image 2.13: Torre Agbar Tower’s Double-Skin ~ Image 2.14: Torre Agbar Tower’s Double-Skin
Facade Detail (Eren, 2019). Facade Louvers (Eren, 2019).

Image 2.16: Torre Agbar Tower’s Double-Skin
Facade, The Gap Between Inner And Outer
Shells (Eren, 2019).

Image 2.15: Torre Agbar Tower’s Double-Skin
Facade Shutters Detail (Eren, 2019).
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e 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 vertically and/or

horizontally at the floor level from the corners of the building.

If the Double-skin facade is 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 speed. This reduces the

energy cost required for ventilation by making it suitable for certain pressure
conditions in the building (Eren, 2019).
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Image 2.17: Different Connection Typed Of Double-Skin Facades (Zhang et. al., 2016).
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Performance criteria expected from all facade systems are as follows;

e At the junction of the facade with spaces such as body and window-door, heat

bridges should be designed to be minimized.

e The heat retention properties of the materials used in the construction of the
facade elements should be high.

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

e The performance of the joint panels arranged between the panel-panel, panel-
carrier system, etc. of the facade panels should be high against water, sound,

and heat.

¢ 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 highly fire-resistant (Eren, 2019).

Moreover, curtain walls, one of the most preferred facade systems in high-rise
buildings, have ceased to be passive elements with the help of advancing technology.
Furthermore, natural ventilation and natural lighting are provided with bioclimatic
facade designs. Thus, large savings are obtained from the energy consumed in order
to meet the building’s transfer and lighting needs.

The control of the heat, light and sound transition between the indoor and outdoor
environment is provided with the energy-efficient facade design, and the negative

features of the outdoor environment are filtered like a strainer.

Energy-efficient facades are created with energy-producing facade systems such as the
right glass selection, double-glazed facade systems, structural silicon facades, solar

collectors and photovoltaic panels (Kiasif & Selguk, 2016 ).

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

e Providing auditory comfort by reducing the noise to an acceptable level (Oral
et.al., 2004).

“Comfort can be defined as; achieve the highest level of satisfaction by consuming the
least amount of energy physically, under the conditions facing the human being”
(Sezer, 2004).

2.7.1. Bioclimatic Design:

Bioclimatic Design is an effective approach that can provide the best way of
climatic comfort of the people with minimum energy. While aiming to reduce energy
consumption through passive methods, it also achieves important results in terms of
sustainability by considering material selection and conservation of natural energy
resources (Kiasif & Selguk, 2016).

Ken Yeang, an English-based Malaysian architect, who is one of the most well-known
names in bioclimatic architecture worldwide, defined the high bioclimatic structure as
follows; “It is a type of structure that uses passive, low energy techniques, interacts
with the natural environment, according to the meteorological and climatic data of the

region, and uses less energy during its construction and operation.” (Yeang, 2012).

On the other hand, high building models, box-shaped have the same four-sided facade
characteristics, regardless of the climate and region factors for long periods, were
encountered. whereas buildings must have forms and facade systems adaptive with
their different meteorological, physical and geographical conditions (Kiasif & Selguk,
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 immediate surroundings. 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 such as radiation transmission and convection

without using mechanical tools.

The human’s demand for an external energy source is concentrated on fossil fuels

today. Approximately 40-50% of the energy distribution is used in buildings and 50%

of total carbon dioxide 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 sector (public and commercial buildings) (Yeang,

2012).

Table 2.5: Energy Index (EE) And Carbon Dioxide (CO2) Emission Index For Residential Buildings

(Yeang, 2012).

Example case;

A "fictitious" building of randomly oriented compact
form (in accordance with 1990's construction
legislation)

1. Step;
Most windows face south; no shading

2. Step;

In addition to the above features, all windows are double
glazed (0.75 ac/h).

3.Step;

All windows have insulated night shutters or double
glazing with heat control (Low E) coating; window area
according to instructions

4.Step;

In addition to the above features, external insulation (U-
0.25)

5.Step;

In addition to the above features, mechanical ventilation
and heat recovery (0.5 ac/h)

EE kWs/m?
CO; kg/m?

EE kWs/m?
CO; kg/m?

EE kWs/m?
CO; kg/m?

EE kWs/m?
CO; kg/m?

EE kWs/m?
CO; kg/m?

EE kWs/m?
CO; kg/m?

100-115
25-29

85-100
25-30

55-65
17-20

50-60
15-18

35-40
11-12

<30

<9
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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 shading, etc. (Yeang, 2012).

Some passive methods that can be applied in buildings to meet the inner comfort
requirement are listed below. These conditions can also be met by efficient or mixed-

method systems powered by ecologically sustainable forms of energy:
e Building orientation (main facades, openings, etc.).
e Shell and facade design (window opening size, layout details).
e Solar control elements (Ex. shading for facades and windows).
e Passive daylight concepts.
e Wind and natural ventilation.
e Roof landscape.
e Building envelope color.
e Landscape arrangement (planting).
e Passive cooling systems.
e 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 for high-rise
buildings is the temperate climate compared to the cold one. The high-rise building
benefits from natural heating as well as the effect of a large solar collector. It is difficult
to say that a high-rise building is energy-efficient in hot climates; The high-rise
building acts like a permanent solar collector and therefore requires large quantities of
air conditioning throughout the year. Climate issues that concern high-rise buildings

are not only limited to the sun, but wind also appears to be an important factor. Many
of the high-rise buildings built 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 cooling (Sar1, 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 conserve energy as efficiently as
possible (Farrelly, 2017).

Ecologically sustainable design in high-rise buildings covers the designs that are;
environmentally friendly, minimizing energy consumption, reducing the use of natural
resources, using renewable and local resources, creating healthy interior spaces, using
solar energy, using natural ventilation and natural lighting, using reusable and

recyclable materials, that do not require frequent maintenance and repair (Sar1, 2016).
The following principles are aim through energy-efficient building design to:

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

e Combination of passive and active air conditioning system.

e Preventing atmospheric pollution, climate imbalances, and ecological

deterioration.

e Using more efficient and environmentally friendly renewable energy sources

instead of expensive and scarce fossil-based resources.

Parameters that are effective in the energy-efficient building design process can be
classified as the location of the building, building ranges, building orientation, building
form, building envelope, natural ventilation layout. By making use of these
parameters, it is possible to design buildings effectively, through passive and active
systems (Demircan & Gultekin, 2015).
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2.7.3.1.  Facade Design Features Within Sun-Daylight Parameters
Solar energy is the most abundant among renewable resources. It can be said
that solar energy is the most used renewable energy source for heating, cooling,
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 & Gultekin, 2015):

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

e 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 order above, 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 defined as “passive solar systems” and every
technological product added to the design is defined as “active solar systems”.

e Passive Sun 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
addition to 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 Turkey is through 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 solar energy, the heating and cooling costs of the building can be

reduced significantly and energy conservation is provided.
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Image 2.18: Passive Solar Energy (Url-9).

e 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 water-air collectors, and using high-efficiency
collectors and solar cells are defined as “active solar systems”. In active systems
that are not used directly for indoor heating purposes, solar energy is usually
collected through 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, and the interiors are heated by hot
water (Demircan & Gltekin, 2015).
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Active Solar Energy
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Image 2.19: Active Solar Energy (Url-9).
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Image 2.20: Active and Passive Solar Systems (Url-10).



e Surface Color Of The Facade (Light-Dark):

Building envelope (Facades - Roof) are exposed to the sunlight more than other
building elements. Therefore, their sun-absorbing 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 light-colored as possible to alleviate

overall air conditioning loads and reduce the heat island effect (Yeang, 2012).

e Continuous Glass:

The continuous panel system window, due to its large transparent surface, is better
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 the building (Zeng
et.al., 2012).

Image 22: Continuous Glass Facade (Url-11).
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e Double-Skin Facade:

Double-skin facade (Image 2.8) formed by exterior and interior two facade types. The
buffer zone formed between the interior and exterior shells is providing shading to the
interior space of the building. Moreover, sun control elements can be placed within the
buffer zone (Kiasif, 2015).

e Low-E Coated Glass:

Low emission glasses reduces the direct heat gain by allowing a greater ratio of the
light pass compared to 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 gains are reduced. It also allows
using slightly wider windows to allow daylight entry without having to pay a price for

energy in winter (Yeang, 2012).
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Image 2.21: Low-E Coated Glass (Url-12).

e Reflective Glass:

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

western facades (Yeang, 2012).
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e Insulation:

Increased insulation is an effective and a passive method to reduce energy
consumption in a building, especially in temperate climate 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/M3K,

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

A single-glazed glass’s heat loss rate is 10 times more than 5.7 W/M®K which was
recommended in building regulations. Thus, by using a double-glazed window this
rate can be reduced to 2.8 W/M?K, and a three-glazed window to 2.0 W/MK.
However, by reducing the ratio of deaf surfaces to glass surfaces on the outer shell, the

number given above could be decreased (Yeang, 2012).
e Skylight system to increase daylight:

e 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, sky-courtyards create social
spaces for users. Thus, a natural environment is created inside the building and comfort
conditions are provided for the users (Kiasif & Selguk, 2016).
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e Atriums:

The atrium is the name given to the spaces inside the building. In inclined roofs, it
provides shading and protection from rain, without preventing air from entering. In
addition, the atriums provide natural daylight to workspaces. However, solar heat gains
through windows in buildings can be reduced by blinds, balconies, deep recesses (such

retracted windows, etc.), or sky courtyards (Image 2.22,23) (Kiasif & Selguk, 2016).

Image 2.22: Leeza SOHO Skyscraper, Zaha Image 2.23: Leeza SOHO Skyscraper, Zaha
Hadid (Url-13). Hadid, Atrium (Url-13).
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e Facade Shading Element:

Shading should be designed to ensure both the passive 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 aesthetic relationship is established

between the interior and exterior of the building.

However, the angle of the sun is different in summer and winter, so the designer should
keep in mind these differences especially in temperate regions. Thus, in terms of
ecologically efficient design, while designing a shading element, the region’s solar

path should be taken into consideration.

The external shading systems have many advantages such as:

e Can reduce the heat gain entering the space

e Can provide the space with fresh and clean air

e Can be used as a sound barrier

e Can contribute to the aesthetics of the building (Yeang, 2012).

Regardless of the location of the buildings, it is necessary to apply a number of vertical
sun shading types, especially at the building’s hot surfaces such as eastern and western
facades, paying attention to the brightness and quality of the light entering the space.

The eastern facade must be shaded since it receives the morning sun.

However, the building that receives its sunlight from the western facade, 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 computer-aided

design programs (Yeang, 2012).

At high latitudes, fixed horizontal shading devices such as the console are very
effective on southern facade windows. 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 sunlight in winter.
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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 canopy in shading

buildings facing south.
Movable shading elements has 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 turned off in winter, in temperate areas, to reduce heat

loss through radiation to the night sky in the building.

In temperate and cold regions, an adaptive facade is required, in residential buildings
allowing the sun penetration through the windows to heat the interior space in winter,

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

Furthermore, smart facades operate with automatic angle control, which is affected by
the outside temperature value and the ray. In case of the occurrence of unwanted
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 transition. Another important factor
is the type of glass used and the air gap between glass which is separating the interior

space from the outside (Yeang, 2012).

Table 2.6: Facade Shading Element Per Orientation (Yeang, 2012).

Facade Orientation ~ Horizontal shading element  Vertical shading element

North Not useful Recommended
South Recommended Not useful

East Possible Recommended
West Possible Recommended
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e Self-Shading Glass:

Fixed shading elements have been preferred over 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 canopy in shading buildings facing south (Yeang, 2012).

Break up an overtiang for less

proyection

Image 2.24: Window Shading Types (Url-14).

2.7.3.2. Facade Design Features Within Natural Ventilation Parameters

Natural ventilation is the replacement of used air with fresh air or outside air.

The natural ventilation conditions 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 temperature differences 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 amounts (Demircan & Gultekin, 2015).
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Natural ventilation advantages are (General Directorate of Energy):
* Operation and maintenance costs are low.

* Reduces environmental pollution and greenhouse effects because it reduces

fossil-based energy consumption.
* [t requires less space in terms of installation place and energy distribution aspects.
« It can be controlled by users.

e Natural Ventilation, Wind Effect:

Natural ventilation has a major impact on people’s health and comfort. As a result of
the pressure change created by the wind, without using any mechanical equipment,
natural ventilation takes place when the air enters the 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, cold and
desert climate, natural ventilation is effective when applied together with mechanical

systems.

How to provide natural ventilation in high-rise buildings should be handled at the
design stage and it should be aimed to ventilate the building as a whole. Generally, the
designs are naturally ventilated by using atriums, sky-courtyards, windows that can be
opened and closed, ventilation chimneys, air inlet-outlet ducts and fans. The most
important point to be considered when creating an air-permeable building shell 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 facade systems, it should be capable of balancing these internal and external
pressures. Besides, variable wind loads such as cut winds and storms have compelling
effects for structures and facade systems of buildings. The buzzing and noise sound
caused by the wind have negative effects on the health and comfort of the users.
Therefore, facade design should be considered in a way that prevents the entrance of
external noise into the interior space (Kiasif & Selguk, 2016).
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e \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 is provided. Three wind turbines, 29 meters
long, in the middle of the Bahrain World Trade Center in Manama (Image 2.25-27),
were operated for the first time on April 8, 2008. 10-15% of the building’s electricity
needs are expected to be met by these turbines (Guthrie, 2008). this complex which

Consists of a 240-meter high twin tower was designed by British architect Tim Wright,

making it the world’s first skyscraper with its own wind turbines (Kiasif & Selguk,
2016).
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Image 2.25: Bahrain World Image Bahrain World Image 2.27: Bahrain World
Trade Center, Tom Wright Trade Center, Tom Wright Trade Center, Wind Power
(Url-15). (Url-16). (Url-17).

e Skylight system (Ventilation):

e 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. Sky-courtyards provide natural ventilation
through the building. In the sky-courtyard design, the speed of the dominant
wind should be kept at a level that will not impair the comfort of the user (Kiasif
& Selguk, 2016).
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e 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 closed (Kiasif & Selguk, 2016).

Swiss Re Headquarters (Image 2.28-29), 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 obtained on each floor and spiral-shaped 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 greenhouse effect in the winter months.

Besides, these atriums contribute to the natural light of the workplaces (Kiasif
& Selguk, 2016).

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

Image 2.29: Swiss Re Headquarters, Ventilation System
(Url-19).
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e Ventilation At Double-Skin Facade System:

Double-skin facade formed by exterior and interior two facade types (Image 2.8). The
second facade layer in the system allows windows to be opened on the upper floors,
despite the strong wind pressure in high-rise buildings. Thus, natural ventilation of the
office significantly contributes to the savings of building user’s energy consumption.
Double skin facades 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 pressure. Within
naturally ventilated Double-skin facade systems, 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 the interior space is insulated which contributes to the heating of the
interior spaces, while the building can be passively cooled by leaving it open in the
summer. On the other hand, mechanically ventilated Double-skin facade systems are
provided with HVAC systems 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 through the grilles in the
outer shell. 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 activated (Eren, 2019).

e Vertical Shading Element:

Vertical shading elements (Image 2.30) 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 Element (Url-20).

e Wing Wall-Wind Scoop:

Wing walls are low-energy 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 negative pressure and the opposite airflow (Cavka,
2015).

Image 2.31: The Bioclimatic Tower of Singapore, Ken Yeang (Url-21).
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e Openable Windows:

Windows that can be opened and closed at the high-rise buildings, providing natural
ventilation to the building occupants. For example, in the case of Double-skin facade

design, the interior shell may include openable windows even at high levels.
e 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 are (MEGEP, 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 Tower, Facade Natural Ventilation Grill (Url-22).
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e Vertical Landscape Elements in The Facade:

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 building. 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 tools. Also, they provide natural

ventilation through the building and support airflow within the building.

Image 2.33: Vertical Landscape Elements (Url-23).

2.7.3.3. Facade Design Features Within Material Parameters
Architects have a responsibility to use materials wisely and our future
structures will need to be designed using as efficient, renewable 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 architecture.
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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 emergence and development of “smart” materials that respond to different

impulses also change the design possibilities of the architect (Farrelly, 2017).
e Natural Materials:

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

e New Uses of Old Materials:

Recycled materials are an important issue today. It is a contemporary architectural
concept that includes artificial, protruding, or reused materials, from steel construction
to brick walls.

e 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.
e Luminescent Materials:

These materials can emit lights of different colors pre programmed according to sound

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

These materials have been developed for use in buildings, but they mimic the
properties of the organic 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.
e Nanomaterials:

These human-made materials are available on a microscopic scale and have been
developed to vary according to specific conditions. For example, a wall can become
visible by reflecting light through the use of thousands of electrical circuits embedded
init.
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e Living Carriers:

Living structures offer both the innovative and sustainable building options of the
future. For example, a “living wall”” may carry out the usual functions such as carrying
a load of a multi-layered structure, as well as one of the layers that can support plant

growth. that is, the structure will “live” and grow in time.
e 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 site to reduce

fuel use in transportation.
e Recycling and Reuse:

The most sustainable way of building construction 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 Ban designed a grid shell carrier system using cardboard tubes as carriers
(Farrelly, 2017).

Image 2.34: Paper Arbor, Nagoya, Japan, 1989, Shigeru Ban (Url-24).
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Image 2.35: Apol Office Building - Jakarta, Indonesia, Shigeru Ban (Url-25).

2.7.4. Examples of Energy Efficient Buildings

Accordingly, optical and thermophysical properties of the building envelope
are important for energy-efficient 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 gained and lost from the building

envelope (Demircan & Giiltekin, 2015).

Moreover, Looking at today’s global economy; Due to the increasing awareness of
scarce energy resources, architects who take the principle of designing a sustainable
future, which has become a clear necessity, draw attention. The 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 building projects in this direction (Sar1, 2016).
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National Commercial Bank:

Accordingly, the first skyscraper of Saudi Arabia, National Commercial Bank (Image
2.36-37), which was completed in 1983, designed by architect Gordon Bunshaft, a
partner of SOM architecture firm, can be given as an example for high-rise buildings

designed by adapting the climate of their environment.

Image 2.37: National Commercial Bank, Jeddah (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 sky-courtyard on the other. Office spaces change twice through height.
The gaps in between are used as sky-courtyards 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 the 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 interior (Kiasif & Selguk, 2016).
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e Pearl River Tower:

The 71-storey and 309.6 m high Pearl River Tower (2010) (Image 2.38) stands out
among the most energy-efficient buildings in the world. The structure designed by
Gordon Gill from Skidmore, Owings and Merrill, besides not only saving energy with
passive methods but also 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 on the9 southern side parallel to the wind. According to
the results of modeling and wind tunnel tests, this method will provide 15 times more

electrical energy than a stand-alone, equivalent-sized conventional turbine.

T
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Image 2.38: Pearl River Kulesi, Guangzhou (Sev, Basarir, 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 m2 glass at 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 tropical sun, a
double shell facade system is also designed to reduce the cooling load and energy

consumption of mechanical systems. The outer layer is made of low-E coated and
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insulated double glass, the inner layer is made of single glass, and when the air in the
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 into the Double-
skin facade and acting sensitive to sunlight in order to prevent solar heating effect and
glare (Sev & Basarir, 2011).

e Menara Mesiniaga Building:

Menara Mesiniaga Building (Image 2.39) 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 heating-cooling by directing it to the sun. The 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 rotating sky-courtyards on
the building facade (Bege¢ & Hamidabad, 2015)

Image 2.39: Menara Mesiniaga Building, Kuala Lumpur, Ken Yeang (Url-27).
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3. CASE STUDY: EXAMINATION OF FACADE ELEMENTS OF
SKYSCRAPERS BUILT AFTER 2000S IN BUYUKDERE
AVENUE

Within this chapter, facades of skyscrapers, built after the 2000s at Buyukdere
Avenue will be investigated in terms of the three categories of sustainable facade
design (sun-daylight, natural ventilation, and materials) that have been explained

within the literature review done.

However, it was mentioned through the study, that sustainable building design should
take into consideration its region’s climate, sun path, dominant wind, and local

materials, etc.

Istanbul is located at the northern half of the earth, 4.561.96 km north of the equator.
The summers of Istanbul are generally hot and dry, and the winters 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 come from the Mediterranean and the

rainy weather from the Balkans or from the Black Sea (Url-29).

In general, there are two dominant wind directions in Istanbul. The first, one called
Poyraz which comes from the North-east, and the second one called Lodos which
comes from the South-west direction (Url-30).
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Image 3.1: Istanbul’s Wind Rose (Url-31).
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Image 3.2: Istanbul’s Solar Path (Url-32).
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3.1. BUYUKDERE AVENUE AND ITS HISTORY OF SKYSCRAPERS
Buyukdere Avenue is located at 41.078487 latitudes and 29.012815 longitudes. It

is connected to Levent as a Neighborhood and Besiktas as a district (Url-33).

Buyukdere Avenue is a major path that runs through the districts of Sariyer (Maslak
quarter), Besiktas (Levent quarter), 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 the inner-city
motorway O-1 within Mecidiyekoy, Esentepe until entering Zincirlikuyu; where it
meets with Barbaros Boulevard and turns northward passing into Maslak, Sanayi
Mahallesi, Levent and by the Fatih Forest, closing at the Haciosman Slope on the
Sartyer neighborhood border. The total length of this road is 14 km (8.7 mi). From
Zincirlikuyu to Maslak, it creates a borderline between the regions of Besiktas in the
west and Kagithane in the east. It is named after the Buyukdere area of Sariyer district,
where it connects to. By the choice of Emlak Kredi Bank for a mass housing project
in 1947, Levent has taken its current form. Many sites and housing projects were built
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
Istanbul’s Central Business District. Levent started to become 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 built on it (Genis &
Osmanoglu, 2016). The definition of Central Business District, briefly called CBD,
are the centers of big cities and places with high trade density. In zoning plans, they

are defined as the area reserved for socio-cultural and commercial structures (Url-35).

Before being named as the Central Business District 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 it (Genis & Osmanoglu, 2016).

In the 1960s, it was developed with 10-12-storey, multi-apartment luxury apartments
and sites built by private individuals and cooperatives (Goksu & pilehvarian, 2019).

With the increase in the presence of pharmaceutical factories, small-scale industrial
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establishments and commercial 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 buildings (Genis & Osmanoglu, 2016). It
continued its development in 1980-1990 and started to take its current form (Goksu &
pilehvarian, 2019).

Image 3.3: Buyukdere Avenue, 1966 Image 3.4: Buyukdere Avenue, 1970 (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 Business District shifted towards

Levent districts, where the Bosphorus Bridge is located.
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Image 3.7: Buyukdere Avenue, 2013 (Url-36). Image 3.8: Buyukdere Avenue, 2018 (Url-36).
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In the parts of the neighborhood overlooking Buyukdere Avenue, large conglomerates
and skyscrapers have been built. Sabanci Center Towers, built in 1989-1993, and Is
Bank Towers, built in 1996-2000, are among the first skyscrapers of the region.
Blyukdere Avenue, which has turned into a Central Business Area, has changed the
Istanbul silhouette with its skyscrapers (Genis & Osmanoglu, 2016). Another reason
why these skyscrapers started to be built on Buyukdere Avenue is that the automotive

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

area for cheap and zoning rights.

Image 3.9: Istanbul’s Silhouette (Url-37).

This region was determined as Buyukdere Axis and was used for many skyscrapers.
Since it did not have an identity like the Historical Peninsula, it was not thought that it
could affect the Istanbul silhouette as much as it is today. On the other hand, Some
opinions argue that Istanbul’s Business District should be built in another place that
does not ruin the Istanbul silhouette. However, since Buyukdere Avenue is currently
the Central business district of Istanbul, some skyscrapers can be built there.
Therefore, this field has been chosen for the thesis study and a proposal has been
presented in accordance with it. Companies that want to take part in developing sectors
and international platforms have preferred modern multi-storey buildings, which are
examples in the world, instead of the buildings in the old and inadequate Historical
Peninsula (Url-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
Factory has turned into Tekfen Tower, Philips TV Factory into Metrocity, Eczacibasi
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Pharmaceutical Factory into Kanyon, Deva Pharmaceutical Factory into Zorlu Office
and Roche Pharmaceutical Factory into Ozdilek Park. It was taken as the second center
in the 1974 Master Plan. In this process, foreign bank branches, large conglomerates,
international companies and many other companies took their place here. Other
important decisions were taken in this master plan (Goksu & pilehvarian, 2019).
Buyukdere Avenue, after the 1980s, has become the most important Secondary
Business Center in Istanbul, as it connects Taksim, Sisli, Mecidiyekoy, Zincirlikuyu,
Maslak, Levent and Esentepe, which are important centers of Istanbul. It is connected
also to Kavacik and Altunizade, which are the lower centers on the Anatolian Side, by
the bridges. Its connection with the world has been through London Asphalt / E5
highway / TEM, which provides connection to Ataturk Airport (Torcu, cited by Goksu
& pilehvarian, 2019). Although the main use of the region was industrial until the
1990s, it became a trade management center with the fact that sixty-five percent of
Istanbul offices were located in Taksim, Buyukdere-Maslak and Besiktas towards
2000s (Bayramoglu, cited by Goksu & pilehvarian, 2019).

With the change of lifestyles, the existing settlements left their place to the new
luxurious residential areas, residences, entertainment centers and shopping centers.
The first residence in Turkey, which was constructed in 1993, is Akmerkez in Etiler.
After the first example, many different shopping centers, shopping mall-residence
projects were built in the region, such as Kanyon and Ozdilek projects. In the 1/5000
scale Besiktas back view and affected area 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 the Besiktas, Levent, Maslak-Buyukdere axis. It
turned into a business and entertainment center instead of a residential area (Erdonmez,
cited by Goksu & pilehvarian, 2019).

An important reason for the banking and financial sectors to switch to Maslak-
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 region (Torcu, cited by Goksu & pilehvarian, 2019). 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 CBD. It has been observed that in 2010 and
afterwards, new shopping centers, plazas and residential areas have expanded with the

expansion of transportation infrastructure (Goksu & pilehvarian, 2019).

3.2. EXAMINATION METHODOLOGY AND CLASSIFICATION

Within the theoretical part of the study, 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 the structures to
be evaluated;
High-rise buildings located at Buyukdere Avenue, built or finished construction after
the 2000s (21% century). High-rise buildings with office and/or residential functions.
High-rise buildings of 22 floors and above and higher than 91m.
Furthermore, selected high-rise buildings were evaluated within sun-daylight, natural
ventilation, and material categories, in terms of sustainable facade design systems. To
make the evaluation, thirty parameters were selected under the relevant categories.
Data collecting was completed with mixed-method by contacting the building’s
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 done according to the scoring system shown 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 selected parameters.
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. Otherwise, the score of 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: Evaluation Scoring System.

SCORING SYSTEM EXPLANATION

In case of the parameter completely occurred, the building score per

parameter will be counted over 2.

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

over 2.

In case of the parameter was not occurred, the building score per

parameter will be counted over 0.

As a result of this scoring, evaluation tables and charts will be extracted. Finally, the
evaluation will end with consideration 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 sustainable 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 3.2-3) below:

Table 3.2: Evaluation Parameters Table.

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 Table (Continues).

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 2006-2010

Architect Tabanlioglu Architecture

— Residential — Retail
Building Func. (Mixed-Use)

Facade Schiico
Company
CTBUH Awards.

Certificates

Best Tall Building
Europe 2011 Award of
Excellence.

Arch. height

261 M

Floors (a.gr.)

55 Floor

Materials used

Reinforced Concrete +

(general) Steel
Glass- Curtain wall /
Facade Double Skinned Facade
VR Schiico - ASS 50 /ASS
70.HI -Automatic Series
e 4" tallest in Istanbul.
e Tt is the country’s first ecological skyscraper.
e The building is especially focused on the height and bio-
o climatic structure as the main features of the project.
Building
Features e It was Istanbul's and Turkey's tallest skyscraper between 2010

and 2016, and the 4™ tallest building in Europe when its
construction was completed in 2010.

As of 2019, Istanbul Sapphire is the 4" tallest skyscraper in
Istanbul and Turkey.
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Image 3.12: Istanbul Sapphireﬂ)astern Facade

pid it ﬂ' D\%\

(Url-24).

Image 3.14: Istanbul Sapphire's Vertical

Image 3.13: Istanbul Sapphire Double Skinned
Facade System (Url-59).

\"-7’..

Image 3.15: Istanbul Sapphire DoubIeSkinned

Gardens (Url-24).

Image 3.16: Istanbul Sapphire's Curtain
System (Url-59).

Facade, Eastern Facade, (Url-24).
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3.3.2. Levent 199

2. LEVENT 199
Const. Date 2011 - 2014
Architect Tabanlioglu Architecture
Building Office
Func.
Facade Cuhadaroglu Aliiminyum
Company Sanayi

Certificates

e LEED Gold BD+C: Core

and Shell.

e 2010 - Europe and

Africa Property Awards
2010.

e 2012 — Turkey's Most

Successful Real Estate
Investment Competition,
in the office category,
second prize.

Arch. height 170 M
Floors (a.gr.) 43 Floor
Materials
used Concrete
(general)
Glass / Curtain Wall System
NIIZ ;[Z?‘(ij:l s ZRL 90 S Structural Silicone A *-'9‘- —
Modular Panel System with Image 3.17: Levent 199 (Url-60).
Heat Barrier
e 23"tallest in Istanbul.
e A class Office Building.
¢ Intelligent building automation and fiber-optic IT structure
Energy Efficiency.
Building Material and resource management.
Features Indoor quality and user comfort.

Water efficiency.

Utilization of natural light.
Rain and gray water reuse.
Help protect the environment.
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Image 3.19: Levent 199°s Western Facade
(Url-60).

(Url-60 ).
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3.3.3. Istanbul Tower 205

i ISTANBUL TOWER 205
Const. Date 2015-2019
. SOM - Skidmore, Owings
ATEEST & Merrill LLP §
Building Office S
Func. =
Facade Werner Sobek Stuttgart- =
Company Metal Yap1 "
Certificates LEED GOLD Certificate =
. 220 M (Turkey's highest b !’E;
Arch. height office building) R
Floors (a.gr.) 54 KAT ."g'%':
Mitseercllals Reinforced Concrete + Esme
Steel Composite e
(general) e
=5iEs
S
Glass/ Cladding Company: L
Facat_je Metal Yapi- Unitized . o
Materials Panel System e
Image 3.22: Istanbul Tower 205 (Url-61).
6'" tallest in Istanbul.
A** Office Building.
inspired by the traditional layers found in Seljuk architecture.
Trickle Vent facade system.
User control feature and automation system.
Indoor air quality.
. Prevent sick building syndrome.
Building . . . .
Private aerodynamic and acoustic design.
Features

Energy efficiency with lower ventilation costs.
Environmentally friendly.

Light pollution prevention.

Maximum use of daylight.

Use of recycled and certified materials.

Renewable energy.

Offers a large panoramic view.
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Main Design Elements

° Inspired by historic texture: ° Positioning of the building e Facade design was
Seljuk maximize the view developed by Solar

alternatives Radiation Analysis

Facade Design

3D facade design
The facade offers a dynamic perception of building further
emphasizing identity and timeless quality of tower

Image 3.24: Istanbul Tower 205 Facade's System (Url-56).
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Ultra-clear Glass &
Triple Silver Coating

V/Sb"uy/w

Lgnt transmission 60%

e Ultra-clear glass and triple silver 3 Sola factor g vakie) 26%
coating maximize daylight usage
and provides energy saving Ug 10WITK
) o s el

010 00 Gusssutice

Pona2
9 ie o traClor
“ 28
é
4
s A
W e
v
&
//\ Results
Visble lght (EN 410-2011) ‘Solar anery (EN 410- 2011
transmittance %] Tv= 53.1| solar factor [%] 9= 272
reflectance extemnal [%] Py = 12.0| shading coefficient (9/0.87] sc= 031
refiectance intermal [%] pv= 142| direct transmittance %] Te=251
[%] R, = 829 [%] Pe= 366
% ’ . . dect refoctance e %] pu= 475
» Min. 60% light, 30% energy transmittance Eners-2011) a i) a- 383
- = % U-value [WI(mK)] Up= 1.0 LV transmitance [%] Tw= 00
» Ultra-clear glass with low iron content Vipeti= Sacrcae et sy RT3 2)
% . . . Other data
» Triple silver coating technology estmated sound eduction ndex [0B] R = NPD
(EN717:1) NPD
Cx= NPD

Image 3.25: Istanbul Tower 205 Facade's System (Url-56).

Intelligent Naturally Ventilated
Facade First in Turkey

* Automated Facade Natural Ventilation System

* Raised Indoor Air Quality

* Preventing Sick Bulding Sydrome

* Private Aerodynamic & Acoustic Design

* Energy Savings With Lower Ventilation Costs

100 Sqm Area Naturally Ventilated in 1 Hour
with 100% Fresh Air

Image 3.26: Istanbul Tower 205 Facade's System (Url-56).

* User Control Feature and Automation System in the Same Time
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3.3.4. Kanyon

4. KANYON

Const. Date 2003 - 2006

Tabanlioglu Architecture,

Architect | 540 ve Arup Partnership
Building Office
Func.
Arup Tiirkiye + Ove Arup
Facade Ingiltere & Los Angeles /
Company

Fenig Aluminum

e |SO 14001 certificate
of the standards of
“Building, Settlement,
Office Shopping Place
and Entertainment
Places”.

e Breeam Excellent
certification in 2012.

e  Breeam Extraordinary
Certificate in 2015.

e "BREEAM Retail In-
Use" at the "BEST OF
BREEAM 2016"
award ceremony.

Certificates

Arch.
i 118 M

height

I(:altogorri 25 Floor
M?Jtseercljals Reinforced Concrete -
(general) Glass - Steel

Glass - Stone - Painted

I\/II: ica(.jel copper metal bands -

el Aluminum
Buildin e Use of natural stones and original building materials.
Featur egs e |t creates an urban effect with the connection corridors between the office,

open mall and residences.
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Image 3.28: Kanyon's Facade Shading
Element From The Inside (Schulze, 2015).

I gt | <<
e e

Image 3.31: Kanyon Office Tower Eastern Facade (UI-63).



3.3.5. Tekfen Tower

5 TEKFEN TOWER
Const. Date 2003
. Swanke Hayden Connell

Architect Architects
Building Business Center

Func.

Facade Schiico / Tas Proje
Company

Certificates

The materials used, have
UL certification

Arch. height 118M
Floors (a.gr.) 28 Floor
Materials Reinforced Concrete
used Curtain Frame - Granite
(general) Blocks
Curtain glass- Granite
Facade stone-
Materials Aluminum curtain wall- P
Stone curtain wall — - -
Image 3.32: Tekfen Tower (Url-64).
e Itisa Class A Office building in SHCA International standards.
. e Itisdesigned in accordance with NFPA and UL standards.
Building
Features e Granite and Aluminum coatings of the building have been subjected

to earthquake resistance and filtration tests.
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Image 3.34: Tekfen Tower's Eastern and Southern Facades (Url-65).
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3.3.6. QNB Finance Bank Crystal Tower

6. QNB FINANCE BANK CRYSTAL TOWER
Const. Date 2011 - 2014
. Pei Cobb Freed & Partners /
Architect Has Architects
Building Func. Office
B Pei Cobb Free_d & Partners/
Permasteelisa Group/
Company

Star Grup

Certificates

LEED Silver Certificate
EMPORIS AWARD
2014 - 7th place.
International
Architecture Award,
2016.

Design Award of Honor,
2015.

Arch. height 169 M
Floors (a.gr.) 32 Floor
Materials used C
oncret
(general)
Facade Glass - Cladding: Haz Marble
Materials / Hilti AG Image 3.35: QNB Crystal Tower (Url-45).
e A" Office Building.
e 25Mtallest in Istanbul.
o It offers surprising and different views from different points of Istanbul
with its dynamic form.
e Henri Cobb found its shape with an identifiable geometry that he created
on the millimetric paper with 7's multiples.
e It forms a parallelogram in accordance with the boundaries of the plot.
e Its symbolic form meets the design goal formed by its different facade
surfaces obtained by transforming the parallelogram in accordance with
Building the sensitive geometric parameters to a hexagon on the 14th floor and a
Features parallelogram on the 28th floor, by offering surprising perspectives to

the citizens from different points of view

The tower looks like a rectangular session from above, (Cati ve cephe,
2016).

Soyak QNB was Turkey's first skyscraper that runs all integration
systems together, internal monitoring, lighting, daylight sensors,
automation, mechanical automation systems and low-voltage systems,
(Candela, 2018, Url-42).

The architect used the form of Baklava at the building form,
representing the region traditions at his design, (Cat1 ve cephe, 2016).
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Image 3.37: Soyak QNB Crystal Tower's Imae 3.38: Soyak QNB Crystal Tower's
Facade Detail (Url-45). Facade From The Podium (Url-45).

Image 3.39: Soyak QNB Crystal Tower (Url-45).
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3.3.7. Metrocity Office Tower

7. METROCITY OFFICE TOWER
Const. Date 2000
Architect Tekeli / Sisa Architecture
Bilding Residential — Office
Func.
Facade Fenis Aluminum
Company
Certificates
Arch. height 143 M
Floors (a.gr.) 31 Floor
Materials
used Reinforced Concrete
(general)
Facade Cladding glass, aluminum
Materials composite panels
Image 3.40: Metrocity Office Tower (Url-66).
e Turkey for the first time used in a structure of this size a Teflon
coated fiberglass roofing to purify harmful ethics of direct sunlight
Building during the day. Roofing material, Teflon, which is a self-cleaning
Features material that can pass 10 - 12% light, has a minimum of 20 years of
usability, was preferred. Besides, the other alternative, glass, was not
preferred due to direct exposure to radiation (Saglam, 2016).
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Image 3.41: Metrocity Office Tower's Facade (Url-66).

i

Image 3.42: Metrocity Office Tower (Url-67).
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3.3.8. Olive Grove Tower - Garanti Bank Headquarters (BBVA)

OLIVE GROVE TOWER - GARANTI BANK

2 HEADQUARTERS (BBVA)
Const. Date 2002
. American Architects:
Architect Gerner, Kronick + Valcarcel
Building Office
Func.
Facade Metal Yapi - Unitized Panel
Company System/ Haz APAC - Stone
. LEED Platinum
e Certificate 2019
Arch. height 122 M
Floors (a.gr.) 22 Kat
Materials
used Reinforced Concrete
(general)
Glass- Beige Stone /
Cladding:
l\/|I: aca(_tlel Metal Yap1 - Unitized Panel :
aterials System. _ W . .
Haz APAC - Stone Image 3.43: Olive Grove Tower (Url-53).
Sulielint e Itisthe only bank building in Turkey, having LEED certification
Features ’ '

Image 3.44: Olive Grove Tower's Curtain Glass Facade System — Southern Facade (Url-68).
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Image 3.45: Olive Grove Tower's Curtain Glass Image 3.46: Olive Grove Tower's Curtain Glass
Facade System — Southern Facade, (Metal Yapi, Facade System — Eastern Facade, (Antre

Design, Url-69).

. 7“4/- H » Ly . H
Image 3.47: Olive Grove Tower's Curtain Glass  Image 3.48: Olive Grove Tower's Curtain Glass
Facade System — Northern Facade (Architizer, Facade System — Western Facade (GKV
Url-70). Architects, Url-53).

bl

Image 3.49: Olive Grove Tower's Curtain Glass  Image 3.50: Olive Grove Tower's Curtain Glass
Facade System — Southern Facade, Curtain Wall Facade System — Southern Western Facade
System, Ventilation Louvers (Url-53). (Architizer, Url-70).
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3.3.9. Diamond of Istanbul

10. DIAMOND OF ISTANBUL
Const. Date 2004- On Hold S S T
. Dome Architects; Murat
Architect YILMAZ
Building Residential — Hotel —
Func. Office
Facade Ove Arup Partners
Company /" Arcelormittal
Certificates
Arch. height 268 M
Floors (a.gr.) 53 Floor
Mitseer(;als Reinforced Concrete + Steel
+ Composite
(general)
Facade Glass / Double Skinned
Materials Facade Image 3.51: Diamond of Istanbul
(Url-71).
Building e Turkey's first steel-concrete composite skyscraper.
Features o  A-class offices.

*Since the construction of the building is still on hold, some data could not be accessed.
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Image 3.52: Diamond of Istanbul (Alchetron, Url-72).
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3.3.10. Spine Tower

11. SPINE TOWER
Const. Date 2014
Architect 2 Design Group
Building Func. Residential - Office
Facade .
Company Sapa Building System

Certificates

LEED Gold Certificate-

2014.

By RICS:

Best Office Architecture
Europe Certificate-2012.
Best Office Architecture
Turkey Certificate-2012.

By MIPIM:

Best Turkish Project

Certificate - 2014.

Arch. height 202 M
Floors (a.gr.) 47 Floor
Materials used C
oncrete
(general) 3
Facade Glass / Elegance 72 Panel |3 e Tower (Url-73)
Materials Facade System R '
e A" class standards.
e 7"tallest in Istanbul.
e 360 degree view feature.
e An exemplary project designed according to international
Building sustainability standards.
Features e It was designed to withstand an 8.5 magnitude earthquake.

It is a model project that is sustainable, energy-saving and 54%

of it is green.

It was the first time in Turkey to use, C80 class of concrete
material in this project.
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Image 3.54: Spine Tower, Roof’s Reflective Glass
(Url-73).

R 2 k »: 5 S~
Image 3.56: Spine Tower, View From The Interior Facade
(Url-73).

A et " — o
Image 3.57: Spine Tower, Western
Facade, Horizontal Sunshade
Elements (Url-73).

Image 3.58: Spine Tower’s Facade
(Url-73).
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3.3.11. River Plaza - Ozdilek Plaza Tower A —-B

12. RIVER PLAZA - OZDILEK PLAZA TOWER A -B
Const. Date 2011 - 2014
At B+H Arcp/;?ecture / Piramit
imarlik
Building B / Residential - A/ Hotel
Func. — Office
Facade Erbay Aluminyum / Schiico
Company
ip LEED Gold Certificate-
Certificates 2016
. Tower A-170 M / Tower
Arch. height B 148 M
Floors (a.gr.) Tower A - 38 Floor / Tower
r- B -37 Floor
Materials
used Concrete
(general)
Glass- Unitised curtain wall
Facade system /Schiico
Materials ) ) ;
Paint / Coating: Jotun e e——
Image 3.60: River Plaza (Url-49).
e 24" tallest in Istanbul.
Building e A" energy saving building.
Features e A Class Office Building.
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Image 3 61 River Plaza, Western Facade .62: ir PIza Eastern Facade
(Url-49). _ _ (UrI 49)

(Url-49).

I‘mage 3.63: River Plaza, Northern Eastern
Facade (Url-49).

Image 3.65: River Plaza, Intor Place
(Url-49).
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3.3.12. Is Bank Tower |

14. IS BANK TOWER |
Const. Date 1996 - 2000
Tekeli Sisa Mimarlik /
Architect Swanke Hayden Connell
International
Building Office
Func.
Facade Heintges & Associates/ Sise
Company cam
. BREEAM In-Use (Very-
Certificates Good) 2014
Arch. height 181.2 M
Floors (a.gr.) 52 Floor
Materials
used Concrete
(general)
Facade Steel — Glass —Granite
Materials Paint / Coating: Jotun
14" tallest in Istanbul.
Uses "intelligent skyscraper" technologies, (Emporis- Url-22).
It became the first Turkish bank to receive the Green Building
certificate, (Yesil bina dergisi, Url-86).
This tower has maintained until 2011 the tallest building title
Building structure in Turkey.
Eeatures The total area of the various air ducts used in this project for

heating, ventilation, air conditioning (HVAC) installation is
150,000 m?, which is equal to the surface of 26 football fields.
The total amount of pipes used in heating, cooling, wastewater,
clean water, rainwater, fire extinguishing installations is 300 km
which is equal to the distance between Istanbul and Bursa,
(Wikipedia, Url-21).
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Image 3.67: Is Bank Towers Eastern Facade (Url-76).

Image 3.68: Is Bank Towers Western Facade (Url-76).
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3.3.13. 1z Plaza Giz

15. IZ PLAZA GIZ
Const. Date 2003
Architect Giz Ingaat Mimari Grup
Building Office
Func.
Facade . .
Company Sisik Aluminium
Certificates
Arch. height 91 M
Floors (a.gr.) 28 Floor
Materials
used Reinforced Concrete
(general)
Facade Aluminium Curtain wall- =Y
Materials Composite panels F ARy S
Image 3.69: Iz Plaza Giz (Url-51).
Building e A Class Office Building.
Features

Image 3.70: Iz Plaza Giz (Url-51).
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3.4. EXAMINED HIGH-RISE BUILDINGS DATA

Buildings Facade evaluation data in term of sun-daylight, natural ventilation and
material parameters are as follows:
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Sun-Daylight Parameters Evaluation Data are as follows at (Table 3.4-3.5):

Table 3.4: Sun-Daylight Parameters Data Table.

Sun - Daylight Parameters
P1 P2 P3 P4 PS5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15
o z : s Horizontal
No| High-rise Buildings West-East Verti i “
Surface color of the Self-Shading Glass Continuo DSF | Low-E coated Glass Relliciimgtey Insulation Skylight system to f{'w:;: sh:“;’_" :lre ::Z:':’{":':';’:g shading element | Sun consideration at | Sun consideration at | Sun consideration at | Sun consideration at
facade (Light-Dark) h 8 us Glass . : B . 8 increase daylight 8 at the southern the North (Vertical) | the South (Horizontal) | the East (Vertical) the West (Vertical)
element western facade
facade
5 Special curtain Special curtain system
p—— system controlled controlled Schiico ASS 50/ isti
control panels at the 8YE 2 . X s e Sky-courtyard located on Existifig fm the Deaf facade-cold Deaf facade-cold facade | Double-skin facade,
2 . . ¢ ‘ . s o o automatically by PC | automatically by PC | ASS 70.HI-glasses 2 eastern facade oo < " < : i
1 Istanbul Sapphire Blue glass facade inner face of the Existing | Existing . s . every three floors (Cat1 ve . Not existing Not existing facade system (Cakir | system (Cakir Kiasif, |Aluminum sun control [ Double-skin facade
2 depending on The depending on The are heat insulated 5 (Cati ve Cephe, = ‘
outer skin (Cat1 ve Cephe, 2008). Kiasif, 2015). 2015). panels
Cephe, 2010) season, day and hour | season, day and hour (Url-39). 2010).
DA i (inan, 2016). (inan, 2016).
The modular panels
in the plinth block o " High heat-insulated -
2 Special quality 5 .
designed and . 4 Special quality glasses waterproof Smart buildi
manufactured to Nt _mei;:_c;:‘;a - and intermediate insulated noise automat' s ;nfgb Fully glass-clad facade, ZRL 90 S Structural Silicone Modular Panel System with Heat Barrier is
2 Levent 199 Transparent Glass carry horizontal Existing i ! 1 yers layers were used to insulated double omation and fiber Not existing Not existing Not existing used for facade cladding (Yalitim Dergisi, 2015). A smart building automation and fiber optic IT
. existing | were used to reduce optic IT infrastructure Hon i s i
band aluminum solar : reduce energy glazed glass infrastructure has been used (Url-40). There is no usage of shading element.
energy consumption . = > (Url-40).
control elements Utl-52 consumption (Url-52).| (Yalitim Dergisi,
(Yalitim Dergisi, (rl:52). 2015).
2015).
Triple silver coating
Transparent Glass t::aax?lz: daZ:}g::_ Triple silver coating
(Ultra clear glass has i ; YSaBE-allc Provices maximize day light |Trickle Vent System 3D designed facade system with Vertical motives providing shading to the building and allowing
" Existing (Vertical - Not energy saving (min. 3 : o g v o o 5 : s . : e s
3 Istanbul Tower 205 low iron content to hadi Existing isti 60% light and usage and provides | isolates the external Not existing Existing Existing Not existing maximum sunlight to penetrate inside, these motives of the tower give it a different look at every
g sha exis and max. - : !
have natural silver ading) st :015 e::rgynax energy saving (Url- noise (Url-56). angle of the day (Url-56).
3 0
torie) (Url:56), transmittance) (Url- 26);
56).
Horizontal sunshade
elements are placed at
the exterior facade face,
Th Al d s0 as not to obstruct the South-eastern / South-western facades,
The tempered outer 2 p? i/ fmplesre Not enough / view for the office horizontal sunshade elements are placed so as
Blue Glass - S ; glazing coated by SASLE dzmg - Glazing system QLEnONE Glasses are designed occupants. Semi- not to obstruct the view. But due to the suns
G g Existing (Horizontal T : i composed of two e : South-eastern / )
Beige/silver coloured . , e Not invisible silver low- . providing noise and . . . — from the ground up to | transparent rolled up solar path the eastern and western facades are
4 Kanyon : shading) Southern Existing £ % layers of polyvinyl - A Not existing South-western Not existing Existing 4 5 :
stainless steel - 3 existing [ emittance low E S heat insulation (Url- allow the daylight Internal vertical blinds not shaded enough (Schulze, 2015). /North-
. facade . 8 (PVB) laminated facades (Schulze, S s
Aluminum coating (Schulze : 41). passing inside (Url-78). made of textile, eastern / North-western facades, Glasses are
glazing (Schulze, 2015). i 5
2015). 2015) automatically controlled designed from the ground up to allow the
’ by the solar intensity, daylight (Url-78).
control light, block
glare and provide
privacy (Schulze, 2015).
Double-glazing
: system, allows 6 mm colored Double-glazing The transparent
. Partially 5 . ” e
Dark/ brick-color e Not |maximum sunlight to reflective glass - system, leaves the T r— Less transparent surface increases at Less transparent
& A 2 5. & 3 e i % ah £88 S] a - .
5 Tekfen Tower granite stones, grey- Not existing artp(f)fthe ——— penetrate, but leaves | 12mm air gap - 6mm | minimum solar heat Not existing Not existing Not existing Not existing surfacI:)e surface. There is no the eastern facade. surface. There is no
toned reflective glass. pbuil iri) €| the minimum solar colored reflective  [amount to get inside shading element usage | There is no shading | shading element usage
=2 heat amount to get | glass (Saglam, 2016). (Saglam, 2016). element usage
inside (Saglam, 2016).
Smart Facade/ 5 _ 1 ; o s s
A . Automatic shading is Due to curtain control system with NIJAGARA / HELVAR, daylight is controlled by daylight
Automatic shading . ) i . . . S i - ; ; 7 ] ;
5 el By the Sunguard S. Neutral provided by the I'here is a soaring sky sensors, providing an automatic shading, depending on latitude and longitude according to sunrise
QNB Finance Bank SN e Not 51/28, double-silver | automation systems | Excellent thermal garden at the upper - Interior shading | Interior shading and sunset values, thus ensuring maximum efficiency. Due to the structure of the building, to
6 ¢ Transparent Glass | automation systems | Existing A 2 : : B Existing - = : : . - 3 3 5 i . ¢
Crystal Tower used. depndine on existing | coated solar control | used, depending on | insulation (Url-44 ). [ level of the building = element element provide the comfort of the building occupants, the curtain settings of the west side and the curtain
" s‘ed', i phl ‘ ‘g< ) glass is used (Url-43).| the daylight sensors (Url-45). settings of the east side are completely different. So the people working on the same floor can work
e dgd% 4;)""50“ (Url-42). comfortably and have the necessary amount of daylight (Url-42).
11-42).
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Table 3.5: Sun-Daylight Parameters Data Table (Continues).

Teflon coated fiberglass
Dark colored roofing is used to purify
White colored reflective heat glass is harmful ethics of direct
ISR O = used, allowing : sunlight during the day. Facade designed to allow the maximum possible window view and The circulation core is
. aluminum composite g s 7 Not 3 5 Reflective heat glass i 5 : 9 - 5 Sidi . : S L % Nais
7 | Metrocity Office Tower Not existing Existing - maximum daylight : Heat insulated Roofing material, Not existing Not existing Not existing daylight penetration, strip window provides a high-quality natural light is | placed at the western
& panel, dark colored existing . S is used —r il . . 2 N
: inlet, leaving Teflon, which is a self- used (Wong, Yuen, 2011). There is no shading element usage facade (Saglam, 2016).
reflective heat glass o % -
= minimum solar heat cleaning material that
inside (Saglam, 2016). can pass 10 - 12% light
(Saglam, 2016).
Olive Grove Towei- ) At the Thermal insulation, Orianiciisnieads The southern flacade is Sudhewesterm o vastern Ticades, fiemafioio
: Blue-colored Glass, e southern Not 5.2 - Water penetrate .. - L - . covered with a
8 Garanti Bank . Not existing : i Existing Existing ; ; ; Not existing Not existing Not existing Not existing the deaf part ratio transparent surfaces was reduced, and the deaf
" Beige toned stone facade | existing insulation and noise . completely transparent s . i .
Headquarters (BBVA) . . increased clearly facade rates were increased.
only insulation (Url-46). surface.
Double-skin glazed facade system is used, this facade type, allows the sunlight to penetrate inside,
9 | Diamond of Istanbul Transparent Glass —_ Existing | Existing — = == Existing — — — and separate the interior and exterior atmosphere, it also provides a shading to the interior place
(Saglam, 2016).
Diagonal curved area
L i and glass SClC(fllOnS . i Elegance 72 Panel Facade System has been specially designed for the . i
Existing, Horizontal . on the top of the Thermal insulation- 5 8 5 ; ; ) - Horizontal shading
e : o 5 Not _— ; 5 : o Existing on the g - project, in order to use uninterrupted windows at the floor-ceiling level to Shs
10 Spine Tower Transparent Glass shading at the Existing o Existing Spine Tower have Water insulation Not existing " Not existing Not existing " s ) . . existing at the western
existing s western facade see the view uninterruptedly and to allow maximum daylight entrance
western facade =2 been selected with (Url-58). (Url-48) facade
reflective properties i
(Url-47).
The western facade is
On the northern and southern facades, the ratio c<1)vtcrlcdt;vllh 2 i
£t — , dcelliand he:deat T completely transparen
River Plaza - Ozdilek | Blue-colored Glass, Ex1slu¥g, Vierdical i Not - gk i High heat and noise 58 Existing on the 50 i g O rAnpareniaus a?es wase ucel e.m jecon Vertioal ghading surface. Building
11 ] shading at the Existing e Existing Existing ; ; Not existing Not existing Not existing facade rates were increased. / Building facade |elements are placed at
Plaza Tower A -B Beige toned stone existing insulation (Url-49). eastern facade ¥ facade system allows
castern facade system allows 50% of the sunlight to penetrate the castern facade 3 %
o 50% of the sunlight to
inside (Url-49). e
penetrate inside (Url-
49).
Building is
surrounded by leak-
O S — Not lproof g]a;. I{?ﬂ;; A wide window opening on the facade is providing a substantial amount of daylight into the
12 Is Bank Tower I s Not existing Existing . e BT Existing Heat insulated Not existing Not existing Not existing Not existing building (Wong, Yuen, 2011). Blinds used to prevent reflection, glare and shine, can be controlled
heat glass existing | permeable glass was by users (Url-50)
produced especially FHSHES ’
by Sisecam (Saglam,
2016).
i i \ i ive All facades are designed with the s features, high sol flective colored glass used at th
3 Iz Plaza Giz Light composite Riisieiiling Hdatiing I§0F ikt High solar reflective AWater‘ and sound Kb eafidiice Not existing Not existing Not existing acades are designed with the same features, high solar reflective colored glass used at the
boards + glass existing glass (Url-80). insulation (Url-51). curtain glass system.

*Since the construction of Diamond of Istanbul high-rise building is still on hold, some data could not be accessed.
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¢ Natural Ventilation Parameters Evaluation Data are as follows at (Table 3.6-3.7):

Table 3.6: Natural Ventilation Parameters Data Table.

Natural Ventilation Parameters
P16 P17 P18 P19 P20 P21 P22 P23 P24 P25 P26 P27
No| High-rise Buildings ’ Natural No Vertical pERGen Wind Wind Wind Wind
o Skylight system B . . . Openable landscape X g , . . : b .
Natural Ventilation - ventilation | Wind Power | shading Wing Wall ; ; consideration | consideration | consideration | consideration
(Ventilation) = Windows elements in
Grilles element at the North at the South at the East at the West
the Facade
Existing at
- . Sky- d .
Existing (DSF, vertical loca}t,e(:iogr:tz:rer the inner Vertical
1 | Istanbul Sapphire | gardens) (Cati ve Cephe, Y Existing —_ Not existing | Not existing | facade (Cat1 Deaf facade-cold facade system | Considered /Double-skin Facade
three floors (Cat1 gardens
2008). ve Cephe, 2008) ve Cephe,
phe, ' 2008).
Adequate fresh air is Cooline svstem Electricity is
supplied to all user areas / B provided by Double glazed facade. The building underwent wind tunnel tests, so
; . oo and spacious . . .. . e _y s - . . . .
2 Levent 199 Filters used in ventilation —— Not existing the wind Not existing | Not existing| Not existing Existing it is providing the necessary resistance against high wind loads.
system are selected at cofrrt ard (Url-40) power station Mechanical ventilation system (Url-40).
minimum F7 level (Utl-52). y : (Url-79).
. Trickle Vent
Intelligent naturally Bsens Kistenltiis
ventilated facade, Trickle cgleates Trickle V r%t Special Trickle vent system mounted to the facade system, allows
3 | Istanbul Tower 205| Vent System (100% fresh Not existing 3 — Existing | Not existing = Not existing | natural air penetrating inside and providing 100% fresh air hourly
. . . natural air System
air quality -Breathing A ; i (Url-56).
Building) (Url-56) circulation existing
' (Url-56).
Mechanical ventilation
system, depends on taking
fresh air from the exterior The building underwent wind tests so it is providing the necessary
d extracti lluted ai o g . 3 2 Ly . - ist inst high wind loads and havi it t
4 Kanyon eI B RO LB Not existing Not existing | Not existing | Not existing | Not existing | Not existing | Not existing SERSURESISATISL NES W AS v MIIE Sty xysiei
from the interior, at a rate of preventing any injuries that would occur in case of a window burst.
approximately two air But there is no natural ventilation (Schulze, 2015).
changes per hour (Schulze,
2015).
Before th king h )
RS i ot Existed at the
start, the building is . : o . > - :
. . circulation The building is using a mechanical ventilation system with openable
provided with 100% : i : ;
o o o core, and e B 2o . windows. Schuco Unitized Curtain Wall system is used at the
5 Tekfen Tower cooldown outdoor air with Not existing — Not existing |Not existing| Existing Not existing g :
openable building facade, the curtain wall system has undergone weather
Fan Powered Rehcat VAV : 2 :
. . window is tightness tests (Schuco brochure, 2019).
air conditioning system used (Url-81)
(Saglam, 2016). i
o . . . .. A detailed analysis has been made to the building in terms of wind
Ventilation works with an | There is a soaring | Existing at = : ) ”
. : loads (Url-55). Ventilation works with an automation system, with
QNB Finance Bank automation system. sky garden at the the i .. .. . . . e B
6 3 — Not existing | Not existing [ Not existing Existing  [the mechanical automation, the amount of carbon inside is measured
Crystal Tower VAV Fan Power Box upper level of the | mechanical 2 s iy o : :
system is used (Url-54) building (Url-45) fl in air, if necessary, excess air is supplied or left airless, the system
y = ’ MR ’ o makes the quality measurements itself (Url-42).




Table 3.7: Natural Ventilation Parameters Data Table (Continues).

An openable windows is
used for natural ventilation,

there are 22 openable vents
(Url-49).

. Openable An openable windows is used for natural ventilation. The heat and
: and a VRV (Variable . . ; ; : ;
Metrocity Office . . windows is .. . . . . light reflective dark-colored glass is used because of Istanbul's
7 Refrigerant Volume) HVAC Not existing Not existing | Not existing [ Not existing| Existing Not existing : : ; ;
Tower used (Wong, windy weather. It is storing storm water for garden watering (Wong,
system connected to an
: Yuen, 2011). Yuen, 2011).
automation system (Wong,
Yuen, 2011).
The building i tilated i . . oy
. © but ding 1s ventra'e Louvers Building Curtain wall system underwent wind tests so it is
Olive Grove Tower naturally with fresh air v : : : ;
; . settled at the providing the necessary resistance against high wind loads (Url-46).
-Garanti Bank through the curtain wall s e o s “ : y . mg : .
8 5 o ; Not existing Existing — Not existing |Not existing | window sills | Not existing | The curtain wall used at the building designed with louvers settled
Headquarters system which is designed .. g : d ; G
! existing (Url- at the window sills, which allows the fresh air to penetrate inside
(BBVA) with louvers settled at the 53) the building (Url-53)
window sills (Url-53). ' - '
Central big atrium (Url-83), .
Diamond of Double skinned facade Dayble-gidn e fnner ggrc_iens Double-skin facade / The exterior facade is designed to clean itself
9 g s facade system — —_ Not existing —_ — are existing : - - =
Istanbul providing natural ventilation ~ with rain and wind (Saglam, 2016).
(Saglam, 2016). (Url-84).
(Url-84).
The building is ventilated The building underwent wind tests so it is providing the necessary
naturally with the fresh air Openable resistance against high wind loads. The window's vents are closed
10 Spine Tower provided by the openable Not existing windows is — Not existing |Not existing| Existing Existing automatically in case of high wind pressures, due to engines
windows, even at 191 m used (Url-47). included to windows, connected to the wind sensor (Cat1 ve Cephe,
highness (Url-85). 2014).
The building is ventilated
lly with the fresh ai . . ; 2
River Plaza - nart;J\r/? de};lwblt thtei) reensabT: Building facade includes openable windows. Schuco Unitized
11 Ozdilek Plaza L ¥ e Not existing Existing — Existing [Not existing| Existing Not existing | Curtain Wall system is used at the building facade, the curtain wall
windows, on every floor, .
Tower A -B system has undergone weather tightness tests (Schuco brochure).

No natural ventilation,
VAV (Variable
Air Volume) HVAC system
connected to an automation
system, a computer-
controlled system, has been
used to keep air quality and
air conditioning at a high
level of performance
(Wong, Yuen, 2011).

12| Is Bank Tower I

Not existing

Not existing

Not existing

Not existing

Not existing

Not existing

No natural ventilation provided. The heat and light reflective dark-
colored glass is used because of Istanbul's windy weather. It is
storing storm water for garden watering (Wong, Yuen, 2011).

Ventilated with conditioned
fresh air supplied from the
air stations (Url-80).

13 Iz Plaza Giz

Not existing

Not existing

Not existing

Not existing

Not existing

Not existing

All facades are designed with the same features, the structural
system of the building underwent wind tests (Url-51).

*Since the construction of Diamond of Istanbul high-rise building is still on hold, some data could not be accessed.
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Material Parameters Evaluation Data are as follows at (Table 3.8-3.9):

Table 3.8: Material Parameters Data Table.

High-rise Buildings

General Information

Material Parameters

P28

P29

P30

Property of the facade
material

Local Material

Recyclable Materials

Environmentally
Friendly Materials

—

Istanbul Sapphire

%90 of used facade
materials local and natural
(Cat1 ve Cephe, 2008).

Existing

Existing

Existing

Levent 199

Building materials do not
harm human health (Url-
40). Over 20% of the
materials used during
construction have
recycled content and
over 40% were selected
from local materials (Url-
52).

Existing

Existing

Existing

w

Istanbul Tower 205

Eco-friendly building /
Use of recycled and
certified materials (Url-56).

Existing

Existing

Existing

Kanyon

Natural materials used
(Url-78).

Existing

Existing

Existing

Tekfen Tower

Granite Blocks are
imported from Africa,
India, Finland and Italy
(Url-82).

Not existing

Existing

Existing

QNB Finance Bank
Crystal Tower

The project details and
material selections in
Finansbank Crystal Tower
based on the principle of
sustainable energy while
projecting were created to
receive LEED certification
and to be registered as
Green Building (Cat1 ve
cephe, 2016).

Not Existing

Existing

Existing

Metrocity Office
Tower

Local materials were used,
but no recycled materials
were used (Wong, Yuen,

2011).

Existing

Existing

Existing

Olive Grove Tower
-Garanti Bank
Hcadquarters

(BBVA)

The cladding company
uses products with ISO
14000 Environmental
system and ISO 18000
Health and Safety System
Certificates (Url-46).

Existing

Existing

Existing
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Table 3.9: Material Parameters Data Table (Continues).

Diamond of
Istanbul

Durable, flexible and
reusable and casily
recycled steel material
used (Url-57).

Not cxisting

Existing

Existing

10

Spine Tower

Lighting energy was saved
by using spccial materials,
the aluminum used at the
facade is fully recyclable
and supporting a zero-
energy construction (Url-
58).

Existing

Existing

Existing

11

River Plaza -
Ozdilek Plaza
Tower A -B

Local materials,
environmentally friendly
materials and recyclable

material are used (Url-49).

Existing

Existing

Existing

12

Is Bank Tower I

Local materials and re-
used materials were used,
but no recycled materials
were used (Wong, Yuen,

2011).

Existing

Existing

Existing

13

1z Plaza Giz

Local materials,
environmentally friendly
matcrials arc used (Url-51).

Existing

Existing

Existing
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3.5. RESULTS
1. Istanbul Sapphire:

From the (Table 3.4-9) we can conclude that Istanbul Sapphire's facade system benefits
from natural light at a maximum level, with the help of the glass which is covering the
whole building. At the same time, green spaces are created on both sides of the building
between the inner shell and the outer shell, arranged as inner gardens every three
floors. These vertical garden spaces act like atriums that provide natural ventilation to
the building through louvers which take the air from ground level and exhaust it
through the top ensuring a natural and warm atmosphere which makes it a breathing
building. Thus, it will consume less energy for air conditioning. On the other hand,
due to the vertical gardening technique located on every three floors, it is protected
from the direct sunlight. Also, it is designed with a special curtain system controlled
automatically by computer depending on The season, day and hour. Besides, This
Double-skin facade system that was used, especially the outer shell, provides the
necessary protection against adverse meteorological conditions, air pollution and
noise. On the other hand this skyscraper’s occupants can open their windows and take
fresh air through the buffer zone and the vertical gardens provided by the Double-skin

facade. Moreover, %90 of used facade materials are local and natural materials.
2. Levent 199:

In accordance with the (Table 3.4-9), a fully glass-clad facade is used at Levent 199,
so it is providing a good daylight ratio to the building occupants. The curtain wall type
used is ZRL 90 S Structural Silicone Modular Panel System with Heat Barrier (Yalitim
Dergisi). Special quality glasses and intermediate layers were used to reduce energy
consumption. The building provides automation and fiber-optic IT infrastructure (Url-
40). However, it is noticeable that there is no usage of shading elements at the exterior
facade skin. On the other hand, the building is providing its fresh air with a mechanical
system. A 4 Pipes Fan Coil Heating / Cooling system is used. According to Levent 199
(Url-40), adequate fresh air is supplied to all user areas / Filters used in the ventilation
system are selected at minimum F7 level (Url-52). Additionally, the building

underwent wind tunnel tests, so it is providing the necessary resistance against high
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wind loads. Furthermore, the building includes green areas, spacious green central
courtyard. In addition, building electricity is provided by the wind power station. On
the other hand, the building is using materials that do not harm human health. Also,
over 20% of the materials used during construction have recycled content and over
40% were selected from local materials. Thus, the carbon dioxide emission from
transportation was reduced as the amount of raw materials required for construction

and local resources were preferred (Url-52).
3. Istanbul Tower 205:

As a result of the study done at the (Table 3.4-9), we can find that Istanbul Tower
205’s facade system providing enough daylight, 60% light, 30% energy transmittance,
to the interior places with the triple coated glass and the vertical motives settled on the
facade which acting like sun shading elements. These motives of the tower give it a
different look at every angle of the day. Also, this transparent facade design and the
location of the tower gives the building a magnificent city and Bosphorus view.
Besides that, as it is mentioned before, Istanbul Tower 205 is the first building in
Turkey that used the Trickle Vent Technique at the facade, the technique that gives the
building a breathing building feature, which allows the fresh air to penetrate inside and
provides building occupants a fresh air hourly. Never forgets to mention that besides
providing fresh air per hour, it isolates the building from the outside noise. One the
other hand buildings facade does not include a vertical garden system but in this
project, there is plenty of landscaping on the ground floor and outside courtyards.
Besides, Istanbul Tower 205's materials are environmentally friendly. Thus, these are
some of the reasons that led the building to obtain a LEED Gold Certificate.

4. Kanyon:

According to (Table 3.4-9), Kanyon's facade has sun shading elements stretches from
the south-eastern facade to the north-eastern facade, due to the investigation of various
sources, we conclude that the design of the shading elements used in the facade does
not consider the solar path. Therefore, it is not providing the required shading enough.
It is also found that the internal sun shading elements were providing a good shading

but it is not enough to prevent the heat entrance to the building. Which causes more
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energy consumption for cooling the building. On the other hand, the building depends
on a mechanical ventilation system, which takes the fresh air from the exterior and
exhausts the polluted air to it. The air supplied mechanically, cooled and heated, then
used to ventilate the interior space through the air conditioning systems. Besides, the
building has durability against high wind loads because it was undergoing wind tests,
and the laminated glazing system that used providing security by preventing the

window from bursting into tiny pieces that cause injuries in case of a burst.
5. Tekfen Tower:

Due to the information collected from the related sources and the (Table 3.4-9) for
Tekfen tower's air conditioning system, the air-powered, Fan Powered Reheat VAV
system has been preferred. which has been used in high-rise buildings in America since
1990. The entire system has been designed according to Turkish Standards, American
BOCA codes and ASHRAE recommendations. Maximum indoor air quality and
maximum oxygen content are provided by the stimulation received from indoor air
quality sensors. The system has been designed so that the minimum amount of clean
outdoor air per person is 50 m?/h. Before the working hours start, the building is
provided with 100% cooldown outdoor air, allowing the day to start with fresh air.
Besides, when the weather conditions are suitable, the amount of outdoor air is
increased and natural cooling is performed, thus richer indoor air quality is provided
(Saglam, 2016). However, Tekfen tower's facade color is darker than the other selected
building’s facades. On the other hand, the facades of the building have been designed
as, partly curtain glass and deaf parts which are partially covered with granite stone,
according to architectural design rules. Besides, a Double-glazing system that allows
maximum sunlight to penetrate, but leaves the minimum solar heat amount to get
inside, was preferred. As well, the building’s northern, southern and western facades
transparent and deaf surfaces alike each other, when the eastern facade's transparent
surface increases compared to them. So, it can be concluded that the sun path is not
considered by the building facade. On the other hand, due to the collected data,
materials used at the project are not local materials, building's granite blocks are

imported from Africa, India, Finland and Italy.
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6. QNB Finance Bank Crystal Tower:

According to the (Table 3.4-9), QNB Finance Bank Crystal Tower’s facade is acting
as a smart facade because of the Sunguard S. Neutral 51/28, double-silver coated solar
control glass that used (Url-43), its facade depended on an automation system, controls
the curtains automatically due to the sun and the daylight directions, as the system is
controlled automatically. According to the curtain control system with NIAGARA /
HELVAR, daylight is controlled by daylight sensors, providing an automatic shading,
depending on latitude and longitude according to sunrise and sunset values, thus
ensuring maximum efficiency. Besides, due to the structure of the building, to provide
the comfort of the building occupants, the curtain settings of the west side and the
curtain settings of the east side are completely different. So the people working on the
same floor can work comfortably and have the necessary amount of daylight (Url-42).
On the other hand, the building’s ventilation also is controlled by the automation
system, which detects the air’s carbon amount, and if it is necessary, excess air is
supplied or left airless. So, the system makes the quality measurements itself. Also, a

detailed analysis has been made to the building in terms of wind loads (Url-55).

As QNB Finance Bank Crystal Tower is based on the principle of sustainable energy
it deserved to receive LEED certification and to be registered as a Green Building.
Besides, the building, which was rated seventh in the Emporis Skyscraper Award 2014
ranking. It was the only project from Turkey to enter the Emporis rankings.

7. Metrocity Office Tower:

In accordance with the (Table 3.4-9), the type of window used at Metrocity Office
Tower is strip window, which allows a great amount of the daylight to penetrate inside,
also it is providing a wide range of view to building occupants. Besides, the glass type
used at these windows is a dark-colored reflective heat glass which is preventing the
harmful UV beams inlet and allowing maximum daylight penetration. On the other
hand, as a skylight system, Teflon coated fiberglass roofing is used to purify harmful
ethics of direct sunlight during the day and provide daylight inlet. This Teflon roofing
material is a self-cleaning material that can pass 10 - 12% light (Saglam, 2016). As

well, the aluminum composite used to cover the deaf parts of the facade is selected as

104



a light-colored so the sunlight absorbance of it is lower than the dark facade cladding
materials. As a ventilation system, the building is designed with openable windows,
so it can be ventilated naturally. Besides, a VRV (Variable Refrigerant VVolume)
HVAC system is used also, this system is connected to an automation system (Wong
& Yuen, 2011). On the other hand, it is detected that local materials were used at the
building, but no recyclable materials were used (Wong & Yuen, 2011).

8. Olive Grove Tower - Garanti Bank Headquarters (BBVA):

From the data collected at the (Table 3.4-9), The Olive Grove Tower, which is hosting
Garanti Bank Headquarter is the first bank in Turkey having LEED Platinum
Certificate. Thus, it is designed according to the green architecture criteria. However,
the building facade cladding was done by Metal Yapi1 company, this company uses
products with 1SO 14000 Environmental system and ISO 18000 Health and Safety
System Certificates (Url-46). On the other hand, it can be noticed that the building’s
southern facade is covered with a completely transparent surface, on the northern
facade the deaf part ratio increased clearly and on the western and eastern facades, the
ratio of transparent surfaces was reduced, and the deaf facade rates were increased. So,
it can be concluded that the sun path is considered by the building facade. Besides, the
building is naturally ventilated by the curtain wall system used, this wall system
designed with louvers settled at the window sills, which allows the fresh air to

penetrate inside the building (Url-53).

9. Diamond of Istanbul:

Due to the collected data at (Table 3.4-9), Diamond of Istanbul is Turkey's first steel-
concrete composite skyscraper. The double-skin glazed facade system is used at
Diamond of Istanbul, this facade type, allows the sunlight to penetrate inside, and
separate the interior and exterior atmosphere, it also provides shading to the interior
place (Saglam, 2016). Besides, the building is providing natural ventilation by a
central big atrium and double-skin facade. However, the exterior facade is designed to
clean itself with rain and wind (Saglam, 2016). Furthermore, the building contains

vertical gardens that support natural ventilation through the building. On the other
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hand, durable, flexible, reusable and easily recycled steel material used (Url-57).
*Since the construction of the building is still on hold, some data could not be accessed.

10. Spine Tower:

In accordance with the data collected from (Table 3.4-9), the building is an exemplary
project designed according to international sustainability standards. It is a model
project that is sustainable, energy-saving and 54% of it is green. On the other hand,
the diagonal sloping area and glass selections on the top of the Spine Tower have been
selected to reflect the sun's rays. Furthermore, Elegance 72 Panel Facade System has
been specially designed for the project, in order to use uninterrupted windows at the
floor-ceiling level to see the view uninterruptedly and to allow maximum daylight
entrance (Cat1 ve Cephe, 2014). Additionally, the building is ventilated naturally with
the fresh air provided by the openable windows, even at 191 m highness. Subsequently,
the building’s facade is providing the necessary existence against the wind pressure,
and changeable weather conditions, in addition to thermal insulation, due to the
Elegance 72 panel system used (Url-58). However, The building in general underwent
wind tests so it is providing the necessary resistance against high wind loads. The
window's vents are closed automatically in case of high wind pressures, due to engines
included to windows, connected to the wind sensor (Cat1 ve Cephe, 2014). On the other
hand, the Elegance 72 facade system, is a panel system which is produced and becomes
almost-finished at the factory, so that it is providing a faster construction and offering
a better quality as it is produced at the factory. Besides, lighting energy was saved due

to the special material used.

11. River Plaza - Ozdilek Plaza Tower A —-B:

From the data collected at the (Table 3.4-9), It is clearly noticeable that while the ratio
of transparent surfaces was reduced and the deaf facade rates were increased on the
northern and southern facades, the western facade is covered with a completely
transparent surface without any usage of shading element. Vertical shading elements
are placed at the eastern facade. Thus, it can be concluded that the sun path is not
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considered by the building facade. However, the building facade system allows 50%
of the sunlight to penetrate inside (Url-49). On the other hand, the building is ventilated
naturally with the fresh air provided by the openable windows, on every floor, there
are 22 openable vents (Url-49). The Schuco Unitised Curtain Wall system is used at
the building facade, the curtain wall system has undergone weathertightness tests
(Schuco brochure). Besides, local materials, environmentally friendly materials and

recyclable material are used.
12. Is Bank Tower I:

As a result of the study done at the (Table 3.4-9), dark colored reflective heat glass
was used, the building is surrounded by leak-proof glass which is heat-impermeable,
light-permeable glass, this glass was produced especially by Sisecam (Saglam, 2016).
Besides, it is detected that there is neither vertical nor horizontal exterior shading
elements. However, there are interior shading blinds, these blinds are used to prevent
reflection, glare and shine, and they can be controlled by users. Furthermore, a panel
cladding system is used for the facade, this system is brought as almost-finished
module-sized panels from the factory, and it is completed with the installation work at
the construction site (Wong & Yuen, 2011). Thus, it is providing a faster construction
and offering a better quality as it is produced at the factory. Besides, a wide window
opening on the facade is providing a substantial amount of daylight into the building,
according to Wong, Yuen, (2011), the percent of natural daylighting of the building
Is 85%. Additionally, there is no natural ventilation at the building, it is ventilated with
the traditional VAV (Variable Air Volume) HVAC system, which is connected to an
automation system, a computer-controlled system, to keep air quality and air
conditioning at a high level of performance (Wong & Yuen, 2011). On the other hand,
the heat and light reflective dark-colored glass is used because of Istanbul's windy
weather. However, the building is storing storm water for garden watering (Wong &
Yuen, 2011). Anyhow, it is detected that local materials and reused materials were

used at the building, but no recyclable materials were used (Wong & Yuen, 2011).

13. 1z Plaza Giz:
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According to the (Table 3.4-9), All facades of 1z Plaza Giz are designed with the same
features, a high solar reflective colored glass used at the curtain glass system. Besides,

the building’s facade is designed with a light color, so it does not absorb a big amount
of sunlight.

On the other hand the building is ventilated mechanically with conditioned fresh air
supplied from the air stations, according to the standards of ASHRAE (Giz Insaat,
Url-80). Besides, the structural system of the building underwent wind tests.
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3.6. EXAMINED HIGH-RISE BUILDINGS EVALUATION SCORE

According to the data collected above, buildings evaluation scores are as
follows:
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Sun-Daylight Parameters Evaluation score is as follows at (Table 3.10):

Table 3.10: Sun-Daylight Parameters Score.

Parameter Sun - Daylight Parameters
- Paramcter | o P2 P3 P4 P5 P6 P7 P8 P9 pio | Pt | P2 | P13 | P14 | P15 Total L
No Building Number
I,S::’a‘;lgf; 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 30 100%
1. | Istanbul Sapphire Tower 2 2 2 2 2 2 2 2 1 0 0 1 1 2 2 23 76.7%
2. | Levent 199 2 0 2 0 2 2 2 2 0 0 0 2 1l 1 1 17 56.7%
3. | Istanbul Tower 205 2 2 2 0 2 2 2 0 2 2 0 2 2 2 2 24 80%
4. Kanyon 2 2 2 0 2 2 2 0 1 0 2 2 2) 1 1 21 70%
5. | Tekfen Tower 0 0 1 0 2 2 2 0 0 0 0 1 0 1 1 10 33.4%
6. | QNB Finance Bank Crystal Tower 2 2 2 0 2 2 2 2 2 2 2 2 2 2 2 28 93.4%
7. | Metrocity Office Tower 2 0 2 0 2 2 2 2 0 0 0 2 I 1 2 18 60%
Olive Grove Tower - Garanti Bank
8. Headquarters (BBVA) 2 0 1 0 2 2 2 0 0 0 0 0 1 2 1 14 46.7%
9. | Diamond of Istanbul 2 — 2 2 — — — 2 — — — 2 2 2 2 16 100%
10. | Spine Tower 2 1 2 0 2 2 2 0 1 0 0 2 1 1 2 18 60%
11. | River Plaza - Ozdilek Plaza Tower A -B 2 1 2 0 2 2 2 0 1 0 0 0 0 2 1 15 50%
12. | Is Bank Tower I 2 0 2 0 2 2 2 0 0 0 0 2 1 1 1 15 50%
13. | Iz Plaza Giz 2 0 2 0 2 2 2 0 0 0 0 2 1 1 1 15 50%
Total Score per Parameter 26 24 26 26 24 24 24 26 24 24 24 26 26 26 26 376 100%
Total Summation Per Parameter 24 10 24 4 24 24 24 10 8 4 4 20 15 19 20 234 62.3%
% Percent Per Parameter 92.3% | 41.7% | 92.3% | 15.4% | 100% | 100% | 100% | 38.5% | 33.4% | 16.7% | 16.7% | 76.9% | 57.7% | 73% | 76.9% | TOTAL SUMMATION

*Since the construction of Diamond of Istanbul high-rise building is still on hold, some data could not be accessed. Thus its evaluation

has been done within the accessed data only.

110



e Natural Ventilation Parameters Evaluation score is as follows at (Table 3.11):

Table 3.11: Natural Ventilation Parameters Score.

Parameter Natural Ventilation Parameters
ARG Total %
Parameter | p o | py7 | pis | p1o | P20 | P21 | P22 | P23 | P24 | P25 | p26 | P27 e ¢
No Building Number
Score per
Parameter 2 2 2 2 2 2 2 2 2 3 2 2 24 100%
1. | Istanbul Sapphire Tower 2 2 2 — 2 0 2 2 2 2 2 2 20 90.9%
2. | Levent 199 0 2 0 2 2 0 0 2 1 1 1 1 12 50%
3. | Istanbul Tower 205 2 2 2 — 0 0 2 2 2 2 2 16 72.8%
4. | Kanyon 0 0 0 0 2 0 0 0 1 1 1 1 6 25%
5. | Tekfen Tower 2 0 2 — 2 0 2 0 2 2 2 2 16 72.8%
6. | QNB Finance Bank Crystal Tower 0 2 2 — 2 0 0 2 2 2 2 2 16 72.3%
7. | Metrocity Office Tower 2 0 2 0 2 0 2 0 2 2 2 2 16 66.7%
Olive Grove Tower - Garanti Bank
) s ( 89
8. | Headquarters (BBVA) 2 ( 2 2 ) 2 0 2 2 2 2 16 72.8%
9. | Diamond of Istanbul 2 2 —_ —_ 2 —_ —_ 2 2 2 2 2 16 100%
10. | Spine Tower 2 0 2 — 2 0 2 2 2 2 2 2 18 81.9%
11. | River Plaza - Ozdilek Plaza Tower A -B 2 0 2 — 0 0 2 0 2 2 2 2 14 63.7%
12. | Is Bank Tower I 0 0 0 — 2 0 0 0 1 1 1 1 6 27.3%
13. | 1z Plaza Giz 0 0 0 — 2 0 0 0 1 1 1 1 6 27.3%
Total Score per Parameter 26 26 24 6 26 24 24 26 26 26 26 26 286 100%
Total Summation Per Parameter 16 10 16 2 22 0 14 10 22 22 22 22 178 62.3%
% Percent Per Parameter 61.5% | 38.5% | 66.7% | 33.5% | 85.5% 0% 58.4% | 38.5% | 85.5% | 85.5% | 85.5% | 85.5% TOTAL SUMMATION

*Since the construction of Diamond of Istanbul high-rise building is still on hold, some data could not be accessed. Thus its evaluation

has been done within the accessed data only.
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Material Parameters Evaluation score is as follows at (Table 3.12):

Table 3.12: : Material Parameters Score.

Parameter Material Parameters
Parameter Total %
No Building Number P28 P29 P30
lf‘“’“' per 2 2 2 6 100%
arameter
1. | Istanbul Sapphire Tower 2 2 2 6 100%
2. | Levent 199 2 2 2 6 100%
3. Istanbul Tower 205 2 2 2 [ 100%
4. Kanyon 2 2 2 [ 100%
5. | Tekfen Tower 0 2 2 4 66.7%
6. | ONB Finance Bank Crystal Tower 0 2 2 4 66.7%
7. | Metrocity Office Tower 2 2 2 6 100%
Olive Grove Tower - Garanti Bank
2 o,
8. Headquarters (BBVA) - 2 2 6 100%
9. | Diamond of Istanbul 0 2 2 4 66.7%
10. | Spine Tower 2 2 2 6 100%
11. | River Plaza - Ozdilek Plaza Tower A -B 2 2 2 6 100%
12. | Is Bank Tower 1 2 2 2 6 100%
13. | Iz Plaza Giz 2 2 2 6 100%
Total Score per Parameter 26 26 26 78 100%
Total Summation Per Parameter 20 26 26 72 92.3%
% Percent Per Parameter 76.9% 100% 100% TOTAL SUMMATION

112



Table 3.13: Total Summation of Evaluated Parameter Scores.

Parameter ssolnt= Dy yiht Natural Ventilation |y, oo Parameters | TOTAL SUMMATION %
Parameters Parameters
No Building ; ; : §

. S Do Total Parameter Total Parameter Total Parameter Total ”

i Score Score Score Score 100%
Parameter 30 24 6 60

1. | Istanbul Sapphire Tower 30 23 22 20 6 6 58 49 84.5%
2. | Levent 199 30 17 24 12 6 6 60 35 58.4%
3. Istanbul Tower 205 30 24 22 16 6 6 58 46 79.3%

4. | Kanyon 30 21 24 6 6 6 60 33 55%
5. | Tekfen Tower 30 10 22 16 6 4 58 30 51.8%
6. | QNB Finance Bank Crystal Tower 30 28 22 16 6 4 58 48 82.8%
7. | Metrocity Office Tower 30 18 24 16 6 6 60 40 66.7%

Olive Grove Tower - Garanti Bank 6
8. Headquarters (BBVA) 30 14 22 16 6 6 58 36 62.1%
9. | Diamond of Istanbul 16 16 16 16 6 4 38 36 94.8%
10. | Spine Tower 30 18 22 18 6 6 58 42 72.3%
11. | River Plaza - Ozdilek Plaza Tower A -B 30 15 22 14 6 6 58 35 60.4%
12. | Is Bank Tower I 30 15 22 6 6 6 58 27 46.6%
13. | Iz Plaza Giz 30 15 22 6 6 6 58 27 46.6%

376 234 286 178 78 75)
TOTAL SUMMATION : : 740 484 65.4%
62.3% 62.3% 92.3%

*Since the construction of Diamond of Istanbul high-rise building is still on hold, some data could not be accessed. Thus its evaluation

has been done within the accessed data only. Therefore, its evaluation score is shown as 36 over 38 — (94.8%). In case of including the

missing data into the evaluation, the result may differ.
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e Evaluation charts can be concludued from the evaluation parameters score tables above are as follows;

Table 3.14: Evaluation Chart of Buildings Parameters.

100

90

80

70

60

50

40

30

20

Evaluation of Buildings Parameters

100100 100

100 100 100 100 100 100 100 100 100
934
90.9
81.9
80
76.7
728 728 723 728
70
66.7 66.7 66.7 66.7
63.7
60 60
56.7
50 50 50 50
6.7
334
273 273
25

Tstanbul Levent 199 Istanbul Tower Kanyon Tekfen Tower QNB Finance Metrocity Office  Olive Grove ~ Diamond of ~ Spine Tower  River Plaza - Is Bank TowerI 1z Plaza Giz
Sapphire Tower 205 Bank Crystal Tower Tower - Garanti Istanbul Ozdilek Plaza
Tower Bank Tower A-B
Headquarters
Sun - Daylight © Natural Ventilation = Material (BBVA)

114



Table 3.15: Total Summation Evaluation Chart.

17 Plaza Giz.

Is BankTower I

River Plaza -Ozdilek Plaza Tower A -B

Spine Tower

Diamond of Istanbul

Olive Grove Tower -Garanti Bank Headquarters (BBVA)

Metroeity Office Tower

QNB TFinance Bank Crystal Tower

‘Tekfen Tower

Kanyon

Istanbul Tower 205

Levent 199

Istanbul Sapphire

Total Summation

Total Summation

46.6
46.6
60.4
723
94.8
62.1
66.7
82.8
S51.8
55
793
58.4
84.5
50 60 70 80 90 100

*Since the construction of Diamond of Istanbul high-rise building is still on hold, some data could not be accessed. Thus its evaluation

has been done within the accessed data only. Therefore, its evaluation score is shown as 36 over 38 — (94.8%). In case of including the

missing data into the evaluation, the result may differ.
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Table 3.16: Sun-Daylight Parameters Evaluation Chart.

Sun - Daylight Parameters

Sun - Daylight Parameters

P15. Sun consideration at the West (Vertical) 76.9
P14. Sun consideration at the East (Vertical) 73
P13. Sun consideration at the South (Horizontal) 57.7
P12. Sun consideration at the North (Vertical) 76.9
P11. Horizontal shading element at the southern facade 16.7
P10. Vertical shading element at the western facade 16.7
P9. West-East facade shading element 334
P8. skylight system to increase daylight 385
P7. Insulation 100
P6. Reflective glass 100
P5. Low-E coated Glass 100
P4. DSF 15.4
P3. Continuous Glass 92.3
P2. Self-Shading Glass 41.7
P1. Surface color of the facade (Light-Dark) 923
0 10 20 30 40 50 60 70 80 90 100
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Table 3.17: Natural Ventilation Parameters Evaluation Chart.

P27. Wind consideration at the West

P26. Wind consideration at the East

P25. Wind consideration at the South

P24. Wind consideration at the North

P23. Vertical landscape clements in the Facade

P22. Openable windows

P21. Wing Wall

P20. No Vertical shading clement

P19. wind power

P18. Natural ventilation Grilles

P17. Skylight system (Ventilation)

P16. Natural Ventilation

Natural Ventilation Parameters

= Natural Ventilation Parameters

| 355

I 1.5

20 30 40 50 60 70 80 90

100
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Table 3.18: Material Parameters Evaluation Chart.

Material Parameters

= Material Parameters

P30. Environmantly Friendly Materials 100

P29. Recyclable Materials 100

10 20 30 40 50 60 70 80 90 100

(=]

118



4., RESULTS OF STUDY AND SUGGESTIONS

According to the investigation done above, we can see that 62.3% of sun-daylight

parameters, 62.3% of natural ventilation parameters, and 92.3% of material parameters

were considered.

Table 4.1: Evaluation Parameters Consideration Percent.

SUN - DAYLIGHT PARAMETERS NATURAL VENTILATION PARAMETERS

L] Not
Considered,
37.7%

™ Not Considered
37.7%

™ Considered,
62.3%

® Considered
62.3%

¢

MATERIAL PARAMETERS ALL PARAMETERS
™ Not Considered
6.7%

™ Not Considered
34.6%

.

™ Considered
65.4%

™ Considered
92.3%

Table 4.2: Final Evaluation Chart.

Final Evaluation Chart

Material Parameters 92.3
Sun-Daylight Parameters 62.3
Natural Ventilation Parameters 62.3
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In terms of sun-daylight parameters;

In general, it is has been observed that the usage of shading elements ratio,
especially at the southern, eastern, and western facades, has not occurred properly with
results under 50%, it was 16.7 % for horizontal south shadings, 33.4% for east and
west shadings, and 16.7% as vertical west shadings. On the other hand, Low E coated
glass, reflective glass, insulation, and facade surface color’s parameters showed the
highest consideration results, with a 100% ratio for each Low E coated glass, reflective

glass, and insulation parameters, and with 92.3% for facade surface color parameter.

In addition, 38.5% of the investigated high-rise buildings facades have used skylight
systems aiming to provide both of propper shading and daylight penetration.
Moreover, 92.3% of the buildings used continuous glass intending to provide the
proper natural daylighting. Furthermore, in general buildings’ sun-daylight
consideration within the northern, southern, eastern, and western facades was at a

convenient ratio between 57.7% and 76.9%.

However, it is observed that some high-rise buildings such as Tekfen Tower and River
Plaza’s facade design have not considered the region’s solar path. Therefore, the ratio
of deaf and transparent surfaces distribution of their facade was not suitable according
to their region’s sun path. Besides that, some investigated high-rise buildings such as,
Iz Plaza Giz Tower’s facades were designed with the same features, regardless of the

solar path, without providing any exterior shading elements.

On the other hand, high-rise buildings like, Istanbul Sapphire Tower has used a double-
skin facade, which includes a buffer zone in between the exterior and interior facade
skins, providing a lot of benefits to the building occupants, such as, allowing sun-
daylight penetrating inside, besides providing an appropriate shading to the interior

space.
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In terms of natural ventilation parameters;

Generally, it has been noticed that the investigated high-rise buildings benefits
from the wind flow in terms of providing natural ventilation with 61.5%. Furthermore,
58.4% of buildings have provided an openable window feature, and 66.7% of them
have provided natural ventilation grills. However, in general, most of the investigated
high-rise buildings were subjected to wind tests in order to face undesirable wind
pressure occurrence. Whereas, the wing wall parameter was not found in any building.
On the other hand, only 38.5% of the buildings have used skylight systems in order to

increase and provide appropriate natural ventilation within the building.

Furthermore, vertical landscape element usage within investigated structures was
shown with a low ratio of 38.5%. However, high-rise buildings such as Istanbul
Sapphire Tower has used a double-skin facade, and a vertical garden within the buffer
zone of the facade, which provides a lot of benefits to the building occupants, such as,
providing natural ventilation to the interior spaces and giving the opportunity to use

openable windows within the interior facade skin.
In terms of material parameters;

In general, within the investigation of high-rise buildings, it has been observed
that the usage ratio of eco-materials was higher than 75 %. Thus, it could be counted
as a nice ratio. However, some investigated high-rise buildings such as Tekfen Tower

and QNB Finance Bank Crystal Tower did not use local materials.

As a result, the most sustainable buildings which recorded a score higher than 80%
can be listed as, Istanbul Sapphire Tower at 84.5%, QNB Finance Bank Crystal Tower
at 82.8%, and Diamond of Istanbul at 94.8% ratios. Whereas the less sustainable
buildings which recorded a score lesser than 50% can be listed as, Tekfen Tower at
51.8%, Is Bank Tower at 46.6%, and 1z Plaza Giz at 46.6% ratios.

Accordingly, these results mentioned above, were concluded from the evaluation that
has been done within the study’s scope in accordance with the parameters that have
been chosen. It is worthwhile to mention that the result of the evaluation made in this

study is only the outcome of the evaluation made among the high-rise buildings
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selected within the scope of this thesis. If any of the high-rise buildings under

evaluation is compared with a building from abroad, different results may be obtained.

However, as a result of the study done, it can be concluded that a skyscraper would be

built at Buyukdere Avenue should consider these criteria;

1.
2.

N oo a &~

10.

11.

12.

13.

14.
15.

Placing horizontal sunshade elements at the southern facade.

Placing vertical sunshade elements at the eastern and western facades.

Designing a building in a way to benefit from natural lighting as much as possible,
to reduce energy consumed at lighting.

Increasing Transparent surface at the southern facade.

Reducing Transparent surface at the eastern and western facades.

Do not use dark colors at building facades or roofs to reduce heat emission.
Preferring low-E and reflective glasses to allow sunlight penetration and reflect
heat beams.

Using a continuous glass/window system to allow the largest amount of daylight
penetration inside.

Design the building with a natural ventilation system such as; double-skin facade,
openable windows, vertical landscape elements, sky-courtyards, atriums, etc., to
reduce energy consumption at cooling and reduce sick-building syndrome.
Benefiting from wind by using a wing wall/ wind scoop to provide proper natural
ventilation through high-rise buildings.

Taking into consideration wind pressure, and applying wind tunnel tests before
the construction stage.

Use of vertical landscape elements which helps at natural ventilation through the
building.

Using eco-material at the building construction such as; recyclable, recycled and
reused materials, etc. Which helps to reduce energy consumed at raw material
production.

Paying attention to the use of local materials to reduce fuel use in transportation.
Insulating the building effectively in terms of; heat- noise- water- cold- etc.
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16. Benefiting from renewable resources to generate buildings energy, such as
generating electricity of the building, by emphasizing the function of daylight via
photovoltaic panels placed within the facade skin, or placed on the roof.

17. Use systems to increase daylight penetration and natural ventilation through the
building such as; sky-courtyards and atriums.

18. Take into consideration the solar path and the moderate wind of the building's

region it is going to be built at, through the design phase.

Accordingly, as long as these parameters are taken into account, it can be helped to

reduce the environmental damage that occurred from skyscrapers.

consequently, for high-rise buildings would be designed in the future at Buyukdere
Avenue, it recommended to be designed in accordance with Buyukdere Avenue's
weather, wind map, and solar path. However, they should also take into consideration
within the designing phase the energy-efficient building facade parameters which were

investigated within the thesis scope.

Besides taking into accordance the criteria mentioned above and in order to reduce the
buildings’ energy consumption, it is worthwhile to mention the smart facade systems,
which protect the building from the sunlight heat by providing the proper shading to
the interior space. In the case of smart facade system usage that follows the sun path
automatically, more appropriate shading will be provided. It also allows the fresh air
flow inside the building, benefiting from the wind, which participates in reducing the
energy consumed at cooling or heating buildings. Also, it can be benefited from the
transparent solar panels (Image 4.1) by using it at facade cladding. Besides allowing
the light to illuminate the interior due to its transparent feature, it is generating

electricity for the building by utilizing the heat spread by sunlight.
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Image 4.1: Transparent Solar Panel (Url-77).

Subsequently, the difference between a skyscraper designed with a sustainable facade

and a skyscraper designed without sustainable facade can be explained with the

examples given at (Table 4.3).

In order to make a comparison between evaluated buildings facades, it has been tried
to reach the annual energy expenditures of the buildings examined. It has been tried to
contact the manufacturer's companies and the mechanical department of the high-rise
buildings via e-mail and telephone, to provide the necessary information.
Unfortunately, no positive response has been provided from the related departments
except Tekfen tower. Most companies stated that they kept their information secretly
and refused to share it. Mr. Ulas ISSI, the Technical Coordinator of Tekfen Tower,
welcomed the request and shared the necessary information regarding the annual
energy consumption of the building. However, to make the evaluation, the annual
energy consumption of Istanbul Sapphire Tower and Kanyon high-rise buildings was
obtained by scanning resources on the Internet. The energy consumption of Istanbul
Sapphire Tower was obtained from the Architecture Civil Engineering Environment
Journal (Aydin & Mihlayanlar, 2020), and the annual energy consumption of Kanyon
was obtained from (Schulze, 2015) Doctoral dissertation.
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Table 4.3: High-Rise Buildings Annual Heating Energy Consumption.

HIGH-RISE BUILDINGS ANNUAL HEATING ENERGY CONSUMPTION
EVALUATED L 2 2
No HIGH-RISE
BUILDING DATA Istanbul Sapphire Kanyon Tekfen Tower

1 Const. Date 2006-2010 2003 - 2006 2003

2 Building Func. Residential Office Business Center

3 Arch. Height 261 M 118 M 118M

4 Floors (a.gr.) 55 Floor 25 Floor 28 Floor

Arup Tiirkiye + Ove Arup Ingiltere
5| Facade Company Schiico & Los Angeles / Schiico / Tas Proje
Fenis Aluminum
Glass- Curtain wall /

6 | Facade Materials Double Skinned Facade |Glass - Stone - Painted copper metal | Curtain g!klss- Granite stone- {\luminum
Schiico - ASS 50 /ASS bands -Aluminum curtain wall- Stone curtain wall
70.HI -Automatic Series

7 | Self-Shading Glass Existing Existing Not existing

8 | Continuous Glass Existing Lxisting Partially (upper part of the building)

9 DSF Existing Not existing Not existing

10 | Low-E coated Glass Existing Existing Existing

11 Reflective glass Existing Existing Existing

. Schiico ASS 50/ ASS Glazing system providing noise and Double-glazing system, leaves the
12 Insulation 70.HI-glasses are heat : - o e
s heat insulation. minimum solar heat amount to get inside.
insulated.
13 S.kyhght systcr.n o Existing Not existing Not existing
increase daylight °
West-East facade | Ixisting on the eastern | Not enough / South-eastern / South- =

14 . . A Not existing

shading element facade western facades
Vertical shading

15 element at the Not existing Not existing Not existing

western facade
Horizontal shading
16 element at the Not existing Existing Not existing
southern facade
Sun consideration Deaf facade-cold facade Glasses are designed from 'the i
17 at the North ground up to allow the daylight Less transparent surface
(Vertical) system passing inside
Horizontal sunshade elements are
placed at the exterior facade face, so

as not to obstruct the view for the

Sun consideration Deaf facade-cold facade office occupants. Selm-.lransp‘ureul Tiess tiansparent siface. There is 1io

18 at the South rolled up Internal vertical blinds ;

L system Ly | shading clement usage
(Horizontal) made of textile, automatically
controlled by the solar intensity,
control light, block glare and
provide privacy
South-eastern / South-western
. s Double-skin facade, facades, horizontal sunshade The transparent surface increases at the
19 S consulerahfm Aluminum sun control clements are placed so as not to eastern facade. There is no shading
at the East (Vertical) pancls obstruct the view. But due to the element usage
suns solar path the eastern and
weslern [acades are not shaded
Sun consideration enough. North-eastern / North- .
20 at the West Double-skin facade western facades, Glasses are L tl‘ansp§|'ent o et
(Vertical) designed from the ground up to shading element usage
allow the daylight.
Annual Heating Energy Heating System Natural Gas Heating System | Hot Water System
o 2
Comsunp ot (RYVhii) 65.8 KWh/m’ 68 KWh/m’ 8733 kWhim® | 4.75 KWh/m’
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According to (Table 4.3), it has been shown that Istanbul Sapphire Tower is consuming
65.8 kWh/m2 of energy for heating annually while Kanyon’s annual heating energy
consumption appears at 68 kWh/m2. On the other hand, Tekfen Tower is consuming
87.33 kWh/m2 for heating system and 4.75 kWh/m2 for the hot water system, which
makes 92.08 kWh/m2 of energy consumption for heating annually.

However, according to the evaluation done through the thesis the sustainable facade
percent scores were 84.5% for Istanbul Sapphire Tower, 55% for Kanyon, and 51.8%
for Tekfen Tower. According to the data showed at (Table 3.14), Tekfen Tower's sun-
daylight parameters evaluation score was shown at a low rate as 33.4%, while Kanyon
and Istanbul Sapphire Tower's rates were as high as 70% for Kanyon and 76.7% for
Istanbul Sapphire Tower.

From the data shown in (Table 4.3), we can conclude that Istanbul Sapphire's facade
system benefits from natural light at a maximum level, with the help of the glass which
is covering the whole building, thus it consumes less energy to heat the building. It
uses also a double-skin facade system, which includes sun control elements based on
the region's sun path to provide shading to the interior space of the building, thus it
consumes less energy for cooling the building.

On the other hand, as it is shown above, Kanyon's annual heating energy consumption
per square meter is higher than Istanbul Sapphire Tower's. Its facade has sun shading
elements stretches from the south-eastern facade to the north-eastern facade.
Therefore, according to data collected, it is clear that Kanyon's facade was not
designed according to the region's sun path which occurred with higher energy
consumption for heating. It is founded also that the internal sun shading elements, were
providing a good shading but it is not enough to prevent the heat entrance to the

building. Which causes more energy consumption for cooling the building.

On the other hand, Tekfen Tower used a Double-glazing system that allows maximum
sunlight to penetrate but leaves the minimum solar heat amount to get inside.
Nevertheless, the building’s northern, southern, and western facades transparent and
deaf surfaces alike each other, when the eastern facade’s transparent surface increases

compared to them. So, it can be concluded that the sun path is not considered by the building
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facade. According to that, the building does not fulfill the required daylight penetration inside,
which causes more energy consumption for heating compared to Istanbul Sapphire Tower and

Kanyon.

Never forget to mention the functional difference between the high-rise buildings,
while Istanbul Sapphire Tower has a residential function, Kanyon and Tekfen Tower
have an office function. Since the residential building operates 24 hours a day
compared to the office functioned building which operates within work hours.
However, the annual heating energy consumption (KWh/m?) for Istanbul Sapphire

Tower, Kanyon, and Tekfen Tower is listed below at (Table 4.4);

Table 4.4: Annual Heating Energy Consumption (KWh/m?).

Annual Heating Energy Consumption (kWh/m?)

® Heating System Hot Water System
100

2 4.75

Istanbul Sapphire Kanyon Tekfen Tower

On account of this, high-rise buildings designed within sustainable facade design
features consumes less energy compared to high-rise buildings designed with an
ordinary facade.

In conclusion, it should be mentioned that in case of appropriate design of sustainable
facade in accordance with sustainable building facade design features that explained
above, taking into consideration the buildings’ regions’ features, buildings energy
consumption could be reduced and could be contributed to preserving the environment.
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