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ABSTRACT

Windows are one of the building components, whighreot only essential in terms
of connecting inside and outside of the building &lso for providing daylighting
and natural ventilation to interior spaces. In homid climates, windows’ role
become more prominent - especially in residencesrevbisers spend a considerable
amount of time - for supplying proper daylight attamce through the control of sun

and ventilation for the elimination of humidity.

Considering the increasing amount of mass housingities where demand for
shelter is continuously up rising, there is momilsir type residential buildings
appearing, designed with little or no consideratdrocal climatic issues. This has
resulted in the increase of dissatisfied users altBere are major complaints
relating to improperly lit interior spaces, lack sfitable shading devices to control
unwanted sun during lengthy summer seasons, anessey openings to provide

natural ventilation.

The aim of this thesis is to understand the problessociated with window design
and the level of satisfaction of users in relatiordaylighting and ventilation issues
in selected residential buildings in Famagusta,ttN&@yprus through observations
and questionnaires with the users. For this p@psslected criteria such as type of
shading device, orientation, size, placement atid of windows area to floor area,
glazing and opening types have been investigatathtterstand whether windows

have been appropriately used in these apartmeatiyjdings in hot-humid climate.



The observations and questionnaires prove thahendesign of windows, use of
appropriate shading devices, windows size, typesindows, placement as well as
building orientation can be effective on the parfance of windows and affect user

satisfaction.

Keywords: Window design, Daylighting, Ventilation, Residexti Building,

Hot-humid climate, Residence satisfaction



Oz

Pencere, i¢c mekani aydinlatmak vesalohavalandirmayi ggamak yaninda binanin
ici ve dgI arasinda gorsel bir ilgtm kurmayi sglayan énemli bir yapi elemanidir.
Ozellikle sicak-nemli iklimlerde nemin ortadan kaitnasi amaci ile gigeve
havalandirma kontrolini gamakta 6énemli goérevler Ustlergihi soyleyebiliriz.
Ozellikle toplu konut orneklerinde @mu pencere tasarimi ve uygulamasinin,
binalarda enerji tasarrufu @amak ve kullaniclyt memnun etmek agisindan énemili

oldugunu yapilan ardgirmalardan da anlamaktayiz.

Ozellikle kentlerde karlasilan ve birbirleri ile cok benzen toplu konut
orneklerinin pencere tasarimlarina balgidda yerel iklim verilerinin az veya hig
dikkate alinmady gozlenmektedir. Yandidogal havalandirma, uygunsuz ggdikite
acikliklar ve istenmeyen gugie kontrol etmeyi amaclayan uygun goélgeleme

araclarinin eksikgi, kullanici memnuniyetsiziini olusturan nedenlerden sayilabilir.

Tezin amaci, sicak-nemli iklime sahip Gazfimsa kentinde toplu konut 6rneklemleri
araclilgl ile ginkigl ve havalandirma kriterlerinin pencere tasarimimgl&adar etkili
oldugunu anlamaktir. Bu amacla, pencere boyutlari peerii yaninda yerlkgmi,
pencere/taban orani, golgeleme araclari gibi aterdker belirlenerek, kullanilan
pencerelerin sicak-nemli iklim gereklerine goreatimip tasarlanmagh gozlemler
ve kullanici memnuniyeti tGzerinden tafimaktadir. Bu kapsamda yapilan gozlem
ve anketlerin sonucunda pencere tasariminin veuggan golgeleme elemanlarinin
kullaniimasinin, pencere boyutlari ve tipi yanintingi yonde konumlanginin

kullanici memnuyiteni etkiledi ortaya cikmgtir.



Anahtar Kelimeler: Pencere tasarimi, Ggriil, Havalandirma, Konut, Sicak-nemli

iklim, Kullanici memnuniyeti
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Chapter 1

INTRODUCTION

Windows have been used for centuries for the permdsconstructing a visual link
between the intest and exterior space; providing daylight and sun to the users and

control the indoor temperature for providing contdibie environments. Considering
the amount of importance given to saving energypuildings today in relation to
rising energy costs, windows as building componeotstributing to heat loss and
gain in buildings gained more significance. Keepingmind that windows are
responsible for 10 — 20% of heat loss in buildingsvinter and 25 — 35% of heat
gain in summer, it is very important to design thewcordingly so that they
contribute to the thermal comfort of indoor enviments help save energy in

buildings and therefore contribute to the residesatesfaction.

It has been observed that due to the rising popualand need for more housing in
North Cyprus, there is a tendency to design aneéateglly construct similar mass
housing units that do not take the local climate iconsideration. In order to look
into this problem in more detalil, this study focsi®® case studies where daylighting
and ventilation issues in window design are ingessdd as important criteria
affecting the satisfaction of residences in ternisindloor environment quality.
Although windows have another important role sushpeoviding visual contact
between the inside and outside environment, teigeisvill not be investigated in this

study.



Accordingly, the thesis is constructed on four ¢begppwhere the introduction part
includes a general discussion of the topic, theaeh problem, limitations and

methodology of the study.

In need to understand the topic more clearly chiapte includes a literature review
on functional features of windows such as dayligti(e.g. shading devices,
orientation, windows size, ratio of windows areafltor area, and placement of
windows), and ventilation (e.g. ventilation typesntrol air leakage, and windows
opening type) which can be effective on the quatifyindoor environment and
satisfaction of residences through windows dedgpning on from this information,
chapter three investigates the selected cases badbe criteria presented in chapter
two and discusses the findings of the analysiss Threalized through observations
and questionnaires carried out in selected massitgpdrom the city of Famagusta
which possesses hot-humid climate that presenty wiaallenges for the design of
buildings. Finally, the fourth chapter presents ¢beclusions and recommendations
relating to this study.

1.1 Problem Definition

The window is known to have two essential functionsbuildings located in

hot-humid climates which also affect the thermah@mrt of users: (1) ventilation for
the elimination of humidity, and (2) appropriateykight admittance through the
control of sun. This becomes a highly importanués&specially in typical mass
housing units built without the consideration opegpriate daylight admittance, lack
of overhangs to control unwanted sun and lack alugh ventilation. This takes
place partially due to the economic reasons whenstecuction companies target for

maximum amount of flats and partially due to lackedevant standards in Northern



Cyprus. Within this framework, this research makes of focused questionnaire and
observations as methods of analysis for undersigndhe general problems
underlying window design in hot humid zones witle@fic emphasis on apartment
type housing which are becoming extensively popudanongst construction

companies in Northern Cyprus.
1.2 Aims and Objectives

In line with the specified research question, thesis aims to carry out a study on
selected housing examples in the coastal city aftiN@yprus, Famagusta, where
existing problems deriving from window design arealgzed based on some
predetermined criteria in need to come up with pimazation of window design for
standard apartment type housing in hot humid clathese criteria have been
selected carefully after a review of significansaaerces on the subject matter.
Considering that the main function of windows does solely involve providing
visual contact but supplying enough daylight tooacupied space, eliminating any
undesirable side effects; and providing ventilation for the elimination of huniig
the selected examples are evaluated through theger mriteria so that further
recommendations can be laid out. However, it i® &sown that window design
should involve careful balance of heat gain and,lgéare control, and variations in
daylight availability. Additionally, window size dnspacing, glass selection and
some other important issues should carefully besidened in the evaluation of
window design in order to understand whether apjtgconditions have been met
for achieving optimum performance in the given dtads. The findings will help
create a guideline for optimum window design imdd mass housing units in hot

humid climates.



1.3 Research Questions

In order to understand whether windows in thesesimguunits are appropriately

designed, the research questions:

1. Are users satisfied with current window desigiz€, type, location, etc.) in
their units?
. What are the major criteria for assessing winddesign in standard

apartment type housing in hot-humid climates?

. What is the optimum window design that should dmplied to standard
shaped rooms that residents spend most of thegr (liming room including kitchen/

and bedroom)?
1.4 Methodology

This study makes use of mainly qualitative typenoéthodology to realize the
research which includes an in-depth literature ewvio understand the topic and
develop criteria for the assessment of collected data; focused questionnaires with the
users of the case study, as well as observationsderstand the cases, and help
towards the analysis of data collected. After sieng of all the construction
companies delivering mass housing in Famagustan JRovec and Noyanlar have
been selected due to being well known and deligetive highest number of mass
housing in the construction market. The user tygplhas also been influential in
the selection of these examples. From each ofdhstuction companies stated, two
apartment blocks have been selected for furthdysisaThese examples are mainly

located in Karakol, Tuzla and Sakarya areas otilygFamagusta), North Cyprus.



Initially, books, articles and internet resourceséd been researched to comprehend
what the characteristics of window and its primangctions are. In the case study
chapter, observations, focused questionnairestaized to understand the residence
satisfaction relating to window design, which aresgnted through inventories -

charts and tables.
1.5 Limitations

In this study, the residences’ satisfaction areestigated in randomly selected
apartment buildings from Uzun, Noyanlar and Dovexstruction companies where
second and third floor flats with single and douplezed windows are taken as the
focus of this study. Although window has severdkesoin the building such as
providing visual contact, ventilation and dayligigj only daylighting and ventilation
issues will be investigated in this thesis. Althbu86 flats have been analyzed in

detail, users from other flats in these buildingsédalso been questioned.



Chapter 2

UNDERSTANDING THE SIGNIFICANCE OF
WINDOWS IN THE DESIGN OF HOUSING IN
HOT-HUMID CLIMATE

A building has several components and one of thertheé window. At first, the

importance of this building material has not beensidered very much, but as the
construction technology developed, and the buildikig has become more advanced
in terms of the provision of thermal comfort, wind@erformance has also gained
significance. Considering that window as a buildagment affect heat loss and gain
in buildings to a great extent, and therefore thage of energy in buildings, their

appropriate design is important as it affects ther satisfaction.

Many aspects should be considered in the desigwintlows for providing
comfortable indoor environment. One of these facierthe appropriate orientation
of the building to respond to the local climatetisat windows can let in appropriate
daylight and ventilation and block the unwanted sinenever is possible. This issue
has to be underlined especially in hot-humid clesatvhere the eradication of
humidity from the indoor environment becomes a ifiggnt problem to be

considered.

Daylight has essential function in terms of prongliheat and saving energy in the
building especially during winter seasons. Howewarerheating can occur in

summer and this problem can be solved with the afsshading devices, and



greenery. The other issues to be considered amowimrea, ratio of window area to
floor area, placement, and glazing in window dedanproviding suitable daylight

to indoor environment.

The second important criterion is natural ventiativhich makes it possible to let
fresh air into the indoor spaces through naturdl @oss ventilation. This is a very
important issue as it can led to sick building symae in buildings and affect human

health. Therefore, it has great influence on gaésfaction.

The chapter follows with sub sections such as thmetfonal features of windows

which investigate ventilation and daylighting issure more depth.
2.1 The Functional Features of Windows

Windows are inseparable components of facades awd Ivarious important
functions such as providing view and daylight te thuilding and protecting the
users from extremes of environmental conditiongpéhding on the circumstances,
windows should be designed to avoid daylight, avfland water vapor through the
addition of some other components such as insulakiyers. In other words,
windows are openings on building facade that alloventry of light, air and sound,
and that is exactly why they should be properlyestand insulated. Windows are
also described as glazing embedded in frames (@ingr Gonzalez, 2011).
Furthermore, windows have an important role in fhmg air quality, well-being,
and fulfillment. Many aspects should be consideretthe design of windows. Some
of the essential factors for window performance latd as sunlight penetration,

control of air flow and ventilation (Bulow-Hube, @D).



The other important aspects are overheating ane ghahot days which can be
solved by controlling the solar gain and daylighhe amount of solar gain and
daylight can be adjusted through the use of windewtls shading devices that can
help control undesirable sunlight in hot days.

2.1.1 Sunlight Penetration and Daylighting

Windows in buildings have an important role in terai controlling solar heat gains.
In cold climates, windows should allow enough sgimiithrough to heat the interior
spaces and in hot climates where sunny days oeerwdd days the amount of
sunlight entering the building should be contrallexhd ventilation should be

provided to help cooling. Therefore, windows skiolle able to control solar
heating, provide natural ventilation as well agive to prevent noise, and maintain
building security. This in some cases may reqtime installation of complex

windows with characteristics like, glazing, extdrshading, internal or mid-pane

blinds, and operable windows (Beggs, 2002).

When windows are allowing daylighting enter intdéeimor spaces, they should also
provide visual contact with the exterior spacesautt causing change in the quality
of the color of light. Furthermore, the privacy slibbe considered in the design of
the windows. Visual access and visual exposure taxe issues that must be
differentiated in the design of windows. If bothtbese issues are considered in the
design of the windows, then desirable solutionslmaachieved. The other important
thing is to consider the geographical location apgropriate orientation of the
building. Moreover, it is important to consider ttlemate to gain heat from the sun
in cold days and avoid overheating in summer. HereVV rays as part of the solar
radiation should be controlled due to the fadingcofor of textiles and so on. In

order to control the high emissivity of glass fond-wave radiation, low-emissivity
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coatings should be added to the windows. Theseskofdcoatings help reflect
sunlight and are highly recommended for hot climatbere the outdoor temperature
is high. In such cases, windows with low-emissiylt§) coating will not allow heat
enter inside and when sun is low windows will niida the heat leave the building.
Furthermore, LE coatings can control the UV rays &wng-wave infrared heat

without preventing visible light from passing (Lnae& Gonzalez, 2011).

One of the most important characteristic of thedwin is to provide daylighting and
visual contact without changes in the quality oé fight color. Furthermore, the
privacy should be considered in the design of wivgloln line with this, visual

access and visual exposure are two concepts that baudifferentiated. If both

concepts consider in the design of the window @rdble. The other important thing
is to consider the geographical, and location o thuilding. Moreover, it is

important to consider the climate to gain the fieah the sun in cold days and avoid
it in summer. On the other hand, UV rays part efsblar radiation should be control
due to the problems that make for the color, texdihd so on. To control the high
emissivity of glass for long-wave radiation, low-esivity coatings should be added
to the windows. These kinds of coatings return heek to its source where the
outdoor temperature is high they do not let heaingale and when is low they do
not let the heat leave the building. Furthermoie, coatings can control the UV rays
and long-wave infrared heat without preventinghlesilight from passing (Linera &

Gonzalez, 2011).

Although the legal provisions for providing dayligio indoor environment changes
according to the building codes of countries, thiegigdings standards nonetheless

help, enhance well-being and satisfaction of thersugMillet, 1998). According to
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BBR! (1999) depending on the direct access of the glatylmost of the rooms and
places used by residents in the home should beelbda those areas. Moreover,
apartment buildings should have access to direalighi so size of the windows
should be chosen accordingly to absorb enough. ligie minimum size of the glass
area should be approximately 10% of the floor atéauilding parts or other
buildings block the daylight more than 20% of thew angle, the glass area should

be increased in cold regions like SwedBiilow-Htibe, 2001)

In hot humid regions, windows should protect indenvironment from cold weather
in winter and overheating in summer. For instamdgedows should provide proper
daylight in winter for heating the indoor environmi@nd in summer they should not
cause overheating. It is very important to protemdows from direct sunlight
heating. In order to reduce daylight gain in hoggjat is essential to understand the
path of the sun. Therefore, windows in those dioest should be minimized or
designed accordingly to control heat gain in sumtiee. In southern facade,
openings should be greater than 10 — 12% of floea &r direct gain. Openings in
north side should not exceed 5% of the total waflaawhich is an acceptable

standard for natural ventilation at night (Lapitf2605).

In Florida for example, sunrise is from north-eastl sunset is from north-west in
summer time — figure 1. Therefore, it is recommehtdeminimize windows in those
facades, which can be accomplished by the propentation of building and

shading of windows (McCluney & Jindra, 2000).

! BBR: Boverkets Byggregler. (Building regulationtbe National Board of Housing, Building
and Planning)
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Figure 1: Summer Sun path. Source: (McCluney & Jindra, 2000)

Therefore, orientation in general is a very significant issue to be considered in the
design of buildings as it is a major criterion affecting the performance of windows.
2.1.1.1 Orientation

Benefits of a properly oriented building includes provision of heat in winter and
blocking of sunlight in summer which help control heating and cooling loads and

therefore, the overall energy consumption of the building (Albanese, 2010).

Windows on the east and west facades of the building, may cause overheating in
spring and fall months due to the low angle of the sun. Consequently, reducing
window area on the east and west sides of the building maximize the solar
orientation of the building. Furthermore, windows performance should be enhanced
with the use of energy efficient windows with proper insulation that standard

windows cannot offer.

If sunrise is from the east and sunset from the west, for absorbing the sunlight more
in the cold days the length of the building should be orientated towards north and
south. Moreover, shape of the building should be rectangular and compact to increase
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heat gain in winter in the Northern hemisphere. Sinalight is absorbed more on the
south side of the building and in cold days, @lisorbed with the lowest angel of the
sun. If the glazing dimensions are increased insthghern facade, the south side of
building absorbs more light. However, in hot dagbsorbing the sunlight creates
some problems and it must be reduced, becauseithis figher in the sky. In order
to control and decline the heat loss, shading @svand greenery that provide shade

may be used to reduce the heat gain (Albanese)20¥06llos, 2013).

The orientation of the building should be away freouth up to 5 degree and it has
essential role on the saving of energy in the ImgidFor example, if the angle of the
building is 30 degree to the south the potentiakfing energy is only 5 percent. A
building with just consideration of the orientatibas the potential to save the energy
10 — 20 percent in heating and 10 — 40 percentowmliry. Building with other

features can decline the use of energy around4Dpercent (Wollos, 2013).

In order to gain proper daylight, orientation oé thuilding is important and it should
be according to the sunrise and sunset, and anodwinlight during day (Phillips,

2004). Furthermore, orientation of the buildingdifferent for northern or southern
hemisphere, position of sun and length of daylidjning the year. For example, to
gain proper daylight in summer and winter differerné sun height in sky should be

considered - Figure 2.
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Figure 2: Sun path during the year. Source: (URLI, 2012)

In hot humid climates, windows on southern side has significant role for daylight
gain. However, it creates some difficulties for residences in hot days which can be
solved by proper orientation of building, integration of shading devices and
greenery.. Furthermore, to provide suitable daylight, windows on southern facades

provide more of a proper choice despite of east and west windows (Lapithis, 2005).

Windows were able to control solar heat gain in the past, and now with the design of
new generation windows it has become easy to control the entry of solar heat gain in
hot-humid climates. In hot climates, the strategy is to face most of the windows in
the north side, where there is no direct exposure to sun or locate most of the windows
in the south side if shading devices such as overhangs are used to block the
inconvenient sunlight in hot days. Windows in west side have essential role in the
gain of afternoon sun, when temperature climbs to the peak; and east windows have
the same problem in the morning time when air temperature decrease. In the past,

designers used to avoid locating windows in west and east yet. These days, there is
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not any problem in locating efficient windows in stend east facé§osdick, Judy;

Homes, Tierra Concrete; Energy, U.S. Department of, 2012).

Consequently, design of buildings present challenige the architect in how to
orient the building, how much glazing area to pdeyithe insulation and material
selection and consideration of shading devicesetp Bave energy in buildings and
satisfy the residence.

2.1.1.2 Glazing Area and Placement

Glazing area is another essential factor that mifiseince on amount of daylight gain
income. The common glazed fractions are in rang20of 60%. Moreover, size and
placement or location of windows in the facadeansarea of design that should be
given careful attention to with regard to the amount of daylight provided; the
distribution of daylight, and the interaction witither design requirements, for

example heat loss/gain or ventilation (Millet, 1298

When the height of the windows is high and the wimds strip, it helps to get
deeper daylight - figure 3. The other essentialasshat may help for good
daylighting and ventilation is to use minimum gikight in the windows design.
Moreover, the head height should be between taidelevel head of a user that is
between 0.3 — 1 m - figure 4. Furthermore, forahlé daylight and glare prevention
separate apertures may be used on the facade biildeng (ECBC Envelope for

Warm & Humid Climate, 2012).

Area of the glazing to the floor area in the sdattade of the building is essential, if

the ratio of glazing to floor area is 8 to 10%, thalding is called Sun-Tempered and
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the ratio of the glazing to the floor area is 15 to 20% of the floor area, a building

known as passive solar (Wollos, 2013).

s

dana,

Figure 3: Strip windows in Villa Savoye. Source: (URL2, 2006)

head height

sill height

Figure 4: Sill height and head height. Source: (URL3, 2014)

There are different types of openings in buildings, and each have a different

influence on the heat loss and gain in buildings. Yet, glazing type is also important.
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2.1.1.3 Windows and Glazing

Nowadays, glazing systems have a significant rol@ntrolling heat and light which
have substantial impact on the thermal comfort andrgy saving in residential
buildings. Another issue that needs to be consitledgen selecting windows is the
U-valué. The below chart demonstrates thermal efficienfcgeven different types
of glazing material (Smith, 2003). Accordingly, dbe glazed window is one of the

best materials for saving energy (Milne & Boardm2000) — Figure 5.

Glazing U Value (W/meK)
Single glazing 5.6

Double glazing 3

Triple glazing 2.4

Double with Low E 2.4

Double with Low E and Argon 2.2

Triple with 2 Low E and 2 Argon 1

Double with Aerogel 0.5-1.0

Figure 5: Heat transfer through different type lefzgng. Source: (Smith, 2003)

In every climate, large glazing should be orieniedhe equator. Windows in west
and east side can lead to overheating and dediae gain easily. Proper designing
of windows is important for the absorption of heat; therefore, local climate should be
considered carefully (Feist, 2014). There are satamdard materials used for
glazing of well-insulated windows such as soda lingtass, PMMA

(polymethylmethacrylate) and polycarbonates.

. Soda-Lime Glass(SLG) is a combination of 70% silica (silicon didg),
15% soda (sodium oxide), 9% lime (calcium dioxided some different materials

with low proportion. SLG is a suitable material lvisome benefits as cheap,

2 U (-value): Heat transfer coefficient, describesvta building element transports heat. [W/m2.K]
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reasonable hard, chemically stable or steady, atr@éreely workable. The thermal
conductivity is 1 W/(m.k) and value of density 25R@/m3 (Linera & Gonzalez,
2011).

. PMMA (polymethylmethacrylate) is a type of colorlesdypeer used for
optical applications with composit€sHgO, that has some advantages like being
water proof and scratch resistant. Strength and pbemical resistance are the
weaknesses of the PMMA. Thermal conductivity is80wlt/(m.k) and density of
PMMA is 1180 kg/m3 (Scott, 2001).

. Polycarbonates are a special type of polyester which is used mas a
engineering plastic. Due to the structure of Palyocaates, this material possesses
some characteristics such as high strength, transparency; moreover, it can be
injection-molded, blow molded and extruded. Therm@hductivity is 0.2 w/(m.k)
and density of the Polycarbonate is 1200 kg/m3¢{S20601).

2.1.1.4 Sun Protection Systems

Integrating shading devices to windows is a goadtegy for controlling solar
radiation. In the design of shading devices, thikulde of place, azimuth of the sun
and angle of the altitude are important issueset@dnsidered. There are different
categories for the shading devices; and these can be classified under two and three
groupings (Energy and Resources Institute, Insi@atald d'Energia, Asia Urbs

Programme, 2004).

First one is external sunshade which can be namégel and movable types. Fixed
one includes horizontal, and vertical louvers agd ereate types. The horizontal
louvres control the high altitude sun in summer amultical ones protect the
windows from the southwest and northwest solarataxh. The last one is the egg

create type that is suitable for the west facadd@building. The benefit of movable
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one is more than stable one due to adjustments depending on the climate and
circumstances. For example, it can allow the winter sun and block the solar radiation
in the summer. The second one is internal sunshades which can be fixed or movable.
These include; vertical blinds, roller devices, and curtains. The performance of the
internal sunshades is related to reflective index, color, air tightness, and fabric
(Energy and Resources Institute, Institut Catala d'Energia, Asia Urbs Programme,
2004). The third type is the sunshade that comes in between two layers of openings,

which can be fixed, movable, or automotive.

Additionally, sunshades can be classified as overhangs, louvers, light shelves, and
fins as can be seen in - figure 6. Advantages of sunshades include blocking of direct
gain in summer whereas disadvantages of fins are blocking of the desired light, view,
and lack of durability (Robertson & Athienitis, 2007). In hot humid regions, windows
on the southern facade should be designed with overhangs to control direct sun light
during summer and early fall. On western facade, windows should be minimized,
shading devices should be installed and appropriate trees should be located. Movable

or stable shading devices may be integrated in southern facades.

Overhang Louvred Overhang Lightshelf Vertical Fins

Figure 6: Four models of exterior sun shading.
Source: (Robertson & Athienitis, 2007)
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Another benefit of integrating sunshades to thedews is the positive effect on the
energy consumption of the buildings and increapigection of the residences from
sunlight in summer. For instance, according tordsearch done by the (Efficient
Windows Collaborative (EWC), 2013) energy saving bofildings with shading
devices integrated on the east and west side dbuhding is two times more than
buildings without any shading devices. The othenefies of sunshades are the
impact they have on cooling loads of buildings in summer; and possible allowance of

integration of high percentage of glazing in builgs.

The preferable type of internal sunshade for cdimgbsummer sun is the movable
one. However, the disadvantage of internal sunstsasiech that it absorbs heat, and
therefore transmits heat into the building, causiog much need for cooling in
summer and undesired heat gain in winter. They abBee advantages such as
providing protection from dirt, pollution and thaye easy to install. Some elements
can be added to enhance the performance of shdewigs like; micro-grid and

prism systems (Schittich, 2001).

Improving the windows with integrating shading dms& has important role on
increasing the residence satisfaction, energy gaamul increasing of human comfort
levels. The best type of shading device is thermxtenes which have more impact
on blocking of sunlight for longer periods. Fortasce, the popular types of the
exterior sunshades are the exterior overhangs.h@ugs have effective role on the
control of solar radiation and glare preventioneesgly on the southern facades of
buildings in hot summer days without reducing thesgibility of outside views.
There are the other types of the exterior sunshades such as; grills, awnings, shutters,

roll-down shades/shutters, and canopies. Howewer,afl the different types of the
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shading devices is related to the availability,aloase and design of building. In
some regions, interior common sunshades such @gegralinds, or sunshades on
windows are used extginely to control the privacy, daylight; decrease overheating;
fading of fabrics and add to the quality of interidecoration. However, interior
shading on its own is not enough to control therlowating due to the capacity of
interior spaces absorb heat by the interior shadiagents. It is therefore necessary
to integrate other types of shading elements towtimelows to control the entry of
sunlight to the interior spaces. Yet, it is alsgportant to control the sunshade for
receiving proper light, shade and view in apprdpriames. Therefore, additional
technologies to shading devices can improve thenfopmance for controlling

sunlight entry in summer or allowing sunlight enimywinter.

Landscape elements such as broad-leafed treedstahedp provide cool shade, and
reduce the exterior temperature by least 5°C thHroagaporation of moisture.
Generally, trees and bushes located on propertidinebelp towards shading and
ventilation of the building. In addition, they aable to provide shading, even with
low angle of east and west sun (Efficient Windowdl&borative (EWC), 2013) —

Figure 7.
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living area

Figure 7: Role of the landscaping element in the control of sun through the windows.
Source: (URL4, 2013)

In hot-humid regions, solar gain through windows is often a major component of the
overall heat gains of a building. Also, solar radiation on the opaque parts of the
building envelope raises the surface temperature of the envelope and contributes to
the heating of the interior environment. A number of investigations highlight the
importance of providing effective shading as part of the overall strategy for
preventing overheating in hot-humid climates. Of these, some also present results
which suggest that shading opaque areas, such as walls and roofs, is probably of no
less importance than shading glass areas. Effective shading can be provided by
various means, including dedicated shading devices, nearby structures, vegetation
and special glasses. Generally, external shading devices are considered the most
effective, since they intercept solar radiation before it passes through the building
envelope into the interior space. An appropriately orientated high-pitched roof which
affords self shading and allows only one side of it to receive direct solar radiation at a
time is another possible shading technique. A key matter which should be considered
in shading design is its tendency to conflict with daylighting. Reduced daylight
penetration due to shading design can increase the need for artificial lighting, which
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then offsets the energy savings from reduced hamtsg Such a conflict can be
lessened, for example, by using inner surfacesigi heflectance values, such as
wall surfaces with light colors, or using light shes to reflect daylight into the
deeper part of the interior. Movable shading desjidi&ke louvres, which allow the
inhabitants to adjust their local lighting and thet environment, are additional
solution. When shading is provided by a speciasglappropriate choice of glass is
essential for balancing the advantage of heat igalaction with that of daylighting

(Chenvidyakarn, 2007).

The essential issue that should be considered signeof shading devices is its
tendency to conflict with daylighting. The shadidgvice design may result in the
decline of daylight penetration and increase thenated for artificial lighting that
then help reduce the energy use and heat gains.

2.1.1.5 Anti-glare System

The function of anti-glare system is to control thensity of sun. This issue is the
most effective way of providing visual comfort, whiis the difference between the
anti-glare and sun protection system. The disadggnbf anti-glare system is that it
increases the dependency on artificial light. Aytéire system has different types that

help reduce light intensity:

e ‘Curtain

* Horizontal blinds — Figure 8
* \Vertical blinds — Figure 9

e Venetian blinds — Figure 10

» Screens — Figure 11

22



* Translucent glazing — Figure 12

* Electrochromic glazing (Schittich, 2001)’ — Figure 13

Figure 8: Horizontal blind.
Source: (URLS, 2013)

Figure 9: Vertical blinds.
Source: (URL6, 2006)

Tih puley. Control pulleys

Figure 10: Venetian blind.
—= Source: (URL7, 2013)

Figure 11: Screen.
Source: (URLS, 2009)

Figure 12: Translucent glazing.
Source: (URL9, 2013)

Figure 13: Electrochromic window.
Source: (Pennesi, Simone, Barletta, Di Marco,
& Lanza, 1999)
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2.1.1.6 Daylighting and Residence Satisfaction

When considering the selection of windows in buigddesign, climate, orientation,
glazing area, window area to floor area ratio, windframe and glazing) types and
shading devices should carefully be considerechdigh, it is not always easy for
the designer to decide on the best option, it sside to follow some guidelines for
the optimum solution. In the window design of binlgs in hot-humid climate,
sunlight allowance in winter; and its blockage in summer stand out as important
functional requirements of windows and their caretinsideration will help increase

the comfort level of users and their overall satisbn from the building.

In terms of increasing the level of residencesstattion, it is important to consider
orientation of windows in hot-humid climates whenest of the windows should be
located on southern facade of the residential mgkl However, shading devices

should also be integrated in order to increaseeeses’ satisfaction.

When considering the daylight issues in summeshauld be noted that the use of
daylight shows variations depending on the functibhbuilding. Furthermore, size of
interior spaces and their ratio to the overall whvdarea is important for gaining
proper daylight. The other issues that have aruémite on daylighting are size,
orientation, and opening types and shape of wind@astamouris, 2013). In figure
14, for example, daylight income in vertical windasvmore than horizontal one.
These issues have influence on the residencedastibe in terms of providing

proper daylighting in the residential buildings.
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Figure 14: Difference of daylight income between horizontal and vertical windows
with same area. Source: (URL10, 2014)

The other important factor in the design of windows is ratio of windows to floor area.
Most of the time a certain ratio of window to floor area should be kept which is
1 to 4 or 1 to 5. Furthermore, this ratio for lower and upper floors should be different
for gaining proper daylight or shape of room should be considered (Marks &

Woodwell, 2010).

All these criteria discussed also have an impact on building codes of countries and
building codes are there to make sure that users have an end product which is highest
quality. The higher the standards of buildings and in this case windows, the more
satisfied the residences feel in the spaces that they use often during their daily lives.
However, in some cases, depending on the priorities, not all of these requirements
can be achieved. For example, some measures are essential in terms of choosing a
material with highest standards such as durability or maintenance of the material. It
is indictable that quality of UPVC is better than wooden frame due to its long
lifecycle and need of less maintenance but the other issue to consider is the user
satisfaction such as user-base quality and the price. In this case, user may be

interested to use the wood material for the building construction and durability of the
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wood material is 20 years, however, the constractiompany may choose UPVC
windows due to its durability or availability ingdimarket.

2.1.2 Ventilation

Ventilation is an important issue in terms of bptoviding comfortable and healthy
indoor environment for the occupants and savingggnen the buildings. Natural
ventilation does not only help reduce cooling castshot climates but provides
people with a feeling of comfort in relation to thepply of oxygen and release of
carbon dioxide to outdoor space. Furthermore, ahtentilation reduces the feeling
of tiredness due to natural speed of air movememiuildings. Therefore, natural
ventilation is better than air conditioners, whgan lead to various types of illnesses
(Su, Zhang, & Gao, 2009). Many aspects should beidered when providing
suitable natural ventilation such as the differeatair pressure between inside and
outside of the building and local wind directionhifé natural ventilation may not
completely replace air conditioning and mechanigahtilation in hot-humid
climates, it may reduce the need for air conditiotering in between seasons. In
winter, the challenge is to block the cold air tais ibrought into the building. In the

summer, the control of humidity is a challenge eggly in hot humid climates.

As it is clear windows have essential role to pdevinatural ventilation in residential
buildings in many climates and especially hot-humlichates. Furthermore, as any
significant number of operable windows are usinguiiding, in design of windows

should be careful about reducing heat gain ancediam the sunlight as well as

increasing secure facility meanwhile allowing focome air and escape.

As it is clear, windows have a significant role providing natural ventilation in

residential lhildings in many climates; and especially in hot-humid climates.
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Furthermore, as any significant number of operaltelows are using in building, in
design of windows should be careful about redudiegt gain and glare from the
sunlight as well as increasing secure facility nveale allowing for air income and

escape.

In hot-humid climate, one of the essential problamshe control of humidity in
indoor environments in summer as it can affect gadtern of energy use if

mechanical ventilation has to be used for remof/at@isture.

Ventilation is shape of the building, and the oanip distance from the wall where
windows are located. For instance, for a person ishiving in a room with large
area, providing proper ventilation and cooling tigb natural ventilation to this
interior space may cause discomfort or inconveraeard it is significant to consider
natural ventilation types that must flow accordiagnterior space perimeter. Then, it
is important to provide appropriate natural vetitiia in interior spaces that result in
residences happiness. Furthermore, if windows asggded properly in a building,
this directly affects the use of air condition snih hot days. Consequently, in order
to have good natural ventilation, size, locationmber, orientation, and size of
windows (Givoni, 1998) have to be taken into acd¢oim window design in

buildings.

Ventilation in spaces takes place through the gromiof fresh air, which is realized
either by direct comfort ventilation that is thrédugonvection to cool and heat the

residences, and indirect comfort ventilation (Réafentes, & Thomas, 2010).
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However, in modern apartment buildings, windowsgassive cooling elements are
mostly neglected. Generally, it is often observeat fprimary prevailing winds are

not considered in design of apartment buildingsa(Ay& Yildiz, 2006).

According to The Chartered Institution of Buildir®ervices Engineers (CIBSE),
natural ventilation can be categorized under tilesh as cross ventilation, single-
sided, stack, and mechanically assisted ventilatidatural ventilation can be
investigated under three headings which are crbseg;sided, and single-sided
ventilation (Tantasavasdi, Jareemit, Suwanchaislul,Naklada, 2007). Cross
ventilation occurs when openings are located oppdsi each other and airflows
between openings due to difference of air prestui up by wind. The other
ventilation type is single-sided ventilation witlsf one opening(s) on one side of the
space. Another ventilation type is stack ventilatithat makes use of density
differences as a result of buoyancy in encouragmgutflow from part of a building
like roof and creating fresh and cool air from dmeotpart of the building like

windows and doors.

In general, mechanical systems should be added @thler natural ventilation
systems described above to increase the airflowuifdings and also, a building
might have more than one type of natural ventitatrobuildings (Chen, 2004).
2.1.2.1 Cooling techniques

Ventilation is the simplest way of cooling insideaobuilding and probably the most
common passive cooling system. Ventilation has three main functions such as;
control of indoor air quality (IAQ), cooling of huen body and structural mass.
Every function has different requirement for promgl cooling and ventilation.

However, solar radiation is an essential factort ttheclines the performance of
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cooling system. The cooling system performancesa®es depending on the size and
position of windows (Ayata & Yildiz, 2006).

* Ventilation for hot-humid climate
In hot-humid climates, ventilation is one of thesbenethods to decrease the heat
gain in the building. Some techniques are needetl @are of them is natural
ventilation (La Roche & Milne, 2004). For exampiatural ventilation is used for
cooling the interior environments in hot-humid dcita in New Orleans, LA. US
Department of Energy states that exhaust fans m@yi@nally be used for providing
ventilation to remove moisture and pollutants ie thuilding (Baechler & Love,
2004). Nighttime ventilation is one of the low-cg&ssive cooling systems in hot-
humid regions. In order to have proper nocturnaltiegion (Nighttime ventilation)
some issues are important like ambient climaticd@dns such as air exchange rate.
Furthermore, cool air obtained during night canrease the indoor air temperature

(Kubota, Toe Hooi Chyee, & Ahmad, 2009).

As an example, Givoni (1998) investigated influené¢anighttime cooling in Israel
and Pala, California. According to the results,dalifornia nocturnal ventilation
(Nighttime ventilation) is more effective by theeusf exhaust fans. However, in
comparison where both daytime and nighttime is hote of these can be adopted to
Shanghai due to small daily air temperature rand high humidity and air
temperature. Therefore, nocturnal (Nighttime vatitin) ventilation is proper to use
where high daily air temperature and nighttimetamperature is not much cold to

cause discomfort (Kubota, Toe Hooi Chyee, & Ahni)9).
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2.1.2.1.1 Ventilative Cooling

Interior spaces can be cooled with ventilation bgatl#ing convective heat transfer
from a hot indoor area to a cool exterior. The otiethod is the sufficiently high
indoor air velocity that gives to user direct plogdicooling. Furthermore, higher air
change among night (cooling period) has influence decreasing indoor air
temperature. This mainly depends on user decisiapén window or not (La Roche
& Milne, 2004). Ventilation takes place either byna, buoyancy or a combination
of wind and buoyancy in a natural system (Chenwdya, 2007).

2.1.2.1.2 Ventilative Cooling by Wind

This issue takes place when there is enough windefdo produce pressure
difference between inside and outside of the bugidihat result in internal air
movement and therefore heat removal from the imtelfiurthermore, high indoor air
velocities increase the convective heat transimfooccupants’ skins and clothing

and rate of the skin evaporation so, it increaseding.

There are different ways for providing proper viaibn and this requires the
location of at least two openings on opposite safes space in order to benefit from
the wind - figure 16a. If orientation of the buitdi is not proper to catch wind, wind
deflectors as partitions in the building can h&hannel air through the occupied
zone — figure 16b. Internal spaces should also dsgded accordingly to allow

maximum amount of air entry - figure 16¢ (Chenvikiyan, 2007).
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Figure 15: some sample for opening design to provide proper air movement inside
buildings. Source: (Chenvidyakarn, 2007)

2.1.2.2 Orientation

Orientation of a building affects the amount of solar radiation received and will help
ventilation. Furthermore, the ventilation conditions and the window’s shading
condition have an influence on the cooling of indoor environment (Givoni, 1998). It
is significant to minimize solar gain and maximize ventilation in the building design.
By orientating the longer sides of the building to intercept prevailing winds and
shorter sides of building to face the direction of the strongest solar radiation, proper
ventilation can be gained, while the solar gain is minimized. These issues should be
applied to design of apartment buildings (Chenvidyakarn, 2007).

2.1.2.3 Windows Opening Types

There are different types of windows opening such as awing, casement, sliding,
hopper, double hung, and sliding. In addition, types of window opening influence the
amount of natural ventilation gained in the buildings. It is essential to consider
window opening types and their features in the design of windows in residential
buildings. However, while selecting windows opening types, it should be
remembered that some of them have more air leakage than the others and this may
cause problems for residences in cold days. Air leakage of casement window is lower
than sliding ones as a result of the sash closing by pressing against the frame. Air

leakage in sliding one is more than in awing window types. The sash closes by
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pressing against the frame in hopper opening types. In addition, function of this
opening type is same as awning and casement types. Sliding window has higher air
leakage rates than projecting or hinged windows. Double hung window performance
is similar to the projecting or hinged windows. Window opening types according to
their good performance are categorized below (U.S. Department of Energy, 2012) -
figure 17. In Famagusta, most of the buildings have casement opening types that are
one of the best opening window types. Natural air ventilation through casement open

windows provides cooling at nighttime during hot days (Broniek, 2008).

Awing < Casement < Sliding < Hopper < Double hung < Sliding

Window Types

Energy-efficient windows come in traditional styles.
e — ’
TN VT 1Ly

: |
\’ 1 =
Awning Hopper Sliding
) i |
i |
Fixed Double-hung Casement

Figure 16: Types of energy efficient windows. Source: (URLll, 2012)

2.1.2.4 Control of Air leakage and Condensation
There are many issues to decrease the defects in windows such as control of air

leakage so that windows can be airtight. Moreover, it has influence on the heat loss
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and gain, condensation, comfort and sound insulafibe other issue that needs to
be considered in the air leakage of windows is ghawexcluders which should be
placed between the sashes and frame. In orderctmel¢he moisture transport, strip
should be placed on the inner side of the windothe@vise, humidity can have an
effect on the layer of double glazed window andseaaondensation on the cold
pane. To control the dirt accumulation, a dust-dtisg strip can be located between
the windows layer but it allows the ventilationdald days. The other issue is when
the condensation appeared on the outer layer oextremely insulated windows.
During the days, that humidity influences formatimincondensation, it starts from
the coldest part of the window and spreads ovewti@e window.

2.1.2.5 Dehumidification strategies

Range of relative humidity for human factor is ardi20 — 60%. The moisture inside
of air is called the wet-bulb temperature, humid#gio, or dewpoint temperature.
Perspiration accumulates on the body skin; when the human body is overheated, then
the moisture evaporates and the body is cooldtielfelative humidity is more than
60%, it slows down the evaporation from the skid #ms result in both less cooling
and more discomfort, particularly at high metabobtes and higher temperatures.
Human is more comfortable, when relative humidéyels are low and temperature
is high. Relative humidity levels below 50% provictemfort in activities with higher

metabolic rates than deskwork.

In hot-humid regions, most of the time these hutyitkquirements may be satisfied
all or part of the time using natural ventilatidsyt sometimes to decline relative
humidity in humid climates, air conditioning is weel. If relative humidity level is

more than 70%, this can cause in growth of mold amidew spores. This can

happen even after reducing humidity to less the #tat mold and mildew can be
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subsided in proportion. However, removal of mold anildew would not happen
until relative humidity is reduced less than 30%ddong time, or the growth should
be treated with biocide. Fans and operable windoavsalso provide air circulation
and increase the higher temperature limit of cotrifgrabout two degrees. In every
place, if air speed is higher than 200 ft/minutecreates problem for users as
explained in figure 18. In hot-humid climate, ifatve humidity is high, it can cause

evaporation; and this can increase air speed and cause discomfort for users (Design,

1992) (Lstiburek, 2002).

Air Velocity Probable Impact

Up to 50 ft/minute Unnoticed.

50 to 100 ft/minute Pleasant.

100 to 200 ft/minute Generally pleasant, but caasesnstant awareness of air movement.

200 to 300 ft/minute From slightly drafty to annaindrafty.

Above 300 ft/minute Requires corrective measureik and health are to be kept in high efficiency.

Figure 17: Influence of Air circulation on usergaugce: (Design, 1992)

Consequently, most researchers claim that usefsrpraturally ventilated spaces to

air-conditioned ones due to feeling more comfogablthem.

In hot-humid climates, humidity should be contrdlley dehumidification strategies
both during the day and night (Kubota, Toe Hooi €hy& Ahmad, 2009). One
approach is using air conditioning units to declwenidity in buildings. However, it
is an expensive way of declining humidity due te ttemand of energy required to
operate it. The other strategy is desiccant louketaeen glass panes during night to
help absorb humidity and absorbed humidity canriedy solar heating during the

day.
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2.1.2.6 Ventilation and Residence Satisfaction

During the design of windows, consideration shob&l given to supplying the
occupants with natural ventilation and finding simas for the removal of humidity
so that they can feel comfortable in hot days & year. For instance, climatic
indicators should carefully be considered such iasm@vement, air speed, and

direction. However, in this study, only directiohtbe wind has been discussed.

Consequently, designing windows for an apartmeiitling with rooms at various
directions that all require ventilation is surelyddficult task. Windows should be
designed in such a manner that they function phppkiring winter and summer
months. This requires the adoption of strategiesvinter and summer periods such
as cross ventilation in hot humid climate. Howewetural ventilation on its own
may not be enough where the need for mechanicdilatetn may be required for
supplementary cooling in summer. The other impartessues that should be
considered carefully are the opening types of wivalocontrol of air leakage and

condensation in order to remove humidity.

If the building has many of these qualities; they enhance the interior environment and
keep the occupants satisfied. Research provesrihay of the residents are aware
of these qualities and how much they contributéht® saving of energy in their
buildings. Therefore, residents of buildings of @fhwindows are more appropriately
designed have higher satisfaction than others. Mewesome of the tenants have
problem with ventilation system and space heati@gnsequently, through the
consideration of some criteria - which has beeoutised previously - at the design

stage, the level of residence satisfaction careas® considerably.
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Summary of Chapter 2

Many aspects have influence on the building peréorce in terms of providing
residences satisfaction in the building and on¢hefn is windows. Two essential
features of the windows are providing daylight axnection between inside and
outside of the building. In hot humid-climate, wawds have the other essential issue
to consider the design windows properly in theding such as daylight and natural
ventilation. As mentioned before, functional featiof windows have effective role
on increasing residences satisfaction such asgidiyly and natural ventilation in
order to provide suitable environment for residenae residential buildings in
hot-humid climate. In daylight part, some basicomifation discussed and
accordingly, orientation, glazing area and placemeanndows and glazing, sun
protection, and anti glare system criteria shoutd considered in the design. In
ventilation part, as mentioned in this chapter hanaper natural ventilation in design
of windows some issues are important such as apadlechniques (cross or
single-sided ventilation), orientation, windows ojpe types, control of the air
leakage, dehumidification system. In the next ob@ptr in case study part, the
functional features of windows are examined indeldé residential buildings such as
daylighting (e.g. size of windows, ratio of windoesea to floor area, placement, and
orientation, and shading devices and windows na#riand in ventilation (e.g.
natural ventilation type, opening type, and so ionprder to remove humidity and
cooling indoor environment to understand criterfiavindows design according to

residences satisfaction.
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Chapter 3

3 AN EVALUATION OF WINDOWS IN SELECTED
RESIDENTIAL BUILDINGS IN FAMAGUSTA,
NORTH CYPRUS

This part of the thesis discusses the individuaesaselected from the city of
Famagusta in North Cyprus with a hot-humid climated presents them in a
structured manner. Within this scope, use of wivglcn mass housing, background
of windows, and window design in hot-humid climaselooked at through the
collection and analysis of data where the resules discussed at the end of the
chapter.

Climate of Famagusta, and significant features 8taiuld be considered in the
design of windows in apartment buildings are exydi After that use of windows
in North Cyprus is elucidated to understand howdeims have been used in the
history.

In data collection part, case studies are introddoem Uzun, Noyanlar, and Dovec
companies and analysis are presented through mvesiistructured upon the criteria
clarified in the second chapter. In data analysliservations and questionnaires are
utilized to arrive at the results. Observation padicates the information about the
windows of selected case studies and residenceditans. In this part, satisfaction
of residences in six apartment buildings (secorditaird floor) will be investigated
in need to understand the level of satisfaction in relation to the design of windows;
and the findings will be indicated by varietiesabiarts and analysis. After that, the
whole of this information will be discussed in itiscussion part.
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3.1 North Cyprus and Famagusta Climate

Cyprus is an island in the Mediterranean Sea and located 65 km from Turkey, 100
km from Syria, 400 km from Egypt and 750 km from Greece. The island is
physically divided into two administrative areas; Northern and Southern Cyprus.
Northern part of the island has two other major cities - Girne and Famagusta- apart
from the capital city Nicosia. Famagusta as the second largest city with the highest
international student population has been selected as the case of this study (Darke,

2008) - Figure 19.
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Figure 18: Map of North Cyprus. Source: (blogdog, 2013)

Although North Cyprus enjoys the features of Mediterranean climate and has hot, dry
summers and cold winters, in coastal cities like Famagusta the climate is hot-humid
due to high relative humidity. In this study, April — November is considered as hot

months of the year and November — April as cold months of the year.

The climatic data of Famagusta which has been measured in 2001- 2002 is presented

(Hanger, 2005). Figure 20, shows information of Famagusta climate during a year.
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GAZIMAGUSA
Location: 3!°N Latitude 34° E Longitudk
Height Above Sea Level: 7 m

Months 1 2 3 4 5 6 7 8 9 c 11 12
Sunshine Period (Hour/day) 55 62 70 84 1018 124 116 102 83 6.6 5.1
Cloud Cove 6 5 5 45 4 28 2 18 2 3 4 5.t

Solar Radiation Intensity W/m?
Total Solar Radiation (MJ/? day, 7 1c 14 18 23 24 24 23 18 14 9 6.5

Mean Max Air Temperature (°C) 16.46.4 18.4 22.2 26.5 30.6 33.1 33.3 31.1 27.2 22.0 17.6
Mean Min Air Temperature (°C 6. 6.£ 7.& 10E 14z 18< 21.1 21.4 164 15 11.C 7.

14.00 Hours Relative Humidity (%) 60 60 57 52 48 47 45 46 48 52 55 60
Mean Relative Humidit (%) 72.& 717 72 70.7 67.2 64.2 65.C 67.2 66.€ 67.E 70.C 73.2

7.00 Hours Relative Humidity (%) 88 89 84 89 90 88 8 83 86 8 88 87
Precipitation (Mm/month) 57.2545 409 179 102 41 08 06 11 17.8454 819 332
Predmminant Wind Directio W W W W W SW SW SW W W W W

Figure 19: Climate data on Famagusta, North Cy@osrce: (Ozdeniz, 2011)

Due to the climatic features of the island, appidprtypes of openings (windows
and shading elements) have been used in buildmgsdier to maximize the amount
of daylight; increase ventilation and eliminate humidity as well as protecting the

buildings from unwanted solar gains. The followsegtion will investigate types of

windows used throughout various periods of islahisory.
3.2 Use of Windows in North Cyprus

There are different architectural periods in North Cyprus such as; Ottoman
(1571-1878), British (1878-1960) and Modern (1968spnt) that imposed their
own distinctive styles to everyday life. During tkkdtoman period (1571-1878),
master builders used to give a great importancelitaatic issues in the design of
public buildings and houses. For example, whengtésy houses rooms located
around the courtyard with just one side of thedod and windows opening to the
garden to respond to the features of hot climabenil&ly, British period (1878—
1960) was another essential era in Cyprus thatraxluced the islanders with new
techniques and materials as well as environmensahsitive design. This period
can be categorized in two parts; the first one in between 1878 - 1930 years and the
second one in between 1930 - 1960 years. In thendagueriod, right after the World

War |, sitting rooms with large openings were papuhnd they were known as
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“Camlik”. These spaces were usually positionddtlze front facade of houses.
Direction of the sun was carefully considered ia tlesign of houses. In the modern
period which coincides with the first decade of @9Bouses were built with one or
two levels with respect to orientation where sudsia size of windows and
landscape elements were utilized. After 1970s, tapart type residential units
became popular, however, the interest in climagués in design decreased to a
great extend. After 1980s, together with the iasee in temporary student
population, demand for apartment type housing amed, lowering the quality of
design & construction in buildings. Together wikie trising need for budget housing
especially for renting to students, there were napartment type housing getting
built with mas housing type plans without considgrorientation, window size, type
and location. From 1990s onwards, mass housingspiesad in all major cities of
Northern Cyprus including Famagusta. During recgdrs, we see buildings with
larger openings located at randomly selected dinestthat help increase the heat
gain in buildings. It is observed that most of #thdmiildings now use aluminum
shutters that absorb high amount of sunlight inreem Features of windows which
responded to the local climate changed drasticaflgr the Ottoman and British
period, where less consideration is now given tmfoot, natural ventilation and

climatic issues in building design (Ozay N. , 2089jigure 21.

Figure 21 indicates that most of the windows useskipusly in buildings were
vertical but in the modern period until presengsh of the windows have changed
to horizontal type. This may be the necessity degivfrom more daylight need to

keep warm in cold days and have enough naturallagonh in summer.
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Figure 20: Different types of windows in different architectural period and every side
of the building skin. Source: (Ozay N. , 2005)

3.3 Background to Current Window Design

As discussed previously, most of the apartment type buildings located in cities suffer
from similar problems that come from standardization of housing design that do not
consider the local climate. This is also applicable for current apartments designed
and constructed in Famagusta where the characteristics of hot-humid climate are not
taken into consideration. This has also been pinpointed by many of the residences
questioned in the selected apartment buildings, which are taken as the case of this

study.

It is well known that one of the most important components of any building is its
skin as it protects the residences from extreme conditions of environment. The
components of the building skin like windows and its parts play a significant role in
the maintenance of optimum comfort levels, as they are the major contributors to

heat gain and loss in buildings.
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In order to achieve required comfort levels in Bmgs, criteria such as location of
the building, orientation, daylight factor, ventitm, and building components such
as windows should be carefully considered duriregdbsign stage. If these issues
are not well thought out, this will create discomffor the users and decrease their

level of satisfaction.

Most of the residential buildings investigated ianfagusta have proved that major
spaces like living rooms and bedrooms lack enowglight and natural ventilation
during the year.

The fact that there is a lack of standards in NaritCyprus is surely another reason
explaining the inconsideration of issues such daylifactor, ventilation, thermal
property of materials, etc. Furthermore, the agkfanction of the building is also a

determinant in the selection of windows.
3.4 Window Design in Hot-humid Climates

Climate in Famagusta is a combination of hot drg sarm-humid climate. The hot
climate can create challenges for the design délimgis and can cause many failures
if appropriate strategies are not used in buildifigee hot-humid climate necessitates
the use of natural ventilation to provide air clation for the elimination of
humidity. Therefore, position of the building angemings are important to gain high
amount of wind. Moreover, types of the windows arpially significant such as
operable windows to provide cross ventilation. fieeessary components should be
included in order to direct air into the buildings.

It is necessary in hot dry and mixed climates tatad the heat transfer into the
building using thermal insulation, smaller windowand bright high reflective

external surfaces. Furthermore, in the climate afn&gusta in the east-west side
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shorter facade has to be considered due to the high influence of the sun on this side.
Therefore, shading devices should be considered in these faces or shadow casting of

every building on each other.
3.5 Data Collection

In this study, six apartment buildings were selected from three construction
companies, which are Uzun, Noyanlar and Dovec in Famagusta, North Cyprus.
Furthermore, from every company two apartment buildings were chosen of which
one is an apartment building with single glazed and the other apartment building with
double glazed windows. Apartment buildings have four floors and the same building
orientation; their location is not far from each other — figure 22 and Table 1, and all
of them have similar window sizes. Furthermore, only second and third level of
every apartment building is investigated as the ground and top floors may suffer
more from heat loss and gain, which can affect the satisfaction of the residents
negatively. Totally, 100 residences are questioned to understand the level of

satisfaction relating to window as a building component.
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Table 1: Case studies from three different consttncompanies like Uzun,
Noyanlar, and Dovec

Construction Companies| Apartment building Location Take Inventory Code Page Numbe
(UZ.M.02.UN.04 45
(UZ.M.02.UN.05) 46
(UZ.M.02.UN.06) 47
(UZ.M.02.UN.07) 48
) (UZ.M.02.UN.08) 49
1 (M.Otltan Apt.) Salamis Yolu 2 (UZM.03.UN.09) 50
(UZ.M.03.UN.10) 51
(UZ.M.03.UN.11) 52
(UZ.M.03.UN.12) 53
Uzun (UZM.03.UN.13) 54
(UZ.E.02.UN.03) 55
(UZ.E.02.UN.03) 56
(UZ.E.02.UN.04) 57
2 (Emine Apt) Ffliz Kaymak SK, 3 (UZ.E.02.UN.04) 58
Giilseren (Karako (UZ.E.03.UN.05) 59
(UZ.E.03.UN.05) 60
(UZ.E.03.UN.06) 61
(UZ.E.03.UN.06) 62
(NOY.A14.02.UN.04 63
(NOY.A14.02.UN.04 64
(NOY.A14.02.UN.05 65
3 (Arken1q) | JMCAMYOLSK, | N OV AT4.02.UN.06 66
Sakarya
(NOY.A14.03.UN.07 67
(NOY.A14.03.UN.08 68
(NOY.A14.03.UN.09 69
Noyanlar (NOY.A12.02.UN.03 70
(NOY.A12.02.UN.03 71
(NOY.A12.02.UN.04 72
(NOY.A12.02.UN.04 73
4 (Arken12) Zafer SK, Sakarya
(NOY.A12.03.UN.05 74
(NOY.A12.03.UN.05 75
(NOY.A12.03.UN.06 76
(NOY.A12.03.UN.06 77
(DOV.18.02.UN.03) 78
) (DOV.18.02.UN.03) 79
5 (No. 18) Akhisar SK, | =55y 18.02.UN.04) 80
Kaliland (Tuzla)
(DOV.18.03.UN.05) 81
(DOV.18.03.UN.06) 82
(DOV.CE.02.UN.03) 83
Dovec (DOV.CE.02.UN.04) 84
(DOV.CE.02.UN.05) 85
6 (Celebi Apt) ligin SK, Kalland ; (DOV.CE.02.UN.06) 86
(Tuzla) (DOV.CE.03.UN.07) 87
(DOV.CE.03.UN.08) 88
(DOV.CE.03.UN.09) 89
(DOV.CE.03.UN.10) 90

The first and second case studies are built by Wamstruction Company of which
the first one is M. Oltan Apartment building witingle glazed windows located

along Salamis Yolu. Information in inventories isorh observations, and

44



questionnaires. In addition, users’ satisfaction level has been measured through
questionnaires and orientation of windows has been noted through observations in

regards to analysis of ventilation — Table 2. Further information is in appendix B.

Table 2: M. Oltan Apt., Salamis Yolu

Apartment View Schematic Plan
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The Functional Features of Windows Level of Satisfaction
Daylighting : Summer time Winter time
Windows Orientation Northwest Dissatisfied Dissatisfied
e [ 1.5x1 1.5/40~1/26 Neutral Neutral
1Ze area to floor area
Placement Salon Northwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
‘Windows Orientation Northwest Dissatisfied Dissatisfied
gom,ml “f.t e No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylighting Summer time Winter time
X . - Northwest Neutral Neutral
‘Windows Orientation
Southwest Neutral Neutral
L Ly || fell el (1.5x1)x2 3/15-1/5 Neutral Neutral
ze area to floor area
Placement Bedroom Northwest, and Neutral Neutral
southwest Dissatisfied Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Northwest Neutral Neutral
‘Wind Orientati
ilibid bttt Southwest Neutral Neutral
gontrol Gt L Ot No Dissatisfied Dissatisfied
ondensation
Windows Opening Types Double casement opening Neutral Neutral
Explanation: Orientation of unit 04 for daylight gain is from northwest, and southwest. Residences are less satisfied with
these windows in winter (Windows size). Windows Size part in inventories just indicate size and number of windows. In
addition, in this unit, daylighting and ventilation in bedroom is better than living room. This building does not have any
shading devices. In bedroom, there is unwanted solar gain in summer.
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Apartment View Schematic Plan
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The Functional Features of Windows Level of Satisfaction
Daylighting Summer time Winter time
Windows Orientation Southeast Neutral Neutral
i | | Bt bt 1.5x1 1.5/30=1/20 Neutral Neutral

1Ze area to floor area
Placement Salon Southeast Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Southeast Neutral Neutral
gomml °f.t oAl SAaEE anC No Dissatisfied Dissatisfied
ondensation
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Southwest Neutral Neutral
‘Wind Orientati
St Southeast Dissatisfied Neutral
Widawa{| (Ratlo ol wihdcws (1.5x1)x2 3/15-1/5 Neutral Neutral
Size area to floor area
Placisient Bedroom Southeast, and Dissatisfied Neutral
southwest Dissatisfied Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Southwest Neutral Neutral
‘Wind Orientatis - -
ot e Southeast Dissatisfied Neutral
gonmﬂ i L No Dissatisfied Dissatisfied
ondensation
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 05 for daylight gain is from southeast, and southwest. In this unit, living room does not
have proper daylight and natural ventilation. In bedroom daylight and natural ventilation is suitable. This building does not
have any shading devices. In this unit, there is glare and unwanted solar gain in summer. Windows Size part in inventories
just indicate size and number of windows.
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Apartment View Schematic Plan
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The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northwest Dissatisfied Dissatisfied
ol || EELC Lt 1.5x1 1.5/12=1/8 Neutral Neutral

ize area to floor area
Placement Bedroom Northwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Dissatisfied Dissatisfied
gontrol °f.t REAIT Ea kg TR No Dissatisfied Dissatisfied
ondensation
‘Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
T e Northwest Neutral Neutral
Northeast Neutral Neutral
= (1.5x1)x2 3/15=1/5 Neutral Neutral
ize area to floor area
Placement Bedroom Northwest, and Neutral Neutral
northeast Dissatisfied Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Northwest Neutral Neutral
‘Wind Orientati
pncons Srientation Northeast Neutral Neutral
g::;':l:s:f‘:::“r Lty el No Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral
Explanation: Orientation of unit 06 for daylight gain is from northwest, and northeast. In this unit, 01 (bedroom) does not
have proper daylight and natural ventilation. In 02 (bedroom), daylight and natural ventilation is suitable. Windows Size
part in inventories just indicate size and number of windows.
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Apartment View

Schematic Plan

[ UNIT 07, 12
}— UNIT 08, 13
UNIT 06, 11 —
Building Location
X 3 f
4 \ UNIT 04, 09 UNIT 05, 10
& \ j
I o
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
;Yi"d"ws LG G TEn 1.5x1 1.5/12=1/8 Neutral Neutral
ize area to floor area
Placement Bedroom Northeast Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
gm“ml °f.t MeR I LN EEAR No Dissatisfied Dissatisfied
ondensation
Windows Opening Types Double casement opening Neutral

Explanation: Orientation of unit 07 for daylight gain is from northeast. In this unit, 01 (bedroom) does not have proper
daylight and natural ventilation. Windows Size part in inventories just indicate size and number of windows.

48



Apartment View Schematic Plan

UNIT 07, 12
ﬁ

|—UNIT 08, 13

UNIT 06, 11 — ] "01?‘i

— UNIT 05, 10

The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Northeast Neutral Neutral
Wind Orientati
e ot e Southeast Neutral Neutral
Dindor | §Exiio ot uisdops (1.5x1)x2 1.5/12-1/8 Neutral Neutral
Size area to floor area
Pl 5 Bedroom Northeast, and Neutral Neutral
lacemen = = .
southeast Dissatisfied Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Neutral -
Northeast Neutral Neutral
Wind Orientati
ndows Drientation Southeast Neutral Neutral
Conietlicithe Alifleakagesand No Dissatisfied Dissatisfied
Condensation
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 08 for daylight gain is from northeast, and southeast. In 01 (bedroom), daylight in winter and
natural ventilation summer is suitable. In bedroom, there is unwanted solar gain in summer. Windows Size part in inventories
just indicate size and number of windows.
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Apartment View Schematic Plan
\Q’
e&‘ ——UNIT 07, 12
[—@- = = [o—|
L [ ] (o1) N= J
] “:J ) — [amee | |—UNIT 08,13
— " UNIT 08, 11 (1) —
Building Location — - e - F
S\ R \ "
; d | s |
\./: ; TR
§ gy P e o 1
r - S| T L ]
: |~  -@ OB
UNIT 04,09 —] 1-—_ S5 — -----:l | UNIT 05, 10
& X [—el 16|
: £ : f i
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
‘Windows Orientation Northwest Dissatisfied Dissatisfied
Windows | Ratio of windows -
Size ey 1.5x1 1.5/40=1/26 Neutral Neutral
Placement Salon Northwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Dissatisfied Dissatisfied
g::;r;:;;ft:::ml“k’ge and No Dissatisfied Dissatisfied
‘Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Northwest Neutral Neutral
‘Wind Orientati
AL DI Southwest Neutral Neutral
Windows | Ratio of windows -
Size S (1.5x1)x2 3/15=1/5 Neutral Neutral
Placement Bedroom Northwest, and Neutral Neutral
southwest Dissatisfied Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Windows Oricatat Northwest Neutral Neutral
i Southwest Neutral Neutral
gontﬂﬂ SLthe Alrleangeiatd No Dissatisfied Dissatisfied
ondensation
‘Windows Opening Types Double casement opening Neutral Neutral
Explanation: Orientation of unit 09 for daylight gain is from northwest, and southwest. In this unit 01, (bedroom) does not
have proper daylight and natural ventilation. In 02 (bedroom) daylight and natural ventilation are better than the other room.
Windows Size part in inventories just indicate size and number of windows.

50



Apartment View Schematic Plan

UNIT 07, 12
ﬁ

-—wJ Yot 01)se |
/ . i (o) N—___
o U__ UNIT 08, 13

UNIT 06, 11 —{

|— UNIT 05, 10

The Functional Features of Windows Level of Satisfaction

Daylightig Summer time Winter time
Windows Orientation Southeast Neutral Neutral
Ll || i 1.5x1 1.5/30=1/20 Neutral Neutral
ize area to floor area
“Placement Salon Southeast Neutral Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Southeast Neutral Neutral
g::;':: s:fu":: abElom an No Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral
The Functional Features of Windows _ Level of Satisfaction
Daylightig Summer time Winter time
Southwest Neutral Neutral
Wind Orientati = =
bl il Southeast Dissatisfied Neutral
NylRelayis 41| Ratio/of it swd (1.5x1)x2 3/15=1/5 Neutral Neutral
Size area to floor area
Pl Bedroom Southeast, and Dissatisfied Neutral
southwest Dissatisfied Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Southwest Neutral Neutral
Wind Orientati - -
néows Srientation Southeast Dissatisfied Neutral
€ ontroliof the s lcakiageiand No Dissatisfied Dissatisfied
Condensation
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 10 for daylight gain is from southeast, and southwest. In this unit, 01 (living room) has
proper daylight in winter and natural ventilation in summer. In 02 (bedroom) daylight and natural ventilation is enough. In
this unit, there is unwanted solar gain in summer. Windows Size part in inventories just indicate size and number of windows.
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Apartment View Schematic Plan

——UNIT 07, 12
f - ]
] [~ w== | (01)*~ ]
) (o) D=
] = N Ww‘ |—UNIT 08, 13
UNIT 08, 11 —] o1 L
= -
| N, .
1 ";
’ i | g it
e 1% —|
- -® | .® -]
— L UNIT 05, 10

The Functional Features of Windows Level of Satisfaction

Daylightig Summer time Winter time
Windows Orientation Northwest Dissatisfied Dissatisfied
Windows | Ratio of windows x
| Size PR Pty 1.5x1 1.512=1/8 Neutral Neutral
Placement Bedroom Northwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Dissatisfied Dissatisfied
g::f,':,: s:fﬁt:: EARI g No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows _ Level of Satisfaction
Daylightig Summer time Winter time
Wiidows Otetat Northwest Neutral Neutral
naows en on
Northeast Neutral Neutral
Yirdcws{||Raso of wikdowe (1.5x1)x2 3/15=1/5 Neutral Neutral
Size area to floor area
Pl . Bedroom Northwest, and Neutral Neutral
acemen
northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Northwest Neutral Neutral
Wind Orientati
et Northeast Neutral Neutral
g:::l?:s:l;i‘::m e crd No Dissatisfied Dissatisfied
‘Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 11 for daylight gain is from northwest, and northeast. In this unit, 01 (bedroom) does not
have proper daylight and natural ventilation. In 02 (bedroom) daylight and natural ventilation is suitable. Windows Size part
in inventories just indicate size and number of windows.
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Apartment View

Schematic Plan

LN
‘ffé [ UNIT 07, 12
w@,’l‘” . f‘“ﬂw C
vl - (01) =
B - s ] |—UNIT 08, 13
UNIT 08, 11 — l [[7_
Building Location R, =
¢ % /
UNIT 04, 09 UNIT 05, 10
7 : f
R
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
iadd | Lt 1.5x1 1.5/12=1/8 Neutral Neutral
| Size area to floor area
Placement Bedroom Northeast Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
gontrol °f.' b Al e No Dissatisfied Dissatisfied
ondensation
‘Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 12 for daylight gain is from northeast. In this unit, 01 (bedroom) does not have proper
daylight and natural ventilation. Windows Size part in inventories just indicate size and number of windows.
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Apartment View

Schematic Plan

N

R

I UNIT 07, 12

UNIT 08, 11

|— UNIT 08, 13

UNIT 05, 10

The Functional Features of Windows

Level of Satisfaction

Daylightig Summer time Winter time
Northeast Neutral Neutral
Wind Orientati
R Southeast Neutral Neutral
Lt | LR 0 D) 1.5x1 1.5/12=1/8 Neutral Neutral
Size area to floor area
Placenient Bedronm Northeast, and Neutral Neutral
southeast Dissatisfied Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Neutral -
Northeast Neutral Neutral
‘Wind Orientati
S, Southeast Neutral Neutral
gom,ml Chthietin eakasSiang No Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral

just indicate size and number of windows.

Explanation: Orientation of unit 13 for daylight gain is from northeast, and southeast. In 01 (bedroom), daylight in winter and
natural ventilation summer is suitable. In bedroom, there is unwanted solar gain in summer. Windows Size part in inventories

The second case study is from Uzun Construction Company, Emine Apartment

located in Faiz Kaymak Street, Giilseren region of Famagusta with double glazed

windows. Information in inventories is from observations, and questionnaires. In

addition, users’ satisfaction level is measured using questionnaires and orientation of

windows has been noted through observations in regards to analysis of ventilation —

Table 3. Further information is in appendix C.
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Table 3: Emine Apt., Faiz Kaymak SK, Giilseren

Apartment View

Schematic Plan

The Functional Features of Windows

Level of Satisfaction

Daylightig Summer time Winter time
) 3 . Northeast Neutral Satisfied
‘Windows Orientation = =
Southeast Dissatisfied Neutral
Windows Size | R2tioof windows (1.5x1)x2 3/40=1/13 Neutral Neutral
area to floor area
Salon Northeast, and Neutral Neutral
Placement . - - -
(2 windows) Southeast Dissatisfied Satisfied
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross ventilation Satisfied -
b (oY o Northeast .NeuFral Neutral
Southeast Dissatisfied Neutral
Control of the Air leakage and
ot Yes Neutral Neutral
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Southeast Dissatisfied Satisfied
Windows Size auuohndos 1.5x1 1/10 Neutral Neutral
area to floor area
Placement Bedroom Southeast Dissatisfied Satisfied
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Cross and natural ventilation Dissatisfied -
Windows Orientation Southeast Dissatisfied Neutral
gontrol SHOEALT lealysTaail Yes Neutral Neutral
ondensation
Windows Opening Types Double casement opening Neutral Neutral

55




Apartment View

Schematic Plan

The Functional Features of Windows _ Level of Satisfaction

Daylightig Summer time Winter time
Windows Orientation Southeast Dissatisfied Satisfied
‘Windows Ratio of windows 1.5x1 1/10 Nental Neoteal
Size area to floor area 223 Sute Cura
Placement Bedroom Southeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Cross and natural ventilation Neutral -
Windows Orientation Southeast Dissatisfied Satisfied
sontjrol oticileain el Yes Neutral Neutral
Windows Opening Types Double casement openin; Neutral Neutral
The Functional Features of Windows h Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Southwest Dissatisfied Satisfied
st | Rl 1.5x1 1/10 Neutral Neutral
ize area to floor area
Placement Bedroom Southwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Neutral -
Windows Orientation Southwest Satisfied Neutral
gont‘rol °f.' LOATHEA T (ot Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral

windows.

Explanation: Unit three is on the left hand of Emine apartment building. Three orientation of this unit for daylight gain is
from northeast, southeast, and southwest. This building has shutter shading devices however, on south side of the buildings
shading devices that used in this building are not proper. Windows Size part in inventories just indicate size and number of
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Apartment View Schematic Plan
W
5
= e
- (04) (09) JL e
(‘y\%f Jl'l@ I
~
. = e ‘ s I
Building Location ©) | ] &2
UNIT 03,05 —] [ | UNIT 04, 08
ol o i 1 o
g %
g = =
P & k& & |
' -
\ .. ¥ 3
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
X X X Northeast Neutral Neutral
Windows Orientation = = = =
Northwest Dissatisfied Dissatisfied
e (1.5x1)x2 3/40-1/13 Neutral Neutral
ize area to Floor area
Salon Northeast, and Neutral Neutral
Placement i
(2 windows) northwest Neutral Dissatisfied
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
e e =T Northeast Neutral Neutral
Northwest Dissatisfied Dissatisfied
Eon‘;ml Muthe Alvieakage faxl Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northwest Neutral Neutral
Windows || Ratio of windows
Size area to floor area 1.5x1 1/10 Neutral Neutral
Placement Bedroom | Northwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Neutral Neutral
Control of the Air leakage and
P S Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral
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Apartment View

Schematic Plan

The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northwest Neutral Neutral
Windows Size RGO AT A 1.5x1 1/10 Neutral Neutral

to floor area

Placement Bedroom Northwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Cross and natural ventilation Dissatisfied -
Windows Orientation Northwest Neutral Neutral
g::;:::s:t;it:: Rigles getan Yes Neutral Neutral
Windows Opening Types Double casement openin Neutral Neutral

The Functional Features of Windows _ Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Southwest Dissatisfied Satisfied
Windows Size ﬁ'::o:‘:::dows e 1.5x1 1/10 Neutral Neutral
Placement Bedroom Southwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Neutral -
Windows Orientation Southwest Satisfied Neutral
g:::;:;‘;i‘:: L ] Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral

windows.

Explanation: Unit four is on the right hand of Emine apartment building. Three orientation of this unit for daylight gain is
from northeast, northwest, and southwest. This building has shutter shading devices however, on south side of the buildings
shading devices that used in this building are not proper. Windows Size part in inventories just indicate size and number of
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Apartment View Schematic Plan

The Functional Features of Windows DODUENoom| 2 Level of Satisfaction
Daylightig Summer time Winter time
e e Northeast Neutral Satisfied

Southeast Dissatisfied Neutral
b ] | e (1.5x1)x2 3/40-1/13 Neutral Neutral

ize area to floor area

Salon Northeast, and Neutral Neutral

Placement i - - -
(2 windows) Southeast Dissatisfied Satisfied

Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
T Northeast Neutral Satisfied

Southeast Dissatisfied Neutral
gom,"“ et itealay elad Yes Neutral Neutral
Windows Opening Types Double casement openin Neutral Neutral

The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Southeast Dissatisfied Satisfied
Windows | Ratio of windows
Size e 1.5x1 1/10 Neutral Neutral
Placement Bedroom Southeast Dissatisfied Satisfied
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Single-sided Dissatisfied -
Windows Orientation Southeast Dissatisfied Satisfied
gom,m. EUEAIGIERRRETRRE Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral
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Apartment View Schematic Plan

The Functional Features of Windows DODUENoom| 2 Level of Satisfaction
Daylightig Summer time Winter time
e e Northeast Neutral Satisfied

Southeast Dissatisfied Neutral
b ] | e (1.5x1)x2 3/40-1/13 Neutral Neutral

ize area to floor area

Salon Northeast, and Neutral Neutral

Placement i - - -
(2 windows) Southeast Dissatisfied Satisfied

Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
T Northeast Neutral Satisfied

Southeast Dissatisfied Neutral
gom,"“ et itealay elad Yes Neutral Neutral
Windows Opening Types Double casement openin Neutral Neutral

The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Southeast Dissatisfied Satisfied
Windows | Ratio of windows
Size e 1.5x1 1/10 Neutral Neutral
Placement Bedroom Southeast Dissatisfied Satisfied
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Single-sided Dissatisfied -
Windows Orientation Southeast Dissatisfied Satisfied
gom,m. EUEAIGIERRRETRRE Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral
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Apartment View

_Schematic Plan_____

A
o (04 04
o) A '
el

The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
s Northeast Neutral Neutral
Northwest Dissatisfied Dissatisfied
el e (1.5x1)x2 3/40=1/13 Neutral Neutral
Placement Salon Northeast, and Neutral Neutral
(2 windows) northwest Neutral Dissatisfied
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Tl Northeast Neutral Neutral
Northwest Dissatisfied Dissatisfied
e Yes Dissatisfied Dissatisfied
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows h Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northwest Neutral Neutral
;vizi:dws ﬁ'::ﬂ:f:::dows area 1.5x1 1/10 Neutral Neutral
Placement Bedroom Northwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Single-sided Neutral -
Windows Orientation Northwest Neutral Neutral
g::;r:::;;:: BT Crdl Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral
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Apartment View Schematic Plan
8
S
ot 04 04
5. L@ |
Building Location =l [ = i N = = |
¢ UNIT 03, 05 —| = [ [ = |-unros.08
- = = g -
[ ¢ . g 1
o } (o1 l Jr o1) |
‘ 7 e
> ;
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
‘Windows Orientation Northwest Neutral Neutral
‘Windows Ratio of windows
Size T e 1.5x1 1/10 Neutral Neutral
Placement Bedroom Northwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Cross and natural ventilation Dissatisfied -
Windows Orientation Northwest Neutral Neutral
g::::: s:fﬁ;:e Acladlagesng Yes Neutral Neutral
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Southwest Dissatisfied Satisfied
:Yindows e liindons 1.5x1 1/10 Neutral Neutral
ize area to floor area
Placement Bedroom Southwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Satisfied -
Windows Orientation Southwest Dissatisfied Neutral
Control of the Air leakage and . . . .
Coudeasation Yes Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral
Explanation: Unit 06 is on the right hand of Emine apartment building. Three orientation of this unit for daylight gain is from
northeast, northwest, and southwest. This building has shutter shading devices however, on south side of the buildings
shading devices that used in this building are not proper. Windows Size part in inventories just indicate size and number of
windows.

The third and fourth case studies are constructed by Noyanlar Construction

Company. The third one is Arken 14 Apartment building with single glazed windows

which is located along Ulucam Street, Sakarya region of Famagusta. Information in

inventories is from observations, and questionnaires. In addition, users’ satisfaction

level has been measured through questionnaires and orientation of windows has been
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noted through observations in regards to analysis of ventilation — Table 4. Further

information is in appendix D.

Table 4: Arken 14 Apt., Ulucam Yolu SK, Sakarya

Apartment View

Schematic Plan

— UNIT 06, 09

Building Location

The Functional Features of Windows

-

\'y

|— UNIT 05, 08

o

Level of Satisfaction

Daylightig Summer time Winter time
. = - Northwest Dissatisfied Dissatisfied
Windows Orientation
Southwest Neutral Neutral
Windows Size LT, (1.5x1)x2 3/40-1/13 Neutral Neutral
area to floor area
Salon Northwest, and Neutral Dissatisfied
Placement g
(2 windows) southwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
. — . Northwest Dissatisfied Dissatisfied
‘Windows Orientation
Southwest Neutral Neutral
gomml °f.t A ] No Dissatisfied Dissatisfied
ondensation
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows h Level of Satisfaction
Daylightig Summer time Winter time
X X X Northwest Dissatisfied Dissatisfied
‘Windows Orientation
Northeast Neutral Neutral
Windows Size Satieatwisdans (1.5x1)x2 3/15=1/5 Satisfied Neutral
area to floor area
Northwest, and Neutral Dissatisfied
Placement Bedroom ’
northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
s i Northwest Dissatisfied Dissatisfied
Northeast Neutral Neutral
g:::’r:;s:fﬁt:: SUEIELRE S No Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral
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Apartment View

Schematic Plan

UNIT 04, 07 —

— | L
\' — =
| @ J} () — @aj*i @ |
- llw_ i =
| j -

The Functional Features of Windows

Level of Satisfaction

Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
bl | 1.5x1 1.5/12-1/8 Neutral Neutral
Placement Bedroom Northeast Neutral Dissatisfied
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
g::;r:l:;;fﬂt::m e No Dissatisfied Dissatisfied
‘Windows Opening Types Double casement opcnin& Neutral Neutral

Windows Size part in inventories just indicate size and number of windows.

Explanation: Orientation of this unit for daylight gain is from northwest, southwest, and northeast. This building has shutter
shading devices however, on south side of the buildings these shading devices are not proper in this building in summer.
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Apartment View

Schematic Plan

UNIT 06, 09

The Functional Features of Windows

Level of Satisfaction

Daylightig Summer time Winter time
) ) ) Southeast Dissatisfied Satisfied
‘Windows Orientation
Southwest Neutral Neutral
Windows Size e (o 3/40-1/13 Neutral Neutral
e Salon Southeast, and Neutral Neutral
(2 windows) || southwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
I e e Southeast Dissatisfied Neutral
Southwest Neutral Neutral
Control of the Air leakage and Cond No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin; Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
G Southeast Neutral Neutral
Northeast Neutral Dissatisfied
Windows Size e 3/15-1/5 Satisfied Neutral
Southeast, and Dissatisfied Satisfied
Placement Bedroom ?
northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
. 5 . Southeast Neutral Neutral
Wim oS Onientation Northeast Neutral Neutral
Control of the Air leakage and Cond No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin; Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
Windows Size e 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northeast Neutral Dissatisfied
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
Control of the Air leakage and Cond, No Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral

number of windows.

Explanation: Orientation of this unit for daylight gain is from northeast, southeast, and southwest. This building has shading
devices (shutter) however; on south side of the buildings these shading devices are not proper in this building in summer. In
living room and (02) bedroom, there is unwanted solar gain in summer. Windows Size part in inventories just indicate size and
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Apartment View

Schematic Plan

UNIT 086, 09

UNIT 05, 08

The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
‘Windows Orientation Northeast Neutral Dissatisfied
i || il 1.5x1 3/45=1/15 Neutral Neutral

ize area to floor area
Placement Salon Northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Neutral -
Windows Orientation Northeast Neutral Neutral
g::;?:;‘;;::m e o No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin; Neutral Neutral

The Functional Features of Windows Level of Satisfaction

Daylighﬁg Summer time Winter time
Windows Orientation Northeast Neutral Dissatisfied
‘Windows Ratio of windows e
i e e 1.5x2 3/15=1/5 Neutral Neutral
Placement Bedroom Northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Dissatisfied -
‘Windows Orientation Northeast Neutral Neutral
gon?vl ol divAiz leskege.and No Dissatisfied Dissatisfied
‘Windows Opening Types Double casement openin,; Neutral Neutral

The Functional Features of Windows h Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
St || et 1.5x1 3/15=1/5 Neutral Neutral

ize area to floor area
Placement Salon Northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Windows Orientation Northeast Neutral Neutral
L e e No Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 06 for daylight gain is from northeast. This building has shutter shading devices although, on
south side of the buildings these shading devices are not proper in this building in summer. Windows Size part in inventories
just indicate size and number of windows.
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Apartment View

Schematic Plan

|— UNIT 05, 08

The Functional Features of Windows

Level of Satisfaction

Daylightig Summer time Winter time
= . 2 Northwest Dissatisfied Dissatisfied
Windows Orientation
Southwest Neutral Neutral
Windows Size A (1.5x1)x2 3/40=1/13 Neutral Neutral
Salon Northwest, and Neutral Dissatisfied
Llaceest (2 windows) southwest Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
e Oy o Northwest Dissatisfied Neutral
Southwest Neutral Neutral
Control of the Air leakage and Cond No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows _] Level of Satisfaction
Daylightig Summer time Winter time
Windozrienmion Northwest Neutral Dissatisfied
Northeast Neutral Neutral
Windows Size peeh (1.5x1)x2 3/15=1/5 Satisfied Neutral
e Bedroom Northwest, and Neutral Dissatisfied
northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
S Northwest Neutral Neutral
Northeast Neutral Neutral
Control of the Air leakage and Cond No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows _ Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
Windows Size el i) 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northeast Neutral Dissatisfied
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Neutral -
Windows Orientation Northeast Neutral Neutral
Control of the Air leakage and Cond No Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of this unit for daylight gain is from northwest, southwest, and northeast. This building has shutter
shading devices however, on south side of the buildings these shading devices are not proper in this building in summer.

Windows Size part in inventories just indicate size and number of windows.
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Apartment View Schematic Plan

—— UNIT 06, 09
({ '\’
i - LT ‘—; 1L
| 1 —(02) [
; ]:[ - | 13|
el t 5 mi
Building Location i e O O mem )
|@ @ U @]
UNH(’N.(W— | UNIT 05, 08
A
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
S R Southeast Dissatisfied Satisfied
ndows Orientation
Southwest Neutral Neutral

Windows Size LEGOO R AREE (1.5x1)x2 3/40=1/13 Neutral Neutral
area to floor area

Pla Salon Southeast, and Neutral Neutral
cement .
(2 windows) southwest Neutral Neutral
Shading Devices o Neutral Dissatisfied
color)
Ventilation Cross and natural ventilation Satisfied -
. X X Southeast Dissatisfied Neutral
Windows Orientation
Southwest Neutral Neutral
Control of the Air leakage and - S
P e No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows ﬁ Level of Satisfaction
Daylightig Summer time Winter time
YT i Southeast Neutral Neutral
Northeast Neutral Neutral

Windows Size RRtivl Srindu (1.5x1)x2 3/15-1/5 Satisfied Neutral
area to floor area

Southeast, and Dissatisfied Satisfied
Placement Bedroom ?
northeast Neutral Neutral
Shading Devices B e S Neutral Dissatisfied
color)
Ventilation Cross and natural ventilation Satisfied -
e Ot Southeast Neutral Neutral
Northeast Neutral Dissatisfied
) b ot ol No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin; Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Dissatisfied
Windows Size et 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northeast Neutral Dissatisfied
Shading Devices sSttusten (A uditmuyith whits Neutral Dissatisfied
color)
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
Control of the Air leakage and . . . .
e T No Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of this unit for daylight gain is from northeast, southwest, and southeast. This building has
shading devices (shutter) however; on south side of the buildings these shading devices are not proper in this building in
summer. Windows Size part in inventories just indicate size and number of windows.
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Apartment View | Schematic Plan
UNIT 08, 09
Building Location
UNIT ;4 o7 UNIT 05, 08

The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
‘Windows Ratio of windows -
Size e Seedadiod (1.5x1)x2 3/45=1/15 Neutral Neutral
Placement Salon Northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Dissatisfied -
Windows Orientation Northeast Neutral Dissatisfied
g::::.::;i‘::m ISNkagsgaud No Dissatisfied Dissatisfied
Windows Opening Types Double casement openin, Neutral Neutral

The Functional Features of Windows _ Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Dissatisfied
pideecsi o] | b (1.5x1)x2 3/15=1/5 Neutral Neutral
ize area to floor area

Placement Bedroom Northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Neutral -
Windows Orientation Northeast Neutral Neutral
gom,ml ofithelin leacreeland No Dissatisfied Dissatisfied
‘Windows Opening Types Double casement openin, Neutral Neutral

The Functional Features of Windows h Level of Satisfaction
Daylightig Summer time Winter time
‘Windows Orientation Northeast Neutral Neutral
||t (1.5x1)x2 3/15=1/5 Neutral Neutral

ize area to floor area

Placement Salon Northeast Neutral Dissatisfied
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Neutral -
Windows Orientation Northeast Neutral Neutral
gom,ml ol the Lurleaiaeeland No Dissatisfied Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral
Explanation: Orientation of unit 09 for daylight gain is from northeast, and. This building has shutter shading devices
although, on south side of the buildings these shading devices are not proper in this building in summer. Windows Size part in
inventories just indicate size and number of windows.

The fourth case is Arken 12 Apartment building with double glazed windows which

is located in Zafer Street, Sakarya region of Famagusta. Information in inventories is
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from observations, and questionnaires. In addition, users’ satisfaction level has been
measured through questionnaires and orientation of windows has been noted through
observations in regards to analysis of ventilation — Table 5. Further information is in

appendix E.

Table 5: Arken 12 Apt., Zafer SK, Sakarya

Apartment View Schematic Plan
TS,
S & runn 04, 06
2 M
/ = j"f ‘
| ® l@] =
U | ]l |
< (01)
- 1 [*wf:{'\-‘ W
|| — [
. - ' i
A 0| o |
Vi [ i || we
- - o)
10 |®| - s
s [ y u |
2
/ L unir 03, 05
The Functional Features of Windows Level of Satisfaction
Daxlightig Summer time Winter time
et Northwest Dissatisfied Dissatisfied
Southwest Dissatisfied Satisfied
| [t (1.5x1)x2 3/40~1/13 Neutral Neutral
e et Salon Northwest, and Neutral Neutral
(2 windows) southwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
) . X Northwest Dissatisfied Neutral
Windows Orientation
Southwest Neutral Neutral
gonml °f.t RSt IRakag clakn Yes Neutral Neutral
ondensation
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northwest Neutral Neutral
Windows Ratio of windows _
Size R 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northwest Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Neutral Neutral
g::::l: :;it:: ANloabagerand Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral
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Apartment View Schematic Plan
[~UNIT 03,08
A
v
/
A
/ //'
A
7
/ L unir 03, 05
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
S Northwest Neutral Neutral
mdows Orien on
Northeast Neutral Neutral
Windows Size :htm limincopsiarea (1.5x1)x2 1/5 Neutral Neutral
o floor area
- X Bedroom Northwest, and Neutral Neutral
cement
northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Northwest Neutral Neutral
Wind Orientati
S e Northeast Neutral Neutral
Control of the Air leakage and
Condensation Yes Neutral Neutral
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
‘Windows Orientation Northeast Neutral Neutral
Windows Size :hﬁo LR 1.5x1 1/8 Neutral Neutral
o floor area
Placement Bedroom Northeast Neutral Neutral
Shading Devices - Dissatistied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
Eont,ml Wi hTA Tl el eland Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral

indicate size and number of windows.

Explanation: Unit 03 is on the left hand of Arken 12 apartment building. Orientation of this unit for daylight gain is from
northeast, northwest, and southwest. This Unit does have any shading devices. Windows Size part in inventories just
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Apartment View Schematic Plan

r UNIT 04, 06

L UNIT 03, 05

uare

The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
O Southwest Dissatisfied Satisfied

Southeast Dissatisfied Neutral
i || il (1.5x1)x2 3/40=1/13 Neutral Neutral
Placomnent Salon Southwest, and Neutral Dissatisfied
(2 windows) Southeast Dissatisfied Satisfied
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
VIl Southwest Satisfied Neutral
Southeast Dissatisfied Neutral
g::;::;fﬁ‘:: A Yes Neutral Neutral
Windows Opening Types Double casement openin Neutral Neutral

The Functional Features of Windows Mnﬁsfuﬁon
Daylightig Summer time Winter time
TPt R Southeast Dissatisfied Satisfied
LE il || il e 1.5x1 1/8 Neutral Neutral
Placement Bedroom Southeast Dissatisfied Satisfied
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Single-sided Dissatisfied -
Windows Orientation Southeast Dissatisfied Neutral
g:::;::: s:t;i;:e Suesiagefand Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral
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Apartment View

Schematic Plan

The Functional Features of Windows

r UNIT 04, 06

mi
~ \ L
@] = —
@

-

- 0
;\ J- 7
[ 0 ||

Level of Satisfaction

Daylightig Summer time Winter time

R T Southeast Dissatisfied Satisfied

Northeast Neutral Neutral

Windows Size f:et.i“t:g:i:‘::: (1.5x1)x2 1/5 Neutral Neutral

Placement Bedroom Southeast, and Neutral Neutral

(2 windows) northeast Neutral Neutral

Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Cross and natural ventilation Neutral -

S Southeast Dissatisfied Neutral

Northeast Neutral Neutral

g:::;:l:s:‘;;:: AElakagetand Yes Neutral Neutral

Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows _ Level of Satisfaction

Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
Windows Size Ratoepidons 1.5x1 1/8 Neutral Neutral
area to floor area

Placement Bedroom Northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
L e Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Unit 04 is on the right hand of Arken 12 apartment building. Orientation of this unit for daylight gain is from
northeast, southeast, and southwest. This Unit has shading devices (shutter) although, on south side of the buildings shading
devices that used in this building are not proper. Windows Size part in inventories just indicate size and number of windows.
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Apartment View Schematic Plan
()
g ‘gr‘ [TUNIT 04, 08
0f) i; B
L =" L H———;
©
Building Location ) ol 7
e Z ~
’ ) 7 L
N g /‘)\ (09) || sommem “* =
g
® |@] Z
) | i gl J
A
/ L unit 0, 0
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
o s Northwest Dissatisfied Dissatisfied
mdows Orien on
Southwest Dissatisfied Satisfied
= 5 Ratio of windows »
Windows Size | = 0 or area (1.5x1)x2 3/40=1/13 Neutral Neutral
PR Salon Northwest, and Neutral Neutral
(2 windows) southwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
VIR e Northwest Dissatisfied Dissatisfied
s Orientation =
o Southwest Satisfied Neutral
Control of the Air leakage and Y Neutral Neunal
Condensation &
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northwest Neutral Neutral
- - Ratio of windows o
Windows Size | = " or area 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northwest Neutral Neutral
Shading Devices - Dissatisfied Dissatistied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Neutral Neutral
gontrol OUCiC L saka e aud Yes Neutral Neutral
ondensation
Windows Opening Types Double casement opening Neutral Neutral
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Apartment View _

Schematic Plan

The Functional Features of Windows

—UNIT 04, 06

Level of Satisfaction

Daylightig Summer time Winter time
e Northwest Neutral Neutral
! rien|
Northeast Neutral Neutral
Windows Size ::"a':o‘:_f:::dows L) (1.5x1)x2 1/5 Neutral Neutral
= . Bedroom Northwest, and Neutral Neutral
acemen!
northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
T e Northwest Neutral Neutral
Northeast Neutral Neutral
gont‘rol °f.t LML cod Yes Neutral Neutral
‘Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
Windows Size :"ho e sanea 1.5x1 1/8 Neutral Neutral
o floor area
Placement Bedroom Northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
isir Ottt Northwest Neutral Neutral
ndows Orientation
Northeast Neutral Neutral
go'“,ml U RAIRILEe o] Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral

indicate size and number of windows.

Explanation: Unit 05 is on the left hand of Arken 12 apartment building. Orientation of this unit for daylight gain is from
northeast, northwest, and southwest. This Unit does have any shading devices. Windows Size part in inventories just
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Apartment View Schematic Plan
DR
\\%‘i r UNIT 04, 068
¥
%
7
/
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Southwest Dissatisfied Satisfied
bt foi e DT Southeast Dissatisfied Neutral
ool || et (1.5x1)x2 3/40=1/13 Neutral Neutral
Placeinent Salon Southwest, and Neutral Dissatisfied
(2 windows) Southeast Dissatisfied Satisfied
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Southwest Satisfied Neutral
‘Wind Orientati - -
ons Srientation Southeast Dissatisfied Neutral
S‘m‘,ml °{,‘hem Jeakageland Yes Neutral Neutral
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
| Windows Orientation Southeast Dissatisfied Satisfied
Windows | Ratio of windows area
Size i 1.5x1 1/8 Neutral Neutral
Placement Bedroom Southeast Dissatisfied Satisfied
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Single-sided Dissatisfied -
Windows Orientation Southeast Dissatisfied Neutral
E‘"",Nl '{"'e‘“r e et Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral
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Apartment View

The Functional Features of Windows

Level of S

Schematic Plan
[ UNIT 04, 068
- ! Ll |
/ ‘ Ly — \J
() | 02| ™
‘ G -
—=f L 7
= o
l[ ) | = — i
e [mininin
“2 i ~ (Wi
A 09 | sme == S
/ \ i ,
‘ »w/ d 01
T )
(03 | (02) .
== U
A
g L UNIT 03, 05

atisfaction

Daylightig Summer time Winter time
(S ML Southeast Dissatisfied Satisfied
Northeast Neutral Neutral
= < Ratio of windows
Windows Size 1.5x1 1/10 Neutral Neutral
area to floor area
PR ment Bedroom Southeast, and Neutral Neutral
(2 windows) northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Neutral
Ventilation Cross and natural ventilation Neutral -
) 2 y Southeast Dissatisfied Neutral
‘Windows Orientation
Northeast Neutral Neutral
Control of the Air leakage and
e Yes Neutral Neutral
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows _ Level of Satisfaction

Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral

3 5 Ratio of windows
Windows Size | = o area 1.5x1 1/10 Neutral Neutral
Placement Bedroom Northeast Neutral Neutral
Shading Devices Shutter (Aluminum with white color) Neutral Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
Control of the Air leakage and
e Yes Neutral Neutral
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Unit 06 is on the right hand of Arken 12 apartment building. Orientation of this unit for daylight gain is from
northeast, southeast, and southwest. This Unit has shading devices (shutter) although, on south side of the buildings shading
devices that used in this building are not proper. Windows Size part in inventories just indicate size and number of windows.

The fifth and sixth case studies are apartment buildings constructed by Dovec

Company, of which the fifth one is Apartment building 18 with single glazed

windows located in the Akhisar SK, Kaliland. Information in inventories is from

observations, and questionnaires. In addition, satisfaction of users’ level is from
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questionnaires and just window orientation in ventilation part information is from

observations — Table 6. Further information is in appendix F.

Table 6: 18 Apt., Akhisar SK, Kaliland

Apartment View Schematic Plan
}Z% UNIT 04, 06
|'_' )
A -
" ol / 01 /
|@TVT=
[
/\ l
o b . 01
/ L unir 03, 05
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
e Northwest Neutral Dissatisfied
Southwest Neutral Satisfied
Windows Size | Ratio of windows (1.5x1)x3 4.5/45-1/10 Neutral Neutral
Salon Northwest, and Neutral Neutral
Placement ] 5 5
(3 windows) southwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
o Northwest Neutral Dissatisfied
Southwest Neutral Satisfied
gontrol QIURATEIETR ol No Neutral Dissatisfied
ondensation
‘Windows Opening Types Double casement openin; Neutral Neutral
The Functional Features of Windows _ Level of Satisfaction
Daylightig Summer time Winter time
el Northwest Neutral Dissatisfied
W! €]
A Northeast Neutral Neutral
Windows Size | Ratio of windows (1.5x1)x2 3/15=1/5 Neutral Neutral
area to floor area
Northwest, and Neutral Neutral
Placement Bedroom northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
e Northwest Neutral Dissatisfied
Northeast Neutral Neutral
g:::lr::s:‘;;::m el o No Neutral Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral
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partment View

Schematic Plan

The Functional Features of Windows

NN N\

|— UNIT 04, 06

Condor

®
’{59 l

we

[
[

01

we

®1
| ®I o]

01

‘— UNIT 03, 05

Soscn

Level of Satisfaction

Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
| B 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
g:::::s:i;;::m eakagetanc No Neutral Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of this unit for daylight gain is from northeast, northwest, and southwest. This building does not have
any shading devices. In this unit, there is unwanted solar gain in summer. Windows Size part in inventories just indicate size and

number of windows.
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Apartment View Schematic Plan
@ [UNIT 04, 06
%l o -
T
[
/ ]
3 .5 -
////
- -
/ L UNIT 03, 05
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
o Southeast Dissatisfied Neutral
: Southwest Neutral Satisfied
Wind Ratio of wind
it || |ty (1.5x1)x3 4.5/45=1/10 Neutral Neutral
Salon Southeast, and Neutral Neutral
Placement .
(3 windows) | southwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
T, Southeast Dissatisfied Neutral
!
Southwest Neutral Neutral
E“'“,ml GNP No Neutral Dissatisfied
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Dazlightig Summer time Winter time
TR o Southeast Dissatisfied Satisfied
Northeast Neutral Neutral
|| Bl (1.5x1)x2 1/5 Neutral Neutral
ize area to floor area
Northeast, and Neutral Neutral
Placement Bedroom southeast Neutral Neutral
Shading Devices - Dissatisfied Neutral
Ventilation Cross and natural ventilation Satisfied -
N TRAGREORRTatE Southeast Dissatisfied Neutral
mdows Orientation
Northeast Neutral Neutral
Eom,ml °f.' DCAN A aed No Neutral Dissatisfied
Windows Opening Types Double casement openin, Neutral Neutral
The Functional Featurcs of Windows * Level of Safisfaction
Daylightig I Summer time Winter time
Windows Orientation Northeast Neutral Neutral
Windows Ratio of windows
Size e e ST 1.5x1 1/8 Neutral Neutral
Placement Bedroom Northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
g::;r::s:t;;:: & nleabageiand No Neutral Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral
Explanation: Orientation of unit 04 for daylight gain is from northeast, northwest, and southeast. This building does not have any
shading devices. In this unit, there is unwanted solar gain in summer. Windows Size part in inventories just indicate size and
number of windows.
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partment View Schematic Plan
3
@ r UNIT 04, 06
Al e @
~ o /:n /
|9 TV= _
[
/ l
“ BnE
T 5 01
- / L uniT 3, 05
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Northwest Neutral Dissatisfied
Wi P >
R Southwest Neutral Satisfied
Windows Size | Kutio of windows (1.5x1)x3 4.5/45-1/10 Neutral Neutral
P Salon Northwest, and Neutral Neutral
(3 windows) southwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Northwest Dissatisfied Neutral
‘Windows Orientati
et el Southwest Satisfied Neutral
E‘mt,"'l CCOATRIET e (0 No Neutral Dissatisfied
‘Windows Opening Types Double casement openin, Neutral Neutral
The Functional Features of Windows _ Level of Satisfaction
Daylightig Summer time Winter time
Northwest Neutral Dissatisfied
‘Wind tati
S wiation Northeast Neutral Neutral
Windows Ratio of windows h |
Size area to floor area (1.5x1)x2 3/15=1/5 Neutral Neutral
Northwest, and Neutral Neutral
Placement BEtTGI northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Northwest Neutral Dissatisfied
Wind ta
it Onentation Northeast Neutral Neutral
g‘mmﬂ GRS (] No Neutral Dissatisfied
ondensation
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows h Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
Windows | Ratio of windows area to 1.5x1 1.5/12=1/8 Neatal Neutral
| size floor area 5x i eutra eutral
Placement Bedroom Northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
gonm)l QiR AN gs O No Neutral Dissatisfied
ondensation
Windows Opening Types Double casement opening Neutral Neutral
Explanation: Orientation of this unit for daylight gain is from northeast, northwest, and southwest. This building does not have
any shading devices. Windows Size part in inventories just indicate size and number of windows. Windows Size part in
inventories just indicate size and number of windows.
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Apartment View Schematic Plan

I—UNITM,N
o
]?K :’” / 01

NN N

o %{ // )
" D y L unir 03, 05
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
e Southeast Dissatisfied Neutral
] Southwest Neutral Satisfied
‘Windows Ratio of windows o
Size e i e (1.5x1)x3 4.5/45=1/10 Neutral Neutral
Salon Southeast, and Neutral Neutral
Placement .
(3 windows) southwest Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
S Southeast Dissatisfied Neutral
] Southwest Neutral Neutral
gom,ml Qe TR No Dissatisfied Dissatisfied
‘Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
I Southeast Dissatisfied Satisfied
Northeast Neutral Neutral
‘Windows Ratio of windows
Size Rt oo e (1.5x1)x2 1/5 Neutral Neutral
Northeast, and Neutral Neutral
Pla t B
s Bedroom southeast Neutral Neutral
Shading Devices - Dissatisfied Neutral
Ventilation Single-sided Dissatisfied -
T — Southeast Dissatisfied Neutral
] Northeast Neutral Neutral
gonm)l GERATFIEIET? ot No Dissatisfied Dissatisfied
'ondensation
‘Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
‘Windows Ratio of windows
Size P 1.5x1 1/8 Neutral Neutral
Placement Bedroom Northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
gont,ml QAT No Neutral Dissatisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 04 for daylight gain is from northeast, northwest, and southeast. This building does not have any
shading devices. In this unit, there is unwanted solar gain in summer. Windows Size part in inventories just indicate size and
number of windows.
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The sixth one is Celebi Apartment building with double glazed windows that is
located in the Ilgin SK, Kaliland. Information in inventories is from observations,
and questionnaires. In addition, satisfaction of users’ level is from questionnaires and
just window orientation in ventilation part information is from observations — Table

7. Further information is in appendix G.

Table 7: Celebi Apt., llgin SK, Kaliland

Apartment View Schematic Plan

rUMTD‘.w — UNIT 06, 10

v S

The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
Northwest Neutral Neutral
W
_indows e Southwest Neutral Neutral
Wind: Ratio of wind .
Size EEp o (1.5x1)x2 3/15=1/5 Neutral Neutral
Northwest, and Neutral Neutral
Pla t : - - -

i Bt southwest Dissatisfied Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
- Northwest Neutral Neutral

Southwest Neutral Neutral
So'“,ml CU AN D o Yes Satisfied Satisfied
Windows Opening Types Double casement openin; Neutral Neutral
The Functional Features of Windows Level of Satisfaction

Daylightig Summer time Winter time
Windows Orientation Northwest Neutral Neutral
Wind Ratio of wind, -

| Size area to floor area 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northwest Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Neutral Neutral
g::::::;:::m (Sapefand Yes Satisfied Satisfied

| Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 03 for daylight gain is from northwest, and southwest. In this unit, 01 (bedroom) have proper
daylight and natural ventilation. In 02 (bedroom) daylight and natural ventilation is less than the other room. Windows do not
have any shading devices which makes problem for this flat due to increase the heat gain in summer. In this unit, there is
unwanted solar gain in summer. Windows Size part in inventories just indicate size and number of windows.
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Apartment View

Schematic Plan

— UNIT 04, 08 UNIT 06, 10
| C
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The Functional Features of Windows _ Level of Satisfaction

!

Daylightig Summer time Winter time
Northwest Neutral Neutral
‘Wind Orientatis
néows Brientation Northeast Neutral Neutral
Wikdaws | JRAt0'GE Wi aw3 (1.5x1)x2 3/15-1/10 Neutral Neutral
Size area to floor area
Placement Bedroom Northwest, and Neutral Neutral
northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
e Northwest Neutral Neutral
naows en on
Northeast Neutral Neutral
gontrol of the Air leakage and Y3 Satarcd ]
ondensation
Windows Opening Types Double casement openin; Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Dazlighﬁg Summer time Winter time
Windows Orientation Northwest Neutral Dissatisfied
ML || 1.5x1 1.5/12=1/8 Neutral Neutral
ize area to floor area
Placement Bedroom Northwest Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Neutral Neutral
gont:nl °f.' tichizleakagelanc Yes Satisfied Satisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 04 for daylight gain is from northwest, and southwest. In bedroom 01, daylight and natural
ventilation is a bit suitable. In 02 (bedroom), daylight and natural ventilation is less than the other room. This building does
not have any shading devices. Windows Size part in inventories just indicate size and number of windows.
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Apartment View

Schematic Plan
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The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
e O Southwest Neutral Neutral

n rient n
Southeast Neutral Neutral
| e (1.5x1)x2 3/15=1/10 Neutral Neutral
ize area to floor area
PIRCement Bedroom Southwest, and Neutral Neutral
southeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Southwest Neutral Neutral
‘Wind Orientati
pncows Srientation Southeast Neutral Neutral
ﬁ""‘f‘" 0‘.' DO el Yes Satisfied Satisfied
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Southeast Dissatisfied Satisfied
Windows || Ratio of windows p
Size P 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Southeast Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Southeast Dissatisfied Neutral
g”t,"" QLA el Yes Satisfied Satisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 05 for daylight gain is from Southwest, and Southeast. . In 01 (bedroom), daylight and natural
ventilation is suitable. In 02 (bedroom), daylight and natural ventilation is not as good as the other bedroom. In this unit, there
is unwanted solar gain in summer. Windows Size part in inventories just indicate size and number of windows.
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The Functional Features of Windows Level of Satisfaction
Daylightig Summer time Winter time
. ) . Northeast Neutral Dissatisfied
‘Windows Orientation
Southeast Neutral Neutral
R || (1.5x1)x2 3/15=1/5 Neutral Neutral
ize area to floor area
Placement Bedrom Northeast, and Neutral Neutral
southeast Neutral Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Northeast Neutral Neutral
‘Wind Ori i
LR Southeast Neutral Neutral
ﬁ""',“" Slithetinleakageiand Yes Satisfied Satisfied
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Southeast Satisfied Satisfied
Joiraduld| el bt 1.5x1 1.5/12=1/8 Neutral Neutral
ize area to floor area
Placement Bedroom Southeast Neutral Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Southeast Dissatisfied Neutral
g“t,ml QHLOAREE ) Yes Satisfied Satisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 06 for daylight gain is from southeast, and northeast. In 01 (bedroom), daylight and natural
ventilation is suitable. In 02 (bedroom), daylight and natural ventilation is not as good as the other bedroom. In this unit, there
is unwanted solar gain in summer. Windows Size part in inventories just indicate size and number of windows.
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Apartment View

Schematic Plan

The Functional Features of Windows

r UNIT 04, 08 |— UNIT 06, 10
] (o) -
A
I (02) -—1 .
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~ Conndor
|12 -

Lunros,or

| Level of Satisfaction

Daylightig Summer time Winter time
e Northwest Neutral Neutral
Southwest Neutral Neutral
;‘;z':dows f:e:‘;:;:;:':‘:: (1.5x1)x2 3/15=1/5 Neutral Neutral
PIacenent oot Northwest, and Neutral Neutral
southwest Dissatisfied Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
e e T Northwest Neutral Neutral
Southwest Neutral Neutral
S e Yes Satisfied Satisfied
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northwest Neutral Neutral
il 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northwest Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Neutral Neutral
g::;::s:‘;::: Ak kaERgErad Yes Satisfied Satisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 07 for daylight gain is from northwest, and southwest. In this unit 01 (bedroom) have proper
daylight and natural ventilation. In 02 (bedroom) daylight and natural ventilation is less than the other room. Windows do not
have any shading devices which makes problem for this flat due to increase the heat gain in summer. In this unit, there is
unwanted solar gain in summer. Windows Size part in inventories just indicate size and number of windows.
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The Functional Features of Windows _ Level of Satisfaction

Daylightig Summer time Winter time
y : y Northwest Neutral Neutral
‘Windows Orientation
Northeast Neutral Neutral
Widows! || |Eatiocbuhisws (1.5x1)x2 3/15=1/5 Neutral Neutral
Size area to floor area
Placement Bedroom Dlorimest and ekl Heulrl
aC €]
northeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Northwest Neutral Neutral
Windows Orientation
Northeast Neutral Neutral
e A Yes Satisfied Satisfied
Windows Opening Types Double casement openin Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northwest Neutral Dissatisfied
Windows || Ratio of windows =
Size Ry 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northwest Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northwest Neutral Neutral
g:::ir::s:rﬁt:: AR LR el Yes Satisfied Satisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 08 for daylight gain is from northwest, and northeast. In bedroom 01, daylight and natural
ventilation is a bit suitable. In 02 (bedroom), daylight and natural ventilation is less than the other room. This building does
not have any shading devices. Windows Size part in inventories just indicate size and number of windows.
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Apartment View
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Level of Satisfaction

L UNIT 05, 09

Daylightig Summer time Winter time
S e e st Southwest Neutral Neutral
1 rien n
Southeast Neutral Neutral
‘Windows Ratio of windows .
Size sy o (1.5x1)x2 3/15=1/5 Neutral Neutral
Southwest, and Neutral Neutral
Placement Bedroom southeast Neutral Neutral
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
Southwest Neutral Neutral
‘Wind Orientati
BB Southeast Neutral Neutral
gonmﬂ QDALY €] Yes Satisfied Satisfied
ondensation
Windows Opening Types Double casement openin. Neutral Neutral
The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Placement Southeast Dissatisfied Satisfied
ol | P Ll 1.5x1 1.5/12=1/8 Neutral Neutral
ize area to floor area
Placement Bedroom Southeast Neutral Dissatisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Placement Southeast Neutral Neutral
g::;';::t;:: Sueaassia Yes Satisfied Satisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 09 for daylight gain is from Southwest, and Southeast. . In 01 (bedroom), daylight and natural
ventilation is suitable. In 02 (bedroom), daylight and natural ventilation is not as good as the other bedroom. In this unit, there
is unwanted solar gain in summer. Windows Size part in inventories just indicate size and number of windows.
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Schematic Plan

Apartment View

B r UNIT 04, 08 r UNIT 086, 10

L it os. o7 L unir s, 00
Aanly
Google &

The Functional Features of Windows Level of Satisfaction

Daylightig Summer time Winter time
T Northeast Neutral Dissatisfied
Southeast Neutral Neutral
Rl )| Bl 1.5x1 3/15=1/10 Neutral Neutral
| Size area to floor area
Northeast, and Neutral Neutral
Pla ’

. e southeast Neutral Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Cross and natural ventilation Satisfied -
T T Northeast Neutral Dissatisfied

S Urientatiol

Southeast Neutral Neutral

gom."’ lofthiedinlealagetand Yes Satisfied Satisfied
Windows Opening Types Double casement openin, Neutral Neutral

The Functional Features of Windows * Level of Satisfaction
Daylightig Summer time Winter time
Windows Orientation Northeast Neutral Neutral
Windows || Ratio of windows =
Size area to floor area 1.5x1 1.5/12=1/8 Neutral Neutral
Placement Bedroom Northeast Neutral Satisfied
Shading Devices - Dissatisfied Dissatisfied
Ventilation Single-sided Dissatisfied -
Windows Orientation Northeast Neutral Neutral
R Yes Satisfied Satisfied
Windows Opening Types Double casement opening Neutral Neutral

Explanation: Orientation of unit 10 for daylight gain is from northwest, and northeast. In 01 (bedroom) daylight and natural
ventilation is suitable. In 02 (bedroom) daylight and natural ventilation is not as good as the other bedroom. In this unit, there
is unwanted solar gain in summer.

Appendix H indicates the information, which has been used for the analysis in the
questionnaire part. This chart shows functional features of windows so residence

satisfaction about ventilation and daylight can be understood.
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3.6 Data Analysis

In this study, windows of selected apartment boddi were investigated with
different techniques like observations, questiommsaiwith the residences (e.g.
students and local residences; totally 100 persons). 36 flats from selected apartment
buildings from three main construction companiedzun, Noyanlar, and Dovec-
were chosen. Furthermore, from each company semoddhird levels from each of
the two apartment buildings have been taken agdkes of this study due to more
heat loss and gain on the ground and top floorsostingly, windows of the six
apartment buildings in Famagusta have been inastigto understand the level of
residence satisfaction relating to ventilation aeylighting issues. Finally, the
results of the analysis will be indicated to untmrd the important role of
daylighting and ventilation in window design.

3.6.1 Observations

It is a challenging task to design buildings thatlly meet a variety of residences’
satisfaction, decrease energy consumption andgedtiermal comfort in hot-humid
climates. According to observations, selected caséfer from unventilated rooms

that increase the possibility of condensation, thiedefore mold in buildings.

Most of the residences have complained about thalittons of their indoor

environment and the high electricity price they.pByrthermore, they experience
problems such as too much sunlight gain in hot daygsmost of the buildings do not
have shading devices. Additionally, due to the glesind location of their windows,
users complain from the quality of natural ventiaf especially due to lack of

windows located crossways that increase the pdisgitsi ventilation.
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Similarly, throughout the year residences expegdnproblems relating to passive
cooling and heating the environment in their flathich increased the use of

electricity.

Apartment buildings with single glazed windows hawere problems than the
apartment buildings with double glazed windows ttuthe quality of the material of
double glazed windows. The other essential issatdhould not be forgotten is the
installation of the windows and their material. dtigh, designers select the best
type of windows and owner pay high amount of moteegurchase the best type of
energy efficient windows, if the construction com@s do not implement the
windows properly, it does not have any influence decreasing of energy
consumption. Another important aspect is the oaiggort of the building. If the
building is not properly oriented in terms of gaigidaylight in winter, this will
again affect the energy use and physical and p$ygical health of users. The other
essential issue is the windows size, which is ingydrfor allowing natural and cross
ventilation in buildings. However, this issue istneell considered in buildings
investigated. In addition, mold and mildew wereeysd especially on ground floor

level floors where humidity was higher — Figure 23.
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Uzun Noyanlar Dovec
Single Glazed windows

Figure 22: Case studies from three different construction companies - Uzun,
Noyanlar, and Dovec

3.6.2 Questionnaire Relating to Windows’ Functional Features

Aim of the questionnaire is to understand the level of the satisfaction of the
residences in selected apartment buildings from Uzun, Noyanlar, and Dovec
construction companies in Famagusta, Northern Cyprus. These information are from
the evaluation of 100 questionnaire including 64 students (28 female, and 36 male),
and citizen 36 (14 housewives, 22 men). Information has been categorized according

to window features including daylighting and natural ventilation.

In chart 1, percentage of number of residences questioned from each construction

company is given.
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40%
35%
30%
25% uUZUN
20% = Noyanlar
15% = Dovec
10%
5% -
0%

Chart 1: Percentage of the questionnaire of the different residences of different
companies (Uzun, Noyanlar, Dovec)

3.6.2.1 Daylighting
In this part, the residences are questioned in relation to their satisfaction with

daylighting and natural ventilation.

In the selected apartment buildings, residences are generally dissatisfied (61%) with
shading devices due to not having any shading devices. However, some of the
residential buildings have shutters with white color which result in absorption of heat
in hot days. Consequently, residences are not generally satisfied even if some units

possess have shading devices — Chart 2.

70%

60%

50% -

40% - = Uzun

30% = Noyanlar
= Dovec

20% -

10% -

0% -

Dissatisfied Neutral Satisfied
Chart 2: Satisfaction of residences with shading devices
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In summer and winter time, residences’ satisfacteating to various orientation of
windows are investigated in bedrooms with singlazgd windows. Chart 04
indicates that residences are not satisfied witindaivs’ orientation in summer time
and only 5% are satisfied with windows located antheast direction in bedrooms
on the second and third floors during winter tirdgproximately 5% of the
residences are satisfied with windows looking tatmeest and northeast on the
second floor in summer, as well as northwest, meagh and southeast on second
floor in winter. On third floor, approximately 5% the residences are not satisfied
with windows located on northwest, and southeastummer as well as northeast

and northwest in winter — Chart 3.

Summer War
30% m Southwest = Northwest ENortheast DO Southeast
25% = H H
20% s
15%
10%
506 e hE . . .
oo L1 ~ nal K . MHH a
&S T LR ST
Second Floor Third Floor Second Floor Third Floor

Chart 3: Satisfaction of residences with windowsmation in bedrooms with single
glazed windows in summer and winter time

In summer and winter time, residences satisfactionrelation to different
orientations is investigated in bedrooms with deulglazed window. Chart 4
indicates that residences are more satisfied witidews’ orientation in summer.
Residences are more satisfied with double glazettlaws in winter time. The

residence satisfaction from southwestern windowsarsund 5% on third floor
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(summer time), around 5% on the second floor (wititee), and less than 5% on the
third floor on southeastern facade on the secamar.fln third floor (winter time),
residences are satisfied with windows located aihsast direction in bedrooms on

second and third floors during the winter time.

Summer Winter

18% Southwest @Northwest E=Northeast mSoutheast

16%
14%
12%
10%

8%

6%
2%
0% o :

Second Floor Third Floor Second Floor Third Floor

Chart 4: Satisfaction of residences with windowismation in bedrooms with
double glazed windows in summer and winter time

In summer and winter time, residences’ satisfactioth different orientation of
single glazed windows is investigated in living mm Chart 5 indicates that
residences are not satisfied with windows orieataton northwest and southeast
(8%) direction on the second floor in summer and winter time; southwest around 6%;
northwest 10% and northeast 6% on the second f@orthe third floor, residences
are not satisfied with windows located on southw@%b) and northwest (8%) in
summer, as well as southwest (2%), northwest (1294d) northeast (4%) in winter
time. 20% of the residences are satisfied with wwsllocated on southeast direction
in living rooms on second and third floors durirge twinter time. Consequently,
residences are not satisfied with windows locatethe southern fagade of their flats

which is the most important facade of building ot-humid climate for daylight gain
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during cold days. Furthermore, in the design ofdeins this issue should carefully

be considered.

Summer Winter
Lave - BSouthwest mNorthwest ©ENortheast ©Southeast
12% =
10% .
8% g -
6% ~§~ u -
4% u: — . -
2% B u %§~ -
0% . =
'\é‘\@ e@& &(& &»g@ e@’\& g '\é@b '&%@b & d '&{‘\@b '\é‘&b & > \é@ g
Q\%@ e & e & S P & S P
Second Floor Third Floor Second Floor Third Floor

Chart 5: Satisfaction of residences with windowsmation in living rooms with
single glazed windows in summer and winter time

In summer and winter time, residences’ satisfactoth different orientation of

double glazed windows has been investigated indivooms. Chart 6 indicates that
residences are more satisfied with windows’ origotain summer and winter time
with double glazed windows than single glazed wwslo This value is around 14%
on the second floor in southeast (summer time),aaadnd 10% on the third floor in
southeast (summer time); 8% on the second floor in southeast (winter tinaaid

more than 8% on the third floor in southeast (wititee) are satisfied with windows

in southeast orientation in bedrooms on secondtardifloors in winter time.
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Summer Winter
14%

B Southwest @ Northwest @ Northeast =2 Southeast
12%

10%

n|

8%
6%
4%
2%
0%

Second Floor Third Floor Second Floor Third Floor

Chart 6: Satisfaction of residences with windows orientation in living rooms with
double glazed windows in summer and winter time

In the selected apartments, 49% of the residences are satisfied with the size of their
flat windows, 36% are not satisfied, and 15% wish to have a larger window than

their current windows (single and double glaze) — Chart 7.

mYes
= No

= Not important

H Wish to have larger than
current one size

Chart 7: Satisfaction of residences with size of windows

In this chart, ratio of windows area to floor area is investigated so that ratio of

windows area to floor area for bedrooms can be clarified and residences’ are

satisfactions from these conditions are investigated. In hot-humid climate, ratio of
windows area to floor area should be in between 15 —20% in order to have enough

daylight. Bedrooms in the selected residential buildings have different ratio of
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window area to floor area like 1/5, 1/8, and 1M@st of the residences did not have
any idea about what should be the ideal ratio ofdews area to floor in their

bedrooms on second and third floors. Chart 8 shbaissome of them wish to have
larger windows than the existing one. In summeetiaround 5% on second floor
and third floor are satisfied with the ratio of 1@t is 20% in bedrooms. In addition,

the other ratio of window area to floor area isldswan 15 to 20 % — Chart 8.

Summer iNter
30%
mll5 @118 m@1l10

25% - e
20% 1 g
15% B
10%

5% .:._

0% | 1

) &'Zab &g‘b . &@b ) &@b &‘b\ . &@b ) &@b &‘b\ . %&@b ) &@b &‘b\ . %&@b
S T P ESE IS ESEC

Q\% 5 S S
Second Floor Third Floor Second Floor Third Floor

Chart 8: Satisfaction of residences about ratiowiaoflows area to floor area in
bedrooms in winter and summer time

In this chart, ratio of window area to floor areaimvestigated to understand user
satisfaction and the proper ratio of window arefidor area for living rooms. Living
rooms in the selected residential buildings haviemint ratio of windows area to
floor area like 1/10, 1/13, 1/15, 1/20, and 1/26tHe living rooms, criteria for ratio
of windows area to floor area did not consider.siimmer and winter time, most of
the residences do not have any idea about ratwirmdows area to floor in their

bedrooms in second and third floor — Chart 9.
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Summer Winter
@1/10 @113 21115 m1I20 21126

18%
16%
14% |
10%
8% |
6% |
4% |
2% |
0% |

Second Floor Third Floor Second Floor Third Floor

Chart 9: Satisfaction of residences about ratiwioflows to floor area in living
rooms in winter and summer time

Some of the residences do not have any idea alacgrmpent of windows in their
bedrooms in residential buildings (Single glazdtgsidences are not satisfied with
southeast and northeast windows in summer on seaoddhird floor — Chart 10.

Further information (horizontal axis) relating &nspling is in Appendix |.

35%
30%
25%
20%
15%
10%
5%
0%

12 3 4 56 7 8 9 10 1112 1314 1516 1718

Second Floor Third Floor

m Dissatisfied ENeutral ®Satisfied

Chart 10: Satisfaction of residences about placéwfenindows in bedrooms with
single glazed in summer time — Appendix |
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Some of the residences do not have any idea albacgrpent of windows in their
bedrooms in residential buildings (double glaz&tBsidences are not satisfied with
southwest and southeast windows in summer on semotidhird floor — Chart 11.

Further information (horizontal axis) relating @nspling is in Appendix J.

25%
m Dissatisfied @Neutral | Satisfied

20%

15%

10%

5%

o 11 | N

1 2 3 45 6 7 8 9 101112 13141516 17 18 19 20 21 22 23 24

Second Floor Third Floor

Chart 11: Satisfaction of residences about placéwfenindows in bedrooms with
double glazed windows in summer time — Appendix J

Some of the residences do not have any idea albacgrmpent of windows in their
bedrooms in residential buildings (single glazeldgsidences are satisfied with
southeast southwest and northeast windows in bedranore than other windows
on other faces in winter on second and third flea€Chart 12. Further information

(horizontal axis) relating to sampling is in Append
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m Dissatisfied @Neutral Satisfied

18%
16%
14%
12%
10% —
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

8% o
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Second Floor Third Floor
Chart 12: Satisfaction of residences about placéwfenindows in bedrooms with
single glaze windows in winter time — Appendix |

Some of the residences do not have any idea alacgmpent of windows in their

bedrooms (double glazed). Residences are notisdtisith southeast and northeast
windows in bedrooms more than other windows onrothees in winter on second
and third floors — Chart 13. Further informatiomiizontal axis) relating to sampling

Is in Appendix J.

m Dissatisfied @Neutral Satisfied
20% =

15%

10%

5%

oo L L L] LI

1 2 3 45 6 7 8 9 101112 1314 1516 17 18 19 20 21 22 23 24

Second Floor Third Floor
Chart 13: Satisfaction of residences about placéwfenindows in bedrooms with
double glazed windows in winter time — Appendix J
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Some of the residences do not have any idea albacgrpent of windows in their

living rooms in residential buildings in summer &rgsingle glazed) — Chart 14.

mDissatisfied @Neutral ®Satisfied

Second Floor Thifdloor

Chart 14: Satisfaction of residences about placéwfenindows in living rooms
with single glazed windows in summer time

Some of the residences do not have any idea abbacgrmpent of windows in their
living rooms in residential buildings in summer érfdouble glazed). Residences are
not satisfied with southeast and northwest windowlsszing rooms more than other

windows on other faces in summer in second and fldor — Chart 15.
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Chart 15: Satisfaction of residences about placéwfenindows in living rooms
with double glazed windows in summer time

Some of the residences are not satisfied abouemlect of windows in northwest,
northeast, and southwest in their living roomsesidential buildings in winter time

(Single glazed) — Chart 16.

m Dissatisfied @Neutral Satisfied

10%
9%

5%
4%
3%
2%
1%
0%

NN N A N SR QY
OO A AP R G I MCORRN A
F & & S OF § ¢ & T O
N O 0 Qo O S0
< O O > O O
QT QR QY QTR
\Q\\%c,\Q\ Q\§\Q\\c‘) Q %¢>\°\ Q\\%\Q\\%
S RS R
S S ® SN
Second Floor Third &br

Chart 16: Satisfaction of residences about placéwfenindows in living rooms
with single glazed windows in winter time
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Some of the residences are not satisfied abouemlect of windows in northwest,
northeast, and southwest in their living roomsesidential buildings in winter time
(double glazed). Residences are not satisfied satlthwest and northwest windows
in living rooms more than other windows on otheref&in winter in second and third

floor — Chart 17.

18% m Dissatisfied @ Neutral @ Satisfied

16%
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Chart 17: Satisfaction of residences about placéwfenindows in living rooms
with double glazed windows in winter time

In next page (pine chart), 59% of the residencessatisfied with the placement of
the windows in their flats. However, 41% of theidesces are not satisfied with
location of their windows, as they do not gain alé daylight in cold days or do not
provide ventilation in summer — Chart 18. Size ahdows and location of the

windows are mentioned before in data collection.par
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mYes =No

Chart 18: Satisfaction of residences with the placement of their windows

3.6.2.2 Natural Ventilation

Residences are more satisfied with cross ventilation of windows in southwest-
northwest and northeast-southeast in their bedrooms in residential buildings in
summer time. In single sided rooms, inhabitants are not satisfied with this type of
natural ventilation. Moreover, this problem on the second floor is more than second

floor — Chart 19. Further information (horizontal axis) relating to sampling is in

Appendix K.

m Dissatisfied @ Neutral ©O Satisfied

30%
25%

20%

15% —
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™ 1 | |
0%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Second Floor Third Floor

Chart 19: Satisfaction of residences about natural ventilation of windows in
bedrooms in summer time — Appendix K
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Residences are more satisfied with cross ventiatd windows in southwest-
southeast, and northwest-southwest in second fl®wcsame as second floor in
summer time. In single sided rooms, residences narte satisfied with natural
ventilation. Moreover, this problem on the thirddt is more than second floor —

Chart 20. Further information (horizontal axiskatelg to sampling is in Appendix L.

m Dissatisfied ONeutral @ Satisfied
35%

30%

25%

20%
15%

10%

0% 2
1 2 8 9 10

3 4 5 6 7
Second Floor Third Floor

11 12 13 14

Chart 20: Satisfaction of residences about natugafilation of windows in living
rooms in summer time — Appendix L

In chart 21, generally 67% of the windows are nidight that directly have an

impact on energy consumption of the residentididings in cold days.

M Yes

2 No

Chart 21: Airtight in windows
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In this chart, user satisfaction about windows’ripg types indicated that users do
not have any idea about types of opening in thedrdboms in summer and winter
time on the second and third floors — Chart 22 @&3d Further information

(horizontal axis) relating to sampling is in Append
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m Dissatisfied @ Neutral © Satisfied
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Chart 22: Satisfaction of residences windows opgtype in bedrooms in summer
time — Appendix |
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Chart 23: Satisfaction of residences windows opgetype in bedrooms in winter
time — Appendix |

In this chart, user satisfaction about windows’ripg types indicated that users do
not have any idea about types of opening in tindimnd rooms in summer and winter

time on the second and third floors — Chart 24 2md
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Chart 24: Satisfaction of residences windows opgtype in living rooms in
summer time

m Dissatisfied @ Neutral © Satisfied

Second Floor Thifdloor

Chart 25: Satisfaction of residences windows oggetype in living rooms in winter
time
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According to the opinion of the residences, periamoe to control (Daylight) heat
gain and heat loss of single glazed windows inewate of their flats in summer
and wintertime is indicated in Chart 26. Conseqyerbuthern facade of residential
buildings has an essential role in providingthe buildings; accordingly 18% of the

residences in hot days and 33% of the residencewslth days are satisfied from

southern orientation.

In Chart 27, satisfaction of the residences throulgluble glazed windows in
different sides of the apartment buildings is iadkd. In comparison between
satisfaction of residences in apartment buildingh wingle glazed windows and
double glazed windows shows that residences are sadisfied with double glazed
windows performance in summer and winter that %28 summer and 47% in

winter.

Consequently, performance of the double glazed ovusds better than single glazed
windows in the south side of the selected residériuildings in summer and

wintertime.

|

0% 20% 40% 60% 80% 100% 120%
Hot Days Cold Days
m Southwest Windows 32% 25%
Northwest Windows 21% 23%
m northeast Windows 29% 19%
m Southeast Windows 18% 33%

Chart 26: Satisfaction of the residences aboueufit direction of the single glaze
windows performance in hot and cold seasons
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| |
0% 20% 40% 60% 80% 100% 120%
Hot Days Cold Days
m Southwest Windows 25% 17%
Northwest Windows 22% 22%
= Northeast Windows 24% 14%
m Southeast Windows 29% 47%

Chart 27: Satisfaction of the residences abouewdfit direction of the double glaze
windows performance in hot and cold seasons

Chart 28 indicates that performance of the sindgdzeyl windows is not good in
terms of providing suitable indoor temperature, chhas influence on the energy
consumption in the residential building. On theesthand, in the residential building

the situation is better than buildings with singlazed windows.

Solely, 33% of the residences who are living in @ipartment buildings with single

glazed windows are satisfied with performance o thindows in winter and

similarly 55% for the summer.

Chart 29, indicate that in flats with double glazaddows 42% of the residences are
satisfied with the performance of the windows imter and 36% of the residences

are satisfied with the energy performance of thedaws in summer.
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Chart 28: Satisfaction of the residences aboutsigigze windows performance in

hot and cold seasons
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Chart 29: Satisfaction of the residences about ldogibze windows performance in

hot and cold seasons

In the selected residential building, most of thmdews are single and double

glazed. In addition, single glazed windows are adbb0% where the remaining 50%

of the windows are double glazed in the selectsmleatial buildings, in Famagusta,

North Cyprus — Chart 30.
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Chart 30: Windows types in selected residential buildings in
Famagusta, North Cyprus

3.7 Discussion

Residential buildings are investigated according to daylighting issues which include
window orientation, window size, ratio of window area to floor area, placement,
window glazing and shading devices of windows; and ventilation which includes
ventilation types, window orientation, control of the air leakage and condensation,
and windows opening type in order to understand level of residences satisfaction for
window design to provide proper daylight, and ventilation (heating in cold days and
cooling in cold days) in the residential buildings to realize proper criteria for design
of windows in hot-humid climate in selected residential buildings due to importance
of creating appropriate place and indoor environment for human being by

considering windows design.

At first, four orientations of windows with different windows types (e.g. single and
double glazed) are investigated to realize the proper orientation of windows for
residential buildings in Famagusta, North Cyprus. Most of the residences satisfaction

level is neutral. Consequently, it indicates that orientation of window does not have
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any influence on the single glazed windows. In gahdt is essential to orient
window towards south side of the buildings to hamweugh daylight especially in
living rooms because most of the residences spsid time in living room during
the day. Moreover, sunshades and sun breakersdsbeubpplied to windows on

south side to block undesired daylight income imiser.

In Famagusta, size of the windows in each seleesidential buildings are same as
each other which is 1.5x1 and designers do nosidenthe area of the places in
every flat to have proper daylight. However, mdsthe residences are satisfied with
the size of windows. Another issue is window amedldor area, and results show
that residences do not have enough information tataio of window to floor area
in their bedrooms and living rooms. Furthermorenemf them mentioned that they
wish to have larger windows than the existing dmeaddition, they were more
satisfied with ratio of window area to floor ar@albiedrooms (second and third floor)
in summer. Consequently, in the living room ratiowandow area to floor area
should be changed to gain proper daylight duringl @ays. It is preferable to

consider 15 — 20% ratio in living rooms and bedreom

Window placement is another important issue thaukhbe considered in window
design of apartment buildings, because it has higluence on residences’
satisfaction. Some of residences are not satisfigtd window placement on
southwest, southeast, and northeast in bedroomssimmmer as well as southwest,
southeast, and northeast in bedrooms in winter.eSoinmesidences are not satisfied
with window placement on southeast, northwest sidiéving rooms in summer as
well as southwest, northeast, and northwest imdiviooms in winter. These results

indicate that in placement of windows it is impoitée.g. southeast and southwest)
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to consider the direction in winter and summeris important to locate windows to

south in order to have proper daylight during aiégs.

The other important issue is those designers gestavailable material of windows in
market that are not much expensive such as sinigleed) and double glazed
windows. They should know that installation of wawes is important in terms of
controlling heat and cool gain/loss. Influence ba tlouble glaze windows is more
than single glaze windows. If high-performance wawd with low-solar-gain low-E

coatings are used, the window orientation can @serenergy use in the building.

In this study, results indicate that shading devigge is also an important issue in
especially in hot-humid climate during the sumnieret However, important role of
shading devices has not been considered in wind®sgn of selected residential
buildings in Famagusta, North Cyprus. Furthermaseme of the residential
buildings have shading devices which is shutteesidences are not satisfied with
this type of shading devices due to it blockinglidgny gain during cold days. The
best type is the exterior shading devices and ewayh in south side. However,
sunlight has impact on the quality of the extesanshades and somehow interior
sunshades are appropriate for controlling solan.g8hading devices have high

influence on the decline of energy use in the lgsl.

The other essential factor is providing proper radtwentilation in the residential
buildings in hot-humid climates. The level of sketion of residences in rooms and
living rooms that have cross ventilation is highiean single-sided ventilation no
matter windows are in which direction. Most of tlesidences are interest to open
windows during night. They operate air conditioreiring noon in hot days in
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bedrooms.Some investigation discussed that cooling effechight ventilation is
larger than those of the other ventilation strasgiluring the day and night in

hot-humid regions.

In the design of windows, air leakage and condémsahould be controlled and it is
essential in design of windows in residential binigg especially in cold days. In this
study, most of the residences are not satisfieth wiese issues in single glazed
windows and just they are satisfied in one apartnberiding with double glazed

windows. This issue is essential for residencesdwold days so, this issue should

be considered in window selection.

The other important issue is opening type thatihtisence on providing amount of
natural ventilation in residential buildings. Mosf the buildings have double
casement opening type that is one of the apprepdpening types for Famagusta,
North Cyprus. Residences do not have any idea ajpmiting type or maybe it is not
as important as it is for users. Further infornmatibat is summary of results in

appendix M, N, O, and P.

It is important to consider these issues in ordenave proper daylight in cold days
such as locating most of windows on south sidénabdaylight can be gained in cold
days use vertical windows, have the ratio of windowaate floor area in between
15 — 20%, place windows to have enough daylightinducold days, use double
glazed windows, and apply shading devices in soe#lst and west side of the

residential buildings.

116



In order to have enough natural ventilation, windakiould be located on two sides

of the rooms so that natural enough ventilatiomgsrventilation) can be achieved

during hot days. It is proper to locate windowssothwest and west side, control

air leakage and condensation in window design,cgreshing type should be awing or

double casement for the allowance of more air.

In the following chapter, results of Chapter 3 whlé explained to clarify the

importance of window design for residences’ satisfa in the selected residential

buildings — Table 8. Further information is in apgix H.

Table 8: Summary of findings

DAYLIGHTING

Orientation user satisfaction for living room (e.g. southwesiutheast an
northeast in winter time) in buildings with doulgkzed windows is more thg
buildings with single glazed windows and they aoé satisfied with northweg
windows. User satisfaction for bedroom: southwest southeast

N

—

Ratio of windows area to floor arei for living rooms are 1/10
1/13, 1/15, 1/20, and 1/26 and for bedrooms are WA and 1/10. Howeve
residences satisfaction level is neutral.

]

Placemen for living room and bedrooms: Users’ satisfactismeutral. Living
room and bedrooms: southeast in winter

Shading devices or sun breake (type, material, color) ar
important in the design of windows in Famagustehat-humid climate ang
especially in summer. Exterior shading devices amnerhangs in south sid
Greenery in west side

T =

NATURAL VENTILATION

Ventilation the level of satisfaction of residences in bedrscand living
rooms that have cross ventilation is higher thamlstsided ventilation n
matter windows are in which direction.

Orientation  southwest in  summer for living room and |
bedroom southwest and southeast. For living roorthn@st and southeast g
not satisfied. Users are not satisfied with wind@ivbedrooms on southeast.

or

Control of air leakage just in double glaze windows and residences anet
satisfied.

no

Windows opening type in all of the buildings is casement and residerde
not have any opinion. The best choice is awing tgpe second one is doul
casement.

=
D
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Chapter 4

CONCLUSION AND FURTHER STUDY

This part includes an evaluation of the case sartlygives out recommendations for
the further study. Due to the restrictions relaiedhe desire of the constructors to
have maximum amount of flats in a minimum areas hard to end up with designs
that satisfy the requirements of hot-humid climatéowever, it may be possible to
overcome these difficulties by the introduction ssfme standards that affect the
design, selection and construction of windows. $tugly on the selected residential
buildings in Famagusta most clearly proves thatetle a lack of standards relating

to window design in Northern Cyprus.

However, as an essential component of the buildimggow has two main functions
like providing daylighting and ventilation in buildys as well as supplying a visual
connection between inside and outside of the rasamlebuildings. In this study,
daylighting and ventilation issues and their cdostits have been considered in the
evaluation of windows in hot-humid climate. In texraf daylighting, orientation,
window glazing, size of windows, placement andorafi windows area to floor area,
and shading devices have been looked at in momsl dietorder to understand the
role of these issues in providing proper daylightl &n the ventilation part, natural
ventilation type, orientation, opening type and uhakdification strategies have been

scrutinized in order to understand how windowss$athe residences.
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As far as the daylight issue is considered, sevacabrs should be considered in the
design of windows such as orientation, shadingasyiplacement, size and ratio of
windows area to floor area, and window glazingthe design of windows, the first
effective factor for gaining suitable daylight i®signing a building with proper
orientation so that suitable solar radiation cancbéected both in winter and
summer. Most of the residences are not satisfigd windows orientation in south
east side of their units in winter time due to latlenough daylight in winter so, it is
essential to design windows properly in this sideorder to increase the level of

residence satisfaction.

In Famagusta, windows with largest spans shouldobated on southeast and
southwest side of buildings in order to gain enodgilight. In northwest, windows

should be minimized.

Most of the residences are not satisfied with loorial windows. Therefore, window
size should be enlarged as well as including \artapenings for gaining more
daylight during winter especially in living room&dause users spend most of their
time in living rooms. In most of bedrooms anddiyirooms ratio of window area to
floor area is less than 15 — 20% and in bed rood8s.21t is advisable to have the
ratio of window area to floor area in between 152@%0 in bedrooms and living
rooms, however, it has been discovered that the taglifferent in the selected

residential buildings.

According to the questionnaires, around 49% ofrdsedences are satisfied with the
size of the windows in their flats especially wittom sizes of 12m2. However, 15%
of the residences wish to have larger windows thanexisting ones located in the
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living rooms due to daylight and natural ventilatissues. Therefore, it is not only
important to design the size of windows thinking/ldght issues, but also consider
the depth of space in the building so that theenisugh opening to gain daylight in
cold days. However, wide openings can also haveffaet on the increase of heat

loss and gain.

The other important aspect is the kind of windoazgig used in selected residential
buildings, so, it is preferable to use double,l¢rdglazed and other new types of
materials in order to control solar radiation immsner in Famagusta, North Cyprus.
In general, level of residence satisfaction witluldle glazed windows is a slightly
higher than single glazed windows. Thermal insatatis an important issue to be
considered in the selection of window material,duse heat loss can occur through
the windows when indoor temperature is more thadamr temperature. Therefore,
U-Value of windows (e.g. both sash and frame) sthdw@ selected properly in order
to control the heat loss through windows. Theref@artment buildings and its
components should be designed appropriately camsgdethe environmental

characteristics of the residential buildings theatdnbeen mentioned above.

Furthermore, in order to control sunlight penetmati shading devices and sun
breakers should be integrated. According to thestipenaires carried out with the
users, most of the residences are not satisfidu thwit shutters of their flat windows.
In order to maximize the level of users’ satisfactioverhangs are suggested on the
southern side of residential buildings in ordeceémtrol the sun in summer and early
fall. In west, east and north side of the buildingpveable or stable sun shades can

be integrated.
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The other function in design of windows in hot-hdmelimate is providing

appropriate natural ventilation during hot dayshwt-humid climate in residential
buildings. Some factors should be realized in desigwindows to have appropriate
natural ventilation such as cooling techniquesrdstion, window opening type and

control of humidity.

Most of the living rooms and bedrooms do not hawes< ventilation and this creates
problem for providing suitable air circulation imet building in order to remove heat
and humidity. Therefore, air circulation has an amgant especially in residential
buildings and it is important to provide cross viatibn in most of the flats in order

to increase level of residences’ satisfaction agxlide electricity usage.

Residences are more satisfied if windows are ldcatesouthwest and west sides of
their living room and bed rooms. According to Fanmgtg climate, wind direction is
from southwest and west in summer. Therefore, rabstindows should be located
on mentioned sides. The other important issue taralaventilation in design of

windows in residential buildings.

Components of windows like glass and their propstaillation are also important for
designers. Types of openings are effective for iping proper daylight and natural
ventilation in the apartment buildings. Almost afl the window opening types in
selected residential buildings have double caseme@ning. The level of residence
satisfaction is neutral. According to criteria aodllected data the best possible
choices can be awing, casement, sliding and cadetyigm (Vertical one) as they
help reduce heat loss and gain through the windimweesidential buildings in
Famagusta, North Cyprus. One of the problems indgasta is the humidity where
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providing suitable indoor temperature during theryes difficult for residents in
apartment buildings. Opening types of windows samet have an essential role in

improving the function of windows in hot and colayd in Famagusta.

In cases where windows are double glazed residereesatisfied with the control of
air leakage and condensation. Therefore, it isntisdeo consider these issues in
window design. The other essential matter is tooskaairtight windows as well as
other components (e.g. moisture transport strigvéen glazing or proper insulation)

to control condensation in humid climates.

For removing humidity, it is essential to provid®ss ventilation in the residential
buildings. As mentioned in most of the cases inrbech and living room, this issue
is very much underestimated. Therefore, resideacesusually obliged to use air
conditioning units in summer time. Therefore, it important to provide cross
ventilation in the residential buildings in order increase residence satisfaction in

hot-humid climates.

In this study, daylighting and natural ventilatimsues were examined in selected
residential buildings in Famagusta to understamdleiel of residence satisfaction.
In further study, material of windows can be exasdiiso that the role of material in
controlling of daylight and decreasing of energg us apartment buildings can be
understood. This will help recommend new typematerial which are both flexible

under various environmental conditions and inexpen® apply.
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Appendix A: Questionnaire Relating to Windows’ Functional
Features

EASTERN MEDITERRANEAN UNIVERSITY
(DOGU AKDENIZ UNIVERSITESI)

SUBJECT:
An Evaluation of Residence Satisfaction on Window Design of Mass Housing in
Hot-Humid Climates: The Case of Famagusta, North Cyprus

QUESTIONAIRE

SOOLMAZ ABDALI HAJIABADI 125371

Data collection
Questionnaire for user satisfaction:

The aim of this questionnaire has been to identify the effect of openings on people’s life in every
(11171 (s) UG O T apartment.

A. Daylighting
. Are you satisfied with shading devices of you unit?

—

Construction Companies Dissatisfied Neutral Satisfied
Uzun
Noyanlar
Dovec

2. Are you satisfied with windows orientation in bedrooms with single glazed in summer and winter

time?

Windows Orientation Dissatisfied Neutral Satisfied
Southwest
Northwest
Northeast
Summer | Southeast
Southwest
Northwest
Northeast
Southeast
Southwest
Northwest
Northeast
Winter Southeast
Southwest
Northwest
Northeast
Southeast

WY 2 ettt e ettt et et st st es e e et et e et st et es e e s
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3. Are you satisfied with windows orientation in bedrooms with double glazed windows in summer

and winter time?

Windows Orientation | Dissatisfied Neutral Satisfied
Southwest
Northwest
Northeast
Summer | Southeast
Southwest
Northwest
Northeast
Southeast
Southwest
Northwest
Northeast
Winter Southeast
Southwest
Northwest
Northeast
Southeast

4. Are you satisfied with windows orientation in living rooms with single glazed in summer and

2 winter time?

Windows Orientation | Dissatisfied Neutral Satisfied
Southwest
Northwest
Northeast
Summer | Southeast
Southwest
Northwest
Northeast
Southeast
Southwest
Northwest
Northeast
Winter Southeast
Southwest
Northwest
Northeast
Southeast
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5. Are you satisfied with windows orientation in living rooms with double glazed windows in summer and

winter time?

Windows Orientation | Dissatisfied Neutral Satisfied
Southwest
Northwest
Northeast
Summer | Southeast
Southwest
Northwest
Northeast
Southeast
Southwest
Northwest
Northeast
Winter Southeast
Southwest
Northwest
Northeast
Southeast

W2 ettt ettt e ettt eh e ettt ettt eh ettt et ee et et eeeaea

6. Are you satisfied with the size of windows?

Yes

No

Not important

Wish to have larger than current one size
Wish to have smaller than the current one size

7. Are you satisfied with ratio of windows area to floor area in bedrooms in winter and summer

time?
Ratio of Windows Area to Floor Area | Dissatisfied Neutral Satisfied
115
Second
118
Floor
1110
Summer 15
Third
Floor S
1110
Second L
118
Floor
& 1110
Winter 15
Third
Floor 118
1110
B 1 e
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8. Are you satisfied with ratio of windows to floor area in living rooms in winter and summer time?

Ratio of Windows Area to Floor Area | Dissatisfied Neutral Satisfied
1110
1113
1115
1120
1126
1110
1113
1115
1120
1126
1110
1113
1115
1120
1126
1110
1113
1115
1120
1126

Second
Floor

Summer

Third
Floor

Second
Floor

Winter

9. Are you satisfied with placement of windows in bedrooms with single glazed in summer time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? Why?...........o i

10.  Are you satisfied with placement of windows in bedrooms with double glazed windows in

summer time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? WHy?.........o.oi e

11.Are you satisfied with placement of windows in bedrooms with single glaze windows in winter time?

Dissatisfied
Neutral
Satisfied

‘Which:place? Whichfloor? Why .- st s s e semsssssess s ss st
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12.  Are you satisfied with placement of windows in bedrooms with double glazed windows in

winter time?

Dissatisfied
Neutral
Satisfied

Which:place? Which:fl00r? WY 2.c.ucucssomssumsuiusususmsunsnsmsssumssmssms s ssmsiatsss s 2555 a5 sssasss ssossssinass

13.  Are you satisfied with placement of windows in living rooms with single glazed windows in

summer time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? Why?.........ooo i

14.  Are you satisfied with placement of windows in living rooms with double glazed windows in

summer time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? WRy?.........oooiie e

15.  Are you satisfied with placement of windows in living rooms with single glazed windows in

winter time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? WRy?.........oooii e

16.  Are you satisfied with placement of windows in living rooms with double glazed windows in winter

time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? Why?..........oi e
17.  Are you satisfied with placement of their windows?

Yes
No
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B. NATURAL VENTILATION
18.  Are you satisfied with natural ventilation of windows in bedrooms in summer time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? Why?. ..o

19. Are you satisfied with natural ventilation of windows in living rooms in summer time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? Why2izo v mnessnnsememensmnmnnss s amassssns

21.  Are you satisfied with windows opening type in bedrooms in summer time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? Why?.........oooi ettt

22.  Are you satisfied with windows opening type in bedrooms in winter time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? WRY?. .....ccuissmsssisssssisssissssssssssssssssissississsssossisss ssssmssss sassssssasssssives
23.  Are you satisfied with windows opening type in living rooms in summer time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? WRY?.........o.ooiiieeeeeee e

24.  Are you satisfied with windows opening type in living rooms in winter time?

Dissatisfied
Neutral
Satisfied

Which place? Which floor? WRY?...........o.oiiiieoeeecee et
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Appendix B: M. Oltan Apt., Schematic Plan (Uzun)
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Appendix C: Emine Apartment, Schematic Plan (Uzun)
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Appendix D: Arken 14 Apartment, Schematic Plan (NOYANLAR)
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Appendix E: Arken 12 Apartment, Schematic Plan (NOYANLAR)
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Appendix F: Apartment Number 18, Schematic Plan (DOVEC)
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Appendix G: Celebi Apartment, Schematic Plan (DOVEC)
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Appendix H: Questionnaires results

W'n@‘s_ Functional Features 4. Are you satisfied with windows 7. Are you satisfied with ratio of
Daylighting oriemat_ion in living rooms with_ singleDissatisfied| Neutral| Satisfie windows area to floor area in Dissatisfied| Neutral| Satisfiel
1. Are you satisfied with shading glazed in summer and winter time? bedrooms in winter and summer time?
devices? Southwest 12% 15 10% 49
Uzun 61% 39% - Northwest 8 49 Second g 2404
9 - Floor
Noyanlar 50% 50% Northeast 59 S 110 7%
0 0/ - ummer
Dovec 46% 54% summer Southeast 8% 13 ] 5 189 39
2. Are you satisfied with windows| Southwest 29 8% Third 18 139
orientation in bedrooms with single| Dissatisfied| Neutral| Satisfie Northwest 8Y 89 Floor 110 2100
glazed in summer and winter time? Northeast 49
)0,
Southwest 49 Southeast 12% 4% Ao Second 5 10%
Northwest 49 89 Southwest 504 5% 4% Floor us 25%
Northeast 269 Northwest 109 3% Winter 110 169
Southeast 6do Northeast 69 4% Third us 9%
Summer 9
Southwest 49 Winter Southeast 5% 6% Floor 18 22:
0
e 2 8 Southwest 2 7% 5% 110 18
NOTneasT 260 Northwest 119 3% 8. Are you satisfied with ratio of
S 2 5 Northeast 49 5% windows to floor area in living rooms Dissatisfied| Neutral| Satisfieq
QeSS u i Southeast 7% 8% in winter and summer time?
0f
zz;;hv\:,\fj: 5 ;‘o 5.. l‘;reryoq sra\t.isfied with wii[r:jdows 1110 179
UL L) (s Dissatisfied| Neutral| ~Satisfied 113 179
Northeast 19 26% double glazed windows in summer Second
3 i 1115 8%
) Southeast 14 o b gndiwinteriies Floor
Winter ST 7 Southwest 5% 9% u20 8%
0 9 1126 8%
Northwest 6% 49 :OE:Wes: 210 1 76 Summer il 7
ortheas
Northeast 49 229 -
Southeast 13% 6 113 179
Southeast 6% 2% Summer Third
_ - Southwest 29 5% 7Y% 115 8%
3. Are you satisfied with windows oTTweat EY D =3 Floor -
orientation in bedrooms with doublg . . - Iz 8%
) ) . ] Dissatisfied| Neutral| Satisfie Northeast 29 4% 0
glazed windows in summer and winfer 26 8%
time? Southeast 3% 4% 9o 110 1794
Southwest 13% Southwest 3 5% Sy 113 179
Northwest 29 o9 Northwest 39 49 6% Second 115 8
Northeast 129 Northeast & & Foor % 8%
. Southeast 4% %
Southeast 149 Winter 126 8%
Summer South 5 T 3 Southwest 29 7% 5% Winter
outhwes! 9
" d ° Northwest 49 59 2% 10 17%
Northwest 29 8 Northeast 29 59 Third 113 179
Northeast 109 Southeast 2% 7Y% 9o Floor 15 8%
Southeast 2% 126 6. Are you satisfied with the size gf 120 8%
Southwest 12% 2% windows? 1126 8%
Northwest 3Y 29 Yes 49%)
Northeast 19 9% No 36%)
Southeast 1% 14% A i B
Winter Not important
Southwest 14%
Wish to have larger than current one gize 15%)
Northwest 49 49
Northeast 29 1090 Wish to have smaller than the current
Southeast 1690 2% one size




9. Are you satisfied with placemer
of windows in bedrooms with single]

glazed in summer time?

t

Dissatisfied

Neutral

Satisfied

Summer

Second
Floor

Uz/04/02/NW

49

10.

placement of windows in bedrooms

Are you satisfied with

with double glazed windows in
summer time?

Dissatisfied

Neutral | Satisfied

Uz/04/02/SW

49

Uz/04/02/NW-
NOY/04/02/NW-
DOV/03/02/NW

12%)

Uz/04/02/NE-
NOY/04/02/NE-
DOV/03/02/NE

4%

8%

Uz/08/01/NE-
NOY/05/02/NE-
DOV/04/02/NE

12%

Uz/08/01/SE-
NOY/05/02/SE-
DOV/04/02/SE

8%

4%

Uz/05/02/SW

49

Uz/05/02/SE

49

Uz/06/01/NW

Uz/07/01/NE-

NOY/04/03/NE-
NOY/05/03/NE-
NOY/06/02/NE-
NOY/06/03/NE-
DOV/03/03/NE-
DOV/04/03/NE

29%)

Third
Floor

Uz/09/02/NW

49

Uz/09/02/SW

49

Uz/11/02/NW-
NOY/07/02/NW-
DOV/05/02/NW.

12%)

Uz/11/02/NE-
NOY/07/02/NE-
DOV/05/02/NE

12%)

Uz/13/01/NE-
NOY/08/02/NE-
DOV/06/02/NE

4%

8%

Uz/13/01/SE-
NOY/08/02/SE-
DOV/06/02/SE

4%

8%

Uz/10/02/SW

49

Uz/10/02/SE

Uz/06/01/NW

49

Uz/07/01/NE-

NOY/04/03/NE-
NOY/05/03/NE-
NOY/06/02/NE-
NOY/06/03/NE-
DOV/03/03/NE-
DOV/04/03/NE

29%)

Summer

Second
Floor

DOV/03/01/NW

49

lil,,

time?

Are you satisfied with
placement of windows in bedrooms
with single glaze windows in winter

Dissatisfied

Neutral

Satisfie

DOV/03/01/SW

49

NOY/03/03/NW-
DOV/04/01/NW

8%

NOY/03/03/NE-
DOV/04/01/NE

8%

NOY/04/03/NE-
DOV/06/01/NE

8%

NOY/04/03/SE-
DOV/06/01/SE

8%

DOV/05/01/SW

DOV/05/01/SE

39

UZ/04/02/NW-
UZ/04/03/NW-
NOY/03/02/NW-
DOV/03/02/NW-
DOV/04/02/NW

19%)|

NOY/03/04/NE-
NOY/04/04/NE-
DOV/06/02/NE

11%)|

UZ/03/02/SE-
UZ/03/03/SE-
NOY/04/02/SE-
DOV/05/02/SE

11%)|

5%

Uz/03/04/SW-
Uz/04/04/SW

8%

Third
Floor

DOV/07/01/NW

4%

DOV/07/01/SW

NOY/05/03/NW-
DOV/08/01/NW

8%

NOY/05/03/NE-
DOV/08/01/NE

8%

NOY/06/03/NE-
DOV/10/01/NE

8%

NOY/06/03/SE-
DOV/10/01/SE

4%)

DOV/09/01/SW

39

DOV/09/01/SE

39

UZ/06/02/NW-
UZ/06/03/NW-
NOY/05/02/NW-
DOV/07/02/NW-
DOV/08/02/NW

20%

NOY/05/04/NE-
NOY/06/04/NE-
DOV/10/02/NE

11%,

UZ/05/02/SE-
UZ/05/03/SE-
NOY/06/02/SE-
DOV/09/02/SE

4%

15%

Uz/05/04/SW-
Uz/06/04/SW

8%

Winter

Second
Floor

Uz/04/02/NW

19

Uz/04/02/SW

1%

Uz/04/02/NW-
NOY/04/02/NW-
DOV/03/02/NW

2%

1%

Uz/04/02/NE-
NOY/04/02/NE-
DOV/03/02/NE

2%

1%

Uz/08/01/NE-
NOY/05/02/NE-
DOV/04/02/NE

3%

Uz/08/01/SE-
NOY/05/02/SE-
DOV/04/02/SE

1%

2%

Uz/05/02/SW

1%

Uz/05/02/SE

19

Uz/06/01/NW

19

Uz/07/01/NE-
NOY/04/03/NE-
NOY/05/03/NE-
NOY/06/022/NE-
NOY/06/03/NE-
DOWV/03/03/NE-
DOV/04/03/NE

3%

4%

Third
Floor

Uz/09/02/NW

19

Uz/09/02/SW

1%

Uz/11/02/NW-
NOY/07/02/NW-
DOV/05/02/NW

1%

2%

Uz/11/02/NE-
NOY/07/02/NE-
DOV/05/02/NE

3%)

Uz/13/01/NE-
NOY/08/02/NE-
DOV/06/02/NE

2%)

1%

Uz/13/01/SE-
NOY/08/02/SE-
DOV/06/02/SE

2%

1%

Uz/10/02/SW

Uz/10/02/SE

19

Uz/06/01/NW

19

Uz/07/01/NE-
NOY/04/03/NE-
NOY/05/03/NE-
NOY/06/022/NE-
NOY/06/03/NE-
DOV/03/03/NE-
DOV/04/03/NE

3%

4%




12. Are you satisfied with
placement of windows in bedrooms|
with double glazed windows in wint
time?

rDis satisfied|

Neutral| Satisfie

DOV/03/0L/NW

4%

DOV/03/01/SW

49

NOY/03/03/NW-
DOV/04/01/NW

8%

NOY/03/03/NE-
DOV/04/01/NE

8%

NOY/04/03/NE-
DOV/06/01/NE

8%

NOY/04/03/SE-
DOV/06/01/St

8%

DOV/05/01/SW

39

DOV/05/01/SE

49

Second
Floor

UZ/04/02/NW-
UZ/04/03/NW-
NOY/03/02/NW-
DOV/03/02/NW-
DOV/04/02/NW

19%

NOY/03/04/NE-
NOY/04/04/NE-
DOV/06/02/NE

3%

8%

UZ/03/02/SE-
UZ/03/03/SE-
NOY/04/02/SE-
DOV/05/02/SE

3%)

129

Uz/03/04/SW-
Uz/04/04/SW

8%

Winter DOV/07/01/NW

4%

DOV/07/01/SW

49

NOY/05/03/NW-
DOV/08/01/NW

8%

NOY/05/03/NE-
DOV/08/01/NE

8%

NOY/06/03/NE-
DOV/10/01/NE

8%

NOY/06/03/SE-
DOV/10/01/SE

8%

DOV/09/01/SW

39

Third DOV/09/01/SE

49

Floor  [07Z/06/02/NW-

UZ/06/03/NW-
NOY/05/02/NW-
DOV/07/02/NW-
DOV/08/02/NW

19%

NOY/05/04/NE-
NOY/06/04/NE-
DOV/10/02/NE

11%

UZ/05/02/SE-
UZ/05/03/SE-
NOY/06/02/SE-
DOV/09/02/St

3%

12%

Uz/05/04/SW-
Uz/06/04/SW.

8%

13. Are you satisfied with 15. Are you Sati§ﬁe_d_ witt
placement of windows in living roonts_. o o placement of windows in living roonjs_. e e
A S T e Dissatisfied| Neutral| Satisfied with single glazed windows in wintef D oS atisfied)  Neutral|  Satisfie
B time?
time?
Uz/04/01/NW 19 U2/04/OL/NW 5
Uz/05/01/SE 4%
0
UREEE 1 NOY/06/01/NE 59
NOY/06/01/NE 19 O IETE o ol
NOY/05/01/SW- 204) Second |DOV/04/01/SW
Second |DOV/04/01/SW Floor Uz/05/01/SE- o%
Floor Uz/05/01/SE- 206 DOV/04/0L/SE
DOV/04/01/Sk ’ NOY/04/01/NW- 4% 504
NOY/04/01/NW - 2% DOV/03/01/NW
comsom |
NOYIOWOLISW- 2% Winter UZ/09/01/NW 59
DOV/03/01/SW
Summer USRI I UZ/10/01/SE D
Uz/10/01/SE 19 NOY/09/01/NE 59
NOY/05/01/SW-
0/ 0,
NOY/09/01/NE 19 Third DOVIO4/01/SW 5% 4%
NOY/05/01/SW- o4 Floor Uz 05/ OL/SE- o
Third DOVI04/01/SW DOV/04/0V/SE
Floor Uz/05/01/SE- 2 NOY/04/01/NW-
% o 0
DOVI04/0L/SE ° DOVIO3/0L/NW 4% 5%
NOY/04/01/NW- NOY/04/01/SW- o o
DOVI03/0L/NW 2% DOV03/01/SW 4% 54
NOY/04/01/SW- 204 16. Are you satisfied with
| : L
DOV/03/01/SW pIgcement ol wmdow_s n I|V|ng m.onsDissatisﬁed Neutral| Satisfie
14, Are you satisfied with with double glazed windows in winter
i in livi time?
placement of windows in living roonjs_. . -
with double glazed windows in | Dsatisfied  Neutral| - Satisfieq UZIO3/0L/NE 169
summer time? UZ/03/01/SE 109
UZ/03/0L/NE 169 UZ/04/01/NE 129
UZ/03/01/SE 109 Second |UZ/04/01/NW 109
UZ/04/0LNE 129 Floor NOY/03/0L/NW 169
Second |UZ/04/01/NW 109 NOY/03/01/SW 139
Floor  [NOY/03/01/NW 169 MONIEE ST 19
)0,
NOY/03/01/SW 139 Winter NOY/03/01/SE 9
NOY/03/01/SW 149 UZ/0S/01/NE 139
v UZ/05/01/SE 129
Winter NON0I0USE 9 UZ/06/01/NE 149
0,
UZ/05/01/NE 13 Third UZ/06/01/NW 129
UZ/05/01/SE 129 Floor NOY/05/01/NW 169
UZ/06/01/NE 149 NOY/05/01/SW 109
Third UZ/06/01/NW 129 NOY/06/01/SW 120
Floor NOY/05/01/NW 169 NOY/06/01/SE 119
NOY/05/01/SW 109 17. Are you satisfied with Ye N
NOY/06/01/SW 119 placement of their windows? e} 9
NOY/06/01/SE 129 59% 419y




17. Are you satisfied with
placement of their windows?

Yes|

Nof

59%|

419%

Uz/04/02/NW-
DOV/03/01/NW
Uz/04/02/SW-
DOV/03/01/SW

Uz/08/01/NE-
NOY/05/02/NE-
DOV/04/02/NE-
NOY/04/03/NE-
DOV/06/01/NE +
Uz/08/01/SE-
NOY/05/02/SE-
DOV/04/02/SE-
NOY/04/03/SE-
DOV/06/01/SE
Second
Floor

Uz/06/01/NW

UZ/04/02/NW-

DOV/04/02/NW

Dissatisfied

Neutral

Satisfied

6%

14%

1%)

29

6%

26%|

3%

12%

3%

12%

Winter

Third
Floor

Uz/03/04/SW- 6%

Uz/04/04/SW

6%

Uz/11/02/NW-

NOY/07/02/NW-
DOV/05/02/NW -
NOY/05/03/NW-
DOV/08/0L/NW +
Uz/11/02/NE-

NOY/07/02/NE-
DOV/05/02/NE-
NOY/05/03/NE-
DOV/08/01/NE

13%

14%

Uz/10/02/SW-
DOV/09/01/SW
Uz/10/02/SE-
DOV/09/01/SE

9%

17%

Uz/12/01/NE-

NOY/07/03/NE-
NOY/08/03/NE-
NOY/09/02/NE-
NOY/09/03/NE-
DOV/05/03/NE-
DOWV/06/03/NE-
NOY/05/04/NE-
NOY/06/04/NE-
DOV/10/02/NE

23%

12%

Uz/05/04/SW-

6%

Uz/06/04/SW

Summer

Second
Floor

Uz/04/01/NW
NOY/06/01/NE

UZ/03/01/NE +
UZ/03/01/SE

NOY/04/01/NW-
DOV/03/01/NW-
NOY/03/01/NW 4
NOY/04/01/SW-
DOV/03/01/SW-
NOY/03/01/SW

Uz/10/01/SE

UZ/05/01/NE +

UZ/05/01/SE

Dissatisfied

Neutral

Satisfied

[

90

109

9%

18%

18%)|

27%

9y

109

9y

12%

UZ/06/01/NE +
UZ/06/01/NW

NOY/08/01/NW-

12%

30%

18%)|

No

33%

679




Summer

Second
Floor

Third
Floor

Dissatisfied| Neutral| Satisfied
Uz/04/02/NW 49
Uz/04/02/SW 49
13%
13%)
12%|
Uz/08/01/SE-
NOY/05/02/SE- 12%|
DOV/04/02/SE
40
4%
Uz/06/01/NW 49
30%)|
49
40
12%
12%
13%
NOY/08/02/SE- 13%
DOV/06/02/SE
49
4%
Uz/06/01/NW 59
29%|

Winter

Second
Floor

Third
Floor

Uz/04/02/NW

Dissatisfied

Neutral

Satisfied

49

Uz/04/02/SW

Uz/08/01/NE-
NOY/05/02/NE-
DOV/04/02/NE

49

13%

13%|

12%)

Uz/08/01/SE-
NOY/05/02/SE-
DOV/04/02/SE

Uz/06/01/NW

Uz/09/02/NW

12%)

49

4%

49

30%)

49

Uz/09/02/SW

49

12%)

12%

Uz/13/01/NE-

13%

Uz/13/01/SE-
NOY/08/02/SE-
DOV/06/02/SE

13%

49

4%

Uz/06/01/NW

59

29%)

Second
Floor

Summer

Third
Floor

Second
Floor

Winter

Dissatisfied|

Neutral

Satisfie

Uz/04/01/NW

50

4%

NOY/06/01/NE

49

9%

9%

NOY/04/01/NW-
DOV/03/01/NW

10%|

9%

Uz/09/01/NW

50

49

NOY/09/01/NE

10%

9%

NOY/08/01/NW-
DOV/05/01/NW

9%

NOY/08/01/SW-
DOV/05/01/SW

6%

Dissatisfied|

Neutral

Satisfie

Uz/04/01/NW

50

Uz/05/01/SE

49

NOY/06/01/NE

49

NOY/05/01/SW-
DOV/04/01/SW

9%

Uz/05/01/SE-
DOV/04/01/SE

9%

NOY/04/01/NW-
DOV/03/01/NW

10%|

NOY/04/01/SW-
DOV/03/01/SW

9%

Third
Floor

Uz/09/01/NW

Uz/10/01/SE

49

NOY/09/01/NE

59

NOY/07/01/SW-
DOV/06/01/SW

10%

NOY/07/01/SE-
DOV/06/01/SE

9%

NOY/08/01/NW-
DOV/05/01/NW

9%

NOY/08/01/SW-
DOV/05/01/SW

6%




Yes No
January 33%
February 33%
March 339
April 55%
May 559
June 559
July 55%
Agust 559
September 55%
October 339
November 33%
December 33%

I(Pissatisfied Neutral| Satisfied in Yes No
Southwest 32%| January 429
Hot days Northwest 21%| February 429
Northeast 29%) March 429
Southeast 18% April 64%
25% May 649
23%| June 649
19% July 64%
33%| Agust 649
September 64
October 429
EPissatisfied Neutral| Satisfied November 429
December 429
Southwest 25% Single glaze 50%
Hot days Northwest 2204 D(_Juble glaze 50%
Northeast 24% Triple glazed
Southeast 29% Other
17%
22%
14%
47%




Appendix I: Explanation of horizontal axis of chart 10, 12, 22, 23

Number Places
1 Uz/04/02/NW
2 Uz/04/02/SW
3 Uz/04/02/NW-NOY/04/02/NW-DOV/03/02/NW
4 Uz/04/02/NE-NOY/04/02/NE-DOV/03/02/NE
5 Uz/08/01/NE-NOY/05/02/NE-DOV/04/02/NE
6 Uz/08/01/SE-NOY/05/02/SE-DOV/04/02/SE
7 Uz/05/02/SW
8 Uz/05/02/SE
9 Uz/06/01/NW

Uz/07/01/NE-NOY/04/03/NE-NOY/05/03/NE-NOY/06/02/NE-

10 NOY/06/03/NE-DOV/03/03/NE-DOV/04/03/NE
11 Uz/09/02/NW

12 Uz/09/02/SW

13 Uz/11/02/NW-NOY/07/02/NW-DOV/05/02/NW
14 Uz/11/02/NE-NOY/07/02/NE-DOV/05/02/NE

15 Uz/13/01/NE-NOY/08/02/NE-DOV/06/02/NE
16 Uz/13/01/SE-NOY/08/02/SE-DOV/06/02/SE

17 Uz/10/02/SW

18 Uz/10/02/SE

19 Uz/06/01/NW

20 Uz/07/01/NE-NOY/04/03/NE-NOY/05/03/NE-NOY/06/022/NE-

NOY/06/03/NE-DOV/03/03/NE-DOV/04/03/NE

Explanation: Uz (Uzun construction Company), NOY (Noyanlar Construction
Company), and DOV (Dovec Construction Company)

For example, Uz/04/02/NW: Uzun Co./ Unit number is 04/ Bedroom number is 02/
Northwest (window orientation)
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Appendix J: Explanation of horizontal axis of Chart 11, 13

Number Places
1 DOV/03/01/NW
2 DOV/03/01/SW
3 NOY/03/03/NW-DOV/04/01/NW
4 NOY/03/03/NE-DOV/04/01/NE
S5 NOY/04/03/NE-DOV/06/01/NE
6 NOY/04/03/SE-DOV/06/01/SE
7 DOV/05/01/SW
8 DOV/05/01/SE
9 UZ/04/02/NW- UZ/04/03/NW-NOY/03/02/NW-DOV/03/02/NW-
DOV/04/02/NW
10 NOY/03/04/NE-NOY/04/04/NE-DOV/06/02/NE
11 UZ/03/02/SE-UZ/03/03/SE-NOY/04/02/SE-DOV/05/02/SE
12 Uz/03/04/SW-Uz/04/04/SW
13 DOV/07/01/NW
14 DOV/07/01/SW
15 NOY/05/03/NW-DOV/08/01/NW
16 NOY/05/03/NE-DOV/08/01/NE
17 NOY/06/03/NE-DOV/10/01/NE
18 NOY/06/03/SE-DOV/10/01/SE
19 DOV/09/01/SW
20 DOV/09/01/SE
21 UZ/06/02/NW- UZ/06/03/NW-NOY/05/02/NW-DOV/07/02/NW-
DOV/08/02/NW
22 NOY/05/04/NE-NOY/06/04/NE-DOV/10/02/NE
23 UZ/05/02/SE-UZ/05/03/SE-NOY/06/02/SE-DOV/09/02/SE
24 Uz/05/04/SW-Uz/06/04/SW
Explanation: Uz (Uzun construction Company), NOY (Noyanlar Construction
Company), and DOV (Dovec Construction Company)
DOV/03/01/NW: Dovec Co./ Unit number is 03/ Bedroom number is 01/ Northwest
(window orientation)
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Appendix K: Explanation of horizontal axis of Chart 19

Number Places
1 Uz/04/02/NW-DOV/03/01/NW + Uz/04/02/SW-DOV/03/01/SW
Uz/06/02/NW-NOY/04/02/NW-DOV/03/02/NW

2 NOY/03/03/NW-DOV/04/01/NW+ Uz/0/02/NE-NOY/04/02/NE-
DOV/03/02/NE-NOY/03/03/NE-DOV/04/01/NE
Uz/08/01/NE-NOY/05/02/NE-DOV/04/02/NE-NOY/04/03/NE-

3 DOV/06/01/NE + Uz/08/01/SE-NOY/05/02/SE-DOV/04/02/SE-
NOY/04/03/SE-DOV/06/01/SE

4 Uz/05/02/SW-DOV/05/01/SW + Uz/05/02/SE-DOV/05/01/SE

5 Uz/06/01/NW
Uz/07/01/NE-NOY/04/03/NE-NOY/05/03/NE-NOY/06/02/NE-

6 NOY/06/03/NE-DOV/03/03/NE-DOV/04/03/NE-NOY/03/04/NE-
NOY/04/04/NE-DOV/06/02/NE

- UZ/04/02/NW- UZ/04/03/NW-NOY/03/02/NW-DOV/03/02/NW-
DOV/04/02/NW

8 UZ/03/02/SE-UZ/03/03/SE-NOY/04/02/SE-DOV/05/02/SE

9 Uz/03/04/SW-Uz/04/04/SW

10 Uz/09/02/NW-DOV/07/01/NW + Uz/09/02/SW-DOV/07/01/SW
Uz/11/02/NW-NOY/07/02/NW-DOV/05/02/NW-

11 NOY/05/03/NW-DOV/08/01/NW + Uz/11/02/NE-
NOY/07/02/NE-DOV/05/02/NE-NOY/05/03/NE-DOV/08/01/NE
Uz/13/01/NE-NOY/08/02/NE-DOV/06/02/NE-NOY/06/03/NE-

12 DOV/10/01/NE + Uz/13/01/SE-NOY/08/02/SE-DOV/06/02/SE-
NOY/06/03/SE-DOV/10/01/SE

13 Uz/10/02/SW-DOV/09/01/SW + Uz/10/02/SE-DOV/09/01/SE

14 Uz/11/01/NW-UZ/06/02/NW-  UZ/06/03/NW-NOY/05/02/NW-
DOV/07/02/NW-DOV/08/02/NW
Uz/12/01/NE-NOY/07/03/NE-NOY/08/03/NE-NOY/09/02/NE-

15 NOY/09/03/NE-DOV/05/03/NE-DOV/06/03/NE-NOY/05/04/NE-
NOY/06/04/NE-DOV/10/02/NE

16 UZ/05/02/SE-UZ/05/03/SE-NOY/06/02/SE-DOV/09/02/SE

17 Uz/05/04/SW-Uz/06/04/SW

Explanation: Uz (Uzun construction Company), NOY (Noyanlar Construction
Company), and DOV (Dovec Construction Company)

Uz/04/02/NW: Uzun Co./ Unit number is 04/ Bedroom number is 02/ Northwest
(window orientation)
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Appendix L: Explanation of horizontal axis of Chart 20

Number Places
1 Uz/04/01/NW
2 Uz/05/01/SE
3 NOY/06/01/NE
4 UZ/04/01/NE+UZ/04/01/NW
5 UZ/03/01/NE+UZ/03/01/SE
6 NOY/05/01/SW-DOV/04/01/SW-NOY/03/01/SW + NOY/05/01/SE-

DOV/04/01/SE-NOY/03/01/SE

NOY/04/01/NW-DOV/03/01/NW-NOY/03/01/NW +

i NOY/04/01/SW-DOV/03/01/SW-NOY/03/01/SW

8 Uz/09/01/NW

9 Uz/10/01/SE

10 NOY/09/01/NE

11 UZ/05/01/NE+UZ/05/01/SE

12 UZ/06/01/NE+UZ/06/01/NW

13 NOY/07/01/SW-DOV/06/01/SW-NOY/06/01/SW + NOY/07/01/SE-
DOV/06/01/SE-NOY/06/01/SE

14 NOY/08/01/NW-DOV/05/01/NW-NOY/05/01/NW +

NOY/08/01/SW-DOV/05/01/SW-NOY/05/01/SW

Explanation: Uz (Uzun construction Company), NOY (Noyanlar Construction
Company), and DOV (Dovec Construction Company)

For example, Uz/04/01/NW: Uzun Co./ Unit number is 04/ Bedroom number is 01/
Northwest (window orientation)

157



Appendix M: Summary of windows functional features (daylighting)
in living room and bed room

Living room
Co. | Apartment building Floor Season ‘Windows Orientation Ratio of windows area to Floor area Placement Shading Devices
Second | Summer | SW NE SE 1/26 120
M.Oltan Apt. Third Winter | SW NE SE 126 1/20
(single-glazed) Second | Summer [ SW NE SE 1/26 1/20
E Third Winter SW NE SE 1/26 1/20
je=) Second | Summer | SW NE | NE 1/13
Emine Apt. Third | Winter | SW NE | SE 13
(double-glazed)
Second | Summer | SW NE | NE 1/13
Third Winter SW NE | SE 1/13
Second | Summer | SW NE 1/13 1/15
Arken 14 Third | Winter | SW 113 115
(single-glazed)
- Second | Summer | SW NE 1/13 1/15
<
= Third Winter SW NE 1/13 1/15
<
z Second | Summer NE 1/13
Z. | Arken 12 Third | Winter NE | SE 13
(double-glazed)
Second | Summer NE 113
Third Winter NE SE 1/13
Second | Summer | SW | NW NE 1/10
No. 18 Third | Winter NE | SE 1/10
(single-glazed)
Second | Summer | SW [ NW NE 1/10
§ Third Winter NE SE 1/10
2 Second | Summer | SW | NW [ NE SE - =
Celebi Apt. Thid | Winter | SW | NW | NE | SE ; ;
(double-glazed)
Second | Summer | SW [ NW NE SE - -
Third Winter SW | NW NE SE - -
Bed room
Co. | Apartment building Floor Season ‘Windows Orientation Ratio of windows area to Floor area Placement Shading Devices
Second | Summer | SW NW NE /5 178 NW NE YES
M.Oltan Apt. Third | Winter | SW NW NE SE 15 18 NW YES
(single-glazed) | Second | Summer | SW [ NW NE /5 1/8 NW NE YES
E Third | Winter | SW | NW NE SE 15 18 NW NE YES
= Second | Summer NW NE 1/10 sW | NW NE SE | NO YES
Emine Apt. Third | Winter NW NE 110 SW | NW NE SE | NO
(double-glazed) | Second | Summer NW NE 1/10 SW | NW NE SE | NO YES
Third | Winter NW NE 110 SW | NW NE SE | NO
Second | Summer | SW NE 178 SW | NW NE SE NO YES
Arken 14 Third | Winter | SW NE 1/5 18 SW NE SE | NO
s+ | (single-glazed) | Second | Summer | SW NW NE SE 1/8 SW | NW NE NO YES
=
= Third Winter | SW NE SE /5 1/8 SW NE NO
=
2z Second | Summer | SW NW NE /5 18 SW | NW NE SE | NO YES
Z | Arken 12 Third | Winter | SW NW NE 15 118 SW | NW NE SE | NO
(double-glazed) | Second | Summer | SW NW NE 1/5 /8 SW | NW NE YES
Third | Winter | SW NW NE 15 118 SW | NW NE YES
Second | Summer | SW NW NE 15 178 SW | NW NE SE YES
No. 18 Third | Winter | SW NE 15 18 SW | NW NE SE YES
(single-glazed) | Second | Summer | SW NE /s s swnw | Ne NO YES
§ Third | Winter | SW NE 5 18 SW | NW NE SE YES
2 Second | Summer | SW [ NW NE SE I/ 18 NW [ NE SE YES
Celebi Apt. Third | Winter | SW NW NE SE 15 18 NW NE SE YES
(double-glazed) | Second | Summer | SW NW NE SE 1/5 178 NW NE SE YES
Third | Winter | SW NW NE SE - 15 18 NW NE SE YES
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Appendix N: Summary of windows functional features (ventilation)
in living room and bed room

Living room
Co. | Apartment building Floor Season Ventilation ‘Windows Orientation Control of the Air leakage and Condensation | Windows Opening Types
Second | Summer SW NE SE YES DCO
M.Oltan Apt. Third Winter - - SW NE SE YES DCO
(single-glazed) | Second | Summer SW NE SE YES DCO
g Third | Winter | - | - SW NE SE YES DCO
5 Second | Summer SwW NE NO YES DCO
Emine Apt. Third Winter - - SW NE SE NO YES DCO
(double-glazed) | Second | Summer SW NE NO YES DCO
Third Winter - - SW NE | SE NO YES DCO
Second | Summer SwW NE SE YES DCO
Arken 14 Third Winter - - SW NE SE YES DCO
o | (single-glazed) Second | Summer SW NE YES DCO
% Third Winter - - SW W NE SE YES DCO
g’ Second | Summer SW NE NO YES DCO
z Arken 12 Third Winter - - SW W NE SE NO YES DCO
(double-glazed) | Second | Summer NE NO YES DCO
Third Winter - - SW NE SE NO YES DCO
Second | Summer SW NW NE NO YES DCO
No. 18 Third Winter - - SW W NE SE YES DCO
(single-glazed) | Second | Summer NE YES DCO
§ Third Winter - - SW W NE SE YES DCO
S Second | Summer | SS | CV SW W NE SE NO YES DCO
Celebi Apt. Third | Winter | - | - SW NW NE SE NO YES DCO
(double-glazed) | Second | Summer | SS | CV SW NW NE SE NO YES DCO
Third Winter - - SW NwW NE SE NO YES DCO
Bed room
Co. | Apartment building Floor Season Ventilation ‘Windows Orientation Control of the Air leakage and Condensation | Windows Opening Types
Second | Summer SE YES DCO
M.Oltan Apt. Third Winter YES DCO
(single-glazed) | Second | Summer YES DCo
E Third | Winter YES DCO
jes) Second | Summer YES DCO
Emine Apt. Third Winter NO YES DCO
(double-glazed) | Second | Summer NO YES DCO
Third Winter YES DCO
Second | Summer NE YES DCO
Arken 14 Third Winter NE SE YES DCO
+. | (single-glazed) | Second | Summer NE SE YES DCO
‘i'; Third Winter NE YES DCO
% Second | Summer NE YES DCO
z Arken 12 Third Winter NE NO YES DCO
(double-glazed) | Second | Summer NE NO YES DCO
Third Winter NE NO YES DCO
Second | Summer NE YES DCO
No. 18 Third Winter NE YES DCO
(single-glazed) | Second | Summer NE YES DCO
g Third | Winter NE DCO
S Second | Summer NE
Celebi Apt. Third | Winter NE
(double-glazed) | Second | Summer NE
Third Winter NE
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