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ABSTRACT

INVESTIGATION OF DAYLIGHT IN UNIVERSITY CAMPUS
BUI LDI NGS:D&JHRSAANNACI BI LKENT UNI VERSI TY
MERSIN UNIVERSITY

Dokmeci, Kaan
Master of ArchitectureArchitecture
Supervisor : Assoc. Prof. Dr. M. Haluk Zelef

May 2023 209 pages

Daylight enhances our perception and greatly influences our psychological and
physical wellbeing. Architecture recognizes daylight as a fundamental element,
facilitating our lives. The extensive use of artificial lighting during the day masks the
limtations of daylight design approaches witdt
been a stronger emphasis on energy efficiency and visual comfort, prompting a more
careful assessment of daylighting design effectiveness. Utilization of daylight in
accordancewith users' needs and building functions within contemporary
architecture provides development of methods and strategies in architecture. In the
case of faculty buildings, daylight serves to enhance the productivity and creativity

of students, making it erucial element for education and development. This study
focuses on investigating daylighting strategies in two university campuses, Mersin
Uni versity and Khsan Dojramaceé Bil kent
Er kut kahi nback. i0énefy varieus erahitectbral daylighting t o
strategiesin different levels such aste planningsolarorientationof the buildings

and architectural solutions such agle lighting, top lighting, or a combination of



both. Through an examination of theesigths and weaknesses of each campus's
approach, the research provides valuable insights and best practices for daylighting
in educational spaces. Ultimately, the thesis seeks to bridge the gap between the
potential of daylighting and its actual implentaion in architectural design,
fostering spaces that promote wadling, productivity, and a seamless connection to
the surrounding natural environment. The findings contribute to a better
understanding of the role of daylighting in educational settingsadfer practical

guidance for architects and designers to optimize daylight usage in future projects.

Keywords: Daylight, Daylighting Strategies,h s an Doj ramacé Bil kent

Mersin UniversityEr kut kahi nbakck
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CHAPTER 1

INTRODUCTION

Daylighting design is commonly perceived by architects aslgect matter that

relies on practical knowledge and expertise. The issue is predominantly regarded as
one concerning the composition of facades, and the architect relies on precedent,
exemplars, and stylistic guidelines for reinforcement. The prevatesptance of
artificial lighting during daylight hours serves as a contingency measure, frequently
hiding the lack of the daylighting schemE.r k ut kahi nbak believes
is more than just four walls, and that natural light creates the plra=feel
between those four walls, as do shadows created by the quality of the space, and
silence, which are the metaphysical values gained to make the building valuable and
to form the architecture. To be more specific, he believes that if there ighto |

there is no architecture, and that the architect is the man who directs tRe light.

In this study, the investigation revolves around the examination of daylight within
architecturally designed samples. Conceptually, it can be considered as an
explaration into the realm of daylight, seeking to uncover its inherent characteristics
and attributes. The primary objective of this research is to distinguish and clarify the
positive and negative impacts resulting from decisions affecting daylight design in
the university environment. Moreover, the focus is towards faculty buildings that
place a high degree of importance on the utilization and integration of daylight.

I Nick Baker, and Koen Steemet®aylight Design of Buildings: A Handbook for Architects and
Engineer$, Routledge2014).
Er kut kahinbakor ,i nksetravni bemd ,b yA paruitlh 10, 2023.



1.1 Problem Statement

Undeniably, for centuries daylighting stayed as the fundamental souligatofg

for dwellings and buildingd. However, this prominent role of daylighting is
struggling and has even been questioned for many years within the field of
architecture. Especially since the feasibility, maintenance, and diversity of the
electricallighting are accepted by both users and providers. The exponential growth
of demands on residentials, working and study places led to buildings economy of
structures both cost and time. As a result, some of the fundamental and critical

strategies that cage a healthier environment become desolhted.

Educational buildings and libraries are one of the most important buildings that must
be planned considering daylighting with several strategies to create encouraging and
spacious space$he rapid increas@ the number of universities causes the campus
formations and faculty buildings within to be of poor qualitiie growing problem

led to a remembrance and emphasis on how buildings should be designed in terms
of daylight considerations for better eduoatiDaylight itself has a great influence

on people, both their physical and psychological health, for their daily and
educational life within the campdsTherefore, campuses encapsulate different

building types to investigate daylighting in relatiorspmace.

Two university campuses, designed by Er kut |
Dojramacé Bil kent University (BU) and Mer si |
their diverse architectural and geographical characterifficsk ut kahi nbak vi ew

architecture as a collaborative effort rather than the work of a single indiVidizl.

SMar k DeKay and G. Z. Brown, ASun, WiWwitky, and Light:
2014.

‘Peter Tregenza and Michael Wil son, Rddttegge i ght i ng: Ar
2013.

5 Nick Baker and KoentSe e me r s . iDayl i ght Design of Buildings: A
Engi n BRauttedge2014.

fkahinbak, interview.



believed that good architecture could only be achieved through the collaboration of

a skilled team. While he designed MEU with his partner,KMz z e t Fi kirlie
partnersfor the buildings on the BU campus varied. Notably, the architects he

coll aborated with at BU included Al pay Gg¢
The authorship of each building will be further clarified upon examination of the

buildings.

1.2  Scope 6the thesis

Designing and using daylight in architecture is essential for producing comfortable

and pleasing spaces at the end. A building's overall comfort and functionality are
influenced by its overall design scheme and utilization of daylight. Theesaiahis

study is to conduct a systematic review of the existing research on the architectural
design approaches of university campus buildings regarding utilization of daylight,

with a focus on the two specific case studies: BU and MEU.

Both MEU and Blhave experienced significant expansion since their initial designs,

with new faculties and buildings added over time. Therefore, this researclegocus
specifically on the areas designed by Er
provided in the relevdrsection. At BU, only the faculty buildings on the Central
campus desi gnaeexamined. k ia impontdntaix note that there are

other structures at BU that are outside the scope of this research and will be discussed

in the relevant section.

1.3 Structure of thesis

Chapter 2 discusses the importance of daylight for humans in termdl dieiey

and provides general information that will help to understand the fundamental
principles and concepts of daylight, with the intention of understanding and
enhancing its use in buildings. Chapter 3 aims to provide a comprehensive overview

of information that can be used to evaluate a building, starting with climate



considerations and basic architectural concepts of daylight. The importance, role,

and function of daylight in contemporary architecture are explored by examining the

works of architectgvho have made significant contributions to the field. This section

al so examines the relationship between ErKk
daylight, as well as his design philosophy, to facilitate a better understanding of the

structures that wilbe discussed in Chapter 4. Chapter 4 focuses on a sequential

examination of buildings and provides evaluations regarding the utilization of

daylight. Chapter 5 concludes with a discussion.

1.4  Methodology

The study describes various architectural daylightingthods and strategies,
ranging from site planning to building form, mass orientation to architectural form
of the buildings and placement of rooms in relation to daylight. In addition,
depending on the structure's configuration, the lighting strategye dfutitding will

be examined, such as side lighting, top lighting, or a combination of both.

Relevant photographseretaken as a medium to better understand the relationship
between the buildings and daylight. Additionally, softwaesused to create molde

and diagrams that can provide insight into building orientation, masses, and the
campus's relationship with daylight. As part of the conclusi@uynamarytableis

presentedand itis intended to serve as a comprehensive guide.

Erkut kahinbak was interviewed to |learn fir
processes of the buildings on the two separate campuses, as well as their relationship

with daylight. The interview revealed details suclEas k ut kahi nbak's i nvol
in building construction processes and his ability to provide remote control during

M E U @anstruction. While the researcher observed many classrooms and buildings

during their time as a student at BU, their observations dt MEre limited.To

address this, valuable lecturers from the relevant faculties were interviewaih

insight into their respective buildings.



CHAPTER 2

LITERATURE REVIEW

2.1  Daylight and Well-Being

Human anatomy has undergone evolutionary changesponse to the periodic pattern

of light and darkness and has adapted to the spectral composition of solar radiation. The
impact of daylight on human beings is multifaceted. It influences our physical well
being, evokes reactions that can be linked taneed for safety and survival, shapes our
social interactions, and determines the level of convenience we experience while
performing visual activitieélt is essential to note that daylight is not a consistent stream

of illumination, but rather a dynamentity that fluctuates depending on the temporal

and spatial context.

Tregenzaliscusses the architectural configuration of a structure alone cannot guarantee
the most favorable access to natural light for the preservation of psychological and
physiologtal welkbeing® Factors like a person's lifestyle and the management practices

of residential buildings also play a crucial role. However, he believes an inadequately
designed building can significantly impair these outcomes and the gives emphasis on

basc necessities such:

" PeterTregenza and Michael Wilspn fiDay !l i ghti ng: Ar chiRoetledggur e and
2013.
8 Ibid.

Li



1 A diurnal cycle lasting for 24 hours that encompasses intervals of darkness and
intense illumination.
Exposure to high levels of daylight during the winter season.
The necessity of providing building occupants with a sense of conmeatibe
external environment.

1 The act of mitigating glare to prevent discomfort or hindered visibility of

potential hazards.

2.1.1 The Necessity of Exposure to Daylight

The circadian rhythm, a natural cycle of light and dark that spans 24 hours, serves as a
regulatory mechanism for the body's daily sequence of physiological processes,
including but not limited to sleep, hunger, thedy temperature, alertness, and the
production of hormones. The production of melatonin by the pineal gland is suppressed
by mornirg light as part of the body's internal clock, or circadian rhythms. Light
information from the retina is sent to the pineal gland, a tiny structure at the base of the
brain with crucial regulatory functions. At night, it secretes melatonin into the
circulaion, which makes us feel sleepy, lowers our stress levels, and inhibits activities
that would keep us awake. These effects are counteracted by the absence of melatonin
throughout the day. The slegmke cycle isn't the only thing regulated by circadian
rhythms,core body temperature, insulin creation, and other endocrine. The pineal gland

has a role in controlling appetite, thirst, and even mental%state.

Circadian desynchronization can occur when there is insufficient light, leading to

anticipated melatuin activity and symptoms like lethargy. Seasonal affective disorder

®Nick Baker and Koen Steemeraylight Design of Buildings: A Handbook for Architects and
Engineers Routledge2014.



can be caused by disrupted melatonin production, but bright light therapy can help.
Irregular light exposure can also disturb circadian rhythms and potentially cause minor
dysfunctions. @ronic circadian dysfunction can impair mental and physical function.
Lethargy is a common symptom of circadian issues and addressing them is crucial for
overall welltbeing. Circadian health has significant impacts on employee performance
and quality of lfe. *%hen designing lighting environments, it is important to consider
the illuminance levels and timing to support healthy circadian rhythms. Curtains or
blinds should block unwanted outdoor light, and local lighting should be provided for
safety and convenience while being controllable from the bedside. Overall,
understanding and managing the impact of light on circadian rhythms is crucial for
promoting optimal health and wedking.

Our bodies have adapted to sunlight and need it for maintaininghgadith. However,

it is important to regulate exposure. Excessive exposure teehigigy radiation like x

rays can cause damage to deep tissues, while radiation in the visual range can harm the
skin and eye$t Ultraviolet (UV) light, which has shorter walengths than visible light,

can be harmful to living organisms. Excessive UV exposure can lead to eye and skin
damage, including sunburn, aging, and potentially skin cancer. Malignant melanoma is
a more fatal form of skin cancer linked to UV exposureti@aarly in fair-skinned
individuals who have repeatedly exposed themselves to the sun. Vitamin D production
is a significant benefit of UV exposure, as it is essential for calcium absorption and bone
health. Inadequate exposure can lead to rickets iidreh and osteoporosis in the
elderly. Moderate UV exposure may also have other positive effects, such as

strengthening the immune system, improving blood circulation and cholesterol levels,

10 Nick Baker and Koen Steemefiaylight Design of Buildings: A Handbook for Architects and
Engineerd Routledge2014.
11bid.



and potentially protecting against certain cancers. Overalightiplays a vital role in
human physiology, and while overexposure is harmful, underexposure can have adverse

effects as well.

In the Congrésinternationaux drchitecture Moderne (CIAM)'?,  International
Congresses of Modern Architecturee Corbusier sessed the need for a certain
guantity of sunshine to enteach home. Helaimsthat studies have shown both how
beneficial and dangerous exposure to sun radiation can be for gegple. 2.1 shows

the Atwo sidesodo that Sun has on people.

As proven bymedical research showing that tuberculgpiseads in places with little
sunshine, the sun is widely recognized as essential to human stitVikalbest way to

get people back to nature is to get as much sunshine into their homes as possible,
especiallyin the winter and spring when there isn't as much of it. Society cannot stand
by and watch as people's healtterioratebecause they are denied access to sunshine.

A diagram showing that each home gets at least two hours of sunlight on the winter
solstce should be required of builders. A building permit cannot be issued if this
condition is not met. Le Corbusier argued that architects now have a new and crucial

responsibility to incorporate natural light into their projef€ts.

12 Congress Internationaux d'Architecture moderne (CIAM), La Charte d'Athenes or The Athens

Charter, 1933.

Bpaula Amarg-s Molina, fThe Healthy Urban Planning of
New Urbanism of Barcel ona DhesisUmvegrsitat PditecBeadeo nd Republ i c o,
Catalunya 2020.

14 AnthonyDenzer fiThe Solar House: Pioneering Sustainable Désigizzoli 2013.



Figure2.1 The two faces of the sun, by Le Corbugaker & Steemers, 2014)

Parallel with Le Corbusier's focal point on tuberculosis and the significance of daylight
within the framework of the CIAM, Alvar Aalto, who alsgas a member of CIAM

notably engaged in a competition centered around tuberculosis sanatoriums.

The Paimio Saatorium, designed by Alvar Aalto and completed in 1933, was a
groundbreaking tuberculosis treatment facility that emphasized the importance of sun
exposure and fresh air in patient care. At the time, tuberculosis was a highly contagious
and deadly diseasend sanatoriums were constructed in remote locations to isolate
patients'® The Paimio Sanatoriur{Figure 2.2)stood out for its innovative design,
optimizing daylight, heating, and ventilation to create a therapeutic environment. The
sevenstory building featured linked wings with distinct functiofBigure 2.3)
minimizing disease spread and disruption to p&inAalto's attention to detail
extended to every aspect of the building, including custesigned furniture and even

the orientation of windows to maximize sunlight while controlling the admission of the

sun(Figure 2.4)

“paula Amarg-s Molina, fThe Healthy Urban Planning
New Urbanism of BarcelonaDugn t he Second Re pnivbrsitatPditecnithdes. Thesi s,

Catalunya 2020.

% AnthonyDenzerfi The Sol ar House: Pi oRimd@irGldhg Sustainable
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Figure 2.2 View and sectiorfrom terrace of he Paimio Sanatoriurfretrieved from:
https://www.nasjonalmuseet.no/en/stories/exptbeecollection/ingoodshape/)

The Paimio building features distinct structuraldgrin each wing to accommodate
specific programmatic requirements. Although the glazing treatment is not continuous,
it allows for every space for being oriented towards a specific aspect, yet with the loss
of structural integrity. Aalto maintained thaetdiverse alignment of the shared areas
was particularly advantageous in guaranteeing that individuals could locate a spot to

relax, whether exposed to sunlight or not, throughout the entirety of tHé day.

Figure2.3 Planand perspective vieaf Paimio SanatoriurAlvar Aalto (retrieved from:
https://www.alvaraalto.fi/en/architecture/pairganatorium/)

17 AnthonyDenzer fiThe Solar House: Pioneering Sustainable Désigizzolj 2013.

10



Aalto made various changes to the building until his death, including adding a surgical
theater inl955. In the 1970s, the building was transformed into a medical center. Today,
it serves as a support center for children with disabilities. The building's exterior and
interiors are welpreserved under the supervision of Finland's National Board of

Antiquities, despite the modificatior?.

Figure2.4 Solar geometry diagrarfor the design of the Paimio Sanatorium (retrieved
from: http://solarhousehistory.com/blog/2014/4/30/alaaltcandsolargeometry).

The current health implications of sunlight have been subject to extensive research, with
a particular focus on its impact ddoronavirusPandemic2019 COVID-19). This
researchg similar toresearchcarried out on epidemic diseases such as tuberculosis
(TB). Numerous studies have been conducted and are currently underway to investigate
the effects of sunlight exposure on COVID. TB and COVID19 are both respiratory
infections @used by different pathogens. TB is caused by bacteria, while GO¥I®

caused by a virus. They both affect the respiratory system and can be transmitted through
respiratory droplets. However, COWI® is more contagious and lacks specific

antiviral treament options, unlike TB, which can be treated with antibidfics.

This study focused on the relationship between sunlight exposure and €OVID

outcomes in Jakarta, Indonesia. The researchers collected data on daily confirmed cases,

8 AnthonyDenzer fiThe Solar House: Pioneering Sustainable Désigizzoli 2013.
19 Al Asyary, and Meita Veruswati, Sunlight Exposure Increased Cb2iRecovenRates: A Study in
the Central Pandemic Area of IndoneS@ence of The Total Environméi#9 (2020

11



deaths, recoveries, arsunlight exposure from March 2 to April 10, 2020. The results
showed that sunlight exposure was not significantly correlated with the incidence and
death cases of COVHD9 patients. However, there was a significant correlation between
sunlight exposureral cases of recovery. The study suggests that higher duration of
sunlight exposure may contribute to better recovery outcomes a@ongD-19

patients, potentially due to the immubeosting effects of sunligit.

2.1.2 Necessity othe View

Research has changedr understanding of the role of windows in building design,
particularly in relation to healtH.Previously, windows were seen as serving two visual
functions: providing a view of the outside and allowing daylight to enter. However, it is
now understoodhat daylight is what enables us to perceive a view, and the way our
bodies respond to daylight is an important factor in our overaltvegtig?? Daylight
enters through windows from various angles, including direct sunlight from the sky and
reflectionsfrom exterior surfaces, and this complex field of light affects our perception
of the outside world. Having a view, even if it is limited or obstructed, is preferred over
having no window at all in most cases, as it has been shown to have a positiveneffect

mental and physical health.

Views of nature, such as trees or water, are particularly beneficial, and can even reduce
the need for pain medication and shorten recovery times for patients in hospital settings.

Preferences for the content of views intellscenes with a wide scale of distance, natural

2A]1 Asyary and Meita Ver uswat il9 Reo®ry Ratas:AlstudylBx posur e | nc
the Centr al P a n d e Buexce & Téd atal Environmeni2® (2026):i1306@16.

2’Peter R. Boyce, fiLight an daylgbtaddAfchitecturenagdzipeat i ons f or |
no. 4, 2006.

2Derek Phillips, fADayl i ghtEHlsavier20lRat ur al Light in Archi't

12



scenes over urban environments, and views of everyday activities in the community for
those who are confined indoors. However, security and privacy concerns can override
these preferences, as people mayriize the need to maintain awareness of external
spaces or prevent others from looking into their hofh@saditional architecture has
offered solutions to balance the need for inward and outward views, and even when a
direct view is blocked, daylightiitprovides valuable information about the outside

world through changes in illumination patterns within the room

The importance oflaylighting and visual environments is providing fmological,and

activity needs and how dissatisfaction or discomfort can result from inaccurate or
inadequate visual informatidfi.People tend to have subconscious expectations about

the brightness of indoor and outdoor environments at different times of day,esed th
expectations can affect our perception
understanding of a building's structure can positively satisfy biological needs, and
uneven gradients on a uniform flat material can be distracting. Also, while sunlight can
bepositive in certain situations, it can also be negative if it interferes with our activities.
Visual environments are most pleasing when the surfaces of interest are the principal

apparent sources of light, and the actual sources are concealed fromvienwmZ|

2.2  Daylight, Visual & Academic Performance

Visual performance refers to the ability to accurately perceive and interpret visual
information. It encompasses various aspects such as visual perception, contrast

sensitivity, color discrimination, and dipperception. When it comes to visual tasks,

23 peter Tregenzand Michael Wilsonii Da y | i Ardhitectunegand Lighting DesignRoutledge
2013.

24 DerekPhillips, fiDaylighting: Natural Light in Architecturce Elsevier 2012.

SWilliam Lam,i Su n | i gForngiveriprAa sc hi t 2985 ur e 0,

13



such as reading, writing, or studying, optimal visual performance is crucial for efficiency
and accuracy? Daylight plays a significant role in enhancing visual performance.
Natural daylight provides a wellldanced and diffused illumination that is gentle on the
eyes and promotes better visibility. It helps reduce eye strain, fatigue, and discomfort
that can occur during extended visual tasks. Adequate daylight levels also contribute to
improved contrast perpdon, making it easier to distinguish between objects and text,
and enhancing overall visual clarity. Exposure to natural light has been shown to boost
mood, increase concentration, and improve productivity, all of which are essential for
academic perforance?’ By integrating daylight into indoor environments and
optimizing the use of daylight, architects can create spaces that support optimal visual
performance, reduce visual discomfort, and create a favorable atmosphere for academic

succes$?

Creatinga delightful environment can have measurable economic consequences, such
as increased productivity in office workers or attracting custon&tglies havehown

the importance of the interior environment, including the furniture layout, temperature,
air quality, lighting, windows, privacy, and ease of communication. Improvements in
illumination intensity, distribution, and control can have a positive effect on both

environmental satisfaction and job satisfacfion.

Vacit Kmamoj |l u and thehlevehaf spacMasneksuckangsestby d i e d

variable environmental stimulus like the room's dimension, furniture density, ceiling

26 Nick Baker and Koen Steemefaylight Design of Buildings: A Handbook for Architects and

Engineers Routledge2014

27 bid.

2Ahmed Obralic and Salam Jeghel, fiiThe Case Study on Si
at Sar aj e Fuvope@raSuentifis dournal, E37F, no. 1 (Jan. 2021): 19.

2% DerekClementsCroome fiCreating the Productive Workplazdaylor & Francis, 2006.
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height, and natural illuminatio¥.It is common for all people that the window links
people with the outside, and it is directfated to spaciousness. These parameters were
observed within 1/12 scale plan and models (Figufearid 26) and concluded with a
scale model valid for studying vision and light in buildings. One of the conclusions is

that the more natural light withinspace, the more people feel spaciousness.

S R S R T T TS

Figure2.5. 1/12 Scale Plaimamoglu & Markus, 1973)
Figure2.6. 1/12 Scale Moddlmamoglu & Markus, 1973)

Daylighting, the use of natural light in architectural design, is essentaluocational
buildings due to its significant impact on academic performaRoedings of the
relevantresearctshowthat relationship between daylighting and academic achievement
in educational settings, focusing on cognitive function, attention andesdsttand

overall learning environment qualitiResearch has shown that exposure to natural light

30 Vacit Imamogluand ThomasA. Markus fi T Heffectof Window Size, Room Proporticamnd
Window Positioron Spaciousness Evaluationf ~ Wi n \Wiadeves @nd their functions in
architectural design, Istanbul973.
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can enhance cognitive function in stude¥tsBy incorporating daylighting in
educational buildings, architects and designers can create spaces that qutppalt o

cognitive function and facilitate better learning outcomes.

Daylighting plays a vital role in maintaining students' attention and alertness throughout
the day. Exposure to natural light helps regulate circadian rhythms, which are essential
for maintining alertness and ensuring a consistent sked@ cyclé”. In educational
settings, this can lead to increased engagement, improved focus, and reduced fatigue. A
study by found that students in classrooms with abundant daylight exhibitedfas286
progress in math and 26% faster progress in reading compared to their peers in
classrooms with minimal dayligkEigure 2.733. These findings suggest that daylighting

can have a direct influence on students' attention and alertness, ultimatetyinmpa

academic performance.

faster on mathematics tests taster in reading skills

Figure2.7 Rate of learning for mathematics and reading sfdlieder, 2003)

The quality of the learning environment is crucial fostering academic success, and
daylighting plays a significant role in shaping that environment. Natural light creates a

sense of openness and connection to the outdoors, contributing to a more pleasant and

S Ahmed Obralic and Salam Jeghel, fiiThe Case Study on Si
at Sar aj e Fuvope@raSuentifis dournal, E37F, no. 1 (Jan. 2021): 19.
32 |bid.

3¥Gregg D. Ander, #fdADayl i gohlohh Wiy &8ag2008r mance and Design
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engaging learning atmosphere. Studies have shbainstudents and teachers both
prefer naturally lit spaces, as they provide a visually comfortable and psychologically
uplifting environment’. By integrating daylighting in educational buildings, architects
can enhance the overall quality of the learmngironment, promoting positive attitudes

towards learning and supporting higher academic achievement.

2.3  Fundamental Concepts of Daylight Design

The objective of this section is to introduce essential terminology and principles in
daylight design thaemphasize the significance of cautious design while providing
understanding and preparedness for forthcordisgourses. To prioritize and minimize
confusion, the first and simplest step involves explaining light types as follows

according to Tegenz&®.

1 Light: The type of energy in the form of electromagnetic radiation that can be
detected by the human eye.
Sunlight: The illumination produced by the direct rays of the sun.

Skylight: The light originating from the sun that has been scattered in the Earth's

atmosphere, giving rise to the appearance of a luminous hemisphere known as

the sky. It is often referred to as "diffuse daylight". Additionally, "skylight" can
also refer to a window positioned in a roof.
1 Daylight: The combination of sunlight and skyliglbhcompassing both direct

and scattered light from the sun

Gregg D. Ander, fiDayl i ghiohh Wiy &Sen2003r mance and
¥Peter Tregenza and Michael Wilson, Rddtteggei ghti
2013.
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2.3.1 Daylight Availability

When observed from the Earth's surface, the sun'sirelergaoa transformation within

the atmosphere, resulting in two apparent forms of illumination: sunlight, which refers
to the direct light, and skylight: which refer to the diffuse light originating from the
remaining portion of the sk§Figure 2.8)° The differentiation between these entities

holds significant importance in the realm of daylighting design.
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SO0DBCES oF =OLAR RADIATION

Figure2.8 Source of Solar Radiatidiham, 1985)

Sunlight is a lminous and intense stream of nearly parallel rays that produces well
defined shadows. The determination of the sun's position in the sky and the
corresponding direction of its beam can be precisely computed for any given location
and moment. However, thieélihood of cloud cover obstructing the sun's visibility in

various climates is dependent upon statistical probabilffies.

The skylight presents a contrasting characteristic to that of a beam, as it lacks
directionality and instead comes from all anglesshadows are characterized by their

diffuseness, often possessing blurred boundaries and being invisible due to their low

¥pPeter Tregenza and Michael Wilson, Rdieggei ghti ng:

2013.
S7Wwilliam L a mSunlighting as Formgiver for Architeured 1985
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intensity. In the absence of clouds, the upper atmosphere exhibits a consistent and stable
pattern of brightness. However, in r@gs with frequent cloud cover, the composition
of the sky can only be reliably predicted through statistical ana¥sis.

Clear sky conditions are characterized by an absence of clouds, allowing for direct
sunlight to reach the Earth's surface. This typkght is more intense and directional,
resulting in strong contrasts between light and shadow. To optimize daylighting under
clear sky conditions, designers should consider the orientation and placement of
windows, the use of shading devices, and tlwerporation of reflective surfaces to

distribute light evenly throughout the spdte.

Diffused sky refers to the distribution of sunlight that has been scattered by the
atmosphere, resulting in a soft, even light quality. This is in contrast to direigghgunl
which produces sharp shadows and high contrast. Diffused light is ideal for architectural
spaces as it minimizes glare and provides consistent illumination throughout the day.
Factors that contribute to diffused sky include cloud cover, humiditytrengresence

of particulate matter in the atmosphé&tés seen in Figure 2.9, daylight at a point in a
room comes from the sky (sky component), reflection from outdoor surfaces (externally
reflected component), and reflection from the room surfacesrr{aitg reflected

component).

38 peterTregenza and Michael WilsprDaylighting: Architecture and Lighting DesigrRoutledge

2013.

®William Lam, #fASunlighting as Formgiver for Archit
40 bid.
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internally reflected

externally reflected
component

component

Figure 2.9 Daylight at a point in a room cang different component¢Baker &
Steemers, 2014)

This demonstrates that we gagrceive the illumination reaching a specific location (like

a desk or table) within a room as consisting of three separate elements. The first element
is the light originating directly from the sky, which is referred to as the sky component.
The second ement is the light originating from external surfaces like buildings, known

as the externally reflected component. The third element is the light reflected from
internal surfaces, termed the internally reflected compdhent.

no sky component beyond this point “NO SKY" line

plane onto which light ought to
be introduced (working plane)

Figure2.10 No-skylineconcept(Baker & Steemers, 2014)

The concept of the "nekyling' (Figure 2.10)refers to an imaginary line within a

building's interior where there is no direct view of the sky. When an area lacks access to

41 Nick Baker and Koen Steemef®aylight Design of Buildings: Adandbook for Architects and
Engineers Routledge2014.
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natural light and can only rely on reflected light, it often leads to inadequate lighting
conditions for activities like readyand writing. This can result in a harsh or gloomy
atmosphere inside the room, with a significant contrast in brightness between the indoor
and outdoor environments. The “skyline’ serves as a boundary on a surface within a
room, separating the portidimat receives direct skylight from the area that is obstructed
from the sky(Figure 2.11)It is a helpful measure for identifying unsatisfactory daylight
conditions in rooms and particularly useful in urban planning to determine the potential

impact of anew building on the daylight availability in existing buildirfgs.

Figure 2.11 By sketching nesky lines(grey line)in plan or section, the spacing of
rooflights can be checke(Baker & Steemers, 2014)

2.3.2 Daylight Control

Daylight is challenging to utilize directly due to its high intensity and constant
movement. Therefore, it is preferable to harness sunlight in a dispersed form,
specificaly as indirect light. Manipulating light involves several phenomena that can be
employed: reflection, refraction, diffraction, diffusioglare*® When designing for
daylighting, the key principle is to control reflection. Refraction may be beneficial for
distributing light, while baffling can mitigate glare in cases where redirecting the light

42 Nick Baker and Koen SteemefsDay | i ght Design of Buildings: A Han
Engi n BRattedge2014.
BWilliam Lam, ASunlighting as Formgiver for Archit
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positively is not feasible. The remaining phenomena listed could be utilized in the

development of specialized materials, but they are not primarily relevant stutis

Understanding the nature of light and how to control it requires knowledge of the key
concepts of light reflection and refractighigure 2.12) Reflection is the change in
direction of lightwhen it strikes a surface. The nature of the reflectgd tlepends on

the propertiesfothe surface it encounters, such as its color, texture, and reflectance. In
daylighting design, reflection can be used strategically to increase the penetration of
natural light into a space, while also minimizing glare amaanted shadows. Reflective
surfaces, such as mirrors or lighdglored materials, can help distribute daylight more
evenly and enhance the overall quality of illuminatibn.

Specular
l retlection

A
&g Lr/’

e
e
~

Figure2.12 Rough surfacéleft) vs polished surfacgight) (Egan, 1983)

Refraction occurs when light travels through a medium with varying density, causing a
change in its speed and directf5his phenomenon imost observedhen light passes
through transparent materials like glass or water. In the context of daylighting, refraction
can be harnessed through the use of specialized glass or other transparent materials that
alter the path of light to maximize its penetratiotoispace However, care must be

taken to avoid unwanted optical effects, such as distortion or the creation of concentrated

light spots that may cause gléfe.

“M. David Egan, #iConcep McGraivHillCdmparies1983ct ur al Li ghtingo,

45 |bid.
48 |bid.
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Direct Glare

Reflected Glare

Figure2.13 Direct glare vs reflected gla(Egan, 1983)

Glare occurs when excessive brightness causes visual discomfort, reducing visibility and
hindering the ability to perform tasks. Glare can be classified into two typest dnd
indirect(Figure 2.13f' Direct glare is caused by bright light sources within the field of
view, while indirect glare results from reflections of bright light off surfaces. To
minimize glare, designers should consider the placement and sizeduiws, the use

of shading devices, and the selection of interior materials with appropriate levels of

reflectivity *8

M. David Egan, 1#iConcepMcGraivHillComparties1983ct ur al Li ghti n
48 Wwilliam L a mSunlighting as Formgiver for Architecturel 985
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CHAPTER 3

DAYLIGHT AND ARCHITECTURAL DESIGN

3.1 Good Daylighting for Architecture

The main goals for optimizindaylight in buildings are to maximize the amount of
natural light entering the interiavhile minimizing the need for artificial lighting

On the other hand;ontrolling brightness levels to ensure good visibiligghile
disablingreflections andctateing to the varying levels of visibilitys required for
different taskg$? It is essential to bring daylight deep into the building to reduce
energy consumption. Controlling surface brightness within and outside the building
helps avoid excessive differenceatthinder visibility>® Furthermore, efforts should

be made to minimize veiling reflections in critical areas.

However, not all tasks require the same visibility, and-eritical activities can be
adequately illuminated without extensive gtree lighing. Therefore, two types of
lighting are necessary: task lighting for specific and critical tasks and ambient
lighting for general movement, observation, and orient&fiorhe fundamental
guidelines for good daylighting emphasize certain principles to ensure optimal use

of daylight in indoor spaces.

It is advised to avoid direct skylight and sunlight in critical task areas to prevent
excessive brightness differences that can impair \itgitand cause discomfort.

Instead, large openings with clear glass windows, skylights, or clerestories can be

“Pabl o Buonocor e, iiLDagliphtandsschitectu®Mbgazinaoad, 2086s s et 0,
Vivienne Brophy and J. Owen Lewis. AA Green Vit
Archi t ect RoudddgePO&2si gno,

51 Benjamin H.E v a rDaylightiin Architectur® McGraw-Hill Book Company1981.
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employed in norcritical task areas to introduce daylight sparingly. Direct sunlight
can enhance architectural aesthetics by creating dynainiahgl shadow patterns,
promoting a sense of wddeing and orientation among occupants. However, caution
must be exercised to prevent poor visibility or excessive heat accumifefigare

3.1 shows the effective strategies.
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Figure 3.1 Sketche®f basic daylight strategsea) Avoid direct sunlightb) Bounce
daylight off surrounding surfacges) Bring daylight highd) Use direct sunshina
noncritical task areasd) Filter the daylight f) Integrate daylight with other
environmental concerngevans, 1981)

One effective strategy is to bounce daylight off surrounding surfaces. Although
daylight originates from the sun, éaches our tasks through reflections from various
objects and surfaces. Each reflection spreads and softens the light, reducing its
intensity but enhancing overall brightness patterns. This process improves visibility
and visual comfort by evenly distribng the light across larger aredBringing
daylight in from higher openings enables deeper penetration into the interior space.
This approach minimizes the risk of excessive exterior brightness entering the field
of view. The higher light enters, tigeeater the likelihood that it will be diffused and
spread by surfaces and objects before reaching the task level.

52Benjamin H.E v a rDaylightiin Architecturé McGraw-Hill Book Company1981.
53 1bid
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To mitigate the harshness of direct skylight and sun, it is advisable to filter the
daylight for additional softness. This can be achievealitjh various means such as
using diffusing materials, shading devices, or kfjltéring techniques. By filtering

the sunlight, its intensity can be reduced, creating a more comfortable and visually

pleasing environmenit.

As the visual task becomes moceucial, the designer's scope for creating or
manipulating space diminisheBable 3.lillustrates a negative correlation between
the designer's ability to express subjective or intuitive design and the user's
requirement for critical visual analysis. A&esuch as corridors and lobbies, which
require intermittent or infrequent critical visual tasks, proyieaty ofopportunities

for daylighting space manipulation. Various indoor environments, including
educational institutions, financial institutionsprporate settings, and medical
facilities, necessitate careful regulation of natural illumination, frequently combined

with artificial lighting designated for specific tasks.

54 Benjamin H.E v a rDaylightiin Architecturé McGraw-Hill Book Company1981.
55M. DavidE g a @€qncejits in Architectural LightimgMcGraw-Hill Companies 1983.
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Table3.1 Dilemma Betveen Critical Visual Task and Freedom of Desfgn

gﬁ{iiglsmg A -Corridors (at night} Waiting rooms (such as ::nr((:aree;sg%f
Visual Task medical diagnostic) Design
— B Dining halls- Residences (for conversation,
relaxation, anentertainment)Airport concourses
C Corridors, lobbies, reception areaShurches (for
main worship)
D Hotels (bedrooms, lobby reading areaResidences
(kitchens, laundries, and sewing rooms)
E -Banks (teller areasChurches (altar)
- Classrooms (science laboratoriespffices
F - Drafting, Architectural drawing Lecture rooms
(for demonstrations)
G Hospitals (autopsy tables) Hospitals (operating
tables) Industrial (cloth inspection)
3.2  Daylight and Architectural Strategies

The design of a building has a significant impact on the quality of natural light within

the space and how comfortable it is for people to be inside and our relationship with

the environment. Effective daylight design depends an dhcisions made at

different scales, ranging from master planning to the specific details of interior

design within its specific climate and locatitiTo maximize comfort and quality,
it is important to consider these different considerations in hi@caicmanner,

starting with the larger scales and moving to the smaller ones.

56M.

2014.

Davi d

Egan, AfConcept s i-HillCompariies 1982t ur al
5" Mark DeKay and G. Z. Brown Sui, Wind, and Light: Architectural Design Strategid¥iley,
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For the purposes of this research, the main considerations, strategies, and principles
to be examined in understanding the use of daylight in the campuses are climate and
location with the master plan of campuses, orientation and the design strategies
related with the shape of the buildings. It is not possible to cover all of today's
daylight principles, strategies, and technologies within the field of architecture and
science. Hwever, the principles and strategies which given emphasis in this study
are the most essential and core elements for daylighting and can be associated with

selected cases.

Controlling sunlight is influenced by decisions made at six different levels. The
choices made at the lazgcalecan either simplify or complicate the decisions made
at thesmall scale To obtain optimal comfort it is best to start with taege scale

and work your way down to ttemallscale®®

1 Urban/Master PlanningThe opportunity tomake sunlight available

throughout the development.

1 Site Planning/Building Massin@arefully shaping and locating the building

to get sunlight where and when wanted.

1 Architectural ScaleConfiguring the building's exterior forms and surfaces

to meet theneeds of the occupants.
1 Hardware:Selecting glazing materials and srasthle shading devices to
control the amount and direction of radiant energy entering a space

1 Interior Forms and SurfaceShaping the rooms' interior to utilize light for

visual and thermal comfort.

1 Space Use and FurnishingSptimizing the use of the space, arranging

furnishings for visual comfort and educating users on building operation.

Within the framework of the thesibuilding massing, architecture scale and also

interior forms and surfaces will be the determining element of the research.

S8william L a mSunlighting as Formgiver for Architecturel 985
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Architectural scale on the other hand is predomirthah the others. Since, the
design of the building's exterior should be basedhe needs and activities of the
occupants. This involves positioning, shaping, and adjusting openings at the

boundary between the interior and exterior of the building.

The way a building interacts with its environment is affected by various factors,
including its location, orientation, and climate. The location of a building,
specifically its latitude and orientation, affects the angles of sunlight it receives
throughout the year. These angles, in turn, affect the way the building interacts with
its ervironment>® Climate also plays a role in the effectiveness of different design
strategies and devices and in how they can be tailored to the specific needs of the
building. Understanding these influences can help architects make the most of a

building's relationshipvith the sun on any scale.

Building forms should be designed with specific goals for the use of natural light,
considering factors such as energy efficiency, the purpose of the space, and the
impact on the user's comfort, health, and overall experf@rités not possible or

even desirable to address every possible design objective, and there may be
necessary tradeffs to consider. The key to effective design is understanding the
daylighting objectives and criteria, as this will help determine the apateforms

to use.In the book ofSun, Light, and Windthere are four strategies that daa
appledto almost any building that prioritize utilization of daylight, especially for

educational and communal spaces; thesé'are:

1 Daylight ZonesThe essencef this strategy is to put spaces that need the
lightest near the sources of the light, and to group spaces with similar needs

together so their needs can be met with similar architectural solutions.

59 Mark DeKay and G. Z. Brown Suf, Wind, and Light: Architectural Design Strategi§¥iley,
2014.

50 Mary Guzowski,fiDaylighting for Sustainable DesigriMcGraw Hill, 2000.

61 Mark DeKayand G. Z. Brown{iSun, Wind andLight: Architectural Design Strategi@dViley,
2014
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1 Daylight Room GeometryThe light is redistributed fra the apertures to
desired patterns of distribution within the room. The room geometry may
differ depending on its daylight zone. The depth and height of the room is
also an essential factor for this strategy.

1 GlareFree Rooms: Helps the dagner avoid high contrast ratios in a
daylighted room by using reflection strategies and obscuring bright window
surfaces.

1 Window Placement: Helps the designer place windows to admit light and

direct it to reflect surfaces within the room. It helps buitthglighted room.

DeKay and Brown explore strategies for sustainable building design across various
scales, including the building group, building, and building part scales. At the
building group scale, they discuss strategies for optimizing site seleation
building layout to maximize solar access and wind proteétidimey also explore

the benefits of designing buildings that work together to create a microclimate that

is conducive to natural ventilation and passive heating and cooling.

At the buildirg scale, they emphasize the importance of considering the building
envelope, including orientation, shading devices, and glazing materials, to achieve
optimal daylighting and minimize energy consumption. At the building part scale,
they investigateinto specific design strategies for interior spaces, such as using
reflective surfaces to distribute light and designing spaces that can be easily adapted
to changing daylight conditiorf$.By addressing design strategies at these various
scales, DeKay and Brown offer architects and designers a comprehensive approach
to fundamental sustainable building design that takes into account the complex

interplay between site, building, and user re&tjure 3.2refers to a collection of

52 Mark DeKayand G. Z.BrowniiSun, Wi nd, and Light: AWieyhi tectur a

2014
53 |bid.
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interrelated strategies that collaborate to address frequently encountered design

challenges.
r - — 1
w . 1
38 I I
£a 1 R
=g - m” -
© 5 ===
@
Dayli.
blzl
; '-------------------\l
o 1 I
=8 1 -
2 | i
-
= 2
=] < 1 1
= ] Thin Aan Dzayhghf :
' ones
! |
- 1
- |
(%) I 1
3 - & 1
=] 1
= 1 1
3 1 1
1 eld;hghf Daylight Rm 1
1 Room D;y Geometry 1
I ! !
if clear oky: | | 1
1 ‘ 1
== ¥ 1| i
S5 - I
— - | |
R — ! 1
m 1
il Reflected | Electric Light Window lée.p/éambinad
Sunlight | Zoves Placement ] Openings
\—————-———————-——-—-
[ 1
| | core |D | Gituational I:’l | Refiner
=== Strategies L—_1 Siratesics L - Jd Strategies
N
=1 The
:‘; _J Bundle's lcon
)
e for —— —— -
§ Core Siratesies
N D D (apply to all
by 1 | buildings)
3 I I
§ l D :—D— Refiners
= |
3 I :
< . .
N 1 |1  Situational
¢ \ DJ Strategies
¢ 'emem—m———
The Bundle

Figure 3.2 Sample Daylighting Building: Thin Plan Bund{®eKay & Brown,
2014)

32



3.3 Daylight & Climate

3.31 Movement of the Sun

The different paths of the sun in different seasons are caused by the tilt of the Earth's
axis (Figure 3.3f* Therefore the amount of daylight a building gets, basically
depends on its location and the time of the yEayure 3.4)

N
SUMMER
MARC
PRING ESJIINOX SO;STICE
EQUINOXES

» " UD)\ pecemeer 21 WINTER
 / \ WINTER
—— n ) soustice SOLST!CE 0;0
JUNE 21 S ¥ \
SUMMER Ny
- :
. D . VARIES
S .- WITH
> L .. LATITUDE
SEPTEMBER 21 SOUTH 4

SOLSTICE
FALL EQUINOX E/W

9 AM JUNE 21

o

Figure3.3 The appearance of seasons is a result of the tilt efath's axis of
rotation.(Lechner, 2014)

Figure3.4 An east elevation of the sky dome is shown. Thei eest axis is the
point at the center of the sky dome.dtalso where the sun rises and sets on the
equinoxes(Lechner, 2014)

The precise understanding of the sun's path in relation to the Earth's geometry
empowers us to make accurate predictions regardingolae altitude (the vertical
angle measured from the horizon) and azimuth (the angular direction relative to north
or south)(Figure 3.5) To calculate the precise position of the sun in the sky, it is
necessary to incorporate data such as latitude, laigitdate, and time of day
(Figure 3.6)°

54NorbertLechner fiHeating, CoolinglLighting: Sustainable Design Methods for Architécthn
Wiley& Sons 2014.
85 |bid.
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HORIZONTAL
PROJECTION
OF SUN RAY

36°N LATITUDE

Figure3.5 Definition of altitude and azimuth angl@sechner, 2014)
Figure3.6 Horizontal surpath diagram(Lechner, 2014)

When considering sunlight strategies for different latitudess itmportant to
consider the predictable seasonal differences in thadaiof the Sun as well as

other factors like climate, altitude, proximity to water, vegetation, and buil#fings.

The initial consideration in daylight building design frequently begins with the
assessment of the sky conditioharacteristic of a given climatéThe primary
determinant of the appropriate approach to daylighting is the equilibrium between
sunlight and skylight, which is the most crucial feature of a daylight climate. In
regions with predominantly clear skiesfleeted sunlight is often the more efficient
source of light, whereas in areas with cloudy weather, the diffuse sky serves as the
primary source of illumination. The impact of this phenomenon on the fundamental
structure of the building and its correlatiaith environmentally conscious design

is explicated within the conte®.

%Vi vi enne Brophy and J. Owen Lewis. fAA Green Vitruvi
Archi t ect RoudddgePO&2s i gno,

57 Mark DeKay and G. Z. Brown Sui, Wind, and Light: Architectural Design Strategie#iley,

2014.

68 peterTregenza and Michael WilspnDaylighting: Architecture and Lighting Design,

Routledge2013.
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SECTION

See |
Section A-A ||

West

Month Hour Altitude Azimuth
FEBRUVARY 2 12 noon 43°* o
JULY 2.1 Qam | #48° 80° Eof S
AUGUST 21 2. pm 53° 55° W of S

West

Figure3.7 Section shows sunbeam with differéinte and seasofb.echner, 2014)

Lechneremphasiesthat theaccurate depiction of sunbeams is crucial to validate the
effectiveness of a solar responsive design. It helps designers assess the functionality
of their solar accessnd shading design and effectively communicate its logic and
validity. Incorrectly drawn sunbeams often result in flawed solar responsive designs

going unnoticed.

By analyzing the section, it becomes feasible to identify the sunbeams that are
obstructed byan overhang and those that are unobstructed. Given that the sunbeam
at 2 p.m. on July 21 deviates more than 20 degrees from thevestssection, a
distinct section cut along the azimuth is required, as illustrated in F3gar&he
section reveals thahe sunbeam is blocked, consequently depicted in the plan as

terminating at the western edge of the overhang.

3.3.2 Climate Zones

Undoubtedly, one of the first things that needs to be considered for the two campuses
MEU in Mersin and BU in Ankara being examinsdhe climatic conditions of each
location. Mersin and Ankara differ in terms of sun and sky conditions. Mersin,

located on the eastern Mediterranean coast, expesarstbtropical Mediterranean
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climate® On the other hand, Ankara, the capital city situated in central Turkey in a

temperate continental climate. Ankara has distinct seasons with hot and dry

summers, cold winters, and occasional snowfatheexamiration ofthe utilization

of daylight within the faculty buildingswill be assessed in terms of climatic
conditions and whether the architect kahinb.

considering the climate.

The KopperGeiger climate classification system is a widely used method for
classifying climates around the worldThe system is based on the idea that climates
can be grouped based on their temperature and precipitation patterns. It uses a
combination of letters and numbers to classify different types of climates. The first
letter of the classification code represents the major climate group, while the second

letter or number indicates a subgrddfghe five main climate groups are:

1. Tropical (A): characterized by high temperatures and high precipitation
yearround.

2. Dry (B): characterized by low precipitation and higimperature
variability.

3. Mild Temperate (C): characterized by mild temperatures and moderate
precipitation.

4. Continental (D): charactrized by large temperature variations and
moderate to low precipitation.

5. Polar (E): characterized by low temperatures and low precipitation.

®Ebubekir G¢ndojdu and Emel Birer. f@dEvaluation of Ec
Houses i ICONAMRP Istermational Journal of Architecture and Planni2@21.
MErdojan B°l ¢k, fAK°ppen |kl i m 3B&0rsdafvl ea nué rkkalseérnia GO r e

Bakanl éjé Meteoroloji Genel M¢ederl ¢7 ¢, Araktérma Dai
M¢ d ¢ r RO4G. ¢ ,

" bid.

2Muhammed ZOztiirk, GilldenCetinkayaandS e | ma n i Xy ¢-@aiger iklim
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Figure3.8. Main Climate Typesof Turkey ¥ zt ¢ r k, ¢eti nkaya, & A

According to the Kdppefseiger climate classification, Turkey does not have moist
tropical (A) and polar (E) climate types. As seen in FiguetBe arid imate (B)

type is prevalent in the inner regions. This climate type, which has the widest range
of influence in the world, is seen in 18% of Turkey. It is a climate type that covers a
wide area in the Inner Anatolia Region. The most basic characteotiesse areas

are that they are far from the sea and have dry, hot summers and dry cold Winters.
The most common climate type in Turkey is the mild, humid mititlaude climate

type (C) which includes all coastal areas and most of Southeast Anktelielimate
region, which is parallel to the coast in the Black Sea Region and the Middle Taurus
Range, is a narrow strip, but in areas where the orographic conditions are favorable,
it covers wider areas. It reaches the widest spread in the westerof parggolia.’*
Climate zones are further divided into s
subclimate zones can be seen in Figuge Blersin and Ankara belong to different
subclimate types.

BErdojan B°l ¢k, AK°ppen I klim B€n®f mandeem&aéeKal
Bakanl eéjé Meteoroloji Genel Mederl ¢7 ¢, Arakt eéer ma
M¢ d ¢ r ROAE. ¢
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Figure 3.9. KoppenGeiger subclimate types of Turkeztiirk, Cetinkaya, &
Aydéen, 2017)

The city of Ankara, where the campatBU is located, is part of the subclimate
category: Bsk. This type of climate is characterized by hot summers and mild
winters, with low precipitation throughout the year. It is often found in regions that
are far from the coast and are influenced bytreyical highpressure systems that
bring warm and dry air to the area. This type of climate is typically found in regions
with a semiarid or semidesert landscape, with low vegetation cover and high

evapotranspiration.

On the other hand, the city of Msm, where the campus of MEU is located, is part
of the subclimate category: Csa. This type of climate is characterized by mild, rainy
winters and hot, dry summeisis most commonly found in coastal areas in many
parts of the world. It is characterizdéy hot and dry summers and mild, rainy
winters’® This climate is caused by the subtropical Righssure systems that bring
warm and dry air to the region during the summer and the prevailing westerly winds

that bring cool and moist air during the winter.

“Muhammed Z. ¥zt rk, G¢l deii Ke @-Bagrikiny
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sénéflandérmasénapd ®e0@70T¢r kiyednin i klimt

38

Ay



Another variable that is importattt compares the sunbathing duration. Sunbathing
time is a duration that indicates the average number of hours of sun per day, per
location, on a daily, monthly, or yearly ba&idt is calculated based on statistical
data from past years. The general map of suniatitnes in Turkey can be seen in
Figure 310.
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Figure3.10. Turkey Sunbathing Times Map (MGM, 2022).

Mersin and Ankara have different climate types due to their geographic locations.
Mersin is located in the Mediterranean region, while Ankara is situated in the Central

Anatolian region of Turkey. Overall, a comparison of their climates are as follows.

Mersin has a warm Mediterranean climate with hot and dry summers and mild and
rainy winters. The average temperature in Mersin ranges from 11°C in January to
28°C in August. In contrast, Ankara has a continental climate with cold and snowy
winters and hot andry summers. The average temperature in Ankara ranges from
4°C in January to 26°C in July.

Mersin receives an average annual rainfall of 835 mm, with most of the precipitation
occurring in the winter months. Ankara, on the other hand, has an averagg an

precipitation of 416 mm, with the majority of it occurring in the spring and autumn

“Met eorol oj i Genel M¢ der IMgtie oArroal kot jrimaGadxae Ir eM ¢Bdagkrkl
"7 Ibid.
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months’® Mersin is located in a coastal area and has a high humidity level throughout
the year, with an average relative humidity of 69%. Ankara, being an inlandasty

a dry climate, with an average relative humidity of 53%.

Mersin has an average of 322 sunny days per year. Ankara, however, has a lower
number of sunny days, with an average of 218 sunny days pef®yi@asum up,
Mersin has a warm and humid climagéhile Ankara has a continental climate with

distinct seasons and a drier climate.

Victor Olgyay developed a bioclimatic approach that emphasizes the interaction
between architecture and the natural environment to create more sustainable and
comfortable hildings® According to Olgya§* Mersin belongs in the sttbopical
Mediterranean climate region, where summers are warm to hot and dry; winters cool

to cold with moderate rainfall. Intensive solar radiation especially in summer.

Buildings must be desigul to provide protection from summer heat and from cold
and rain in winter. In continental locations summer heat and dust create problems
similar to those found in hatry zones, while in marine locations in the case of
Mersin heat and humidity in summemquire good ventilation. Condensation can be

a problem in winter in marine locatiorBtrategies for hehumid climateare:

9 Orientation: The orientation of buildings should be carefully considered in
relation to the path of the sun. In Haimid climates, it's important to
minimize direct solar exposure on the east and west facades, while

maximizing it on the north and south facades.

“"Meteoroloji Genel M¢der IMdGtee cArrcalkotjrimaGaRad Ir eM ¢Bdackrklacnjl ¢é
1bid.

80Victor OlgyayandA | ad ar DesignywihyClimaté: Bioclimatic Approach to Architectural

Re gi o n, Brindemminiversity Pres4963.

81 1bid.

82 Mark DeKay and G. Z. Brown Sui, Wind, and Light: Architectural Design Strategi§¥iley,

2014.
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1 Shading:It is critical in hothumid climates to block direct sunlight and
reduce heat gain. Consideration showdjiven to the use of natural shade,
such as trees or vegetation, as well as the use of architectural shading devices,
such as overhangs or awnings.

9 Natural ventilationit can help to reduce the need for mechanical cooling in
hothumid climates. Site plarng should consider how to maximize natural
ventilation, such as prevailing winds, stack effect, or evestdilation.

1 Landscapingtt can play a significant role in reducing heat gain intihahid
climates. Use of plants, trees, and other vegetatiohelarto shade and cool
outdoor spaces, as well as provide natural screening to reduce solar exposure
on buildings.

1 Site layoutlt can impact the amount of solar exposure and airflow a building
receives. Consideration should be given to the placementreamdadion of
buildings on the site, as well as the use of courtyards or other outdoor spaces

to help to create microclimates that are cooler and more comfortable.

34 Site Plan

Any building must first have access to dayligbtutilize it. This implies that
windows must be able to "see" enough of the sky, a straightforward concept with
significant site design consequen&&g.he site layout stage is where effective
daylight design must begin. This is due to the possibility that big obstructions might
affect bah the amount of light that enters windows and the distribution of light
within space. The most crucial element determining the amount of sunshine that

enters a structure is the site arrangerfient.

83 Mark DeKay and G. Z. Brown Sui,Wind, and Light: Architectural Design Strategieg/iley,
2014.

84Victor OlgyayandA | a d ar DesignwihyClimat@: Bioclimatic Approach to Architectural
Re gi o n, Brindgeteminiversity Pres4963.
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The most significant influence on the site planning ofligat is caused by
obstructions that block a portion of the sky and direct sunlight during specific times
of the day and year. When these obstructions, such as mountains or other natural
features, are situated far away, they cast shade across the ientisdlaving the
analysis of daylight conditions for a single representative point. However, if the
obstructions are nearby, such as buildings or vegetation, the shading may only affect
certain parts of the site, requiring a more detailed study of the smhditions. It's
important to note that, in principle, only one parameter can be analyzed at a time:

either the variations of obstructions or the changes in daylight conditions.

Obstructions not only block sunlight but also reduce the levels of diskydeght.
Typically, obstructions are assumed to be 1/10th as bright as the obstructed sky,
resulting in a 90% reduction in the contribution of shaded sky to dajfigtitis

leads to less available daylight indoors, requiring longer periods of artificial
illumination and increased energy consumption. However, nearby buildings can also
have positive effects. For example, if a window is oriented towards the north, it can
provide a view of a soutfacing wall that is brightly colored. This wall receives
interse sunlight, which could potentially make it brighter than the operf®sky.
Unfortunately, these circumstances depend on factors like time and the specific
architectural layout of the buildings, making it impossible to have a universal

approach.

The utilizaion of daylight in buildings is dependent upon the necessity of having
access to daylight during the day. In situations where the built environment is densely
populated, it is imperative to impose restrictions on the massing of buildings in order
to guaratee adequate access to natural daylight for each individual structure.
1912, William Atkinson proposed a geometric approach to restrict building heights

8 Mark DeKay and G. Z. Brown Sui, Wind, and Lilgt: Architectural Design Strategie$Viley,
2014.
8 |bid.
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in urban areas, ensuring sufficient daylight exposure to the %tr@éis was

achieved by defining the allowable limits of the building envelope.

The New York 1916 zoning ordinance, based on a similar geometric principle, was

the first comprehensive municipal effort to establish minimum daylight standards at

street levelThe city was divided into five "height districts" that took into account

the activities of the area, the character of the neighborhood, and the need for
pedestrian amenities. In 1980, a proposed revision of New York zoning regulations
introduced graphicwaluation methods to assess the extent to which a proposed
building obstructed the sky (Figurel3). 8 The left part of the figure shows a typical

street section with maximum allowable building envelope under Atkinson's 1912
proposal for limiting buildig height. The middle part shows a typical street with
building setbacks required under New Yor k

shows the proposed New York daylighting evaluation diagram.
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Figure 3.11 Graphic evaluation methodsr the proposedrevision of New York
zoning regulationgMoore, 1985)

8"MarkDeKay and G. Z.Brown A Sun, Wind, and Light :Wildr chitectu
2014.
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Obstruction height and angular elevation have a significant impact on artificial
lighting energy demarii.Placing a building near boundary obstructions requires
careful consideration of varying angles of elevation from the window (Wegure

3.12) To maximize natural light and energy efficiency, large windows with a clear

view of thesky should be positioned above or between obstructions.

Vertical External Sloped
Clazing Obatruction Glazing

Figure3.12 Sky view angle (v) and dazingposition(DeKay & Brown, 2014)

The objective at thstage of planning a site is to ensure that buildings receive
sunlight as desired by carefully designing and positioning the building structures.
The sun's position in the sky, the length of a shadow cast from a structure onto a
building's facade, and théape of a patch of sunlight projected from a window are

all affected by the specific location and time at which they are obs&¥edtors

such as latitude, orientation, climate, and the surrounding topography and buildings
can all have an impact on tldgesign of a building. These include its orientation,
massing, and programmatic needs, which describe its intended use and the desired

levels of visual and thermal comfdit.

®Mar k DeKay and G. Z. Brown, #f@ASun, Wiwiky and Light:
2014.

90 |bid.

91 Victor OlgyayandA | a d ar [DesignwihyClimat@: Bioclimatic Approach to Architectural
Re gi o n, Brindeteminivesity Press 1963.

44



The importance of site planning in relation to climdtas been emphasized by
Olgyay and Olgyay? They believed that architects and designers should carefully
consider the microclimatic conditions of a site before designing a building. He
argued that a building's orientation, location, and overall site mesig have a
significant impact on its energy efficiency and the comfort of its occupahés,
proposed a set of design principles that are sensitive to local climate conditions, such
as solar radiation, prevailing winds, and humitfitfFor examplethey suggested

that buildings should be oriented to maximize solar gain in colder climates and to
minimize it in warmer climatesThey also suggested that buildings should be

designed to take advantage of natural ventilation and passive cooling strategies.

From theirframework the basic principle for designing in the Mersin climate should

be considereas follows. In marineclimate regiors, such as Mersinhuildings on

the eastvest axis with adequate spacing alliogfor breeze penetration will be more
appropiate. Because dhehigh intensity of solar radiation, orientation of windows
should face north and south, but prevailing breezes must be considered in marine
areas Rooms should preferably be single banked in marine areas if double banked
adequate prosgion must be made for good through air flow. Shaded ateadd be
utilizing breeze in marine areas, but protection against winter winds must be kept in
mind. In marine areas heat capacity is not as important but internal walls and floors
could be heavyat store heat during winter while preventing the internal temperature

from rising too much when sun is allowed to penetrate through windows.

92Victor OlgyayandA | ad ar DesignwihyClimati: Bioclimatic Approach to Architectural
Re gi o n, Brindgetemiiniversity Pres4963.
% |bid.
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Figure3.13 Urban morphology, dense and loose patterns (Konya, 2013).

In regions with high temperatures, individuals have become accustomed to spending
a significant portion of their time outsid&Consequently, the provision of shaded
external areas is crucial f@nsuring comfortable conditions between and around
buildings. In arid regions, it is common practice to cluster buildings in close
proximity to one another in order to create mutual shading and to establish shaded
passageways and interstitial areas. Is¢hegions, it is customary to utilize arcades,
colonnades, and compact enclosed courtyards, with even the larger public open
spaces being inwasfhcing, enclosed, and shaded for the majority of the’tay.

There are sevestrategiego enhance the design of urban fabriegionall climate
regions that act as @uide on wind and dayligi. They can be applied to all
climates, but they are utilized differently in hot and cold climates, as is the case in

Mersin and Ankaral hesestrateges aré”:

Loose or Dense Urban Patternsseen in Figure 3.13%stablish the fundamental
wind regime for streets parallel to the wind. Wider streets, lower buildings, and
narrower windfacing surfaces result in increased wind in the streets. This is

partiaularly important for the windward edge of building groups, which can be

“Ebubekir G¢ndojdu and Emel Birer. f@dEvaluation
Houses i ICONARP Imtermational Journal of Architecture and Plannigg21.

®All an Konya, fiDesi gnArdnhitecturséRresfl980. Hot Cl i mateso,
% Mark DeKayand G. Z. Brownii Sun, ,aMmlL ndht : Architect Wileg,] Desi gn

2014
97 Ibid.
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designed to allowvind to enter the neighborhood. Breezy or Calm Streets modifies

this strategy. In all hot climates, it is crucial that streets have adequate airflow.

Daylight Density: assists the designer in configuring streets, blocks, and buildings

so that each building receives adequate lighting. It demonstrates that high density
development is possible, despite the fact that daylighting design may produce urban
forms distinct from those generated by rules that ignore daylight. This pattern is a

composite of Daylight Blocks and Daylight Envelopes.

Daylight Blocks: assists the designer in determining block sizes based on daylit
building form or, conversely, in fittingppropriate daylight building massing to

existing block dimensions.

Microclimate: bundles contribute to the development of strategies at the urban
elements level, where buildings are one of the elements. In contrast, these bundles

are enhanced and madema feasible by an effective Integrated Urban Pattern.

Daylight Building: is itself a collection of various strategies from the sky to the
interior surfaces. Each successive scale is essential for effective daylighting. It

provides combinations of thin plaand thick plan building strategies.

Outdoor Microclimates: benefit from the larger heating and cooling neighborhood
strategies that form its context and either block or admit solar, wind, and light forces.

It is also a collection of smaller strategieattbhape smakcale outdoor comfoft

Daylight Envelopes: One of the most crucial straiegis the threedimensional
development envelope generated by this approlicknsures that neighboring
buildings receive sufficient access to daylight, provideat the building massing

remains within its boundaries. The application of the protective measure can be

98 Mark DeKay and G. Z. Brown Sui, Wind, and Light: Architectural Design Strategig¥iley,
2014.
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implemented either at the building or block level, dependent upon the specific

adjacent facades that require safeguaréfing.

3.5  Architectural Building Scale

If appropriate decisions are made during the site design process to ensure that the
building is oriented to receive ample daylight, it will be easier to achieve a high level
of daylight quality throughout the building. However, it is important to radernot

all buildings may have optimal planning for daylighting, in which case, it is
necessary to adapt the building's orientation and layout to address this issue. Further

details regarding this matter will be explored in the case buildings.

Appropriatedaylighting in architectural design can be achieved in any building,
regardless of size or shape. The key is to carefully consider the building's massing,
or overall structure that incorporate strategies such as lightwells, courtyards, or atria
to bring dglight into the building. To effectively distribute natural light throughout
the interior spaces, it is crucial to have access to multiple sources of natural light,
including the sides and top of the building. In the context of designing for
daylighting, t is important to consider various factors, such as accessing and
incorporating natural light, distributing it evenly throughout the interior spaces,
preventing glare, and supplementing it with artificial light when requdfi®d.

351 Solar Orientation

Architeds must give careful consideration to the building's orientation from the very

start of the site planning process. The basic objective is to let as much sunlight and

“Mar k DeKay and G. Z. Brown, #fASun, Wiwiky and Light:
2014.
WMary Guzboaaws kiightd ng f or M&uasviilh P0Ba bl e Desi gno,
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natural light into the interior as possiBfé.Optimizing accessible daylight is vital
regardless of whether or not the building is confined by street patterns or other
outside obstructions. On greenfield sites, architects can better arrange the site layout
to take advantage of the sun's path and daylight availability, resulting in more optimal
building orientation. When determining the orientation of buildings in relation to
daylight utilization design, two significant components require attention. Firstly, the
orientation of the building should align with the functional necessities and spatial

orientation of individuals within the buildin§?

Architects undertake potential challenges related to building and room orientation
which balances the desired views and functional requirements. Maximizing the
utilization of natural light is generally fegred, although compromises might be
necessary based on the specific needs of the interior $p&aaticularly for tasks

where occupants are sitting in fixed positions such as offices or classrooms, there are
unique orientation requirements for eachhéectural concept. Therefore, it is
crucial to think about the building's orientation and internal arrangement at an early

stage in the design process.

The solar gain and degree of sunlight penetration are significantly influenced by the
orientation of te window towards the sun. As an example, it can be observed that a
window oriented towards the north direction allows for a relatively lower amount of
solar radiation to enter in comparison to a window facing the south, west, or east. In
the case of a sdufacing facade, during the summer season, the sun is positioned at
a high angle in the sky, resulting in elevated temperatltés a result, the use of

shading can be an effective strategy to prevent solar penetration. Consequently, it is

101 NorbertLechner fiHeating, Cooling, Lighting: Sustainable Design Methods for Aecis ,
JohnWiley & Sons 2014.

102 Njck Baker and Koen Steemef®aylight Design of Buildings: A Handbook for Architects and
Engineeré Routledge2014.

103 |pid.

104 NorbertLechner fiHeating, Cooling, Lighting: Sustainable Design MethodsAfmhitects ,
JohnWiley & Sons2014.
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common practie to orient a building along the eastst axis, with appropriate
shading mechanisms on the southern facade, due to this rationale. In cases where
there is a possibility of overheating, such as in a standard office setting with elevated
internal gains fronequipment, it is important to note that the sewtst orientation

may not be ideal. This is due to the fact that the sunlight during the spring and autumn
seasons is not only strong, but also at a low angle, which can pose challenges in terms
of shading(Figures3.14- 3.16) 1%

>

Figure3.14 Ideal orientatiorelongated fan from East toWest(Baker & Steemers,
2014)

Figure 3.15 East and West facing walls should normally kept as short as possible

(Konya, 2013)
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Figure3.16 North light tends to be softer and cooler and more unif@authlight
tends to be more intense and more variéblans, 1981)

105Nick Baker and Koen Steemef®aylight Design of Buildings: A Handbook for Architects and
Engineers Routledge2014.
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With respect to daylighting, it is possible to modify the orientation of any building
to ensure sufficient illumination within the interior. Thereassignificant difference

in the quality of daylight emanating from the north, south, east, or west, except for
the variations in the movement of the sun across the sky. Traditionally, areas oriented
towards the northern hemisphere of the sky have beereosd as the most optimal

for favorable visual conditions. With the exception of a negligible divergence in the
color spectrum, which is typically inconsequential, the illumination corinorg the

north skyhas a similarity to that of the south, eastwast sky, with the only
difference being the intensity of the light and the degree of exposure to direct
sunlight!°® The orientation of a structure has a significant impact on its ability to
manage exposure to direct sunlight. By implementing appropriaidight
management strategies and employing intelligent utilization techniques, it is possible
to attain uniform soft and diffused daylight conditions from the nskih

irrespective of the building's orientation.

= |

i

Figure3.17 Sun and wind, the two main influences in physical orientgtigyay
& Olgyay, 1963)

The related representation demonstrates the variation in orientation resulting from
regional requirements. In regions situated at higher latitudes, the ambient
temperature tends to be relatively low, thereby necessitating a significant reliance on
solar radiation for warmtfFigure 3.17) Hence, it is recommended that buildings

be strategicallyositioned to optimize solar exposure over the course of the entire

106 Benjamin H.E v a rDaylightiin Architecturé McGraw-Hill Book Company1981.
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year. Nevertheless, the edifice situated in the southern region, characterized by a
warm and humid atmosphere, ought to rotate its orientation to avoid the undesirable
solar radiation andapture refreshing wind&®’

3.5.2 Building Form

Apertures facilitate the penetration of daylight into buildings. Up to a specific depth,
a building's interior will receive adequate levels of useful daylight for illumination,
based on the characteristics affiacade and overall envelope. The basic impacts of
the degree to which a building can be daylit are determined ligrits with the
dimensions in both plan and sectf8&The architectural structure, as an envelope

for a particular collective activity, dmodies its internal dynamics, with relatively
reduced attention paid to the formative influences of external weather conditions.
Nevertheless, certain general principles can be articulated with regards to massive

structuresi®®

107victor Olgyay andAladarOlgyay, Design with Climate: Bioclimatic Approach to Architectural
Regionalisnd Princeton University Pres4963.

108 Nick Baker and Koen Steemefi®aylight Design of Buildings: A Handbook for Architects and
Engineeré Routledge2014.

109 Mark DeKay and G. Z. Brown Sui, Wind, and Light: Architectural Design Strategig¥iley,
2014.
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Figure3.18 Massing &basictypes of the building fornfDeKay & Brown, 2014)

At a fundamental level, buildings can be conceptually categorized based on their
height (short or tall), width (thick or thin), or a combination of these parameters.
Figures 3.18 and 3.19 exemplify several conceivable massing typologies and
elucidate the tilization of diverse daylight design strategies associated with each
typology. Buildings that are short and wide possess the capacity for zenithal
illumination, rendering the inclusion of sidelights unnecessary. Conversely, slender
structures can effectdly incorporate sidelighting. Furthermore, the uppermost level
of tall buildings can be treated akin to a short and wide building by employing
zenithal illumination techniques. On the other hand, buildings characterized by a tall
and wide form necessitatge integration of voids, such as open light courts or glazed
atrial'?In practice, many buildings exhibit a combination of thick and thin forms,
implementing corresponding daylighting strategies. Notably, in regions with
unobstructed skies, the utilizati@f reflected sunlight proves highly advantageous.

OMarkDeKay and G. Z.Brown A Sun, Wind, and Light :Wilayr chitectu
2014.
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The diagrams presented offer schematic representations of a few conceivable

alternatives to facilitate comprehension of the concepts at'and

Short/Fat Ghort/ Thin Ghort/Fat + Ghort/ Thin at Perimeter Tall/Thin + Ghort/ Fat on Top
- Geylight Building - Thin Aan - Geylight Building Geylight Building
- Toplight Room - Gidelight Roow Depth - rvrﬁgl'\* Room - Toplight Room
- Reflected unlight - Reflected gunlight - Thin Aan - Thin Aan
- Gidelight Roow Depth - Gidelight Roowm Depth

Figure 3.19 Daylighting planning strategies and building fornjDeKay & Brown,
2014)

Figure 3.20 demonstrates the tradéfs between a compact building form and an
increased perimeter exposure, indicating that enhancing the building's utilization of
daylight can be achieved by extending its perimeter shape. This extension results in

an expanded dayghting area, which contributes to improved performatte.

Figure3.20 Tradeoffs between a compact building form and an increased perimeter
exposurgAnder, 2003)

The constraints imposed by the site may restrict the available building design
possibilities and forms, thereby impacting the optimal utilization of daylighting. The
morphology of a site, particularly in densely populated urban regions, can have a

significant impact on the configuration of the building. The design of a building may

lMarkDeKay and G. Z.Brown @A Sun, LWigrhd,: aArd hi t ect Wileg,] Desi gn Str
2014.
112Gregg D.A n d eDaylighting Performance and Desigrdohn Wiley& Sons 2003.
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be subject to limitations imposed by planning and regulations ést@a.the other

hand climate is one of the important considerations that shape the buildingitself.

Figure 3.21 shows how the local climate produces a significant influence on the
optimal building form. The architectural configuration has the potential to mitigate
thermal transfer, influence optimal levels of daylight penetration, and optimize the

circulation d fresh air.
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Figure 3.21 The local climatéhasa significant influence on the optimal building
form.(Lechner, 2014)

Correlation between massing and climateaditional construction shown in Figure
3.22. The visual representation depicts how the shape and size of a building are
influenced by climatic factors. Additionally, the aesthetics of a building are affected
by various surface treatments like shadingicks; balconies, and porches. These
elements also play a role in determining the heating, cooling, and lighting aspects of
the building!'®

113Mark DeKay and G. Z. Brown Suf, Wind, and Light: Architectural Design Strategig¥iley,
2014.

114 NorbertLechner fiHeating, Cooling, Lighting: Sustainable Design Methods for Archibects
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Figure3.22 Building forms according to clima{®lgyay & Olgyay, 1963)

In regions with cooler climates, it is recommended to utilize closed and compact
architectural designs such as sqesitapedstructures or bacto-back building
layouts oriented along the norsouth axis-*® This is due to their ability to achieve

a higher level of volumetric efficiency. Unilateral buildings with elongated structures
do not offer any significant advantages. égions with cooler climates, there is a

preference for taller buildings due to their environmental benefits.

The temperate zone experiences the lowest degree of prevailing winds from any
particular direction. This climate permits a relatively high degfeesign flexibility

due to its flexible restrictions, with the least negative effect créatéthnetheless,
designs oriented along the easist axis tend to be more favorable.

In regions characterized by hot and arid climates, large structteesnsideredo

be advantageouds® Cubical forms, which exhibit a slight elongation along the-east

8vi ctor Ol gyay and Al adar Ol gyay, f@ADesign with

Re gi o n BRrincemmiiyersity Pres4963
17 bid.
118 | bid.

56

Cl i me



west axis, demonstrate a high degree of adaptability. Tall structures appear more

desirable.

In regions characterized by hot and humid climates, buildings terekhibit
elongated forms that are further emphasized in their spatial arrangements. The
houses are strategically positioned to optimize air circulation, while the
incorporation of shade trees assumes a crucial role in the overall design. The urban

morplology of the town exhibits a dispersed and fragmented char&éter.

No Orientation Unilatertal Bilaterd Weightered Multilateral

Figure3.23 The shape and directional orientation of a buildi@tgyay & Olgyay,
1963)

The shape and directional orientation of a building play a crucial role in determining
its overall performance and functionaliffFigure 323). Unilateral buildings,
characterized by a singided orientation, are typically designed to optimize views

or take advantage of specific environmental factors, such as prevailing winds or
scenic vistas. Bilateral buildings, with two primary orierasi, offer a balance
between different factors, such as daylighting and builginggram'?® These
structures often incorporate design elements to maximize daylight penetration on one
side while minimizing heat gain or loss on the other. Multilateral mgklifeaturing
multiple orientations, provide flexibility and the potential to utilization of daylight.
They can be strategically designed to capture daylight from different angles

throughout the day, enhance natural ventilation, and reduce relianceficralart

M9victor OlgyayandA | a d ar DdsignywihyClimat: Bioclimatic Approach to Architectural
Re gi o n, Brindemmiuiniversity Presd963.

Norbert Lechner, fAHeating, Cooling, Lighting:
John Wiley & Son2014.
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lighting and mechanical systems. The choice of building shape and its directional
orientation should be carefully considered to align with the desired objectives, local
climate conditions, and the specific needs of the occup&nts.

When examininghte discourses aksearchetd? regarding architectural form and
daylight, it is generally asserted that the plan @agighting strategy(Figure 3.24)
are interdependent. It becomes evident that a thin plan tends to be associated with

sidelighting, wheresma thick plan is typically associated with toplighting.

, MY
3__/1_4!
=

Figure3.24 Daylighttypes(Gherri, 2015)
3.5.2.1 Thin Planning and Sidelighted Buildings

Sidelighting in buildings has traditionally been motivated by the need for exterior
views and natural light, achieved through windows and translucent walls. However,
as buildings widen, areas away from the perimeter receive inadequate sunlight,
which can le partially addressed by increasing ceiling height or using-light
redirecting devices. Nonetheless, the geometry of sidelighting imposes limitations
on the ratio of sunlight opening to flogfigure 3.25)123

121 BarbaraGherri,iAssessment of Daylight Performance in Buildings: Methods and Design

Strategied WIT press2015.

22Mark DeKayand G.Z.Bown, fASun, Wind, and LighWiley, Architectur
2014 William L a mSunlighting as Formgiver for Architecture1 985 Nick Baker and Koen

Steemers. fADaylight Design of Buil dRontlgdgg A Handbook
2014.
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Figure 3.25 Section showing roondepth and daylight penetratiof©lgyay &
Olgyay, 1963)

To optimize sidelightingcareful orientation and arrangement of building masses are
crucial, with elongating the building along an east/west axis facilitating glare control
and expanding the perimeter for more sidelighting opportunities. Orienting apertures
north and south whewer possible aids in heat control and effective shading and
sunlight redirectior}?*

Sidelighting is most convenient when the primary sun angle is elevated, such as in
south and nortifiacing areas close to the equator. However, it becomes more
challenging vmen the main sun angle is low, such as in high latitudes or in east and
westfacing regions during the early and late hours of the day. The difficulties arise
primarily from the glare issues associated with asmgle surt?®While sidelighting

can utilizedirect sunlight, sky illumination, and reflected light, extensive sunlit
ground or building surfaces are often scarce, placing emphasis on the building
facade's role in capturing, shading, and redirecting sunlight. Overall, considering the
combination of daylight and view is essential for successful sidelighting

implementation.

124 NorbertLechner fiHeating, Cooling, Lighting: Sustainable Design Methods for Archibects
JohnWiley & Sons2014.

125Nick Baker and Koen SteemefiDaylight Design oBuildings: A Handbook for Architects and
Engineers Routledge2014.
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3.5.2.1.1 Room Geometry, Aperture Size and Position

Sidelighting, achieved through vertical openings in walls, is the primary method for
utilization of daylight into a space. However, a #igant concern arises in such
spaces due to the namiform distribution of daylight. As one moves away from the
opening, the daylight diminishes rapidiigure 3.26)In Figure 327, a section of a
sidelit room is depicted, along with the superimposaglight factor (DF) for the
workplane. It is worth noting the swift increase in DF near the window, as the

workplane's view encompasses more of the'&ky.
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Figure3.26  The daylight factor experiences aagh decline as the distance from
the window wall increasefBaker & Steemers, 2014)

Figure3.27 A Rule of thumb that states that the effective depth of useful daylighting
from a window wall should not exceed twice the height from the floor to the top of
the window(Baker & Steemers, 2014)

The distribution ad level of daylight in a room are greatly affected by the position,
shape, and size of its windows, thereby determining the usefulness of the natural
light (Figure 3.28) While we acknowledge that daylight variation in a space can be
a desirable qualityin many instances, the goal of effective window design is to
minimize excessive fluctuations in illuminan@éIn sidelit spaces, the variation of

daylight illuminance suggests corresponding variations in use. Tasks requiring high

126 Nick Baker and Koen SteemefsDay | i ght Design of Buildings:
Engi n BRauttedge2014.
127 | bid.
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visual acuity should beotated closer to the window, while activities needing lower
light levels can be placed further away. In offices, the desk is best positioned near
the window for optimal daylight, but computers should be placed away from direct

sunlight to minimize glaré?®

Figure3.28 Low windows provide viewf only it is the ground floor, one cannot see
views of mountains etc. awglyam, 1985)

High windows offer deep penetration of sidelight from direct or diffuse light sources
(such as overcast skies or translucent glazing) to a horizontal workplane, with
diminishing light intensity closer to the windofifigure 3.29)?° The benefits of
high windows extend beyond lighting, including enhanced privacy and security. The
additional wall space resulting from high windows can be utilizedvéoious

reasons

Figure3.29 Window height increases the pémagion of daylightLechner, 2014)

The quantity of skylight that directly illuminates a specific indoor location is

primarily dependent on the extent of visible sky from a point. The optimal placement

28pDerek ClementCr oome, fiCreati ngat @aylorRFrantig2006i ve Wor kpl
2%Derek Phillips, fADayl i ghtEBlsavier20lRat ural Light in
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and configuation of windows to allow for adequate daylight penetration is based
upon maximizing the amount of sky visible from areas necessitating a high daylight
factor. As a general principle, windows with higher heads will enable greater depth
of daylight penetran due to geometric factors. Furthermore, during periods of
overcast weather, higher window heads will facilitate the entry of a brighter portion

of the sky into interior spacé?

The problem of uneven illuminance distributiosignificantly reduced when glazed
openings are provided in more than one wall of a room. Fig@&ilBustrates a
series of scenarios in which a glazing area equivalent to 15% of the floor area is

distributed on one, two, three, and four walls of a reptkar room, respectivef!

3.00m

Figure 3.30 llluminance levels distribution for multiplaspect rooms by changing
the size and number of windo\{Baker & Steemers, 2014

The area of a window has an impact not only on the quantity of natural light that
enters a space, but also on the degree of heat gain and heat loss that occurs. The
interplay between daylight and thermal conditions can often be conflicting.
Specifcally, increasing the window area results in an increase in both daylight

B0 CIBSE, L. "Daylighting and window design." London: The Chartered Institution of Building
Services Engineers (1999).

B1Nick Baker and Koen Steemef®aylight Design of Buildings: A Handbook for Architects and
Engineers Routledge2014.
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penetration and heat loss/gain. However, mitigating measures must be implemented

to address these opposing effeéts.

3.5.2.1.2 Exterior Elements and Shading Design

In order to prioritize thg@reservation of views while effectively blocking sunlight,
shading can be achieved through various means such as exterior devices, glazing, or
indoor shading devicedVhen designing shading, the objective is not solely to
prevent sun exposure but also taximize the view>3 Undoubtedly, providing a

view is widely considered as the primary function of a window. Therefore, the
shading design guidelines outlined here assist designers in preserving the view to the

greatest extent possible.

Overhangs serve aseful controls for fenestration. Apart from blocking the direct
beam from the sun, they also minimize the amount of sky visible from within a room,
thereby reducing the admission of diffuse skylight through the opening. In addition,
overhangs can captureflected light from the ground or other surfaces, redirecting

it back into the interior of a roo#i* This results in a more even distribution of light
and a slightly higher illuminance level, enhancing the overall lighting quality within
the spaceFigure3.31 shows how the overhang only provides shading and does not
redirect sunlight; thus, it is important to have enough foreground space in order to
effectively utilize the light reflected from the ground. Figure 3.32 shows that the
lightshelf provides stding with redirection of sunlight.

B2Nick Baker and Koen SteemefsDay | i ght Design of Buildings: A H
Engi n BRatledge2014.

133 NorbertLechner fiHeating, Cooling, Lighting: Sustainable Design Methods for Archibects

JohnWiley & Sons2014.
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Figure3.31 Overhang only provides shadifigam, 1985)
Figure3.32 Lightshel provides shading with redirection of sunligham, 1985)

Light shelves, which are typically horizontal devices located near the window area,
play a crucial role in fenestration systems. They sisfolbg integrate both exterior

and interior components, aiming to reduce window brightness by blocking-direct
beam sunlight from entering the conditioned spdeMoreover, light shelves have

the potential to increase room brightness by reflecting ligta the building,
resulting in a more even distribution of light and slightly higher illuminance levels.
As a design element, they introduce a strong horizontality to the building facade. It
is common for fenestration systems to incorporate both extertbimaerior light

shelves, allowing these devices to work together effectiFetjure 3.33)

z>

{

EXPOSURE
ANGLE

Figure3.33 The diagram of vertical fins on a west (east) facade, when viewed from
above, demonstrates how solar penetration can be minimized. This can be achieved
by either bringing the fins closer together, increasing their depth, or employing both
strategies simudtneouslyLechner, 2014)

¥ Norbert Lechner, fHeating, Cooling, Lighting:
JohnWiley & Sons2014.
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For east and west orientations, vertical louvers or fins offer advantages in blocking
directbeam light and reflecting light into the interior. These louvers or fins can be
eitherfixed or movable, providing flexibility in controlling the amount of light and

optimizing the overall lightingonditions within the spacé®

Windows have multiple functions, not just daylight transmission. Having a view
outside is usually just as importaand for windows that can be opened, they need
to allow air to pass through for natural ventilat{@igure 3.34)Shading devices can
affect these functions differently, and they may not fit into the same categories as
their light transmission characigtics!®’ Since the blinds block both view and

airflow, it becomes the least favorable one among shading elements.

overhang louvres blind tinted or
reflective glass

£ — N
\ \
\
\
\
N
view v view v view view V4
airflow v airflow v airflow airflow

Figure3.34 The impact of shading types on vision and ventilaf®aker &
Steemers, 2014)

Louvres positively impact airflow when their angle is modifiable, as they can be
utilized to regulate the airflow direction to a cemtdegree. The implementation of
large "architectural' louvre systems in warm and humid climates is a widely adopted
practice. The fixed overhang and tinted glass offer an unobstructed view while still

providing complete shading functionalft?

136 Benjamin HE v a rDgylightfin Architecturé McGrawHill Book Company1981.

137 Nick Baker and Koen Steemefi®aylight Design of Building: A Handbook for Architects and
Engineers Routledge2014.
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3.5.2.2 Thick Plan & Top Lighting

When the user program requires floor areas that are too extensive to be sufficiently
illuminated by sidelighting alone, toplighting becomes an appealing option. It
enables the realization of higtensity developments, primarily becausésiless
obstructed by surrounding buildings compared to other sunlighting alternatives
(Figure 3.35) However, there are challenges associated with managingpphe
lighting. Glare and overheating can occur in the area just below the aperture where
there @e no control or shading systems in pl&feMoreover, toplighting systems

are most effective for the floors directly beneath the roof and may not be as beneficial
for multi-story buildings. Another limitation of such solutions is the lack of an
outside vew, which negatively affects the perception of day and night alternation

and can lead to occupant discomfdft.

Figure3.35 Toplightingcan provide uniform luminous distribution withninimum
glazing aredlLechner, 2014)

Toplighting, also offers a solution to the light distribution issues caused by
sidelighting. By allowing light to enter throughetroof or above the ceiling line, the
problems thaare causedy sideligtingareavoided. Like it can serve as a substitute
for side windows that may result in glare. The potential for glare resulting from
poorly designed rooflights is a pertinent isstiawever, fixing this concern is
comparatively less complex than mitigating the glare coming from lateral windows.

Related with glare problem is that the toplighting is considered to be an optimal

139 Mark DeKay and G. Z. Brown Sui, Wind, and Light: Architectural Design Strategig¥iley,
2014.

10 Nick Baker and Koen Steemef®aylight Design of Buildings: A Handbook féwrchitects and
Engineers Routledge2014.
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solution when maximum heat and light are desired withaugthre of the low sun
angle, particularly in regions with high latitudés.Noted that just like with
sidelighting, sunlight needs to be redirected and diffused to prevent glare and

excessive heat, and to create the desired lighting effects and pleasantspaces.

The implementation of rooflighting was devised to enable the construction of
buildings with increased depth and thicker plan. This was achieved by utilizing
different types of rooflights to facilitate the penetration of light further int th
interior. The toplighting aperture can be conveniently modified to optimize the
amount of light and heat during various times of the day or different seasons.
Apertures possess the capability of being oriented independently from the primary
orientation @ the building'*2Figure 3.36 presents the different options available for

roof openings that facilitate the entry of natural daylight.

MONITOR SAWTOOTH

SKYLIGHT

CLERESTORY

Figure3.36 Different options available for roof openinfisechner, 2014)

Daylighting is possible in very deep interiors thanks to glazed roofs and light surface

treatments. Sunlight enhances the outcomEidare 3.37 typical rooflight profiles

141 Fuller Moore, fiConcepts and Practice of Architectural Daylightingan Nostrand Reinhold
Company 1985.

142 Nick Baker and Koen Steemef®aylight Design of Buildings: A Handbook for Architects and
Engineers Routledge2014.
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are displayed. Each has advantages and disadvantages, and different types work well

in different situationst*3

- ee—— e— e— flat

//A\V/A\ shed

domes

////// northlight

s
m [—1 m === monitor

Figure3.37 Rooflight configurations according to the CIBSE (CIBSE, 1999).

While the simplest form of a rooflight is a horizontal opening in a flat roof, more
intricate geometries are commonly employed. There are two main reasons why the
aperture may not be horizontal. Firstlige plane of the aperture might align with the
roof plane itself. Alternatively, the aperture plane may intentionally be inclined at a
specific angle to regulate direct sunlight and affect the light distribution within the

space-*

Solar control presents an opportunity due to the orientation sensitivity of all types,

excluding flat and dome. Shading is typically required for flat and dome types to

“Norbert Lechner, AHeating, Cooling, Lioprhti ng:

Wiley & Sons2014.
“Cl1 BSE, L., dDayl i ghltonhdorgTha @hdrtered Institubion of @widing g n o ,
Services Engineerd 999.
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minimize direct solar radiation, especially during summer when it is most intense on

the horizontal plané?*®

The name "northlight" is obviously derived from its orientation, but this type of
profile canbe oriented in any direction. However, orientations away from the north
will result in an increased amount of direct radiation, typicalyuireng additional
shading devices. Similarly, the sawtooth roof shares similarities with the northlight
when its glazing faces north, but the vertical plane of the aperture can be easily
shaded from the summer sun using overhaffg$his flexibility allows for a
potential southerly orientation in cases where winter solar gains are desired, although
considerations must be made for the positioning inside the building and the surface

where sunlight eventually falls to minimize glare.

The northlight and sawtdlo provide unidirectional light, while the monitor offers
bidirectional illumination**” This characteristic is particularly advantageous for
buildings that require vertical surface illumination, such as picture galldites.

different rooflight types areompared in the following tabl@able 3.2)

Nick Baker and Koen Steemers. fADaylight Design
Engi n BRatledge2014.
148 |bid.
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Table3.2 Comparison of Different Rooflight&

Type of Rooflight

Horizontal
rooflights, small

translucent domes,

pyramids and

lantern lights

AiShedo r

Sawtooth rooflight

Monitor rooflights

(o]

= —a

=

E ]

E

Advantages

Useful supplement to side windows
Less glass needed for a given daylig|
factor

An internal skirt can effectively reduc
glare (but at the expense of uniform
daylighting)

Can be fitted with an upstarfiar
controlled ventilation

Can be concealed from external
passersdy

Often the leastxpensive profile
Suitable for interiors such as
warehouses where solar gain would |
a minor problem

Less glass needed for a given dayligl
factor, comparable with horizontal
rooflights above

Facing north in the northern
hemisphere is usually the best choice
where solar gain would otherwise be
troublesome

Better control of solar gain and solar
glare

Flat ceilings can accommodate
overhead services, including electric
lighting, without seriously obstructing
incoming daylight

Controlled access to sunlight,
especially with asymmetrical monitor
Easy access from the roof for cleanir
the outside of glazing

= —a

=a —a

= —a

= —a

= —a

Disadvantages

Seldom suitable for daylighting a
whole interior

Difficult to protect from solar gain
Directs relatively little light onto
vertical surfaces, making the
interior look darker
Condensatiomill not run down the
face of a neahorizontal sheer, so
may drip on occupants below

Dirt collects more readily on
horizontal surfaces

Easy to fall through when cleaning
Rooflights in flat roofs may tempt
burglars

Difficult to protect from solar gain
Dirt collects more readilon near
horizontal surfaces

Indoor surfaces may be hard to
reach for cleaning

Direct daylighting is unidirectional;
tall machinery or storage racks car
cast heavy shadows

Orientation is fairly critical

Large enclosed volume can lead tc
thermal stratification

Low daylight factors.

Flat horizontal ceilings receive no
direct sunlight and may therefore
look dull.

M8 CIBSE,L. ,Daylfighting and window designlLondon: The Chartered Institution of Building

Services Engineergd999
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3.5.2.2.1 Horizontal Glazing: Skylight

Skylights offer flexibility in placement and can be added to any roof with minimal
impact on the structure. They aresteffective as they require little architectural
provision and can be installed even after the building is completed. Skylights are
most efficient in uniformly bright overcast conditions, as they directly receive and
distribute light from the sky. Cleakylights provide maximum sky views, while
translucent glazing helps distribute light but requires a well to control ‘Gfare.
Horizontal skylights perform poorly in temperate and frigid climates, admitting
excess heat in summer and minimal sunlight interi They can also create glare
problems, and unit skylights tend to leave wall and ceiling surfaces unlit. Horizontal
glazing is more susceptible to leakage and may require special safety glass as per
building codes?>®

In temperate climates, tis&ylights should be tilted and oriented as much as possible
to reduce the seasonal disadvantagdlsylights with steep slopes outperform
horizontal ones due to their ability to capture a greater amount of winter sunlight

while minimizing the amount of sunensunlight (Figure 3.38).

e
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Figure3.38 Skylights with steep slopdkechner, 2014)

Figure3.39 Place a skylight in front of a north wall for more uniform lighting and
less glardLechner, 2014)

“Ni ck Baker and Koen Steemers. fADaylight Design
Engi n BRauttedge2014.
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Position skylights near walls, especially the north wall, to utilize it asfasdif
reflector, as depicted in Figue8.38and3.39. The bright wall creates an illusion of
a larger and more cheerful space, while the north wall balances the illumination from

the south window.
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- — 2H

py
‘ I
(%_|

Figure 3.40 Recommended spacing for skylights without windows is given as a
function ofceiling height(Lechner, 2014)

—_—

Figure 3.41 Recommended sging for skylights with high windows is given as a
function of ceiling heighf(Lechner, 2014)

For uniform lighting, ensure proper spacing of skylights. If there are no windows,
follow the spacingguidelines depicted in Figure4®. However, if windows are
present, skylights can be positioned farther from the perimeter as shown in Figure
3.41.

3.5.2.2.2 Vertical Glazing: Lightscoop, Clerestories & Monitors

Clerestories, monitors, and light scoops are architectural features elevated above the
main roof wth the purpose of bringing light to the center of a space. The term
"monitor” is typically used when the windows face multiple directions and are
operable, while "light scoop" refers to clerestory windows that face one direction
with a curved opposite sicthat reflects light downwaré! Clerestories, with their

vertical or neawertical glazing, function more like windows rather than skylights.

151 NorbertLechner fiHeating, Cooling, Lighting: Sustainable Design Methods for Archibects
John Wiley & Sons2014.
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Southfacing clerestories effectively collect more sunlight in winter compared to
summer. It is also easiersbade vertical soutfacing openings from direct sunlight.
North-facing clerestories provide consistent low light without significant glare,
while east and west orientations are generally avoided due to difficulties in shading
against low sun angles anateiving more summer sunlight than winter sunlift.

A notable advantage of clerestory lighting is the diffused nature of the light. When a
white or lightcolored ceiling is used, much of the entering light is reflected off the
ceiling, resulting in a difise illumination. Consequently, the glazing in clerestories

can be transparent.

Clerestories, which favor loxangle light, can be oriented to face the equator in high

latitudes during winter or positioned for dawn and dusk illumination on east and west
exposures. The thermal performance of clerestories heavily relies on their
orientation. Compared to skylights, clerestory monitors offer advantages in terms of
energy conservation and glare control. However, integrating clerestories into the
overall design ignore challenging as they are harder to add on and have a greater
impact on architectural forms. Therefore, careful consideration and integration

during the early stages of the design process are necéSsary.

Figure3.42. Clerestory eflect light off an interior wal{Lechner, 2014)

B2william L a mSunlighting as Formgiver for Architecturel 985
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Sunscoops, a type of clerestory monitor, are an ideal solution for areas with
temperate climates and high latitudes. Their orientation towards the equator allows
for automatic control of light distribution, providing more light in the winter and less

in the summer to reduce heating and cooling loads. This orientation also makes glare
control simple. A nearby parallel wall can block and redirect sunlight from large
unshaded clerestories, allowing occupants to see sunlight on wall surfaces without
experiencing direct glare. Compared to horizontal skylights, sunscoops provide
twice as much light in the winter and are an excellent solution for very high latitudes

where he sun is low in the winter, and maximum light and heat are désfred.

Lightscoops are a type of clerestory monitor that are positioned facing away from
the sun (facing north in the northern hemisphere). Their effectiveness may be limited

in extremely colctlimates, as they rely on natural light from the sky and reflections
from the roof. They do not require shading to block direct sunlight. Both lightscoops
and sunscoops can be beneficial and can be easily shaded in regions located near the
equator.Figure 3.43 shows daylight coming from light scoops of the Parochial

Church of Riola, Italy.

i

SOUTH SECTION NORTH

Figure3.43 Sectionand interiorof the Parochial Church of Riole, Italy (Lechner,
2014)

There are some disadvantages of the lightscDogylet in the least amount of light

per unit of glass. The light that enters is diffuse and comes from the sky, it is not

B4william L a mSunlighting as Formgiver for Architecturel 985
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directional and does notach as deep into a building as sunlight. The light coming
from the sky is "cooler" in color than sunlight and although consistent, it may not be
as visually pleasing. They do not provide significant solar heat gain during heating
season, but the heaskthrough lightscoops can be substantial. It's recommended to
use highly insulative glazing@verall,lightscoops provide the lowest and steadiest

light levels with minimum annual heat gain.
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Figure3.44 Model to investigate the spacing between monitor skylights based on
the coefficient of uniformitff{Acosta, Navarro, & Sendra, 2015)

Theanalysis of different shapes and ratios of rawrskylights revealed key findings

for maximizing daylight performand€igure 3.44)°° Skylights with a height/width

ratio close to 1/1 consistently achieved the highest daylight factors regardless of
reflector shape or room ratio. Rectangular skyligletsormed poorly, while slanted,
curved, and sawtooth shapes excelled under specific conditions. Monitor skylights
outperformed lightscoop skylights by providing nearly double the daylight with only
a slight increase in height/width ratio. Monitor skyliglexhibited high potential for
daylighting, reducing artificial lighting consumption to 20% with a height/width
ratio near 1/1. Proper spacing between monitor skylights correlated with the skylight

155 |gnacioAcosta, Jaime Navarro, JudaséSendra Tofivards an Analysis of the Performance of
Monitor Skylights under Overcast Sky Conditiongnergy and Building88, 2015 24861.
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spacing/room height ratio, independent of reflector shllpese findings inform the

design of monitor skylights for optimal daylight factors under overcast SKies.

Centric Form and Top Lighting buildings, which have thick plan strategies like the
investigated campus buildings, involve using either an atriuskydight to provide

top lighting in a building. This approach can be used in buildings that are multiple
stories tall and have holes cut into them for light or in shorter buildings that have
skylights or lightwells on the top floor to allow for naturghit. The top floor of any
building can also be designed as a skylight buildM@entric forms are designed
around an internal core, which is often the main focus of the building. The spaces in
the building are typically organized around this core. Thgses of buildings tend

to be inwardfocused but may also have views of the outside. Centric forms often
have a relatively equal lengtb-width ratio, which can result in a dense building
mass. To make the depth of centric forms less noticeable, desigagrsdd atria,
lightwells, or courtyards, which can become important features of the buifding.

3.5.2.3 Core Lighting and Toplit Shared Spaces

The previous sections focused on the specific design elements of wimsoaresit

and toplitbuildings, while this chapter examines the concept of building clusters with

a central open space. Such spaces, like courtyards and atriums are primarily intended
for aesthetic and social purposes but also have implications for daylighting. This
chapter \ill also delve into variations of these spaces, such as lightcaods
lightwells, which are designed specifically to optimize natural lighting for the

surrounding areasg.igure 3.45 shows such spaces.

156 1gnacioAcosta, Jaime Navarro, JudoséSendra Toivards an Analysis of the Performance of
Monitor Skylights under Overcast Sky ConditionSnergy and Building88, 2015 248-61.
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Courtyard Atrium Lightwell

Figure 3.45 From left to right Courtyard, Atrium, Lightwell(Baker & Steemers,
2014)

1 Courtyard: An outdoor open area tdatsnot have glazing structures, which
results in an absence of obstruction and absorption of glass, leading to a freely
sky luminance. Largely or entirely surrounded byildings, walls or
arcadeg>®

1 Atrium: In contemporary usage, an atrium refers to a Jangd-lit interior
area that is fully glazed. Fundamentally, it shares the same characteristics as
any other enclosed spat® The primary component of the structure usually
the largest in terms of volume. Its purpose is to serve as a distinguished
area't!

1 Lightwell: a vertical opening or shaft through one or more floors in a
building, created for the primary purpose of distiibgitnatural light to
adjacent spaces. In various sources also can be described as an atrium without

a separating watf?

3.5.2.3.1 Courtyard & Daylight

Courtyards serve as a space for both circulation and outdoor leisure activities. Their

usage can vary depending thre season and weather conditions. They can also be

B9William L a mSunlighting as Formgiver for Architecturel 985

180 Nick Baker and Koen Steemef®aylight Design of Buildings: A Handbook féwrchitects and
Engineers Routledge2014.

1Benjamin H.E v a rDaylightiin Architecturé McGraw-Hill Book Company1981.
B2william L a mSunlighting as Formgiver for Architectudrel 985
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created from unused space betwbeitdings andare often coseffective due to the
minimal cost of landscaping. Additionally, courtyards are beneficial for natural
lighting as they allow sunlight to refa the surrounding building facades, enabling
sidelighting strategies to be us€éCourtyards, unlike glazed atriums, lack roofs,
resulting in an absence of obstruction and reduced sky luminance. Consequently,
courtyards can provide double the availabightt compared to their glazed
counterparts. However, without a redekel structure to support shading devices,
excessive glare can occur under direct sunlight, especially when highly reflective

finishes are used.

Courtyards are often surrounded by bunfgs that have arcades or verandas to
provide some protection from the weather. These structures shield the windows from
direct sunlight and rain, but they also limit the view of the sky from the rooms. To
compensate for this, the rooms rely heavily ontligtilected from the ground to
maintain adequate daylight levels. This is especially important because the

surrounding walls are in shadow and cannot contribute as diffuse light s8drces.

3.5.2.3.2 Atrium

Atria address the issue of illuminating the central pagt btilding by minimizing

it. An atrium, which is located within the roof, serves as an integral component of
the building. It employs techniques such asligpting or Clerestory concepts to
effectively distribute light throughout the structure. The ligiatt enters the atrium
should serve the purpose of providing task lighting on the atrium floor while also
offering secondary light to surrounding areas. Designing an atrium poses the

challenge of balancing the need for adequate daylight to illuminateeatijgpaces

163 Nick Baker and Koen SteemefiDaylight Design of Buildings: Adandbook for Architects and
Engineers Routledge2014.
164 | bid.
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while preventing excessive glare at lower levétsEigure 3.46 shows how the
amount of daylight present at the base of an atrium is determined by the ratio of its
depth to its width, rather than the actual measurements of these dimensiores. Fig
3.47 shows how the effective daylighting in rooms neighboring an atrium includes
illumination originating from the natural sky, light that bounces off the atrium walls,

and light that reflects off the floor.
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Figure3.46 The amount of daylight present at the base of an affli@chner, 2014)

Figure 3.47 Effective daylighting in rooms neighboring an atriufBaker &
Steemers, 2014)

Atria can bring light into deep plan designs while also creating appealing spaces.
Their general advantages are that tabgw daylight into deep spaces that would
otherwise be far from a window, and that they can add a sense of spaciousness to a
working interior, with attractive internal views, especially when planting is included.
Atria provides visual orientation and an area of emighfas circulation, assisting
occupants in maintaining their sense of direction. They have the potential to save
energy by reducing heat loss when compared to the walls of an equivalent open
courtyard. They can also provide ventilation to critical aré#sedouilding, resulting

in significant energy savings if air conditioning is avoided. However, the additional

185 Nick Baker and Koen Steemef®aylight Design of Buildings: A Handbook for Architects and
Engineers Routledge2014.
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daylight received by adjacent rooms is likely to be minor, having little impact on
electric lighting consumption. Because interior surfacesvasghesprotected, walls
and windows facing the atrium do not need to be weditler. This allows for

acoustic absorption and decorative treatments.

SKYLIGHT CLERESTORY WINDOW WALL

Figure 3.48 lllustrations of various types of atriunthat receive daylight are
presented(Lechner, 2014)

Atrium sunlighting apertures vary in form and can be designed to serve specific
purposegFigure 3.48) Wide and low atria are easier to illuminate and loamefit

from strategies like clerestory windows. It is recommended to reduce glazed areas or
adjust orientation to control light and solar gain, rather than relying on mirror glass.
Narrow atria require careful consideration to ensure sufficient lighdimgjthe use

of mirrors to redirect sunlight can be valuable. When determining the size of glazing,
it's important to weigh the benefits and costs shared by the entire space. Clear glass
may be more justifiable if it enhances the overall pleasantness afei#i€®

The main disadvantage of atria is that they can take up floor space that would
otherwise be occupied on multiple levels. Alternatively, the building's overall plan

area could be reduced. Although atrium glazing admits a lot of light, it doesn't get
very fa into adjacent spaces unless the atrium is articulated in plan and section to

give the surrounding interiors a good view of the sky.

6 william L a mSunlighting as Formgiver fakrchitectur® 1985
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3.5.2.3.3 Lightwell

Lightwells are functional shafts or slots within a building that primarily serve to
provide natural light ah ventilation to nearby spacéBigure 3.49) Unlike other
shared spaces, lightwells have fewer architectural consider&tioimsterms of
architectural context, small lightwells can add interest and relief to the interior of
deep buildings. Their planarea typically ranges from 25 to 400 squieet, and

their presence can be emphasized or kept more subtle. Lightwells may incorporate
operable glazing or mirrored lightshelves to connect with the surrounding
workspace. When glazed and unoccupied, maimigihigh reflectance surfaces is
relatively easy. Lightwells are often integrated with vertical circulation, and
materials such as glass blocks or open steel mesh can be used for stair treads and
platforms to allow ample ambient light penetratidrhe aedietic benefits of
lightwells are somewhat limited, offering views of sunlit surfaces and a connection
with the outdoors. While some minor communication across their width may be
possible through small windows, lightwells are generally discreet and can go

unnoticed in many buildings.

In terms of lighting, lightwells can provide side lighting to adjacent spaces and top
lighting to lower spaces. If used solely for top lighting, the interiors can be mirrored
to maximize reflectance. Due to their small sizehtlgglls typically feature full
skylights as their sunlighting aperture. While tracking mirrors can be used to
optimize sunlight collection and control in narrow apertures and spaces, this is often
not costeffective at this scale. Additionally, the tall camarrow proportions of

lightwells make glare less likely to becancern.

167 Nick Baker and Koen Steemef®aylight Design of Buildings: A Handbook for Architects and
Engineers Routledge2014.
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In the discourse on core lightinGherritreas both atriums and lightwells similarly

when discussing daylighting techniqu&$The atrium or light well is a fundamental
lighting technique employed in contemporary mugliory buildings. It involves
creating an open space at the center of the building that is exposed to the outside
through a glazed or transparent element at the top. Additionally, the building's
exterior is designedith multiple openings, using sidelighting techniques, to provide
light to rooms situated along the perimeter.

Figure3.49 Atrium or Light Well (Gherri, 2015kxperiencing Daylight &odern
Architecture

Light enhances the beauty of a building and makes it come to life. Architects strive
to design spaces where light can flow and change over time, as it varies from person
to person and from moment to moment. Withlight, everything becomes invisible,

and objects may go unnoticed. Light can also alter our relationship with the
environment and with ourselves, creating a

which is dependent on human imaginatiéh.

Light plays a significant role in how we perceive and experience architecture. The
way a room appears can be dramatically altered by simply adjusting the size and

position of its windows/® In his book Experiencing Architectur® Rasmussen

168 BarbaraGherri,fiAssessment of Daylight Performance in Buildings: Methods and Design

Strategieé WIT press2015.

189N. Mlige Cengizkanil k & ] & n Birfvemaii Erkdtle a h i nToMIM@®B Mi mar | ar Odas e,
2015.

1"0Steen EileRasmusse Ex per i enci o NITpessl®59t ect ur e
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posits that there exsta common misconception among individuals that equates a
good lighting condition solely with high levels of brightness. It is a common
tendency to assume that when visual clarity is compromised, increasing the intensity
of light becomes the immediate stdun. Nevertheless, this presumption does not
invariably hold true. The intrinsic quality of light frequently surpasses the

significance of its sheer quantity in determining optimal lighting condifitns

3.5.3 Daylight in Enriching the Architectural Experience

Architecture is a reflection of the human experience, with the interplay of light, form,
and shadows playing a crucial radeghanniPallasmadelieveghat architecture that

is regarded as "litenhancing” must effectively engage every sense and ingegrat
one's selfvith their perceptual encounter of the environment. The field of
architecture serves to express the human experience of existing within the world and
reinforces our perception of both our surroundings and our own identity. It does not

create dificial or imaginary worlds for us to inhabit?

For architects light is essential for the creation of space and form and proper control

of daylight through suitable quantity and distributtéhChristian NorbergSchulz

was a Norwegian architect and architectural theorist who wrote extensively about
the concept of N s e rEgisgence, fSpaqe] and Arahitedture h i s
According to Norbergschulz, a sense of place (Genius Loci) is a rigelof

belonging and identification that individuals have with a specific location. It is the
emotional connection that people have with a place and is often rooted in that place's
physical, cultural, and social characteristi¢$One important aspect oegius loci

171 Steen EileRasmusserfiExperiencing Architectue MIT press 1959.
72Juhani Pallasma, fThe Eyes of the SkJiomWie&S8dnd t ecture a
2012.

St even Holl, Juhani Pallasmaa, and Al berto Pere
Perception: Phenome nMlliaro l§ StoutdPtip2086. c hi t ect ur e o,
174 Christian Norbergsc huGeni wis Loci : Towards a Phenomenol ogy
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is the role of daylight in shaping the character of a place. Daylight is a natural element
that can profoundly impact the atmosphere and ambiance of a space. It can affect the

way people experience a place and can also influence their behaviooad.

NorbergSchulz argued that architects and designers should consider the role of
daylight in their work, as it can significantly contribute to the overall character and
atmosphere of a spa¢Eigure 3.50) He believed that the use of natural dgiyti

should be a key element in the design of buildings and spaces, as it can enhance the

sense of place and create a more pleasant and welcoming environment.

Figure3.50 Sketch of Jgrn UtzoBagsvaerd Comomity Church(Skipetari &
Nijhuis, 2011)

Figure3.51 Sketch of Petezumthor for Thermal Valg§Skipetari & Nijhuis, 2011)

Peter Zumthor suggests that architecture should be made entirely of natural, physical
materials, showcasing their qualities and that the spaces created by these materials
should be rod in the natural worl@Figure 3.51)}°. The interaction between the
senses and the built environment can shape emotions and perceptions, and this is a
key aspect of architectuté® Phenomenology uses space, materials, and lighting,

including shadows, toreate memorable experiences through the human senses. As

175 peter ZIMthor,fiThinkingAr ¢ h i t Bidkhauser 200,

St even Holl, Juhani Pall asmaa, and Al berto Perez
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Juhani Pallasmapointed out color can be experienced not only through sight but
also through touch, sound, and even smell. Our skin can distinguish different colors,
and we can "see" through owirs!’’

Light Revealing Architecturdy Marietta Millet is an inspiring book that explores
light's role in architectural design. It showcases selected examples and concepts in
four chapters: "Experience,” "Form,"” "Space,” and "Meaning." Each chapter dives
into different aspects of light, from personal experiences to the symbolic significance
of sacred light’® The book emphasizes that architects actively incorporate daylight
as a key architectural element, rather than treating it as separate from thegbuild
Daylight plays a crucial role in highlighting what we want to emphasize, both in

terms of the architectural design and the overall experience.

Daylight plays a crucial role in differentiating and defining spaces. It has the power
to visuallyseparate distinct areas within a larger space, creating a sense of division
and hierarchy. By strategically employing various daylight techniques, such as,
spaces can be visually connected yet distinctly outfffedaylight assets
establishing and enhang the spatial hierarchy within a building. Also, daylight
plays a crucial role in defining different areas and their functions within a §Yace.
Different levels and types of daylighting organization are employed to reinforce the
spatial hierarchy. For exmp | e, i dasigrAdd the Moairdg Angel Library in
Oregon by Alvar Aalto, different activities are organized into two main categories:
reading, which needs bright lighting, and book storage, which requires lower levels
of illumination. The reading arsaare positioned near openings in the building's

perimeter wall and under the central skylight, allowing ample natural(agtire

"Juhani Pallasmaa, fAThe Eyes oJohntWeg& Shsj n: Archit
2012.

M. S., Millet and C. J. Barrett, f@AVManght Reveal.
Nostrand Reinhold1996.
179 |bid.

®Mar k DeKay and G. Z. Brown, fASun, Wiwity and Lig
2014
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3.52) On the other hand, the book storage areas are located between the two reading

spaces, farthest away from the concatied sources of light.

Figure3.52 Mount AngelLibrary Daylight Zoning(DeKay & Brown, 2014)

Daylight can be used to create a focal point and @téention to specific elements

within a space. Within the building, achieving a focal point with light requires careful
balance and design. For example, the contrast between light and shadow can be used
to emphasize sculptures or specific architecturauifea. By manipulating lighting,

such as using color, size, and form, attention can be directed towards a particular
focal point. Daylight becomes a powerful tool in guiding focus and highlighting key
elements within architectural spaqgsgure 3.53) Tadao Ando believes that light

has the power to transform spaces, evoke emotions, and create a spiritual atmosphere

within his buildings!8!

Figure3.53 Church of Light by Tadao Andstec, 2020)

BlBarbara Stec, fASunl i ghtQficydaWydawmchaeAEM02Ga nd Ar chi t ect ur
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Daylight and movement are closely intertwined. Light has the power to encourage
procession and guide our movement. People instinctively follow light, allowing it to
lead us down paths, through various environments,towards destinatiod® The

relative brightness of daylight also plays a role, as the brightest objects or points of
light attract us the most. In darker settings, even a subtle light can suggest a direction
of movement, while in busy and vibrant Iticas, a bright light is necessary to foster
movement. Light not only influences movement along a path but also plays a role in

directing movement towards a specific destination.

The relationship between daylight and the experiential atmosphere at timeaKias
Museum by Steven Holl is characterized by the deliberate integration of natural light
which shapes the spatial qualities, ambiefegures 3.54 and 3.550verall
experience of the museum's interior offers visitors a captivating and immersive
journey. By carefully manipulating the direction, intensity, and quality of daylight,
Holl creates varying moods and experiences within different areas of the museum.
The playof light and shadow animates the exhibition spaces, providing a dynamic
backdrop for the displayed artworks and enhancing the overall sensory experience
for visitors. 18 Also, Holl's design considers the changing patterns of daylight
throughout the day anthe seasons, acknowledging the dynamic nature of natural
light. This approach enables the architecture to respond to the passage of time,

creating a unique and evevolving atmosphere within the museum.

M., S., Millet and C. J. Barredttur @Vdfherhite sRee,veal i
Nostrand Reinhold1996.
BBarbara Stec, fASunl i ghtOQficylaWydawnchaeAFM02Ga nd Archi t e
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Figure3.54 Kiasma Museum Helsinki, Finland. 1998 (retrieved from:
https://www.stevenholl.com/project/kiasmauseum/

Figure3.55 Kiasma Museum Helsinki, Finland. 19€Btec, 2020)

The concept of daylight revealing structumed formfocuses on the relationship
between illumination and the architectural elements that define a space. When light
interacts with the structural elements of a building, it can highlight and accentuate
their form, creating a visually captivating experienceg. ®rategically placing
windows, skylights, or glazed surfaces, architects can control the entry points of light
and draw attention to specific structural featdfé€onversely, the absence of light

in certain areas can enhance the perception of massadidiy. The interplay
between light and structure not only influences the aesthetics of a space but also
contributes to its functionality, atmosphere, and the overall user experience.
18Architects often employ various techniques and materials to optithize
relationship, creating dynamic and engaging environments where light becomes an

integral part of the architectural composition.

The Kimbell Art Museum was intended by Kahn to achieve a harmonious integration

of structure, light, and room. This integion is realized through the coincident

BM, S., Millet and C. J. Barrett, f@AVYanght Revealing

Nostrand Reinhold1996.

8BSt even Holl, Juhani Pall asmaa, and Al berto Perez
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module of structure and daylight, defining the room. To accomplish this objective, a
well-conceptualized design and precise detailing of the skylight were essential. The
Kimbell Art Museum(Figure 3.56) designed byKahn, prioritizes natural light to
enhance the viewer's experience with the paintings. While most museums use
artificial light to protect artworks from sunlight damage, Kahn believed in the vitality
and constant transformation of daylight. To mitigate hesmful effects, he
incorporated long skylights in the vaulted ceiling and employed a screen to filter and
reflect the light onto the warm, glowing concrete ceiling. The structure itself is made
of concrete, which comes alive in the presence of lightlewthie walls feature

travertine, a norstructural limestone surfact®
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Figure3.56 Sketch of The Kimbell Art MuseuifButtiker & Kahn, 1994)

Daylight and its meaning generallys associated with the sacred and spiritual,
leading individuals to contemplate their place in the univefeeough the ages
Greek temples, medieval Christian churchisby sacred daylight trough the
clerestory windows?” Modern moementinterpretations by architects like Le
Corbusier, Alvar Aalto, Jorn Utzoaimed to create spaces that reveal the divine
through light, evoking a sense of wonder and transcendBrpeessions of divine

light and its ability to inspire and connect midiuals with the sacred.

The architect's approach to daylight may vary from project to project and depend on
their experience. The Chapel at Ronchdfigures 3.57 and 3.58)lesigned by Le
Corbusier, is renowned for its innovative use of light and itgjueisensory

8yrs Be¢ttiker, and L. | . KaWhineyLlibtayof Design . Kahn:
1994.
BM., S., Millet and C. J. Barrett, fAVYanhght Revealii |

Nostrand Reinhold1996.
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experience. The building's complex roof structure and curvilinear forms create a
dynamic interplay of light and shadow, which transforms throughout the day and
throughout the year, providing visitors with an ewhanging experiencé® The

interior is equally striking, with a series of undulating concrete walls that evoke a
sense of intimacy and spiritual connection. The chapel's design demonstrates Le

Corbusier's belief that architecture should appeal to all the senses, providing a

powerful andmeaningful experience for visitors.

Figure3.57 Interior view of TheChapel at Roncham(Baker & Steemers, 2014)

Figure3.58 Exterior view of The Chapel at Ronchanfgetrieved from:
https://www.dezeen.com/2016/07/24derbusiermnotredamedu-hautronchamp
chapelfranceunesceworld-heritagelist/)

The various methods of utilizing light to define spatial boundaries, create enclosures,
and guide movement greatly enbanour building experiences. When light is

intentionally employed to showcase the architect's intended spatial definition, it
combines with other elements to generate immersive experiences filled with

illumination.

8. e Corbusier, Pierre Jeanneret, O. G. Stonorov, W.
Pierre Jeanneret, Oeuvre Complete: 1952 be.Corbusier & Pierre Jeanneret, Oeuvre Complete:
Publie par W. Boesiger aux Editions Girsberg&®29.
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354 Daylight & Climate within Modern Architecture

When designers want to create a specific lighting effect, it's usually because they
have experienced that effect before and know it works well in a particular situation.
When creating a setting in a specific place, whether indoors or outdoors, tie goa
to make it blend in nicely with the surroundings and ensure that people who will use
it feel comfortable®® The way people perceive light is closely tied to certain places
where light helps define the unique character of a location, which we remember in
our minds. This character, known as the genius loci, is also influenced by the climate
of the area. The wayght is used in a building affects how comfortable we feel in

relation to the temperature conditions of different climéatés.

The relationship between light, particularly sunlight, and heat is evident in small
rooms with large soutfacing windows. In sutcases, occupants may struggle with
excessive light and high temperatures caused by trapped heat from the sunlight. An
example that highlights this challenge is the Cité de Refuge in Paris, designed by Le
Corbusier in the 1920s (Le Corbusier's initialglarbuildings in France). Le
Corbusier intended to include a neutralizing wall, calléchar neutralisam, in the

design to mitigate the external climate's impact on the interiom@&tigalizing wall
involved a doubleskinned curtain wall system withrdilled between the layers of
glass, he named théystemfir e s pi r atoir o i ex>aa ¢(Figoke 25t hi ng o
In winter, the air space would be filled with warm air, while in summer, it would
contain cooled air to maintain a consistent temperatwgielan However, due to
financial limitations, the building was ultimately constructed with shiayer
glazing instead of doublgkinned curtain wall. As a result, the concept of

firespiration exactewas abandoned, and a basic air heating system wadedstal

89 Christian Norber¢sc hul z, A Genius Loci: Towards a Phenomer
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instead Consequently, the building was freezing in winter and overheated in summer

when it was completed in 1928,

LA MAISON A RESPIRATION EXACTE
explication du principe

Figure3.59 Drawingsshow concept of Respiration ExadiBarber, 2020)

Le Corbusier encounteresiimilar heatproblemsin his own Paris apartment due to
glazed facades facing east and west. He also struggled with managing intense heat
in his architectural projects in Alg® and Barcelona. While visiting North Africa,

he was inspired by shading and cooling techniques that left a lasting impression. As
a result, his office eventually added a bisséeil (sunshade) to the south facade of
the Cité de Refug@-igures 3.60 and.61) This addition, along with other strategies,
became part of Le Corbusier's formal vocabulary for addressing sunlight and heat in
buildings, both to respond to climate and for expressive purpésasipton,
attributing it to Le Corbusier's loss of faith in the machine age's manifest destiny,
considers the technological and bureaucratic obstacles oietitealizing wallas
crucial. He believes that Le Corbusier sought alternative methods, focusing o
architectural strategies instead of mechanical ones, to activate the building as a
climatic mediation system. To explore this new imperative, Le Corbusier designed
an apartment building in Gene¥3.

®lDaniel A. Barber, fAModergin Arefhd rte cAiurr eCamdi tCil d rman ga

Princeton University Pres2020.
1921bid.
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Figure 3.60 Cité de Refuge before installation of brsaeil (retrieved from:
http://www.fondationlecorbusier.fr/corbuweb/morpheus.aspx?sysld=13&IrisObject
|d=4593&sysLanguage=ir
fr&itemPos=4&itemCount=78&sysParentld=64&sysParentName=)

Figure3.61 Cité de Refugafterinstalation of brise-soleil (retrieved from:
https://Imdvlugtdml.wordpress.com/home/lmabrds/miscellaneougritings-and
publications/lecorbusierscite-de-refugehistoricattechnologicalperformanceof-
the-air-exacte/)

Le Corbusier while designing the Immeuble Clarté in Genev, highlighted the impact
of the shading system in his initial drawing of the building, and it is likely the first

of many technical illustrations designed to clarify the concepts of thedwisit and

Le Corbusier's alleged invention of them. The drawing consists of two pasty,

there is a top section that displays the variation of the sun's path, with a higher
position in the summer and a lower position in the wirfggure 3.&). Secondly,

on the righthand sideof the figure there is a schematic section of the buigdihat

shows the balconies' expansion as shading devices, which obstruct rays from the

summer sun and allow rays from the winter sun to enter the int&rior

193 Daniel A.Barber,iiModern Architecture and Climate: Design before Air Conditioding
Princeton University Pres2020.
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Figure3.62 Le Corbusier, sketch indicatirtge principles of relationship between
the facade shading system (brss®eil) and the seasonal path of the sun, as applied
at the Immeuble Clart@arber, 2020)

Figure3.63 Le Corbusiesketchsummer(left) andwinter (right) (Le Corbusier: Le
Poéme de L'angle Droit, 1984)

In Le Poeme de I'Angle Droit, Le Corbusier depicted a slender, towering structure
tha incorporated the high parabolic trajectory of the summer sun and the lower curve
representing winte(Figure 3.63) This building explicitly alludes to the Unité
d'Habitation, and the inclusion of easind wesffacing brisessoleil serves as a
testamento his intentiont®4

Two buildings designed by Alvar Aalto, the Seingjoki Library in Finléir85),and
the Mount Angel Library in Orego(lL970) demonstrate how architecture can be

®Anthony Denzer, fAThe Sol ar HRimzeliR0l3.Pi oneering Sust ai
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tailored to a specific location. Both libraries feature a skylight toomiith a nearby
reflective surface to collect and distribute natural light. However, the orientation of
the monitor and fan in the Seingjoki Library faces south, while in the Mount Angel
Library, they are turned to face north. The arrangement of theenanid reflective
surface in each building reflects the unique characteristics of the location in which it

is located®®

In Seindjoki, during the summer months, the days are extremely long, and there is
very little dusk, almost no night as we traditionally understand it. The -$acitig
window of the library has white horizontal louvers mounted on the outside of the
glass.These louvers are angled at 45° to prevent the strong summer sunlight from
entering the library while allowing the lower winter sun to be reflected off the ceiling
and into the space below. A similar effect is achieved in the summer, but the sunlight
is first reflected off the small exterior louvers and then redirected to the ceiling,
where it is reflected again to the stacks below. The circulation desk also has a north

facing clerestory window that provides additional views of the sky and some indirect

naural lighting(Figure3.64).

Figure3.64 Cross section of the Seinajoki Library and Plan of the Seinajoki
Library (Moore, 1985)

The daylightmonitorsat Mount Angel and the one at Seingjoki both have a similar
shape and structure, but they serve different purposes when it comes to daylighting.

The Mount Angel monitor is oriented to face north, so it doesn't need louvers to

Y5 FullerMoore,iConcepts and Pract i ceVan NostrandRbinhole ct ur al
Company 1985.
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block direct sunlight. Instekit relies on indirect light that is reflected off the ceiling

to light the space below. In contrast, the Sein&joki monitor uses louvers and a
reflective ceiling to create diffuse illuminati¢Rigure 3.65) The windows' design,
orientation, and shadinglements used at each location are tailored to the specific

sky conditions, climate, and site of each locatitin.
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Figure3.65 Seingjoki Library reading area sketch and diagf&ioore, 1985)

Aalto used two luminous strategies to bring natural light into his buildings: the
conical skylight and the roof monitor. The conical skylight was used in four ways: a
single point, a row, an array, and a clugtégure 3.66) Each arrangement had a

spatial relationship and design role within Aalto's work. The point created a single

¥6FyllerMoore,iConcepts and Pract i ceVan NostrandRbinhole ct ur al

Company 1985.
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pool of light, the line related to elongated spaces, the grid provided even light over a

large area, and the cluster defined a saralh of secondary importance.

point line cluster

Figure3.66 Different arrangements of conical skyligii@artwright, 2012)

The library at Viipuri represents the maturity of the congtallight, where Aalto
designed a grid of 57 skylights over the main lending and reading rooms. The
skylights were proportioned to eliminate direct sun and always provide diffuse
daylight. The ceiling was divided into two parts, and the grid was unifoentbe
varying depths of the spaces below. The skylights here were conical rather than
cylindrical, which diffused the light over a greater area, and each location in the two

rooms enjoyed light from multiple sources, giving a shadowlessfight.

3.55 Daylight, Form and Space

Light and form are inseparable in our perception. Without form, light remains
imperceptible. Similarly, without light, form cannot be perceived, especially by our
vision, which provides most of our environmental information. Light is amgible
architectural material that interacts with materials and their forms, just like sound
and heat. Architects have designed renowned architectural forms, such as Le

¥97Virginia Cartwright i Themes of Light: Aal t oMrsg dilvab,r ari es
Aalto Museum2012.
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Corbusier's brissoleils!®® The everchanging nature of light makes form visible.
Daplight, in particular, undergoes both qualitative and quantitative changes. Despite
light's variability, form itself remains constant. Our perceptual processes enable us
to perceive form as stable, even as light moves and alters the presentation of walls,

columns and the overadtructuret®®
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Figure3.67 Kahnis room sketcliButtiker & Kahn, 1994)

In the design of the Exeter Library, Kahn focused on creating an environment that
facilitates the connection between the individual and the book. He envisioned the
library as a place where librarians can strategically present books, open to specific
pages,n order to captivate reade’.He emphasized the importance of having
ample tables where librarians can arrange books, allowing readers to choose a book
and move towards the natural ligfigure 3.67) To achieve this vision, Kahn
incorporated a largeentral space in the Exeter Library. Natural daylight floods into
this space through the roof, the stacks, and the circular openings carved into the walls
(Figures 3.68 and 3.69)Vithin this central space, librarians can exhibit books for

browsing, and raders can then select books and carry them to study carrels or

%8 Daniel A.Barberii Moder n Architecture and Climate: Design be
Princeton University Pres2020.

¥yrs Be¢ttiker, and L. | . KaWhineylibtayofDesign . Kahn: Light
1994.

200G, E. Wiggins, fALouis | . Kahn:VvaTMostrandi br ary at Phil |

Reinhold 1997
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alcoves located along the building's perimeter. This design encourages a seamless
flow of books, knowledge, and readers, while ensuring access to abundant natural
light.201

Figure3.68 Interior of the Exeter LibrargZentral Hall(Wiggins, 1997)

Figure 3.69 Section& Diagram shows reflected daylight Exeter Library Central
Hall (Buttiker & Kahn, 1994)

The Salk Institute for Biological Studi€Bigures 3.7673), designed by renowned
architect Louis Kahn, is a masterpiece that exemplifies the harmonious interplay
between form, light, and functionality. With its strikingly clean lines and
monumental presence, the building showcases Kahn's mastery in blending modernist
aesthetics with timeless principles. The laboratories, considered the heart of

scientific researchyere designed with a keen focus on daylf§ht.

201 John Lobelland Laus | . BekKvadmSilencednd Light Spirit in the Architecture of Louis .
K a h $hambhala2008.
202 hid.
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Figure3.70 Plan of Exterior of the Salk Institute for Biological Stud{estrieved
from: https://archeyes.com/salkstitute for-biologicalstudieslouis-kahn)

The laboratories were made large and flexible, allowing for diverse scientific
research. To protect the workspaces from direct sunlight, Kahn incorporated
substantial overhangs thatielded the windows. He employed a unique approach
by encasing the laboratory areas in glass, which he then enveloped with concrete,
symbolizing a fusion of modernity and historical influences. Additionally, Kahn
created a central courtyard, nestled betwtbentwo wings of the building, serving

as a peaceful space, fostering stillness and silence among the bustling scientific

activities203

Figure 3.71 Exterior of the Salk Institute for Biological Studié®trieved from:
https://archeyes.com/saikstitutefor-biologicalstudieslouis-kahn)

2B8yr s Be¢tti ker LouiainKahntLight and Spaa@eWwhiiney Library of Design
1994.
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Figure 3.72 Exterior of the Salk Institute for Biological Studié®trieved from:
https://archeyes.com/saikstitutefor-biologicalstudieslouis-kahn)

Figure 3.73 Sectionaldiagram showscantilever solution impleméad works as
overhangBlttiker & Kahn, 1994)

The architecture of the Indian Institute of Management (I(Mygures 3.7477)
designed by LouiKahnstands as a testament to his genius and mastery of modernist
principles. Situated in Ahmedabad, India, the IIM campus reflé&&dbns
commitment to blending simplicity, functionality, and a deep understanding of local
context. The iconic redrick buildings harmoniously integrate with the surrounding
landscape, creating a sense of unity between nature and architecture. The campus is
characterized by its strong geometric forms, clean lines, and monumental scale.
Kahris signature use of exposed concreteratdral light creates a play of shadows

and a sense of serenity within the spaces. The buildings are organized around
courtyards, allowing for a seamless flow between indoor and outdoor spaces, while
also encouraging interaction and collaboration amondestis and faculty. Each
structure is meticulously designed to optimize functionality, with careful attention
given to details such as circulation, acoustics, and natural ventilation. The IIM by
Louis Kahnstands as a timeless example of architectural kexas, capturing the

spirit of intellectual pursuit and fostering an inspiring environment for learning and

growth 204

204Ur s B¢t ti ker LouiankhhnilLight and SpEcaWhitney Library of Design
1994.
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Figure 3.74 Plan of Indian Institute of Management (IIM)etrieved from:
https://www.archdaily.com/83697/aiassicsindiartinstitute of-management
louis-kahn)

Abstracted patterns derived from Indian culture adorn the expansive facades,
strategically serving as both light wells and natural cooling systems, shielding the
building's interior from the extreme desert climate of India. While the geometric
facade effectively filters sunlight and promotes ventilation, its porous nature also
gives rise to additional gathering spaces where students and faculty can congregate
and engagéen communal activities. The fusion of functional design elements and

cultural inspiration creates a harmonious environment that fosters both comfort and

social interaction within the buildirg?®

Figure 3.75 Facadeof the Indian Institute of Management (IINetrieved from:
https://www.archdaily.com/83697/adassicsindiartinstitute of-management
louis-kahn)

25Ur s B¢t ti ker LouianKhhntLight and SpaaeWwhiney Library of Design
1994.

102



Figure 3.76 Sectionadiagram showslouble wall redirecting dayligh{Buttiker &
Kahn, 1994)

This building prominently showcases spatial depth zones and dual walls as its
distinctive features. The wing walls, positioned at angleseseot only as brise
soleils but are also integral components of the overall space. Louis Kahn
demonstrated a highly sophisticated solution to the challenge of diffusing intense
sunlight within the building. The round openings, which appear to be punahed o
have been magnificently enlarged and seamlessly integrated into the architectural
design. These circular segments contribute significantly to the building's overall

aesthetic and functionalif)®

Figure 3.77 Library of the Indian Institute of Management (lINtetrieved from:
https://www.archdaily.com/83697/adassicsindiartinstitute of-management
louis-kahn

36 Erkut kahinbak & Daylight

AArchi tectur e 1 shatdoachas peogleylf yau canevoke a feaedingo n  t
in people with the building you make, and if people feel good within that structure,

then it is good architecture. o Erkut kahi

26Ur s B¢t ti ker LouianKhhntLight and SpaaeWwhiney Library of Design
1994.
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Architects such as Kahn, Ando, Zumthor, and Aalto introduce life into thespac

they design with |ight, bringing spaces to |
be counted in this group of architect s, a s
considered a pioneer in introducing daylight within modern architecture in Turkey.

He sates that he discovered the importance of light and architecture during his
Masterds in Denmark and | ater in his profe
general understanding of architecture, he states that he was greatly influenced by

Scandinavian atttects and architecturé’

Erkut kahinbak was born in Istanbul i n 1936
Department of Architecture, and he is one of the department'sydingration

graduates. While there, Jakko Kaikonen and J. O. Spreckhelsendsherkaerest

in Scandinavian architecture. In 1960, he worked at the Ahti KorhBren

Krakstorm Architectural Office in Helsinki and then, from 1961 to 1965, he worked

at the Halldor Gunlogssedorn Nielsen Architecture Office in Copenhagen. During

this time, he also earned a master's degree in architecture from the Royal Danish

Academy in 1964 and assisted Professor Jorgen Bo in teaching architectural design

in 1965. He also taught at the METU Faculty of Architecture and later established

his own archiectural office 208

He served as the president of the Turkish Freelance Architects Association and won
several awards for his work, including the National Architecture Award from the
Chamber of Architects, the European Steel Union Award, and the TSMD Alvard
2012, he received the prestigious Mimar Sinan Grand Prize for National

Architecture. He is currently still practicing architecture in Istad®ul.

7EsinBoyac@&jkahi Mbmar | €] éVeMakanin & i Ik ié kIKVIMOB O ,
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His personal belief is that if there is no light, there is no architecture, and the architect
is the persn who manages light® A good architect should know that light comes
before the architect and should design the structure with light in mind. Light
enhances the beauty of a building and makes it come to life. Architects strive to
design spaces where light can flow and change time, as it varies from person to

person and from moment to moment.

3.6.1 Inspirations from Scandinavian Architecture & Design

North and South are welinown terms used to describe different geographical
regions that have their own distinct characteristiod @entities. When traveling

from the northern part to the southern part of Europe, one encounters the warmth of
the sunnylandscapsfound in the Mediterranean. On the other hand, Scandinavia
represents a northern realm that stands out due to its more severe climate,
topography, and flora. The sun apgdaw in the sky, creating a constantly changing

atmospheré!?

The daylight condibns in Scandinavia are very different between the seasons.
During winter, there is very littlsunlight,and the days are dark and gloomy. In
winter, the northern lights, known as the aurora borealis, illuminate the dark nights
of the north. In the wintetthe light is almost horizontal, with the sun barely rising
above the horizof'2 The days are short and bright during summer. The sun barely
setsat night and this midnight sun remains visible throughout the day. The intensity
of the light is weaker compad to the South due to the low angles of incidence. The
angle of the sun in the Nordic region results in elongated shadows and a range of

refracted colors. This unique aspect of daylight, provided by the sky in Scandinavia,

Wkahinbak, interview.
21Wi I I'i am C. Mil |l er. fiNor di ¢ Mo d2e0r InThesQmwoo& c andi nav
Press 2016.

212 Christian NorberéSc hul z, fANi ght | aMd press199%r di ¢ Bui |l di ngo,
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has influenced architects fraime region to develop a distinct style in their Modernist
designs.The Arctic Cathedral by Jan Inge Hovi@rigure 3.78),illustrates the
dramatic atmosphere or mood captured when the midnight sun penetrates through
the sanctuary, playing on the surfaceshaf nested sloped roof form. The Nordic
region is known for its attention to the roledafylight in design, but it is also deeply

connected to the darkness of winter.

Figure 3.78 Jan Inge Hovig's wke concrete Arctic Cathedral (1965) in Tromsg
(Miller, 2016)

In his book NightlandsChristian Norbergschulz says in a poetic way that in the
North, the sky becomes expansive and complete only on winter nights. It stretches
overhead, illuminated by a unique dark light, over the snowy ground. The Nordic
night is filled with its own beay, including the moon, stars, and aurora, and is
depicted in art like Harald Sohlberg's paintiMginter Night in Rondané€rigure

3.79) This darkness is described as a place of wonder, with its own unique quality

of light and color?*?

213 Christian NorbergSchulz/iNi ght | ands: NbTrpeesst99Bui | di ngo,
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Figure3.79 Nordic landscapandii Wi nt er Ni g hoy Harald SdRlbengd a n e 0
(Miller, 2016)

The extreme climate and sun conditions in Scandinavia have created a unique type
of highly valued light. The low sun creates a range of light and shadow, and the
landscape evokes a sense of the past that is felt emotionally rather than
intellectually?** This darkness is temporary and only occasionally interrupted by
light, ultimately retuning to its natural state of darkness. This concept is often
associated with feelings of melancholy, particularly in areas where daylight is scarce,
like Scandinavi&®. In these regions, artists and architects often express this idea
through their work, wch as in Edvard Munch's Melancholy series or the "bleak

austerity” in the films of Ingmar Bergmdhigures 3.80 and 3.81)

214yilliam C. Miller. Ndidic Modernism: Scandinavian Architectdr@90201® The Crowood
Press 2016
2’Roel De Haene, f@dAThe De Ghenbniverfity2a.y | i ght Percept.
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Figure380 The painting AMel ancho(Haere, 20l9) Edvard Mu

Figure3.81The painting AThe Scr e(emaedirgm: Edvar d Mu
https://www.moma.org/d/pdfs/W1siZilsljlwMTgvMDYvMTMvNHJzbjFudWwOcl
9NdWS5jaFNjcmVhbVIQUKVWSUVXLnBKZiJdXQ/MunchScream_PREVIEW.p
df?sha=9e204ce58f0bdjfc

As previously mentioneth his bookGenius Loci:Towardsa phenomenology of
Architecture NorbergSchulz dscusses the role of daylight in creating a sense of
place, arguing that it is a fundamental element of architecture that helps define a
place's character, identity and create a more pleasant and welcoming environment.
He also emphasizes the importance onsidering how sunlight moves through
space and how it is used to create different moods and atmospheres. This dreamlike
atmosphere makes people feel like they are on the world's?§dfeat's why
architects embrace the northern light as a source ofatigm. They seek to collect

and protect the light, to separate and disperse the limited illumination, and to reflect

the metaphysical image of light’

Er kut kahinback, during his career in Scand
realization that the quality of light is more important than its quantity. He believes
that architecture is not just about building four walls but also about creating the

atmophere and feeling inside those walls through natural light, the quality of the

28Wi | I i am C. Mill er. fiNor di ¢ Mo d2e0rInThesQmwood c andi navi an
Press 2016.
2"kahinbak, interview.
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space created by shadows and silence, and the metaphysical values that make the

structure valuablét®

In northern countries, where there is a desire for more daylight, liglging
particularly important to consider. Personal experiences, including spending time in
bright, weltlit buildings during dark winter mornings, further reinforced the
importance of lighting in architecture. Overall, lighting plays a crucial role in

creatirg a setting for life and should be a major consideration for architécts.

Architects from the region have created a variety of architectural designs that closely
connect the rooms with the sky. These designs are able to collect, preserve and
distributethe limited amount of light while also showcasing the changing moods of
the sky as both a symbolic representation and metaphysical image of the Nordic
region. Form of the buildings were shaped to collect light at low angles, particularly
from the south, &ithis is the only part of the sky where the sun is visible during the

winter22°

The architect contends that light ought to be predominantly employed by means of
reflection, as direct overhead sunlight frequently gives rise to issues and is
commonly shunrek Accordingly, the utilization of daylight has become a ubiquitous

architectural device, employed not only to impart a distinct identity to a given space

but also to functionally surprise and enhance its aesthetic #3peal.

218N. Muge Cengizkanil k € | & n BifMémaii Erkdtlea hi n® MKMO®B Mi mar |l ar Odasé,
2015.

219william C. Miller. Ndidic Modernism: Scandinavian Architectr@362017% The Crowood

Press 2016

20Fuyl l er Moore, fConcepts and \anNMostiand®enhadf Ar chi t e
Company 1985

Z2lkahinbak, interview.
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Figure3.82 Samples oPH lamps designgetrieved from:
https://www.artcurial.com/en/lgtouthenningseri894 196 -lampedetablemod
ph-42-1928baseet-fut-enlaiton-ecransenlait)

Poul Henningsen was a Danistsi@mer and architect known for his pioneering work
in lighting design and one of Erkut kahinbal
of lighting was essential to the comfort and wading of people, and his designs
sought to create a balance betwdenction and aesthetics. Henningsen's most
famous designs are his series of PH la(fpgure 3.82) which use multiple shades

to diffuse light and eliminate harsh shadows. Henningsen's work also extended to
architecture, where he applied his principledigtiting design to create buildings

that were both functional and visually strikifl§.PH Lamp was based on the
principle of indirect light, which involved the use of curved reflecting surfaces to
disperse light in different directions. Aalto also devetbfes own variation of
indirect lighting by reflecting light off the ceiling, integrating the building into the

lighting scheme.

The main focus of Erkut kahinbak during his
and temporal aspects of buildingle gates that eventhough a general

understanding of physical space had been gained, the concept of time was not fully

grasped until a visit to Alvar Aalto's Saynatsalo Town Hall (FigGi@3and 3.84.

222Mar kku Norvasuo, M. Kries and J. Eisenbrand, fdNatu
Ar c hi t AhatAalto Second Nature. Weil am Rhein: Vitra Design Mus@0y.
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This experience demonstrated that ligbtildrepresent time and that light can make
buildings alive. This lesson greatly impacted his thinking and influenced the
importance of lighting in his designs. As an architect, he believed that lighting should

be atop priority in order to create a sense of security and enhance the magical effects

of well-designed space&?3

Figure3.83. Saynatsalo town hall and library inter{oetrieved from:

https://www.archdily.com/783392/ad|assicssaynatsaldown-hall-alvaraalto)

Figure3.84. Saynatsalo town hall and librafnetrieved from:

https://www.archdaily.com/783392/athssicssaynatsalgown-hall-alvaraal).

Murat TokcarHous e desi gned by Er kut Kkahinbak i s

by rocky terrain, abundant foliage, and a vantage point that affords a view of the

2Er kut kahinbak, -NEY& uMi rheami Endaa@a |1©n6d8;, st ri  Mer k e z
Yay é hob& r é
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ocean. The architectural design of the building was intended to accommodate a
regular schedule, wherethe warm summer days would be spent indoors, while the
pleasant summer evenings would be relished outdoors on the terrace. The plan's
configuration was devised based on a central space that serves as the focal point,
featuring a distinct roof structur&he space in question is surrounded by ancillary

areas that also offer outdoor accessibility via the tef%ce.

During daylight hours, the central area of the house is illuminated by natural light
that permeates through the wooden trusses of its rootwgteycespite the closed
shutters. The design of Saynéatsalo town hall, which revealed its structure, served as
an inspiration, and gave the architect the courage to find a balance between the
building's structure, materials, and daylight. This harmony igesva pleasant
architectural experience within the heart of the buildfiduring nighttime, the
residence seamlessly extends into the exterior environment through its expansive
terrace. Unfortunately, the building demolished and the land planned tthéouse

larger complex such a hot&f.

2Er kut k&hkobaK@BihDd& kMiCrad relkéaa paér éond ¢ st ri  Mer kezi
Yayéehd&ar &

2’kahinbak, interview.

26kahinbak, interview.
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Figure3.85Murat To k ¢ sshoude, Mrmaris( k a hi nb.a kK , 1998)

kahi nbak has designed various buildings
and spatiabrganization(Figure 3.85) He mentions thathe Karadeniz Technical
University (KATU) Sports Hall(Figures 3.8689) is the project that started his
adventure with daylight. KATU was the winning project of a national architectural
competition held in 1969. The project, which consists of an indoor sports hall with a
capacity of 1.500 people, a student's club, and a shggeinter, was designed as a
group of buildings. The most characteristic features of the sports hall and the
student's club (currently used as a medsradial center) are the concrete structural
components that span the wide interior spaces and alsa@maylight by means of
skylights. In the sports hall, these elements take the form eh@t&rdeep beams

with skylights in between, while in the student's club, they are square grids and

square skylights pouring daylight into the inte®f.

K1 h a n defiatsrttasb u i | dnfluerncé® &f Scandinavian simplicity and other

characteristics of northern architectédtf® The sports hall exhibits contemporary

2TEr kut k&hkobaK@BithDd& kMiCrad réelkétaa paér éond ¢ st ri  Mer ke z

Yay éehok&ar é
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architectural attributes, including the incorporation of roof monitors into the roof to
capture nortarn light in its crossection, the building's integration with the terrain
and sloping land elevations, and the sloped roof surface, which functions as an
outdoor spectator tribune. He also stated that to understand and evaluate Erkut
kahi nbak'ual warksg It iig enpdrtant to have a comprehensive
understanding of the prevalent architectural style during his formal education in the
1950s1960s. This period was marked by significant achievements in contemporary
architecture, including notable ardgtts like Le Corbusier, Louis Kahn, James
Stirling, and Paul Rudolph. A legendary anecdote that impacted the architecture
industry during this time was the account of Jorn Utzon's opera project, which was
initially disregarded but later chosen by Eero Bemr, a late addition to the jury

who did not endorse the winning propo€al.

Figure3.86. KATU SportsHalll k ahi nbak, 1998)

229N. MugeCengizkanfl Kk €] én Peki nde BiorT MMOBa rMi Eirak U ta rk aOdianskéa k
2015.
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Figure3.87 Section of the KATU SportsHall k a hi nb.ak, 1998)
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Figure3.88 Section of the KATU SportsHall k a hi nbak, 1998)

He pursues a career as an architect who investigates the diverse spatial experiences
in the majority of his projects and embraces an experimental approach. Notably, he
undescores that the most significant element of this exploration is daylight, which
varies considerably and creates distinct atmospheres wghoe In the Main Gym,

all the openings are oriented towards the north to ensure even distribution of daylight,
providing the healthiest environment for indoor activities. However, when
implementing a similar structure in the adjacent building, the structural element is
designed to face the roof above the circulation area, specifically the staircase, in four
different directions. The intent is to achieve adequate illumination in the area
throughout the day, establishing a sptoee relationship, and creating a unique
experience with the changing movement of the se.ver t hel es s, kahinr
that the openingsseenin Figure 3.8, in the main hall were closed due to heavy

rainfall in the Black Sea region, resulting in leaks. He expressed disappointment over
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this occurrence. This serves as a reminder that the design and materials used for such
windows must meet higstandards to ensure their proper functioning and durability,
even in adverse weather conditigi.

Figure3.89KATU SportsHall( kahi nbak, 1998)

kahinbak's intuiti ve fiaantroleinthe algancanmedtofi nsi ght
the project during the design phase. The author highlights that the spatial
characteristics of the projected buildings, particularly the entrances and main
circulation areas, are achieved through a careful integrationlanf gtructure

geometry and natural light. The principal focus of the architect's designs is the
establishment of a layout scheme for the primary areas and entryways that are

illuminated by natural light.

The shading of the exterior of the Paradise Hotelnetable featur@igure 3.90)

The exterior of the building displays a series of balconies that are arranged in a linear
fashion ands accompanied by a second wall that has been constructed along with a
rear wall. Similarly, the towers situated at ttenter and ends of the building are
enclosed and shaded by a secondary lattice wall. According té*Artiie peaceful

and lyrical features of Scandinavian architecture are manifested in the interior

kahinbak, interview.
21Kemal Aran Paiiadise HoteEr k ut k a h1i998MemarE B 9 6 8 | éYkanpad aBE nédos, st r i
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atriums through the quality of the light, the utilizatiof white color, and the
undulating suspended ceiling. These elements establish a figurative common area

that cultivates a feeling of ease and recognition for the individual utilizing the

../

space’®?

Figure3.90 Atrium and interior of the Paradise Hofek a hi nbak, 1998)

Figure391l nt eri or of Bil kent Doj r(etmesedézade Al
from: https://www.tepe.com.tr/triijramacizadeali-pasacamii)
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The interior o f Bil kent D o j(Figaren2a )z a d e
impressive with its silence. Here, the silence does not come from the natural silence
of the space, but rather from the space itself speaking sparuhgtioubtedly, the
mystical ambiance is crucial in a mosque, and silence triggers the mystical
atmosphere. The mosque is shaded by aluminum bars on the exterior and opens up
to the sky with a secondary glass dome predominantly using shades of blue on the
interior. Another source of illumination in the main space is the circular skylights on
the ceiling, reminiscent of kahinbak's
two side walls. These skylights flood the side walls with daylight. They alsottem

to flow into a secondary space located below the main space on the basement level
through gallery voids. Of course, they are not as effective in this secondary space as
they are in the main space. The women's gallery, located one floor above the ground
floor, overlooks the main space. A linear top light between the main space and the

gallery space also allows illumination in this ar&a.

28¥EsinBoy ac @orjkluwt, kahi nbas Mi ma rllkéEke oKTMM@Bkai rslie k Ve
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CHAPTER 4

CAMPUS CASE STUDIES

4.1  Mersin University

4.1.1 Project Brief

The campus project was chosen through a limited architectural competition.
Presently, the campus encompasses an area and faculty that exceeds originally during

the competition project. Moreover, several buildings are still under construction
designedby different architects and consultants. During the interview with Erkut
kahinbak, an i mportant point emerged: he
during the construction and implementation phases of the project and had to rely on
remote supeigion instead. As we will see in the following sections, certain portions

of the campus had to be altered due to economic constraints, leading to some design

ideas being discarded’

4.1.2 Site Plan

The MEU Campus is in Ciftlikkoy, about 15 km from the city canff® It was
designed based on the site's natural topography and includes three main areas: the
Faculty Buildings, social facilities, and the School of Medicine and University
Hospital. These areas are located on the banks of three different hills, riegang
prominent features of the Campus. The School of Medicine and University Hospital

can be alternatively accessed directly from the city without entering the campus. At

e w

P4k ahinbak, intervi .
ty History.o Mersin University.,
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the same time, the faculty buildings, student dormitories, and social center are
conrected by a pedestrian bridge that crosses over the valley. However, this
pedestrian bridge was not built according to do original d€Sigure 4.1)

Figure4.1. Initial drawing ofMEU campus mastglan( k ahi nbak, 1998) .

The valley was transformed into a lively area wittadificial lake, an amphitheater

that can seat 1500 people, and sports fields. The goal of this plan was to foster social
connections within the Campus, provide a diverse range of acthatespreserve

the natural environment. The axial planning appliete can be said to enhance the
stimulus for the social and architectural experience. This axe startetthevidculty

of economics and administrative sciences and ends with the faculty of architecture.

The arrangement of buildings that resembles a ferigeeen avenue.

The Rectorate Building, Main Library, cafeteria, and buildings with rfuttctional

halls are arranged around a central ceremonial plaza, which serves as a hub for the
Campus. These buildings are connected by an arcade and, as anesalta targe

open square. The square is located at the center of an axis leading to the faculty
buildings, making it a natural extension of the pedestrian traffic between faculties.

These connections aim to foster a relationship between the UniverseyeSand
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cultural events at the forum, integrating the university's cultural life with that of the

City’* MEUOGS aerial campus view is seen in F

Figure4.2 MEU Aerial view of the campugetrievedfrom:
http://tanitim.mersin.edu.tr/universitemiz/multimedya).

As mentioned in the previous chapters, one of the vital considerations for ensuring
adequate daylight in buildings is the initial construction of the site plan and the
appropriateselection of strategies to the specific climate conditfdh€onsidering
Mersin's hot and humid climate, it is expected that the site plan and daglgtet
strategies will be chosen accordingly. To achieve this, the orientation of the buildings
in relation to the path of the sun should be carefully considered. One antses

to minimize direct sunlight exposure on the east and west facades, while maximizing
it on the north and south facadd$Shading is also critical to reduce heat gain, and
can ke achieved through natural means like trees and vegetation or architectural
shading devices such as overhangs or awritifiatural ventilation can help reduce

the need for mechanical cooling, with site planning aimed at maximizing its potential

ZEr kut k&hkobaK@BRind& kMiCmad rélkaaa paér éEOn,d ¢ st ri Mer k ez
Yay éehmd&ar é

Z’Al 1l an Konya, fADesi gnArdhitecturaéRress1980. Hot Cl i mat es o,
238 |bid.

2®Benjamin H. Evans, #Me@rgwHill Bdok Company¥98lc hi t ect ur e 0,
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through pevailing winds, stack effect, or cresentilation. Landscaping can play a
significant role in reducing heat gain and cooling outdoor spaces, while site layout
can impact the amount of solar exposure and airflow a building receives, and
reflective materia can also help to reduce solar heat gain. Overall, a comprehensive
approach to building design in Rotmid climates should take into account these

various factors to create a comfortable and sustainable built enviroffthent.

1:00 PM

Figure4.3 Topology and shadow study of the MEU campus

Due to the high temperature and humidity, the site planning of the MEU campus
should prioritize both daylight and cooling, in order to create comfortable areas both
outside and within the building4! The shadow diagram (Figure 4.3) indicates that

the campss successfully incorporates strategies such as daylight density and blocks,
achieved through careful spacing and height of building blocks. Figure 4.4 shows the

wind diagram. The campus layout also takes into account the regional climatic

2Mark DeKayand G. Z. Brown{i S u n , , amiLightdArchitectural Design Strategi@dViley,
2014.
241 |bid.
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conditions, featring elongated buildings with strategic placement to optimize air

flow and the incorporation of shade trees (Figure 4.5).

Figure4.4 Wind diagram of the campus

Figure4.5 Photos of courtyard of MEU

The fragmented pattern of the campus orientation and building size allows for
sufficient wind circulation, particularly as prevailing winds come from the west.
Undeniably the topography of the sitiso plays a crucial roi@ contributingto the

wind circulation since both side building gathered on top of the hill that east and west

side located lower level. This campus design enables comfortable circulation
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