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Abstract

Natural lighting can be described as the controlled admission and entrance of light such as the
direct sunlight, and diffused skylight into a building. Electrical light which serves as an
alternative source of light into a building comprises of different spectrums and wavelength
which has adverse effect on human body. Meanwhile, the entrance of a proper and adequate

natural lighting into a building has been found to have significant positive effect @L ing
occupant. Therefore, this study aimed at appraising natural lighting of sele <$£nal and
international architecture buildings with a view to garner sufficient e&l information
that can inform the proposed design of the Architecture Facul @n \of the Leads City
University. It can be inferred from the case studies Qz/ in this work that the
international architecture buildings had adequate na hting features hence building
occupants enjoys more benefits of natural lig ti}@ on the completion of the appraisal,

useful information that can inform thegﬁ%@ f the proposed Faculty of Architecture

S
S
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Chapter One
Introduction
1.1 Background of the Study

Using outside glazing, such as windows, skylights, etc., natural lighting, commonly referred
to as daylighting, is a technique that effectively lets natural light inside a building. In‘&(o
reduce the need for electric lighting and save energy, Ander (2016) defined daytighting as the

controlled entry of natural light (such as diffused skylight and direct sunsl@\to a building.
According to Phillips (2004), the lives of inhabitant in the earl'e.st\a s\was informed by
natural lighting - this helped them differentiate the night However, due to better
building designs, the inclusion of window openings w &ﬁ Thus, the history of natural
lighting in architecture can be associated with w@r allowing light and air, heat and
cold into the building. Therefore, the Q@m be considered as the vehicle for the

introduction of daylighting which u]@ esulted in the sophisticated building designs of

the 21% century. ((?\

One of the primary so f natural lighting available to man is sunlight. Sunlight is a form
of solar energy w;, @ her absorbed, reflected, and/or transmitted. A relative movement
between th@ and the sun results in different latitudes, seasons, times, and elevation

angles % sun (Kaheneko 2021). Notwithstanding, other forms of daylighting are

etated from external reflection - light reflecting off of ground surfaces, adjacent buildings,
light shelves, and wide window sills, and internal reflection - light reflecting off of internal
walls, ceiling, and the floor of your home. Highly reflective surfaces such as smooth or
glossy surfaces, light-coloured finishes, and mirrors around a room also contributed to

internal reflection (GHTM 2022).



Furthermore, natural lighting has been adjudged as a powerful architectural tool when
making building designs (Gullotti 2009). By gathering natural light and reflecting it into the
darker regions of the building, it passively supports the quality and even distribution of
daylight across a structure. Any specialized mechanical equipment or energy sources are not

needed in a structure with a sufficient natural lighting scheme. The passive daylighting

techniques collect and reflect light throughout the structure as soon as the sun rises%\V\
To attain adequate natural lighting in buildings, the science of daylighti @Sﬁzes the
%Variations in

need to ensure balancing between heat gains and losses, glare C(&

daylight availability to avoid undesirable effects (Gullotti 200 '\%ﬁr (}16). Some of the
u

daylighting fixtures are windows, skylights (passive or @
Daylight redirection devices, and solar shading devi@

Generally, natural lighting in building des@ nergy (Edwards and Torcellini 2002;

bular daylight devices,

Singh 2018), meet the mental and physi@ of human (Javadnia 2016), optimize visual

determines the type of decorati

comfort (Callejas et al. 2020), im %sychological and human well-being (Singh 2018),
ﬁ%c\olour selection (Singh 2018). More importantly, it has

been reported to aid stu@&el‘formance and learning (Gullotti 2009; Cheryan et al. 2014).

1.2 Statemenﬁ{ﬁﬁlgblem

Electrical % s an alternative source of lighting. Examples are cool white fluorescent,
in aent, energy-efficient fluorescent, and full-spectrum fluorescent lighting. These
typ%of lighting have different spectrums and wavelength of light that has effect on the
human body, thus affecting the building occupants. Most alternative sources of lighting lack
the spectral distribution needed for complete biological functions of human beings.

(Hathaway et al. 1992).



Cheryan et al. (2014) opined that specific features in classroom building are germane to
maximize students’ achievement. In their work, they identified inadequate natural lighting as
one of the features inhibiting students’ performance. Also, Kiiller and Lindsten (1992)
reported that working in classrooms without daylight can alter the hormonal pattern in
students, thus affecting their capacity to concentrate and cooperate, hence leading to medical
issues. About 16% of schools with permanent buildings and 28% of schools with két-y
(i.e., portable) buildings have natural lighting that is unsatisfactory or very ufisa ory in

Washington D.C., USA (Lewis et al. 2000), and as such Benya (2001@&mended the
incorporation of daylighting into unsatisfactory classrooms. é \

However, inappropriate natural lighting in the designs o@omprming classrooms is

prone to more disadvantages in that it allows for the ontrollable entrance of heat, noise,
and solar radiation. A non-carefully thought-ou a}%c ure academic building design results

in temperature increase and visual disco@«fgr oth students and lecturers, thus ultimately

making the building unsuitable for lﬂg.

Again, there is a dearth of\sc ic information on the natural lighting of buildings

constructed for academd %i{ies in Nigeria Institutions, and their impact on the academic

performance and of students and lecturers.

With the a enttioned, it is critical to note that inadequate consideration of natural lighting

int opesed Architecture Faculty building design will impede the academic performance

c%ients of Leads City University.

1.3 Aim and Objectives

This study aims at appraising the natural lighting of selected National and international
architecture faculty buildings to assess the adequacy of natural illumination with a view to

garner sufficient theoretical information useful for the proposed design of Architecture



Faculty building, Leads City University, Ibadan, thus enhancing students’ academic

performance.

1.3.1 Objectives of the study

The objectives of this study are to :\V\
1. Assess the adequacy of natural lighting in the design and constm@{ﬁelected

local and international architecture faculty buildings
2. Identify design and construction strategies that can e o@t}te use of natural
lighting in a faculty building. )

3. Propose a naturally lighted Faculty building t@&me, Lead City University.
1.4 Research Questions @

1. How adequate is the use of natural lighting in the design and construction of selected

case studies? @

2. What design and consh&é/sw strategies can be employed to achieve naturally lighted

Faculty buildin X{c”nitecture?

3. Howdo y(&/ a naturally lighted Faculty building for Architecture, Lead City?

1.5 Sigl@ the study

At ) lighting has provided an alternative source of lighting, especially during the night,

\)

howéver it has not been found optimally suitable in academic building designs. Edwards and

Torcellini (2002) gave some of its disadvantages as misinterpretation of colours, dull lights,
and having a various spectrum of light that may be dangerous to the eyes. On the other hand,

natural lighting is considered quiet, soft, and real. Additionally, natural lightning in classroom



buildings gives a range of benefits and importance to teachers and students in health, class

attendance, academic achievement, and finance (Bailey 2000).

A research article published by Tanner (2008) proved that students exposed to natural light in
their classrooms performed academically better between 2-26% than students exposed to
lesser natural light, in the United State of America. Another study conducted in the United
Kingdom concluded that exposure to natural daylighting made students %r

assignments 20% quicker (Heschong, et al. 2002). Also, Callejas et al. (2 ted the
n hours

performance of students to the advantages of school opening within tm& i

\
Apart from the significant impact of natural lighting on the acaden}f%rformance of students,

it was also concluded in the study of Yu, Su, and Che % that taking advantage of

daylighting in educational buildings saved about @ of energy annually in the United

Kingdom.

Electric lighting had provided alternatw@tes of lighting required in buildings however,

energy and environmental con made daylighting a rediscovered aspect of building
lighting design. Although S of daylighting has remained the same since its original
use, the building desi in 1t have changed overtime. Beyond the architectural integration
of dayhghtmg ing, it also provides the psychological and physiological benefits to

building Thus, adequate daylighting should be highly considered in building
desi %ermore daylighting provides a significant energy savings to building owners
z%anagers and has been associated with higher productivity, lower absenteeism, fewer
errors or defects in products, positive attitudes, reduced fatigue, and reduced eyestrain.
(Edwards and Torcellini 2002)

The work of literature provided in this study is an indication that adequate natural lighting of

academic buildings contributed to students’ academic performance. However, despite the



numerous importance and significance of natural lighting in classroom designs to the
academic performance of students and lecturers, we found only little scientific information on
the importance of natural lighting on academic buildings in Nigeria Institutions. Therefore,
there is a need to appraise the natural lighting designs of selected academic buildings such as

the architecture faculty buildings of selected academic institutions in order to inform the

design of Architecture Faculty Building of the Lead City University. %\V\
The study of natural lighting designs of the selected architecture facﬂ{@‘i‘nngs of

academic institutions will help to determine the suitability of the si‘w\loc%o, external and
n

\

internal light reflection materials used, and ascertain the adeq of.natural lighting in the

design and construction of the Architecture Faculty Buildi ead City University. As

such, it will aid academic performance of stude% e Institution. Hence, relevant

recommendation will be made @
1.6 Scope of the study < \&

This study will be limited to th i@tion of natural lighting of the selected architecture
h%«]

ation garnered will be considered in the propose design

faculty buildings. Also, 1&
of the architecture f: u d‘ing of the Lead City University, Ibadan. Field assessment and
will be emplo&%e} ecessary.



Chapter Two
Literature Review

2.1 Conceptual review

2.1.1 Characteristics of natural light

This section reviews the characteristics of natural light based on the following: (®The
Source, (2) The Geometry, (3) Different Surfaces inside the Space and (4) M({/

Visual Perception of the Observer. %\

1. The source

There is light for a given particular place or space (Chi, Morenﬁ%%varro 2018), and this
light expressing place can be a function of the plac <Q/ its physical feature and
characteristics which thus makes it different from ﬂ@ﬁr place; and the particular set of
changes that take place within it over ti@a g distinctive patterns of diurnal and

seasonal changes.” By implication, it det€rhﬂe the changes and ways light interact with the

built environment. Q
Also, the openings in an enclo@duced a new source of light. This is a general practice

that has acquired univ@eanings of architectural expression from the distinct meanings
associated with li@he place, thus corroborating (Phillips 2004) who states that “The
appearance Mings of all periods reflects the nature of windows ...”

Addition n enclosure's openings added a new source of light. This common practice has
universal architectural meanings from the various meanings linked with the local
lighting, supporting (Phillips 2004) who claims that "The appearance of buildings of all
periods reflects the nature of windows..."

The window is regarded as a significant part of the "spatial record" that connects a building's
interior and exterior. While its placement dictates the direction in which attention is focused,
its relativity to the solid wall aids in determining the sense of separation from or connection

7



to the outside. It defines the transition between the interior and exterior with its subtle details
(Chi, Moreno, & Navarro, 2018). A place is transformed and given personality by the passage
of natural light from the exterior to the interior of a building.

The three important factor relating to sources of light and effect on perception of space are (a)

intensity, (b) Directional Characteristics and (¢) Colour. (Chi, Moreno, & Navarro, 2018)

a. Intensity \V\
On many occasion, people judge the perception of a material or object with @Q}; light

intensity emanating from the source. (Lam 1977) noted that an emo% an effective

component used in responding to an environment perceived to be @Q A space is often

considered adequate when adjudged by factors such c1&%5, lighting, sparkle,

interesting etc. these factors are measurements o w&ls environments and can
t.

determine the satisfaction we derive from an environ

b. Directional characteristics &
The transmission of sun through the.sk rmines the characteristics of the direction of
natural light to the earth. Asgsu physical interruption or boundary plane in the

directional characteristicxfth tural lighting can cause a depth of shadow and contrast
among surfaces. He:Q acing is characterised and associated with the direction of natural
light as it help'tx higve a reasonable link with lighting at a period of time and season in the
year. The % behind the traits created by shadows was enumerated by Japanese architect
(Ta%%ﬂ. Thus, a beautiful Japanese room was found to be attributed to the different
& of shadows, ranging from soft to heavy shadow patterns.

According to (Tanizaki 1977), the secret behind shadow mystery which the Westerners
perceived to be walls made of ashen without ornament can be better comprehend through the
directional characteristic of the rays of light from the sun which can barely reach the sitting

room. To achieve this, the eaves of the veranda were extended while the garden light was



made to softly pass through a paper-panelled door resulting in an indirect lighting which
upholds the beauty of the room.

Another importance of directional characteristic of lighting is the contrast. Contrast was listed
as one of the necessary characteristics needed when designing a space (Chi, Moreno, &
Navarro, 2018). It differentiates between the bright and dark which could be useful when
studying a comprehensive scene depth. Q\
Seeing and living is by contrast because it brings about and make us(a %ﬁ‘ the

characteristics of opposite things. For example, lighting is needed to jet \brkness. The

advent of contrast introduces varieties in the environment wl'\d%s{o&es and make us

conscious. As opined by René Dubos warns, unifo@
t

behavioural/taste compliance should be discouraged, 1& r endeavour to diversify the

environment as much as possible through mean&@ lighting: a condition which could

involve the use of fire flames, candlelight &%{g of sunlight from leaves or smooth water

the environment and

surface, sky light, and signs from n%&gxch, light is an unavoidable part of human life
(Chi, Moreno, & Navarro, 2018). V\

c. Colour \\/
colour is another in %en ific feature possessing radiant energy (Solon 2006). As a form

of energy, it *\eg@@re in controlling the aesthetic value of an environment in that. The

operative p %\ enon characteristic is by producing a decorative direct visual ecstasy which

then@e ]
AW

ise regulated. Hence, architectural design elements which must not bear depreciation

consequential effect on crucial properties of the architectural design, unless

as a result of colour must be carefully considered. As such, only nature and location of colour
reaction that is advantageous to architectural designs should be researched and
accommodated. It was also found that space perception can change with respect to colour;

that is, a room looks bigger in size when the colour is light because more rays of light is



reflected when lighter colour is used. On the other hand, a room is smaller when a darker
colour is used for panting. This is because light rays tend to be absorbed by darker colour.
Also, colour has been found to change with respect to time of the day. The colours are
changed by the different intensity of natural light from the sun during the morning, afternoon

or evening. Human often adjust to these changes by perceptions when occupying such space

at different times of the day. These changes are part of experience and diversiﬁce®h€:
environment (Phillips 2004). g(,

2. The geometry $\
gﬁ(

The shape structure and forms define the geometry of a space. 13, light cannot be
g

perceived except when it is in form, and vice versa. V\{é%n\‘am is the fact that no

permanent form of visible lighting from natural light \% tural light producing visible
form of light is always changing. However, our pe ual process enables us to perceive a
stable form of light. The better we can dist@h the different forms of light, the better the
clarity of using light to emphasize the fo s\/leanwhile, the shadows can be of help in the
determination of form and the spati h perception.

A clearer day better descri&%, as compared with a cloudy day. However, a form can be
dematerialised by li®sec;ndaw source of light is the reflecting surface, and it blocks a

clearer sightiw th

blurring f a material, the form can be dissolved. Also, the structure can be hidden by

orm. Also, when light is extremely bright or dark, and it moves

—

igh@n he pattern and rhythm of light and structure are in contrast. A major reason for
co%st is our expectation of the structure whereas light can find its expression in an
unexpected way (Chi, Moreno, & Navarro, 2018).

3. Different surfaces inside the space

The reflection, refraction and absorption properties of light from a source are determined by

the surface properties of a material. Hence, the quality and quantity of light present in a space

10



can be affected by the material. Furthermore, the two essential feature of consideration in this
instance are the finish and colour of the material. Reflection is better at glossy surfaces
because its reflection ability is similar to that of a mirror. Meanwhile, the three colour traits
that determines the rate of absorption or reflection of light are value, intensity and hue.
Where a coloured surface is used, the hue of the material is carried by the light passing
through it. Q\
There are three kinds of interaction between light and material that help fo ieve the

emphasis on materials; they are highlights, revelation, and dark shadows: zed material
produces a good highlight. Revelation of the material’s innate qua@q&ealed when light
a

passes through them whereas dark shadows is formed %)
eot of

resulted when there is a deflection of light. However, t }% light on a material can be

underplay by selecting surfaces of different mata@ D. A., Moreno, D., & Navarro, J.

(2018)). \&\

4. Movement and visual perception_of t server

orbing material which

Our system of perception in its gnt ays a vital role in our experience of a space. Space
is not explored from a stati&&h{)ut through the movement from one place to another. Thus,
our experience and ptiOI‘l partly inform our perception of space. By walking around in
a room, the system_of our visual perception informs us of the invariant structure of the
environm

sou %

nvironmental surfaces to enable an adequate illumination sufficient to provide

the relationship we have with it. The structured light is in accordance to its
i&ation about the room. Consequently, we consider the room’s physical structure as

unchanged while still reacting to changes in the patterns of light (Chi, Moreno, & Navarro,

2018).

11



2.1.2 Historical perspectives on natural light inside the buildings

In the early eras, the sunlight was identified as the only source of natural light which played
significant role in the building of space before the advent of huge dependence of artificial
sources of light. The availability and access to electrical light as one of the artificial sources
of light has made the huge shift from natural lighting possible in the last century. The static

artificial lighting was introduced to manage the rising need for illumination insi

thus sacrificing the beauty of the differences in the traits and space ambience afco

the rising and setting of the sun across the sky, which changes th%\ons. Another
disadvantage resulting from this shift is increased dependence on\ﬁé}\v@eakens the strong
relationship between the interior and exterior spaces. C-)

The use of natural can be dated back to primitive day @&avy rays of sun is allowed to
enter into the utmost dark part of the cave. Up u 1%&6 primary source of illumination
was natural light which is being controlle erent methods such as different designs of
shelters constructed by humans wh n@omfort and survival. The innate and artistic

nature of natural lighting as r%z, y difference surfaces brought about the different

lighting. The design and concept of daylighting has a

unique ways of explorir@s@

e
symbolic meaning @wifig to means of entrance into a space while casting shadows on

different surf&(ﬂy section of the review focuses on the use of natural light in built

environm its different form with respect to their historical period. The symbolic
a@amral light and method of control to create the different artistic effects inside a

bu%nvironment was emphasized.

(Phillips 2004) made reference to the history of windows in daylighting, where he highlighted

the inclusion of window in the history of architecture. As such, the emergence of buildings is

synonymous to the nature of windows. In mediaeval period, the efficiency of windows in the

entire natural lighting of interior spaces were attributed to the design and location of windows.

12



In the Renaissance period, and as windows became formal objects, changes to the concept
became evident. Windows were then seen as a means of building elevation thus having a
disconnection with the interior spaces.

For instance, the slit windows having splayed sides were used for military needs, as it helps
to minimize the entire contrast when light spreads along the interior wall surface. Whereas,
an Indirect lighting was explored in the construction of Baroque churches o@&n
Germany, here, the windows were concealed to give a direct view from the con ion. In

the seventeenth and eighteenth centuries, vertical windows in the exterio were found

to be adopted window designs used, while roof lighting was allo@ﬁe\we as daylighting
n

at the centre of the buildings. Consequently, architect cons@@

plan in order to receive adequate daylight from the dif s of roof openings.

tre areas in the layout

In the early effort to modernise the uses of win i gland in the 1930s, the use of full

walls of glass and wrap-around windows o%qrs was attempted in order to establish the
relation between the external and i gksy ces. In the same vein, further attempts were
made in the nineteenth century gvh demand for illumination was growing thus forcing
higher requiring a more da&%@ on a regulated environment of artificial lighting enabling
primary illuminatio@ the‘middle of 1960s, the choice of artificial lighting gave birth to

the emergenm\o&ay ding without windows thus depreciating the advantages of the

interacteen building interiors and the natural environment.
| tes

Hist% ponse on daylighting in buildings and its environment was summarised by
(%z, M. (2017)) he reiterated that aside the illumination functions in spaces of natural
light, the symbolic meanings of natural lighting can also be categorized into purity,
knowledge, heaven and purity, and further classify its uses into Preindustrial, Industrial and

Post-industrial Architecture which have been discussed below with further subheadings.

13



2.1.2.1 Preindustrial architecture
Some of means light is introduced into a space was revealed by the ancient civilizations. Such
means include the openings of both large and small windows which helped in creating

different effects that shows the intensity light entering a building.

a. Egypt

In ancient Egypt, there were restrictions on the openings of light thus resulting i %d

freedom provided by the structure and unfavourable climate. This gave ro w and
diffused sunlight through the thick walls of masonry while during the tra tion process
the rays of sun would be made to go through many side reﬂectﬁ@(hk openings of the
Clerestory which is carved with grills brings soft lighting 1 %&e‘)\eep of the large temples
hence supporting sequence geometry of the inside spa {bgl, M. (2017).

Egyptian temple are known for creative use of kighti hich reveals the understanding of
sunlight effects on a grand scale, especi 1@\6 desert landscape (Baker and Steemers
2002). Light contrast and shadow forme Xilding spaces are of three-dimensional forms
which are evident through sunlight ity. Their building plans take into consideration the

forms and space sequen@bh/alds the accentuation of processional movement (light to

o
4\

The gentl e climate is responsible for the entrance of a strong narrow shaft light in

thei @- . The orientation of the temples to face the east allows rays from the rising sun to
@ate doorways and make the statues shine brighter while sky light that are diffused are
reflected to show the ornament forms and decoration of the structure. The use of a sundial
orchestrated by a principled planning ensures that sun from the winter penetrated deeper into

the spaces. (Tahbaz, M. (2017).
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The utilization of strong daylight in Greek temples was pointed out by (Baker and Steemers
2002) to show the fagade depth. In furtherance, accentuation effect was achieved in front of
the stone walls by layers of closed space column forming the shadows. The column shafts
have sharp fluted channels that can only be seen in profile when there is a change in light and
shade patterns of the vertical lines.

¢. Rome \§\

Early buildings in Rome are associated with dimly lit interior spacing which{ ar ed by
structural inadequacy of the post and beam construction thereby aidi@ller window

openings consequently affecting the advancements in Roman Per %\the other hand, the

Egyptian and Greek monuments accommodated the use c{sj'f@t to portray the exterior

form and surface modelling while the Roman and G@

integrity and the light path into a space (Baker an% ets 2002).

Inferentially, it can be pointed that the a&'t( ral developments in Rome depicts more

ents illustrated the structures’

knowledge and understanding abou%h 1 Jighting principles. As a result, the advantages

derived from this structural co@g

and window openings ca@ owing the entrance of light sheets deeper inside the space.
i

as helped to introduce a large columned interiors

Also, to make light isible in a space, the skylight and concealed clearstory windows

were employe&'gsj\sj fect was strongly exemplified by the Pantheon stands (Tahbaz, M.
(2017). §
d. E@ ristian

Thgrly Christian architecture identified with a particular basilica building type as it is well-
known forms for religious activities. This building type was borne out of efforts to improvise
using timber trusses to substitute for Roman concretes consequently causing a reduction in
wall area to accommodate the clerestory windows. The mystical nature of spatial layout was

made possible by the low levels of light available in the building by boosting the linear
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perspective for the altar and religious activities, that are connected to the apse receiving
greater visual concentration due to surrounding windows in its semi-circular plan (Tahbaz, M.
(2017).

e. Byzantine

The characteristics of the Byzantine architecture was informed by the utilization of dome
brace at four points only, and covers the rectangular plan form thus allowin %ﬁl
opening of, stained-glass light at the base of the dome making it look as thou %Mﬁng

above the structure supporting it. It was also noted that mild change occu@& plan layout
of the basilica church during the Romanesque period. The rnysti@}\of the space was

undamaged with the help of a relatively smaller windows (T{{/%&@. (2017).
f. Renaissance \*
o

Research finding on light quality was carrie %
Experiments were carried out on the ceilin@ick walls to deeply recess the openings of
t

light that can allow dramatic quality &.&t} a

ughout the Renaissance period.

was employed to stress earlier seen forms.
The structure of the dome compris ifferent carved shells to aid the path of daylighting
entering from the top par&&e (Tahbaz, M. (2017).

The lighting was m@ciated with metaphysical link existing between the soul and object

which boost the sehse of life. Attention was given to natural quality that initiated the evolving

and linking ptional response to light. Effective use of sunshine to support shape and

emp%e space was made possible by an apparent conflict between visual harmony and
@*ﬁon (Baker and Steemers 2002).

g. Baroque

Lighting took the centre stage in the early sequence of investigation conducted on the
premises of Borromini. The rise in light control to achieving the desired effect was

demonstrated in spatial enclosure where incident and reflected ray of light were fused in an
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utmost refined technique. The entrance of light was introduced into space by controlled
openings of the modular proportioning of the fagade towards the end the eighteenth century,
(Portoghesi 1994).

Sculptural exuberance and dynamic spatial qualities were used to define the Baroque
architecture. The form's articulation, which provided greater control over how light was
perceived in the space through the overlapping levels of enclosure, received a fair %f
attention. Transcendence from the earth to the heaven was recognized by %e pable

spatial enclosure that serves as an enigmatic light quality created from t rated vaults.

hi
Additionally, the use of a sufficient number of deeply rece@@ﬁings to diffusely
illuminate the interior produced an air of mystery and d%fn and the employment of
oblique light beams to highlight many of the scu& ecorations produced three-
dimensional forms by using shade and light (Bak@emers 2002).
2.1.2.2 Industrial architecture Q
With the help of advancement in te o&gy the relationship between interior and exterior
form of buildings was changegd t industrial revolution, thus, minimizing the inter-
dependence of one over e%was minimized so much that effect of environmental
conditions can be i . For ‘this reason, architects are no longer constrained in the design
of building forms g\tyre is now sufficient freedom for architect, thus settling giant slides for
course shi itect in the future. Steel was also used a structural member to nullify the
esse@%aditional load bearing walls with a thin outer skin. As a result, research began to
co%utrate on the prospect of examining the uses of big sheets of glass in the outside to
increase the levels of illumination (Tahbaz, M. (2017)).

(Baker and Steemers 2002) cited the railway sheds built in the 1830s and 1840s as an

example of the use of iron strength to create a structural framework that could expand the
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interior space and eliminate load bearing on walls. Additionally, it was believed that the
fusion of light and space would result in more freedom.

Upon the reduction on dependence of natural sources of light caused by arrival of electrical
lighting, it is now an attainable feat to have higher floor area that are not close to the exterior
environment. As such, windows are now less operated and ceiling heights were reduced.

with the abundance production construction materials and electrical lighting, ch V@e&
evident in the entire concept buildings thus convincingly defining the beginnifig of a,modern
era with new vertical limits (Tahbaz, M. (2017)). %
Consequently, a building design such as deep plan, high rise\* ‘blocks which are

artificially lit, heated and cooled can be constructed in cozg?s’
i

environment, while steel and glass can be used as cov,

spaces. Where large sheets of glass is used in the@r, it helps to provide high levels of

daylighting at an increased cost of glare, u\»&%qed solar gain among other.

ation from the external

tally and vertically) in large

There are still issues with its uses foranalyzing illuminance level because it is still unable to
shed light on the emotional co e luminous environment and explain space beauty,
despite scientific advanc eN the measurement of light levels that have helped to
achieve the desired erve‘d levels of lux on the work plane (Baker and Steemers 2002).

There was an&&gsg of prominent architects who took advantage of the newly emerged
freedom 1 odern usage of structure and materials for new building forms. Some of

sucl@ne r architects are Corbusier, Wright and Aalto. While keeping the traditional

hagagteristics of natural ventilation, site orientation, and daylight illumination, they

9

investigate innovative construction technologies for novel dimensions. (M. Tahbaz, 2017)

2.1.3 Effects of Light on the Human Body
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As identified by (Liberman 1991), the three sources of light used in artificial daylighting does
not contain the blue healthy and most important portion of the colour spectrum for humans.
They are;

1. The cool white fluorescent lights — it contains a high visible yellow to red portion in

the light spectrum

2. The Incandescent lightining — it has a concentrated orange to red co@‘&s
spectrum. g(/

3. The energy-efficient fluorescent lighting — it has a typically conce of yellow to

green portion of the spectrum. '\ \

It was also mentioned that natural light offers the optimum of blue light. However,
due to its strong propensity to create light in the b u\\%
t

spectrum fluorescent artificial lighting is the olo natural light. However, ambient

of the light spectrum, full-

lighting created by daylighting is superi&@:ool white or energy-saving fluorescent

electrical light sources because it is_mo \eptible to the human eye and has a stronger

emotional connection (Franta, C<<m 1994).
Humans already love and orN terms with natural lighting because of its balanced and

NE

, having its peak energy at the blue-green area of the visible

complete colour sp

spectrum (Lib@

ses (290 to 770 nanometres of The photobiologic action spectra for humans

(%way et al. 1992).

Spectrum produced from light of different types have physiological and psychological effect

1). Additionally, natural light provides the required level of light for

on humans, but with the adoption of natural lighting, these effects are is less effective and can

be easily jettisoned. Some of the advantages of daylighting to human are that it improves
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mood, boost morale, reduce fatigue and eyestrain. Also, it connect occupants with the
external living environment (Robbins 2021).

Natural light serves as nutrient for metabolic activities in the body as it restores biological
activities in the brain with respect to colours important to our health (Ott Biolight Systems
1997). It is expected that our mood and energy can be affected during a cloudy day or where
there is poor lighting, as we find it difficult perceive and differentiate colours at th@ﬂ.
It was also stated that light has a role to play in our health maintenance (L@l} 1991).
This refers to the management of our physiological traits, nervous an@crine system

Q\

The evaluation of the effect of light in human health was @(Heemagen 1986). He

which are directly boosted and managed by lighting.
considered the effect on prison inmate having differe views. It was discovered that
inmates having a meadow or mountain view have sighificantly lower stress-related sickness

when compared with inmates having priso@ard and building views. Similarly, inmates
r

occupying the second floor reported Q ess-related sickness than those occupying the

first floor. It was concluded tha h%g ure of some inmates to expansive view and external

natural environment wer@@ons responsible for lower rate stress-related sickness as it
e

contributes to positi hological benefits. The inaccessibility of inmates on the first floor

to natural ligh'Kggngack of privacy largely due to the visibility of passers-by added to their

sickness

The%&hat natural views will efficiently reduce stress and anxiety is high because it
str to produce positive responses and as such improve moods. Studies in 1979, 1981, and
1986 by Ulrich (Heerwagen 1986) proves the efficiency of natural views. Vegetation and
water views was found effective for making psycho-physiological come back from stress.
Similarly, people have recovered completely and faster from a stressful occasion when

exposed to scenes of natural settlements rather than urban films.
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2.2: Design consideration for a faculty building

An optimum situation in which people can function should inform the design of a school
building (Uzuegbunam 2011a). He emphasized the significance of the building's intended use
as well as the unique functional requirements for buildings. As a result, the task's
requirements and the environment's limitations are used to determine what constitutes an

ideal scenario. As a result, the actual use of any building project determines its

which must take into account the project's components, requirements, andfor

structure. (2011) Uzuegbunam $\

Uzuegbunam (1996) attributed the difference between a prison ’Sasé S I}ient dormitory to
building programming. He stated that although they te& the same purpose, the
g makes

occupants of one are free, while the others are not thus; a great difference.

A wide range of unique traits that must be ¢ s&& building's planning are required for a

setting to be successful for learning. Sc@dings, such as faculty buildings, are thought

of as locations where children can t%nd work and play and communicate and mature. As
XS

a result, when designing a faeu

must be carefully takenQ coount.

ding, the factors required to promote human growth

For instance&r&ry/ pects, such as temperature, visibility and acoustics, must be well

controll@

In an, spatial organization has been pointed as one of the basic requirements in faculty

armth excited environment must be provided. (Uzuegbunam 2011b).

bu%ygs for effective teaching and learning in creative discipline. Different basic spatial
requirements were found in different parts of the world. In Europe and America, the
minimum acceptable standard studio space per person is 5 - 7sqm, and a maximum of 10 - 12
students per academic staff. Meanwhile, 4sqm per person and 12 students per academic staff

is acceptable in Nigeria (NUC, 2003).
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Additionally, according to Uzuegbunam (2011a), the size and shape of each unit within a
building affects a project's viability. In order to keep party wall costs to a minimum,
repetitive or standardized units have simple shapes. Additionally, outer walls can be fairly
increased in relation to the enclosed space as needed in the humid tropics for enhanced

efficiency, economy, and maximum natural ventilation.

In another view, the success of a faculty building design was hinged on climati @s

(Kwok & Grondzik 2018). The effect of the nature of climate changes on fort is
inevitable, but climate integrated design elements such as humi K erature wind

patterns, and rainfall takes advantage of this climate changes to Q\ positive effect and

reflection on the architectural building designs. Genera&/ lowing point should be

often considered in the climate integrated design (K g\ ndzik 2018).

1 “Sun control” to enhance visual comfort

2 Understanding of the human’s basic E y and thermal comfort.

3 Understanding of Climatic 155(3@

4 The use of thermal m, mprove comfort and efficiency.

cially the microclimates.

5 Utilization of th@inds and breezes as much as can be harnessed, to improve comfort.

6 choos@rrect and effective material and design technique for a better result.

(Uzuegbunam 2011a) suggested some structural properties to be considered for

effective building design as;

1. To resist lateral loading of wind accompanied rains, building structure (especially the
roof) is expected to be accurately anchored.

2. Provision of adequate drainage system to avoid flooding.
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. The roof design should be given a proper attention to aid effective discharge and rain
water harvesting for use.

. The use canopies, verandas, logia, eves, hoods can be employed to protect the
openings on the external walls from the driving rains, as well as other architectural

elements.

. Trees should be planted during the coolest months are (January and De@\o
provide outdoor shade. @(/

. Heat gain reduction by minimizing the areas of concrete pa should be

minimized to reduce heat gain. \

4\ \
. Air movement is essential, and therefore adequat %ﬂ\!)‘[ on should be ensured

through the building.
. Wind utilization can be optimized for eff@nﬁlation through the choice of the

building design. Consideration shoﬂ efore be given to the location and Size of

openings. The type and level of gsur\lndow should be in such a way to admit and

maximize the flow of w(d(( uilding.
. 1 o shading of the building from direct sunshine

Importance shoul%c,T

A designe x{ty of Environmental Studies building with four departments, offices,

classroo studios, the Dean’s office, faculty library and ICT, and a conference hall of

a% hundred sitting capacity for the University of Nigeria was done by Uzuegbunam

(2011a). For adequate spacing, he proposed an allocation of floor spaces for each department,

including the dean’s office, thus, having a total of five floors. While relationship to physical

spaces and technological systems to learning continues to be ever important, even more

important is how, and whether, the environments support positive human relationships that

matter to learning (Ingenium 2009).
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The detail of the spaces with regards to size, number of students in each space, equipment
demands, and special requirements were done according to the National Universities
Commission, standards. The capacity of the classroom was designed to accommodate
anticipated class growth. It was noted that the desirable capacity was determined from

experience using class sizes, subject being taught, and conventional practices.

The adaptability of the spaces was another crucial factor that was taken into ac %g
planning with an anticipated growth in mind. Classrooms that demand qui es were
situated away from busy activity areas, and spaces were created to be as%onﬁgured for
future purposes and configurations. The classroom spaces wer p\%r}y adaptable, with
room for equipment storage, teacher presentations, and . Direct, easy, and safe
access was provided. There was plenty of room for iehcy and safety in the stairways,
corridors, and assembly places. Schools have }% tandards due to the nature of their

purpose and occupancy. In addition to a@(
it1

for comfort, efficiently laid out, and

, the faculty building setting was designed
to the practical demands of students, professors,

and other patrons. Figure 2.1 a@gﬂowed the rear and front view of the proposed faculty

building (Uzuegbunam waling natural lighting.

O\
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Figure 2.1 Rear view of the proposed Faculty Building, Environmental Studies, University of

Nigeria, Enugu Campus. Source: (Uzuegbunam 2011a)
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Figure 2.2 Front view of the proposed Faculty Bui

of Nigeria, Enugu Campus. Source: (Uzuegbunam 2

S

26

X\

e e |

s
lding, ]@@ntal Studies, University

®



2.3 Empirical review

2.3.1 Benefits of delighting in office building

It was reported that occupants exposed to daylighting comprising of full spectrum in office
buildings had an increasing wellbeing. Such benefits are but not limited to reduced

absenteeism, increase in productivity, more savings, and workers’ preference. Many Eupean

countries who understood the importance of these benefits advised that workers @‘b@
within 27 feet closer to the windows (Franta, G.; Anstead 1994). g(,

Similarly, full spectrum has assisted workers working day/night th@temally to fit
uc

into their working hours. Also, day lighting has contributed ivity improvement,

%)

quality sleep, increase in morale, reduced accident and méntal maprovement among people

working night shift (Luo 1998). Contrarily, where ing is absent or could not be

integrated in buildings, and therefore do no@ ss to full light spectrum, workers’

performance was affected. (\&

2.3.1.1 Health in the Office Q
Health benefit of dayli@ported by studies include the reduction in eyestrain,

headaches and SAD a, ‘, Anstead 1994). It was also noted that insufficient light levels
is one of the K causts of Headaches and SAD. With the help of the use of an adequate
light spe illness can be lessened, especially eye strain which is being adjudged as

the mrajor health challenge in offices (Ott Biolight Systems 1997).

Ey%ain often occurs as a result of the response of the eye to the light spectrum in the
workspace which defines the capacity of the eye to stay focused. If proper management and
integration is given to office daylighting, it will provide a good light spectrum to the eyes.
Otherwise, the dilating muscles in eyes are restricted to a limited perspective when the eye is

made to focus only on a specific distance with respect to time, hence resulting in short or long
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sightedness. The challenge of eyestrain can be reduced by creating a landscape view through
the window, as this will help to refocus the eye because the view gives a combination of

short- and long-range (Franta, G.; Anstead 1994).

On the other hand, the reduction in stress and the refocusing of attention can be improved
when the view from the windows in the workspace contain a natural vegetation. The
reduction in blood pressure and improved attention was found in a study c &B

y

(Heerwagen et al. 1998) for occupant of a windowless room having a Viev\\f s when

\

daylighting have more positive mood which in turn lead e%tt r job satisfaction,
motivation, involvement in work, higher presence at @»

organization. %\

Conclusively, discomfort and distraction wer@ be the major cause of negative moods

compared with others with a closed window. They further noted tl&fl e exposed to

re more attached to the

while social interactivities among emey\j\s nd work’s physical setting contributes to

positive moods. \ Q
2.3.1.2 Productivity in th&ok(g/e(/
Studies dated as fa%z as 1920s have shown the effects of light on productivity - an

increase in light qu at office space increases worker’s productivity, and up until now, the

»

re that employees that have access to natural vegetation performed better (Heerwagen
N

(&

positive,_ré still remains unchanged. Furthermore, the test conducted on attention
998). Therefore, it can be said that importance of window views is beyond daylighting
techniques only. Natural light has shown to improve attention and awareness during the post-
lunch dip proves helpful in creating awareness for boring or monotonous work (Light, Sight

1998). Examples of company that benefitted from increased productivity as a result of
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implementation of improved lighting conditions are Lockheed Martin, VeriFone, West Bend

Mutual Insurance, Pennsylvania Power and Light, and the Reno Post Office.

By utilizing open offices, Lockheed Martin designers recorded successful increased
interaction among her engineers with integrated daylighting layout in their offices in

Sunnyvale, California which helped increase their contract productivity by (Romm and

Browning 1994). ®
2.3.1.3 Employee Preferences and Perspectives %\%

Studies revealed office workers valued the presence of windows hi N their workplace. It
was reported by about 35% employees that they are having di ics in their working space
to the unavailability of window (Collins 1975). Part & ments highlighted to have
caused these difficulties are inaccessibility to d@owledge about the weather, poor
ventilation, isolation, unavailable of Vegeta@ws and cooped-up feeling thus leading to
tension and depression. Corroboratively, @gan and Solomon 1981) found that employees

in offices without windows had sfaction on their jobs.

Offices with any size of %)xere highly valued than private offices because it avail them
the opportunity to a better environmental views (Wotton and Barkow 1983). For this
reason, empl% lower tolerance for office without windows because of knowledge of
numero @tages offices with windows can offer them thereby request large spaced
ofﬁ% the upstairs of the building which can avail them a better view of the city (Collins
® According to (Wotton and Barkow 1983), about 745 employed survey prefers a
workspace with windows close to them. The study further revealed that 57% do not preferred

the windows to be in front or behind their workshop but beside.

Kit Cuttle investigated England and New Zealand office workers about attitudes toward

workplaces in a 1983 study, and it was inferred that office workers believed that big windows
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are essential for any office environment as they prefer to sit close to the window. However,
workers in lower cadre are often denied such privilege. The importance of natural light as
well played out with four out of five workers opted to work with natural light because they

feel uncomfortable working with electric lighting (Cuttle 1983).

There have been an expression of feelings from employee about their workspace in respect to
daylight in office buildings. For instance, there were positive response from e %of
Lockheed Martin building. Similarly, workers in the VeriFone building ¢ d about
better satisfaction they enjoyed while working in daylight spaces. A@o by one of the

employee - “it was a wonderful experience in a building whie\:)éia féeling of working

outdoor because there was streams of light into my wo l@{/ ¥(Sundaram and Croxton

1998). In an effort to compare a difference between g s, they further claimed in their

study that some employees’ previous office fel&\ in and all that was experienced was

artificial light but a new office designed odate natural lighting gave glimpse of the

outside sky which made them feel g

Additionally, Towa Associatio@cipal Utilities is another building considered to have

successfully integrate ht. The design of this building provides for energy efficiency
techniques which@es it have ab inviting feeling. It can be concluded that the design
goal fits &@ daylighting. The energy service coordinator also commented on the
building, ing that people are amazed when they enter into the building and they make

ng comments such as wow, nice, and how the building allow for day lighting and
air Patti Cale (2001). A commendable feature of that building is that it does not divide the
occupants from the outside environment; workers can have a view what is inside and outside
world through the window. (Cale 2001 cited in Edwards and Torcellini 2002) opined she
would “prefer occupying this building against the traditional building simply it avails her the
opportunity to see events happening outside.
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Another building review in this study is the 3M Austin, Centre. It was gathered that an
employee stated that the atrium of the building provides a relaxed, comfortable and welcome
environment because there was little artificial lighting (Nick Lampe 2001). He further
experimented by spending part of his day in an office workspace with windows away and the

other part in an office where the windows can be opened to see the atrium two walls.

Lampe (2001) observed he stays alert and does not have a drowsy feeling in offi \Qahat

are with more window space. However, he had to adjust his eyes to fam'li\'% ith the
&

direct sunlight entering his office in the morning, but yet still prefegs hiszoffice setting to

contain more windows to allow for natural light. Inferentially, ( ards a h Torcellini 2002)

opined that natural light is effective and contributes to &%’ anges, and breaks spent
in the daylight atrium is refreshing. Conclusively, %
environment in the center is calming, motivati ,\%p t

the integration of natural light into buildi@&es is of great importance to the occupants.

01) agreed that a more natural

s him in a better mood. Therefore,

Another building that has been a ' by visitor as friendly is the Story County Human

their love for the windows and given kudos to the

Services building, Employees,c

wonderful building strLQ Shipper 2001 cited in Edwards and Torcellini 2002).

2.3.2 Improp&@mg

Studies ha n that staff and employers can substantially benefits from daylighting alike.

H \% the abuse of natural lighting can result to unfavourable conditions within the

re. Hence, to enjoy the benefits, daylighting techniques must be correctly implemented.
Otherwise, an improper utilization of daylighting can affect productivity and increase
employee absenteeism caused by exposure to higher lighting levels, temperature, and excess

glaring.
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As investigated, some of the tactics employed by workers to minimize discomfort in an
energy efficient buildings are changing of clothes, going for a break, walking around, making
complains, and getting something to drink (Heerwagen, Loveland, and Diamond 1992).
However, all these tactics were confirmed ineffective. Hence, fatigue, work dissatisfaction,
loss of work efficiency, and lack motivation can possibly occur. Where employees are

compelled to continue working, mental energy to deliver on their respective jo %

absorbed instead. Therefore, a comfortable working space is essential to aid(e es on

their given task. $\

One of such building that had a glaring problem is the Io \%01 t\lon of Municipal

Utilities building despites it was designed for indirect lig \ der to correct high glare

problem, the hung a semi-opaque fabric at about Si)%% y from the windows for two to

three months of the year (Cale 2001). There @

another portion of the east side of the b@T ese blinds help to enhance room darkness

n installation of venetian blinds on

for multimedia presentations, ane duction. Tutorials were also done for new

employees on how to orientate @puter monitors in their workspaces to reduce glaring.

This is in order to preven&@ﬁ reoccurring glaring issues.

Comments by an @e of the VeriFone building explains his dissatisfaction from glare
issue, espeet ’\g the afternoon.as a results he takes a break from the computer as thus

hinders$ work as he cannot see anything (Sundaram and Croxton 1998).

@potential problem caused by improper designed and management of daylight was
noticed in the Hughes Corporate Headquarters building. Although the building set out to
accommodate daylighting designs but it was poorly planned and implemented. As such, the

effect of glare and high light levels were too much to tolerate that workers began to wear
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sunglasses to office among other safety measure deployed by employees. Hence, the

employees’ perception of the building began to turn negative.

There have been complains from occupants of an improperly design building of either the
daylighting or non-daylighting ones. The human insatiable nature and criticism were

identified as some of the reasons as only few staffs are ready to accept what they were
N

This is because study revealed that the dimming system could nc@n expectation

and response due to its simple working principle (Begemann,(\%\ en Beld, and Tenner

offered as offices (Collins 1975). The simulation or real daylight dimming syste 0

keep illuminating the working space may have also led to the lighting-level cy

1997) nevertheless, some employees in one of the dayli%'ng studied by (Bryan 1998)

were willing to cope and accept the glare levels owi

2.3.3 Daylighting in Schools Q

There are benefits a properly mana%&ﬂtegrated daylight can render to school children

and teachers. Some of such @

attendance, reduction in 1@& for school districts, and a less stressed environment for

students. QZ

uilding good quality.

re improved students’ academic performance and

(Edwards %\ﬁni 2002) reported an increase in attendance of student and teacher,
improve ement rates, increased student health, reduced fatigue factors, and boosting

velopment. Additionally, flickering from electrical light sources and noise easily be
eliminated where natural lighting is used as it gives the best light quality suitable in
classrooms, corridors, and gymnasiums. Meanwhile, some of the disadvantages in keeping
students in a windowless classrooms are that students becomes more hostile, maladjusted,

and hesitant. They also complain and find their work less interesting.
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2.3.3.1 Achievement

( Mangkuto, Koerniawan,& Soelami,(2021) concentrated a study on the benefits of
daylighting on students of the North Carolina Johnston County schools. A comparison was
made between the scores obtained by students occupying a newly constructed daylight

buildings to those with artificially light. It was discovered that a higher reading and

mathematics scores were obtained by students in the daylight school buildings. ®
The average achievement score of the students were above 7% at the &%&l building

without proper daylight but a 15% increment in achievement s was"obtained when

\
students were moved to building containing a properly integra@d managed daylighting

buildings with an average increment of about 3% yearly.&(j\\
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Chapter Three
Case Studies

This chapter captures selected architecture building designs with the intent to garner useful
techniques that can further inform the design of the proposed architecture faculty building of
the Lead’s City University. These case study sites were carefully selected with the inwf

natural lighting in view. The four case study sites that will be appraised in @% are

Umed University School of Architecture, School of Architecture Univ@ aterloo,
D

Department of Architecture, University of Lagos, Nigeria, the “Department of
\

Architecture, YABATECH, Lagos, Nigeria ( \

3.1 CASE STUDY 1 - Umea University School of Ar&

The brief history about Umea University School b% itecture indicate that it was found in
2009 as the fourth academic school located®reé River, Sweden to provide a professional
degree in architecture. It is part o e&-Wniversity. The Architectural Schools places a
strong emphasis on integrated dé€si sustainable development, and aspires to become "an

international laboratory Q@ﬁental architectural growth" (Umea school of architecture
2022). QQ

The faculty@g at the institution radiates with inventiveness and artistic experimentation

because%&

ding occupants will profit from the design structure once it is in place since it will

ner topography of open floor levels and sculpturally designed stairs (Figure

serve as a foundation for creativity and innovation.
3.1.1 The design description
From the outside, the building has a cubic expression with its larch facades and square

windows placed in a vibrant, rhythmic sequence on all sides. The interior space of the
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building is designed as a dynamic sequence of stairs and split, open floor levels where
abstract, white boxes hang freely from the ceiling filtering the light coming in through the
high skylights (Figure 3.2) The construction of a spacious, open learning atmosphere in
which everyone is a part of the same room and is only divided by the split floors and glass

walls of the teaching rooms was one of the main goals that guided the building's design. The

layout encourages the students to share knowledge and ideas and makes it easier @n
be inspired by one another. @(,

The drawing rooms, which are arranged along the building's facade i a%e and regular

: : \.
succession of columns and beams, have a straightforward and 10&1‘\%&51 n in contrast to the

vibrant atrium. In addition to producing a striking visual &ic(/

generously admits light into the structure and providg\e -taking perspective of the river.

aried pattern of windows

According to information from (Architects %2), rly energy calculations and daylight

simulations helped determine that the f@ould be made of wood with window holes

rather than solely glass in order to ﬁo% a reduction in energy of 50%.

The bearing structure cleverly Sacofporates ventilation, lighting, and heating functions. The
e
air enters the buildi Qﬂ e floor and is carried to the roof by the columns and beams,

where it is cir& d thréughout the structure through perforated pipes.

O
QQ
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Figure 3.1 Umea School of Architecture, U&ﬁ\{liversity
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Figure 3.2 Interior showing natural lighting ¢'Umea School of Architecture, Umea

off c%
University §

&
O
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3.2 CASE STUDY 2 - School of Architecture, University of waterloo

According to information gleaned from Wikipedia (Wikipedia 2021), the school relocated to
an old manufacturing facility in Cambridge, Ontario, Canada in September 2004 in order to
expand its facilities and boost the local economy. Levitt Goodman Architects was responsible

for the building's design.

3.2.1 The design description ®

The design is based, in the words of Levitt Goodman Architects, on a a@we known as
"excavation and intervention." By meticulously combining Adistinctive architectural

components while preserving and highlighting the current bu stinctive character, this

approach was intended to transform historic buildings. \§</

A new, three-story atrium, connecting the @ he river and acting as a point of

orientation for everyone entering the schoi%

social and circulation hub where % nd professors congregate is formed by two
enormous steel steps that swin iwb trium area. The neighbouring ground-floor Lecture

Hall was dug out of soli%&the library, classrooms, and offices are on the second floor;

t out of the centre of the design. The main

and the studios and @ re on the top floor, where they have stunning views of the Grand

River and the& mbridge. The pictures in Figures 3.3, 3.4, and 3.5 clearly demonstrate

that the @design included enough natural daylight.
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Figure 3.3 School of Architecture, University of V@therﬂal view)
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Figure 3. ol of Architecture, University of waterloo (External view showing higher

lefe%dow to aid natural lighting)
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Figure 1 of Architecture, University of waterloo (Interior view showing a building

oEfenj oying the benefit natural lighting)
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3.3 Case Study 3 — University of Lagos (UNILAG) Faculty of Architecture

The department of Architecture was introduced in 1980 under the Faculty of Environmental
sciences. The building comprises the undergraduate studio and postgraduate studio (Figure

3.6 and 3.7). The exterior view of the departmental building was shown in Figure 3.8.

The undergraduate studio has a spatial dimension of 9mx9m sufficient to accomriredate
teaching and design activities. It was evident that the building is comprised evel
windows around its perimeter wall which thus aid natural lighting and re% le hot air

from the space thus keeping it ever fresh. Also, the window type-llo&lll\o s for inflow of

air. Q(—:\
The postgraduate design studio, on the other hand, is @&m in size. In order to lessen

sound resonance in the studio, carpet floor finish % n. It was noted that the classroom

space was elevated vertically to a considerab@&ree, which discourages teamwork

The studio table were arranged horf‘ﬁ&’dlong its long side which makes it hard for the
students at the extreme ends (le@iﬂg t) to participate fully.

It can be inferred tha harizontally oriented arrangement of the postgraduate studio

reduces the full o '0 of daylight into the spaces.

o\
S
QQ
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Figure 3.6 Undergraduate Design Studio o

N~

f;@{paﬁment of Architecture, UNILAG
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NI

Figure 3.8 E)@ of the Department of Architecture, University of Lagos (UNILAG)
3.4 Cas — Department of Architecture, Yabatech

Qergraduate studio constructed for the Ordinary National Diploma of Yaba
Technology have a spatial dimension of 18m x 9m. The design studio accommodates both
teaching activities and studio design activities. The studio is densely populated with
inadequate functional and circulation space. Also, the building has no high-level windows as

such doesn't provide adequate natural lighting as shown in Figure 3.9.
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The Higher National Diploma studio (Figure 3.10) has a spatial dimension of 9m x 9m, and it
accommodates both teaching and studio design activities. The studio can be considered to
have a reasonable natural lighting due to the high structure which allows sufficient reflection

of the lighting.

Fig@dinm’y National Diploma Design Studio of the Department of Architecture,

Y

CH
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Figure 3.10 Higher National Diploma D@@

N
N
Q\\‘

dio of the Department of Architecture, Y

S
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Chapter Four
Site Analysis and Design Synthesis
4.1 Study Area

4.1.1 The site of the proposed faculty of Architecture building for Leads City University will

be located in the school premises in-between the boy’s hostel and the faculty of Socia‘\&x

sciences, Leads City University Ibadan, Oyo State. The entire zone is featured @Q/

topography. %\

4.1.2 Site selé'({lg’lfteria

following factors were generally taken into account. Site analysis is very crucial in the design
process in respect to gathering enough information’s during the site inventory that are to be
carefully analysed to address all challenges that may affect the proposed design of the Faculty
of Architecture. The existing features on the site and the adjoining properties must be
properly investigated for effective and functional site planning.
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> SOUTH WEST MONSOON WIND.
HuUMID AND MOISTURE LADEN.

» BRINGS RAINFALL AND COOL

BREEZE.

PREVAILING BETWEEN EARLY JUNE

AND LATE SEFTEMBER

ANNUALLY.

CRITERIA FOR SITE SELECTION
> ltis located within the FMC premises
> Ease of accessibility.
% Sufficient land for the project type.
> ltis easy to locate
> Suitable area for the project fype.

TOPOGRAPHY
The site has aflat and gentle
slope surface. Which slopes

» NORTH EAST HARMATTAN
TRADE WIND, DRY AND
DUSTY WIND.

7 PREVAILING BETWEEN

, armesmar N ROM VEHICLES e s budon_ VEGETATIN
EXPERIENCED this site is loamy It has some trees with shrubs
sail medium height

oot N el Ll v 2o i ADVANCED ARCHITECTURAL DESIGN IV SHEET CONTENT:
-~ Arc.A.JADEMOLA ARC 731 SCALE:
Dr. (Arc) ©.D AYANLERE LEAD CITY UNIVERISTY

Figure<4%e Analysis
The following conditions were 22/@ primarily in the selection of the site project.

Accessibility: it can be acc s%ﬁough the two major roads from the entry and the exit
‘ e

@“. emises.

Availability, ential services and facilities: the services and facilities that must be

entrances into the sc

conside% oosing the proposed site includes water ,electricity , good drainage system
network and easy access to the site .the availability of these services and
infrastructure will the burden of bringing them to the site which are very essential to the

proposed facility.

The location of the site should have functional relationship with other facilities and activities

of the university.

50



Parking facilities is considered for members of staff, visitors and students.
4.2 Project analysis and Design synthesis

4.2.1 Brief Analysis

Proposed Faculty of Architecture, Lead City University.

With the revision of the curriculum of Faculty of Environmental Studies and the di \R

given by the National University Commission, all Departments of ArchitectU\i igerian

Universities are compelled to upgrade their programmes to a Faculty @ ure.
\

The responsibility has been given to us by the University Mana IQ\) come up with a

functional and economically viable proposal for the Fam@hnecture.

In addition to the existing programme, the followin mes are to be incorporated from

Undergraduate level to Postgraduate level: &

S

1. Interior Architecture \%/t

e
Ii. Landscape Arch@
Lii. Industrialﬂ&cgﬁ(dcture

Iv. Urb n.
ite Analysis
Physical Features on The Proposed Site

1. Green trees and shrubs (Vegetation)
2. Favourable climatic conditions: Rainfall, Temperature variation, wind direction and

sun pattern etc.
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3. Soil condition which is rich in laterite.
Green Trees and Shrubs (Vegetation)

Vegetation on the site is dense, with trees, shrubs and grasses which covers the mass in an

uneven proportion all over the site. With a careful examination and analysis of positioning of
the proposed building on site, some of the trees will be brought down completely, whil&some
will be retained and some will be replanted for specific use so as not to destroy tk@b of

the site and to serve as wind breakers. %\%

Soil Type &\ \

The proposed site has a good load bearing capacity with ﬁr@le soil rich with laterite.

This is the general weather conditions found i ivefi place over time. The average weather

condition of a particular place is experier%l\)wer a period of time is 35years. The major and

important elements of climate to(l&%iered for the effectiveness of the proposed project
e

are rainfall, sunshine, relative

Q\\.

The sun, whioﬁ’\%ﬂ{cally overhead at the equator, results in the double maxima rainfall of

y and temperature variation.

Rainfall

April to% . The rainfall pattern of this region is that of the altitude of the midday sun.

rainfalls almost every day within these maxima months. However, the rainfall of
this area, which is mainly conventional, is well distributed throughout the year, with barely

any month without downpours.
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Temperature Variation é
Human response to net radiati greatly influenced by air humidity. The dry season

commences in November an@ ates in March. Abuja records its highest temperature
during the dry season, %\is‘generally cloudless and characterized by low humidity, warm
and dusty air. Th@quently results in extreme temperature such as drastic temperature
changes as s 28% could be recorded in a day. The rainy season is characterized by

due to the dense cloud cover, causing the maximum and minimum temperature

0 about 32%. These significant temperature variations call for some considerations in
the design process especially in the pattern of fenestration and choice of materials. Thermal
comfort can be maintained with the use of materials of high thermal conductivity due to their
less heat condition across the building fabric. Fenestration should be such as would allow a

larger surface to be opened during the dry season and vice versa during wet season.
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Solar Radiation

The average sunshine hours during the dry months of November to March are
between 9-12 hours. This duration of sunshine hours plays a crucial role in design. The
building should be oriented in such a way that the shorter axis faces the east-west direction.
Shading devices are to be such as would minimize the undesirable effect of solar radiation.

Trees, shrubs and lawns will be provided to further cushion the effect of solar radi ]

improving the thermal comfort in the building. g(/

Prevailing Wind '\& \
The North-East trade wind and the South-west mon, %\m\) are the two prevailing

winds that dominate Abuja. The North-East wind is ¢ 3&1 cally dusty and dry, light and
with high velocity, it is prevalent during the ason. This proposed design would

therefore minimize the effects of these ur\i‘\%ﬂe features by minimizing the openings in

the North-east direction and by orienti g(t&e/ uilding so as to reduce the effect of the wind
pressure. This can also be red% use of wind breakers in form hedges and trees. The

other prevalent wind can e optimized by providing large fenestrations and orienting the

building in this direc@) as to maximize its cooling effect.
4.2.3 Design &&’@J

%w factors considered during the design process of the proposed faculty of

Arc@u . These factors are however grouped into two headings.
Env)onmental considerations

There are many environmental factors affecting human being. These factors may be
other living biotic factors or abiotic factors, such as temperature, rainfall, day length, wind,
and ocean currents. Thus, it is necessary to explore those qualities that can help ensure users
comfort, protection and other performance requirements of a building:
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» Site organization: a proper usage of spaces available on the site and planning of the
site is necessary. The proper distinction in various forms of landscape hard and soft is
needed. Pedestrian walkways need to be distinguished from vehicular paths.

» Site Zoning: zoning entails the effective organization and functional disposition of

the available area on the site for specific functions. The orientation of the building and

the building type, the topography, available service, future expansion, @’kr

physical information are examined altogether to evolve a functional sit@,

N\

» Orientation: Orientation for optional breeze is the best position“of the proposed
\
design in relation to wind direction for maximum c&g indoor air velocity.

when the facade is

Although the highest windward pressure is ge%le
perpendicular to wind direction, it has be@ experimentally that when the

facade is at 45° to the wind direction, m: average indoor air movement occurs,
even though pressure at the wind@nd of the window is not at maximum. Better
orientation conditions will bé achieved in this proposed museum when the air stream
has to change directi@ the room than when the flow is direct from inlet to

outlet. * .
> Ventilatioe'} ventilation is the supply of fresh air to and the expulsion of state

air @ ysically enclosed space. Air exchange resulting from ventilation

the cooling effect of the space. This is necessary for room comfort,

Qgpecially in hot-humid climates. Ventilation for this design will be achieved both
artificially and naturally.

Artificial Ventilation: Artificial or mechanical ventilation will be achieved by the use of

mechanical equipment’s to achieve and control air exchange; fans, air conditioners etc are

examples of such equipment. Air conditioners will simultaneously control temperature,

humidity, air purity and movement at desired levels to ensure comfort.
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Natural Ventilation: This does not rely on any mechanical power but on natural movement
resulting in air exchange between the air in the interior space and fresh air from outside. The
factors that influence the natural ventilation include; Vegetation, which will be adopted by
providing it near the building, this will have a considerable influence on the micro-climate.
Trees, shrubs and other plantings would be employed in cutting down solar radiation, glare
and dust. The green areas will be used to ensure that air channelled into the openi \%’d
However, it must be ensured that the presences of vegetation like tall trees do 1t obstruct

airflow and that the proximity does not affect the structure in anyway. @er factor that

affects natural ventilation is Fenestrations; which gives the @Q‘ﬂow of air from
ifffigre ar

windward to the leeward side of a building, is only possible {% openings in both sides.
The position of openings in the proposed building w»% ch that it will encourage air
movement throughout the depth of spaces. Floor o % concentration of flow will be at a

level that suits the function of the space. \&\

i environmental design consideration because it

» Lighting: Lighting is a very %
is only under light that {C(( ¢ and its content can be experienced, and this will
be done aﬂiﬁciall@w ally.

Artificial Lighting: ting through the use of filament bulbs, Incandescent lamps and
fluorescent tubes ggy)me of the means by which lighting will be provided in the building.

They more pre-determined control of illumination according to the nature and
0

fun paces being lit. Generating, artificial lighting for this design will be required to:
g Light the building at night,

o Supplement day lighting, when necessary,

o Provide special lighting on difficult visual tasks,

o Maintain attention on work,

o Ensure safety and alertness
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Natural Lighting: The source of daylight is a reflection from the sky although part of the
natural lighting comes from reflections from nearby facades, atrium and surfaces. In this
project, natural lighting, as much as possible will be enhanced and be looked into specifically
to achieve the best with light coming into the building naturally from the sky, but artificial
means will also be employed .in specialized lighting of peculiar spaces especially in the

workshops where the efficiency of visual work cannot be left to chance. In situatio@e,

where inadequate illumination causes eye straining and discomfort, excessiveflight rgsults in
glare and dazzle, a discomfort of a different kind. Vegetation cover will b@bnﬂy used to
cut down the likely effect of glare due to day lighting. The interi &Qek will be properly

designed to reduce contrast between external lighting fro@@! lighting of the interior

thus avoiding the dazzling effects.

Experiments suggest that horizontal @d immediately above the working
plane of a large working area provides t ké\{o tion to lighting. Research also shows that
a

roof top lighting is the most econom@
area; therefore, sky lighting Wﬂ@e} in the proposed design.

For flexibility ins% Eh proposed building will be designed with more than the

f obtaining a high level of daylight over a large

minimum lighting@?}g especially in exhibition spaces. Lighting needs and system will
ion

vary by the the space and type of display.
>

Q&: The need to insulate buildings against noise from both faculty building

boy’s hostel alongside with other sources of noise is necessary. In most cases, the
acolstics of a space will be satisfactory if a proper balance between sound-absorbing and
sound reflecting materials is created.

Acoustics in all spaces must be comfortable for individuals and groups. It is important
for lecturers are to be heard by their students without disturbing other studios or lecture

classes. Some spaces and functions such as conference rooms, lecture rooms, auditorium,
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must be designed by specialist. Therefore, attention shall be given to elimination of

interference of sound in building.

» Circulation: good circulation (both vehicular and pedestrian) enhances site

organization. Some areas on the site are prohibitive, efficient circulation system will

End Users Considerations ®

The users of the building are taken into consideration. The building cat@the different

control movement away from such places.

cadres of people from the children to the adults and the old peopl @s{ikﬁng also includes
facilities for disable people both at the exterior and interj S"t} building by providing
ramps at strategic parts of the building. The building %g d for the people and not the
people for the building so the building must besd n such way that the users are the
factors that determine the allocation of sp@\an inclusive approach to design from the
planning stage of the proposed desngQ)

N

4.2.4 Conceptual Dev% nt

The design pl&oss(\&h} or the proposed faculty of Architecture is aimed at using character

letters in @n g letters to achieve a form. letters F and A was combined together to
achi@%\ for the proposed building.

aculty rchitecture
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4.2.5 Functional Relationship

STAIR WELL

\ FEI:IRW‘ELL
LECTURE HALL I
—

FIRST FLOOR PLAN

GROUND FLOOR PLAN

(11T O ENTRET AV NG oY ADVANCED ARCHTECTURAL DESIGN IV SHEET CONTENT:
ARC 731 SCALE:

DEPARTMENT OF ARCHITECTURE
2002 SHEET NUO:
| EEE
STAIRWELL

THIRD FLOOR PLAN

Figure 4.4 Bubble diagram
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4.2.6 Space

SPACES AREA (SqM)

ENTRANCE 92.48

RECEPTION 131.93

ATRIUM i

LECTURE HALL 141.54

ARCH SUDIO 100L 103.94

ARCH STUDIO 200L 106.45

ARCH STUDIO 300L 106.44

ARCH STUDIO 400L 106.45 \§\
ARC STUDIO MSC 1 106.44 ’%
ARCH STUDIO MSC 2 106.45 V
LANDSCPAPE STUDIO 100L 91.33 >
LANDSCPAPE STUDIO 200L 82.16

LANDSCPAPE STUDIO 300L 82.16

LANDSCPAPE STUDIO 400L 9133

LANDSCPAPE STUDIO MSC 1 82.16

LANDSCPAPE STUDIO MSC 2 S

LIBRARY 152772

EXHIBITION/PRESENTATION ROOM 153,71

N
Table 4.1 Spa e\% ion
A

SPACES AREA (SqM)

Allocation

INDUSTRIAL DESIGN STUDIO 100L 149.63
INDUSTRIAL DESIGN STUDIO 200L 149.63
INDUSTRIAL DESIGN STUDIO 300L 149.63
INDUSTRIAL DESIGN STUDIO 400L 149.63
INDUSTRIAL DESIGN STUDIO MSC 1 91.33
INDUSTRIAL DESIGN STUDIO MSC 2 82.16
URBAN STUDIO 100L 75.13
URBAN STUDIO 200L 75.13
URBAN STUDIO 300L 75.54
URBAN STUDIO 400L 75.54
URBAN STUDIO MSC 1 75.13
URBAN STUDIO MSC 2

INTERIOR STUDIO 100L 75.50
INTERIOR STUDIO 200L 77.35
INTERIOR STUDIO 300L 75.50
INTERIOR STUDIO 400L 77.35
INTERIOR STUDIO MSC 1 75.50
INTERIOR STUDIO MSC 2

Figure 4.2 Space allocation

60



SPACES AREA (SqM)

DEAN’'S OFFICE
BOARD ROOM
CONFERENCE ROOM
MATERIAL MART
WORKSHOP 1
WORKSHOP 2
OFFICES 1

HOD’S OFFICE
OFFICES 2

FEMALE TOILET (RIGHT)
MALE TOILET (RIGHT)
TOILET 1 (LEFT)
TOILET 2 (LEFT)
CHANGING ROOM 1
CHANGING ROOM 2
HOD OFFICE 2
VIRTUAL ROOM

EXHIBITION/PRESENTATION ROOM (octagonal)

S
RS

@ .

34.68
38.96
53.89
53.89
191.45
150.96
11.84
20.83
10.57
22.09
30.12
30.73
26.00
8.10
17.19
21.56
36.81
192.97

\ ")
Figure 4.3 Space allo \%

&\,
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Figure 4.6 Ground floor plan
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Figure 4.8 Second floor plan
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Figure 4.10 Sections
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Figure 4.14 3 Dimensional drawings
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4.2.7 Construction Methods and Materials

The following building materials will be used mostly on the building exterior/envelope. It is
however not exhaustive of the following wood, bricks, concrete, steel, claddings and skin

walls.

EXTERIOR INTERIOR
ENVIRONMENT ENVIRONMENT \
RADATION  Q, HEAT FLOW ®
RAIN/SNOW  “ii .
HEAT FLOW \%
SOUND %
FIRE FIRE \ \

P — VISION &
DAYLIGHT SHE C-:
AR —— ¥ WINDOW %<E

ENTRANCE/ *

PASSAGE = - 3 DOOR \

A PASSAGE @

ure 4.15 Exterior wall performance factors

\J\
Interior Partition Systems ((?%

Partitions can be used to separate‘places as well as to obstruct visibility, sound, or fire.

Lightweight paﬂitio@ drywall, are easy to transport and can be fixed or demountable.

The slab will gpeﬁed by blocks or brick partitions, some of which may also be load

bearmg@

| to distinguish between the performance of a single panel (which may be high) and

the wall (including) door and apertures as a whole when it comes to sound and fire insulation.

Including with furniture, factors like design calibre, robustness, delivery, continuous
availability, range, and cost must all be taken into account. The same concerns must be taken

into account when installing mobile partitions in conference rooms and auditorium.

67



Additionally, special attention must be paid to support and storage methods as well as

acoustic performance, which may necessitate adding PNEUMATIC SEALS to the joints or

an equivalent.& ‘ \J
@igure 4.16 performance characteristics of portioning systems

NS
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Floor Systems

Popularity of these slabs’ ranges from 1 to 10 meters. They combine the benefits of both
walffle slabs and level soffits. With toppings between 50 and 150mm thick, standard moulds
with depths of 225, 235, and 425mm are employed. A 900mm grid has ribs that are 125mm
broad. Because beam deflection determines depth, they are typically highly strengthened.

Internal beams must be at least 962mm (one waffle) plus two times the width of ‘@ .

They account for a 10kn/m edge loading in their \%
\\

calculations.

((/ 4.17 floor system

DISADVYANTAGES

* HIGHER FORMWORK COSTS THAI
PLAIN SOFFITS

* SLOW. DIFFICULT TO PREFABRIC

REINFORCEMENT SFPAN 5.4
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Roof Systems

Warm flat roof construction is to be used and adopted in some areas for either roofing or roof
deck of some parts of the building. The purpose of a warm roof is to place the isolation below
the waterproofing membrane, which helps to protect the reinforced concrete roof slab from

extreme temperature variations.

FILTRATIOMN =t

DRAINGAGE
AND RETENTION

IMEULATION ———

ROOT BARRIER —— -

Warm consfmdion - Warm oot

WATEREPROOFNG ———

ROOF DECK ———

Fire Control/Pre bSystems
There m@tegic positioning of fire escape stair cases and routes around the proposed

buil@
&e muster points in case of fire outbreak in the building.

Active fire extinguisher installations are used to prevent the spread of fire by detecting and/or

Figure 4.@6%06 characteristics of portioning systems

containing fire in its early phases.

Limiting the spread of fire by compartmentalizing spaces, maintaining them by protecting
openings, and putting out fires in hidden spaces.
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Solar Control Windows

The glass used for the building's windows must be able to shield the interior of the structure
for optimum comfort, minimal energy use, assurance of safety, and last but not least, provide

the optical and aesthetic features that satisfy the designer.

Glass can be advantageous in the winter because it lets light and heat into the buildinK in
the summer, without solar management, it can get uncomfortable hot. By decreas@é&

eliminating the need for air conditioning, solar control glass creates a mor§\ ble

environment while also helping to lower a building's initial investme nggl g operating

expenses, and carbon emissions. ( \
OUTSIDE INSIDE %\
4 N\

Reflectance - the proportion refeciod
hack into the atmosphere

Abnorptance  the proportion absorbed
by the ghass

Direct Trammsittance  the proportion : e . .
i B s g Figure 4.18 performance characteristics of portioning system
Total Trammittamce  the proportion

transmitted through the glass by all means

(abo known as g vadue or sobur fsctorn)
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Chapter Five
Conclusion
5.1 Project Appraisal

This project work investigated the concept of natural lighting in the design of selected
international and National Architecture faculty buildings. It was observed that Arcl‘b’@wl
faculty buildings have integrated designs that aimed to grow into "an internati gl(a/ ratory
of experimental architectural development. They were also embedde@o{eativity and

artistic values. The buildings allowed for the development of an ai ,\&&txfﬂled study space

where everyone could be in the same room at once. They al@ student collaboration,
ot

inspiration from one another, and the sharing of infOM\ ideas.

Additionally, window pattern designs encourag @)f natural light. For one of the case
studies, perforated pipes were used to circulate thte air throughout the structure by passing it
a;d-B

underneath the floor and up the colu% eams to the top.

It was noticed that reliance o@a\l lighting was minimal in the case studies investigated
in this work ® .

In order to re li%cl information retrieved in these case studies on the design of
Architectur@g{}y building of the Lead’s City University, I incorporated a natural lighting
with '&reliance on artificial lighting source. Sky lighting would be tapped through the

\)

u I patterned window design and a roof top lighting to obtain a high level of daylight in

the proposed building design. Furthermore, lighting needs and system will vary by the

function of the space and type of display.
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5.2 Conclusion

The natural lighting in the design of selected Architecture Faculty buildings was investigated
and the Architecture Faculty design was successfully proposed in this project work. Based on
the findings, it can be inferred that the international architecture buildings had adequate
natural lighting features owing to the inclusion of sufficient window and high-level building.
On the other, spacing and position of windows inhibited adequate natural lightin & se
study buildings considered in Nigeria. Hence, building occupants of ca; \t@‘ and 2
raisal, some useful
\

enjoys more benefits of natural lighting. Upon the completion of th&a\
actlty of Architecture

information garnered were considered in the design of the pro &
building, Leads City University were noted. The incluskx)S cient patterned windows

and roof top lighting contributed immensely to t@ ed faculty building design to
ensuring it has adequate natural lighting. %
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Appendix ii (Working Drawings)
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