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Abstract

This research will review existing research on lighting design and its effects on human behavior
and performance. It also will conduct a case study of a lecture room in a university, where it will
analyze the lighting conditions and propose solutions for improving them. The ultimate aim of this
research is to provide practical recommendations for architects, engineers, and educ.at(z%to create
more comfortable and sustainable learning environments. It also focuses on m@ing visual
comfort and natural lighting in lecture rooms. It will explore different st \& d technologies
that can be used to improve the quality of lighting in these spaces,.vg@lq goal of enhancing the
learning experience for students and reducing energy consumpti(%k%'\
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Chapter One
Introduction

1.1 Background of the Study

Day lighting plays a crucial role in assessing the indoor environmental quality of buildings.
Utilizing natural light not only reduces electrical energy consumption but also contributes to
creating a space that positively influences the health and well-being of building occupants.
Numerous studies have demonstrated that daylight has a significant impact on students' educational
experience, leading to increased productivity, improved human performance, and even affecting the
production of cortisol, a hormone that regulates the day-night cycles and concentration levels in
students (Mangkuto et al., 2019; Moreno and Labarca, 2015). The importance of daylight has long
been recognized in school buildings due to its close association with enhancing student
performance and overall health.

In addition to its benefits for educational outcomes, day lighting significantly contributes to the
aesthetics and physical character of learning spaces while also mitigating potential harmful effects
from prolonged exposure to artificial light. Research has shown that the absence of regular natural
light exposure can result in symptoms such as fatigue, stress, circadian dysfunction, phase shifting,
and Seasonal Affective Disorder (SAD) among building occupants. Recognizing the detrimental
consequences of insufficient daylight, it becomes evident that integrating natural light into building
design is crucial for ensuring occupant comfort and well-being.

Moreover, harnessing natural light is also an essential strategy for reducing energy consumption.
The International Energy Agency (IEA) reports that artificial lighting accounts for approximately
14% of electricity consumption in the European Union. By leveraging day lighting techniques, such
as optimizing window placement and incorporating shading devices, buildings can significantly

reduce their dependence on artificial lighting, leading to substantial energy savings. Not only does



this contribute to energy efficiency and cost savings, but it also promotes energy and environmental
awareness among the general public.

In conclusion, day lighting is a fundamental aspect of indoor environmental quality in buildings. Its
utilization not only leads to reduced energy consumption but also has a positive impact on the
health, well-being, and educational experience of building occupants, particularly students. Day
lighting contributes to the aesthetics and physical character of learning spaces while minimizing the
potential negative effects of excessive artificial light exposure. Furthermore, integrating natural
light into building design promotes energy efficiency and environmental consciousness.
Recognizing the significance of day lighting, it is crucial for educators, designers, and policymakers
to prioritize its implementation in building projects to create healthier, more sustain Ensuring good
lighting quality in educational environments is a complex task, as various visual activities are
performed in classrooms that require specific visual conditions. This challenge becomes even more
pronounced in historic buildings that are repurposed or no longer adhere to their original design
(Nocera et al., 2018). While day lighting offers numerous benefits, it can also introduce visual
discomforts such as glare and unwanted reflections, and may disrupt the thermal balance of rooms
by causing overheating. Thus, finding a balance between maximizing daylight harvesting and
managing potential discomforts is a crucial challenge for designers (Tabadkani et al., 2018).
Daylight design strategies have been actively employed to address the impact of light on health and
enhance visual comfort for building occupants. The trend of incorporating oversized windows in
school buildings to maximize natural light and views has highlighted the potential issues associated
with excessive sun penetration. Day et al. (2019) emphasize that a well-designed space should
consider at least eight factors: ensuring sufficient daylight for tasks, distributing daylight evenly to
avoid under lit areas, minimizing glare, regulating electric light levels to conserve energy,
providing appropriate circadian stimulation, offering outdoor views, limiting glazing area, and

minimizing solar heat gain (Futrell et al., 2019).



Achieving these objectives requires a thoughtful approach to day lighting design. Strategies such as
optimizing window placement, utilizing shading devices, and integrating daylight controls can help
manage the balance between maximizing natural light and mitigating potential issues. For example,
day lighting systems can include sensors and automated shading solutions to adjust light levels and
control glare. Additionally, the use of light shelves or louvers can help redirect and diffuse sunlight,
minimizing discomfort while still allowing for ample daylight penetration.

Furthermore, the integration of advanced technologies, such as electro chromic or photochromic
glazing, can provide dynamic control over light transmission and solar heat gain, contributing to
enhanced visual comfort and energy efficiency. These technologies allow for the adaptation of
window properties based on changing daylight and climate conditions.

It is crucial for designers, architects, and facility managers to consider these design principles and
strategies when planning and renovating educational spaces. Collaboration between experts in
lighting design, architecture, and building systems is essential to ensure that visual comfort and
energy efficiency are optimized in a balanced manner. Additionally, post-occupancy evaluations
and feedback from building users can provide valuable insights for fine-tuning day lighting
strategies and addressing any issues that may arise.

In conclusion, achieving good lighting quality in educational environments requires careful
consideration of various factors and challenges. While day lighting offers numerous benefits, it
must be implemented thoughtfully to manage potential visual discomforts and thermal imbalances.
By adopting comprehensive daylight design strategies, incorporating advanced technologies, and
fostering interdisciplinary collaboration, it is possible to create educational spaces that maximize
natural light while ensuring occupant comfort and energy efficiency and a comfortable learning

environment. (F. Nocera et al 2018).

1.2 Statement of the Problem



Many lecture rooms lack proper lighting design and rely heavily on artificial lighting, which can
lead to visual discomfort, reduced student engagement, and suboptimal learning outcomes. The
absence of natural lighting in lecture rooms may contribute to fatigue, stress, and other negative
effects on students' well-being. Additionally, the energy consumption associated with artificial
lighting in lecture rooms poses a significant environmental challenge. Therefore, there is a need to
address these issues by maximizing visual comfort and incorporating natural lighting effectively in
lecture room environments. Q’&

The height of openings in lecture rooms is greatly determined by the heigh , ws and doors

.\

cories carried out through

an architect wants to use or feels are required to enable proper ar&fﬁ ient natural lighting
performance. It is like this because till now there are no proper existi
modern innovations, which state a cordial relationship be&%gl* the height of openings to the
quantity and quality of natural lighting in Nigeria,@%o 2021). Planning and designing of
lecture room openings from inception have been @lined to proportioned openings, and usage of
specific window typologies to lower cost‘& improve security wise of long-lasting usage (Faith,
2020). This leads to situations like ine@nt lighting circulation, over lighting, poor performance,
the effect of glare, discomfort to. s%gts, under lighting, need for artificial lighting, which is costly
to the educational facili & es as a form of disadvantage. This alone brings about and gives
rise to the need for (ia improved, functional lecture room design. Researchers that previously
worked on név%\hghting in Nigeria and beyond used methodologies such as daylight factor to
properle the effect of natural lighting, which has not put into consideration direct sunlight
into spaces together with the dynamic nature of tropic climate, (Salihu, 2022). This gives rise to the
need to determine a methodology that put into consideration the factors of natural lighting, quantity
and quality of light, window sizes and types. For this reason, climate-based natural lighting

performance indicators are checkmated, and assessed to give models using ways to maximize

natural lighting and ensure comfort in lecture rooms located in the tropical climate of Nigeria.



1.3 Aims and Objectives
The aim is to maximize visual comfort in lecture rooms by implementing effective lighting design
strategies in university lecture rooms design.
The objectives of the study are;
1. To identify the factors that contribute to visual comfort in lecture rooms, including
lighting levels, glare, and contrast.
2. To evaluate natural lighting design practices in university lecture roo@% igeria.

3. To explore lighting design principles and techniques for mil@g@visual comfort

in lecture rooms.
. \ "
4. To assess the design considerations and strategies .@xco orating natural lighting
into lecture room spaces. . &
5. To examine the challenges and li at'% associated with maximizing visual

comfort and natural lighting in lectuf@gns, such as cost constraints and building

limitations. '6
Q)‘b

1.4 Research Questions
'\

1. What are the u@\ral lighting design practices in university lecture rooms?
2. What is t&

lecd%?ms?

@n is the maximum height of openings for sufficient lighting of lecture rooms in

act of the height of openings on the provision of natural lighting in

Nigeria

1.5 Significance of the Study
Education center suffers serious illumination problems and visual comfort due to poor access to
daylight. Therefore, there is a need to provide better knowledge in developing natural lighting

design guides for, architects, school administrators, government, and private organizations to have
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full ideas and basic knowledge for the development of lecture rooms in Nigeria. And this comprises
the following.
1. Identification and documentation on the existing situation
2. Provision of models to optimize the existing situation
3. Provision of models for new class designs. The incorporation of optimized fenestration
decisions concerning day lighting early in the design stage based on specific site and

climatic conditions brings about more efficient lecture room design with r%‘ demands

for energy. ‘:\ \

1.6 Scope of the Study &%\

The scope of this research involves the study of basic requi&&xts for the design of functioning
faculty of Architecture. This study involves the use @%-efﬁcien‘[ natural lighting methods in
multi-story lecture rooms. The use of natural h'@involves the application of design methods,
spatial organization, and use of materials,'&i e sole purpose of applying them to get a suitable

design, which gives a better solution t@'ﬁng problems in lecture rooms.

1.7. Definition of Term : @

Natural lighting: refi he strategic placement of windows, skylights, or other openings in the

faculty bu11dlﬁ%%catlonal building to allow ample natural light to penetrate the interior spaces.
The go@p‘umme the use of daylight for illumination, energy efficiency, and
1. Creating visually comfortable environments conducive to architectural education and design
activities.
2. Visual comfort: refers to the quality of lighting conditions within the educational spaces. It
involves factors such as appropriate lighting levels, absence of glare, suitable colour

rendering, and effective use of artificial and natural lighting to create visually pleasing and
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conducive environments for architectural activities, including drafting, designing, and
evaluating architectural projects.
Lecture hall: defined as a specialized space within the faculty building or an educational
building specifically designed to accommodate large groups of students for architectural
lectures, presentations, and discussions. It is equipped with suitable seating arrangements,
audiovisual equipment, and other resources necessary for delivering architectural lectures
and facilitating interactive learning experiences. Q*}\
Faculty: refers to the subdivision within the university or college ¢ Q@g one or more
related departments
Faculty building: is a dedicated physical structure or facih.@M houses the offices, studios
and other spaces used by the faculty members in tha&gﬁ'tment. It serves as a centralized
location for faculty members to conduct reﬁ@'gprepare lectures, hold meetings, and
engage in collaborative work related to ard@ture education and practice.
Educational building: refers to a pg structure or facility specifically designed to house
the various spaces required f% hitectural education. It includes classrooms, studios,
computer labs, worksho s%grication facilities, and other specialized areas necessary to
support architec u&%ing, experimentation, and practice. The educational building
provides an %Qment that fosters creativity, collaboration, and hands-on experiences for
facult?@rs and students within the Architecture Departments

— O\
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Chapter Two
Literature Review

2.1. Conceptual Review

Background information on the importance of visual comfort and natural lighting in lecture rooms.
Visual comfort refers to the visual conditions that promote ease of vision, reduce eye strain, and
enhance visual clarity. In lecture rooms, where students spend a significant amount of time engaged
in reading, note-taking, and other visual tasks, providing optimal visual comfort is essential for
their overall well-being and academic performance. Proper lighting levels, appropriate color

temperature, reduced glare, and adequate contrast are key factors that contribute to visual comfort.

Natural lighting, on the other hand, refers to the use of daylight as a primary light source in indoor
spaces. It offers several advantages over artificial lighting. Natural light is full-spectrum light,
which closely resembles natural daylight and provides better color rendering, enhancing the
visibility of materials and reducing eye fatigue. Additionally, exposure to natural light has been
linked to various benefits, including improved mood, increased productivity, better concentration,
and enhanced cognitive function.

In lecture rooms, where students engage in intensive cognitive tasks, the presence of natural light
can positively impact their learning experience. It has been found that access to natural light can
improve student performance, increase information retention, and promote a more engaging and

stimulating learning environment.
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Furthermore, natural lighting contributes to the aesthetics and physical character of lecture rooms,
creating a visually pleasing atmosphere. It has the potential to enhance the overall ambiance,
making the space more inviting and conducive to learning.

Additionally, incorporating natural lighting in lecture rooms aligns with sustainable design
principles and energy conservation efforts. By utilizing daylight as a primary light source, there is a
reduced reliance on artificial lighting, resulting in energy savings and decreased environmental
impact.

Considering the importance of visual comfort and natural lighting, it is essential for educational
institutions and designers to prioritize these factors in lecture room design and renovation projects.
By optimizing visual comfort and incorporating natural lighting effectively, lecture rooms can

provide an environment that fosters student well-being, engagement, and academic success.

2.2  What Is Daylighting

Although light can be described as invisible,” its effects are tangible and an inseparable
component of architecture. As Meier (I987) clearly acknowledged in an interview, _For me light
is the best and most versatile building material . How light is reflected and what we read into
the qualities of that reflect€d, light affects our perception of the solids, of the black lines we
draw; immaterial light, changes the materials of building (Brawne, 2003).For Many years the
study of the.illumiination of a building was limited to solving functional and safety problems.
The mamaim was to guarantee sufficient levels of light to carry out any given activity without
really taking other factors such as psychological comfort and visual fatigue into account (Verges,
2008).

Daylight is the total illumination provided by the direct sunlight, skylight and the diffusely
reflected sunlight, which is absorbed and reflected over surfaces, both externally and
internally. The technical term of delivering this natural light into an enclosed space is what is

generally referred to as day lighting (Salisu, 2015). Day lighting is the use of natural light to
14



provide illumination in buildings during the day, daylight is an essential resource that is readily
available and unlikely to run out for the near future, it has the very special characteristic of
having the ability to transform an internal space from uninspiring uniformity into a
psychologically uplifting experience.

This ability to both illuminate an area and to make it more interesting, is one of the main reasons
that architects try to make provision for daylight to come into a building wherever practical(Kj eld

& Richard, 2010). Roaf, Horsley, & Gupta, (2004) stated that lighting cannot just @easured in

the amount should include: 'E\

i.  Average illuminance in the working plane.

ii.  Uniformity of illuminance in the working plane.

iii.  Luminance ratios within the space. @
iv.  Glare levels in the space. ‘ &

v.  Direction of light and the effect oéi&ws.

vi.  Color temperature of lig,\

vii.  Color rendering @@ :
2.2.1 Diffe%getween Daylight and Sunlight

The SL@eases a power flux of 63 MW, equivalent to six thousand million lumens, for every
square meter of its surface area. Of this around 134 kilolux reaches the earth‘s outer atmosphere
(Thermie Programme Action). People often assume that -sunlightl and -daylightll can be used
synonymously. In reality, they have very different physical properties and different effects on sky
lighting design. The most important differences are their intensity, their color, and the extent to

which their light is scattered, or diffused (Energydesignresourse, 2014).
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Sunlight on the other hand refers to direct sunshine and is very much brighter than ambient
daylight (East Renfrewshire Council Planning Service, 2012). Direct sunlight as seen in fig 2.1
requires control and shading devices to be useful.

Ambient daylight is the volume of natural light that enters a building to provide
satisfactory illumination of internal accommodation between dawn and dusk, Daylight from

an overcast sky as seen in fig 2.2 is generally the same no matter how the building is orientated.

N2
N

Figur %light: an illustration of the directional beam emitted by the sun.

(Source: Lighting Research Center, 2006.)
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Figure 2.2 Daylight: an illustration showing diffused beams ﬁgt emitted by the sun.

(Source: Lighting Research Cent'e@%.)
2.3 Daylighting and Human @?
According to Magnus & M %‘5\)12) daily performance of tasks is also very dependent on the
lighting conditions, a@e visual performance. The visual performance is measured by the
accuracy and s e@lt which a visual task is done. According to thermie programme action,
optimal%@ances for different activities has been defined by various researches and study.

These are Ygenerally based on uniform and constant levels of artificial light falling on the work

plane.as seen in table 2.1:

Table 2.1 Some typical recommended illuminances

ACTIVITY ILLUMINANCE RANGE

17



1 Corridors/Toilets 100-150
2 Restaurant/Canteen 200 E{b,
J i
3 Library/Classroom 500
>
A_ a0\
4 General office 0Ny
C)\&
5 Workbench 500
Y
.\
a ('\Q
6 Drawing office 500-750
\

E

N\
Q 7 High-precision tasks 1500
(Source: Thermie Programme Action, 2016)

(LUX)

2.3.1 Glare

18



Glare is reflected or uncontrolled light that shines directly into your eyes. Although it is very
bright, the light produced by glare does not usually help you see more clearly; instead, it can
interfere with your visual comfort, physical safety, and independent performance of everyday
activities (Gerritsen, 2016). Glare produced by lighting has been classified into two types—
as -discomfort glarell and as (more severe) —disability glarell. Both of these have consequences
in terms of task performance, Both types of glare are caused by source being much brighter
than the background against which it is viewed, and are affected by the sié)&pe and

position of the source, as well as by its brightness (Advanced Lightin es, 2016).

2.4 Daylighting in Lecture Rooms . \%'\

Over the last decade, many of the world‘s biggest busipe&@lve made day lighting in the
workplace a priority. From improved productivity @f sales, turning off artificial lights
and opening the curtains has been a huge pe)k&)r businesses, Now, a growing number of
schools and colleges are taking the initiatiVQr_ljl\making natural light a key architectural focus.
Natural light offers a wide variety of be in an educational environment, from improved focus

to better student health (Bristolite Téam, 2014).

'\
A school with insuffici r@%{ can reduce a student‘s ability to learn due to the effect lighting

has on physiology.\&oor spectral light can create eyestrain, leading to decreased information
processing an ing ability and causing higher stress levels (Samani & Sanaz, 2012). The
aim o@\gng design is to supply appropriate illuminance, color temperature, and lighting
to meet the requirement of the users™ vision form physical to psychological (Samani & Sanaz,

2012).
2.4.1 Benefits of Adequate Daylighting on Students Performance

Using natural light or daylight for illumination is one of the hallmarks of a high- performance

building. In addition to the benefits of supplying substantial light for free, natural light provides
19



great physical and psychological benefits to the building's occupantsl (Dahlan & Mahmoud,

2015). (Bristolite Team, 2014) Stated that the benefits of adequate lighting on students include:

1. Natural light improves standardized test scores.
Studies indicate that well-designed daylighting is associated with enhanced student
performance, evidenced by 13% to 26% higher scores on standardized tests, while poor
daylighting design has been shown to correlate with reduced student perfql&ance. It
makes sense that students and teachers perform better in §ti {h , well-lit

environments. Daylighting can provide high quality light, stiff@g views, and an

important communication link between the classroom an& jdcent spaces(Heschong

&

ii.  Natural light eliminates commondistractions. Q’Q\

Mahone Group, 1999).

During the 1970s, windows were scaled d w®chool in an effort to remove any visual
distractions. The idea was simple, albeit ¢cemptetely wrong — big windows can cause students to
look out into the environment instead @%’cusing on their work. Decades later, many of the same
architects are taking the opposi a{) roach, with a far better result. Far from making students
more distracted, na@@ﬂ ng actually makes students significantly more focused and
less distracted from ﬂ@r work(Bristolite Team, 2014).

Experts are n(‘)%e why daylight reduces time spent on distractions, although one theory claims
that sir@%ents are free to look around, they‘re less likely to find distractions within the

classroom (Bristolite Team, 2014).

iii.  Natural light is completely free of charge.
Depending on artificial light has more costs associated with it than poor academic performance
and a higher number of student sick days. In addition to its negative effects on school performance,

artificial light costs a huge amount every month.

20



With the price of energy on the rise, being able to inexpensively light your school or college
is a massive financial advantage. By reducing your utility bills using natural light, you will have
a larger budget to spend on important educational activities (Bristolite Team2014). Schools and
colleges, particularly those in sunny states like California, can enjoy an extensive range of
benefits from natural lighting. Consider day lighting today for a more productive, healthy, cost

effective and motivated learning environment (Bristolite Team2014).

AL
&
&%
2.5 Harnessing Day lighting

[ ) ﬂ
Daylight is superior to electric light sources in the measure of ligh@ efficiency. Beyond the

simple conclusion that well-designed day lighting can rftd& ctric energy use in buildings,
there are two additional traits of day lighting that m ﬂ@se compelling (Dean, 2004). In any
day lighting system, the light source (directl.y&ldirectly), and the fenestration systems in
addition to the building surfaces, dete in%&uantity and quality of daylight present in the
building. The influence on visual co an be in terms of the adequacy or inadequacy of

lighting, possibility of glare and th 1 loads, together with good or poor uniformity within the

space (Salisu, 2015). Q@'\

2.5.1 Day lightingstra egies

Evenly distribu ight is critical to good day lighting, so apertures that are evenly distributed are
useful. @%uous-strip apertures are even better, and apertures on multiple sides are often
best otherwise rooms can have "hotspots", both in terms of temperature and brightness,
Often this is accomplished with horizontal bands of windows that are placed high in a space (to
avoid glare and reflect light off the ceiling), or with evenly spaced vertically oriented windows that

reach the full height of the room (Autodesk Sustainability Workshop, 2015).

2.5.2 Types of Day lighting Aperture

21



2.5.2.1 Side light

Light coming from side apertures like windows seen in fig 2.3 can only penetrate so far into a
building, this is the reason why shallow floor plans are recommended for day lighting multi-story
buildings. A simple rule of thumb for most latitudes is that daylight penetrates into a room
roughly 2.5 times the height of the top of the window seen in fig 2.4 (Autodesk Sustainability

Workshop, 2015).

%\%
O

B

Insulated glass

Lpper sash

Jamb

Loweer sash
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Figure 2.3 main components of a window.

(Source:Mandinfinity, 2017)

Clear glass is preferred for day lighting, but this in turn requires carefully designed exterior sun
control devices to provide adequate shading. Although internally mounted shades and blinds reduce
the high intensity and heat content of direct sunlight, the most effective sun control device is the

exterior sunshade. An internal shade, even a light-colored fabric . '{b

blind, reduces solar heat gain by about one-third to one-half of the incident energy. An
exterior shade will create a reduction of 80% of the incident solar energy D‘%}OM). According
to Skylight Council (2011), Side-lighting from windows and domg@?ﬁes daylight and solar
energy along the perimeter of a building. Good day lighting @é should consider this side -
lighting characteristics: ,.Q\

1. Most daylight is provided through ambient™ighting from the sky. The amount of
daylight available will vary throughoﬁ.t)&a depending on the direction the fenestration
is facing. External obstructions a %ely to reduce the available daylight.

&

2. Orientation (north, east, soxuh) west) with respect to the sun‘s path is a critical factor
'3

3. The need for s}@@void glare is essential when the sun is low in the sky.

+

2.5a

Figure 2.4 Side lighting only reaching into room.

Source: Autodesk sustainability workshop, 2015
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Side lighting also have the ability of providing a view of the outside. Notwithstanding these
advantages, this fenestration system has some disadvantages. They may cause glare due to high

contrast between the aperture and surrounding wall surfaces (Ander, 1995).

Many modern commercial windows employ low-e glazing. Low-e glazing employs two or more
panes of glass, one of which is coated with a relatively clear material that reflects infrared energy
while passing visible portions of the sun energy. In any building with a cooling see(sGr}, low-e
glass is essential in minimizing solar heat gain. Reflective coatings can also .be @, hese make
the building look mirrored while further decreasing solar penetration. Tin@%&%n also reduce
solar penetration and glare. Glazing selection is always a compromisﬁv%:en clarity and energy
efficiency (Oluwatosin, 2014). Q‘)&%’\
S
N

1. Glazing Q’Q

GLAZING TYPE SOLAR EQUIVALENT U-
TRANSMISSION VALUE
CLEAR ,SINGLE 75% -89% 1.11

24



CLEAR DOUBLE 68% - 75% 0.49 Glazin
g is

LOW-E CLEAR | 45% - 55% 0.38
derives

DOUBLE
from
LOW-E TINTED, GREY | 30% - 45% 0.38 the
LOW-E, ARGON 45% -55% 0.30 d Middle
0*&\ English
A

%016). Several

for 'glass', is a part of a wall or window seen in fig 2.3, made of glass @g

types of glazing used architecturally includes Translucent Glazing, ir%ed Glazing, Metallic
Coatings, Multi-Paned Glazing, tempered glass, laminated glass a ited glazing. The choice
of glazing is critical in ensuring good day lighting. A wide@%e of glazing is available offering
both good admission of daylight and low heat gain (%&nnery, Rousseau, & Threaker, 1999).
A conventional window, single-glazed with clea\)\ﬁ‘%t glass will transmit approximately 85% of
the light that falls upon it. Double or tripl%l inng will reduce light transmission to 70% and 60%

respectively as shown in table 2.2. %‘b’
Table 2.2 glazing types showiﬁ%co,rresponding solar transmission levels and u-value..
Source: innovative degll) 2021

Where lightin‘g%lirements demand larger areas of glass than would be thermally satisfactory,
special@%d glass can be used to control heat losses or gains (Thermie Programme Action).
In all cases where windows are used specifically for day lighting, clear glass has an advantage over
glazing with Low-E coating because the 10% - 30% reduction in visible light transmission of
most Low-E coatings would be required to produce the same daylight benefits (innovative
design, 2004). To increase the amount of day lighting window area and glazing visible

transmissivity on north- and northeast-facing walls should be increased and the amount of glazing

25



on west and southwest orientations where sun is difficult to shade effectively with fixed fins or
overhangs should be reduced (Cole, Connery, Rousseau, & Threaker, 1999). Studies on window to
wall ratio (WWR) by Bokel , (2007)and Mahdavi, Rao, & Inangda, (2013) for Suitable Area Zone
with appropriate daylight have stated that 30% - 35% is the appropriate range for adequate day

lighting.
2. Laser Cut Panels (LCP) . '{b‘

This is an innovative day lighting system used to redirect high angle@ards towards

ceilings by total interior reflections and redirecting low angle lighty, or diffusing light
downwards by internal refractions, thus it is used to reflect light ;@d‘e '}rooms. (Tukur 2013).
These laser cuts seen in fig 2.5, work by deflecting a fraqti(&@&e incoming light through total
internal reflection at the surface of the cuts, whilst f@ning light passes through the panel

un-deflected. LCP's perform better in climgt&%&th clear sky conditions, deflecting direct

sunlight into the ceiling avoiding direct sg:@ the work plane (Hirning, 2010

Figure 2.5 Typical Laser Cut Panel System

(Source: Urban design system, 2016)

3. Transparent Concrete
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Translucent concrete is a concrete based material with light-transmissive properties, obtained due
to embedded light optical elements like Optical fibers in it as seen in fig 2.6. Light is conducted
through the stone from one end to the other. This results into a certain light pattern on the other
surface, depending on the fiber structure. (Padma, Johnson, Afzal, & Prasanthi, 2013).Its transmits
light without the accompanying effects of heat, It is more durable than other precast panels and is
resistant to aging caused by UV radiation. (Italcementi, 2015)

N\

* Dimension can
change

* Resins color can
change

» Mortar color can
change

* Resins shape can
change

Figure 2.6 illustration of a typlca ‘% arent concrete panel.

(Source I lce

w@

This is the name give @stratlon system situated in the ceiling/roof plane seen in fig2.7. It

2015)

2.5.2.2 Top Light

has the attributes %Q;oviding uniform and high illumination over the horizontal work plane
since it receives_light from the brightest regions of the sky (IEA TASK 21,2000) Higher
apertur'e% more effective at bringing light deep into the building. This often means glazing in
roofs. Skylights are not the only kind of aperture to bring light in through roofs. Other "top
lighting" strategies include clerestories, monitors, and saw-tooth or other scoop-shapes. Each has
their own advantages and disadvantages in construction cost and how they bring the sun into

the space at different times of day and year. (Autodesk Sustainability Workshop, 2015).
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MONITOR SAWTOOTH SKYLIGHT

7\ (\ |

CLERESTORY

J o
L

Figure 2.7 Different types of top lighting devit!@ :

(Source: Autodesk sustainability workshop, 201%'\

There are basically three different types of top lights - slﬂ@! (horizontal or near horizontal

aperture to the sky), monitor roof lights and clere@hich are vertical or nearly vertical

projecting glazed apertures) (Salisu, 2015). \%

Top lighting can provide greater free% source placement to achieve more uniform
illumination, takes advantage of high surfaces and other architectural elements to distribute

light where needed, and increas sg\c rity and privacy. (Kroelinger, 2005)

1) Skylights: C)QQ
A skylight on<a ed roof cannot see the full sky hemisphere, but only a partial view
determined %slope of the roof. Furthermore, depending upon the angle and orientation of
the slc@oof, the sun may not reach the skylight during certain times of the day or year. For
example, a skylight on an east-facing roof with a 45° slope will only receive direct sun during the
morning and midday hours. In the afternoon it will receive skylight, but only from three-fourths
of the sky. As a result, in the afternoon it will deliver substantially less light to the space below

than an identical skylight located on a flat roof (Energydesignresourse, 2014). Skylights can be

successful day lighting roof apertures provided the direct sun is prevented from coming within
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view by washing down walls or striking floor or table surfaces. In addition, because of the heat
content of direct sunlight, the skylights should be relatively small in area and should be

accompanied by large adjacent diffusing surfaces as seen in fig2.8 (Dean, 2004).

skylight opening

— or aperture
[ - skylight

glazing materi al
/ skylight frame °
S
_— e / curb
light well / roof membrane
depth light L™

well

o8
— ] &

J

Figure 2.8 Components of a Typical Sk}f@“

(Source: Dean, 2004) Q}&%
$
O
S
2) Monitor roof lights (&6

The monitor roof light has Ve%jyﬂazing in two opposite directions. In this study, north and

south orientation is pr e@%
r@

north-facing glazing& dmits diffuse daylight to the space. (Ladan, Wayne, & Soolyeon, 2012)

ause the south-facing glazing can easily be shaded and the

Monitor roof @Qabundant daylight, especially in buildings where solar orientation or weather
does n@ the saw tooth or other more unusual designs. With proper choice of glazing and
overhang, a monitor can produce exceptionally balanced and comfortable daylight. (Mark, James,
& Christina, 2012) Roof monitors are popped-up extensions of the roof, with vertical glass areas.
Large roof monitors often appear to be forms of vertical extensions of the ceiling, and can provide

dramatic high internal spaces in special areas seen in fig 2.9 (Dean, 2004)
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Raaf Monitor
Facing South

Room Section N\

Figure 2.9 monitor roof. g\;\\a
(Source: Tao, 2010) QQ;&

N
3) Clerestories QQ

A clerestory is a series of windows high up ‘rf@%ce. These can be a formal row, like in a

cathedral, or a single, simple opening in . Clerestories are often confused with transoms.

Transoms are smaller windows sta ke@op of other windows or doors. In traditional buildings,

transoms were operable allowi a%r to move around a building while still keeping the safety and
W

privacy of closed loweC;@

both direct and indirect lighting by introducing light through a vertical clerestory window.

windows. (Architects, 2015) The single clerestory produces

Depending oﬁ%zdjacent roof, some of the light may be reflected downward by the ceiling
into th@ce seen in fig 2.10. However, depending on site orientation, the relatively high

percentage of direct light can be glaring. (Oluwatosin, 2014)
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M.

Q>
Figure 2.10illustrations of clerestories taking in lighb%\qo

(Source: m. gerwing architects, 2015). \ *

4) Saw tooth roof @

A saw-tooth roof is a roof comprising a seri y %;s with dual pitches either side. The steeper
surfaces are glazed and face away fi the equator to shield workers and machinery
from direct sunlight. This sort o@its natural light into a deep plan building or factory.
(Babylon, 2015) Saw tooth ar@gqﬂures with vertical or angled glazing installed in a slopped

roof plane seen in ﬁg(l)ﬁgv tooth are most effective when used in series of three and were

historically use ir@dﬂstrial and manufacturing buildings as the primary light source. Saw tooth
11

slope is geneba

t a 45-degree angle. (Kroelinger, 2005).
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Figure 2.11 illustration of a saw tooth roof.

(Source: build 2022).

Saw-tooth roof produces both direct and indirect lighting but, by bouncing a high
percentage off the adjacent slanted ceiling, increases the amount of downward light and can

minimize the amount of direct light. If the saw tooth glazing faces north, it can be an excellent
2.5.3 Light pipes : QO

Light tubes or light pipes are physical structures used for trans.pg{,%opr distributing natural

source of natural light for a large interior area. (Oluwatosin, 2014).

or artificial light for the purpose of illumination, and are examples@tical

Waveguides. In their application to day lighting, h@re also often called tubular day
lighting devices, sun pipes, sun scopes, or daylig%ﬁ s. Light pipes may be divided into two
broad categories: hollow structures that cont@l}}k light with a reflective lining, and transparent
solids that contain the light by total i@l reflection. The principles governing the flow of

light through these devices arew of non-imaging optics (Bernfart, 2014).
'\

In applications for day li g@ey are also often called sun pipes, solar pipes, solar light pipes,
daylight pipes, tubuk<a

In comparisoﬂ%%ventional skylights and windows, a light pipe offers better heat insulation

ight, sun scoop or simply tubular day lighting device seen in fig 2.12.

properti more flexibility for use within buildings, however with little visual contact with
external environment (Jeong & Gon, 2010). Sun tube lights are highly effective at transferring
daylight into parts of buildings that have little or no natural lighting. They can be used to replace
artificial lighting and will therefore substantially reduce the annual energy consumption of a home.
In many cases, sun tube lights will be used to provide all the light for an internal space but they

can also be used to compliment an artificial lighting scheme. (Low Energy House, 2016). Light
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pipes perform the same function as other skylight strategies, the only different is the way daylight
is transported into internal spaces by using highly reflective tube. This system is also known as
solar pipe, tubular daylight guidance system or mirror pipe. Compared to conventional skylights
and windows, a light pipe offers better heat insulation properties and are more flexible (Jeong &
Gon, 2010).The challenges of light pipe system utilization includes high initial cost, maintenance

and user awareness (Aslila, Lokman, & Narimah, 2015)

&

clear plastic

roof light \QO

i E
‘%'\

Sun Tube ¢ )\,\’

with mirror

finish internally &C\o
J

insulated
loft space

internal ——— 3
room

SUN TUBE LIGHT
>

Figure 2.12%llustration of a typical light pipe

'3
éj@ﬁmw Energy House, 2016)

2.5.4 Fenest t@laterials

The fenestr@n onsists of frame components and a daylight aperture. The frames are made
from e@timber, steel, aluminum, alloys or some form of plastics. To complement them,
daylight apertures may have a void, a transparent or a translucent glazing layer between the source

of natural illumination and the interior space (Salisu, 2015).

2.6 Conceptual Framework for Day Lighting Calculation
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According to Abubakar, (2015) Research into day lighting has undergone various concepts since

1895 and these concepts are
1. The Daylight Factor Concept
2. The _Design Sky ‘Concept

3. The _Total Flux ‘or Lumen Concept of Day lighting . (b‘
>

4. The _Split Flux’ Concept of Day lighting . é&

5. The PSALI (Permanent Supplementary Artificial Lighting of tl}%l‘f or)

6. The Static Point illuminance and Luminance Measuremen&%:\?:ept

&

7. Climate-Based-Daylight-Modelling (CBDM). @

2.6.1 The daylight factor concept . ©

The daylight factor (DF) is a very mon and easy to use measure for the subjective
daylight quality in a room. It deéﬂa%the ratio of outside illuminance over inside illuminance,
expressed in percent. The I:i@'bhe DF, the more natural light is available in the room (Clear

Comfortable Low Ene‘rgy%c itecture, 2016). It is expressed as such:

DF = SC + E@C
SC is @%omponent

ERC is the externally reflected component
IRC is the internally reflected component

It is usually expressed as a percentage of internal illuminance to unobstructed outdoor horizontal

illuminance under a standard CIE overcast sky condition and is assumed to be a worst case
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scenario which does not consider any form of direct sunlight. This concept, irrespective of climate
and location, has been elevated to a _performance metric‘'whereby design guidelines worldwide
currently recommend provisions in terms of daylight factors (DF) (Mardaljevic, Heschong, &&

Lee, Daylight metrics and energy savings, 2009).

According to Grant, (2015) The Daylight Factor and the light inside a room are made up of three

separate components: . (b‘
1. The sky component — light arriving at a point in a room coming dié’c m the sky

2. The externally reflected component — light arriving at a pqig&wyoom reflecting into it

3. The internally reflected component — ligh‘@@at a point in a room having been

from an external obstruction

reflected from an internal surface. %
These three components can be record zﬁ)added to give the overall daylight factor.
Modification of the daylight factor %%bd has been proposed by some researchers to

allow for the effect of a clear SIKMEC‘[ sunlight (Khalid, 1996).
'3

2.6.2 ‘Design sky’ @J@Q
N

This concept is a together with an established daylight factor for a given space. This method
ensures t@ required illumination will be reached or exceeded 85 per cent of the time, but it
does not show the distribution pattern or quality. The major shortcoming of this concept is that it

is based on the _daylight factor’ concept with all its shortcomings (Salisu, 2015).
2.6.3 ‘Total Flux’ Concept or Lumen Concept

The lumen method is recommended by the Illuminating Engineering Society of North America. In

this method, natural light received inside a room is a function of lightincidence on the window
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plane (Khalid, 1996). This method allows for the estimation of absolute illuminance values at
three stations inside a room. The first point is located at 5 feet from the window wall, the second
is in the center of the room and the third is 5 feet from the back wall of the room. All these
points are on a center line perpendicular to the window wall and at 0.75 meters above the floor

level.

According to Khalid, (1996) the illuminance at any of the three station points can ,@\%Epund as

follows . Q§
D
E=E5AgTgCsKs+EgAgTgCgKg
. "
B

Where: CQ\
&
Ep = absolute illuminance value at the station point Q@

Es = exterior illuminance from the sun and the.sk@ident on the window
Ag = area of glazing h

Tg = transmission of glazing
%'\
Eg = exterior illumina&;@t d from the ground to thewindow

C5, Cg = coe 10689 representing the relationship between the light reachingthe window and

the room le@h, oom width and the reflectance of the interior walls of the room

Ks, Kg =coefficients representing the relationship between the light reaching the window and

the ceiling height, room width and the reflectance of the interior walls of the room
2.6.4 ‘Split-flux’ concept

Split-flux method, which is an empirical formula for calculating the IRC, based on the formula

proposed by Arndt. The split-flux method proposes that one treat the flux entering the room in
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two parts. In this method, the window is divided into two parts by a horizontal imaginary plane
passing through the center of the room. The first part is the flux coming from the sky and any
external obstruction above the imaginary plane. The second part is the flux coming from the
ground and any external obstruction falling below the imaginary plane. The first flux summations
are then multiplied times the average reflectance of the lower surfaces of the room; the second
with the reflectance of the upper surfaces of the room. Then the unit sphere method .is ?glied for

the inter-reflection of light. In this way the split-flux formula treats external ob ’}ons in the

form of horizontal band of infinite length (Kota,2007). ,%\

2.6.5 PSALI (Permanent Supplementary Artificial Lighting of tﬁﬁerlor Concept)

(‘0

PSALI is a system of combined artificial lighting and day@ng, where the two are blended
together to provide an even illumination. Parts of t%&are permanently lit by artificial light
(Grant, 2015). PSALI retains most of the ,p@)loglcal advantages of artificial lighting,
but can illuminate deeper plan rooms aQ:ph d be lit with daylight alone. The principle of
PSALI is to provide illumination tt%@pears to be of good daylight character even though

most of the working illuminationMe from artificial light (Grant, 2015)

1. Large Var@QOf light during workday does not adversely affect visual

performa@

Q [.  Lightness Constance
I

III.  Contrast ratios remain constant

Variations in daylight occur slowly over a period of time

2. Daylight and artificial light are easily combined

3. Supplemental systems must be coordinated so lighting levels do not change abruptly.
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PSALI is also used to control the switching of lights on and off as daylight levels go up and
down. In bright light, all illumination may be provided by daylight. At night, all lighting is
artificial. Light-level switching of luminaires is known as photoelectric switching (Grant, 2015).
This concept involved the use of artificial illumination to aid the provision of lighting within
deep lecture rooms. With this concept came smaller windows and the insufficient daylight became
permanently supplemented by artificial means. This may not be and appropriate solution for the

tropics, which has abundant daylight and certainly not for Nigeria where Q‘E&tic power

supply is common (Salisu, 2015). ,%\QO

2.6.6 Static Point Illuminance and Luminance Measurement C@‘SD

C‘Q

This concept is based on simulations or measurements .uﬁzéither real or artificial skies, or
using computer tools (digital models and lighting S@ This concept considers not only the

diffused daylight entering a room, but also dirge@igh‘[ and its internal lighting effects (Salisu,

2015). %.Q\

2.7 Climate-Based-Daylight-\\/[@(g(CBDM)

Climate-based daylight mod, B the prediction of various radiant or luminous quantities
(e.g. irradiance, illum@g, radiance and luminance) using sun and sky conditions that are
derived from st (@ meteorological datasets. Whilst it hardly needs remarking that daylight is
inherentl c@ia e-dependent and time varying, the accepted evaluation method, called the
dayligthor, makes no account of this everyday reality. The principles of climate-based
daylight modelling have been described in various publications since the first reports around the
turn of the millennium (Mardaljevic, 2000). However, it is fair to say that acceptance has been
slow amongst significant sections of the daylighting community, both practitioners and researchers

(Mardaljevic, 2006). The ability to undertake a year round assessment of day lighting using

site-specific climatic datasets and orientation of the building into consideration makes this the
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methodology of choice for this research. It takes into consideration direct sunlight, diffused
daylight and the inter-reflected daylight within a space into consideration when simulating. With
access to computer hardware and software at affordable costs, this methodology will counter the
limitations of the daylight factor and the single point in time methods (Salisu2015). Using
CBDM in place of daylight factors provides far greater detail about light distribution and intensity
which allows the building design to be adjusted to maximize the use of sunlight .anc%laylight.
Annual weather data are used to calculate lux levels and targets can be set whiclé’&elative to
user needs (Cundall Johnston and partners, 2015). . \QO

With CBDM the direct sun and diffuse components will be dynami.c iq,%éq intensity and altitude
for each fagade: north, south, east and west. Therefore wh@entaﬁon has allows been
understood, the analysis and result will now detail the ix‘rué of the sunlight and daylight and
inform the designer on the quantity and quality of @ within the space (Antonutto, 2013).

The EFA Output Specification has a very di @pproach to daylight design compared with
ign

previous building programs and school de ides. In the past, design for daylight within the
learning environment has been a %i process based on a static overcast sky. The ambition

was to deliver a certain percent eﬂo diffuse light into the space (daylight factors) and achieve a

degree of uniformity ((‘C‘J@hnston and partners, 2015).

Derived from ‘%é\oncept, a set of daylight specific performance indicators have been put

forward b @ roponents of this concept. These indicators have the ability to quantify and
qualify daydighting in climate region, taking into consideration the location of the building and

orientation inclusive of most climate peculiarities (Salisu, 2015).

They include:
1. Performance Indicators for Quantity
a) Daylight Autonomy (DA) at a specified work plane location is defined as the percentage of

the year when a minimum target illuminance for the day lit space is met by daylight alone. In
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mathematical terms, daylight autonomy is the percentage of annual work hours during which all
or part of a building‘s lighting needs can be met through day lighting alone (lutron, 2013). In
general, a Daylight Autonomy threshold of 60% of the work plane illuminance (500 lux) that
meets the recommended illuminance requirement is considered good day lighting, especially for
lecture rooms(Architectural Energy Corporation, 2006). For values below the prescribed minimum
illuminance, a modified version of the above metric known as continuous Dayligllt Autonomy
(DAcon) allocates credit for partial daylight that does not meet the target illumina%‘&hteinhart et
al.,2006, Architectural Energy Corporation, 2006). DA is based on exten, 'V.?h%ch on lecture
rooms and shows how well daylight penetrates into a space wi:[h rqpriate display of the
distribution pattern. In the absence of an upper limit on the all@lluminance levels (until it
meets the DAmax, which is ten times the benchmarkgd\%pace illuminance level), poorly
performing spaces with direct sunlight which is b@% DAmax could do quite well with
this metric. The DAmax of a factor of ten ﬂiz@ recommended illuminance is not backed

by actual research, but is intuitive (Ar(?%? ral Energy Corporation, 2006 and Reinhart et al.,

N

b) Useful Daylight Illumina@ﬂ]l)
UDI is defined as th angl ccurrence of illuminance across the work-plane that is within a

range considere —@ I by occupants — 100 to 2000 lux (Cundall Johnston and partners, 2015).

2006).

A. They de%d o base the criteria on the useful daylight illuminance (UDI) metric. The useful
dayligh@ninance approach is founded on occupant responses to daylight levels, as reported in
several studies (Mardeljevic, Brembilla, & Drosou, 2016).It calculates the percentage of total
number of occupied hours that _useful® daylight enters a space at a selected point on the work
plane (Salisu, 2015). It is the provision of ambient light at the work plane at illuminance levels is

subdivided into:

UDI<100 represents illumination less than 100 lux.
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UDI 100-2000 represents useful daylight
UDI>2000 represents an excess supply of daylight

Thus, only three metrics are used to characterize the hourly-varying daylight illuminances for an

entire year at each of the calculation points.

c) Simplified daylight glare probability (DGPs) . cbd
\

A major departure of DGP relative to other metrics summarized in this paper.is Q%&are sources

are determined by comparing areas of bright luminance against the total vestical eye illuminance

for a viewing hemisphere of 2n sr. Therefore, DGP can evaluate (ﬁ;@tﬁight falling on a work

plane as a glare source while at the same time a dim VlSlblG&@rght not be perceived as such.

Specular reflections can also be seen as glare sourc re probability >.45 corresponds to

intolerable glare — an estimated 45 percent of pe ould feel discomfort in such a lighting

situation, while a value <3 is cons1dered€rr§brceptlble(Jakublec & Reinhart,2012).

d) Spatial Daylight Autonomy (sDA)

It is a single quantitative Value t%) space unlike the multiple values obtained in the Daylight
Autonomy (DA) schemeg. een put forward quite recently in the IESNA publication IES
LM-83 (IES Dayh ‘ie)rlcs Committee, 2012).. It identified two levels for acceptability of
performance::%@qed and _Nominally Accepted‘. The _Preferred* level is defined as a space
with s of ambient daylight to meet or exceed 75% of sDA300, 50%, being the analysis
points on the horizontal surface that meet or exceed 300 lux for 50% of the analysis period from
8am to 6pm. The _Nominally Accepted® is defined as a space with sufficiency of ambient
daylight for at least 55% of sDA300, 50%, being the analysis points on the horizontal surface that

meets or exceed 300 lux for 50% of the analysis period from 8am to 6pm. This concept provides a

single number for a space, more like the daylight factor (DF). It has already been experimentally
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verified to predict occupant satisfaction using a study of 61 different spaces by the authors
(IES Daylight Metrics Committee, 2012). On the other hand, the performance metric for all types
of spaces are the same- be it a classroom or an office, which may highly be unlikely due to
peculiarities of the different working environments. Being a relatively new concept, preconfigured
tools for calculations are not available at present. Simplified daylight glare probability DGPs.

XS

expressed

2. Performance Indicators for Quality

a. Proposed Daylight Autonomy Uniformity Index (DAui). Uniformity has ofte
in terms of a ratio of two quantities - maximum to minimum, maximum t : %ﬂd average to
minimum illuminance over a work plane (IESNA, 2000). Uniformi‘Ey ig%yxlighting could also be
taken to be the distribution of daylight across the work plane &@( assumed height. Salisu,
(2015) to assess uniformity in the spaces that have fenestfa@s on opposite facades, proposed a
daylight autonomy uniformity index (DAui). This@ ¢ calculated as a ratio of maximum

measured daylight autonomy to the average d@ autonomy of the assessed space and the
g@

closer this value is to _1°; the more the dayh uniformly distributed in the space.

b. Useful Daylight Illuminanc’é\éryqﬁer than 2000 lux (UDI>2000). Using this indicator,
which is one of the three of the Useful Daylight Illuminance concept of CBDM, an
assessment of the pro@@r f solar gains and glare can be undertaken. Using a threshold of
2000 lux, these @'ﬁlities of daylighting in a space can be assessed using simpler and less
complicated@jﬁds of flagging of potential areas of thermal and visual discomfort. This
threshold was arrived at after extensive survey on occupants in day lit office
environments under a wide range of illumination conditions (Nabil & Mardaljevic, 2005). Though
it will be ideal to achieve a 5% value or less for this performance indicator, the SLL (Society of
Light and Lighting, SLL, 2011) has come up with the following criteria:

i.  For new buildings, the combined value of the UDI<100 and UDI>2000 on a

horizontal work plane should not exceed 20% of the assessed time of the activity period.
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ii.  For refurbished buildings, the UDI>2000 should not exceed 20% of the assessed time.

c. The Annual Sunlight Exposure (ASE) is a relatively new performance indicator put forward
recently by the IESNA. This is a metric that describes the potential for visual discomfort by
calculating the number of hours in a year that direct sun is incident on a surface. A threshold of
1000 lux for 250 hours in a year was selected based on user surveys as an indicator for tolerance
level that can be used to compare spaces (IES Daylight Metrics Committee, 2012).,’\('65 metric
can flag potential issues of thermal discomfort and glare caused by dirgct %1‘[ from the
sky, but does not provide for glare from specular reflections or veiling ‘g%}eing a relatively
new metric, preconfigured tools for calculations are not available atgz@%s ?Salisu, 2015).

N
&
\

Climate is the long-term expression of weather; in the,mpdern world, climate is most noticeably

2.8 Climate and Day lighting

expressed in vegetation and soil types and ¢ °s@tics of the land surface (Egeh & Okoloye,

2010). The climate of a region is %ilracterized by its fundamental properties of air

temperature, the rate and form @%taﬁon, the rate of evaporation, humidity, cloudiness
c

(including the amount and ty@ﬂw

direction, and air pre @)su, 2015) The climatic characteristics of a site can dictate the

ouds), solar and long wave radiation rates, wind speed and

significance of the&gof overcast illumination as a design influence and the use of the
mirror box artificial sky as a prediction tool. Projects with sites that experience predominantly
overcas@%ﬁons can be well served by mirror box artificial sky testing. Primarily sunny
climates require different day lighting strategies and might only use the mirror box to check
performance for the occasional overcast day. Knowing a project's regional climate and lighting
characteristics and understanding the percent of daylight hours each month that the sky is clear
versus overcast gives important weight to the hierarchy of decisions about the kinds of day

lighting techniques to be used in a design for a given locale (Ball State University,2016).
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The quality of day lighting design depends heavily on solar altitude, weather, and other time-
dependent environmental factors. Yet very few existing tools provide the user with some
understanding of the annual performance of a day lighting design, and similarly few lighting

metrics focus on this temporal aspect of light measurement (Sian, Magali, & Marilyne, 2007).
2.8.1 Climatic zones

The Koppen climate classification is one of the most widely used climate classiﬁc@gystems.

Russian German climatologist Wladimir Koppen first published it in 18;4,\?& several later

modifications by Koppen himself, notably in 1918 and 1936. Later, Germanclimatologist Rudolf
Geiger collaborated with Kdppen on changes to the classification %&gﬂwhich is sometimes
referred to as the Koppen—Geiger climate classiﬁcatiot&ﬁ:m. The system is based on the
concept that native vegetation is the best expressio@nate. Thus, climate zone boundaries
have been selected with vegetation distribution, i@d. It combines average annual and monthly

temperatures and precipitation, and the seﬁoai}jr of precipitation (Liquidsearch, 2016).

peel, M. €. and Finlayson, 8. L. | [l A Il ewh [ |csa[ Jcwa[ |cfa [llllosa[ |owa[[ pfa[ €T
Wniversity of Mavourme) | I A [ ewk [ cs [T cw [ cro [ o=b [ owb (I o [ =

[ aw [T esh [ cwe [ crc [ os< [ ovc [ o<

Vectorization by : All Zifan sk [ o=« [ o< [ o+

PlateiThe Koppen climate classification.

Source: Peel, Finlayson, & McMahon2022
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The Kdppen climate classification scheme divides climates into five main groups (A, B, C, D, and
E), each having several types and subtypes. Each particular climate type is represented by a two-

to four-letter symbol.
Group A: Tropical/mega thermal climates:

Tropical rainforest climat e (Af)

Tropical monsoon climate (4m) Q'}\

Tropical wet and dry or savanna climate (4Aw) é \
. "
S

&>

Desert climate BW: Hot desert (BWh), Cold desert SZ&@

Group B: Dry (arid and semiarid) climates:

Steppe climate (Semi-arid) BS: Hot steppe (BS#4), Cold steppe (BSk)

Group C: Temperate/mesothermal climate%’Q)

Dry-summer or Mediterraréxn?ﬂnates (Csa, Csb, Csc)
: 0 :
Temperate or subtrc&% t-summer climates (Cwa, Cfa)

Maritime te%&dggclimates or Oceanic climates (Cwb, Cwe, Cfb, Cfc)
Mari@arctic climates or subpolar oceanic climate (Cfc)
Temperate highland climates with dry winters (Cwb, Cwc)

Group D: Continental/microthermal climates
Hot summer continental climates (Dsa, Dwa, Dfa)

Warm summer continental or hemiboreal climates (Dsb, Dwb, Dfb)
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Continental subarctic or boreal (taiga) climates (Dsc, Dwc, Dfc)
Continental subarctic climates with extremely severe winters (Dsd, Dwd, Dfd)
Group E: Polar and alpine climates:

Tundra climate (ET)

Ice cap climate (EF) &
Q

2.8.2 Climatic Zones in Nigeria . \QO

Nigeria is located along the West African coast in between latitud 3.‘;— 5°E and longitudes
4°-14°N with a distinctly tropical climate that varies from the dq@md very humid in the south
to the hot and semi-arid climate in the north. Divisions of ﬁ@%ﬂtry into southern and northern
regions are obviously simplistic and lacking in“scientific conviction. The country has three
distinct climate types according to the Koppe ’s& as modified by Trewartha and Horn, 1980.
This is noticeable as one moves from théssouthern region through the middle belt and up to the
o
<
\)

In line with its close proxi to the equatorial belt and the Atlantic Ocean, Temperatures

northern states (Salisu, 2015).

are generally high an@t t, and seasons are more aptly characterized by the difference in
rainfall than a ¢ aré\n the mercury. For example, in Lagos, the average high in January is 31°C
and 23°C, a@i June it‘s 28°C and 23°C; though June is the season with peak rains and in
Januar}@ would be lucky to see the smallest drop of water squeezed from the sky. In the
south of the country, a coastal region that includes Lagos and the oil-rich area of Port Harcourt,
it‘s incredibly humid, but it rarely gets hotter than 32°C. This area is defined by two rainy

periods, one short period and one long period (Expatarrivals, 2016).

a. The Tropical Wet Climate
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The Tropical Wet Climate is found in the southern part of the Nigeria and extends to the
confluence of the two main rivers in the middle belt region of the country. The weather is
constantly warm and humid with a lot of rainfall as the major characteristic of this climate,
averaging over 2000mm which goes up to 4000mm in the coastal regions. The cloud cover can be
quite substantial with the position of the sun remaining high throughout much of the day resulting
in cloudy days. The prevalent ecology is the rainforest which is characterized by a hllge variety of

plants which grow all year round, insects and animals (Salisu, 2015). Q’S\
b. Tropical Wet and Dry Climate or Tropical Savanna Climate ‘%\

The tropical wet-and-dry climate regions are located adjacent or a@?ical wet climates, but
in more elevated regions, occurring in uplands at altitudes Q%D m or higher. The first major
characteristic of this climate is that it has a distinctdr %}on during when hardly any rainfall
occurs. This season occurs for periods of betweﬁree to six months. Annual total rainfall for
this climatic type usually range from 1 ngj'\to 1500mm. Cloud cover patterns follow the
rainfall during the wet season and cle@les during the dry. The dry season is distinguished by
high monthly mean temperaturesN to 40°C with a correspondingly monthly mean minimum
temperatures as low as 13&f ?the wet season, a dry, harsh, cold and dusty period of
two to three mont@{a@wn as the _harmattan‘precedes the dry season. During this period the

skies are mos@ast. The major ecology of this climate is the savannah, which consists of flat

grassla%%ccasional groups of trees or individual trees (Salisu, 2015).
c. The Hot-Semiarid Climate or Steppe Climate

Semi-arid climates have little rainfall and are usually located in-between the tropical wet- and —
dry climates and the desert climates. The predominant feature of this climate is that it is dry with
hot weather for significant periods of the year. It has the characteristics of dryness (both in rainfall

and relative humidity). The hot dry season comes with clear skies and hot winds, while at the end
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of the year, a cold and dusty harmattan for about three months becomes the dominant feature. The
amount of rainfall in this region varies between 250 to 750mm per year and occurs for a period of
three or four months starting from May or June and is normally brief and intense. However,
despite when the rainfall occurs, the sky is generally clear and the annual precipitation rate is less
than the sum of the potential rate of evaporation of groundwater and the water lost by
transpiration of plants (Heerwagen, 2004).The major ecology of this climate type is_the Sahel

savannah made up of shrubs and grassland with occasional trees. (Salisu, 2015) Q’S\

Similar to most of West Africa, Nigeria's climate is characterized by sft%}atltudmal zones,
which become progressively drier moving from the north from 't st. Rainfall is the key
climatic variable, there are timed alternation between the wet Zé% seasons in most areas. Two
air masses control rainfall--moist northward-moving ﬁ@ﬁlr coming from the Atlantic Ocean

and dry continental air coming south from the Afr1c mass (U.S. Library of Congress, 2015).

Temperatures throughout Nigeria are ge erﬁx}ngh, temperature variations during the day are
more pronounced than seasonal one’s ighest temperatures occur during the dry season; rains
moderate afternoon highs durin th et season. Average highs and lows for Lagos are 31° C and
23° C in January and 28° iﬁo C in June. Although average temperatures vary little from
coastal to inland a g.\)\land areas, especially in the northeast, have greater extremes. There,
temperatures %@hlgh as 44° C before the onset of the rains or drop as low as 6° C during an
intrusio ol air from the north from December to February. Topographic relief plays a

significant role in local climate only around the Jos Plateau and along the eastern border

highlands (U.S. Library of Congress, 2015).
2.8.3 Technology for Climate-Based-Daylight-Modelling

Several software can be used in implementing a Climate-Based-Daylight-Modelling study.

These tools include Radiance, a lighting software (a UNIX based software), Ecotect Analysis (a
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Windows based building simulation software) and Daysim (a Windows - based annual daylight

analysis tool).

1) Autodesk Ecotect Analysis

Autodesk Ecotect Analysis is a stand-alone tool for climate-responsive, pre-design analysis of
weather and solar site data, Ecotect is a standalone program that can read model files from other
programs such as AutoCAD, Max, Maya Sketchup, etc. for analysis (Marchese, * . It was
developed as a Windows-based environmental analysis and building simulatio Qog ware by Dr.
Andrew Marsh, The software has the ability to export models/drawings all the embedded
building data and import results of analysis and visualizations in® v&@x'\formats It provides a
logical 3-D interface for parametric modelling with plug- 1ns®®)re specialized software like
Radiance, EnergyPlus and Daysim for analysis (Salisu, 0

One of the functions of the software is that it can a é simple natural lighting performances of
buildings with illuminance at points based 0@%‘5 ight factor concept It executes this using the
British Research Establishment (BRE) s(%i ux method for determining the natural light levels

at points within a model. For fﬁqge) ccurate and comprehensive lighting analysis, it can output

Radiance scene files for dires@ﬁﬁnm Radiance Lighting Simulation System (Salisu, 2015).

2) Radiance Lightiq{)gnﬁ%tion and Rendering System

Radiance lig]\%gulation and rendering system is a physically-based rendering system tailored
to the ds of lighting design and architecture developed by author at Lawrence
Berkeley Laboratory (LBL) and Ecole Polytechnique Federale de Lausanne (EPFL) in Switzerland.
The simulation uses a light-backwards ray-tracing method with extensions to efficiently solve the
rendering equation under most conditions (Ward, 1994). According to Ward, (1994) the principal
design goals of Radiance were to:

1.  Ensure accurate calculation of luminance.
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it.  Model both electric light and daylight.

iii.  Support a variety of reflectance models.
iv. Support complicated geometry.

v.  Take unmodified input from CAD systems.

These goals reflect many years of experience in architectural lighting simulation; sor'n&%them are
physically-motivated, others are user-motivated. All of them must be met %re a lighting
simulation tool can be of significant value to a designer (Ward, 1994). It hassbeen found to be more
accurate in predicting illumination levels than most of the lighting\@x;}e used in determining
illumination in a space, though with the disadvantage of @g slow and non-user friendly

(Ubbelohde & Humann, 1998) Q@

2.9 Findings from Literature Review . \%

This chapter was devoted to reviewing relgvant literature that pertains to this study with the aim of
identifying gaps, which exists in the stédy of day lighting. The review identified different strategies
of harnessing day lighting andd%ngiﬁed side windows as the easiest and most commonly used for
multi-story buildings. @Q‘%iew revealed a systematic development of daylight assessment

methods and co c@gof day lighting developed through the years. A new concept known as
iné

CBDM carneQ being to assess the dynamic quantities and qualities of day lighting. A new
quality@sment index, known as Daylight Autonomy Index (DAui), was put forward along with

the useful daylight index (UDI)
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Chapter 3
Methodology

3.1 Introduction

The Faculty of Architecture is committed to the study of the natural and artificial systems primarily
comprising cities, buildings and industrial products. The Faculty and its curricula are organized around
two basic disciplines of design and planning. Problems ranging from the creation of industrial products
and architecture to landscapes and settlement systems are covered in lectures, field work and studios,
where the aim is to bring together knowledge, methodology, theory and high levels of professional
skills within the framework of projects.

The curricula have a further aim of advancing a professional capacity in students to:

» interrelate the local and the universal within the processes of design and planning of space,

built form and industrial products,

* identify and formulate problems, along with the generation and interpretation of knowledge

relevant to the discipline, social and cultural contexts under study,

* increase technical know-how, aesthetic sensibilities and moral concerns,

* ensure specialization in key areas of interdisciplinary nature,

* Improve quality of research and design at every scale of person-environment interaction, with
special emphases on energy, housing and settlement forms -both those that refer to  our

cultural heritage and those of a universal kind.

Within the scope of its commitments, the Faculty aims to promote its relation with the other national

and international universities and undertakes pure and applied research, consultancy to public and


http://www.arch.metu.edu.tr/

private sectors and associative functions in the professional milieu both at national and international
levels.

The Faculty of Architecture has opportunities for scholarly and applied research as well as design work
which the staff and students engage in at different levels. The aim of the research programs is to
contribute to knowledge, to promote good design and integrated planning as well as to provide
pertinent material for more comprehensive teaching. Students are encouraged to partici@(h'n research
at undergraduate, Master's and Doctoral levels, and through it are brought int 'di\%éontact with the
actual conditions and practical problems in Turkey and the world. The staff ;% highly qualified and
well-versed in their subjects. The students who choose to come .®Ry of Architecture have

consistently been the best prepared and most motivated ones. QQ;&

3.1.1 List of Selected Case Studies @

The case studies were aimed out on 3 existing é;&%uildings in Nigeria and 3 international faculty

buildings which are: 'G

I.  Daniels faculty of architectu’w%ersity of Toronto, Canada.
II.  Faculty of architecture, ufidiefsity of Porto, Portugal. (faup)
II.  School of archit@n ersity of Miami,
IV.  Faculty ofen mental design and management, university of Ife, Osun state
V. Facult@ironmental science, university of Lagos, Lagos state

VI.  Fac of environmental studies, the polytechnic Ibadan.

3.1.2. Factors to Consider in Case Studies for Maximizing Visual Comfort and
Natural Lighting
When evaluating a design for day lighting, a number of architectural factors can be taken

into consideration to ascertain the effectiveness of their approach. Day lighting is the
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intentional use of natural light to illuminate a building's interior spaces. The following are

possible objections to an architectural firm's usage of day lighting:

Several elements should be taken into account while conducting case studies for enhancing

visual comfort and natural lighting in a university building in order to comprehend and

assess the design solutions used. Here are some important details to remember:

1.

,'&6\‘“0»

to the site and how that orientation influences how natural lightﬁkri uted

Orientation and Site Analysis: Analyze the faculty building's orientation, i

throughout the day. While buildings with bad orientation ma@'} difficult to

maximize natural light, those with the best solar orientatloé;%ﬂ benefit from day

lighting options

Day lighting Strategies and Techniques: Exa & building's design's use of day
lighting techniques. This includes ho W1® are positioned and how big they
are, whether skylights or light We@ used, and whether reflective surfaces are
used to improve day lighting i d€€per parts of the building.

Interior Layout and S nctionality: Look at the interior design to see how
nicely the rooms@e%a ged in respect to the light. Offices, study areas, and other
locations a@dire a lot of natural light should be placed in a way that allows for
optim ‘%1 lighting.

Glaziag and Shading Systems: Assess the efficacy of the shading systems and the
type of glazing used in windows. Natural light can be maximized while glare and
solar heat gain are controlled through high-performance windows. Additionally,
shading elements like shades, overhangs, or louvers should be created to control

light levels as necessary.
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10.

Interior Design and Light Colors: Keep the color scheme and interior design in
mind. Light-colored materials and surfaces can assist direct natural light farther
into rooms, minimizing the need for artificial lighting.

Integration of Artificial Lighting: Analyze the relationship between natural and
artificial illumination. The structure should include responsive lighting controls
that change the intensity of artificial lighting in response to the presence of naf@(b‘

light, maintaining proper brightness levels and consuming the leasléz@%e of

energy possible.

Day lighting Simulation and Analysis: Review the outcor Qﬁ'zlay lighting
simulations or analyses performed throughout the d&@m&process, if they are
available. This information can be quite he @predicting how well the
building's day lighting measures will work. 6

User Comfort and Well-being: Take Qc;}ccount comments made by users or
residents of the faculty buildin% ing their experience with visual comfort.
Surveys or post-occupancy Mtions can offer insightful input on how well the
design creates an envir%e ?that is aesthetically comfortable.

Sustainability an EQergy Efficiency: Examine the structure's energy usage and
contrast i @those of similar buildings. Reduced reliance on artificial lighting
an lower energy usage for lighting should be evident in a well-designed
college building with optimal day lighting.

Adaptability and Flexibility: Analyze the building's ability to adjust to shifting
daylight circumstances over the course of the year. A more adaptable and
comfortable environment is offered by structures that can handle different light

levels and human preferences.
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1.

12.

Natural Ventilation: In some circumstances, enhancing natural light may also
involve natural ventilation techniques. Examine how the design keeps visual
comfort and day lighting objectives while including natural ventilation solutions.

Impact on Productivity and Learning: Take into account studies on how natural
light, eye comfort, and productivity interact in learning environments. Buildings

that effectively utilize natural light may have a positive effect on how well stu%

learn and how productive staff members The success and efficacy o ‘@gign
bl

solutions for improving visual comfort and natural lighting in faculty dings can

'3
be better understood by taking these elements into account dur: h{%& studies.

By considering these factors during case studies, one can gaifiyaluable insights into the

success and effectiveness of the design strategies f(@%‘nizing visual comfort and

natural lighting in faculty buildings. ‘ ©
O

S/N | FACTORS %Q, GOOD FAIR POOR
<
N
Q"
I. | Orientation and Si%‘QaEfsis: v

II. | Day ligj@@ategies and Techniques v
III. %@D@sign and Light Colors N
IV. | Interior Layout and Space Functionality:

V. | Glazing and Shading Systems:
VL. | Interior Design and Light Colors: v
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VII. | Integration of Artificial v

VIIIL. | Day lighting Simulation and Analysis:

IX. | User Comfort and Well-being:

X. | Sustainability and Energy Efficiency v
XI. | Adaptability and Flexibility: v : Qg)
XII. | Natural Ventilation v Y
. \‘%'3
AN
XIII. | Impact on Productivity and Learning v Q;QQ

3.2 Case study analysis (b’ié:

3.2.1 Description of the building (Case’study 1)
'\

Daniels faculty of arQi)%%e, university of Toronto, Canada.

The building is %& ohn H. Daniels Faculty of architecture, university of Toronto, Canada. The
faulty embodi@ olistic approach to urban design and sustainability. As the new home for the John H.
Daniels Faculty of architecture, landscape, and design, its purpose is to engage students and the
broader community in dialogue about the built environment. At the center of one of Toronto’s few
circular parcels, the project anchors the southwest corner of the University and opens the circle to the
public after years of inaccessibility. It restores the historic and forgotten building to its original

grandeur while also integrating a new addition. The north-south axis characterizes symbolic

48



relationships to the City, while the east-west axis is activated by pedestrian traffic. On the western edge,

a discreet arcade addresses the residential scale of the adjacent neighborhood.

B, RN
)|

sy

R'{% e 1; Site plan faculty of architecture u.o.t. Canada

‘%Q (Source; Google search)
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Figure 2; Floor plan faculty of architecture u.o.t. ca@
(Source; Google search) ° &ﬂ
AP

V°
Figure 3; Floor plan faculty of architecture u.o.t Canada

(Source; Google search)
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Figure

(Source; Goog

4; Floor plan faculty of architectwe&gﬂ\Canada

Figure 5; 3 Dimensional view

(Source; Google search)
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Figure 6; right/east
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(Source; Google ch)

Figure 7; 3d view with good landscape

(Source; Google search)
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Figure 8; Well organized presentation W@lated stair hall

(Source; Go@ej%ﬁr%‘) Figure 9;

' wmmmmmnw
I I\

Figure 10; Lecture theatre Figure 11; well stocked library

(Source; Google search)

3.2.2. Appraisal of the Building
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Merits

» . Good ventilation through good plan widths

» . Good lighting through the orientation of the building

» The combination of soft and hard landscape for efficient courtyard
» Efficient access and exit to the faculty Qb)&
» . High quality finishes on walls and floors %QO

» East-west orientation which reduces exposure to solar rad@"

» Good considerable access for disable with ramps anaJre entrances

\

» Large courtyard space for reading, grou@sion and circulation
» . Uncovered terrace at the%mnd floor that give way for architectural defect.

» . Limited acces)s\iQpbrking.

> . Layou@ building lacks an intuitive and cohesive flow.

Demerits

> P@ning of administrative section in the faculty.
» Parking lot not defined.
3.2.3. Visual Comfort and Natural Lighting Consideration Factors

e Accessibility and circulation
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Entrance into the building is seeing from the approach which is attached to the reception hall. Vertical
circulation is used which moves from the stair to lobbies, connected to every offices and other facilities

and back to the stair hall.
e Daylight strategies

The faculty building draws day lighting from both sidelight and skylight concept of day@strategles
[Nlumination enters the building through south and north orientation with wid %t)%lgh windows
which is seeing around the building including lecture rooms and studio. ‘%ighting is also been
tapped from the sky through the sky light with transparent roofing shw\\@y'hsed This two strategies
gives the faculty excellent introduction of daylight, with every p%@e building enjoys natural light

without issues of dark area. Courtyard is introduced in %@&y to further throw natural lighting into

Q)\
>

e Shading device Q)

the lobbies and offices.

There is presence of shadin ice around some part of the building. This shading device came
inform of projected Wal@n walls and overhangs which helps to reduce driving rain and curb the

effect of glare tl}@t cause discomfort to the students and staffs.

Qgentilation

The faculty building is conducive for learning due to the free airflow that enters the building through
openings such as doors and windows. Also there is use of artificial source of ventilation through air
conditioners in many parts of the building. Both means of ventilation is achieved which makes the

building comfortable for its users.
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o Fire safety measures

Fire escape route is taken into consideration in this building. Lobbies are linked directly to the stair hall
for evacuation of students and staffs in case of emergency. Fire extinguishers, fire space routes and
sand pots are positioned at required points to curb effect of any fire outbreak. Emergency exit is
created with spacious stair hall to allow easy passage of students and staff in case of ﬁrf, Oé%bfeak'
O
L&
N
S/N | FACTORS GOOD AIR | POOR
N

. X |
&

v 4

\5\\\

I1. | Daylighting Strategies and Techniques A
S
\

I1I. | Interior Design and Light COIOE’V

I. | Orientation and Site Analysis:

0.4\
IV. | Interior Layout and Space Kunctionality: | v/

V. | Glazing and fh Systems: v

VI Interi;r @s’gn and Light Colors:

VIL <©f®‘aﬁ0n of Artificial

VIII. | Daylighting Simulation and Analysis:

IX. | User Comfort and Well-being: v

X. | Sustainability and Energy Efficiency v

56



XI. | Adaptability and Flexibility: v

XII. | Natural Ventilation v

XIII. | Impact on Productivity and Learning v

'\‘b

3.3 Description of the Building (Case Study 2) E
Faculty of Architecture of the University of Porto (FAUP) @

The Faculty of Architecture of the University of Porto (F is located west of the center of the city
of Porto, Panoramica Via Edgar Cardoso, 4150- 755‘% al, in the Campo Alegre, where even many

nineteenth-century villas are preserved and en@s) ant vegetation. It is a floor terraces above the

The location of the School whosew site was allocated for the project in 1984, has two major
.\

territorial characteristics: Q‘Q

1. It is a space %}gg on the banks of the Duero River presents a landscape and a remarkable

river mouth.

vegetation:

2. Bein; located in the middle of the access to the Porto-Lisbon motorway is given an

intermediate and peripheral character.

Adjacent to the old stone wall of the estate, the new faculty buildings stretch out along two vertices of
the triangular site, enclosing between them a courtyard and meeting place. Between 1985 and 1996, the

architect, Alvaro Siza Vieira carries out the design and construction of the Faculty of Architecture of
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the city of Porto until then was integrated into the Faculty of Fine Arts. Functionalist architect trend is
resolved in your project all future problems that a building of this magnitude can reach present without
neglecting other important issues such as shape, space. The first building was built between 1984 and
1986 year in which the adjoining plot that allowed the construction was obtained grow, stretching its

construction until 1996

W

N/
Figure 12; Site Plan of Faculty %’thitecture, University of Porto, Portugal. (Faup)
g

ource; Google search)
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Figure 13; Area View Figure 14; Area View with Adjoining Road

(Source; Google search)

Figure 15; Well Defined Approach (&6' Figure 16; 3 Dimension View

&urce; Google search)
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Figure 17; Linear parking lot of the faculty Figu @erspective view of the faculty

(Source; Go&se rch)

Figure 19; Well Stocked Library Figure 20; Dual Stair Case access to other space

(Source; Google search)
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Figure 21; Good / Gentle Ramp Figure 22;@;\% Lighted Reading Area

3.3.1 Appraisal of the Building

(Source; Googl%q@v
S

&

Merits })

Good ventilation @od plan widths

Good ligh 'n@wugh the orientation of the building
T@ination of soft and hard landscape for efficient courtyard
Efficient access and exit to the faculty

High quality finishes on walls and floors

East-west orientation which reduces exposure to solar radiation

Good considerable access for disable with ramps at lecture entrances
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» Large courtyard space for reading, group discussion and circulation
Demerits

» Uncovered terrace at the second floor that give way for architectural defect.

» Limited access for parking.

» Layout of the building lacks an intuitive and cohesive flow. \

» Poor zoning of administrative section in the faculty. ; -
4%'3

» Parking lot not defined. &%‘\\‘

S
S

3.3.2. Visual Comfort and Natural Lighti% ideration Factors

e Accessibility and cilﬂ@n

.\
Entrance into the building is rom the approach which is attached to the reception hall. Vertical

circulation is used wh{c{ oves from the stair to lobbies, connected to every offices and other facilities

and back to the j@

Q?aylight strategies

The faculty building draws day lighting from both sidelight and skylight concept of daylight strategies.
[Nlumination enters the building through south and north orientation with wide and high windows
which is seeing around the building including lecture rooms and studios. Day lighting is also been

tapped from the sky through the sky light with transparent roofing sheet been used. This two strategies
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gives the faculty excellent introduction of daylight, with every part of the building enjoys natural light
without issues of dark area. Courtyard is introduced in the faculty to further throw natural lighting into

the lobbies and offices.
e Shading device

There is presence of shading device around some part of the building. This shadih ice came
inform of projected walls, fin walls and overhangs which helps to reduce dri,viréo and curb the

effect of glare that might cause discomfort to the students and staffs. ‘%\

. "
e Ventilation Q})&%‘\%

The faculty building is conducive for learning due to the fré&@ﬂow that enters the building through
openings such as doors and windows. There’s presen@openings on all sides of the building. The

opening gives easy passage of air in and out of@@ which makes the building comfortable for its

users. (bi%

e Fire safety measureN
.\

Fire escape route is taken 'n@eration in this building. Lobbies are linked directly to the stair hall
for evacuation of stu nt;nd staffs in case of emergency. Fire extinguishers, fire space routes and
sand pots are @%ned at required points to curb effect of any fire outbreak. Emergency exit is

created v@ious stair hall to allow easy passage of students and staff incase of fire outbreak.

S/N | FACTORS GOOD FAIR POOR

I. | Orientation and Site Analysis: v
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I1. | Daylighting Strategies and Techniques v
II1. | Interior Design and Light Colors v
IV. | Interior Layout and Space Functionality: | v/
V. | Glazing and Shading Systems: v
O
VI. | Interior Design and Light Colors: v . qu
VII. | Integration of Artificial v
N
25
VIIL. | Daylighting Simulation and Analysis: 63 v
. &
IX. | User Comfort and Well-being: “V b4
N
Q
X. | Sustainability and Energy Efﬁciec‘r)‘,\\‘\‘ v
N\
XI. | Adaptability and Flexibility: c&) v
L
XII. | Natural Ventilation % Y v
'\
A AQ
XIII. | Impact on Prod \7tty and Learning v
A, ({\

~°
34 Build@)escription (Case Study 3)

School of architecture, university of Miami, Coral Gables, FL, United States.

The faculty is named school of architecture, university of Miami. Located at Coral Gables, FL, United
States. Designed and build by Arquitectonica in 2018 with size 10,000 sqft - 25,000 sqft at the center

of an intersection, creating a plaza and adjoining pathway that act as a link from the campus to the
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Miami Metrorail. The southern wall peels away to address the portico of the existing auditorium and
gallery. The warping corner of the roof folds over the southernmost tip of the building, shading the
interior space from the strongest sunlight. The building has tall and flexible spaces, both indoors and
outdoors. Narrow steel pipe columns support the 18-foot high ceilings to create a sense of openness
and allow natural light to permeate the building. Operable windows encourage fresh air and reduced

use of air conditioning. @
Q

The studio space is based on a twenty-five-foot square module of four student epeated to total
13,000 square feet. The main entrance spills into an informal lobby. ang);\tinues as a corridor that
runs through the studios and out a garage door into the rear acce@d. The corridor has movable
boards and model podiums for informal critiques or exhibiﬁ@%e studios on the south side of the
circulation passage are intended for the design-build@?courses and have direct access to the
outdoor work area. Within the space, there are S@; volumes including the fabrication lab, which
punctures the facade. The open plan acc &ates seventy-six desks and is adaptable to future
work/study styles. The faculty offices @%ovable and could be redesigned and rebuilt by students
each year, making a setting for c&&and collaboration. The new studio building for the University
of Miami provides a sp @cwe to learning and studying, but also serves as a teaching tool by
illustrating some of tk{0 asic tenets of modern architecture. The new studio building can operate

throughout the d e hours without the need for artificial lighting.

QQ
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Figure 23; Layout of the school of architecture N@’%\lvermty
(Source; Google Imager)‘mQ)

;1gure 24; Approach view of the school of architecture with adjoining road

(Source; Google Imagery)
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Figure 25; Picture showing wide expanse of fixed glass which @enough illumination into the

building layout of the school of archi ecQ; Miami University.

(Source; Google Imagery)
S

Figure 26; Picture showing wide studio space which is well lighted through the side light of
lighting strategy.

(Source; Google Imagery)

67



Y
. ﬁﬂ
Figure 27; Picture showing spacious lecture room Fi%g Picture showing well

defined staff lounge studi Q)
(Source; Google@%}
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Figure 29; Picture showing spacious general staff office =~ Figure 30; Picture showing cad room

for training of software

(Source; Google Imagery)

Figure 31; Picture showing adequa@o d and metal workshop with external premises for

Muous workshop practice

.\
Q‘@ (Source; Google Imagery)
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Figure 32; Picture showing efficient roofing style which shades the building from driving rain

and glare which might cause discomfort to students.

(Source; Google Imagery)

3.4.1. Appraisal of the Building

Merits

Demerits

>

Good ventilation through good plan widths ;' QO

Good lighting through the orientation of the building . ‘\4%03

The combination of soft and hard landscape for effioiént courtyard

Efficient access and exit to the faculty QQ
High quality finishes on walls aéﬁ@

East-west orientation Whic@ces exposure to solar radiation

Good considerable&&for disable with ramps at lecture entrances
: °

imi ﬁ(‘:cess for parking.

Q@ayout of the building lacks an intuitive and cohesive flow.

>

>

Parking lot not defined.

extinguishers, fire space routes and sand pots

3.4.2. Visual Comfort and Natural
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e Accessibility and circulation

Entrance into the building is seeing from the approach which is attached to the reception hall. Vertical
circulation is used which moves freely from one space tor another and to lobbies, connected to every

offices and other facilities.

e Daylight strategies ¢ \(b‘
The faculty building draws day lighting from the sidelight concept of daylight str%&s. [Mlumination

enters the building through south and north orientation with wide and high‘%hws which is seeing

around the building including lecture rooms and studios. ° \‘%ﬂ
e Shading device . QQ)

There is presence of shading device on the building.@s ading device came inform of projected
roofing style which shades the interior spaces .®ally. It helps to reduce driving rain and curb

the effect of glare that might cause discomfort\to the students and staffs.

Q)‘b'
e Ventilation \)
.\

The faculty building usei@ource of ventilation as the openings in the building are fixed. No
natural ventilation canpen€trate into the building. This source also gives easy passage of air in and out

of the spaces w%akes the building comfortable for its users.

QFire safety measures

Emergency exit is created with spacious door way to allow easy passage of students and staffs in case

of fire outbreak. But no fire equipment seen.

S/N | FACTORS GOOD FAIR POOR
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XIV. | Orientation and Site Analysis:
XV. | Daylighting Strategies and Techniques v
XVI. | Interior Design and Light Colors v . %
N
(VII. | Interior Layout and Space Functionality: \QaJ
VIII. | Glazing and Shading Systems: ] %,\
o §\a
XIX. | Interior Design and Light Colors: Q)ﬁ MY
&
XX. | Integration of Artificial «s\\ v
XXI. | Daylighting Simulation and Anal® IRV 4
[XTI. | User Comfort and Well—bei%&’
XIII. | Sustainability and rg?nyfficiency
A C&
XIV. Adaptabﬂnt@lembmty v
(XV. Nat‘@lentllatlon v
~O
XVI. pact on Productivity and Learning v
(VII.

3.5 Building Description (Case Study 4)
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Faculty of environmental design and management, university of Ife

The building is named faculty of environmental design and management, university of Ife, Ile- Ife,
Osun state. The faculty is a 2 floors building which has so many spaces in it like the offices, studios,
laboratories, conveniences, meeting room, H.o.ds offices etc. This spaces are regularly used and has
proper illumination and ventilation. The faculty is sub divided into different se.ctions like, the
technical, academics, utility, non-academic and the administrative block. Facultyq%%(vironmental
science has a wide vertical window, a simple and clear form and a free y building has 5

different department with the sixth in view from the oral interview cond&te* The department are as
follows @
® Architecture @

Urban and regional planning . \4%
Estate management '§)

Quantity survey \;()
.\
building Technolo yQ'Q

Sections in the fa§u®

The above @oned spaces are jointly grouped sections by sections according to their functions and

usefulness, these sections systematically listed as below;

> The technical section

> The academics

» The utility
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» The non-academics

» The administrative section

Figure 33; Aerial View of Faculty Q@}'ironmental Design and Management

(So&% uthor’s field work)
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Figure 34; Well Illuminated, spacious lobby, of the faculty

(Source; Author’s field work)

Figure 35; Spacious Parking Lot E' Q} Well [lluminated and Ventilate Studio

(So@.

uthor’s field work)

Figure 37; Spacious Lecture Room Figure 38; Wide Lobby connecting offices
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(Source; Author’s field work)

3.5.1 Appraisal of the Building

Merits
» Well celebrated and well defined entrance. Qb)&\
» Good circulatory lobby. ; ~
. \‘%'s
» Provision of exit doors for escape. @
» Well defined parking lots. ’ Q

» Well ventilated and well lighted usable space,%

3.5.2. Visual Comfort and Natural Lighti%lgn)sideration Factors

e Accessibility and cilﬂ@n

.\
Entrance into the building isds@ from the approach which is attached to the reception hall. Vertical

circulation is used wh{c{ oves from the stair to lobbies, connected to every offices and other facilities

and back to the j@

Q?aylight strategies

The faculty building draws day lighting from the sidelight concept of daylight strategies. Illumination
enters the building through south and north orientation with wide and high windows which is seeing

around the building including lecture rooms and studios.

76



e Shading device

There is presence of shading device around some part of the building. This shading device came
inform of lobby at both sides of the building which automatically shades the inten@aces from

driving rain and this curb the effect of glare that might cause discomfort to the;‘fug@@ and staffs.

e Ventilation . 4%03
SN

The faculty building is conducive for learning due to the free g@&r that enters the building through

openings such as doors, windows. The opening gives e@e of air in and out of the spaces which

makes the building comfortable for its users. \%
e Fire safety measures 'e C)
Fire escape route is taken into consid&\ in this building. Lobbies are linked directly to the stair hall
for evacuation of students and m}%fs\in case of emergency. Fire extinguishers, fire space routes and
sand pots are positioneq at%q ired points to curb effect of any fire outbreak. Emergency exit is
created with spac:'gu@'w hall to allow easy passage of students and staff incase of fire outbreak

S/N | FACTORS GOOD FAIR POOR

VIII. | Orientation and Site Analysis: v
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XIX. | Daylighting Strategies and Techniques
(XX. | Interior Design and Light Colors
XXI. | Interior Layout and Space Functionality: v
v
.A .
[XII. | Glazing and Shading Systems: v <z’}\
N0
XIII. | Interior Design and Light Colors: v v
N
XIV. | Integration of Artificial %'\, V4
'y £ \ &
(XV. | Daylighting Simulation and Analysis: \\ v
L&
XVI. | User Comfort and Well-being: . ‘6 v
-
[VIL. | Sustainability and Energy Efficiency” v
D
VIIL. | Adaptability and Flexibility v
0
XIX. | Natural Venti]' ati ’ v
XL. Impag (@ﬂ)ductivity and Learning v
\D

Q

3.6 Description of the Building (Case Study 5)

The faculty of environmental science, university of Lagos is a 2 floors building which has so many
spaces in it like the offices, studios, laboratories, conveniences, meeting room, head of departments

offices etc. This spaces are regularly used and has proper illumination and ventilation. The faculty is
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sub divided into different sections like, the technical, academics, utility, non-academic and the

administrative block.

Faculty of environmental science has a wide vertical window, a simple and clear form and a free
facade, the building has 5 different department with the sixth in view from the oral interview

conducted. The department are as follows %

e Architecture . QQ'}

¢ Urban and regional planning ‘%N
&

® Estate management N

¢ Quantity survey

¢ Building technology QQ
Sections in the faculty . \‘%

The above mentioned spaces are jointly gr pQ;éctions by sections according to their functions and

usefulness, these sections systematically, as below;

> The technical sec@.\\)
> The acad@gg

GRS
>Q The non-academics

> The administrative section
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Figure 39; Well celebrated approach view of the faculty with disableﬂ%\ss and adjoining

packing lots. * @“
(Source; Author’s field woer')&C‘>
. : A

. AN

Figure 40; Longitudinal view of the faculty with adjoining road Figure 41; Well defined
parking lots.

(Source; Author’s field work)
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Picture showing Lecture Theater of faculty with good landsca

E&sjgn and green area

(Source; Author’s field work) %'\
&>
)

AN

Figure 43; Well lighted and spaced architecture studio Figure 44; Well lighted lobby to the
department of building technology.

(Source; Author’s field work)
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3.6.1 Appraisal of the Building

Merits

>

Well celebrated and well define entrance.

Good circulatory lobby.

Provision of exit doors for escape

Well defined parking lots

. "
Well ventilated and well lighted usable space. &%‘6‘%

Demerits

>

>

The parking space is not well defined

Lobby is not spacious enough 'a

» No emergency fire equipme@

>

3.6.2. Visual Comfor g‘&

Lack of faculty libra@;}ia
. Qcc:‘ssibility and circulation

.QQ)

&
a

atural Lighting Consideration Factors

Entrance in;o the building is seeing from the approach which is attached to the reception hall. Vertical

circulation is used which moves from the stair to lobbies, connected to every offices and other facilities

and back to the stair hall.
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e Daylight strategies

The faculty building draws day lighting from the sidelight concept of daylight strategies. [llumination
enters the building through south and north orientation with wide and high windows which is seeing

around the building including lecture rooms and studios.

e Shading device ¢ \cb.
There is presence of shading device on the building. This shading device ¢ .\ rm of projected

walls, fin walls and which helps to reduce driving rain and curb the effect of>glare that might cause

"

discomfort to the students and staffs. g\\‘
&
Q>

The faculty building is conducive for learning due t&he ree airflow that enters the building through

e Ventilation

openings such as doors, windows. The opening\gives easy passage of air in and out of the spaces which

makes the building comfortable for its use(b

e Fire safety measu es)

Fire escape route is ta@ g&nsideration in this building. Lobbies are linked directly to the stair
hall for evacuatio oéxdents and staffs in case of emergency. Fire extinguishers, fire space routes and
sand pots are@)s ioned at required points to curb effect of any fire outbreak. Emergency exit is

created w@acious stair hall to allow easy passage of students and staff incase of fire outbreak.

S/N | FACTORS GOOD FAIR POOR
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Orientation and Site Analysis:

Imp@?roductivity and Learning

I1. | Daylighting Strategies and Techniques
I1I. | Interior Design and Light Colors v
IV. | Interior Layout and Space Functionality: v
&
V. | Glazing and Shading Systems: v . Qf)"
VL. | Interior Design and Light Colors: v
. \\“
AV
VII. | Integration of Artificial & v
. &
VIII. | Daylighting Simulation and Analysis: VN
N
Q
IX. | User Comfort and Well-being: C’)’\\,\.
N\
X. | Sustainability and Energy Efficiency
L
XI. | Adaptability and Fl&ﬁli)i: v
.\
A AQ
XII. | Natural Venfilation > v
A ({\i
XIII.

~O
\Y
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Chapter Four

Site Analysis and Design Synthesis
4.1 Study Area

4.1.1 Site Location .
X

The site of the proposed faculty of architecture is located within the Lead City,
premises, Lagos/Ibadan express road, Oyo state, Nigeria. The city %ﬁ is the
administrative headquarter of the old western region of Nigeria and I].OK orstate

is the third largest metropolitan area, by population, in Nigeria. @
E\S)

SITE LOCATION MAP

» It is located within the
lead university premises
Ease of accessibility.
Sufficient land for the
project type.

It is easy to locate
Suitable area for the
project type.

Figure: 4.1 Location Map

(Source: Google Imagery)

85



Fi;Jre :4.2 Location Map )\%
(Source Google Imagery) Q‘}%

; S
v s

N

ACCESSsS rROAD

Figure 4.3 Source; Researcher’s field work
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The facility’s functional use is strongly impacted by the site development for this project; hence it was

vital to take certain factors into account when choosing the location;

e Landuse
e Accessibility

e Proximity to another educational spaces

QO
e Topography Q;&\

e Expansion possibilities ‘%\QO

4.1.2 Site Location Criteria \%

Site analysis is strictly done at the beginning of every project to @7513 the proposed site critically so

as to have deep knowledge of the site area, neighbourho @nage pattern, existing buildings on the

site, topography, details and other key features of thg%e which can affect proposed project. These are

considered and analysed properly before an@m work can be done on the site. A number of

characteristics peculiar to the proposed sit@ienced its selection. They include;

1.

Location of every site is imp rta}[gnd it is a big criteria to consider before choosing a particular
design or project. @ributing factor to this design. It is easily accessible and has a
relatively flat topo rgr; which makes construction easy.

The access ﬁ%\s also a criteria which is considered while choosing this design. There is access
road Qads to the site from the main university road. These road links other places like
faculties, hostels, church e.t.c and are well defined with walkways and drainage patterns.. After
construction, the faculty building will be easily seen by passers-by.

Another contributing factor is that Lead City university is increasing in size and students. The

population of students at Lead City university as at 2015 till 2023 has increased drastically to a
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higher percentage. This gives room for more accommodating faculties to cater for the students of
more lecture rooms and educational facilities.

4. The site is also zoned for faculty building.

4.2.3 Site Analysis

The site is a necessary aspect of a design proposal where the larger percentage of project development
starts making impact from. The chosen site of every project determines the f%&\esult of the
development stage been the entity where start and finish of project takes place i pects. The main
aspect of the site, its climatic condition are complex interaction of a f@g:tor, topography, scope,
patterns, neighborhood, humidity, orientation, vegetation, water av@ﬂdty, direction of sunlight, etc.
The success of every project or design to a maximum extent @g?the site analysis and informed site
selection process. The layout of this faculty on site wﬂ@wmined by the information gotten from
)\ accessibility, sun direction e.t.c. The existing

\

influence the form and economy wise with which

the site analysis such as physical features, top
i}'

features in close proximity to the site will

the design and building will eventually @s out. Thorough analysis of the site is conducted so as to

enhance better understanding of the site and to come up with suitable, well planned design that will
.\

work perfectly on the si;: \@i greatly necessary for this study so as to achieve the aim of this

design. Proper analysi rmines and helps the functional development of the design and enhance
proper relation@at exist between site and building. Every design solution must be aimed to be a

direct reﬂ@%f the site, a function of the site and natural adaptation of its environment.
Site Accessibility

There is easy accessibility of both pedestrian and vehicular movement in and out of the site. It is
accessible from the university major road which runs through and connect with other faculties and
important educational facilities like library, school clinic etc.
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Nearness to Public Utilities
The site has good link access to amenities like road, library, electricity, school clinic, security, sport
pavilion, water etc.
Drainage and Topography
The site is blessed with steep gentle slope which is spread evenly throughout the site area. It is
however of great necessity to cater for a required slope by standard which will work @rainage to
move rain and other used water away from the site. * \qg)
Vegetation ‘%
Ibadan is located within the tropics of Nigeria which has two speci.%?\%e%;ls’ namely dry and cold
seasons. Lead City University is located in Ibadan and enjoys &Q'}Wo great seasons as well with the
other educational and public places in the city. This tw 3@ brings a variety of vegetation ranging
from short grasses, evergreen trees, thick underggow‘\ on the site and its immediate environment. Soil
in this part of tropics region is always loa i(:\has relatively good bearing capacity. The Site for
this design has good load bearing capaéﬁ&d solid ground, has no presence landforms which is
suitable for the construction of the pSGpésed faculty. The site is covered with trees, shrubs, vegetable
leaves and thick tall grasses. A@rgnted trees, and shrubs are to be removed.
Soil Condition

The site disp. @latively good surface, and sub-surface soil condition, solid laterite soil which is
suitable @twction stage. It is free from all geographical conditions and it is certified for
construction’processes with no rock crops. , Presence of clay soil is found on the site and it will be
packed together to make Hydra form, the hydraulic compressed brick used on site.
Wind Direction
The wind direction is another important factor in site analysis because of its impact on site and

building at large. It brings about comfort and discomfort depending on how it is handled. The south-
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west trade wind brings about cold humidity which gives comfort ability to the end user whereas, the

north-east trade wind brings about dry dust and harmattan which gives discomfort to the end user.

Adequate ventilation is taking as an integral part of every design solution in other to maximize

effective use of the interior space.. Natural ventilation inflow is one of the bedrock of this project

design, thereby considering the orientation of the building to enjoy and achieve the best of the wind

direction inform of ventilation into the spaces., The longest sides of the propos

@ilding are

positioned in a way to absorb maximum amount of air flow while the sho é;@%ﬁ are positioned

towards the direction of the north-east trade wind
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Sunlight and Temperature

Ibadan is one of the states that enjoys 50-60 percentage of sunshine throughout which gives the
faculty of architecture opportunity to solar gain which is converted in to electricity for it use.. The
orientated of the faculty building is done in such a way that it minimize the quantity of heat gain into
the spaces, therefore the shorter sides helps to access little heat energy is gained into the interior
spaces.. Introduction of solar panels are established and used on the roof to further red.Kog e effect of
heat gain and solar radiation into the interior spaces with the aim of giving tot 'c@%d to the students
and increase their willingness to attend classes without heat complain.

.»Q'\
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Q Total sunhours per Month in Akure, Nigeria Copyright © 2019 www.climate-data.org

Figure 3; Sunshine hours per month

Source; Climate-data.org
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4.2.1 Project analysis and design synthesis

4.2.2 Brief Analysis

In the last few decade, the world has begun making a shift to sustainable and environmentally friendly
alternatives of power one of which is day lighting. Daylight is the total illumination provided by the
direct sunlight, skylight and the diffusely reflected sunlight, which is absorbed and reflected over
surfaces, both externally and internally. The technical term of delivering this natu@ t into an
enclosed space is what is generally referred to as day lighting. Lighting qualit K%S)ect influence on
students learning performance shows that day lighting in schools signifi a‘rﬁncrease students test
scores, promote better health, physical development, reduces operat%»\o ?improves student vision
and perception. The careful introduction of this lighting and, it%'&rtance in lecture rooms is a good
and more reasons to maximize visual comfort and natu@%@ing in lecture rooms. This also provides
sufficient illuminance on a work surface for Vario.us’&and maximize visual comfort through glare.

O

After thorough analysis of the six ase@&‘ies in this study, some important spaces were seen to be

4.2.2 Brief Development

necessary for a faculty of archi&u;\e to perform efficiently. These spaces were critically studied to
deduct the required stan, (@'%es needed in the design, their function, number of unit per students,

amount needed for a@gate use and performance. These spaces are;

e Out o@)a ing

e Entrance foyer

e [ecture rooms

e Lecture theater

e Architecture studios
e Lecturers offices
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e Workshops

e Faculty library

e Presentation/ Seminar rooms
e (Conveniences

e (Cafeteria

e Exhibition room »&
e Meeting room ‘:\. \QO

e Business area -
2
e (Cadroom &%\

. Q
e FEmergency exit ¢ Q
>
4.2.3 Design Criteria Q

Lightening; Adequate and proper lightening @Vided throughout the spaces in the building to
give efficient visual comfort. Lecture roor@nd studios needs a high level of lightening to enable

students perform their daily task d@&ly. Natural lightening must be greatly considered before

artificial source. % "

Ventilation; Faculty b\Ql,il\gs requires good ventilation systems to replenish oxygen, minimize

unpleasant odour a st generated in the building. A good ventilation system can be achieved within

the build%@ther passive (natural) or active (artificial) means.

Circulation; Easy circulation flow must be greatly considered because of the volume of the users such
as lobbies, stair halls etc. Entrance and verandas must be spacious enough to aid easy movement of

students and staffs.
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Flexibility; Maximum flexibility is a great criteria in faculty design and which must be taken serious in
any educational facility. It gives ability to access spaces easily, move about easily, expand, give room
to changes and renovations whenever duty call for it. This flexibility in design should affect the
departments by having a simple design with distinctive approach which bond them together and leave

no room for confusion in department’s identification.

Comfort; Comfort simply refers to maintaining required temperatures and air ﬂow@i around the
building. Layout of the faculty building must give room to easy use of space %Jt stress and all

spaces must be well illuminated and ventilated for better use. This givexetger comfort ability to the

users. \
S

Sustainability; Sustainable architecture is a key criter@lanning and designing of buildings of

high profile and every other building type. The use ar‘lge of this spaces must be greatly considered.

Sustainable architecture looks more into redugin&g

energy efficient techniques. @

Safety; Safety of lives and propertiesyis very important and it must be considered as a criteria for

ive environmental impact through the use of

.\
designing a faculty building@s of the multitude of end users it has. Active and passive measures
are taken to protect lixgei‘id)properties in the faculty building. Fire extinguishers, fire space routes and
sand pots will b@ned at required points to curb effect of any fire outbreak. Emergency exit must

be create@acious stair hall to allow easy passage of students and staff in case of fire outbreak.

4.2.4 Conceptual Development

Ideas are gotten from different areas of life depending on the type of design one ventures into. This
great ideas when combined together gives great concept which are used in architecture to develop
elegant designs. This ideas are sometimes either elements, non-living or living things. There are alot

of idea types;
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Essence; This refers to looking more beyond the function of the proposed design

Metaphor: This refers to abstract thinking of great ideas, ways of inventing great designs both
in architecture and engineering.

Ideal; which simply refers to way of solving architectural problems.

Pragmatic; This simply refers to looking critically at the main function of the design

development, then shaping the design along the functional part

TECH.
DEPARTMENT

(ONOTTYT

POST GRADUATE
) ™~
INTERIOR LANDSCAPE
ARCHITECTURE ARCHITECTURE
DEPARINENT DEPARTMENT

FACULILY OF ARCHITECTLIRE

ARCHITECTURAL \
TECHNOLOGY
DEPARTMENT

ARCHITECTURE
DEPARTMENT




SN

BASIC GEOMETRY SHAPE
5 DEPARTMENT REPRESENTED

Q’\\
Site Concept Q@

Site concept is a design pattern that glv%%lble way out to whatever concept the designer is about to
come out with. It serve as guidelines 1 planmng of the elements on site. Every site concept must be
done along with the site %forma‘uon Hence, it should be design in such a way that carries
along all the existing ﬁ(tigs on the site It should not be done in isolation and must be used to plan the
site. The site of%proposed faculty of architecture was designed critically with the information on
the site taken into consideration the existing features and basic amenities and it takes its
access from the existing roads. Access exit and entrance are linked to the road towards the north of the
site. for easy ingress and egress. Service access for emergency, delivery is linked to the major road of
the school leading to the second gate for easy access to the government road the road. General parking
area is designed immediately after the outdoor sitting area while staff parking area is positioned close

to the faculty for easy access into the office space.
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According to the design rules, consideration is given to the special students with sitting area and
spacious car park for easy movement in and out of their cars which as positioned not too far from the

building. Their car parks are placed very close to the building.

The electrical and mechanical point is positioned at the rear of the site so as to service the building at
every needed time. Refuse disposal area is also positioned at the rear of the site for easy collection and

movement out of the premises through the road that leads to the second gate. Q’)&\

Building Concept ‘%\

Basic geometry shape informed the design shape of the faculty with t\)@ga)artments which formed

the faculty. Basic shape inform of polygon is applied to give %’%%epartments proper design and

S

space circulation as well as to give proper connection in@@p them as passage ways for circulation
p

and free flow into each other. The design start with ‘5§

°
which gives room for more interior spaces to gvo?ﬁ}l

gon shape and finally into a regular shape
nStead of been limited to few spaces because of

the shape. The coming together of all thiiﬁ’@ire the shape/internal arrangement and functionality of

this design. VQ)
.\
4.2.5 Conceptual Develoim&

The functional relatim;l{h‘ art showcase the interrelationship between various spaces in the facility.
It gives insight a@he spaces interwoven and their relationship. It helps the architect or designer to
easily de @spaces that are related or not to another. It gives easy functionality of design and aid

zoning of spaces. Principles of functional relationship include;
1. Green areas with hard and soft landscape.
2. Buildings orientation to determine conveniency and maximize thermal comfort.

3. Solution to traffic congestion i.e., pedestrian, vehicular etc.
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4. Unity, functionality, aesthetics.

4.2.6 Space Allocation/ Schedule of Accommodation
Spaces were grouped into three depending on their relationship to one another and the similarities of

activities performed in them.
Public . ®

e OQOutdoor parking ,%.\QO

e Entrance foyer
. )
e Lecture rooms %'\‘\%
e Lecture theater . QQ‘}
D

e  Workshops QQ
e Faculty library . )\%
)

e Presentation/ Seminar rooms 'a

e (Conveniences
e (Cafeteria

4%'»
e Exhibition room C)QQ

e Business area

e (Cad room&< ,\
) A@Qure studios

Semi- public
e Lecturers offices
e Meeting room

e Courtyard
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Store

Hod’s office

Dean office

Schedule of Acommodation

N
&&@ UNIT AREA

S/N | SPACE NO  OF | UNIT AREA
«
UNIT
M) . \%q(sqm)
A
1. | Entrance 1 4332 x 107@;" 46.708 sqm
£ J‘\\r
2. Q\»
S\
3. | Reception 1 C)\}8&54 x 10969 88.344 sqm
4. | Lecture room 1@ N 9000 x 10002 90 sqm
)
5. | Lecture theater %'\ 2 23408 x 30530 714.646 sqm
B f'\Q
6. | Studio ( Y 120 9000 x 10002 90 sqm
7. Workshe%\) 2 9000 x 10600 95.400 sqm
8. B‘\Qas‘s'area 1 5875 x 7200 42.300 sqm
9. | Cafeteria 1 12825 x 20460 262.271 sqm
10.| Kitchen 1 7000 x 10000 70 sqm
11.| Exhibition hall 1 7142 x 18823

99




12.| Machine and Fabric room 1 8743 x 9000 78.687 sqm
13.| General store 2 3259 x 8600 28.001
14.| Faculty Office 1 8813 8892 78.365
.r'\ib'
15.| Department meeting room 1 14471 x 13050 188. @ﬁm
16.| Head of department office 5 4496 x 5860 \2,6 46 sqm
eyl
N ACS d
17.| Enquiry office 1 3525 x 3635 '@\ 12.813 sqm
18.| Conveniency 72 100&@% 1.5 sqm
. \&
\ -
19.| Stair hall 18 '6'\/ 5058 x 7715 12.813 sqm
S
20.| Seminar room N »;“ 9000 x 10000 90 sqm
%'»
21 Presentatiog @g 2 9000 x 10000 90 sqm
22.| Cad room 2 9000 x 10000 90 sqm
23.| Library 1 10600 x 20450 216.770 sqm
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24.| E-library 1 12934 x 16184 209.323 sqm

25.] Senior Lecturers office 48 3833 x 4400 16.865 sqm

&

26.| Assistance lecture office 10 3560 x 5705 %;309 sqm
QD

X
27.| Professors office 12 3833 x 4400 .,y ‘| 16.865 sqm

&

N2
4.2.7 Construction Methods and Materials \%
In the last few decade, the world has begu m@ry}a shift to sustainable and environmentally friendly
é@(@up of his project design. Here are the factors that

materials. This materials are used in th

determine the choice of those materm
4%'»
e Durability Q.Q

e Functionality 6\1

e Rules an ulations

. A@vility in Ibadan

e Aesthetics

e (Climatic condition

Substructure; reinforced concrete columns and beams

Walls; Hollow sand Crete block walls, reinforced concrete columns
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Hollow sand Crete block walls for internal partition
Interior walls; Airlite paint to give protection against growth of microbes, mold and to
eliminates germs

Floor; Suspended floor slab, imported tiles, clay tiles

Door: Glass doors, wooden panel and steel doors. (b.

Roof; Long span aluminium roofing sheet covered with solar panel, roof gutter. | qg)

Ceiling; wooden ceiling finished with Airlite paint S
N \‘%ﬂ
. Fire extinguishers, fire space routes and sand pots are positioned gg: uired points to curb effect of

any fire outbreak. Emergency exit is created with spacious s'ta@gﬁ to allow easy passage of students

and staff in case of fire outbreak. Q

4.2.8 Building Services ‘ @

Duct are spaces generally created to cove@ents of conveniences, service layout of pipes and other

mechanical outlets around the buildﬁ&%ﬁs service space area serve as open duct for pipes and wiring
which is spacious enough for s's\ibility to fix every issues. Some deep areas like conveniences,

store, workshops needs @tﬁ lighting as well as artificial lighting to keep the spaces running. The
circulation space '@Ventilated by through courtyards which gives maximum natural light. Active
and passive @as res are taken to protect lives and properties in the faculty building. Fire
extinguis@ﬁre space routes and sand pots are positioned at required points to curb effect of any fire

outbrea. Emergency exit is created with spacious stair hall to allow easy passage of students and staff

incase of fire outbreak.
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P
&
.@w

CQ
Conclusion - QQ;&

5.1.1 Project Appraisal Q

The study used sustainable materials and appr h@lich can be used in designing faculty building

Chapter Five

in Nigeria to create eco-friendly environme d cost effective buildings. Series of case studies were
looked into in the course of this thesis. Q)

The findings in the case studie&z%d\theories investigated earlier in the course of this study will be
employed in this design. de; Maximizing natural lighting to tackle every activities, fin walls,
overhangs to reduce %ﬂ and discomfort while yielding better result by giving good visual comfort to
the students, 1@ colours in the interior to brighten the mood of students and further awaken their
moral to s more and spend more time in the lecture room, solar panels on the roof top to reduce the
amount of heat gain into the lecture rooms. The use of energy saving light materials to bring about
efficient artificial lighting to support the day lighting to spaces that would be used in evening times

such as studios and conveniences.
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Potted plants and other ornamental plants will be positioned along the circulation area to create we
feelings, home away from home scenario and cool connection to nature while at the other end helps to
remove toxic air from the building.

Natural lighting through the courtyards and wide windows will be introduced into circulation spaces in
the course of the design.

Spacious and defined circulation flow will be employed to connect different departmezkw\(bﬂ facilities
within the faculty. Special student will be catered for in terms of accessibility @men‘t.

Simple and direct site circulation flow will be put into consideration in the cpurse of this design to
further ease the movement of pedestrian, motorist in and out of the si@ﬁg vital and will be greatly
considered on site. Pedestrian walk ways will be designed in.s@ay to not cut across the vehicular

route to avoid accident. '®

Materials seen in the case studies that will be use iﬁis design include;

e Wide stair case; This helps movement irf@ t of the building comfortable

e Curtain walls; Helps to throw eq%@{lral lighting into the space

e Wide circulation; this flow ai casy movement of students in their large numbers from one lecture
hall to another especi 3@% there’s combined lectures.
¢ Fins; to reduce g%@ the interior spaces and stabilize visual comfort.

e Steel; Steel is one of the most commonly used materials as reinforcement for construction due to its
high @th, durability and relatively low cost.

e The paint finish (Airlite paint) material will be used in the interior to neutralize pollutants, disallow

the growth of mould and microbes, and ensure the absence of germs.

5.2 Conclusion
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This study set out to achieve maximum effect of natural lighting and visual comfort in lecture rooms
and other facilities to enable students and staffs get high level of comfort ability while using the faculty
building. All theories studied gives model and strategy which is followed to derive best design of this
faculty to a larger extent. In terms of visual comfort, shading device, overhangs are introduce to curb
the effect of glare which usually causes discomfort to students while learning. More so, large sized
openings are used to enhance the level of natural light that comes into the lecture {@b’inform of
useful day lighting which helps the students in many areas such as the 1i pl\%‘en‘[ of student
performance and health conditions, improved ability, concentration, focus,‘%mic excellence, and
so on. All this put together gives better output in terms of functiég%&%o? the faculty. Moreover,
daylight contributes considerably to the aesthetics and physical @er of a learning space, as well as
in limiting potential harmful effects from prolonged artifi ‘a@m exposure. All this is achieved in the
designing of the faculty which makes it a topqogc{%md a body of knowledge to future designers,

architects, researchers and students atlarge. < \)

5.3 Recommendation Q)(b'

Not so enough has been done to g%s)ustainability in the design and construction of faculty building
in Nigeria. This is great@@%by the fact that faculty building and the concept of sustainability is
novel in this part of tPleor d. This study has provide to a greater extent solutions to most challenges
facing faculty b ?in terms of visual discomfort and natural lighting issues and has added much
informati@%e body of knowledge. A lot of research and progress need to be done for Nigeria to be

in a world level in terms of designing of sustainable faculty building design.

1. Shading devices should be introduced to reduce the effect of glare and maximize visual comfort

around the lecture rooms.
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2. Natural lighting strategies should be adopted to maximize the opportunity of day lighting in the

faculty

3. Opening at the northern side of the building should have a minimum height of 2700mm to ensure

great impact of day lighting while also minimizing risk of glare.
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