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ABSTRACT

INVESTIGATION OF THE ROOF AND VERTICAL GREEN STRUCTURES
AND A SAMPLE APPLICATION TO ERBIL

MANKURI, Darbaz Pirot
M.Sc. Thesis, Landscape Architecture Department
Supervisor: Assoc.Prof. Dr. Onur SATIR

September 2018, 119 pages

Urban development is causing environmental and social worries that are
makes a risk to human welfare and the sustainability of cities. The new green
architecture concepts are being developed to decrease problems by a sustainable and
natural way. Roof and vertical greening systems can be defined as structures that allow
vegetation to spread over a building or facade or interior wall. These systems are
becoming popular with evolving slowly, and acknowledgement on some of their special
impacts is required. In the last five years, the number of studies published in the
scientific literature on this topic, especially involving living roof and living walls, has
significantly increased. This scientific interest has corresponded with an increased and
parallel attention by the general public. This scientific interest has agreed with an
increased and parallel attention by the general public. This work offers a broad
description of the different systems and a thorough review of the special benefits of
these green infrastructures. Additionally, this study was designed a sample simulation to
a part of Erbil city on living roofs and vertical gardens.

Keywords: Bio mimicry, Built environments, Energy conservation, Green

roof, Living walls, Sustainable construction, Urban ecology, Urban greening.






OZET

CATI VE DIKEY YESIL YAPILARIN INCELENMESI VE ERBIL'E ORNEK
BIR UYGULAMA

MANKURI, Darbaz Pirot
Yiiksek Lisans Tezi, Peyzaj Mimarlig1 Ana Bilim Dali
Danisman: Dog. Dr. Onur SATIR
Eylul 2018, 119 sayfa
Kentsel gelisme, insan refah1 ve kentlerin siirdiiriilebilirligi agisindan risk
olusturan ¢evresel ve sosyal endiselere neden olmaktadir. Sorunlari, siirdiiriilebilir ve
dogal bir sekilde azaltmak icin yeni yesil mimari kavramlar1 gelistirilmektedir. Cat1 ve
dikey yesillendirme sistemleri, bitki Ortiisiiniin bir bina veya cephe veya i¢ duvar
iizerine yayilmasina izin veren yapilar olarak tanimlanabilir. Bu sistemler yavas yavas
evrimlesmeye baslamis ve bazi 6zel etkilere sahiptirler. Son bes yilda, bu konudaki
bilimsel literatiirde yayimlanan, Ozellikle canli ¢ati ve yasayan duvarlari igeren
caligmalarin sayis1 6nemli dlgiide artmistir. Bu bilimsel ilgi, halkin artan ve paralel
olarak dikkat c¢ektigi bir konuya isarettir. Bu calisma, farkli sistemlerin genis bir
tamimin1 ve bu yesil altyapilarin 6zel faydalarini kapsamli bir sekilde incelemek
amaciyla yapilmaktadir. Ayrica, bu ¢alismada, Erbil kentinin 6zel olarak secilen bazi

bolgelerine canli gat1 ve dikey bahgelerle 6rnek bir simiilasyon tasarlanmaistir.

Anahtar kelimeler: Biyomimikri, Enerji tasarrufu, Kentsel ekoloji, Kent

yesilligi, Siirdiirtilebilir insaat, Yapili cevre, Yasayan duvarlar, Yesil cati.
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SYMBOLS AND ABBREVIATIONS

Some symbols and abbreviations used in this study are presented below, along
with descriptions.

Abbreviations Description

UHI Urban heat island

EPA United States Environmental Protection Agency
Csa Hot-summer mediterranean climate

IKR Iragi kurdistan region

XiX






1. INTRODUCTION

1.1. Background

Similar to several other cities, Erbil faces continual stress from growing
urbanization (Yahya et al., 2015). Quick resident increasing and urban improvement
have been converted native habitats into places of huge engineered structure. Heat
production from cars, factories and business areas, fixed with the holding of the solar
energy by constructions and covered faces. Producing oddly warm urban environments
are recognized as urban heat islands. Urban heat island is one of the most famous issues
of anthropogenic impact of global warming. Urban areas have artificial characteristics
due to built-up materials such as concrete, asphalt and metal structures (Ngiea et al.,
2014). The constructed material can be warmer than water and vegetable surfaces. In
addition, high "C" and CH4 gases retain warm air around the city's atmosphere. So, the
air temperature and LST of the built-up areas are usually larger than around. This can be
caused bad impacts on human healthiness. The conversion from the natural landscape to
the constructed environments are affected vegetation and habitants in negative way. All
of these problems are aggravated pressure on urban environment particular climate
(Rogers, 2008). Green vegetation plays an important role in urban areas (Gairola and
Noresah, 2010). Some of the many advantages of urban green areas: air and water
purification, environmental pollution mitigation, carbon capture, microclimate
regulation, habitat for urban wildlife, recreational, spiritual and therapeutic value, and
social integration (Gairola and Noresah, 2010). Plan makers are needed to think new
methods to make our cites more suitable for living because of current ecological
problems. Several cities in the world are recognized the significance of having green
substructure such as natural landscape resources involving water systems and green
spaces. Green substructure involves plants, gardens, roof gardens, facades, wall gardens
and water sensitive urban design (wetlands and rain gardens) (Rogers, 2008).

Roof gardens, facades, and wall gardens are attractive designing techniques
to increasing green substructure in a city that can be involved on new buildings or

renewed on to current buildings. They are being used to recompense for the damage of



urban green area, and to supply localization to become less hot and beauty perfections
in thick urban centers where there is deficient space for other kinds of green
substructure. (Rogers, 2008)

Unfortunately, there is no vertical and roof garden in Erbil right now. The
percentage of green in Erbil city that is capital of IKR is less than 7% that is a
dangerous single because the international rate must be %30 (Yahya et al., 2015). Yet,
there is restricted evidence in IKR about how to make and accomplish these kinds of
green substructure. This guide offers practical guidance on how to design, create and
accomplish roof garden, facades and walls garden so they can offer various profits over

a long-time extent for building landlords and the wider public (Yahya et al., 2015).

1.2. Research Problem

The predominance of building on open spaces and the lack of green spaces,
and the problems of the architect in creating an entrance that contributes to the creation
of green areas in areas with high population density. It can be summarized as the
erosion of green areas, which has become parallel to increasing the density of the
favorable environment, which negatively affects the environment by changing the
general characteristics of the local climate. Reference backgrounds for increasing green
areas and overcoming problems of either design, environmental or other related to the
scarcity of land space that can be converted to green areas (Figure 1.1). Creating an
entrance that contributes to the creation of additional green areas in urban areas (Figure
1.2; Rogers, 2008).

Understand the structural systems of vertical preparation systems. Contribute
to the absorption of green areas over the roofs of buildings by green surfaces
experimenting the production surfaces and their compatibility with the foundations and
controls of the design of the green surfaces and the possibility of developing them for

integrated surface gardens (Rogers, 2008).



reen Space
High Energy Use Poor Water Quality -
= - e oo Urban sprawl threatens food
Air conditioners in offices, an fun-otfcotlects production and reduces green space

A& homesing e paliGha for recreation and biodiversity
greenhouse gas emissions

Poor Air Quality Hotter Cities
Dust and vehicular pollution Heat-related illness & death. Flooding
& trapped air in urban canyons Poor city liveability Extreme rainfall and fewer
permeable spaces clogs drains
& leads to localised flooding

Figure 1.1. Pressure builds over our cities, with the changeover from natural landscapes
to solid substructure, a gradually variable climate and an increasing population
(Carpenter, 2014).

Figure 1.2. Vegetation can be added to a building like green roof, green fagade or green
wall (Carpenter, 2014).

1.3. Importance of the Study

This dilemma has placed the importance of trying deeper research into: The
concept and application of vertical planning systems, and the application of the thought
of coordination of sites in the vertical direction in order to achieve the maximum



satisfaction of the material and non-physical needs of the users of the building and find
a means of communication with the environment surrounding.

The surface garden is no less environmentally important than the green areas
in general, including green plant elements that contribute to the supply of oxygen,
Carbon dioxide absorption and air purification in general. It also reduces overall
pollution impacts, absorbs noise, reduces optical luminance and provides shade, and
also exudes atmosphere. Surface gardens feature ground gardens in being far from noise
and acoustic pollution and illustrate the two (Figure 1.3, 1.4) The difference between the
roofs of our homes in Erbil and the European countries, in addition, it acts as a thermal
insulator for the final surface, in addition to the types of plants that absorb wind speed

and intensity and turn it into a nice breeze.

The Green wall and the Green roof are developing technologies that have been

used in different countries to improve the thermal characteristics of buildings through
their use on walls and roofs respectively These systems consist of suitable plants for a
particular climate, planted or filled in soil with several layers, and then fixed in a
structure, living walls are sometimes called Vertical vegetation or Green walls. The
Living Wall system can be grown straight on the facade of the building, or it can be



grown on a separate structural system that adjoins the wall and sometimes attaches to it.
Living walls are designed, built and preserved elements of vegetation associated with
the building. Green facade systems can be installed by wire or a pot system in front of a
building’s walls or windows. Green roof systems are being implemented in many
buildings around the world to provide higher thermal performance and roof insulation.
A green roof is a surface partially or completely covered with vegetation and a growing
medium above the waterproofing membrane. The green roof acts as an insulating barrier
and reduces the amount of solar energy absorbed by the roof membrane, which results
in colder temperatures below the surface.

Green roofs refer to thousands of years. History reveals the diversity of the
goals of these roofs, which include insulating qualities, and avoid the stress of the urban
environment. The oldest green roof, apparently, is a ziggurat of ancient Mesopotamia,
built from the fourth millennium to 600 BC. located in the courtyards of churches in
major cities (Groninger et al., 2011). It was recorded that the green roofs were used on
the Hanging Garden of Babylon and in the houses of the Scandinavian Vikings
(Anonymous, 2015b).

Grass roofs have been a feature of the vernacular architecture of certain
geographic regions notably Scandinavia and The Fertile Crescent, areas of Turkey, Iraq,
Iran, and neighboring countries occupied by Kurdish-speaking peoples (Dunnett and
Kingsbury, 2008) for centuries, probably millennia. Mud or earth is a traditional
building material in this region. Flat, mud-covered roofs often become colonized with
grasses, producing the turf-roof effect. Local name of these houses called kurdish turf
roof. The combined soil and grass on Scandinavian roofs helped reduce heat loss during
the long, dark winters (Dunnett and Kingsbury, 2008). Traditional Kurdish turf roofs
serve to keep in heat during the winter and keep out the burning sun in summer months.
Scandinavian immigrants to the United States and Canada brought these ideas with
them, and for some time, grass roofs were used on settler log cabins (House, 2009).

In modern times there were two proponents of the application of the "green
roof" architects Le Corbusier and Frank Lloyd Wright. Although Le Corbusier
encouraged the roofs as another place for urban green space, and Wright used green
roofs as a tool for closer integration of his buildings with the landscape and was

unaware of the deep environmental and economic consequences this technology could



have for the urban landscape (Yeang, 1999). In the 1970s, a significant amount of
technical research on various components of the green roof technology was carried out,
including research on substances, repelling roots, waterproof membranes, drainage,
light plant media and plants (Anonymous, 2015b). Currently, green roofs are becoming
more common in the United States, although other countries are farther in adopting
green roof systems (Yeang, 1999).

In the early 1990s, several large European green roof manufacturers began to
enter the markets of North America. And in 1931 in New York the Rockefeller Center
was built as the first modern green roof known to us (Anonymous, 2015b). But before
that, Canada and the United States lagged behind Europe for at least a decade in
investing in the green roof infrastructure as a viable option for addressing many of the
quality of life problems facing our cities (Anonymous, 2015b). Green roofs have long
been associated with sustainability, as it is usually the best replacement for the loss of
the green zone in the construction of the building. This is also one of the typical
methods used in the principles of sustainable development (Zahira et al., 2013). Green
roofs are now a new trend of aesthetic, ecological, economic and, above all, sustainable
solutions to urban environmental problems (Yahya et al., 2015).

Green roofs can extend the life of the roof by two or three times. According to
the Sustainable South Bronx, on day 90 degrees the green roof is about 80 ° F and the
black roof is 175 ° F, causing considerable wear (Sailor, 2010). A study at the
University of Central Florida showed that the maximum average daily temperature for a
typical roof surface was 130 ° F, and the maximum average for a green roof was 91 ° F,
which is 39 ° F lower than a conventional roof (Sailor, 2010). Green roofs can help
regulate the internal temperature of the building, reduce rainfall and mitigate the effect
of the city's thermal island. Green roofs have significant economic benefits, including
longer roof life and energy savings for heating and cooling. Green roofs also provide an
opportunity to produce food in cities and increase the biodiversity of cities. If well
designed and cared for, green roofs can offer people the psychological benefits of nature
(Anonymous, 2010c).

The advantages of using a living wall, a green facade and a green roof are
many. The temperatures behind the green walls can be reduced by as much as 10

degrees celsius. Green walls can help reduce sound reflection. Due to shading green



walls can reduce summer temperatures and reduce energy costs by 23 percent (Loh,
2008). Numerous researchers, scientists and scientists have described the benefits of
using these applications for green color (Sclar, 2013). Using these Green applications,
you can get economic, environmental and social benefits (Loh, 2008). The use of
residential walls, a green facade and a green roof during the design and operation phase
of the building can reduce wall and roof heat, energy consumption, greenhouse gas
emissions, the effect of the city's thermal island, electricity costs and noise pollution.
These approaches improve the thermal and energy characteristics of buildings in a
particular climate, as well as indoor air quality and encourage the use of green and clean

energy (Hasan, 2013).

1.4. The Objective of Study

The main objectives of the study are determining constrains and challenges of
green roofs application in Erbil city as case field by analyzing international experiences
and concluding Erbil green roofs criteria. evaluating the appropriate applications of the
green roofs and vertical gardens in the world. Designing a sample application of a green
roof and vertical garden to a part of Erbil area. An entrance that contributes to the
absorption of green areas within the urban boundaries of areas with high population
density by exploiting roofs of residential buildings. The economic factor in the
contribution of the green element in reducing the needs of the material population.
Improving the natural environment through the process of biological filtration that are
working on green areas by reducing the pollutants in the air. The social aspect of
providing free space for recreational activities and a safe place for children to play.
Reduced green spaces on the urban level by increasing the percentage of individual

green areas.






2. LITRATURE REVIEW

2.1 Introduction

This chapter provides an overview of research and literature on numerous
types of green roofs and walls, as well as their history, as well as the environmental
influence that green roofs and walls have in buildings, as well as the chances they bring
to reduce the effect of the urban heat island and the microclimate in the center of Erbil.
This chapter also discusses why simulations are significant and related in design
literature. In addition, an overview of other studies conducted in different cities was
reviewed to understand the influence and the process of informing on where to place
new green walls and roofs. The survey provides a basis for understanding where and

why it is significant to add green roofs and walls in the center of Erbil.

2.2 Green Roofs and Green Walls

2.2.1 Green roofs

Planting vegetation on the roofs of buildings occurs from the hanging gardens
of Babylon (Henry and Frascaria-Lacoste, 2012). They were used as horticultural and
architectural elements, but recently this practice is gaining more strength to protect the
tops of buildings from the effects of solar radiation, precipitation and wind. Green roofs
are believed that improve energy efficiency, influence the impact of storm water, attract
wildlife in urban areas (Henry and Frascaria-Lacoste, 2012). and provide access to
nature and pleasure in one of the least probable parts of buildings. A green roof can be a
flat or inclined roof surface designed to support the vegetation of conversations working
as a fully functioning roof (Goddard et al., 2009). Green roofs have various layers
which are waterproofing, root barrier, drainage and filter membranes; the substrate layer
is designed to provide vegetation growth (Dvorak and Volder, 2010).

Green roofs backing plant communities that are tolerant of extreme weather

conditions facing on rooftops. The thicker the substrate layer, the more diverse the
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vegetation (Henry and Frascaria-Lacoste, 2012). There are two different types of green
roofs: intensive ones that have a thicker substrate layer and extensive ones with a thin
layer of substrate (Table 2.1).

Intensive living roofs are accessible installations with a thicker substrate layer
that allow a variety of plant variants from ground coatings to trees. Typically, these
types of systems allow space to function as a useful area and are mostly used in
commercial buildings. For intensive systems, significant maintenance may be required,
and their cost is also higher (House, 2009) (Figure 2.1).

Figure 2.1. Intensive green roof (Anonymous, 2010d).

Extensive living roofs are often inaccessible to install with thinner substrate
layers. Because of the thin layer, plant and size of the species is limited. An extensive
living roof is more prevalent because of the low maintenance cost and because it can be
added to an existing building without more preparation. There are two types of
extensive green roofs: modular and monolithic.

Monolithic systems overlay the roof area (Figure 2.2), while modular systems
use vessels (Figure 2.3) (Anonymous, 2012f).
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Figure 2.3. Extensive living roof modular system (Sclar, 2013).
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Table 2.1. Green roofs definition of typologies

Terminology

Definition

Green roof

Living roof

Intensive living/green roof

Extensive living/green roof

Planted living roof (Oberndorfer, 2007; Henry and
Frascaria-Lacoste, 2012).

Any vegetated roof system either 'brown' or ‘green’
(Oberndorfer, 2007, Henry and Frascaria-
Lacoste, 2012).

A ‘'roof garden' where the purpose is mainly
recreational or aesthetic like a regular garden. This
type of roofs will have deeper soil, require regular
maintenance and can support a wide variety of
plants (Oberndorfer, Henry and Frascaria-
Lacoste, 2012).

A roof generated to support biodiversity or other
environmental benefits and is not intended to be
used by humans. Usually it contains a thinner soil
layer and after construction it requires minimal
maintenance (Oberndorfer, 2007; Henry and
Frascaria-Lacoste, 2012).

When a building is built the flow of energy and matter through urban

ecosystems changes, which usually causes environmental problems (Oberndorfer et al.,

2007). By changing the surface properties of buildings, you can reduce environmental

problems that they can cause. Roofs can be up to 32% horizontal surface in built-up

areas (Frazer, 2005) and are important factors determining the flow of energy and water

relationships of buildings. The negative impact on buildings can be reduced When

vegetation and soil are added to the roof surfaces, by reducing the energy consumption

of buildings. It has been shown that living or green roofs increase sound insulation

(Dunnett and Kingsbury, 2004), fire resistance (Kohler, 2003) and the resistance of the

roof membrane (Porsche and Kohler, 2003).

They can reduce the energy needed to maintain the internal climate (Del Barrio, 1998),

as vegetation and growing plant environments capture and dissipate solar radiation.
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Green roofs can also soften storm water from building surfaces by collecting
and retaining sediments, thereby reducing the amount of water flow into the storm water
infrastructure and urban waterways" (Oberndorfer et al., 2007). Other advantages of
green roofs are that they can become green amenities, a wildlife habitat, improve air
quality and reduce the impact of a city's thermal island (Getter and Rowe, 2006).
Despite the fact that green roofs are at first more expensive than conventional roofs,
long-term advantages are worth it due to energy savings and the durability of roofing
membranes (Porsche and Koéhler, 2003). The environmental benefits provided by green
roofs stem from their functioning as an ecosystem "(Oberndorfer et al., 2007). It is
significant to consider that climatic conditions on the roof of buildings can be risky due
to precipitation, temperature and strong winds. Due to the before mentioned conditions,
pasture plants can be limited. using of native plants is generally considered to be the
ideal choice for roof landscapes, since their adaptation to local climates and natural
stress-tolerant flora (in particular, dry pastures, coastal and alpine floras) in many
regions offer opportunities for trial and experience (Oberndorfer et al., 2007). The
advantages of green roofs are reduced to three main categories: energy saving; storm
water management; and the provision of habitats in habitats.

Urban areas have more impenetrable surfaces than permeable surfaces, which
makes storm water management more difficult; because of this, green roofs can become
a good storm water management infrastructure. Furthermore, to exacerbating floods,
erosion and sedimentation, urban runoff also has a high level of pollution, such as
insecticides and oil remains that damage habitats of wild animals and contaminate
drinking water supplies (Moran et al., 2005). Other types of storm water have built
wetlands, ponds, sand filters and rain gardens; unfortunately, they are difficult to do in
dense urban areas. The green roof has the greatest impact on energy using for buildings
with high roof-to-wall ratios (Oberndorfer et al., 2007).

2.2.2 Green walls
Green facades or green walls have historically been used as a decorative or

horticultural element. History archived that the first documented green structures were

the hanging gardens of Babylon in Mesopotamia (Henry and Frascaria-Lacoste, 2012).
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Green walls are the outcome of the planting of vertical surfaces with plants, whether
plants that are rooted in the ground, in the wall itself or in modular panels that are linked
to the facade. Green walls are vegetated vertical surfaces, which are divided into two
types (Table 2.2).

1)  Green facades are facade systems in which climbing plants are rooted in
soil or containers, either grow upward or cascade down and they require a structure to
maintain their position, growth and overall survival. With green facades, you can use a
wide range of plant species, and this system is easily scaled (Anonymous, 2015e). Then
the green facades can be divided into three systems: traditional green facades, in which
climbing plants use facade material as a support (Figure 2.4), and by doing this,
climbers land in the ground at the bottom of the building, this being the cheapest of all
green facade systems. Using this system could harm the facade, and plants planted in
this way can grow to a height of eighty feet and can take several years (Ottele et al.,
2011). A double leather green facade or green curtain is when the facade is separated
from the wall (Figure 2.1). And, finally, the flower vessels around the perimeter, when
part of the building of the facade, hanging bushes, is planted around the building,
making a green curtain (Perez et al., 2011) (Figure 2.2).

Figure 2.4. Example of traditional green fagade, Miami, Florida (Bielaz, 2013).
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Figure 2.6. Perimeter flowerpots (Sclar, 2013).

2)  Living walls are a new technological system that depends on a modular
or monolithic vertical soil or a hydroponic system with root plants on a vertical plane
(Anonymous, 2015e). They are made of panels and / or geotextile felt. on occasion they
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are pre-cultivated and constant on a vertical support on the wall. Geotextiles worked by
supporting various plant materials (Perez et al., 2011). A living wall can be considered
as a vertical garden, which means that a regular garden, such as irrigation, drainage and
how to arrange everything vertically (Figure 2.4). Since this is a new technology, it has
been difficult to make plants survive for a long period of time and on a large surface. In
addition, the production of a living wall system is more expensive, as is the green

facade during installation, replacement of plants and maintenance (Anonymous, 2015e).
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Green vertical systems can also be divided into two building systems:
extensive and intensive. Extensive systems are easy to construction and require minimal
future maintenance after construction; more intensive systems are more completed and
require a high level of service after construction.

Green vertical systems can be used as passive energy-saving systems with the
assistance of four techniques: objection of solar radiation due to shade created by
vegetation, insulation produced by vegetation when linked to the building wall, wind
blocking and the evaporative cooling effect that occurs during evapotranspiration of
plants (Perez et al., 2011). Starting with solar radiation as a result of the shadow made
by vegetation, it is noted that the area wrapped by shade trees can save up to %30 of the
cooling energy. Experimenting with traditional green facades, (Bielaz, 2013) found that
the size of this shadow impact depends on the density of the foliage. Lvies are species

that equipping the maximum cooling effect similar to a shade of trees. Differences to 3
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celsius were noticed at room temperature in winter (Kéhler, 2008, Perez et al., 2011).
This procedure works by filtering direct sunlight on the facade with leaves. Because of
the effect of phototropism, when one hundred percent of light falls into leaves, five to
thirty percent of this light is reflected, five to twenty percent of this light is used for
photosynthesis, from ten to fifty percent is converted into heat, twenty to forty percent is
used for evapotranspiration and through thirty percent passes through the leaves (Ottele
et al., 2011). New studies researches have shown that climbing plants also have a
cooling effect on the surface of the building, even in hot seasons, which is very worthy
in a warm climate specially in summer (Perez et al., 2011; Ottele et al., 2011).

Secondly, the insulation made by vegetation between the walls the of the
building and green screen makes changes in environmental conditions such as humidity
and temperature. The space between the green facade and the building creates a
stagnant air layer that makes an insulation influence (Ottele et al., 2011). The insulating
capacity of living walls can depend on the thickness of the substrate. When the concrete
wall that is not covered with vegetation, the heat transfer is upper than the concrete wall
is covered with vegetation; a living wall can decrease the energy that is transferred to
the building at 0.24 kWh / m2 (Hoyano, 1988). "In researches on traditional facades, a
development in heat loss of up to %25 on the northern facade was measured though this
development depended on the insulation levels of the building” (Kohler, 2008, Perez et
al., 2011).

Thirdly, the green wall system works as a wind barrier and, as a result, blocks
the impact of winds on the facades of the building. The impact depends on a number of
characteristics: the permeability of vegetation and density, the orientation of the wall,
and the direction and speed of the wind. All these measurements assist to improve the
energy efficiency of the building by blocking the wind alone, decreasing the need for air
conditioning in the summer and heating in winter (Dinsdale et al., Perez et al., 2011).
while using green facades as a component for blocking wind, it is significant not to
prevent ventilation in the summer and not help in the circulation of cold air in winter.
The wind reduces the energy efficiency of the building by %50 according to (Ottele et
al., 2011), but, using a vegetative layer, the green facade works as a buffer and prevents

the movement of wind along the surface of the building.
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Table 2.2. Green walls definition of typologies

Terminology Definition

Green facade o
¢ It refers to climbing plants that are encouraged

to grow and along the walls of buildings with
the formation of a green cover, the roots of the
plants are contained in the base of the wall.
Sometimes these plants should grow on a wire
or lattice basis (Henry and Frascaria-Lacoste,
2012; Anonymous, 2015e).

Living wall A wall that includes vegetation by its structure
or surface, which does not require that the
plants are rooted at the base of the wall, as in a
green facade. Most residential walls are
modular systems and consist of a coated
environment that is placed on the wall surface
but separated from the wall material by a
waterproof membrane and watered using a
droplet delivery system. Sometimes they can be
subjected to bioengineering, so that plant roots
are used as an amplifying mechanism inside the
wall system (Henry and Frascaria-Lacoste,
2012; Anonymous, 2015e).

Biowall Living wall or green facade, which is placed
indoors. It is used to improve the atmosphere
and the internal environment (Henry and
Frascaria-Lacoste, 2012; Anonymous, 2015¢).

The last of the negative mechanisms of energy saving through green walls is
the effect of evaporative cooling during evapotranspiration, which demand energy. This
effect of evaporative cooling depends on the type of plants and their effect. It was
studied that when the area is covered with trees, the cooling impact due to plant
evapotranspiration results in a reduce in temperature around the buildings. The green
facades cool the air with evapotranspiration, and as a consequence, with every decrease
in the internal air temperature of the building at 5 C, the use of electricity in the building
for an air conditioning system can be reduced by 8% in the summer. In winter, the

thermal radiation from the outer walls is isolated by vegetation (Ottele et al., 2011).
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According to (Wong, 2008), since the isolation applied to the exterior of
buildings is much more effective than internal insulation, essentially in the summer
months, vertical green systems will have a twofold effect of reducing incoming solar
energy to the interior by shading and decreasing heat flow into the building through

evaporative cooling, increasing energy savings. (Perez et al., 2011)

2.2.3 Recent research on green walls and green roofs

The use of green walls and roofs is not a new concept, as it is widely covered in recent
literature. Green walls and green roofs represent economic, social and environmental
benefits. Green roofs and greening facades are a combination of nature and buildings
that can help solve ecological problems, especially in dense urban areas. (Bielaz, 2013)
They help to increase biodiversity and environmental value, mitigate the impact of the
city's thermal island, decrease the temperature of the building inside and outside,
provide insulation, improve air quality and social and psychological well-being of
citizens (Ottele et al., 2011). The following table illustrates some of the most recent

published research on the topic with their emphasis areas.

2.3 Experience of the Green Roofs Internationally and Locally

Through this part of the study, the experiences in other countries in the field of
green roofs adopted by policies and governments are being followed to pave the way for
the green roofs, not only in housing projects in Abril, but also in all uses as an approach
to energy saving, reducing the thermal island phenomenon and taking advantage of the
environmental aspects. Local experience is also monitored from individual experiences

to what is now known as "productive gardens on the roofs of Iragi dwellings".
2.3.1. Experience of green roofs in Europe
2.3.1.1. Germany

Germany has a leading position in green roof technology worldwide. They are the

leading manufacturers of green roof systems. In the beginning of the year 1980 in the
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Author (s) Article Title Date of Category or Emphasis
Publication
Francisand  Urban Reconciliation ecology: The 2011 Biodiversity potential
Lorimer potential of living roofs and walls of living roofs and
walls
Oberndorfer  Green Roofs as Urban Ecosystems:
etal Ecological Structures, Functions and 2007 Potential of green
Services roofs to act as
ecosvstems
Perezetal.  Green vertical systems for buildings as 2011 Ecological and
a passive system for energy savings environmental benefits
of green walls
Alexandri Temperature decreases in an urban 2006
and Jones canyon due to green walls and green
roofs in diverse climates
Perinietal.  Vertical greening systems and the The impact of green
effect on air flow and temperature on walls and roofs in the
the building envelope 2011 thermal performance
of the building and the
effect in the urban
environment
Green Considerations for Advanced Green 2012 Living Architecture
Screen Facade Design
Mazzali et Experimental investigation on the 2013 Living walls serve as a
al. energy performance of Living Walls in cooling energy
a temperate climate reduction
Santamouris  Cooling the cities. A review of 2012 Mitigation potential of
reflective and green roof mitigation green roofs
technologies to reduce heat island and
improve comfort in urban
environments
Blanc The Vertical Garden A scientific and 2008 Green walls as a
Acrtistic approach second skin of
buildings
Susorova et A model of vegetated exterior facades 2013 Reduction of
al. for evaluation of wall thermal temperature inside and
performance outside of building
when green facade is
placed
Yahyaetal  Green Roofs and Their Implementation 2015 Green Roof and

in Architecture The obstacle and
challenges in Erbil city

Environmental
Problems
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city of Stuttgart it has been providing official government support for the first
project implemented by green surfaces. Another catalyst published in 1982, the first
standards set green roofs by (Association for Development and Research Building
landscape elements: FLL) these standards have been updated over successive years to
reflect lessons learned from several projects. In 1998, a new code was introduced under
the German Building Code "Federal Building Code of Germany" to meet the

requirements and foundations for the greening of the green surfaces in Germany.

Part of the reason for this development at this early time was the Federal
Nature Protection Act, which influenced the construction codes, new development
projects required by replacing and strengthening the elements of the landscape in line
with this amendment in the building code. (Dunnett and Kingsbury, 2008) Today, at
least 48 German cities support the establishment of green roofs, which is equivalent to
35% of the German cities. It has implemented the policy of applying green roofs in
different buildings, various uses and functional purposes. Now the total number of green
surfaces in Germany is 86 million square meters, equivalent to 14% of the total area of
Germany (Baykal, 2012).

2.3.1.2. European countries

London Mayor Johnson Boris has implemented a plan to set up a minimum of
100,000 square meters of green roofs by 2012. Similar legislation exists in other Nordic
countries such as Switzerland, Sweden, Norway and Austria. In Switzerland, 25% of
new urban communities are required to integrate green surfaces, if a certain percentage
of the green roofs are achieved in the new projects, the project owners will have the

right to increase the building area (Baykal, 2012).

There are also grants from the government and local city bodies, as well as
numerous organizations that provide support and guidance to those who wish to include

the issue of green roofs in new and existing buildings (Eid, 2014).
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Figure 2.9. Part of the university (Cantonal) hospital in Basel, Switzerland
(Anonymous, 2013i).
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2.3.2. Experience of green roofs in Asian countries

In the far east, especially Singapore and Japan, attention to the impact of green
roofs on the heat of the urban island has encouraged research and change. All new
projects with an area of more than 1,000 square meters should be renewed at least 20%

of the site in cultivated areas, which encourages the use of green roofs (Eid, 2014).

2.3.2.1. Singapore

The Government has implemented a scheme called Scheme Incentive
Greenery Skyrise (SGIS) and has drawn up a plan for implementation between 2009
and 2015. The scheme supports 50% of the costs of installation from the roofs of green
buildings and green walls. Singapore has emphasized that such urban development is to
ensure maximum soil use and to accommodate a steady population increase through
vertical urbanization. In 2005, Singapore launched the Certification Mark Green BCA,
an initiative to manage the construction and construction industry in Singapore towards

more environmentally friendly buildings (Eid, 2014).
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Figure 2.10. Singapore, school campus NTU (Eid, 2014).

2.3.2.2. China, Beijing

Since 2003, a campaign has been launched to promote green building surfaces
for all concerned parties, in 2008, the city's total green roofs reached 500,000 square
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feet, equivalent to 7% of the city. The city of Beijing has various policies and programs
that enhance the roofs of green buildings. In 2008, the total green area was 1,000,000
square meters and since then, 100,000 square meters of green roofs have been built
annually (Mclntosh, 2010).
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Figure 2.11. Green roof in Beijing city Figure 2.12. Green roof in Xiamen city.
(Anonymous, 2010j).

2.3.3. Experience of green roofs in north America and Canada

The green roofs of North America and Canada are not as advanced as those of European
countries, and their increased awareness of growth began in the previous few years
through research projects that led to the realization of the importance of saving energy
and money in the heating and cooling of buildings. Green surfaces are seen as an
effective way of reducing "heat island effect". The first financial grant was launched in
Canada to induce green roofs in buildings by s'‘Quebec Energy Board: The Green-Roof
Financial Incentive Program (Philippe, 2008). However, there are purposes other basic
reinforced the importance of green surfaces in those countries. In Portland, there are
important about dealing with storm water as the entry of contaminated water into rivers,

causing damage to the local salmon (Mclntosh, 2010).

2.3.3.1. United States of America, Chicago

Today, green surfaces are part of the state's sustainability plan. Through the
State Department of Planning and Development, the "density incentive” program is
implemented by the government and investors through government grants to investors
who design a building with vegetation covering 50% of the total surface of the building
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or 186 square meters (whichever is larger), usually in the form of a "roof garden (Eid,
2014).
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2.3.3.2. Toronto, Canada

Regulatory requirements in Toronto in 2009 called for a green roof policy on
new commercial, institutional and residential buildings with a minimum total area of
2,000 square meters to be made from 31 January 2010. Since April 30, 2012, the roofs
of green buildings have been applied to new industrial buildings by:

Create a green surface that covers a minimum of 10% of the building's surface area or
2000 square meters (Eid, 2014).

2.3.4. Australia: Melbourne and Sydney

There are no requirements or conditions in the two cities for the foundations
and regulations for the construction of green surfaces. However, the city of Sydney has
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issued a reference manual for the construction of the green roofs, and through the
response of users, the city has more than 60 surface and green walls for multi-use
buildings (Carpenter, 2011).
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Figure 2.15. A green roof in Australia (Anonymous, 2016q).

2.3.5 Experiments on green surfaces in Arab countries

In Beirut: Due to overcrowding in the buildings turned into a cement forest,
and the space available for the establishment of green parks was greatly reduced it
became impossible to cultivate roadsides and sidewalks, thus, the idea of surface
cultivation is appropriate for the Lebanese capital. Currently there are about 18,500
buildings with vacant roofs. By planting only one tree per building, the output will be
18,500 trees, equal to the number of trees in Central Park in New York. The project
goes beyond the planting of a single tree. The project of the gardens or the forest of
Beirut goes on two tracks: first, the feasibility of implementing the proposal by placing
trees on some surfaces as experimental models, As well as the presentation of the
project to the Municipality of Beirut, ministries of environment and agriculture, data
collection and research. The second track is lobbying for a new law at the municipal
level to support the project (Eid, 2014).



Figure 2.16. An imaginary form of a hanging garden project in Beirut, trees on every
building turning Beirut into a reen forest (Eid, 2014).

2.3.6 Experience of green surfaces in Islamic countries, Iran

Following the arrival of a new wave of global awareness about environmental
problems, many environmentalists and elites have become aware of this environmental
crisis and its impact on urban areas. More recently, the search for vertical preparation
systems has increased in universities, environmental non-governmental organizations

and architectural journals (Eid, 2014).

//)e’i’"

- B .&a//{""wd .
Figure 2.17. Giant green roof in Tehran Iran (Eid, 2014).
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2.3.7 Experience of green roofs in northern of Iraq

Interestingly, recent statistics show that the share of green zones in Erbil in the
capital of IKR is about 6.5%, whereas in accordance with international standards, 30%
of urban areas should be green. Moreover, in Kurdish people do not have enough
awareness that planting trees is favorable for the atmosphere and can lead to better
living conditions for them and their children. Strangely enough, not only some people
do not plant trees, they sometimes uproot or cut trees planted by the government.
Without a national campaign by the people and the government to increase green zones

and encourage nature in the future, little hope is expected (Yahya et al., 2015).

2.4. Green Roof and Vertical Garden Examples

2.4.1. The Jean Vollum Natural Capital Center

It is a condominium for a group of tenants and is not aimed at its owner to earn
and profit from the lung, and the building is specifically located in 21 NW 9th Avenue,
Portland, Oregon. It is a historic building in the Portland city center, where it was
opened in 2001 after renovation and renovation, and the addition of a third floor, as

follows, shows the entire building (Lena et al., 2009).

Figure 2.18. The Jean vollum natural capital Center (Lena et al., 2009).
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The renovation included the installation or construction of a green roof, and
the reason for its construction to provide renters, a preferred space for recreation and
meeting (Lena et al., 2009).

The scene on the ceiling shows a large-scale 2000-square-meter green roof; the
cost of its construction is estimated at $ 75,000 more than the standard ceiling and can
be accessed by residents of the building and for maintenance only. This green ceiling is
designed using a lightweight system that includes a 10 cm membrane of soil (medium
growth) Copper is a root barrier, a drainage layer for surplus water, and the use of
flowers is a regional herb. The sinter layer is white polyester, which carries packs of
hydrogen peroxide that swell to store water when the rain falls. As these crystals swell
with water and form peaks. The excess water is channeled into narrow valleys between
the peaks, which serve as outlets for drainage. The project includes several sustainable
design features, including rainwater filtering through the green roof. In addition, more
than 80% of the surface drainage of the site is used to irrigate the green areas. The
project also used recycled construction waste, and also installed and used clean energy
(solar cells) as shown below and designed the project to achieve maximum natural light
and observations of occupants of the building. The project received a USGBC Golden
rating of LEED (Lena et al., 2009).

Figure 2.19. Shows the use of local flowers Figure 2.20. The building uses solar cells
with a green roof (Lena et al., 2009).

From the above, we find that the green ceiling that was built here on an old
historic building in the city is a large-scale green roof type, which is of a simple type
and does not add high loads and weights to the building and therefore this type as
described in this building can be applied locally in Irag in the existing buildings and
these are the positive received from this building And the success rate may be high,
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especially in residential buildings that were not designed to calculate the additional
loads and because this type is simple and easy to build and load is simple, it will be very
successful in the new and old housing buildings in Iraqi cities; It also provides
psychological comfort and provides a place for recreation and gives aesthetics to the
building; and also this project encourages research to determine the feasibility of
applying such techniques in Iraqg.

The disadvantages of this project are the use of local plants that bear the local
climate of the city in question, the United States of America (Oregon State in Portland).
Therefore, if applied in Iraq, it is necessary to find plants that adapt to the local climate
of Iraq (Mohamed and Abdul, 2015).

2.4.2. The Fairmont Waterfront Hotel Herb Garden

It is a hotel and restaurant in downtown Vancouver, specifically 900 Canada
Place Way, Vancouver, British Columbia; the figure below shows the entire building.
The green roof is built at the top of the restaurant roof. It is a 200m? thick green roof.
This roof provides the restaurant with an annual budget of $ 20,000- $ 20.25. This
includes the plants used in the restaurant, as shown in the figure below. Non-purchase of
plant crops from local markets is available in the green ceiling. (Lena et al, 2009).

The green ceiling is accessible as a green open space used by hotel guests and
guests, is carefully cared for and maintained in the style of any yard or patio. The annual
maintenance cost of the green roof is estimated at approximately $ 16,000. This roof
consists of concrete slab with a homogeneous membrane of two layers of waterproofing
material and 30 cm of insulating foam and a piece of cloth for drainage in addition to
rocks and soil where the ceiling is designed to accommodate the soil weight and plants
(Lena et al. 2009). The benefits obtained from this hotel due to the establishment of the
green roof as well as the provision of plant crops for the restaurant and use as a place of
rest and recreation, the rooms overlooking this green ceiling is of a special nature has
been given the importance of more distinctive and more detailed decoration and opened
private balconies, Above the other rooms as shown in the figure below (Lena et al.,
2009).
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Figure 2.21. The fairmont Waterfront Hotel herb garden (Lena et al., 2009).

Figure 2.22. Use of plant crops in the roof of the green hotel (Lena et al., 2009).
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Green roof is used. This type requires preloading during the design process.
This type may also be applied in Iraq if the weights of this type are preset. The project
also encourages research to determine the applicability of such techniques in lIrag.
(Mohamed and Abdul, 2015).

Figure 2.23. Air perspective table on the green ceiling of the hotel (Lena et al., 2009).

It is clear from the foregoing that in this project, the heavy-duty, heavy weight.
It provides a variety of uses and diversity of plants and gives great economic benefits, as
well as many climatic benefits of the air conditioning in the outdoor seating area, and
also reduces the temperature inside the building and provides the beautiful scenery and
psychological comfort needed by the recipient in the building (Mohamed and Abdul,
2015).

One of the disadvantages of this project is climate and atmosphere in the city
of Canada. Therefore, the plants adapt to the local atmosphere prevailing in the specific
area and are unsuitable for the local atmosphere in Iraq because of the environmental
difference between the local climate of Iragq and the local climate of Canada. Therefore,
plants that adapt to climatic conditions Iraq is a warm dry (Mohamed and Abdul, 2015).

2.4.3 L’Oasis d’Aboukir — Paris — vertical garden (2013)

Project Name: L'Oasis d'Aboukir (The Oasis of Aboukir)
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Year: 2013

Location: Paris, France

Building Type: Commercial

Type: Living Wall

System: Single Source Provider

Size: 2700 sq.ft.

Slope: 100%

Access: Accessible, Open to Public
Designers/Manufacturers of Record:

Vertical Garden Designer: Patrick Blanc, Le Mur Vegetal
Living Wall System: Dr. Patrick Blanc, Le Mur Vegetal

Blanc made this installation to turn the usual facade of the building in the
second district of Paris into a bright green space. It was a demonstration of his
conviction that nature can significantly improve the quality of urban space. The
installation of L'Oasis d'Aboukir (the name comes from Rue d'Aboukir, where the work
is installed) uses 237 plant species diagonally to create a sense of dynamism and
movement (Bianchini, 2017).

Figure 2.24. L’Oasis d’ Aboukir (Bianchini 2017).
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This project completely illustrates the conceptual development of Blanc's
work; from the preparty geometric structure (but with fully identified species) to a
puzzle-like tessellated pattern, where each plant is carefully placed in its concrete tile
(Bianchini, 2017).

Figure 2.26. The oasis of Abukir, a view after the installation (Bianchini, 2017).
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2.4.4. PAMM Pérez Art Museum — Miami — vertical garden (2013)

{ 1 51 .' M
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Figure 2.29. PAMM Pérez Art Museum — Miami — vertical garden (Herzog and de
Meuron, 2014).

Landscape Architecture: ArquitectonicaGEO

Vertical Garden Designer: Patrick Blanc

Irrigation Consultant: Sweeney + Associates

Landscape Contractor: Valley Crest

Design Architect: Herzog & de Meuron

Architect of Record: Handel Architects

General Contractor: Moriarty of Florida

Location: Miami, Florida, USA

Date of Completion: December 2013

Photos: Robin Hill, Julio Espana / ArquitectonicaGEO

Award: Florida Chapter of the American Society of Landscape Architects
(FLASLA) Award of Excellence, 2014

Frederic B. Stresau Award — Bestowed upon an Award of Excellence winner that best
exhibits absolute innovation and design excellence of the profession in 2014.

For the Pérez Art Museum, Blanc required architects to conceive three-
dimensional vertical gardens, rather than two-dimensional (Herzog and de Meuron,
2014). The solution was to make an array of "columns”, hanging or self-supporting,
from steel pipes wrapped in a felt layer dotted with hundreds of small pockets. Plants, as
customary, grow on the felt layer, but architect had to carefully choose them, because

one half of the column is exposed to sunlight, strong winds and a saline stream, while


http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
http://arquitectonica.com/geo/portfolio/miami-art-museum/
http://www.herzogdemeuron.com/
http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
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the other is constantly in the shade, so he installed different species (80 in general) on

the outer and inner sides, using both tropical and native plants. Irrigating is provided by

large rainwater, which accumulates the flat roof of the building (Herzog and de Meuron,
2014).

Figure 2.31. PAMM Pérez Art Museum Miami; model of the installation (Herzog and
de Meuron, 2014).

Figure 2.32. PAMM Pérez Art museum Miami; east facade, rendering (Herzog and de
Meuron, 2014).


http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
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Figure 2.33. The living columns before and after plant installation (Herzog and de
Meuron, 2014).

2.4.5. CaixaForum Madrid — vertical garden (2007)

Figure 2.34. CaixaForum Madrid — vertical garden (2008).

Project Name: Caixa Forum Museum Vertical Garden
Year: 2007


http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
http://www.landezine.com/index.php/landscape-architects/herzog-de-meuron/
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Owner: Caixa Foundation
Location: Madrid, Spain
Building Type: Museum
Type: Living Wall
System: Single Source Provider
Size: 6458 sq.ft.
Slope: 100%
Access: Accessible, Open to Public
Designers/Manufacturers of Record:
Architect: Herzog & de Meuron
Green wall Designer & Installation: Patrick Blanc
General Contractor: Ferrovial Agroman
Green wall Consultant: Benavides & Lapérche
Irrigation Installation & Maintenance: Isla Verde
Green wall System: Le Mur Végétal
The green wall of Caixaforum is supposedly the second most famous project
of the architect Blanc. Filled with about 15,000 plants from 250 species, a vertical
garden of 6,500 square feet was conceived to provide physical and spiritual relief in the
hot summer climate of Madrid (Bianchini, 2017).
Therefore, the plants were chosen to adapt to the specific climatic conditions
of the city, located at an altitude of 670 meters above sea level (Bianchini, 2017).
Species installed in the living wall include, among others, Arenaria montana,
Bergenia cordifolia, Campanula takesimana, Cedrus deodara, Cerastium tomentosum,
Cistus purpureus, Cornus sanguinea, Dianthus deltoids, Garrya elliptica, Kerria
japonica, Lonicera nitida, Lonicera pileata, Pilosella aurantiaca, Sedum alpestre, Taxus
baccata, Yucca filamentosa, and different Begonias, Fuchsias, Geraniums, Hydrangeas,
and Mabhonias (Bianchini, 2017).
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Figure 2.36. Caixaforum Madrid vertical garden, details (Bianchini, 2017).



41

2.4.6 Green roof in park view apartment

This project is an apartment on the top floor of the Park View project in Erbil,
it was designed and installed by greenscape group. The project is implemented with
minor changes in the types of landings (Anonymous, 2017g). The products used in this
project were protection from weeds, wooden edging of the landscape, the ZinCo green

roof system, polished pine bark and decorative aggregate (Anonymous, 2017g).

Figure 2.39. View of project (Anonymous, 2017¢).
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2.4.7. Residential house 1

This project is located in the city of Sulaymaniyah. It was developed and
implemented by Greenscape Company in 2015. Landscaping is fully implemented with
minor changes. The products used in this project were: green ZinCo roof, automatic
irrigation system, weed protection, geotextile, Aluexcel landscaping, permeable green
paver, stainless steel water filters, pine bark, decorative mulch and decorative aggregate
(Anonymous, 2017g).

—

Figure 2.41. Design of project (Anonymous, 20179).



43

Figure 2.43. View of project (Anonymous, 20170).
2.4.8. Residential house 2

This project is a residential building located in the city of Sulaymaniyah. It
was developed and implemented by Greenscape in 2014. Landscape design is fully

implemented with some changes in the types of landings (Anonymous, 2017g).

Figure 2.44. Design of project (Anonymous, 2017g).
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The products used in this project were ZinCo green roofing, weed protection,
geotextile, geomembrane, Aluexcel landscape edging, root protection, water cascade
with LED lighting, decorative stainless-steel balls and decorative aggregate
(Anonymous, 20179).

Figure 2.45. View of project (Anonymous, 2017g).



3. MATERIALS AND METHODS

3.1. Materials

3.1.1. Study area

The study was conducted in Erbil which is the capital city of Kurdistan
Region/Irag. Erbil is located in the north of Irag on 36.19° North 44.01° East (Figure 1).
According to UNESCO (2010), historically Erbil is considered one of the oldest
uninterruptedly dwelled in cities in the world. It is believed that the urban life in Erbil is
dated back to at least 6000 BC (Rasul and et al., 2016). The surface area of Erbil is
approximately 130 km2. The population of Erbil urban area was 1,025,000, in October
2008 which makes it one of the biggest cities in Iragq (Rasul et al., 2016). Erbil is located
in a comparatively plain area. Moreover, on average Erbil is elevated about 426 meters

above sea level (figure 3.1) (Rasul et al., 2016).

Figure 3.1. Displays the map of the study area.

3.1.2. Erbil climate

Erbil's climate is hot-summer Mediterranean (Csa) according to Koppen

climate classification, with very hot summers and cool wet winters. January is the
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wettest month, there is rain in winter more than summer in Erbil.The average
temperatureis 20.2 ° C per year, and average precipitation is 543 mm (Anonymous,
2017n.).

3.1.3. Wind

Throughout the year, Erbil experiences the regular hourly wind speed in
slight seasonal diversity. May, June, July, August and September are the
windiest months of the year. The average wind speeds during this period are higher than
6.0 mph. Furthermore, 22 of July is the windiest day of the year, with an average hourly
wind speed of 7.2 mph. from October to April are considered calmer period of year in
comparison to other months. Nevertheless, 6 of January is the calmest day of during
year. The average hourly wind speed in that day is between 5 to 6 mph (Anonymous,
2017h).

Average Wind Speed

windy
12 mph

11 mph
10 mph

9 mph
Jul 22

& nph 7.2 mph

May13 Oct 5
7 mph 6.3 mph 6.3’ mph

Jan 6
6 mph 54 "ﬁ.ph/._N—-—/
T
5 mph
4 mph
3 mph
2 mph
1 mph

0 mph

The average of mean hourly wind speeas (dark gray line), with

Figure 3.2. Displays average wind speed in Erbil (Anonymous, 2017h).

During the course of the year the main average hourly direction of wind differs
in Erbil. Usually, from the mid of April to the beginning of October the wind is from
the west, 18 of June has a peak proportion of 51%. However, from beginning of
October to the mid of April frequently the wind is from the east, the January the first has

peak proportion of 51% (Anonymous, 2017h).
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Wind Direction
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The percentage of hours in which the mean wind direction is from each of the four cardinal wind directions (north, east,
south, and west), excluding hours in which the mean wind speed is less than 1 mph. The lightly tinted areas at the
boundaries are the percentage of hours spent in the implied intermediate directions (northeast, southeast, southwest,
and northwest).

Figure 3.3. Demonstrates the wind direction in Erbil (Anonymous, 2017h).

3.1.4. Rainfall

The summer table (Figure 3.4) indicates the percentage of rainfall in the city of
Erbil and most of the province. It is obvious that the minimum precipitation rate in the
last year was (417.3) mm. In addition, the rate of rainfall in the rest of the province of
Erbil was (847.7). While the minimum percentage of rainfall was recorded in the Erbil
plain (304) mm, the highest rainfall was recorded in the Mergasur area (1391.1) mm

(Anonymous, 2017h).

¥ “C | Altitude: 4lim Climate: Csa “c: 20.2 mm: 543 mm
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Figure 3.4. Displays climograph of Erbil (Anonymous, 2017h).

3.1.5. The site locations of the research project

In the present study, three buildings that are located close to the citadel were
investigated.
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3.1.6. The Mayor Office building

This building is located in Erbil city center closed to the citadel. It is also

located near local market which is one most crowded area in city.

Figure 3.5. Shows the location of Mayor Office Building.

This governmental building was constructed in 1921. It is a historical building
which consist of two floors. It has usually been used for administration works for the

locals.

Figure 3.6. Shows Mayor office building in different time periods (Anonymous, 2017p)

3.1.7. Machko tea shop

The second building that has been studied in this research is Machko café.
This building is located in the city center of Erbil precisely next to the main entrance of
Erbil citadel and in the surrounded by a big market.

Currently, this building is considered a part of citadel its traditional tea shop
usually is full of tourist and other people. This historical building was constructed in

1940. It consists of two floors with big balcony.
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Figure 3.8. Shows Machko Café (Anonymous, 2018lI).

3.1.8. Erbil tower hotel

The third and the last building in this research is the Erbil Tower Hotel. This
building is located in city center in highly busy area near to citadel and Doctor’s Street
in Erbil.

This building is composed of eight floors which divided into three different
sections. The first or the ground floor is used as market. Furthermore, the second floor is
mainly utilized as an office floor. Finally, the remaining floors (six floors) are employed
as a hotel. This old hotel was built in in the late 1950s.

Figure 3.9. Demonstrates the location of Erbil tower.
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Figure 3.10. Shows the Erbil Tower (Anonymous, 2014m).

3.2. Methods
3.2.1. Software programs

In this research three different software programs were applied.

3.2.1.1. AutoCAD 2014

AutoCAD is a computer assisted designing program for drawing that supports
the construction of two dimensional and three-dimensional graphics. Since the
beginning of 1980s, The AutoCAD has been developed as an application for personal
computers. This program is accessible as a web application since 2010. It can be
operated via browsers and smart phones. In this research the AutoCAD 2014 was

applied for drawing geometric plates very precisely and quickly in a short time.

3.2.1.2. 3DMax 2015

This software is one of the most influential software for three-dimensional
design. This software generates an environment to work on a large land and produces
images as the user imagines and changes them from a three-dimensional viewpoint like
constructing buildings, generating vehicles or others. This software, which is created by
Autodesk, is mainly a 3D modeling, animation and rendering program for 3D objects. In

current study, this software was applied for modeling project of the research.
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3.2.1.3. Lumion

Lumion is a software that utilized for producing three dimensional models.
This program is more beneficial in working with materials, rendering and lightings in
comparison to the Scots, the Max, the Maya or the AutoCAD. To be more explicit, it is
a decent program for encoding, rendering and video work in a very simple and
wonderful way. This software has realistic features for modelling of trees, vehicles,
birds and humans. In addition, this program offers an advantage for moving people or
animals, which might be required to be added to the project and dealing with water,
fountains and other natural supplements such as dust, hay or tree leaves to give a real
impression of the project. In this study, Lumion 6 was applied to add landscape Martials

and rendering.

[ Vertical Gardens ] Green Roofs ]
/ Selecting Suitable Areas in Erbil \

Selecting Areas According to:

R

Crowded Urban Area
Green Area Necessary
Important as Locations

\ Aesthetic Needs /

Figure 3.11. The summary of material method.
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This study consists of five different chapters: i) Literature review, ii) Vertical
Garden and Green roof, iii) Selecting Suitable Areas in Erbil, iv) Application and

modeling, v) Results.

3.2.2. Literature review

In this chapter the well-known and successful cases are focused on. In
addition, the achievements, important points, advantages and disadvantages related to
this project are covered. Moreover, examples that associated with the design application
in this research, the world and local experience is studied such as roof gardens and

vertical garden.

3.2.3. Green roofs and vertical gardens

This chapter focuses on the green roof with two different type intensive and
extensive design. Furthermore, the designing, structuring, properties, advantage and
disadvantage of these two types of green roof are studied to acquire substantial
information that will need in the next steps for designing and applying.

In addition, the vertical garden both green wall and green facade are studied to
identify the most appropriate approach to our study area.

3.2.4. Selecting suitable areas in Erbil

In this chapter the three sites or buildings are selected. The process of selecting
these buildings is in accordance to mass buildings, intensive population and insufficient
green areas. All the investigated sites are selected in or nearby city center of Erbil and
around Erbil city citadel because the importance of location which anyone who visits
Erbil can easily reach it.

3.2.5. Application and modeling
This chapter focuses on the designing and modelling of the project. The

designing concept was obtained from combining novel forms and Erbil historical
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heritage. In addition, this chapter also describes the materials and plants that were
utilized in the study. The modelling is done by using two computer software such as 3D

Max and Lumion.

3.2.6. Results

The final chapter presents all the findings from the other steps. The purpose of
this chapter is to analyze results from proposal rendering and other significant
information for getting best recommendation on how the green roof and vertical garden
in Erbil can be applied. In addition, it is also for identifying the optimum location for
applying green roof and vertical garden and how to design to provide more aesthetic for
Erbil city.

Figure 3.12. Displays the three selected sites.

3.2.6.1. The Mayor Office Building

This building has been utilized for governmental purposes. It is located at city
center of Erbil near big market and Erbil citadel. The area highly crowded and lacks of
green zone. the air pollution in the area is caused by cars, building mass and high
population density. This area necessitates green spaces more than other part of city to
deal with this contamination. The green spaces cannot obtain by removing and changing
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the buildings to green spaces around this area because almost all the buildings are
historical. This issue can be solved by applying state of art technology to add green to
roofs and walls without removing the existing building.

Another reason for choosing this building is that there is no green space
belongs to the building the administrating people who work there they don’t have space
to spend their free time for taking a rest, drinking a tea or smoking ...etc.

This building is directly located at the street thus it does not have free space
for green site. However, the building has decent space for applying green roof and
creating a garden in a top of building. This will accomplish our necessity for green

space in the city and building.

/'

Entrance of building

Figure 3.13. Shows the Mayor office building.

3.2.6.2. Machko tea shop

This is the second investigated building in this research. This building also
located in city center next to the entrance of citadel surrounded by huge market. Even
though there are a few green spaces in front of the site, it is not sufficient to cope with
the high level of air pollution that he area which are caused vehicle, mass buildings and

electrical generators (especially in summer).



55

Figure 3.14. Displays the roof of the building and citadel gate (Anonymous, 2018l).

The location of this building is very important as there are a lot of tourists
visiting the citadel. From (Figure 3.14), it can be seen that the roof of the building is
completely neglected and mistreated. It is clear that the roof is utilized for water tank,
electric generator ...etc. This can have a negative impact tourism sector. Nonetheless, it

can be solved ecologically by applying green roof technique.
3.2.6.3. Erbil tower hotel

This tower is located in most crowded area at Ainkawa (Doctors Street) and
behind the citadel. A glance at the site, green spaces are not found around the building.
As this street is mostly visited by patients, green space is highly important
psychologically. The addition of vertical green to the building, partly accomplished the
required green space for the city and psychologically assist in the treatment of patient

visiting this street.

Figure 3.15. Showing crowded area around Erbil Tower.
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This tower has an old Iraqi architecture style which was very famous style in
that period. The building was designed by architect Rfaat chadrche. Currently, this
building is used as hotel but does not have any architectural values.

Figure 3.16. Showing old Iragi architecture style Erbil Tower.

Nonetheless, via adding vertical green, the original architecture value of the
building can be returned. This building is very important in Erbil elevation as it can be

seen in different views at city center.



4. RESULTS AND DISCUSSION

4.1. Site Analysis

4.1.1. The mayor office building

This building is located in Araban district north west of Erbil citadel. The
historical houses of the Araban district is directly located behind the building. In the
south of building there is small garden, a mosque and big market. In addition, the Erbil
governorate building is at the opposite of the building. At the north of the building are
computer shops and a street called Sultan Mozafar Street. Finally, the front is Qala
Street which connects the center and citadel of city to Kurdistan parliament and Sami

Abulrahman Park, which is the biggest park in Erbil.

Figure 4.1. Shows Mayor building with surrounding area.

S

Figure 4.2. Demonstrates the site analysis.
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4.1.2. Machko café

This building located at Qala (Citadel) district in front of the citadel and
surrounded by a big market (Bazar). A small green space called Shar Park is at the
opposite of the building. In the front Qala Street which is turn around citadel, opposite
is Karkuk Street.

Figure 4.4. Shows site analysis.

4.1.3. Erbil tower hotel

This building is located at Mustafwfi district north of citadel at Ainkawa

(Doctors) street. Shex Mahmoud around about is in front of the building. At the
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opposite, are medical and doctor offices. There is a free area behind the building that is

projected to be a museum of Erbil.

Figure 4.6. Shows site analysis.

4.2. Swot Analysis
4.2.1. Erbil Mayor building

e Strength
1. The location of the building is very important as it is close to city center and
located in very important street that connects the city center to another important sector.
2. The building has rugged constructed which mainly constructed from stone and

concrete that is suitable for applying intensive garden roof.
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3. The building is historic and also located in a historical district.

4. Closeness to the Erbil citadel, make the building precious element in area.

"

Figure 4.7. Displays citadel view from the site.

Weakness
Crowded area.
Crowded traffic.

= N = e

Because it is directly located on the street, it has less security and privacy of
building.
3. Less of site landscape.

Figure 4.8. Shows the building and the area around it.
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° Opportunity
The building can be used as a museum in future.
The building can be used to revive that areas because it is close to historic areas.

w e

It can be used as a tourism attraction because it is very close to the Erbil citadel.

Figure 4.9. Shows historical building around the site (Anonymous, 20170).

° Threat
1. Not paying attention to old buildings.
2. Destroying building and changing it to new commercial building.

3. The historic buildings in this area are neglected.

Figure 4.10. Demonstrates a historical building rebuilt with new building (Anonymous,
2014n).
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3.2.2. Machko tea shop

o Strength

2. Machko café is very famous in Erbil

3. The location of Machko is very important as it is located in front of citadel gate
and regarded as a part of citadel.

4. Currently, the building is recognized as a cultural café and almost all tourists

visit the area.

5. The building has historical heritage.

~Uan

5 Ny R g i
Figure 4.11. Shows the outdoor sitting around Machko café (Anonymous, 2018I).

° Weakness

1 Crowded area because it is close to the market (bazar).

2. The Structure of the building is not very strong.

3 Neglecting the roof of building and using it for water tank, electrical generators

and wastes.

oz

Figure 4.12. Roof Machko cafe (Anonymous, 2018l).
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° Opportunity

1 It can be used mainly as a part of citadel.

2. The building can be used like a tourist attraction.

3 The roof of the building can be use the green roof to attracting more tourists for
the building and the citadel.

4. The roof or the building can be used as a resting area for the people visits the

citadel.

i 4~ X

%

Figure 4.13. Shows visitors from citadel gate and Machkos’ roof (Anonymous, 2018l).

° Threat

1. The roof of building is used for water tank and electric generator which have
dangerous impact on the building.

2. The structure of the building requires rehabilitation or renovation to keep it safe.

3. The location contaminated and crowded.

‘ L“ I' Ve T B }\; 7 "
Figure 4.14. Show the roof of the building which used for tank and generator
(Anonymous, 2018l).
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4.2.3. Erbil tower hotel

o Strength

1 Erbil tower is one of the highest building in the city center

2 It is a famous building.

3. It can be seen from almost every place in Erbil city.

4 It is located in very important location, near the Erbil citadel.
5 It is characterized by its historical architecture.

Figure 4.15. Displays the building view from citadel (Anonymous, 2014m).

° Weakness

1 Very crowded area.

2. Rods around the building are narrow and crowded.

3 The building does not have any gardens or green spaces, and it is directly

located on the street.

Figure 4.16. Shows view from citadel (Anonymous, 2014m).
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Figure 4.17. Shows the building and the surrounding area (Anonymous, 2017r).

° Opportunity

1. The building is one of the historical building in Erbil.

2. It is located near the Erbil citadel and the museum which is planned to be built in
the near future.
It has an old architecture style.

4. It can be considered as a part of the Erbil citadel.

It can be used like historical place for attracting tourists.

Figure 4.18. Shows citadel view from building (Anonymous, 2014m).
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4.3. Finding
4.3.1. The mayor office building
4.3.1.1. Designing concepts
This building has formal lives; Therefore, informal designing approach was

preserved, first at all, requirements of the people who are a sign this building was

considered In this extent short time recreation places were established.

Figure 4.19. Project top view.

The roof is designed in intensive green roof as two axes. The first one is the
main axis that connected the roof to the rest areas. The second axis is moving through
inside the plants and flowers section. There are two courtyards on the roof, the
courtyards are made of glass to not to obstruct transparency between zones and parts of
the roof. This will reflect on the relationship between government employees and the

locals.
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Four rest areas are designed, two of them are shaded by umbrellas and other
two zones are shaded by tress. Because of the hot weather in Erbil city, one of shaded
zones has water fountain which provide mad a fresh air for the area.

There is a small cafeteria inside the building that can be used for roof section.
The roof is designed to give more comfortable feeling to visitors, employees and locals
by using informal and organic form in concept and using natural material like stone and

wood in the pathways.

i s earthenware Y
aggregate aggregate : aggregate

wood
pergola marbella
stone
\
umbr
exterior
whit wood
aggre

marbi
stone;

marbella
stone

exterior glass
wood

Figure 4.20. Describes the utilized materials in the project.

4.3.1.2. Plants and flowers

After researching and studying the garden roof and planting in it, the different
type of plants and flowers are used in the case study. The plants and flowers are selected
according to the followings: -

e Suitability with the roof garden and low soil.

e Suitability with the weather and situation in Erbil.
e Required minimum amount of water.

e Shading necessary and aesthetic.
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Because trees required more soil and resistance wind, they are planted in pots.
Robinia pseudo acacia’ is used for shadow in places around sitting area. Vitis vinifer is

used in pergola also it is giving shadow in sitting area.

Intensive

1. Roof deck

2. Waterproof membrane
3. Geotextil

4. Drainage / storage layer
5. Filter

6. Growing media
7.Vegetation / plants

Intensive

Thickness: 40 - 100 cm.

- Weight: Over 400 kg / m2.
% Vegetation: Grasses,
Herbaceous, shrubs and trees
Maintenance: High

Figure 4.21. Intensive green roof detail (Anonymous, 2012k).

Euonymus Buxus Cycas Anthemis Anthemis
japonicus var

Abelia

Hyds
yaranzea Bamboo

Hibi Festuca Ficus
1oiseus; glauca benjamina
rosa sinensis

Figure 4.22. Shrubs plant used in project.
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Robinia pseudo
acacia ,

lagerstroemia
indica
Arauc
excels
Citrus
lagerstroemia
indica
Robini
acacia Citrus
vitis v ;
lagerstroemia
indica
Citrus

Robinia pseudo
acacia

Figure 4.23. Tree plants used in project.

The Citrus’ plant is also used in the design as it is very suitable for Erbil
environment and garden roof as it mentioned in the literature review.

Lagerstroemia indica’ with the pink flowers is used in design to make the roof
more attractive. Araucaria excelsa’ pine is used in the design because it is suitable for

garden roof and using white gravel gives more attraction.
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Hydrangea’ flower with blue color is used in the circle around Citrus’ that
balances between tree and flower elements. plumbago capensis’ and abelia’ flowers are
used around melissa’ in consecutive order. Bamboo’ and euonymus japonicus var’ are
planted straightly against the wall. Anthemis’ flower is planted with yellow and pink
colors to give vibrant colours. ficus benjamina’ is planted in the second axis pathway.
Agapanthus’ and hibiscus rosa sinensis’ with red color are planted within groups around
main axis pathway. hedera helix’ is planted near entrance to cover the wall. Buxus’ is
planted in groups and one by one with Cycas’. The Cycas’ plant expresses power for

these types of formal buildings.

Table 4.1. Plants used in project

Plants name color

Robinia pseudoacacia pictum

Vitis vinifera

Plumbago capensis Blue
Hydrangea

Citrus

Bamboo

Anthemis White
Anthemis Yellow
Lagerstroemia indica Pink

Melissa flower

Abelia flower White
Ficus benjamina Yellow
Euonymus japonicus var

Araucaria excels Blue
Agapanthus

Hibiscus rosa sinensis Red
Hedera helix

Buxus

Cycas

Festuca glauca Blue
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Figure 4.24. View from south and SE.
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Figure 4.26. Views inside the project.
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Figure 2.27. Views inside the project.
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4.3.2. Machko tea shop

The extensive green roof design was applied to the building because the roof is
different levels. Wood is the main material that used for all pathways and sitting areas
because it has a lightweight and does not affect the structure of the building. The siting
area is designed in a different places and zones, it can be entered to project from citadel
gate, Machko café shop and old citadel rod. The main space is designed to be accessed
directly from the entry from the citadel. It has a fountain in the middle of the space and
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has a good view from citadel and Shar Park. From the front is green roof and from the
two side are green roof thus it is very important to provide a rest area so as people
coming from citadel and the cafe below.

The circle space is designed as sitting area that shaded by trees and a fountain.
This circle symbolizes the shape of Erbil city that all districts are located around citadel
and the citadel is located at the middle of city center. The other sitting place is designed
at lower level that has a good view to Shar’ park. new roof has been added to the store
so that it does not impact the project. the new ceiling and the seating area are designed.
Two photograph’s areas are designed, the first one has a sitting area shaded by trees.
The second one is designed with straight bridge to taking pictures with 1 ) ERBIL’
and other views. The Kurdish regional government flag is designed in the slop with the
Turf block and grass. Writing I ¥ ERBIL and the governmental flag make beautiful

view of project and attract people from far away.
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Figure 4.29. Functions of project.
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Turf block
with green color

exterior

Turf block
wood

with yellow color

aluminum Turf block

with white color

Turf block

with red color
stone wall

marbella
stone

white
wood

= A cxterior
'yl vood

wood
fountain % : — , pergola

fountain

brick wall
exterior
wood

brick wall
Figure 4.30. Material used in project.
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4.3.2.1. Plants and flowers

Subsequent researching and studying suitable plants are selected for the case
study. Because the system of the roof is extensive green roof all trees and sharps require

pots just flowers and grass are directly planted.

Extensive

Extensive

Thickness: 10 to 20 cm.
Weight: 70-160 kg / m2.
Vegetation: Sedums, Mosses,
Grasses and herbs.

1. Roof deck
2.Waterproof membrane
3. Geotextil

4. Drainage / storage layer
5. Filter

6. Growing media
7.Vegetation / plants

Figure 4.31. Extensive green roof detail (Anonymous, 2012Kk).

4.3.2.2. Trees and Shrubs

Prunus Cerasifera Pissardii Nigra’ plant is used straight outside wall of the
building as this plant is suitable for Erbil whether. It has red color which balances with
color of citadel and plays a good role in attracting people to the project. Cupressus
Arizonica’ is planted around sitting area of main space and around sitting area in store
roof. This plant is characterized by its suitablity in green roof projects. Buxus
sempervirens’ plant is used between two Cupressus Arizonica’ plant and around circle
space, the shape of the plant is made balance between planter and Cupressus Arizonica’.
Juniperus horizontalis’ is planted in slope around I ) ERBIL symbol because this
plant is covering soil horizontally and protecting the soil from erosion. Robinia
pseudoacacia’ is planted in circle space and photography area for shading because it
providing a good shading especially in the afternoon. Hedera helix’ is planted at the

wood pergola of the balcony of machko’s cafe.
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Dry garden is planted in below roof. In this part, plants that have the ability
survive in dry or arid weather like an Opuntia ficus-indica’ and Trichocereus pachanoi’
at the middle Echinocactus grusonii’ and Gymnocalycium’ are planted. Lavandula’ with
purple color is planted around the main space and photography area, which make the
project more attractive. Euryops’ flower is planted in the sun symbol of Kurdish flag

inside Turf blocks.

Table 4.2. Plants used in project

Plant name Color
Prunus Cerasifera Pissardii Nigra Red
Cupressus Arizonica Blue
Buxus sempervirens Purple
Robinia pseudoacacia
Juniperus horizontalis Blue

Hedera helix

Opuntia ficus-indica

Trichocereus pachanoi

Echinocactus grusonii

Gymnocalycium

Lavandula Purple
Euryops Yellow
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Figure 4.32. Plants used in project.
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Figure 4.33. Views of project in day and night time.
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Figure 4.34. Views of project.
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Figure 4.39. Views of project.

4.3.3. Erbil tower hotel

The green face and green wall are designed for the tower. While green wall
technique is applied for balconies, green fagades are applied to the other parts. The
designing concept consists of different layers that present different nationality and
different civilization who have lived in Iraq or Mesopotamia land. Different layers with
different colors and plants are combined on one plate reflecting a long and peaceful live
together.
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Figure 4.40. Sketch of project.

Both sides of the building from south and north have no windows, they are just
concreted face. The green facade and green wall are designed to cover these two parts.

Trellis Trellis

Sample Box

Green Climber Green Module

Wall Surface Wall Surface

Growing Media 3

Green facade Green wall

Figure 4.41. Sample detail of green facade and green wall (Safikhani et al,.2014).
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The project is firstly serving as a cover for the building. By covering a huge
surface of the building with green plants, it protects the building from the sun and heat

and makes it more sustainable and beautiful view

4.3.3.1. Plants and flowers

Codiaeum variegatum pictum’, Epipremnum sp, nemorosa’ (purple), Pteris
cretica’ and Begonia’ (blue) plants are used in the balconies as a green wall.
parthenocissus quinquefolia’, Parthenocissus tricuspidata’, Toxicodendron radicans’,
Campsis Radicans’, lonicera japonica’ Hedera hilex, hedera helix elegantissima’ and

hedera helix variegata’ are used like a green fagade with different layers.

hedera helix parthenocissus
) s 5 uinquefolia
Parthenocissus : ‘ : .* 2 q ' 4
tricuspidata ' = Toxicodendron
radicans
Campsis
Radicans Begonia
pafthenoms.;sus Codiaenm
quinquefolia variegatum pictum
lonicera
japonica
hedera helix _ Pteris
elegantissima 4 cretica
oy
nemorosa
Campsis
Radicans Epipremnum sp
parthenocissus e =
uinquefolia :
q _ 9 ¥ Codiacum
radicans 3

Figure 4.42. Plants used in project.
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Table 4.3. Plants used in the project

Plant name color

Codiaeum variegatum pictum
Epipremnum sp

Nemorosa Purple
Pteris cretica
Begonia Blue

parthenocissus quinguefolia
Parthenocissus tricuspidata
Toxicodendron radicans
Campsis Radicans

Lonicera japonica

Hedera hilex

Hedera helix elegantissima
Hedera helix variegate

Figure 4.43. Views of project.
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Figure 4.44. Views of project.
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Figure 4.45. Views of project.






5. CONCLUSION

Uncontrolled population growth, living migrations, industrialization and
environmental pollution and consumption of natural resources are contemporary
problems. In the face of these problems; roof gardens and wall gardens are one of the
environmentally-friendly solutions that have existed since the past but developed with
today's conditions. Roof gardens play an important role in creating a natural habitat in
cities with their ecological and recreational functions and increasing the amount of
green space per capita in the city. Landscape architectural discipline also plays an
important role in the design process of this technology. Roof gardens and wall gardens
offer the opportunity to use roofs that are not commonly used in buildings, for energy
efficiency, storm water management, sound insulation and aesthetic enhancements.

As a result, roof gardens are not used in Erbil's urban planning, despite all its
benefits. As the city of Erbil meets many environmental problems due to its dense
population, roof gardens and wall gardens must be applied to the urbanization process.
Local governments should place greater emphasis on green roofing and encourage
building owners to transform traditional roofing into living roofing.

In this way, most of the problems such as the urban island heat effect in the
summer of Arbil people, the high air pollution in winter, and the image pollution due to
intense and unplanned urban planning can be reduced and the city can be improved both

aesthetically and ecologically.
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1. OZET

Hizli yerlesim artis1 ve kentsel gelisim, dogal habitati devasa miihendislik
yapilarma dontstiiriir. Bu kentsel gelisme, insan refahi ve kentlerin siirdiiriilebilirligi
agisindan risk olusturan ¢evresel ve sosyal endiselere neden olmaktadir. Nifus
yogunlugu ve inga hiz1 kentlerdeki yesil alanlarin hizla azalmasina neden olmaktadir.
Beton, asfalt, metal yapilar gibi materyallerden dolay1 kentsel bolgeler yapay 6zelliklere
sahip olmaya baslar. Beton bina yuzeylerinin iklimsel etkileri ve yesil alanlarin azalmasi
sonucu kentsel ekoloji olumsuz etkilenmektedir. Olusan bu sorunlari, siirdiiriilebilir ve
dogal bir sekilde azaltmak i¢in yeni yesil mimari kavramlari gelistirilmektedir.

Cat1 ve dikey yesillendirme sistemleri, bitki 6rtusiinin bir bina, cephe veya i¢
duvar iizerine yayilmasina izin veren yapilar olarak tanimlanabilir. Iklimsel degisikligin
giindemdeki etkisini arttirmasiyla, yesil ¢at1 ve dikey bahgelerin kent yasamindaki yeri
de giin gegtikce onem kazanmaktadir. Kentlerdeki yapilarin bu bitkilendirilmis donatilar
sayesinde, artik hissedilebilir diizeylere ulasan iklim problemine bir ¢oziim getirecegi
diistiniilmektedir.

Biiyiik sehirlerde binalarda atil durumdaki mekanlarin degisik fonksiyonlarla
kullanilmasi, teras yada catilarin ¢ok amagli kullanimi yaklagimiyla ¢atilarin yesil alan
olarak biiyiik bir potansiyel teskil ettigi ortaya cikmustir. Cati ve teras bahceleri
giinlimiizde kent insanina ¢ok yakinlarinda ulasabilecekleri yesil bir alan saglamanin
yanit sira insanlari dig ¢evrenin olumsuz kosullarindan da koruyabilen birer mekan
olarak 6nem kazanmustir.

Yeni veya onarilmig binalar1 da igeren sehirlerde cati1 bahgeleri, cephe ve duvar

bahgeleri artan yesil altyapida gozalic1 dizayn teknikleridir. Onlar yesil altyapinin eksik
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oldugu yogun kent merkezlerinde olusan bir¢ok zararli etkinin ortadan kaldirilmasini
saglar.

Benzer birgok sehir gibi Irak Kiirdistan Bolgesi’nin (IKR) baskenti olan Erbil de
bliyliyen kentlesme sorunu ile yiizlesmektedir. Doganin, kentsel g¢evre ile
biitlinlestirilmesi amaciyla, ekolojik peyzaj mimarliginin oldukga basit ve estetik bir
yaklasimla gelistirdigi, kentlesmenin etkilerini azaltan ve ekosistem hizmetlerinin
strdiirilebilirligini saglayan alternatiflerden sadece biri olan “dikey bahge” tasarimi,
maalesef su ana kadar bolgede uygulanmis degildir. Bu ¢alisma bolgede ¢ati bahgesi,
cephe ve duvar bahgelerinin dizayn ve yapiminda bir yonlendirme sunacaktir.

Bu calismanin amaci, ¢ati ve dikey yesillendirme sistemlerinin genis bir tanimini
yapmak, bu yesil altyapilarin 6zel faydalarini kapsamli bir sekilde incelemek, diinyada
var olan mevcut uygulamalar iizerinden dikey bahce sistemlerini degerlendirmek ve Irak
Kiirdistan Bolgesi’nin (IKR) baskenti olan Erbil sehrinde ii¢ 6rnek yapida (Kaymakam
Binasi, Machko Cay Salonu, Erbil Tower Otel) ilgili bilgisayar yazilimlar1 yardimiyla

cat1 ve dikey bahce simiilasyonlarini yapmaktir.

2. GIRIS

Genel olarak bakildiginda cati, bir binanin miihendislik agisindan daha az ele
alinan unsurlarindan birisidir fakat optimum hizmet performansi saglamak agisindan
bina kabugu icin 6nemli bir bilesendir. Miihendislikte ¢ati sistemlerinin amaci; su, kar
ve rlizgarin binanin igerisine girmemesini saglamaktir. Catilar; kisin ve yazin binanin
icerisine 1s1 akigini kisitlamaktadir. Gelecekteki yagmur, kar ve riizgar yiiklerine karsi
direngli olmasi distiniilerek tasarlanmaktadirlar (Lanham, 2007).

Zemin seviyesinde kentler; canli ve enerjik iken, catilar harap ve cansiz
kalmaktadir. Verimsiz olarak goriilen ¢atilarin her metrekaresi zeminde bulunamayan
yesil alan1 yaratmak i¢in bir firsattir (Eksi, 2014). Bu firsata uygulama olanagi saglayan
yesil cati, kismen ya da tamamen toprak tabakasi veya yetisme ortami ile kapli,
bitkilerin dikili oldugu catidir (Waldbaum, 2008). Yesil ¢ati1 terimi, bitki Ortiisiiniin
daima yesil olmasi anlamina gelmektedir (Hake, 2007). Yesil ¢atilar kentsel tasarim igin

yenilik¢i bir yaklagimi temsil etmektedir. Kentsel ¢evreyi daha yasanabilir, verimli ve
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surddralebilir hale getirmek i¢in yasayan malzemeler kullanilir. Yesil c¢atilar
tanimlamak i¢in kullanilan diger yaygin terimler yasayan ¢ati, bitkilendirilmis cat1 ve
ekolojik cat’dir (Eksi, 2014). Yesil cat1 sistemleri ¢atida bitki biiylimesini destekleyen
ozel sistemlerdir. Cati membranina ek olarak bu tiir sistemler, birka¢ ana bilesenden
olusmaktadir. Bunlar kok tutucu tabaka, drenaj tabakasi, filtre tabakasi, yetisme ortami
ve bitkilendirmedir. Bilesenler uygun bir ortam kosulu ve bitki gelisimini saglamak
adina birlikte hareket etmektedirler (Liu, 2005).

Tarihteki ilk ¢at1 bahgesi fikri, M.O. 2000 yilinda kurulan antik Siimer
sehirlerinden Ur’un biiylik Ziggurat ve mabetlerinde ortaya c¢ikmistir (Osmundson,
1999). 18. Yiizyilda ise yesil ¢atilar, Kuzey Avrupa’da yasayan insanlarin evlerine 1s1
yaliimi saglamak amaciyla catilarini toprakla kaplamalari ve bu topragi sabitlemek
amaciyla otsu tiirlerle bitkilendirmeleri ile ortaya ¢ikmistir (Getter ve Rowe, 2006).

Yesil catilarin diinya genelinde ticari olarak yayginlasmast 1960’11 yillarda
Kuzey Avrupa’da goriilmiis ve daha sonra da diinyaya yayilmistir. 1980’11 yillarda cati
bahgelerinin uygulama prensiplerinin belirlenmesi amaciyla Almanya’da FLL
(Forschungsgesellschaft  Landschaftsentwicklung Landschaftsbau e.V.-  Peyzaj
Arastirma, Gelistirme ve Konstriiksiyon Toplulugu) tarafindan gelistirilen esaslar (Eksi,
2014) cat1 bahgelerinde kullanilan yapim tekniklerinin belirlenmesini ve diinyada
yayginlagmasini saglamistir (Obendorfer ve ark, 2007).

Gegmise doniik bir inceleme yapildiginda, arastirmalarda daha cok estetik
amagh kullanilan “cat1 bahgesi” teriminin yerini, kiiresel 1sinma tartismalarinin ivme
kazandig1 2000’1 yillarin basindan itibaren “yesil ¢at1” teriminin aldig1 goriilmektedir.
Bunun en 6nemli nedeni bu sistemlerin belirli bir ddnemden sonra sadece estetik dgeler
olarak algilanmaktan Gte, kent ekolojisine katki saglayan bilesenler olarak
degerlendirmeye baglanmalaridir (Eksi, 2014).

21. ylzyilin en hizli gelisen toplumsal ve fiziksel siireglerinden birisi de
kentlesmedir. Bu ilerlemenin en olumsuz sonuclarindan birisi de dogal dengenin tahrip
olmas1 hatta yavas yavas yok olmasidir. Diinya ¢apinda her gecen giin artan c¢evresel
problemlere ¢6ziim arayiglari, c¢evre dostu uygulamalarin gelistirilmesine neden
olmustur. Azalan yesil alanlar ile artan CO2 miktarina, gittikce grilesen caddeler ile
renksizlesen soguk modern yapilara, azalan enerji kaynaklarma ragmen artan enerji

ithtiyaclarina ¢6ziim bulabilmek i¢in peyzaj mimarligi ve mimarlik oldukca basit, estetik
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ve cevreci bir yaklasim ile dikey-canli bahgeleri gelistirmislerdir. Insanlarin yok ettigi
yesil alanlarin tekrar kazanilabilmesi amaciyla doganin yapilara biitiinlesik hale
getirilmesi, var olan yesil cati sistemlerinin artmasina ve dikey-canli duvarlarin da
tasarimlara katilmasia sebep olmustur. Yesil catilar ile benzer faydalara sahip olan
dikey bahgeler de; yagmur ve atik sularin kontrolii, ses ve 1s1 yalitimi, geri doniisiim,
esnek kullanim, estetik ve sosyal faydalar gibi bir¢ok olumlu 6zellige sahiptir. (Tekin ve
Oguz, 2011)

Niifus artist hem kentlerde hem de kentlere yakin bdolgelerde birgok cevre
sorununa neden olmaktadir. Genisleyen kentlerde yer sikintisindan dolayi yesil alanlarin
ortadan kaldirilmasi bu sorunlara ya dogrudan yol agmakta ya da sorunlarin etkisini
arttirmaktadir. Bu sorunlarin ¢ogunun; ileride yagmur suyu akisini, su kalitesini,
biyolojik ¢esitliligi ve gida giivenligini tehlikeye sokacak sicaklik dalgalar1 gibi iklim
degisiklikleri yaratacagi tahmin edilmektedir (Bass ve Baskaran, 1999). Belirtilen bu
kentlesme sorunlarini1 yasayan kentlerden biri de Erbil’dir.

Erbil sehri, az sayida parka sahip olmas1 ve niifusun artmasi dolayisiyla, atik su
aritimi, su temini, toprak koruma, hava ve giiriiltii kirliligi gibi pek ¢ok ekolojik zorlukla
kars1 karstya bulunuyor. Bu etkileri azaltmak i¢in yasayan ¢atilar ve duvarlar 6nemli bir
rol oynayabilir. Yasayan catilar ve duvarlar, biyogesitliligi zenginlestirebilir, yagis
emilimini azaltarak (yagis emerek) bir binanin termal performansini iyilestirip, enerji
maliyetlerini diisiirebilir. Is1 adas1 etkisine kars1 yardimci olur, yiiksek yogunluktaki
stirdiiriilebilir kalkinmay1 destekleyebilir ve sehir gorlinlimiinii 1yilestirebilir.

En son istatistiklere gore; Kiirdistan bolgesinin bagkenti olan Erbil'de, yesil
alanlarin yiizdesinin yaklasik % 6.5 oldugunu ve uluslararasi standartlara gore kentsel
alanlarin % 30'unun yesil olmas1 gerektigini belirtmektedir. Catilar, toplam kentsel
yiizeyin yaklagik % 20-25'ini ve duvarlar da % 40'indan fazlasini olusturur. Bu nedenle,
onlar1 bitkilendirmek, yap1 ve sehir 6l¢eginde dnemli bir etkiye sahip olabilir.

Dikey bahge fikrinin 6nciiliiglinli yapan peyzaj mimari Patrick Blanc uzun yillar
kayalarda bitkilerin nasil yasadigini incelemistir. Bu yapilar siradan ve monoton olmayi,
dogal havasi ile kabul etmeyerek, geleneksellesen gri cephelere farkli alternatifler
sunabiliyor. Yesil duvarlar, yagmur suyunun yonetimi, 1s1 ve ses yalitimi, 1s1 adasi

etkisinin azaltilmasi, hava kalitesinin arttirilmast gibi bir¢gok olumlu 6zellige sahiptir
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(Tekin ve Oguz, 2011). Mimarinin dogurdugu bu yapilarin birgok faydasi
bulunmaktadir. Bunlari s6yle siralayabiliriz;

e Bina cephelerinde pasif iklimlendirme saglayarak, binalarin iklimlendirmesi igin
harcanan enerjinin tasarrufunu saglar (Loh, 2008). Japonya, Hoyano da yapilan
bir aragtirmada, bitkili ve bitkisiz duvar ylizeyleri {lizerinde 10“C e varan
sicaklik farklar1 kayit edilmistir (Loh, 2008). Yaz aylarinda gélgeleme yaparak,
enerji tasarrufunu saglayan bitkilerin, kisin yapraklarini dokerek, bina
cephesinin giin 1s181ndan faydalanabilmesini saglamaktadir. Bina cephelerindeki
hava hareketlerinin sebep oldugu 1s1 kazang ve kayiplarinin da dikey bahgeler
sayesinde azaldig1 bilinmektedir (Loh, 2008).

e Sicak iklime sahip cografyalarda, binalarin tim ylizeylerinin bitkiler tarafindan
kaplanmasinin binalarin i¢ mekan sicakliklarinin diistiriilerek iklimlendirme igin
tilkketilen enerjiden tasarruf etmenin yani sira bina ¢evresinin hava sicakliginin
da diistiriilmesi ve kentsel 1s1 adasi etkisinin azaltilmasi da miimkiindiir.

e Ic mekanlarm bitkilendirilmesi, insanlarin yaptiklar1 solunum sonucu iirettikleri
karbondioksitin doniisiimii agisindan 6nemli bir role sahiptir. Bitkiler yaptiklar
fotosentez sonucu bir nevi havay: filtrelemektedir.

® Yesil catilardan  edinilen tecriibe ile,  bitkilendirilmis  ¢atilarin
bitkilendirilmemislere kiyasla daha az sesi i¢ ortama aktardigi bilinmektedir. Bu
nedenden Otiiri, bitkilerin gerek yogun sehir dokusu icerisinde gerekse
otoyollarda olusan seslerin dagitilmas1 ve emilmesi i¢in estetik bir yol olabilir
(Loh, 2008).

Yesil catilarin birgok faydasina ragmen, bir takim zorluklari da mevcuttur,;
yiiksek kurulum maliyeti, ekstra yapisal ylik gereksinimleri ve yiiksek acilarin oldugu
cogu egimlerde uygulanabilirligi nedeniyle sinirlidir (Schumann, 2007).

Bu caligsma ile birlikte;

e Diinyadaki yesil ¢at1 ve dikey bahge ornekleri incelendi,

e Uluslararast ornekler incelenerek Erbil sehrinin dikey ve cati bahgesi
potansiyelleri belirlendi,

e Erbil sehrinde uygulama 6rnegi gelistirilip 6rnek bir alan simiile edildi.
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3. KAYNAK BILDIiRIiSLERI

Tezin bu bolimi dort ana baslik altinda ele alinmistir. Bunlar; Giris,
Yesil Catilar ve Yesil Duvarlar, Yesil Catilarin Uluslararasi ve Yerel Deneyimlemeleri,
son olarak da Yesil Cat1 ve Dikey Bahge Ornekleri ele alinmistir. Tezin bu béliimiinde
Yesil Cati, Yesil Duvar ve Dikey Bahgelerin genel tanimlari incelenerek, tipoloji
tablolar1 olusturulmustur. Bu yapilarin incelendigi ve ekolojik problemlerinde ele
alinmasini saglayan onbir makale tablolagtirilmistir. Bazi Avrupa, Asya sehirleri, Kuzey
Amerika ve Kanada, Avustralya, Arap iilkeleri, Islam Ulkeleri ve Kuzey Irak’ ta ki
deneyimlemeler bagliklar halinde incelenmistir. Son béliimde ise Yesil Cat1 ve Dikey
Bahge Ornekleri olan; The Jean Vollum Natural Capital Center, The Fairmont
Waterfront Hotel Herb Garden, L’Oasis d’Aboukir — Paris — vertical garden (2013),
PAMM Pérez Art Museum — Miami — vertical garden (2013), CaixaForum Madrid —
vertical garden (2008) incelenmistir.

Yesil catilar tizerine literatiirdeki en giincel ¢alismalardan biri tarafindan Erbil
sehri i¢in yapilan ‘Catilar ve Mimaride Gergeklestirilmesindeki Zorluklar1® dir (Yahya
etal., 2015).

Bu ¢alismanin onerileri sunlardir;

e Liderler ve Plancilar, bu iki tiir yesil ¢at1 bahgesini tesvik etmek ve desteklemek
zorundalar ve Erbil'de uygulanmalari i¢in yasa ve mevzuat hazirlamak
zorundadirlar.

e Yesil cat1 bahgesinin ¢evresel oneminin gittikce artan bir sekilde farkindaligi,
kentteki yesil alanlar1 arttirmanin etkili yollarindan biri olarak goriilmelidir.

® Yesil catilarin sulanmasi i¢in gerekli enerji tiiketimini miimkiin oldugunca
azaltmak icin geri doniistiiriilmils su ve giines enerjisi yardimiyla sulama i¢in
ekonomik ve gevre dostu bir sistem 6nermek mimkindur.

e Erbil'de ve bolgede genel olarak uzun siiren bir ¢evresel gelisme saglamak igin,
Yesil cat1 uygulamasi, herhangi bir bina veya sehir ana plan tasariminin birinci
asamasinda ve her gelecekte genislemek tizere diisiiniilmelidir.

e Yesil catr alanini desteklemek i¢in bu alanda daha ileri calismalar yapilmalidir.
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Yesil Cat1 Tasarimi Yaklasimlarmin Incelenmesi ile ilgili bir diger calisma,

Dogu Akdeniz Universitesi'nde yapilan, ‘Konut Yapilar1 6rnek Calismast’dir

(Bertug, 2013).

Cizelge 1. Bazi 6nemli tanimlarin gruplandirilmasi

Terimler Dizgesi

Tanim

Yesil Cat1

Yasayan Cati

Ekili yasayan ¢ati (Oberndorfer, 2007; (Henry and Frascaria-
Lacoste, 2012).

Ya kahverengi ya da yesil bitkilendirme c¢ati sistemleri
(Oberndorfer, 2007; Henry and Frascaria-Lacoste, 2012).

Intensif yasayan/yesil cati  Bir cat1 bahgesinin amaci, siradan bir bahge gibi dinlenme ve

estetik saglamadir. Catilarin bu tiirii en derin topraklarda olup,
diizeli onarim gerektirir ve genis bitki tiirlerini barmndirir
(Oberndorfer, Henry and Frascaria-Lacoste, 2012).

Ekstensif yagayan/yesil cat1  Cat1 {iretimi biyogesitliligi veya diger cevresel faydalar1 destekler

ve insanlarin kullammina yonelik degildir. ince bir toprak
tabakasi igerir ve yapimindan sonar diisiik onarim ihtiyaci vardir
(Oberndorfer, 2007; Henry and Frascaria-Lacoste, 2012).

Cizelge 2. Yesil-dikey tipleri

Terimler Dizgesi

Tanim

Yesil Cephe

Yasayan duvar

Canli duvar

Bu tanim, yesil kapaticilar ile binalarin duvarlarinda biiyiiyen ve ilerleyen
tirmanict bitkilerden bahseder.  Bitki kokleri duvar tabaninda bulunur.
Bazen bu bitkiler bir tel veya kafes tabaninda biiyiir. (Henry and Frascaria-
Lacoste, 2012; Anonymous, 2015e).

Bitki ortiistinii biinyesinde veya ylizeyinde barindiran duvar yapisidir. Bir
yesil cephe olarak bu yapi, duvar tabanina sabitlenmeye gereksinim
duymaz. Bir¢ok yerlesime elverigli duvarlar, modiiler system ve kapl
cevrelerden olugur. Ki bunlar duvar yiizeylerine yerlestirilmistir fakat su
gecirmez membran ve damla sulama sistemlerinin kullanimi ile duvar
materyallerinden ayrilir. Bzen bu yap1 biyomiihendisligin de konusu
olabilir, dyle ki bitki kokleri, duvar sistemlerinin iginde bir amfibiler
mekanizma olarak kullanilabilir. (Henry and Frascaria-Lacoste, 2012;
Anonymous, 2015e).

Yasayan duvar veya yesil cephe, yapi igine yerlesmistir. O atmosfer ve i¢
cevrenin gelistirilmesinde kullanilir. (Henry and Frascaria-Lacoste, 2012;
Anonymous, 2015e).

Calisma sirasinda, yesil catilarin siniflandirmasinda kullanilan “entansif” ve

“ekstansif” terimleri de incelenmistir. Tercih edilen bitkilendirme tipi, olusturulacak

sistemin altyapr katmanlarimin sayisini, 6zelligini ve diziligini etkilemekte, yetisme

ortami derinligini degistirmektedir.
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Biiyiik calilar ve agaglar kullanilarak yapilan bitkilendirmeler, yabanci dildeki
okunuslarimin farkli telaffuzlan ile entansif ya da intensif bitkilendirme tipi olarak
tanimlanir.

Yer Ortiicii, ¢im, kiigiik ¢alilarla yapilan bitkilendirmeler ise ekstansif
bitkilendirme tipi olarak tanimlanir.

Iki sistemin &zellikleri incelendiginde, ekstensif sistemlerin entansif sistemlere
oranla daha basit uygulama 6zellikleri oldugu goriilmektedir. Ancak uygulamadaki basit

yaklagim, bitki ve yetisme ortami se¢imini daha zorlu ve karmasik hale getirmektedir.

-Drene Pk
~Kik Tutuoy

riaoim

0t Do i e
b

Sekil 1. Cat1 bahgeleri katmanlari.

Cizelge 3. Ekstensif ve intensif sistem farklar1

Ozellikler Ekstensif Intensif

Yapisal (Altyapi) Basit, hafif, uygulamasi kolay ~ Yer yer karmasik,
katman dizilisi iscilik gerektiren, ek yapisal

katmanlar

Yetisme ortami S1g, hafif, Derin, evaporasyon

evaporasyon miktar1 yiiksek,
bitkiler icin zor bir ortam

degeri diisiik, agirlik miktar
yiiksek, bitki gelisimi igin
uygun bir ortam.

Bitkisel doku Yer ortiicil ya da otsu, Yer ortiicii, cali, agageik, agac,
kisa boylu, yetisme ortami yetisme ortamu istekleri yiiksek,
istekleri diisiik, dayanikli,

Bakim ihtiyaglar Bakim ihtiyac diisiik, Bakim ihtiyaci ytiksek,
kolay gubreleme, sulama, budama

faaliyetleri,
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Bitki Katmani
Bitki Tasiyici Katman

Drenaj ve Filtre Katg

Mekanik etkitere it Kok tutucu katman

koruyucu katman

Su yalitimi ve ¢ati konstriksiyonu

Sekil 2. Ekstensif sistem katmanlari.

3.1. Yesil Cati Tasarim1 Yorumlari

Yesil sehirler, yesil ¢ati tasarimlarini ve saglikli yasam bigimlerini tesvik
etmektedir. Yesil alanlar, rekreasyon potansiyeli ve cazip bir ortam gibi hizmetler
sunmada 6nemli bir role sahiptir. Yesil bir kentte, yesil alanlar ekolojik ve deneysel
acidan cesitlidir ve islevseldir. Biyogesitlilik kavrami, kent sakinleri i¢in bir dizi
rekreasyonel imkani simgelemek, dahil etmek ve farkli peyzaj sekilleri deneyimleme
potansiyelini saglamak i¢in kentsel bir ortamda genisletilmelidir. Bu siireg, yesil
alanlarin, boyut, erisim ve siklik bakimindan yeterli olan yerel kiiltiirel ve ekolojik
degerlere gore dogru yerlerde bulunmasini gerektirir. Ayrica saglikli bir ekosistemin
ozelliklerine sahip olmalar1 gerekir. Konut Yapilarnt ve Yesil Cati, Yesil Giiverte,
Yiikselmis Yesil Yol, Yesil Topluluk Koridoru, Yesil Teras, Yatay Yesil Balkon,
Loggia Baglantili Podyum cevresel kaygilar1 karsilar ve iklim degisikligi konularina
cesitli sekillerde de yanit verir. Yerel iklimin sogutulmasini, suyun ve havanin
temizlenmesi ve filtrelenmesini, biyolojik ¢esitlilik i¢in yasam alanlarinin ve karbon
yutaklarinin islevselligini saglarlar. Ayrica, kentsel ortamda biiylik miktarda
asfaltlanmamis emici filtreleme ylizeyi saglayarak, sel kontrolii ve hava temizleme i¢in
ara bolgeleri olustururlar. Duyusal ekolojilerin olusturulmasi, dogal alan kosullarinin
yesil tasarim siirecine titiz entegrasyonunu gerektirir. Ekolojik sistemler, biyoorganik ve

dogal islemler ve sitenin i¢inde ve ¢evresinde gerceklesen enerji akislar1 buna dahildir.
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Bu sireg, simbiyotik iliskilerin gelistirilmesi ve kullanicilarin goriiniiste bagimsiz
stiregleri, yap1 ¢evresi ve dogal cevre arasindaki baglantilar yoluyla yenilik¢i ve en 1yi
performans gosteren tasarim ¢oziimlerini iiretir.

Duyusal ekolojileri olusturmak, baglamsal alanlarinin sosyal, ekonomik ve dogal
ekolojilerini gelistiren, hassas ve ilgi c¢ekici yerlesik habitatlarin gelistirilmesiyle
sonuglanir. Yesil ¢at1 stratejisi mevcut ortamin kalitesini yiikseltmek i¢in tek ¢oziim
degildir, ancak yeni projelerin uygulanmasi i¢in karli ve uygulanabilir bir ¢6ziim olarak
Onerilir. Tasarimcilar, binalarimizi ve i¢ kosullar1 saglamlastirmaya baslamadan 6nce
mimariyi, hava, su, toprak ve iklimi ¢evreleyen cevre olusturacak sekilde yapilandirma
konusunda daha genis bir sorumluluga sahiptirler.

Cevresel faydalar, esasen hava kalitesinin iyilestirilmesi, iklimin hafifletilmesi
ve firtina akisinin azaltilmasi lizerine kuruludur ve kentsel alanlarda yesil alanlari
artirmak i¢in ¢ok ¢esitli firsatlar sunmaktadir. Ayni zamanda 1s1 adasi efekti igin
rekreasyon firsatlar1 yaratan ve ¢atinin yasam kalitesini artiracak bir yoldur. Bir cati
tasariminin  yesillendirilmesinde asil endise ve baskin olan husus, cevreyi ve
strdiiriilebilirligi  etkin bir sekilde entegre edebilmektir. Bu siireg, c¢evresel
entegrasyonun hedeflerini gerceklestirmeyle ilgili tiim faydalara odaklanmamizi saglar.

Yesil cephe endiistrisi gelismeye devam ediyor ve on yildan fazla bir siiredir
gelisen 6nemli bir proje sayis1 var, bu da uzun menzilli yatirim getirisini gosteriyor.
Kurulum teknikleri ve insaat uyumu gelistirilmeye devam ediliyor olup, tasarimcilar
yesil cepheyi yapilara dahil etme kabiliyetini zorlamaya devam ederken, yenilik¢i
tasarim uygulamalarin1 da ileriye gotiirmeye c¢alismaktadirlar. Bu siireg, agiklanan
hususlar1 dikkate alarak giiclendirilebilir. Bu 6zetlenen siirecin tamamlanmasi, standart

yap1 unsuru olarak yesil cephelerin genel kabul gérmesini saglamaya yardimci olacaktir.

4. MATERYAL VE YONTEM

Yogun niifuslu kentsel yerlesimlerde goriilen c¢evre sorunlarini azaltmak ve
stirdiiriilebilir gelismeyi tegvik etmek {izere diinya genelinde hiikiimetler ve sivil toplum
orgiitleri; yasalar ¢ikarmak, standartlar belirlemek ve tesviklere kaynak yaratmak icin

calismaktadirlar (Grant, 2003). Birgok kent, binalar daha da yiikseldik¢e gat1 bahceleri
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eklemek icin dikey boyutta kentsel yesillendirmeyi genisleterek dogayla baglarimi
devam ettirmeyi amaclamaktadir. Ozellikle Avrupa ve Asya’daki ¢ogu kent, binalarin
catilarin1 yesillendirmeye baglamistir (Yuen ve Hien, 2005).

Bu ¢alismanin amaci ¢evre sorunlarinin etkisini azaltmak icin alternatif bir
¢Oziim olarak cat1 bahgelerini ve dikey bahgeleri sunmaktir. Dikey bahgelerin kentsel
Olcekteki onemi ve artan kullanim olanaklariyla dikkat ¢ekmesi sebebiyle bu ¢alismada
cat1 bahgeleri, dikey bahge tasarimi konusu ele alinmistir.

Cat1 bahgeleri pasif ve doga dostu teknolojiyi yeni veya mevcut bir gelisime
dahil etmenin giizel bir 6rnegidir. Cat1 bahgeleri kentlerin ¢evre ilizerindeki olumsuz
etkilerinin hafifletilmesine yardimei olur (Liu, 2002).

En erken bilinen ¢at1 bahgeciligi ipuclarinin M.O. 2500 yillarina kadar uzandig
diisiiniilmektedir (Cunningham, 2001). Insan yapimi bahgelere dair bilinen ilk tarihsel
referanslar, eski Mezopotamya’da (Irak ile Misir arasinda yer alan medeniyet) yer alan
zigurat’lardir (Sekil 1). Zigurat’lar tastan yapilan biiyiik basamakli piramit kulelerdir,
tapinak gorevi listlenmektedir ve agamalar halinde insa edilmistir (Osmundson, 1999).
Catilarinda ise bitkilendirme tabakasi bulunmaktadir (Cunningham, 2001).

Bu tezin caligma alani, Irak'in kuzeydogusunda yer alan ve Irak Kiirdistan
Bolgesi'nin bagkenti olan Erbil sehri (36 ° 11228 "N 44 © 0'33" E) ‘dir (Sekil 4). Erbil,
diinyadaki en eski yerlesim yerlerinden biridir ve M.O. 6000 yilina dayanan tarihi bir
kent yasamina sahiptir (UNESCO, 2010). Kentin yiizol¢iimii 130 KM? 'dir. Ekim 2008
itibariyle Erbil sehrinin niifusu 1.025.000 olup, Irak'taki en biiyiik sehirlerden biri haline
gelmistir (KRG, 2012). Erbil nispeten diiz bir alanda bulunur ve deniz seviyesinden 426
metre yuksekliktedir.

Bu calisma ile birlikte Erbil sehrinin dikey bahge dizayni i¢in dnemli unsurlar
olan; iklim, riizgar, yagis faktorleri de incelenmistir.

Bu calismada, Erbil sehrinde bulunan {i¢ yerlesim yeri dikey bahce dizayni
acisindan incelenmistir. Bunlar; The Mayor Office Building, Machko Tea Shop, Erbil
Tower Hotel’dir. Bu c¢alisma siirecinde faydalanilan bilgisayar yazilimlar ise;
AutoCAD 2014, 3DMax 2015 ve Lumion 6 olmustur. Yiiksek niifus yogunluguna sahip
bolgelerde yesil alanlar1 olusturmaya katkida bulunan bir alan1 yaratmada mimarinin

problemi yesil alanlarin eksikligi ve acik alanlarda binalarin hakim olmasidir.
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Irak Kirdistan Bolgesi (IKR) nin baskenti olan Erbil sehrinde yesil alanlarin
orant %7’ den az olup, ki bu da uluslararasi oranin %30 olmas1 gerekliligi nedeniyle
tehlikelidir. Henliz Irak Kiirdistan Bolgesi (IKR)’nde yesil altyapiin bu dizayninin
nasil yapilacagi hakkinda yeterli veri yoktur.

Yapilan arastirmalar neticesinde yesil catilarin yapim siirecindeki asamalar
incelenmis olup, yurt disindan yesil cat1 6rneklerine yer verilerek bu drneklerin yapim
siireci kapsaminda irdelenmesi ve belirlenen kriterler dahilinde karsilagtirilmasi
yapilmaktadir. Konu ile ilgili olarak gerek yurt i¢inde gerekse yurt disindaki literatiir
taranmis; c¢esitli kisi ve kuruluslarca diizenlenmis olan seminer, sempozyum, bildiri,
panel, konferans notlar1 ve yesil ¢at1 sektoriindeki firmalarin uygulamalar incelenmistir.

Asagida bu ¢aligmanin yontem diyagrami sunulmustur;

Bahceler Dikey ] [ Yesil Catilar }

V4 AV
\

Erbil’ de secilen yerlesim yerleri

e Kalabahk Kentsel Bolgeler
e Yesil Alan Gereksinimi

e Bolgelerin Onemi

\ Seclen yerlesim yerlorine gore; J
T p—
e

Sekil 3. Yontem 6zet diyagrami.



113

Sekil 4. Calisma alaninin haritasi.

5. BULGULAR VE TARTISMA

Bu ¢aligma ile birlikte Erbil Sehri’nde {i¢ yerlesim yeri 6rnek alan olarak segilip,
dikey bahge ve cat1 bahgelerinin uygulanabilirligi simiile edilmistir.
Asagida sirasiyla bu ii¢ yerlesim yeri i¢in simiile edilen projelerden elde edilen

verileri inceleyelim;

5.1. Kaymakam Binasi

Bu yap1 resmi bir bina olup, proje de yapinin ¢atist yogun yesil ¢ati olarak
dizayn edildi. Cat1 da iki i¢ bah¢e dizayn edilerek ¢imlendirilmistir ve bu iki avlu
arasinda engel mevcut degildir. Bu iki i¢ bahg¢e devlet memurlari ve normal insanlar
arasindaki iligkiyi yansitmaktadir. Erbil sehri sicak havaya sahip oldugu icin golgelik
alanlara ihtiya¢ vardir. Bu nedenle de goélgelik alanda su ¢esmesi kullanildi. Catinin
patika yiiriime yollarinda ahsap ve tas gibi dogal malzemeler kullanilarak konseptte
organik bir form olusturuldu. Projede kullanilan bitki ve ¢igeklerin se¢imi asgida verilen
kriterlere gére belirlendi;

e Erbil’in hava ve konumuna uygunlugu,
e Suya dayaniklilig
e Golge gereksinimi ve estetik
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Projedeki tiim agaclar saksilardadir ¢iinkii agaglar ¢ok topraga gereksinim
duyarlar ve riizgara karst mukavemetleri vardir. Tilia Cordata, oturma alanlarinda
golgelik olarak kullanmilmigtir. Vitis vinifer ise kamelyalarda yine golgelik olarak
kullanilmstir. Ayrica bu dizaynda Citrus bitkisi de kullanilmig olup, bu bitki erbil
cevresi icin oldukga uygundur. Pembe cicekli Lagerstroemia indica da bu cati da
kullanilarak etkileyici bir goriintii elde edilmistir. Araucaria excelsa ¢ami ve beyaz
cakillar kullanilarak da c¢ati bahgesinde etkileyici goriinii olusturulmustur. Citrus
cevresine ¢gember seklinde mavi renkli Hydrangea c¢icegi kullanilarak, agac ve cicekler
arasindaki denge saglanmistir. Melissa ¢icegi etrafinda. plumbago capensis ve abelia
cicekleri kullanilmistir. Bamboo ve Euonymus japonicus Var bitkileri ise duvar boyunca

diimdiiz yetisebildigi i¢in buralarda kullanildi.

Cizelge 4. Bitkiler

Bitki Adi Renk
Robinia pseudoacacia pictum
Vitis vinifera
Plumbago capensis Blue
Hydrangea
Citrus
Bamboo
Anthemis White
Anthemis Yellow
Lagerstroemia indica Pink
Melissa flower
Abelia flower White
Ficus benjamina Yellow
Euonymus japonicus var
Araucaria excels Blue
Agapanthus
Hibiscus rosa sinensis Red
Hedera helix
Buxus
Cycas

Festuca glauca Blue
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Anthemis cicegi, sar1 ve pembe olmak {iizere farkli renklerde ekildi. Ficus
benjamina iki eksende de ekildi. Kirmiz1 renkli Agapanthus ve Hibiscus Rosa Sinensis
ana eksen etrafina ekildi. Hedera Helix, duvar kaplayan girisin yanina ekildi. Ayrica

kullanilan Cycas bitkisi resmi binalarda giicii ifade etmede kullanilir.

5.2. Machko Cay Salonu

Bu proje de bina catis1 yogun yesil ¢at1 olarak dizayn edildi. Cat1 tek seviyeli
olmayip farkli kademelere sahiptir. Tiim yiirime yollarinda ve ii¢ renkli oturma
alanlarinda materyal olarak ahsap kullanildi. Ahsap hafif agirliga sahip oldugu i¢in bina
insaasinda kullanimi etkili degildir. Bu projede aga¢ ve cesmeler ile golgelikli oturma
alanlar1 dizayn edildi. Bu projedeki temsili dairevi alan Erbil sehrinin seklini yansitir. Ki
bu sekil sehir merkezinin ortasindak ikale ve etrafindaki bolgelerin temsilidir. Oturma
alanlar1 Shar parkin1 gérecek sekilde diisiik seviyede dizayn edilmistir. iki resim alani
dizayn edildi, birincisi agaglarla golgelendirilen oturma alanina ve ikincisi de 1 @
ERBIL ile saglandi. Cim bloklar ile Kiirt Bolgesel Hiikiimeti bayragi dizayn edildi ve |

¥ ERBIL yazilarak uzaktaki insanlari etkileyebilecek giizel bir goriintii elde edildi.

Cizelge 5. Bitkiler

Bitki Ad1 Renk
Prunus Cerasifera Pissardii Nigra pictum Red
Cupressus Arizonica Blue
Buxus sempervirens Purple
Robinia pseudoacacia
Juniperus horizontalis Blue
Hedera helix
Opuntia ficus-indica
Trichocereus pachanoi
Echinocactus grusonii
Gymnocalycium
Lavandula Purple

Euryops Yellow
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Bu proje i¢inde kullanilan bitkileri kisaca inecelersek; Prunus Cerasifera
Pissardii Nigra bitkisi, binanin dis duvari boyunca kullanildi. Erbil sehrine uygun olan
bu bitki kalenin renkleri ile de denge igindedir. Ayrica projeye insanlarin ilgilerini
cezbetmede de rol oynar. Cupressus Arizonica isimli yesil ¢atilara uyumlu bitki de
kullanildi. Juniperus horizontalis, | @ ERBIL yazili alanda egimli bolgelere ekildi. Bu
bitki topragi yatay olarak kapatarak, toprak erezyonunu onlityor. Robinia pseudoacacia,
dairevi alana ekildi ve iyi golge saglama Ozelligine sahiptir. Hedera helix, machko’s
kafenin balkonunun ahsap kamelyasina ekildi.

Algak catilarda, Opuntia ficus-indica ve Trichocereus pachanoi gibi kurak
havalarda yasayabilen bitkiler kullanildi. Euryops c¢icegi, ¢im bloklarin iginde Kiirt

bayraginin giines semboliinii olusturmak igin ekildi.

5.3. Erbil Tower Otel

Yesil cephe ve yesil duvarlar kulelerde de dizayn edildi. Dizayn konsepti, Irak
bolgesi veya Mezopotamya topraklarinda yasamis ve yasayan farkli millet ve

uygarliklardan gelen farkli tabakalardan olusur.

Cizelge 6. Bitkiler

Bitki Adi Renk

Codiaeum variegatum pictum

Epipremnum sp

Nemorosa Purple
Pteris cretica

Begonia Blue
parthenocissus quinquefolia

Parthenocissus tricuspidata

Toxicodendron radicans

Campsis Radicans

Lonicera japonica

Hedera hilex

Hedera helix elegantissima

Hedera helix variegate
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Binalarin gliney ve kuzey cepheleri penceresiz olup beton yiizeylerdir. Yesil
cephe ve yesil duvarin dizayn edlebilecegi bu yapi, Erbil’de ki 6nemli yiikseklige sahip
binalardan biri oldugu icin, Erbil’de ki herhangi bir yerden goriilebilir. Bu proje, yesil
yuzeyler ile binalarin biiylik kisimlarini kaplayarak giines ve 1sidan korunmasini saglar
ve ayrica sehire estetik ve hos bir goriintii saglar.

Bu proje i¢inde kullanilan bitkileri kisaca incelersek; Codiaeum variegatum
pictum’, Epipremnum sp, nemorosa’ (purple), Pteris cretica’ Ve Begonia’ (mavi)
bitkileri bu simiilasyonda balkonlarda kullanildi. Parthenocissus quinquefolia,
Parthenocissus tricuspidata, Toxicodendron radicans, Campsis Radicans, lonicera
japonica, Hedera hilex, hedera helix elegantissima ve hedera helix variegate bitkileri

ise farkli tabakali yesil cephelerde kullanildi.

6. SONUC

Kontrolsiiz niifus artis1, yasanan gogler, sanayilesme ve paralelinde gelisen ¢evre
kirliligi ve dogal kaynaklarin tiiketimi giiniimiizde karsimiza ¢ikan kentsel sorunlardir.
Bu sorunlar karsisinda; ge¢misten beri var olan ancak giiniimiiz kosullar1 ile gelistirilen
cevreci ¢Oziimlerden biri de ¢at1 bahgeleri ve duvar bahgeleridir. Cat1 bahgeleri sahip
olduklar ekolojik ve rekreatif islevleri ile sehirlerde dogal bir yasam alani olusturmada
ve sehir i¢cinde kisi basina diisen yesil alan miktarinin arttirilmasinda énemli rol oynar.
Peyzaj mimarhig1 disiplini de bu teknolojinin tasarim siirecinde Onemli rol
oynamaktadir. Cat1 bahgeleri ve duvar bahgeleri yap1 sahibine genelde kullanilmayan
cati alanlarini, enerji verimliligi, yagmur suyu yonetimi, ses yalitim1 ve estetik
gelistirmeler i¢in kullanma firsati sunar.

Sonug¢ olarak, cati bahgeleri tiim yararlarina ragmen, Erbil’in kentsel
planlamasinda kullanilmamaktadir. Erbil sehri yogun niifusu nedeniyle birgok cevre
sorunuyla karsilastigindan, cati bahgeleri ve duvar bahgeleri kentlesme siirecine
uygulanmalidir. Yerel yonetimler yesil catilara daha fazla 6nem vermeli ve bina
sahiplerini geleneksel catilarini canli ¢atilara doniistiirmek i¢in tegvik etmelidir.

Bu sekilde, Erbil halkinin yasadig1 yaz aylarindaki kentsel ada 1sis1 etkisi, kis

mevsimindeki yuksek hava kirliligi, yogun ve plansiz kentsel planlamadan kaynaklanan
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gorlintii kirliligi gibi sorunlarin ¢ogu azaltilabilir ve boylece kent hem estetik hem de

ekolojik olarak iyilestirilebilir.
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