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Abstract

The research is concerned with the optimum lighting for school classrooms in Khartoum
state, and the study of natural lighting, artificial lighting and the integration between them.

The research aims to investigate visual comfort for occupants of educational buildings in
Khartoum state, also it aims to examine ways that reduce energy consumption, and study the
ways to use natural lighting to solve the lighting problem such as the electricity outlet in the
study area, and the bad distribution of natural lighting.

The methodology used is the analytical descriptive approach, using the case study method,
which has been chosen according to the criteria, (Cambridge Primary School — Almamora,
Khartoum, and Imtidad Nasser primary school), the study takes the measurement of light in
deferent situations in classrooms (student desks, teacher desk and blackboard) by using ordinary
camera and (lux meter) phone application, and comparing the measurements with the standards.

The research concluded with some results, the most important of which are to use the
maximum amount of daylight by studding the openings areas and orientation, also the design of
the artificial lighting will lead to an optimum situation for classroom lighting.

In conclusion, the research has recommendations to achieve the optimum lighting for
school classrooms in the case study area such as taking into account the school classrooms
design requirements in Khartoum, school maintenance and provide support for application of
sustainability concepts in the area of study and make it part of the basic laws either in designing
process or planning.



saliiu

¢ e)L);j\ YRTEN Lé b (e laes Al all &l jasll ‘; L;:\A&\ seliayl il Al ya Caall
Lagins JelSal) A€ 5 doe Ulaa¥) 5 sl 5oLl Al o sk

g LS ¢ sha Al  Ane B G plaedl (8 cpaalaall 5 20a3EN Ay peadl) Aa) 1 pad g ) il Cangs
Jpa ol dmidall Belial) (e B2LELY) A€ Al 30 ae cA8Ual) eBlein) (e Jla3 1 (3 Hhall d) yo )
3eliadl aall i) w3l 5 cilaially Sl je ) Ll g ULS o glaal) 8 3elial) JSLaal Jsla
Al

‘;JJAA.\‘L\QL\L.AYUM\ selia¥) 4l el culda.d\ GA..AJM ‘_“A@.\A\ Aaiad Caanl) 49y Hyha
@Sw%\ﬁ.ﬁh\)ﬂ\ Cual g ce}jn)ﬂ\ iJJ..JA.\ U"‘L"“Y‘ u.u)\AA e )u.a.iu.\.ﬁl\uﬁ" L'):iim)_\ao‘éjw)d
A0Sy g jlia g (il B ) gans g caleal) (i el Y gla) Juadll Jals Jandl ol ¢ guzall

Lol sl daas 1 ualS 5 (lux meter) —iled) Guda aladiuly lld 5 il selay)

Lgtialiue 5 colaidl) Al oy @lld 5 Lpapal) selial) Cpe Baliiuy) Lgwa] il ) Canl) ala
‘Q)A.J\Z\A\)S\ dﬁﬁ;ﬂ:\m\‘)ﬂ\ Q\)Mj\ cnk_u.nl_\li:\:\.c\_i.bm‘a;l.m\ HMAJ\.@.@.);)EJ

DoY) G 38V 7 e Al ol Al i) Belial) (dail Ol g5 Canll 238 Sl g
8 Al aalie Gadaiy (Gail acall aaiy ¢ e laall Dilpa s o laally Aalall o el cililhi
Jashddll g apaail) Jilee 8 Al Gl i) Ga e 3o Ledaa 5 Al Sl dilai



list of contents

Topic
Ly
Approval page
Dedication
Acknowledgement
Abstract in English
Abstract in Arabic
List of contents
List of pictures and figures
List of tables
Chapter one: General introduction
1.1 Background
1.2 Title
1.3 research problem
1.4 research goals
1.5 Research questions
1.6 Research limits
1.7 Research hypothesis
1.8 Research methodology
1.9 Research framework
Chapter two: Literature review
2.1 Introduction
2.2 Classroom design standard
2.2.1 Location
2.2.2 Hallways and corridors
2.2.3 Classroom interior design
2.2.4 Doors and windows
2.3 Lighting in classrooms
2.3.1 Lighting for human needs
2.3.2 Task and zones
2.4 Natural lighting
2.4.1 Daylight for classrooms
2.4.2 Good daylight
2.4.3 Types of windows
2.4.4 Window light transmittance
2.5 Atrtificial lighting
2.5.1 Illuminance

2.5.2 Electrical lighting design for classrooms

2.5.3 Task lighting
2.5.4 Lighting requirements for classrooms
2.5.5 Lighting zones

2.5.6 Selecting lamps

Page No.

Il
v

VI

VIl
VIl

el =
BRERowowoNw~N~NooorwwwNNONONNERE X

NN DNDNNEPEERPR PP -
WNPFP OO N bW



2.5.7 Selecting luminaries
2.5.8 Lighting controls

2.5.9 Classroom lighting layout
2.5.10 Emergency lights
2.5.11Color temperature

2.5.12 Motion sensors
2.6 Complementary lighting
2.7 Classroom finishing & furnishing effects on lighting
2.7.1 Colors / finishes
2.7.2 Furnishing
2.7.3 finishes reflectance
2.8 Summary
Chapter three: Case study
3.1 Introduction
3.2 Methodology
3.3 Study area
3.4 4.4 Criteria of choosing cases
3.4 Case study (1) Cambridge international primary school
3.4.1 General information
3.4.2 Classroom description
3.4.3 Lighting description
3.4.4 Results
3.5 Case study (2) Imtidad Nassir Primary School
3.5.1 General information
3.5.2 Classroom description
3.5.3 Lighting description
3.5.4 Results
3.6 Comparison between case studies
Chapter four: conclusions and recommendations
4.1 Introduction
4.2 Summary of conclusions
4.3 Suggested solutions
4.4 recommendations
List of references

23
26
26
28
28
28
28
29
29
29
30
30
31
32
32
32
33
34
34
34
35
37
37
37
37
37
39
39
40
41
41
41
41
43



No.

Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure 2.11
Figure 2.12
Figure 2.13
Figure 2.14
Figure 2.15

Figure 2.16
Figure 2.17

Figure 2.18
Figure 2.19
Figure 2.20
Figure 2.21
Figure 2.22
Figure 2.23
Figure 2.24
Figure 2.25
Figure 2.26
Figure 2.27
Figure 2.28
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11

List of pictures and figures

Title

Lighting in classrooms

Light diffusing roller shade
Lighting quality diagram

The main components of day light

Room with darker colored surfaces which reflect less light
Lighter colored surfaces improving light efficiency

Types of windows

Roof light concentrates light on the horizontal plane

Wide distribution

Deep distribution

Wide distribution away from the window

Corner distribution also light the walls and reduce contrast
A light shelf helps to spread light evenly into the room
Electrical lighting in a classroom

Illuminance distribution for the reference model and the five basic
models

IHluminance distribution for the reference model and the three
situation models

Illuminance distribution on the blackboard for the reference model
and the three models with two-side daylighting
Lighting zones

Recessed box type

Surface mounted box type

Suspended type

Direct distribution

Semi-direct distribution

Indirect distribution

Classroom lighting layout scheme A plan
Classroom lighting layout scheme B plan
Classroom lighting layout scheme C plan
Complimentary lighting in classroom
Solar radiation received in Khartoum
Cambridge international school
Cambridge international school site
Classroom (A) location

Classroom (A) plan

Classroom (A) finishes

Classroom (A) lamps layout

Classroom (A) with electrical lighting
Classroom (A) without electrical lighting
Imtidad Nassir school

Imtidad Nassir school site

Page

12
13
13
14
15

16
16
16
16
17
18
19

19

22
24
24
25
25
25
25
26
27
28
29
26
33
33
33
34
34
34
35
35
36
36



Figure 3.12
Figure 3.13
Figure 3.14
Figure 3.15
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4

Classroom (B)location
Classroom (B) plan

Classroom (B) finishes
Classroom (B) daylight situation
Open schools form

Multi-storey schools form
Lighting diffuser shade

Sun breakers

36
37
37
38
40
40
41
41

10



No.
Table 2.1

Table 2.2
Table 2.3

Table 2.4

Table 2.5
Table 2.6
Table 3.1
Table 3.2
Table 4.3
Table 3.4
Table 4.5

List of tables

Title
Overview of tasks in a classroom together with the requirements
for the illuminances
Light transmittance
Lamp color rendering groups
Quantities the factors discussed above and is adapted from AS
1680.2.3: 1994
Lamps types
Approximate reflectance of various surface finishes
Classroom (A) luminaries measurement
Daylight factors in classroom (A) in student table height
Classroom (B) Luminaries measurement
Daylight factors of classroom (B) in student table height
Comparison between case studies

Page
11

17
20
21

23
30
34
35
37
38
38

11



Chapter one

GENERAL INTRODUCTION

12



Chapter one
GENERAL INTRODUCTION

1.1. Background:

Learning is a life-long process. In modern societies, in a world becoming increasingly
complex and high tech, we need to be prepared to keep on acquiring new knowledge and learning
new skills.Successful learning in the right educational environment provided in a school which
recognizes talent and ability, encourages active and independent learning which makes education
an enjoyable experience and motivates both students and staff. Since a good quality of light plays
a significant role in the psychological and biological processes of human beings, architecture,
lighting and good visual conditions are closely connected with efficient learning. From literature
we know that performance of students increase by a good visual environment.

The use of electric lighting in schools is one of the important energy costs, so the research
aims to find design possibilities for the optimal use of daylight; however, a classroom is a difficult
space to be lighted with daylight, because of the depth of the classroom and the different tasks
which must be performed in it. A few years ago TNO Built Environment and Geosciences'
conducted a research about electric lighting in schools by order of NOVEM.

The primary objective to be oriented toward the use of natural lighting when possible, or
complementary artificial lighting with natural lighting, is giving a comfortable educational and
working environment in an energetically efficient way.

1.2. Title:

Providing lighting in school classrooms by integrating daylight with artificial lighting and
taking into account other services: ventilation, air conditioning, acoustics and design aspects of
classrooms.

1.3. Research problem:

i.Classroom is a difficult space to be lighted with daylight, because of the depth of the classroom
and the different tasks which must be performed in it.

li.Lack of electricity in schools that negatively affect the activity within the classroom.
ii.Lighting problems in the class such as glare and bad reflections.

1.4. Research goals:
iv.Increase the efficiency of the educational process by providing a comfortable learning
environment for the students and teachers.
v.Achieve sustainability, save energy and reduce electricity consumption in schools during
daytime working hours.
vi.Dealing with the problems of power outage by finding alternative solutions to get energy.
vii.Natural light provides psychological comfort and positive feeling and generates the necessary
activity for the educational process.
viii.Minimize visual problems caused by poor lighting, glare and reflections.

1.5.Research questions:
i.Is there proper lighting in school classrooms in Khartoum City?

13



ii.Have lighting requirements been considered when the classrooms are designed and finished?
iii.Is electricity regularly available in schools, and what are the possible alternatives to get energy?
iv.What are the problems of lighting in classrooms: glare, reflections, shadows and colors, and
what are logical solutions?

1.6. Research limits:

Location boundaries: Khartoum City.

Time Limits: May 2019 - December2022.

Research community: basic public and private schools in Khartoum city.
Study of lighting in classrooms only.

1.7. Research hypothesis:

1. Most public schools rely on daylight which not completes all the need of lighting in the
classroom and causing glare and reflection problems.

2. Most private schools rely on artificial lighting because of the shortage of the space, the problem
will appear when power outage in the school. It's also have a high costs.

3. There are schools that use both artificial light and daylight

4. The imbalance between lighting requirements and other services (such as setting a window that
provides daylight but brings hot air inside the classroom).

5. Classrooms design and finishing.

1.8. Research Methodology:

The methodology used is the analytical descriptive approach, using the case study method,
which has been chosen according to the criteria. Case Study: Cambridge Primary School and
Almamora , Khartoum and Imtidad Nassir primary school, And comparison between case studies
and standard requirements.

1.7.1. This will be conducted by describing the classrooms in terms of:
i.The place and orientation of the classroom.

ii.Weather on the day of the case study.

iii.Dimensions and finishes of the class.

iv.Daylight and intensity of lighting.

1.7.2. Analysis criteria:
i.Conditions and standards of lighting in classrooms.
ii.Daylight effect on classrooms.
iii.Effect of external factors on classroom lighting (power failure - ventilation).

1.7.4. Presentation and analyses of the study case:
e Presentation:

i. Show the classrooms spaces, dimensions, furniture distribution, windows, doors and the
lighting elements in floor plans and sections.

ii. Present the quantitative data of artificial lighting and daylight in tables, drawings and
diagrams.

14



iii. Show lighting qualitative data (brightness distribution, glare, illuminance, shadowing,
modeling, colors and reflections) in points and pictures.

e Analysis:

i. Analyzing spaces in classrooms, vertical and horizontal levels of lighting and comparing them
with standards.

Ii. Making statistical tables for comparison with standard.
iii. Determining the lighting problems in classrooms and their relation to ventilation, air
conditioning and acoustics, and what optimal solutions are.

1.7.4. Tools and measurements used in the case study:
e Tools: Observation, measuring tape, luminance camera, ordinary camera and lux meter
application.
e Measurements :
i.Luminance: ( Ix)
ii.Light sources: lamps description — power (watt)
iii.Daylight factor: relative (%)
iv.Dimensions and levels of class: meters (m)

1.7.5. Conclusions and recommendations:
i. Conclusions:
Present the study conclusions and in tables and points.

ii. Recommendations:
1. Recommend how to maintain positive results and solve problems in classrooms.
2. Recommend a future study for optimal solutions to treat lighting problems in classrooms.
3. It shows in points.

1.9. Research framework:

Literature review Process Mapping
Standards 2 case studies
Previous studies Cases comparison with

l standards

Provide optimal lighting for school classrooms

I

Stakeholders and milestones

Tool validation
15
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Chapter two
LITERATURE REVIEW

2.1 Introduction:

Many educational establishments today consist of large complexes of buildings with lots of
special classrooms, events and sports halls, cafeterias and refectories, administrative offices and
conference zones. Schools, in particular, meet this description because a growing number of
them now spread classes throughout the day.

Every room in a school or educational establishment serves a particular purpose, for which
there are special architectural solutions with special lighting requirements.

For any room in a new or refurbished building, the aim should be to find the best way of
harnessing natural daylight and the requisite artificial lighting. Here, however, the importance of
artificial lighting is often underestimated, although it plays a major role in most classrooms. In
winter especially, the available daylight is generally not adequate.

For media work with projectors, windows need to be darkened. And for scientific
experiments, a special lighting situation is frequently necessary. However, planning artificial
lighting involves more than just ensuring adequate brightness in a room. A differentiated lighting
design incorporating various separately controlled luminaries systems permits the creation of
lighting scenes tailored to requirements. With dimmable room lighting, separate wall washers at
the front of the room and additional luminaries at the entrance. (Gutes Licht)

Fig 2.1- lighting in classroom

Source: google.com/images.2018

2.2 Classroom design standards:

The design, location and orientation of the classroom primarily affect the design and
selection of lighting quality in the classroom. Therefore, the classroom design criteria must be
defined to achieve a good lighting design that reduces energy use and achieves the required
comfort for users.

17



2.1.1 Locations:

e Classrooms shall be located on the lower floors to minimize the amount of traffic that uses
elevators or stairways.

e Larger capacity classrooms should be located closest to the building entry.

e Building codes should provide criteria that would determine the numbers and locations of
building entrances.

e The building design shall provide for ease of access and for convenient vertical mobility of
students.

e A directory that identifies classroom locations should be provided at each entrance along with
a directory of other programs and activities located in the building.

e Classrooms should be located away from noise generating areas such as mechanical rooms,
elevators, vending machines, and restrooms. If physical separation is not feasible, increased
acoustical treatments may be needed. (UConn’s Design-2016).

2.1.2 Hallways/Corridors :

e Hallways should not only be part of the building design and aesthetics, but should also be
viewed as an extension of the learning environment. They should always be as visually
interesting as possible.

e Egress hallways should be sized to accommodate at least double the loads identified in code
due to the large number of students leaving and entering the rooms, and provide gathering space
during class changes.

o Hallways should be viewed as an opportunity to improve classroom acoustics.

« Non-recessed doors that open into the hallways are to be avoided. (UConn’s Design-2016)

2.1.3 Classroom interior design:

e Classrooms should be developed and designed from the “inside out”. The following items
should be considered when creating a new classroom:

e The optimum orientation and of the classroom should be determined by the primary expected
teaching style, the capacity of the room, and the level of mediation.

e Generally, classrooms should be sized in a 2:3 or 3:4 widths to length ratio. Long, narrow,
style rooms are not acceptable.

e The total square footage of each room is to be based on the type of classroom, the specific
capacity and the type of seating

e Classrooms with a capacity of 49 or less are to be as square as possible to allow for greater
flexibility in furniture arrangement, and better sight lines.

¢ In classrooms where the instructor’s workstation is movable, adequate space must be provided
to allow the workstation to be positioned at least 3 feet away from the teaching wall.

e In classrooms with fixed tables and/or fixed seating, the front edge of the instructor’s
workstation must be at least six feet from the front row. (UConn’s Design-2016).
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2.1.4 Doors and windows:

2.1.4.1 Doors:

e Doors should be located at the back of the classroom to ensure that students who are entering
or exiting the space will not disturb instruction. Exceptions include large tiered classrooms or
auditoriums, since those kinds of spaces can require multiple doors. In rooms that require two or
more egress points, the doors should be located as far from the presentation area as possible
while still meeting current building codes.

e Each door leaf to be a minimum of 36” wide, including those used in pairs at double doors.
e Occupancy within the classroom should be clearly (but discretely) visible from the hallway.

e The area of the glass shall not exceed 100 square inches and should be double-paned with
acoustically rated seals. Doors without vision panels shall have either a viewer peep hole
installed to provide a view into the room to check activity or have a separate sidelight.

2.1.4.2 Windows:

e Daylight is an important part of most learning environments. Windows should be included in
classrooms whenever possible.

e Design for easy accessibility. Window coverings shall be manually operable, chain driven
roller shades. Where roller shades are not feasible, manually operated window treatments are
acceptable. .

e When necessary due to window height, a fixed valance or sun blocking panel can be hung at
the top of the window, and an adjustable height, manually operated roller shade can be hung at
the lower termination point of the fixed valance/panel

Use of a light diffusing roller shade in conjunction with a room darkening roller shade is
recommended whenever possible. Percentages of light diffusion will be determined for each
window by evaluating the individual window’s orientation and the intensity of the exposure.

e Use of a light diffusing roller shade in conjunction with a room darkening roller shade is
required. Percentages of light diffusion will be determined for each window by evaluating the
individual window’s orientation and the intensity of the exposure. (UConn’s Design-2016).

mmm i

Fig 2.2- Light diffusing roller shade

Source: google.com/images.2018
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« All window treatments are required to have a non-reflective matte finish and unless otherwise
specified, the color selection should match or blend with the window frame. The blinds should
be installed so they cover the window opening as completely as possible. (UConn’s Design-2016).

2.3 Lighting in classrooms:

Too much or too little light, glare or distorted colors impact on what we perceive, distract
our attention and cause visual fatigue. In all areas of life and throughout the working world, good
and appropriate lighting is a prime requirement for enabling us to see clearly, enjoy a sense of
wellbeing, perform concentrated fatigue-free work and perceive and interpret important
information and our surroundings correctly. This calls for good, professional lighting design.
(Gutes Licht-2016)

\‘/LIGHTING I

Economics, QUALITY
energy efficiency
and the environment

Figure 2.3- lighting quality diagram

Source: google.com/images 2018

2.1.5 Lighting for human needs:
Below are some of the key factors that need to be considered for good lighting design:

i. Hluminance

In daylight, the illuminance of an illuminated surface is between 10,000 lux (overcast sky)
and 100,000 lux (bright sunlight). Indoors, we need to make do with much less light. For writing
and reading, it is generally enough if artificial lighting provides 500 lux illuminance; for drawing
or other visually demanding tasks, illuminance should be at least 750 lux.

The values set out in the standard, however, are minimum requirements. Most people find a
higher level of illuminance more agreeable and more motivating. In winter especially, when the
levels of daylight entering a room are lower, more light is needed to avoid fatigue and loss of
concentration.
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ii. Glare:

Glare is one of the most disturbing side-effects of lighting. Direct glare caused by marked
contrast differences between very bright and very dark surfaces or due to unshielded lamps in
our line of vision place a strain on our eyes and lead to fatigue and mistakes through loss of
concentration .

iii. Shadowing:

Where there is light, there is also a shadow. To ensure that shadows do not impede our view
when writing, the light should fall - for a right-handed person - from the left. If the light comes
from the right, we write in the shadow of our own hand. (Gutes Licht-2016).

iv. Brightness distribution:

When we are in a room, our gaze incessantly switches from near (desktop) to far (walls).
Where there are marked differences in brightness between these two zones, our eyes face the
constant need to re-adapt and thus get tired more quickly. Visual performance and sense of
wellbeing diminish.

Where the differences in brightness are not marked enough, however, the room makes a
monotonous impression. It is recommended here that desktop luminance should not be less than
1/3 of the luminance in the immediate surroundings.

v. Glare limitation:

Glare is one of the most unpleasant visual problems of all. Being dazzled by a general-
diffuse lamp or the reflection of a window on a computer screen affects our visual acuity and
impedes our performance. Direct and reflected glare can be largely avoided by good room and
lighting design.

vi. Modeling:

Without light we cannot see an object at all, without shadow it is just a two-dimensional
image. Only where light comes from the right direction and where the depth of shadow is correct
can we perceive objects as 3D images and gauge distances. To recognize three-dimensional
objects, surfaces and structures, we need light and shade.

vii. Light and color:

The way we perceive colors under artificial light depends on the color rendering properties
of the lamps. Lamps with good color rendering properties produce natural colors, lamps with
poor color rendering properties cause color distortion.

viii. Reflections on paper:
Especially where glossy materials are used, poorly shielded luminaires cast disturbing
reflections. Well shielded luminaires avoid this effect and permit all materials to be studied with
ease. (Gutes Licht-2016).
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2.1.6 Tasks and zones:

In order to get a good lighting concept, knowledge of the different tasks in classrooms is
important. Each task needs its own light conditions. During the day there are a number of
different visual tasks in a classroom. So, high requirements for the light quality are important.
(Truus de Bruin-Hordijk, Ellie de Groot)

Students and teachers have benefit by a lighting which supports them optimally in doing
their activities. Important for a good lighting design is that the needs of the human being are
central, but in the same time the energy efficiency may not be neglected.

The following values for luminances and contrasts have been required: the luminances must
be below 3000 cd/m? and the luminance contrasts in the (wide) visual field must be lower than
1:30.

Table 2.1- Overview of tasks in a classroom together with the requirements for the illuminances

Source: Truus de Bruin-Hordiik, Ellie de Groot.

Task [the teacher the student Standard llluminance
In the class |In general
1 Writing on blackboard Reading on blackboard 500 Tux 200 Tux
(vertical)
2 Talking to the students Paying attention to the teacher 300 lux 300 lux
3 Showing a presentation LCooking onto the screen 300710 Tux TO Tux

(slides, powerpoint,

television program, etc.)
! Paying attention to Writing, reading drawing, €ic. 300 Tux 300 Tux
working students

LooKIng to the computerscreen

5 Coaching computer and 50 lux 300 lux above
activities the paper the computer
§ Preparing lessons Not present 300 lux 50 lux

According to the tasks of teacher and student and the light requirements for the different
activities the classroom has been divided in zones: A blackboard zone and a classroom zone. The
classroom zone has again been divided in two zones parallel to the facade in order to create the
possibility to optimize the use of daylight: a window zone and a corridor zone.

2.4 Natural lighting:

Natural daylight has enormous physiological benefits and there is much research evidence of
a positive correlation between concentration, performance, results and improved natural daylight
within educational facilities.

Natural day lighting should always be the main source of lighting in schools, supplemented

by electric light when light fades later in the day or during overcast weather. (UK and Ireland Sales
Enquiries).
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2.4.1. Daylight for classrooms:

The daylight factor, which is the percentage of the illuminance outdoors received at a point
indoors, has three components (fig 2.4):

e The sky component received directly from the brightness of the sky.
e The externally reflected component received by reflection from external surfaces.
e The internally reflected component.

&
0
W

Internal reflections

~— Adjaceni building

Fig 2.4- the main components of day light
Source: BRANZ Ltd-2007

I. Sky component:

Being able to see part of the sky is important for classroom occupants. Those who are in a
part of a room without a sky view tend to think the natural light they are getting is unsatisfactory.
Extra electric light may be needed to overcome this.

ii. Externally reflected component

Light reflected from external surfaces forms a great proportion of the light available inside a
room, especially if a large portion of the sky is obstructed by nearby buildings. The reflected
light component will be higher if the obstructing building is light colored. (BRANZ Ltd-2007)

iii. The internally reflected component:

Light reflected by the ceiling, walls and floor helps to spread daylight to the darker areas of
a room which are furthest away from a light source. Using surfaces with more reflectance
(lighter colored) can greatly improve lighting efficiency (Figures 2.5 and 2.6). A lighter colored
room also provides better daylight distribution, improves brightness ratios and is visually more
comfortable.
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Dark colored pin boards or fabric wall coverings can reduce internal daylight levels because
they absorb light.

70% 90% #*
40% 40% 70% 70%
Ry Lighter coloured walls
and pinboard
“«
40% % 70% 1%
P ol &
/
o=l v
PV
20% s T 40%
Figure 2.5- room with darker colored surfaces Figure 2.6- lighter colored surfaces improving
which reflect less light light efficiency
Source: BRANZ Ltd-2007 Source: BRANZ Ltd-2007

2.4.2. Good Daylight :
The main principles to follow for day lighting for classrooms are:

1. Avoid direct sunlight

2. Avoid over-glazing which can create excessive solar heat gain in summer and major heat loss
in winter

3. Ensure light sources are balanced to give even but interesting lighting

4. Provide windows with a view

5. Eliminate glare

Give users control when needed. (BRANZ Ltd-2007)

2.4.2.1. Avoiding direct sunlight:

Direct sunlight is an extremely strong source of light and heat. It has no place in classroom
day-lighting design and should be avoided because it can cause visual discomfort, glare and
thermal comfort. Below are the practical methods of excluding direct sunlight:

Correct window orientation

Fixed solid overhang for shading

Horizontal or vertical louvers, depending on orientation
Landscaping

e Interior blinds.

2.4.2.2. Avoiding over-glazing :

For new buildings careful expert design for daylighting will ensure windows are the right
size and in the right place. The amount of light and heat can be controlled by:

e Methods described above for excluding direct sunlight.
e Correct window placement.
e Correct window size.
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2.4.3. Types of windows :

Because daylight illumination falls off with distance from the windows, adding clerestories,
roof lights or borrowed lights can improve the level and distribution of daylight. Additional
sources of natural light also enhance and enliven the room (see fig 2.7).

Types of windows
o Skylight or roof window

Proprietary roof light or Purpose designed
dome light \ roof light
Clerestory light /
Side window —— Borrowed light

Borrowed light st

Fig 2.7- type of windows
Source: BRANZ Ltd-2007

i. Roof lights:

e Admit light from the brightest part of the sky

e Can provide a more even distribution of additional light across a space

¢ Allow you to see the sky

e Need careful design to avoid glare

o Need careful design if black out is required

e Require careful design to avoid direct sunlight and solar heat gain

o Need regular cleaning and maintenance.

o Need careful design to prevent accidents with maintenance workers or students accessing the
roof.(fig 2.8)
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Figure 2.8- Roof light concentrates light on the horizontal plane

Source: BRANZ Ltd-2007

ii. Clerestory windows
The advantages of clerestory windows are they:
e Are high up and so let in light from a bright part of the sky
o Are unlikely to be obstructed by trees or other buildings
e Can provide light to the darker part of a room
e Give you some idea of what it’s like outside
e Can provide extra ventilation.
However, they:

o Need careful design to avoid glare
e Can be difficult to black out
e May require shading to avoid direct sunlight and solar heat gain.

iii. Borrowed lights

Windows between interior spaces can:

¢ allow you to see between spaces

e improve lighting levels where light is borrowed from a well-lit space eg, a top-lit corridor
or an atrium

e provide a pathway for sound to travel between rooms.

iv. Windows with a view:

It is essential that people can see out of the buildings they spend much of their day in.
Windows with a view allow us to keep in touch with changing weather and the time of day — this
avoids a feeling of being shut in. A view allows us to break from close work, this is important for
students and teachers especially when working on computer or doing fine art, and can be good
for relaxation and learning.

With traditional windows in the long wall of a classroom care must be taken to:

e Position the sill at a suitable height
e Exclude direct sunlight to avoid unwanted solar heat gain
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e Ensure satisfactory ventilation.

v. Additional sidelight windows:

Lighting from supplementary sidelight windows, especially on the opposite wall to the main
source of light, can greatly improve the quality and distribution of light. They can also look good
from the outside. Figures 2.9, 2.10, 2.11 and 2.12 show the lighting effect of various types of
windows.

i
Figure 2.9 -wide distribution Figure 2.10- deep distribution
Source: BRANZ Ltd-2007 Source: BRANZ Ltd-2007

Fi t
from the window the walls and reduce contrast

Source: BRANZ Ltd-2007 Source: BRANZ Ltd-2007

vi. Light shelves:

A light shelf is a single large horizontal louver which cuts out direct sun and reflects light
from its top surface deeper into the room, improving light distribution. Light shelves are suitable
for north-facing windows in rooms with high ceilings. Ideally, a light shelf should project
through the window plane so there is a small clerestory window above. The top surface of the
shelf should have a high light reflectance and be kept clean and clear (fig 2.13).

Light shelves are suitable for new buildings, but can be installed as part of a major refit.
(BRANZ Ltd-2007)
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Figure 2.13- A light shelf helps to spread light evenly into the room
Source: BRANZ Ltd-2007

3.4.4 Window light transmittance:

Different types of glass transmit a different proportion of the available light. Glass used to
limit heat gain or provide insulation will also transmit less light.

Sometimes it is better, and costs less, to use clear glass in a smaller window that will transmit the
same amount of light as tinted or reflective glass in a larger window. Table 2.2 shows the
transmittance and insulation values of some types of glass.

Table 2-2: light transmittance

Source: BRANZ Ltd-2007

Type of glass Light transmittance
No glazing 1.0

Single-glazing 0.87

Double-glazing

e Clear glass 0.75

e Low-e glass 0.65

e Tinted glass 0.30

2.5 Artificial lighting:
Even if the school is well day lighted, an electric lighting system is needed for inclement
days, early and late winter hours, and evening classes. The challenge is to provide a lighting

system that is energy efficient, has a long life, and requires minimal maintenance. (James R. Benya-
2001)
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The main aims of artificial lighting (as for day lighting) are:
e Functional — so tasks can be carried out accurately, comfortably and safely
e Amenity — to provide a pleasant, stimulating environment.

Fig 2.14- electrical lighting in a classroom

Source: Google.com/images 2018

2.5.1 Illuminances:

The illuminances in the classroom zone have been simulated at desktop level at a 16-points
grid, in order to make a differentiation for the different student places in the classroom. The
vertical illuminances on the blackboard are simulated too, with a 15- points grid. The simulations
have been done for a cloudy sky (CIE-overcast sky) at 21 December at 12 o'clock. The walls and
the ceiling of the simulated classrooms have been chosen ‘off-white” with reflection coefficient
of 67% and the floor 'yellow" with reflection coefficient 37%.

Figures (2.15 and 2.16) show the the illuminances on a line at the middle of the classroom.
All the models show illuminances below 500 lux on the blackboard; figure 2.17 shows the
illuminances on the blackboard for the reference model and the three classroom models which
receive daylight from two different sides.( Truus de Bruin-Hordijk, Ellie de Groot)
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Fig 2.15-: llluminance distribution for the reference model and the five basic models

.Source: Truus de Bruin-Hordijk, Ellie de Groot
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Fig 2.16-: llluminance distribution for the reference model and the three situation models
Source: Truus de Bruin-Hordijk, Ellie de Groot
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Fig 2.17-: llluminance distribution on the blackboard for the reference model and the three models
with two-side daylighting

Source: Truus de Bruin-Hordijk, Ellie de Groot
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2.5.2 Electrical lighting design for school classrooms:
Basic electric lighting quality will depend on the:

Amount of light.

Color appearance of the light.

Ability of the light to make color look correct.

Amount of glare.

2.5.2.1 Amount of light:

As lighting installations age and collect dirt they give less luminance. To compensate,
luminance levels are specified as the minimum the installation is designed to give during its
lifetime. This is called the *maintenance illumination” and is expressed in lux.

2.5.2.2 Color appearance and color rendering:

The color of the light given out by different artificial light sources appears to have varying
degrees of warmth or coolness. The colors (called the correlated color temperature or CCT)
needed for different functions are simplified into three groups: (warm, intermediate, cold).

The ability of the light to make color look correct (compared to daylight) is expressed as the
color rendering index (Ra). Lamps are arranged in groups according to their Ra. Table (2.3)
shows those groups appropriate for use in teaching spaces. (BRANZ Ltd-2007)

Table 2.3- lamp color rendering groups

Source: BRANZ Ltd-2007

Group ((Fizlzgprrs:)derlng Index Typical applications
1A 90 and over where high accuracy color matching is
necessary
1B 80-90 where accurate color judgment is required
2 60-80 When moderate color rendering is adequate
2.5.2.3 Glare:

Glare causes visual discomfort when parts of the room are overly bright. Glare index is a
numerical index which enables the discomfort glare from lighting installations to be ranked in
order of severity. The maximum glare index can be given for lighting installations so they can be
designed accordingly.

2.5.3 Task lighting
A luminaire which illuminates only a limited area can be used to supplement background
ambient light where:
i. there is a task requiring close work
i. increased illuminance is only needed over a small area
iii. strong directional lighting is required
iv. the general lighting is obstructed
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v. higher light levels are needed by a student with vision impairment

2.5.4 Lighting requirements for classrooms:
Table 4 quantities the factors discussed above and are adapted from AS 1680.2.3: 1994,

Table 2.4- specific recommendations for teaching spaces

Source: BRANZ Ltd-2007

Maxi
Type of space Maintenance Lamp appearance Lamp colour mum Comments
illumination glare
lux group rendering group index
Multi-purpose halls
'general use 160 warm or intermediate 1B or 2 19
rsocial use 80 warm or intermediate 1B or 2 19
rexaminations 240 warm or intermediate 1B or 2 19
theatre use Special
Requirements
General classrooms 240 warm or intermediate 1B or 2 19
Workshops 240 with task
Lighting
/Art rooms 400t0 800  warm or intermediate 1A 16 see Specialist
Teaching
Spaces
Laboratories 320 warm or intermediate 1A or 1B 19
Music rooms 320 warm or intermediate 1B or 2 19
[Textile craft rooms 320 warm or intermediate 1B or 2 19 task lighting
Gyms 320 warm or intermediate 1B or 2 19 see Specialist
Teaching
Spaces
Libraries 240 warm or intermediate 1B or 2 19 see Specialist
Teaching

Spaces




2.5.5 Lighting zones:

As arule, all classroom spaces will have LED lighting organized into a number of zones and
controlled from instructor’s station through the AV control system and at the entrance doors.
These zones can be combined and dimmed to create any number of different lighting scenarios.
Classroom lighting should include day lighting, multi-modal lighting, controllability, and
optimize energy performance. A room can be zoned based on the amount of day lighting
available, with each fixture responding to the amount of light at any time and location. (UConn’s
Design-2016)

The zones described below are functional zones. There are five functional lighting zones in
most classrooms (Fig 2.18):

~
N

Zonel

Zone 2 4+—

N ——

o - ——

-

e

Zone 3

Fig 2.18-: lighting zones

Source: The author

Zone 1: Main classroom lighting: (student seating area) this zone services students and
allows them to read and take notes in class. Use multi-directional recessed (lay-in) fixtures that
cast a modest amount of light downward (35%) and a larger amount of light toward the ceiling
(65%), provides a comfortable overall lighting with relatively high efficiency. Avoid pendant
mount fixtures.

Zone 2: Instruction area: (front of classroom and lectern area). Design whiteboard and
demonstration table lighting to provide visibility when the room lights are at full intensity. The
foot candles in this area should be consistent with the overall lighting of the room.

Zone 3: Non-projection white board: (board that is not obscured by a lowered projection
screen). Lighting of white boards during concurrent AV presentations allows instructor to write
on the board while in projection, without light bleeding over onto the projected image.

Zone 4: Projection white board: (board that is obscured by a lowered projection screen)
Use the same requirements as Zone 3 during non-projection mode.
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Zone 5: Instructor workstation: The instructor should be able to read notes and use
on-board AV equipment with low-light conditions of projection mode.

2.5.6 Selecting lamps:
Fluorescent lamps are suitable to light all teaching spaces.

Table 2.5- lamps types

Source: BRANZ Ltd-2007

1) General lighting (Type T8 or T5):

e long life
high efficacy § /
good color rendering /
low installation costs " »

e can be dimmed =

2) Fluorescent lamp Type T8:

e good energy efficiency Z

e low-cost lamps and controls vjp/ )

e lower mercury content v/
e will run off standard or high frequency control g

gear N
3) Fluorescent lamp Type T5:
e more compact than T8
¢ highest efficacy
e will run off high frequency control gear (which —
IS more expensive but recommended) i

4) Use compact fluorescent lamps in task lighting luminaries and in place
of tungsten lamps:
e |onger lasting

e lower energy use

2.5.7 selecting luminaries :

Luminaries are the total light delivery unit including lamps, lamp holders, reflectors,
diffusers and control gear. One of the critical factors affecting the choice of luminaries is the way
light is distributed (how much is directed downwards, outwards and upward).

There are three basic types of luminaries suitable for general teaching spaces:
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3.5.7.1. recessed box (or trough) type for use in suspended ceilings:
e generally only suitable for suspended ceilings

e generally give direct light

e may be fitted with a range of diffusers

e may have a high degree of glare

e do not light the ceiling

Fig 2.19- recessed box type

Source: Google.com/images

3.5.7.2. Surface mounted box type:
e Suitable for most ceilings.

e May give direct light and some indirect light, depending on the design and type of diffuser
used.

e May throw some light on the ceiling.
e Glare is reduced by some indirect lighting.

Fig 2.20- surface mounted box type

Source: Google.com/images 2018
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3.5.7.3. Suspended (pendant) type:

e Suitable for most teaching spaces.

e May give direct light and a high proportion of indirect light, depending on design.
e Can light the ceiling.

e Minimum glare and even spread of light.

Fig 2.21- suspended type

Source: Google.com/images.2018

These are available with various types of diffusers, such as:
a) prismatic — which scatters the light
b) Louvered —which shields and directs the light . (BRANZ Ltd-2007)

The light distribution of luminaries may be:
e Direct —all the light is directed down to the working plane as it is with recessed luminaries.

e Semi-direct — some light is directed down and some is allowed to reflect off the ceiling and
walls to light the working plane.

e Indirect —all the light is reflected from walls and ceiling to the working plane.

cenwa s
4 =5 5
cenwd
Fig 2.22- direct distribution Fig 2.23- semi-direct distribution
Source: BRANZ Ltd-2007 Source: BRANZ Ltd-2007

P, X

2nzbeuziou \og

4

cewwd
Fig 2.24- indirect distribution

Source: BRANZ Ltd-2007
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2.5.8 Lighting controls:

Controlling the level of electric lighting can make large power savings. The simplest,
cheapest type of control is manual switching. There is a tendency, though, for lights to be left on
when they are not needed.

i. Initiate a power-saving regime and educate all users.
ii. Switching lights in groups.
iii. Manual control switches.
iv. Dimming — ability to reduce the light output from the system.

2.5.9 Classroom lighting layout:
Here are three possible layouts for typical classrooms or similar teaching spaces. They are
not to scale and not lighting designs:

Scheme A (Fig 2.25): is an acceptable lighting installation because:
e The recessed lighting fixtures are arranged parallel to the windows to give good integration
with daylight
o three rows of recessed directional luminaries will give a good spread of light at the working
plane
¢ the rows of lights are switched separately so artificial lighting levels can be adjusted in zones
to suit the level of daylight available
o the board is separately lit by a pelmet-type luminaries
e Occupancy sensor with manual on-switches will save power.

B 123 switches

Line 3
Pelmet-type board light B N~ Occupancy sensor
Line 2

/

Recessed direct light luminaires

Ceiling appears dark against lights
Line 1

Windows

Fig 2.25- classroom lighting layout scheme A plan

Source: BRANZ Ltd-2007
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Scheme B (Fig 2.26): is a better lighting installation than Scheme A because:

surface mounted semi-direct luminaires will give a wider, more even, spread of light
wider distribution of light will throw some light on the ceiling and walls, reducing glare
wider distribution of light allows the economy of two rows of fixtures

continuous luminaries reduce contrast and improve light distribution

the board is separately lit by a wall washer-type luminaries

Occupancy sensor with manual on-switches will save power.

B 12 switches

Line 2
) W~ Occupancy sensor

Recessed linear

wall wash to Ceiling is partly lit by indirect
light the board light
-
Surface mounted semi-direct luminaires
Line 1
Windows
| * )

Fig 2.26- classroom lighting layout scheme B plan

Source: BRANZ Ltd-2007

Scheme C (FIG 2.27): is better than Scheme B because:
indirect/direct pendant luminaries give a more comfortable, more even, spread of light
the indirect light component lights the ceiling, reducing glare to a minimum
the board is separately lit by a bracket-type luminaries
it is the most cost-effective scheme
occupancy sensor with manual on-switches will save power
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B 12 swiltches Ceiling is well lit and contrast with lights
reduced

Line 2
W~ Occupancy sensor
Bracketed type
board light B
Direct/indirect light pendant luminaires
Line 1
Windows
[ | [ |

Fig 2.27- classroom lighting layout scheme C plan

Source: BRANZ Ltd-2007

3.5.10. Emergency Lights
Isolate emergency light radiation away from the projection screen.

3.5.11. Color Temperature

The color temperature for all light fixtures should be the same. The color temperature goal is
3200 degree Kelvin. Color temperature range of 3000-3500 degree Kelvin is acceptable as long
as all of the fixtures are the same. (BRANZ Ltd-2007)

3.5.12. Motion Sensors:
Motion sensors are preferred in all rooms. When installing motion sensors, be sure to set
timer to maximum to avoid light shut off during low-motion activities such as test taking.

2.6 Complementary lighting:
When daylight fades later in the day, on overcast days, or when additional lighting is needed
for specific tasks, electric lighting supplements or takes over. This is a staged process.

To perform well and be cost-effective under changing circumstances, electric lighting design
must be carefully integrated with day lighting design and be flexible. The installation must
provide for:

e Close work lighting — often supplementary to daylighting so specific tasks can be carried
out accurately and comfortably.

e Combined lighting - daylighting complemented by artificial lighting where the
daylighting is reduced eg, in deep rooms or as daylight fades.
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o Full electric lighting — when daylight is insufficient eg, in the evening or at night.
(BRANZ Ltd-2007)

Fig 2.28- complimentary lighting in classroom

Source: BRANZ Ltd-2007

2.7 Classroom finishing & furnishing effects on lighting:

2.7.1 Colors/Finishes:

e Specify an anti-static, high traffic, commercial grade carpet tile. No solid or light colors are
permitted.

e To accommodate classroom lighting and technology requirements, the ceiling height of all
classrooms should be no less than twelve feet above the finished floor.

e Accent walls are desired. Avoid using accent color on front wall or walls that might reflect
onto projection screen.

o Specify highly durable finishes that are easy to maintain.

e Use of approved “green” products in all applications is required.

2.7.2 Furnishing:

e Laminated work surfaces shall be constructed of high-pressure plastic laminate applied to
solid wood or hardwood plywood. Tops shall have a non-glare. Medium tone surface to reduce
eye strain.

e A high-fired, ceramic-covered steel, dry marker writing surface shall be provided in each
classroom. (UConn’s Design-2016).
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2.7.3 finishes reflectance :

Table 2.6- Approximate reflectance of various surface finishes %

Source; BRANZ Ltd-2007

White gloss tiles 0.85

wmtesemgmss pa| nt Onsmoommaster ....................................................................................................................... 0 3 ____________________________
Ught grey pamt ........................................................................................................................................................................................... 0 7 ............................
wmteamustlcce Ilm g t IIES .............................................................................................................................................................. 0 7 ____________________________
Natura”ad,a[ap meplywmd ....................................................................................................................................................... 0 55 _________________________
M,dgreypamt .............................................................................................................................................................................................. 0 45 _________________________
Va rm ShEdpmemWOOd .................................................................................................................................................................... 0 45 _________________________
Va m] ShEdpmusradlataboards ................................................................................................................................................. 0 3 ____________________________
Va rm ShEdpadeboa rd ..................................................................................................................................................................... 0 25 _________________________
Darkgreypamt ........................................................................................................................................................................................... 0 1 5 .........................
camEt ................................................................................................................................................................................................................... 0 HG 045 ........
Quarw t”es ...................................................................................................................................................................................................... 0 1 _____________________________
B|ackpamt ...................................................................................................................................................................................................... 0 05 _________________________

2.8 summary:

In order to ensure visual comfort in the classroom, the appropriate amount of lighting should
be provided is 240 lux, which is obtained by integrating between natural lighting and artificial
lighting.

Daylight is the main and important source for lighting in classroom, therefore the location of
the classroom must be chosen correctly and placing the openings at 18% of the walls area with
taking into account the light distribution and glare. The finishing of the classroom affects
reflections and luminance, therefore the class walls and roof should be finished by light color
with reflection ratio 70% for walls and 90% for ceiling, the floor reflection ratio is 40%.

The artificial lighting is distributed on the ceiling lamps, which ranges from 4 to 6 lamps
according to the lamp luminance, and distributed it with one of the distribution types for
classrooms to achieve the visual comfort.
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Chapter three

CASES STUDY
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Chapter three
CASES STUDY

3.1 Introduction:

Providing the optimal lighting is one of the major requirements for school classrooms,
which is affect on student performance. So that must provide adequate daylight to improve the
performance, energy saving and deal with power failure problems. Also an artificial lighting
system must be added to get perfect lighting in all ambient environmental conditions.

Schools in Sudan faces allot of problems in lighting applications and power supplying. Lake
of standardized criteria for classroom design in Sudan led to a variation in the use of lighting
between different schools in the area.

3.2 Methodology:

The methodology used is the analytical descriptive approach, by studying two classrooms in
different schools in Khartoum which has been chosen according to the criteria, (Cambridge
Primary School in Almamora and Imtidad Nassir primary school) This will be conducted by
describing the classrooms in terms of: The place and orientation of the classroom, Weather on the
day of the case study, Dimensions and finishes of the class, Daylight and artificial lighting.

The cases have been studied by taking lighting measurements in different places in the
classrooms and comparing them with the standards. Ordinary camera and lux meter application
were used for taking measurements.

3.3 Study area:

The lighting of classroom; natural and artificial both, was studied at two different schools in
Khartoum city, which is located at almost the northeast center of the country 15 and 16 degrees
latitude north, and between 31 and 32 degrees longitude east.

Khartoum features a hot desert climate with a dry season occurring during winter. The sky is
clear most of the year months, accept rainy months; July, August and September it's cloudy.

Solar radiation received in Khartoum

o Tit 15
B OFT ANG

kWh/m2/day
Qo =2 N W 2 0 N

& L @ & W P @
F P @@y YL S FS

Month

Fig 3.1- solar radiation received in Khartoum

Source: Google.com/images
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4.4 Criteria of choosing cases:
The schools in Khartoum can be classified into two types; open space schools and multi-

storey schools.

The open space schools like governmental schools, private schools in rural aeries and

old schools. This type of schools has an open form and most of them are built as a

Open spaces \<

—
(T : 7\> Classes

\

school.

The multi-storey schools like most of the private schools and the international
schools. It's usually tenant buildings (Originally they were residential buildings).

Open spaces <—_|

—® Classes

14

open schools form

:Sourge: The

uthor

[ ]

I

Fig 4.2- multi-storey schools form

Source: The Author
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3.5 Case study (1) Cambridge international primary school:

3.4.1 General information:

The school is located in Khartoum — almaamora, in the South part of Khartoum city. The
Cambridge Complex is the largest pre-university education complex in Sudan (Fig 3.3). It is
located on an area of 4000 square meters and consists of 6 floors containing more than 120
classrooms, in addition to laboratories, halls and external spaces.

Fig 3.3- Cambridge international school site

Source: Google.com/Maps

Fig 3.2- Cambridge international school

Source: The Author

3.4.2 Classroom description:
a) Place and orientation:

The classroom (A) located on the north side of the fourth building, it was facing the outer
courtyard from the north and the corridor from the south, that corridor was a part of the internal
semi shaded courtyard (Fig 3.4).

Fig 3.4- classroom (A) location

Source: Eng. Tayseer Musa
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b) Dimensions and finishes:

The classroom has a white ceiling and light yellow walls. The measurements were taken
with furniture inside the classroom. The classroom has more or less a square shape with
dimensions of 6.0 m x 4.75 m and ceiling height 3.15 m. it has two windows on the south side
and one on the north side, all of them are made from aluminum (see fig 3.5). It has variable
furniture, white board, small cabinet, plasma screen and some accessories (such as a wall clock

and junk packet) Fig3.6.

6.00
JigEiee
(o[ lo[ o[ o
JI™ e

Fig 3.5- classroom (A) plan

4.80

Source: The Author

3.4.3 Lighting description:
a) luminaries:

Fig 3.6- classroom (A) finishes

Source: The Author

By using luxmeter application in a Smartphone the luminaries in the classroom has been
measured. Table (3-1) shows the luminaries measurement in the middle on the whiteboard and
the outer left and right part of the classroom. The measurement was taken with and without

electric lamps.

The classroom has four led lamps 60*60 cm (fig 3.7), and there was no asymmetric board

lighting.

Table 3.1- classroom (A) luminaries measurement

Source: The Author

' i e 1

=

Luminaries (lux)

A B C
With electric lighting 255 250 154
Without electric lighting 17 12 15

—
Fig 3.7:- classroom (A) lamps layout

Source: Eng. Tayseer Musa

o

(e lelE

D ol

\[——

c/

46



b) Access to daylight:
The daylight factors were measured on 24 June 2019 in a clear sky. The sun was leaning

south because the season was summer, and leaning east because the time was 11:00 am in

afternoon.
Table (3-2) show the daylight situation of the classrooms with daylight factors measured on

a regular grid on table height (0.75 m)

Table 3.2- daylight factors in classroom (A) in student table height

Source: The Author

Window White Corridor
zone board zone
Daylight factor (%) 0.06 0.04 0.05

Figures 3.8 and 3.9 show luminance pictures, taken with a luminance camera with
panoramic view, from the back-side of the classrooms. It shows the situation for a sitting student
with eye level on 1.2 m. The figures show the daylight situation with and without electrical

lighting.

Fig 3.8- classroom (A) with electrical lighting
Source: The Author

Fig 3.9- classroom (A) without electrical lighting

Source: The Author
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3.4.4 Results:

e The artificial lighting is well chosen and distributed in the classroom.
e The daylight in the classroom was not enough, due to the lack of opening spaces in the class.
This problem is not contributing to energy saving and being affected by the power outage in

Khartoum.

3.6 Case study (2) Imtidad Nassir primary school:

3.5.1 General information:

The school is located in Khartoum — Imtidad Nassir, in the north part of Khartoum city
(Fig 3.11). It is located on an area of 6,500 square meters and consists of three ground floor

buildings; each one has three classrooms and two offices.

o

Fig 3.10- Imtidad Nassir School

Source: The Author Source: Google.com/Maps

3.5.2 Classroom description:
a) Place and orientation:

Fig 3.11- Imtidad Nassir School site

The classroom (B) located on the south side of the school; it was facing the outer courtyard

from the north and the corridor from the south (Fig 3.12).

W D7 emuin.

Class B

Class

V)2
k Class 3

Fig 3.12- classroom (B) location

Source: The Author
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b) Dimensions and finishes:
The classroom has an iron roof without ceiling tiles. It has light yellow walls. The

measurements were taken with furniture inside the classroom. The classroom has more or less a
square shape with dimensions of 7.50 m x 4.70 m and ceiling height 4 m. it has four windows on
the south side and three on the north side, all of them are made from iron. It has variable
furniture and a black board (see fig 3.13 and 3.14).

4.70

L )

Fig 3.13- classroom (B) plan Fig 3.14- classroom (B) finishes
Source: The Author Source: The Author

3.5.3 Lighting description:
a) luminaries:

By using luxmeter the luminaries in the classroom has been measured. Table (3.3) shows the
luminaries measurement in the middle on the blackboard and the outer left and right part of the
classroom. The measurement was taken with and without opening windows.

There was no electric lighting and asymmetric board lighting; the classroom is totally

depending on the daylight. A
N
Table 3.3- luminaries measurement
Source: The Author 11 i,
Luminaries (lux) ‘ ~B
A B c T
Without electric lighting 110 64 170 J\\ T Y

b) Access to daylight:
The daylight factors were measured on 15 January 2020 in a clear sky. The sun was leaning

north because the season was winter, and leaning west because the time was 2:00 pm in

afternoon.
Table (3.4) show the daylight situation of the classroom with daylight factors measured on a

regular grid on table height (0.75 m).

49




Table 3.4-daylight factors of classroom (B) in student table height
Source: The Author

Window White Corridor
zone board zone
Daylight factor (%) 0.4 0.25 0.6

Figure 3.15 show luminance pictures, taken with a luminance camera with panoramic view,
from the back-side of the classrooms. It shows the situation for a sitting student with eye level
onl2m.

Fig 3.15- classroom (B) daylight situation

Source: The Author

3.5.4 Results:

e There is no electric lighting in the classroom and the day light is not solved and prepared to be
instating of it.

e The daylight in the classroom was enough, but the finishes inside the classroom are lake to
use all of this daylight.

3.7 Comparison between case studies:

Table 3.5- comparison between case studies

Source: The Author

Standard Classroom (A) Classroom (B)
[llumination (LUX) 240 lux 225 lux 113 lux
Daylight factor (%) 1.5% 0.06 % 0.6 %
Openings 18 % 7.6% 7.3%
Finishes reflection:
Ceiling 90% 90% 20%
Walls 70% 66% 55%
Floor 40% 45% 36%
Lamps 6 4 0

50



Chapter four
CONCLUTION AND RECOMMENDATIONS

51



Chapter four
CONCLUSION AND RECOMMENDATIONS

4.1 Summary of conclusions:

1) Most of the open schools don’t have lighting system and someone have no lamps in the
classrooms. That means they are completely depending on the sun light, and it was not
distributed as well, so that the luminance on the classes is between 100 to 150 lux. (Standard
luminance of classrooms 240-300 lux).

2) The windows have a big size and low distance from the ground. It hasn't sun breakers, so it
causes glare, bad distribution of lighting and other heat problems.

3) The bad finishes of the classrooms reduce the light reflection and there are no solutions to
optimum using of the sun light.

4) In multi-storey schools the finishes are good and it solves the light problems, the artificial
lighting is well studied and designed, but they have a little space for openings and that is not
enough because the electricity problems in the city.

4.2 Recommendations:

1) The researcher recommends that - regarding the basic school’s design criteria- not to allow any school
that violate rules and regulations to resume teaching .This will lead to better performance quality of
the students and teachers.

2) A regular maintenance of the lighting in schools should be maintained and solve the problems in a
short time.

3) Students and teachers to take care of the lamps and should report immediately if any problems arise to
the competent authorities.

4) A further study should be carried out periodically to catch up the ever evolving technology regarding
school classrooms lighting and to find alternative solutions for lighting problems in school
classrooms in Khartoum.

4.3 Suggested solutions:

1) Change the color of the classrooms walls to a white color to increase the reflection ratio to
85%.

2) Add a suspended light over the black board to improve the optical performance for the
students.

3) Add white ceiling tiles to the roof of the classrooms to increase the reflection ratio.

4) The sun power can be used for lamps in classrooms, it’s the perfect solution in Khartoum
because of its climate and economical problems, and this solution also helps on saving power
and sustainability.

5) Use the sun breakers in the windows to reduce the glare.
6) Use the light diffuser shades.
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Fig 4.3- lighting diffuser shade Fig 4.4- sun breakers

Source: Google.com/images 2018 Source: Google.com/images 2018
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