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FOREWORD

Before the School Buildings Committee began its work, there existed a guide to
architects called Suggestions concerning the planning of school and hostel
buildings in which, under the heading ‘Orientation of Buildings’, it is hinted
that buildings should face south because: ‘In addition direct sunlight striking
through the exposed window space upon pupils and their desks in schools has
to be screened off by means of blinds and curtains. . . It is necessary to empha-
size that southern lighting if adequately provided for imposes far less severe
eye-strain on the children’. Except for a casual reference here and there where
windows are mentioned, this is all it had to say on the subject of lighting.

How to provide adequate light was the problem which the School Buildings
Committee had to solve, but it was privileged to be able to consult the F unctional
Efficiency Division of the National Building Research Institute. Members of the
Division visited schools to study the problem at first hand and therefore could
write: ‘The poor daylighting that is encountered in many schools is sufficient
proof that proper lighting design was almost completely neglected in the past
owing to the fact that, until fairly recently, no rational method existed for
designing buildings for daylighting’. »

The Division took up the challenge but the problem, which seemed so simple
to the layman, was so involved that years were needed to design measuring
instruments, to experiment with models and to test the prognostications in
actual classrooms. The result is this report which gives ‘a more rational and
scientific approach to the problem of daylighting design’.

This report is written in such a way that it can be understood by the lay-
man without impairing the scientific validity of its findings. A glance at the
table of contents shows what a wide field it covers. Minimum standards are
suggested, and the sizes and positioning of windows to ensure this illumination
are given. The effect of ceiling heights and the planting of trees or the laying
down of concrete outside the classroom are discussed. Artificial lighting installa-
tions are suggested. How the quality of light is affected by colour schemes,
direct sunlight, glare, etc., is examined. For the architect this report is invalu-
able but, as many of the factors influencing the problem of adequate lighting
fall under the control of the principal, everyone connected with schools should
make a careful study of the recommendations embodied in this report.

The aim of the research was to provide lighting conditions under which the
child could produce his maximum effort with the least strain and fatigue. It is
only necessary to walk into the classrooms which conform to the norms laid
down here to feel the soothing effect of the proper distribution of light and the
elimination of glare, and to realize that this research has been of immense value
to the child.

The School Buildings Committee is very pleased that it initiated the
research and is proud to have been associated with this work.

T. LE ROUX
Chairman, School Buildings Committee

iii
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INTRODUCTION

Since the prime function of a school building is to stimu-
late the educational process in its broadest sense, every
effort should be made to provide schoolchildren with a
suitable and stimulating educational environment. In
this respect the importance of good lighting to the child’s
development, by the conservation of his eyesight, cannot
be overemphasized. Ensuring efficient vision in every way
possible is a means to this end.

Research conducted in America: 1> has shown that
an unbalanced lighting pattern in the child’s visual field
can produce both physical and physiological distortions
such as one-sided positioning, curved spinal develop-
ment and distorted vision. Distortions such as these
arise from the child’s unconscious and automatic adjust-
ment to the stresses and strains to which he is subjected
by inadequate lighting conditions.

Light not only helps the child to see and recognize
objects but also prepares his mind and body to respond
to action, so that he can adapt himself to any task he is
called upon to perform. The better the light, the more
easily and quickly will the task be accomplished, and the
less will be the strain on the eyes.

Basically, lighting is adequate when both its quality
and quantity create a general luminance which is agree-
able and beneficial to the user, and when it makes
possible a high degree of efficiency in seeing the neces-
sary tasks with a minimum of effort. The purpose of this
report is to outline the basic requirements of good light-
ing and to show how these requirements can be realized
in practice.

Before doing this it is necessary to review a few of
the fundamental concepts of lighting and to define some
of the more important terms used when discussing
illumination. '

LIGHTING CONCEPTS AND
ILLUMINATION TERMINOLOGY

1. VISUAL FIELD
The human eye is sensitive not only to light in the direct
line of sight but also to that in the field of vision sur-
rounding it. The field of vision consists of a cone of about
70° (shown schematically in Figures 1 (a) and 1 (b)?).
The visual field comprises:
(a) an inner cone of about 1° wide, which is the area
of precise vision,
(b) the visual task field, a cone of approximately 10°,
which circumscribes (a) and takes up the task
object itself, a book, for instance;
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FIGURE 1(a)
Diagrammatic presentation of the visual field
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FIGURE 1(b)
Diagrammatic presentation of the visual field
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(c) the field surrounding the task object up to and
including a cone of about 30° which is usually
referred to as the central field, the lighting of which
should be of good quality for easy seeing and
visual comfort;

(d) the remainder of the visual field, which is generally
referred to as the surrounding field, usually con-
sists of the background to the task, e.g., floors,
walls, furniture, etc. Although the lighting of the
surrounding field is of least importance, it should,
nevertheless, be taken into account in the lighting
design for comfortable seeing.

2. LIGHTING OR ILLUMINATION

In order to recognize any particular object, a certain
amount of illumination is necessary. The application and
use of light for certain tasks and its relationship to the
environment is called illumination, or lighting.

3. INTENSITY OF LIGHT

The intensity of light is measured in footcandles, or
lumens/sq ft. One lumen/sq ft is the illumination at a
point on a surface which is one foot from, and perpen-
dicular to, a uniform point source of one candle-power?,
This unit of light quantity, which can be measured by
an illumination or footcandle meter or by a visual photo-
meter, is basic to the evaluation of conditions of seeing.

‘4, SKY- AND DAYLIGHT-FACTOR

The term sky-factor as used in daylighting studies refers
to the computed ratio of the level of daylight at any
reference point in a room to the coincident level out-
doors under an unobstructed sky, exclusive of direct
sunlight”. A shortcoming of the concept of the sky-
factor is that it does not take into account the contri-
bution of light reflected by external and internal surfaces
and is thus not a true reflection of lighting indoors. In
order to overcome this disadvantage a new concept, the
daylight-factor®, was introduced which, in principle, is
the same as the sky-factor, except that it allows for the
contribution of reflected light components.

5. REFLECTION-FACTOR

The reflection-factor is the ratio, or percentage, of the
light reflected by a surface to the incident light. The
reflection-factor of a surface may vary considerably
according to the direction and nature of the incident
light and the texture of the surface. The reflective quality
of a surface is generally compared with a ‘pure white
surface’, e.g., magnesium-oxide, which is taken as having
a reflection-factor of 100 per cent.

6. LUMINANCE OR BRIGHTNESS
Luminance, or brightness, is produced by the light re-
flected from a surface. It may be defined as the luminous
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intensity of a surface, or as the product of the illumina-
tion falling on a surface and the reflection-factor of the
surface. Luminance is expressed in footlamberts, e.g., if
a surface with a reflection-factor of 100 per cent is
illuminated to one lumen/sq ft, its luminance is one foot-
lambert. Luminance, or brightness, can also be associated
with the direct transmission of light as, for example,
from a light-fitting itself or from the sky through a
window.

The latest findings in regard to illumination indicate
that it is luminance, and not illumination intensity, that
contributes most to comfortable seeing conditions.

7. LUMINANCE RATIO
The term luminance ratio is defined as the ratio of the
luminance of the central field to that of the surrounding

visual field.

8. LUMINANCE CONTRAST

Luminance contrast refers to the difference between the

luminance of the focal object, i.e., object to be observed,

and that of its background, e.g., black ink on white paper.
A balance between the luminances of the focal object

and its background is the key to comfortable seeing.

Excessive luminance ratios may result in glare.

9. GLARE

Glare cannot be defined in precise terms; it is easier to
illustrate its effect on vision. For example, a bright light-
source in the field of vision such as a window viewed
against a bright sky, can reduce the ability to see clearly.
This is because the eye does not readily adapt itself to
so wide a difference in the luminances in the field of
vision. This effect is known as ‘disability glare’.

Another type of glare, called ‘discomfort glare’,
causes discomfort but not a total inability to see. It is
caused, for example, by a light-source of high light-
output and high luminance in the field of vision, or by
a bright task against dark surroundings. The degree of
both these types of glare is influenced by such factors as
luminance conditions, gradation of luminances, the
apparent size of the source of light relative to the field
of view, and the position and shape of the source.

A third type of glare which causes eye-strain and
discomfort is ‘reflected glare’. This occurs when the
image of a light-source is reflected from a shiny surface
into the eye.

LIGHTING REQUIREMENTS

1. VISUAL TASKS IN THE SCHOOL
From the point of view of lighting, the visual tasks of
the schoolchild can be divided into two main categories:




firstly, close-up visual tasks such as reading, writing,
painting, scwing, ctc., and, secondly, visual tasks at more
distant focal points such as those on chalk- and pinning-
boards, models, displays, or distant objects. Each of
these calls for certain lighting.

In general, the visibility of a task or an object
depends on its size, its contrast with its background, and
how detailed it is. All these factors are interrelated, but
the size and contrast with background are inherent to
the task itself and are, as a ruie, unalterable.

As far as size of printing is concerned, experience has
shown that, in the case of close-up tasks, 10-12 point
type in the new roman type-face is the most legibie and
suitable for schoolchildren. Visibility is also improved
when the contrast with- the background is increased to
the maximum, i.e., black on white.

In the case of more distant tasks, research conducted
in England!? has shown that, in order for children in the
back rows to see lettering on chalk- and display-boards
clearly, the letter should be at least one inch high and
not more than about 25 ft away. It should also be borne
in mind that children sitting in the back row will be
about three times as far away from the chalk- and
display-boards as those in the front row, with the result
that to them the visual or apparent size of the objects
of attention will appear to be a third of their true size.

From the foregoing it is clear that a child’s eyes
function under constantly varying conditions, such as

seeing things close to or at a distance, or the changes
that occur in luminances and contrasts, so that unless
good lighdng is provided, a child’s eyesight may very
easily be impaired.

2. ILLUMINATION STANDARDS

It has been shown in the previous paragraph that the
proper illumination of the various tasks that confront
schoolchildren requires special attention. This means
that the illumination must be adequate both in quantity

and in quality.

(a) Quantity of illumination

The minimum amount of illumination required for
the performance of any specific task must take into
account not only the efficiency with which the task is
performed but also such factors as fatigue, physio-
logical and psychological effects and economics. Unfor-
tunately it is not practical to study the influence of all
these factors because the characteristics of visual tasks
are too variable. Consequently, attention has so far
been devoted mainly to a study of the relationships
between the level of illumination and visual efficiency
in terms of the speed and accuracy with which work is
performed?!!, 26, 39, 7,

The minimum illumination standards prescribed in
the British Illuminating Engineering Society Code!®s 25, 8
are based on Weston’s*® work in which a level of per-
formance of about 90 per cent is assumed as the desir-

TABLE 1 e

Summary of illumination levels (lumens/sq ft) recommended for schools by overseas authorities

\ Country and America England Sweden| France Holland
Authority INuminating
Illuminating | INuminating | U.S. Dept. Engineering Ministry | See See Very Good
Engineering | Engineering of Society* of Edu- ref. ref. good i h(t)‘n 28
Application Society?® Society?:,!° |Education® cation?” 20 20 lighting?® ghting
1958 1961
Classrooms .. 30-70 30
Chalk-boards 30 150 30 15 20-30 10 15 20-25 23 12
) 3-15 15-30
Laboratories 100 depend- | depend-
Study halls .. 30 70 ing on ing on
task task
Drawing-offices .. 100 B
Typing and 50 40 20 45-70 30 30-50 47 23
needlework .. 150
Wash-rooms 10 30 I5
Manual training:
Fine 500 50 70
Ordinary 50 100 10 30
Rough 50 7 15
depend-
ing on
trade
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able objective. The Americans, on the other hand, work
on a level of performance of between 90 and 100 per
cent!?: 22, Consequently, their lighting standards call for
much higher levels of illumination. The minimum stan-
dards adopted for current recommended lighting prac-
tices in various countries are compared in Table 1.

Although the values given in this table are minimum
values, they do not exclude the use of higher illumination
levels. However, it will be found that, although visual
acuity increases with an increase in the illumination level,
the rate of improvement in visual acuity is much slower
than the rate of increase in illumination level.

The proposed minimum illumination levels (in
lumens/sq {t) for South African schools are given in

Table 2.

TABLE 2

Proposed minimum illumination levels recommended for
South African schools

Humination level

Application i (lumens/sq ft)
Classrooms .. .. .. .. , 20
Chalk-boards .. .. S
Laboratories . .. 2\ 20
Libraries (readmg—tables) .. ..

Drawing-offices . .. .. 30
Typing and sewing .. i
Gymnasiums .. .. .. 10
Wash-rooms .. .. .. .. 5
Manual training:
Fine .. .. .. .. 30
Ordinary .. .. .. 20
Rough .. .. .. 10
Children with defective vision Special lighting

In principle, the illumination values given in Table 2
are based on the British recommendations® except that
allowance has been made for the decrease in illumination
intensity when a room is occupied. Laboratory tests and
measurements in schools in the Cape Province during
term time have indicated that a 17-27 per cent decrease
in intensity can be expected if a classroom is occupied
by children wearing variegated school uniforms. In actual
fact the values were rounded off to the nearest incre-
ment of 5 lumens/sq ft. This resulted in an average in-
crease over the British standards of between 25 and 33
per cent.

The illumination of classrooms for children with
defective vision should receive special attention. Gener-
ally speaking, such children require higher illumination
intensities, although lower intensities are necessary in
those cases where the children’s eyes are over-sensitive
to light.

The recommendations listed in Table 2 refer to
rooms for teaching purposes only. For rooms other than
these, Table 3 should be consulted.
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TABLE 3

Minimum illumination levels recommended for rooms other
than teaching-rooms

| Ilumination level

Application ; (lumens/sq ft)

Assembly halls as halls ' 10, special lighting
Assembly halls as classrooms .. 15—20
Dressing-rooms t 7+lccal lighting

Study halls .. .. .. ' 20general,or10+-local lighting
Bedrooms .. .. S+local lighting for studying
Bathroom . .. . . 5

Kitchen and laundry 10

Halls, passages and stairs |3

Living-rooms .. i 7

Administrative offices .. 120

Apart from providing the minimum recommended
illumination levels throughout the rooms as well as on
the chalk- and pinning-boards, it is just as important for
the light to be evenly distributed in order to avoid high
contrasts. The ratio of maximum to minimum illumina-
tion level should not exceed 3 : 1; a ratio of 2 : 1 would,
however, be preferable3,

(b) Quality of illumination
(i) Glare

It was mentioned previously that the provision of
adequate illumination implies far more than merely pro-
viding the minimum illumination levels; the quality of
the light plays just as important a role. Lack of luminance
control in the field of vision can result in glare in one
way or another. The sense of glare is determined largely
by the luminance ratios or luminance differences in the
field of vision. Turning the eyes from an area of high
luminance to one of lower luminance will not only
temporarily impair vision but also affect performance.
The only possible way of eliminating this harmful effect
is to ensure that the luminances for all areas in the field
of vision are not much in excess of that of the task. This
can normally be achieved by ensuring that the luminance
ratios in the field of vision do not exceed the values
recommended in Table 42

TABLE 4
Recommended limiting luminance ratios in classrooms

Field Luminance ratio

Between task, e.g., book and immediate
surround, e.g., table-top .. .. [to}

Between task and more remote surround

e.g., floor and walls . I to 1/10
Between task and more remote bnghter

surface . [to10
Between light- ﬁttmgs or wmdows and sur-

faces adjacent to them .. 20 to |




W"Wrﬁ;‘wﬁ e AT A T AT TR A LS A TR T AT T et R AT At e T e R RT ST T AT R ke e T T

=

-4

It must be stressed that shadow patches in class-
rooms should be avoided as far as possible. Shadows on
the upper surfaces of desks can be very distracting and
can accelerate eye-fatigue. Similarly, shadows cast by
objects may cause excessive luminance contrasts. Light-
ing should, therefore, be well diffused and the position-
ing of light-sources, including windows, should receive
careful attention. This applies particularly to art-rooms
where predominantly directional lighting is required.

In order to preventreflected glare it is reccommended
that all surfaces in the field of vision should have a matt
texture, as shinyv surfaces result in specular reflection.

(i1) Colour

Another aspect closely related to the quality of light-
ing is the use of colour for interior decoration. Different
colours not only have different psychological and emo-
tional effects on people, but also determine the luminous
reflectances of surfaces.

Generally speaking, blues and greens tend to pro-
duce a feeling of coolness and an illusion of space and
distance. Reds, oranges and yellows, on the other hand,
tend to induce a feeling of warmth and cosiness*3.

For good observation of an object it is recommended
that warm colours be applied in close proximity to the
centre of attention, and cool colours tc the more remote
surroundings. This arrangement of cclours creates a
centre of attention to which the eye automatically returns.

Chalk-boards are traditionally black in colour and
are generally viewed against a background of white or
cream, so do not form a centre of attraction. A white
or yellow board with black chalk lettering would be
better, but, because this is rarely practicable, chalk-
boards have retained their dark colours. Experiments
carried out in England!® have shown that the chroma of
chalk-boards is relatively unimportant when the reflec-
tion-factor is 15 per cent. Furthermore, if illuminated to
less than 10 lumens/sq ft, glare is no serious problem.
If, on the other hans the board has a reflection-factor
of the order of 25 cent or more, care must be exer-
cised in the choice ot colour. This seems to indicate that
the colours used for chalk-boards should have reflection-
factors varying between 15 and 25 per cent. Although
the actual choice of a suitable colour will depend on the
colour scheme of the classroom, the chroma should be
borne in mind. The following colours, with their Munsell
notations, have, for instance, been found suitable for
chalk-boards!é:

Blue (7.5 PB)
Blue-green (2.5 BG)
Yellow-green (10 GY)
Orange (10 YR)

Red (2.5 R)

Here again, as mentioned previously, it must be
stressed that the chalk-board surface should be perfectly
matt in order to avoid specular reflections.

In conclusion it should be mentioned that in the
same way that the indoor environment affects people
psychologically so may the outdoor environment affect
the occupants within a building, and it, too, can be
turned to account in the creation of a pleasant atmos-
phere. Well laid out grounds and interesting topo-
graphical features such as hills can be exploited with
advantage to contribute towards a restful visual environ-
ment, just as they can be used to control sky glare.

DESIGN CONSIDERATIONS

Having established the minimum standards of illumina-
tion desirable, the next step is to indicate how these
minimum requirements can be met in practice. In this
respect, attention will be devoted chiefly to design con-
siderations that will ensure adequate light for children
with normal vision.

What cannot be over-emphasized is that provision of
adequate illumination in classrooms does not mean that
the services of the eye specialist will no longer be re-
quired. Regular examinations and screening tests are
essential for the early diagnosis of any eye trouble. Con-
sequently, it is strongly recommended that periodic eye
examinations by properly trained personnel should be
made compulsory in all schools and that a record should
be kept of the condition of every child’s eyes. Those
pupils whose visual deficiency cannot be corrected by
the specialist require special illumination, for they are
affected more noticeably by both the quality and quantity
of light than people with normal vision. The responsi-
bility for providing schoolchildren with the best possible
lighting conditions is, therefore, shared by the architect,
the illuminating engineer and the eye specialist.

The two main sources of light are daylight and arti-
ficial light. As it is generally more natural, comfortable
and economical to work by daylight, daylighting will be
given prime consideration.

A. QUANTITY OF LIGHT

1. DAYLIGHTING

The provision of adequate daylighting is an integral part
of the planning of a building and as such must be given
consideration from the earliest stages of a design. The
amount of daylight that can be provided indoors depends
on an assessment in the early stages of planning of the
illumination levels out of doors, the size, arrangement
and positioning of windows, the type of glass used, the
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size and shape of the room. the internal decoration, the
orientation of the building, sun control devices, and
external surroundings and obstructions.

The poor daylighting that is encountered in many
schools is sufficient proof that proper lighting design
was almost completely neglected in the past owing to

FIGURE 2
Total daylight meter

el o b sMhst s ap S

FIGURE 3
Skylight meter
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the fact that, until fairly recently, no rational method
existed for designing buildings for daylighting. During
recent years, however, serious attention has been given
to developing a more rational and scientific approach to
the problem of daylighting desigh. Various methods have
been proposed but they all have their limitations. Prob-
ably one of the busi approaches is that followed by
Hopkinson, Longmore and Graham'®. Reports on their
research findings are published in the form of a series
of Tables from which sky-components, sky-factors and
internal reflected components can be determined.

(a) Outdoor design considerations

Owing to the fact that climatic conditions in this coun-
try differ appreciably from those experienced overseas,
the first stage in the development of a design procedure
for daylighting in this country was to determine the
values of outdoor illumination unde: different sky con-
ditions for different regions of the country. For this pur-
pose total outdoor illumination, sky illumination, and
the distribution of sky luminance were measured in
Pretoria over a period of three years®®. Some of the
instruments used for recording these are shown in Figures
2,3 and 4.

FIGURE 4
Sky luminance meter
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FIGURE §

Comparison of measured illumination values in lumensisq ft for
overcast and clear sky conditions in an actual classroom
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In order to determine the sky illumination value for
school building design, the mean hourly illumination
values for overcast conditions were determined and
recorded daily during the school hours 08.00 to 14.00.
The values were then analysed on a percentage frequency
basis for each month, to show the number of occasions,
expressed as a percentage of the total number of hours
recorded, when the mean hourly illumination fell between
the limits O to 249, 250 to 499 and so on, in steps of
250 lumens/sq ft as shown in Table 5.

Because these observations give the minimum levels of
illumination and because in practically every case these
levels of illumination will be exceeded by all other con-
ditions of the sky, it was considered safe to base the
design for interior illumination on overcast sky con-
ditions. The reason for this is that the contribution of
light reflected from bright or partly sunlit ground and
other exterior surfaces will be greater even though the
actual sky luminance may be lower than the correspond-
ing contributions under overcast conditions. This is sub-
stantiated by measurements of illumination levels in a
particular room under the conditions of both an over-
cast and a clear sky of 1000 lumens sq/ft as illustrated
in Figure 5. Under the clear sky condition, the intensity
of the direct sunlight on the horizontal plane was 5 800
lumens/sq ft.

The choice of the appropriate design sky conditions
must necessarily be an arbitrary one. A reasonable and
practical choice for South African schools is considered
to be one in which the minimum levels of interior illu-
mination will be exceeded for 96 to 98 per cent of the
normal school hours in the average year. On this basis
it would seem, from Table 5, that a reasonable choice
for the Pretoria area would be a sky illumination of
1 000 lumens/sq ft. If this value were used lighting levels
in the classrooms would be below the recommended
minimum requirements for oniy 20 to 30 out of a total
of about 1000 school hours during the average year,
which is negligible.

Although outdoor illumination values have been
recorded only for Pretoria, it is possible, from these
measurements, to assess corresponding design values for
other towns or areas in South Africa by making use of
the relationship between illumination and sky radiation
intensities for overcast sky conditions, i.e., 7010 lumens/
sq ft=1 gramme calorie/minute33. Total and sky radia-
tion fluxes are measured by the Weather Bureau at
different centres in South Africa.

The frequency analysis for outdoor illumination values
for Cape Town converted from radiation data is sum-
marized in Table 6. Using the same arguments as for
Pretoria, it would appear that an assumed value of 750




I'vly U'#1 0O'P! w o'rl # obl | 6'¢€l ! 8¢ty L€l 9€l} pel | TEI| 6CTL} 9°CN} TT] 911 601, 96 9'8 'L $'9 ¥'S [4 4 e e 80 o>qum_Mﬁwwwd
- 10 - - * 1°0 1o 1’0 ' 70 T0 €0 €0 0 9°0 Lo €1 0l "1 0'l "1 Tl o._l "1 €1 80 T safelaay

i 9Ey 1 [ LZT Ol | ™ 1e10L
T0 10 1°0 10 _ 1'0 $0 90 $'0 0 S0 80 70 €0 01 (| 60 $0 90 1'0 €0 - 1'0 - - - LL 898 1Pquiedaq
10 T0 70 To | To <o <o T0 $0 | s0 T0 $'0 Lo 90 S0 L0 Lo 0"l S0 8'0 [(4Y 8'0 "0 10 - S8 ors ' TI3QUISAON
— €0 T0 — | g0 1°0 <0 70 Lo S0 S0 €0 80 8'0 Lo LA 60 80 0l 80 8'0 $°0 - 70 - 901 898 Tt 18qQO0
- 1 = - - | = 7o 1'0 *0 - (4 9'0 9'0 Lo 0 S0 1 0l 0l Tl "1 LA "1 €1 10 10 €l 0t8 * 1qusdag
- M - - - * i - - 1’0o €0 1'0 90 80 01 €1 0l 8’1 L4 1T e 0°¢ Ll sl 9'T 01 L61 £98 ** sasay
- “ - - - * -} = - | - - w - - 70 €0 8'0 60 0'¢ 7T 81 1 €7 8'T L4 L'e 8’y 6'¢ 8T 898 MR LU §
- , - - - _ — * - - | = - m - - - <o $°0 $'0 L Tl "1 €1 9'0 81 0l 0l 6'1 €7 €Tl 0r8 Tttt sung
- | = - — _ - — - | — - u - - €0 - g0 L0 €'c €1 8'1 Ll €'C 9T i L4 Le 8’1 T0T 898 Tttt Ael
- - - -1 = - — j_vo 1o b= 9'0 $'0 0 0l 8'0 Sl Tl €1 1 1 "1 61 9T "1 70 134 0v8 v sdy
- | = - - = = 0 - 70 S0 €0 $°0 | s €0 Lo Sl S0 Lo (4] S0 8'0 z'0 [4Y) 10 - 69 898 R ol o\
- | - - 1ol 1ol — 1’0 1'0 €0 - 1'0 1'0 9'0 1'0 $°0 S0 9'0 $0 S0 S0 0 $0 10 1'0 - Ly 16L TT Arenugayg
- | - - - " — 1o 10 " - 10 1'0 - 1°0 - ' 70 €0 ' I'o I'o - - - - - - 14! 898 *  Amenueg

k * wed sinoy
. -a30 | pel0L SYIUON
| sInoH
6¥T 9 | 666 S , 6PLS | 66 S| 6¥TS {6667 | GPLP i 6G6P ¥ | 6PT ¥ | 666 € | 6L € [ 66 € | 6¥T € | 666 T | 6L T | 66 T | 6T T | 6661 | 6PL 1 | 66P 1 | 6PT 1 | 666 | 6FL | 66F | 69T 3} bs/suawmny
*000 9 -0SL S ,,.cem § {-0ST S [-000 S {~0SL ¥ |00S ¥ {-0ST ¥ |-000 ¥ _.cmh € [*00S € |~0ST € |-000 € |0SL T |~00S T |~0ST T |~000 T |~0SL I |*00S I [~0ST 1 {-000 1 | -0SL | -00S | -0ST -0
(sa8vuaauiad)

S$S61 9@ 01 ZSGI “uvp poriad ayp qof ‘wrd g pup ‘wrn § Sinoy ayr uaamiaq ‘playsuigy 40f suonipuod A4S 1SPIL340
J0f (DIDp UOLIDIPDL AD]OS WOLf PBIIIAUOD) SINIDA UOLIDUIUNY)L 400PIN0 |DIUOZII0Y Ll4noYy uvatu 3yl Jo Sisdjouv Louanbad.f

9 414Vl

PAGE 9

Q

Aruitoxt provided by Eic:

E




lumens/sq ft would be a reasonable design value for
conditions in the South Western Cape.

It was, unfortunately, not possible to extend this
analysis to other centres in South Africa, but from
observations and experience it is estimated that the
design value of 1000 lumens/sq ft for an overcast sky
is applicable to practically the whole of the summer
rainfall area in the country. It is only in the south western
to south eastern coastal areas, i.e., roughly from Cape
Town to East London, that it is felt that a design sky
illumination of 750 lumens/sq ft should be used. In the
case of Durban, with its high percentage of fog and smog,
a design sky of 750 lumens/sq ft should also be used.
Should further radiation and illumination data become
available a more detailed analysis will be undertaken.

Under overcast sky conditions the orientation of the
windows does not play an important part in the design
of schools, as the lighting available from an overcast
sky is more or less the same in every direction. However,
overcast sky conditions are experienced for only about

11 per cent of the total number of school hours in the
year in Pretoria and for about 14 per cent in Cape Town.
Consequently, for most of the time there will be direct
sunlight because the sky will be either clear or inter-
mittently cloudy. This presents serious glare probiems
which can only be eliminated effectively and economic-
ally by the correct orientation and planning of class-
rooms. This aspect will be dealt with in detail later in
the report.

Equal in importance to the sky illumination value in
the lighting design of a building is the sky luminance
distribution which controls the penetration of daylight
into a room. Sky luminance distributions for Pretoria
were, therefore, also noted during the three years when
daylight was being measured.

Average luminance distributions deduced for Pre-
toria for overcast and clear sky conditions are given in
Figures 6, 7 (a) and 7 (b). Spot readings taken in Cape
Town under both summer and winter conditions have
shown that these distributions apply equally well in the
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Average clear sky luminance distribution curves for the southern
half of the sky with the sun at different altitudes
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winter rainfall arca. From this it seems reasonable to
infer that the distributions determined for highveld con-
ditions can be applied with a fair degree of accuracy to
all regions in the country.

It will be observed from the results plottedin Figure 6
that the luminance distribution found for overcast sky
conditions agrees fairly well with the distribution calcu-
lated from the Moon and Spencer empirical equation®
which has been adopted internationally.

(b) Relationship between outdoor and indoor illumination
The next step in the lighting design of buildings is to
establish the relationship between outdoor and indoor
illumination. In this connection it is customary to express
indoor illumination at any point in a room in terms of
the coincident outdoor illumination. The ratio of indoor
to outdoor illumination, expressed as a percentage, is
generally referred to as the daylight-factor® 2. The
most convenient form for expressing this factor is:

_E

where

K =daylight-factor, percentage,

E, =internal illumination at any point in a room, ex-
pressed in lumens/sq ft, and

E,,=total outdoor illumination on a vertical plane
measured at the centre of the window also ex-
pressed as lumens/sq ft.

For a more accurate determination of indoor illu-
mination, however, the total outdoor illumination on
the vertical window-plane should be separated into its
two components, viz., sky illumination only, E,,;, and
the component reflected from the ground, E,,,. The
daylight-factor can then be expressed in the form:

E.

K = E o+ E ooy % 100

liluminathon on verscd su face, Eqvs (Lumens/sqtt)

t

H
:
[+ 1000 2000 3000
fumnction on horizontdl surfoce, E gy (Lumens /sq 1)

FIGURE 8

Average relationship between illumination on a horizontal surface
(Eop) and on a vertical surface (E,y) for overcast sky conditions

/
: i {

*

Ground refiaction, Egyg (Lumers /sq f1)

° 200 400 $00 900 1000
Mumnston en verticel surfece, Eoyy (Lumens /5q 11}

FIGURE 9

Relationship between illumination on a vertical surface {(Eons) and
the light reflected from the ground (E,y) with different surface
reflection-factors (R.F.) for overcast sky conditions

The outdoor illumination intensities used in equations
(1) and (2) refer to the intensities measured in the ver-
tical plane, whereas the design sky illumination values
refer to those measured in a horizontal plane. For an
overcast sky the relationship between the illumination
values on a horizontal plane and those on a vertical
plane has been determined experimentally for Pretoria
and is given in Figure 8. In the same way the relation-
ships between the vertical sky component, E,,;, and the
ground component, E,,,, have been determined for
different ground surfaces and are given in Figure 9.

It will be seen that the ground component increases
linearly with the sky component and that the rate of
increase is determined by the reflection-factor of the
ground surface. The higher the reflection-factor, the
greater the contribution of light reflected from the
ground. Examples of the reflection-factors of a few
typical surfaces are listed in Table 7.

TABLE 7
Reflection-factors of ground surfaces
Reflection-factor
Surface (per cent)
Soil, dark-brown sandy loam .. .. 10—12
Tarmac .. .. .. .. .. 10—13
Grass, green .. .. .. .. 13—18
Grass, dry (in winter) .. .. .. 23—28
Soil, yellow sandy loam .. .. .. 25—29
Concrete paving .. .. .. .. 45—53

In this connection it is interesting to note that, in the
case of single-storey buildings, it is only the ground
within a distance of about 80 ft from the windows that
contributes significantly to the interior illumination on
the horizontal working-plane.
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Scale model of classroom under artificial sky

(c) Scale model studies

An extensive series of measurements was carried out on
scale models under the artificial sky?®, as well as on full-
scale buildings under natural sky conditions, in order to
determine the influence, on interior illumination levels
and distribution, of such factors as size, shape and posi-
tion of windows, ceiling height, and external obstruc-
tions in the form of adjacent buildings, trees and various
sun control devices.

A typical scale model used for these tests is shown
in Figure 10. This particular model, in which the win-
dow openings were glazed with 24-0z clear glass for all
tests, represents a classroom 22.5 ft wide by 27 ft long
and 9 ft high with an 8-ft roof-overhang on one side and
a 2-ft overhang on the other. The model was also modi-
fied to represent either the open type of corridor class-
room typical in the Transvaal and Orange Free State,
or the closed-in type generally found in schools in the
Cape Province. The internal surfaces of the model were
painted in the different colours, the reflection-factors of
which are indicated in Table 8.

PAGE 12

TABLE 8
Reflection-factors of different colours used in scale model
classroom
Surface Colour Reﬂ(ﬁjo:;%ctor
Ceiling White 80
Window walls White 80
Back wall .. .. White 80
Chalk-board wall Light green 50
Chalk-board Dark green 17
Floor . Dark grey 20
“Ground” Dark green 20

(i) Influence of window size, shape and position on interior
illumination

To determine the influence of window size on indoor
illumination, the area of each of the main and corridor
window openings was varied independently. During the
first series of tests the window opening in the corridor
wall was blocked off, whilst the area of the main window
was varied from a maximum size of 20 ft wide by 6 ft
high to a minimum size of 12 ft wide by 4 ft high. There-
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Variation of daylight-factor with distance from window for different sizes of main window in both open and closed-in corridor type

classrooms, 22 ft 6 in wide
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after the main window was blocked off and the same
procedure was repeated for the corridor window. In this
case the window size was varied from 19 ft wide by
5 ft high to 13 ft wide by 3 ft high. The results of these
tests are reproduced in Figures 11 (a), (b) and (c) and
12 (a), (b) and (c), respectively. In these figures the day-
light-factor at desk-level is plotted against the distance
of the point of observation from the particular window.
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Variation of daylight-factor with distance from window for different
sizes of corridor windows in closed-in corridor type classrooms,
22 ft 6 in wide

Similar tests were conducted on a closed-in type of
corridor classroom, but here it was only necessary to
vary the areas of the internal and external corridor win-
dows independently of each other since the results given
in Figures 11 (a), (b) and (c) for the main window in the
open type of corridor classroom still applied. All the
results of this investigation are given in Figures 13

(a) to (i).
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Variation of daylight-factor with distance from window for different sizes of corridor windows in closed-in corridor type classrooms, 22 ft 6 in wide

Although the curves given in these Figures were
obtained with a model representing a classroom 22.5 ft
wide, the curvcs can be extended with a good degree of
accuracy to cover rooms wider than this.

An example will now be worked out in order to
illustrate how the information given in Figures 11 to 13
can be used in practice for the daylighting design of
classrooms.

Consider an open type of corridor classroom, 22.5 ft
wide, requiring a minimum illumination level, anywhere
in the classroom excluding the first 2 ft from the outer
walls, of not less than 20 lumens/sq ft and a distribution
of maximum to minimum illumination of not more than
3 : 1. The first 2 ft are excluded because there will be no
desks within this distance from the walls.

The corresponding daylight-factor can be calculated
from equation (2) by substituting the appropriate values
for E,,, and E,,, as given in Figures 8 and 9 respec-
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tively. For instance, for a ground reflection of 20 per
cent and a design sky illumination value of 1 000 lumens/
sq ft, the corresponding daylight-factor amounts to 4 per
cent.

From Figure 11 (a) it will be seen that none of the
window sizes tested will provide a daylight-factor of
4 per cent throughout the classroom. The best that can
be achieved is a daylight-factor of 4 per cent up to a
depth of just over 16 ft with a main window of 20 ft
wide by 6 ft high. Even then, thedistribution of maximum
to minimum illumination will be far in excess of the
maximum permissible ratio of 3 : 1. It is thus evident
that the minimum lighting requirements cannot be
obtained with unilateral lighting only. Windowswillhave
to be provided in the corridor wall as well.

Superimposing the contribution of the corridor win-
dows given in Figure 12 (a) on that of the main windows
given in Figure 11 (a), the total contribution of various
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FIGURE 14
Variation of daylight-factor with distance from window for com-
binations of main and open corridor windows

combinations of main and corridor windows can easily
be determined. The procedure is illustrated in Figure 14
in which case the size of the main window is fixed at
16 ft wide by 6 ft high, whereas two sizes of corridor
window are considered, viz., 19 ft wide by 5 ft high
and 13 ft wide by 5 ft high, respectively. Adding the
respective contributions of main and corridor windows
shows that both combinations, i.e., a main window
16 ft:< 6 ft together with a corridor window 19 ft x5 ft,
and a main window 16 ft x 6 ft together with a corridoi
window 13 ftx5 ft, more than satisfy the minimum
illumination requirement of a daylight-factor of 4 per
cent. In fact, the minimum daylight-factor with the first
combination exceeds & per cent and with the latter com-
bination 7 per cent, which means that the minimum
illumination intensity will be of the order of 40 and
35 lumens/sq ft, respectively, as compared with the
minimum requirements of 20 lumens/sq ft. The distribu-
tion of maximum to minimum illumination amounts to
24 :1 and 2.8 : 1, respectively, for the twe window
combinations under consideration. Both ratios fall with-
in the requirement, i.e., a maximum ratio of 3 : 1. The
lower ratio would, however, be given preference.
Reference has been made to the fact that the lighting
of the chalk-board should also conform to certain mini-
mum standards, viz., an absolute minimum illumination
level of not less than 20 lumens/sq ft and a ratio of
maximum to minimum illumination not exceeding 3 : 1.
Both combinations of windows considered above comply
with these requirements. In the case of the 16 ft X6 ft
main window together with the 19 ftx5 ft corridor
window the illumination levels on the chalk-board were
found to vary from 42 lumens/sq ft near the main win-
dow to 30 lumens/sq ft on the corridor side. With the
16 ft x 6 ft and 13 ft x 5 ft combination, the correspond-
ing variation was from 40 to 26 lumens/sq ft. Comparing

the illumination levels on the chalk-board surface with
those on the horizontal surface, it will be seen that the
latter values are on the average about 25 per cent higher.
This emphasizes the very important fact that, unless this
is unavoidable, window sizes should not be selected
merely to comply with minimum illumination require-
ments on the desks because, if they are, the chalk-board
lighting will be inadequate under design sky conditions.
This could, however, be overcome by supplementary
artificial illumination of chalk-boards which will be dis-
cussed in subsequent paragraphs.

In order to simplify the design procedure, suitable
combinations of main and corridor window sizes are
listed in Tables 9, 10 (a) and 10 (b) for standard* open
and closed-in type corridor classrooms 22.5 ft wide by
9 ft high, respectively. The window sizes, ranging from
maximum to minimum sizes of main window or corridor
window(s), given in these Tables were selected to give
adequate illumination not only on the horizontal work-
ing-plane but also on the chalk-board surfaces under the
respective design overcast sky conditions, viz., 1000
lumens/sq ft in the case of the open corridor type class-
room used so extensively in the Transvaal, Orange Free
State and other inland areas, and 750 lumens/sq ftin the
case of the closed-in corridor type classroom favoured in
the winter rainfall areas of the Cape Province.

For rooms wider than 22.5 ft, larger window areas
will, of course, be required. As a general rule it is recom-
mended that window sizes be increased by 5 per cent,
preferably in height, for every foot increase in room
width up to a maximum width of approximately 30 ft.
Rooms wider than 30 ft will require special attention.
An increase in room length requires a corresponding
increase in window areas.

It should be borne in mind that the window sizes given
in these Tables refer to overall sizes or total glass area.
In practice, it would be better from the point of view of
light distribution to split the single widths into different
smaller units which can be distributed more evenly over
the wall lengths. The shape of the individual units is not
very important except that glazing-bars should be as
slender as possible and limited in number because, if
they are not, they will affect lighting detrimentally and
result in excessive luminance contrasts. The positioning
of windows in relation to the chalk-board wall is ex-
tremely important. No window should be less than about
2 ft from the wall containing the chalk-board. This does

* By ‘standard’ is meant an 8-ft roof-overhang in the case of the open corridor
classroom, and a corridor width of 6 to 7 ft in the case of the closed-in corridor
type classroom.
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TABLE 9

Suitable window sizes (in ft) for Transvaal and Orange Free State schools (classrooms 22 ft 6 in wide, and no external
obstructions)
(Design sky 1 000 lumens/sq ft)

H 3 1 1
Main 2 Corridor Main Corridor Main ! Corridor Main Corridor Main | Corridor Main | Corridor Main | Corridor
window ) window window ' window window '; window window window window | window window i window window | window
22v 6 19%5 13>6 ° 19x5 205 ~ 19%S5 16x5 16 - 4 12-5  16-4 174 ° 19+4 13v4 | 19%4
216 19%5 165 16~5 13> 4 Co19%3 - 16% 4 . 1674
2046 | 19%5 © 13x5 , 13x5 10~ 4 1>5 19~5 . 13«4 . 193
i 16x5 10> 5 19%4 19-3 16 <5 © 193 12<4 ° 19%5
196 : 19x%5 19«4 19«5 ' 19%5 16 -3 13»5 I 16x3 165
1645 16 4 b o165 133 19> 4 16~ 4 19+5 13%5
18v6 19%5 . 13%4 I 13x5 15%5 19> 5 16~ 4 . 16%5 ©19<4
1 16x5 10 4 . 10~5 16~ 5 24 : 19%5 13=5 ©16%4
i 135 19> 3 . 19> 4 13«5 © 165 . 10%5 193
17%6 . 19%5 ¢ 16x3 . 16:4 10-5 21+ 4 195 bo19%4 11<4 19=5
T 16%5 126 ., 19%5 . 13%4 19% 4 Y16xS5 i 16+ 4 ©16%5
i 13x5 y 16x5 18x5 ! 19%5 16x 4 19% 4 13x4 . 1345
P 19%4 13%5 165 134 204  19%5 19«4
16x6 = 19%5 . 10% 5 . 13%5 10~ 4 16x5 1953 16> 4
©16%5 194 b o10%5 193 | 13x5 | 16%3 19»3
I 13%S5 ©o16x4 ' 16x3 _19x4 L 19%4 15x4 | 19x5
Lo10%5 . 13v4 i 16x4 13-3 Lo16%4 16~5 '
19+ 4 i 13x4 14«5 | 19%5 194 ' 19%S5 ; 135
I 16x4 . 19¥3 7 10x4 i 16%5 ©16%5 105
15.6 | 19%5 . 16x3 bo19xs 13x5 13%5 19x 4 ,
: 16x5 ' i 163 ©10x5 » 10%5 'o16x4 '
Lo13x%5 1Hx6 , 19x5 175 ' 19%5 L 19~4 ©o19%4 . 13x4 '
bo1oxs | 16x5 16x5 16% 4 b 16x4 . 19%3
19% 4 | 13x5 ©13%5 13> 4 bo19>3 I16x%3
| 16%4 to10%S i 109%S5 | 19x3 184 i 19¥5 14%4 | 19%5 ;
bo19x3 'o19x4 | 19x4 ' 163 . 16x5 I 16x5
14%6  19%5 16x 4 { 16x4 1345 19%5 i 13%5 ! 13x5 ¢
16x5 b 13%4 | 13x4 16x5 ©10%5 10%5
. 13x5 . 10> 4 13» 5 T 19x4 bo19%4
I 10x5 19%3 Io19x3 P 1974 . 16x4 bo16x4 i
Lo 19x4 bo16%3 i o16x3 I 16x4 ' 13x 4 Y o13x4 ;
L 16x4 : 16x5 | 19%5 19x3 ©o19%3 . 19%3
I 13x4 | 22x5 | 19%s | 16%5 | 12x5 . 19x5 | 1704 1945 163
i 10x 4 20¥5 | 19%x5 . 13%5 ., 16x5 . 16x5 13x4 | 19%5 .
; 19x3 16x5 10%5 [ 13x5 © 1375 I 16x5
i 16x3 | t 19 %4 P 19xa ~10x5 | 13x5 |
i i - ' .
PAGE 18

ERIC

Aruitoxt provided by Eic:




i

s MO 35—

o P

TABLE 10 (a)

Suitable window sizes (in f1) for schools in the Cape Province (classrooms 22 ft 6 in wide, and no external obstructions)
(Design sky 1 000 lumens|sq f1)

b e -

e

. ] I ; ! ' 1 ] : :
,{ Main | Inside ! Outside | Main ; Inside ' Outside | Main ¢ Inside | Outside | Main 1 Inside IOnlside Main i Inside ' Outside | Main | Inside !Onlside
) win- ;corridori corridor | win- | corridor corridor | win- , corridor | corridor | win- gcorridor' corridor | win- ! corridor , corridor | win- | corridor | corridor
-1, dow | window ! window | dow | window ! window | dow | window | window | dow | window ; window | dow ; window , window | dow | window | window
+ M N ' 1
' 196 19v5 ' 27-6 | 14«6 194 276 | 1226 19v4 ~ 256 { 1925 19+5 : 22«6 | 17x5 19«4 | 22%6 | 15«5 19x5 | 16x5
3 1851 195 . 27-6 ! 25x6 } L 22<6 19% 6 2755 ; | 27x4
,. 256 2.6 : , 19+<6 16x6 } 16>5 195 27<6 | L 254
176 195 27-6 } 136! 19-5 27.6 I 2745 27x5 ' 25x6 i L 22%4
25-6 ’ 25-6 ' 19-3 1 27+6 255 2x6 | L 194
: 2.6 2.6 |11~6 1955 27-6 2x5 : 19+6 : 1 27%3
3 166 . 19-5 27x6 19-6 L 25%6 19-4 . 2746 166 P 194 | 27%6
E 25.6 16+ 6 2.6 | 18-5 19~5 | 27x6 13x6 : , 25%6
: 22+ 6 27x5 19%6 ' 25%6 27%5 : ©22%6
L 19-6 5.5 16 % 6 2.6 25,5 : © 1946
375 2~5 - 27>5 19%6 225 ' 16% 6
. 25«5 19> 5 A5x5 16%6 19%x5 275
194 ' 27-6 27+ 4 , S 225 27x5 : 16x5 , { 25%5
15-6 19-5 27«6 . 354 . 19%5 25%5 27> 4 i 22%5
2556 j19-4 27-6 165 22x5 25-4 : . 2T%4
;2246 t 256 ‘ 1 2774 19%5 22x4 ! 25«4
t 19+ 6 ! 1 2% 6 . 25%4 274 27%3 ;22x4
©16%6 ; 27-5 P 224 C25%4 19-4 27x6 19x3 ' 27%6
27-5 J 1276 19+5 27~ 6 . 273 19-4 1 276 . 25%6 | 14~5] 19+5 . 27%6
. 25+ 5 - 25-6 19-4 ' 27%6 F25x6 ' 22%6 L2546
t 7.4 ! 22, 6 . 2546 226 ‘ 19%6 P 22x%6
19«4 - 27x6 . 19+ 6 . 22> 6 ©27TxS . 27%5 i 19%6
L 25%6 16> 6 19«6 | 17-5 19¥5 * 27x6 ‘ 25%5 . 16%6
14-6 19>5 § 27x6 13x6 D275 . 25%6 193 27v6 1 27x5
, 1 25%6 1 275 . 255 2x6 | I5%x5 19-5 27%6 , i 25%5
: P 2246 . 25x5 | P 19x3 | 276 ( 19%6 i 25%6 . 22%5
19~ 6 22%5 | 2546 1626 i 22%6 t L 195
16 <6 19«5 | 2257 19%5 | 27x6 27% S ' 19%6 . 16%5
D275 ! 165 ' 25%6 : ; 25x5 ; 16% 6 i 27v4
©25%5 i - 27%4 | 2Ix51 19x5 | 27%6 ' i 22%5 ; - 13%6 i 25x4
‘ b 22%5 25x4 1 20+5] 19-5 | 27x6 I 27x4 ' ©27vS P 22x4
: 1 1945 : C 2244 ! ) 2546 ; 25.4 : 255 P 2713
' 1 7v4 : 27v3 f19v5 "' 195 ' 276 _19v4 i 27+ 6 i 2~ S f 25%3
! 25x4 P 19>4 C 27x6 | 25% 6 ‘ | 25%6 ! 19%5 1954 | 27x6
14x51 19> 4 ggxg 12v5 195 gxg 20x4 1 19%5 2§xg 1754 | 19x<4 | 27x6 | 15x4 | 19-4 25xg 13x4 | 194 %xg
: X ; X i 19« ; i 25x%6 : 2% 2%
19% 6 { 25%5 27x5 ‘ P 22%6 ! 196 27%5
27x 5 i ;2245 19%4 | 27x6 | 16-4 : 19x5 | 27»6 j c27x5 [ 12x4 ) 19%5 | 27%x6
25%5 . < 27x4 | 19«4 ] 19%5 | 27x 6 : | 25%6 " 25%5 25%6
225 ! i 25x4 ‘ 25% 6 . 7 22+ 6 } 27«4 22%6
1 27x4 (1974 1 27x6 i 2% 6 ; L 19x6 | 14%4 ¢ 19x5 | 27x6 19%6
" 1943 | 27x6 : i 25%6 19v6 ' : 16x6 ! . 25%6 27x5
; 25% 6 i 226 275 . | 13x6 ! 1 22%6 25% 5
b 15%3 | 27%6 : ©2T%5S 25>5 ‘ | 27x5 L 19%6 22x5
13«51 19%5 | 27x6 | 19x3 ! 27x6 19%4 | 27x6 i 25%5 | 16x6 27x 4
* 25x6 | 11x5: 19%x5 | 27x6 25% 6 ; 22x5 P 27%5 19%4 | 27x6
' 22%6 ; . 25%6 | 18x4 ! 19x5 | 27Tx6 [ 19x5 1 25%5 25%6
19%6 ; P 22x6 { 25%6 i 1 27x4 ©22x5 | 11x4 ) 19%5 | 27x6
; 16x6 i F 1976 | ; 22x6 . | 25%4 19%5 25%6
27> 5 ' ¢ 27%5 1 P 19% 6 * P22x4 ©27%4 22x%6
25%5 \ | 25%5 | 16 6 {1974 | 27%6 ' | 25%4 19% 6
. 22%5 1 i 22x5 27x%5 : ©25%6 19x4 | 27%6 27> 5
, P9~ 5 i y 2774 | 25% 5 ‘ 1 2x6 25%6 25% 5
t 274 1 1974  27x6 ; 2x5 P 19%6 1 22x6 27x4
| 25% 4 , 25% 6 ! 27x 4 . b 27%S C 19% 6 19x4 | 27x6
! 27%3 193 | 276 D194 | 27%6 {193 | 27x6 ' 27%s 25% 6
C19x4  27x6 | 22%41 19¥5 | 27x6 i 256 | I5=4 " 19x5 | 27%6 , 25%5
. 25% 6 ! 25%x6 | 17x4§ 19x5 ' 27x6 , : 25+6 | 13x4 ] 19x5 | 27x6
22%6 : » 22x6 ; | 25%6 22%6 P 25%6
! 19~ 6 } 19%6 i 1 2276 ¢ 19%6 ' 22%6
i 27%5 b 27%5 i } 19%6 ' 16%6 ;. 19%6
| 25x5 | 21>x4} 19-5 . 27> 6 H P 16%6 . 27x5 ; 16%6
L 19x3 | 27v6 i 25%6 ; ' 27x5 1 25v5 I 27%5
‘ 25% 6 . 22%6 | ; 25% 5 i 19% 5 i 25%5
12x5 19,5 | 27x6 L 19%6 : P 22x5 i 27v 4 22v5
i 256 p 27% 5 ‘ L 19> 5 - 25~ 4 27> 4
, 2v6 [20>4 | 19>5 | 27x6 ! I 27x4 : P 27%3 1 25%4
i 19-6 i " 25v6 | i 254 19-4 | 27%6 19%4 , 27%6
i i B i |
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TABLE 10 (b)

Suitable window sizes for schools in the Cape Province (classrooms 22 ft 6 in wide, and no external obstructions)
(Design sky condition 750 lumens(sq 1
. ] D Inside |
Inside Outside Inside Outside Inside Outside + Inside Outside ! Inside Outside
Main , corridor | corridor Main | corridor | corridor Main | corridor | corridor Main | corridor | corridor Main corridor | corridor
window | window window | window | window window window | window window window t window | window window ‘ wiadow window
19x6 | 19%5 27 6 136 | 19%5 | 27x5 18x5 | 194 | 276 14-5 ' 19%x5 | 27x6 18%4 | 19%5 27x4
186 195 27+ 6 255 T25.6 | 25a6 1o19% 4 276
! 251 6 P o1ox4 | 276 1 i 33x6 | 135 19~5 ' 27x6 , 2576
17%6 | 19%x5 | 276 1226 ° 19x5 | 27x6 : 275 25+ 6 17x4 | 19%5 27%6
i 25x 6 i 2556 17.5  19»5 27x6 12»5 . 19%5 27+ 6 ‘ 25x6
2%6 ; 22-6 25%6 | 22x4  19x5 27% 6 ' 22%6
16x6  19%5 27x6 27x5 ‘ 22> 6 25%6 ; 27x5
25% 6 19%4 | 27%6 ( . 19%6 22% 6 : 25%5
| 22x6 11x6 | 19x5 27x%6 ! , 27«5 19%6 P 19%4 27%6
'o19x6 25%6 . 25«35 27x5 164 , 19~5 27x6
P27xS 22x5 | 19%5 | 27x6 ; 22%5 x4 19x5 § 27x6 i i 25%6
25%5 25%6 ©21x4 25%6 i ! 22x6
19% 4 27x6 2Ix5 19%5 276 ;1954 1 27x6 22x6 i I 27x5
15%6 . 195 27% 6 20%x5 | 19%x5 | 27x6 i 256 19%6 | 5% 5
25%6 25%6 22x 6 27~5 Po19w4 | 27%6
22x6 19%x5 | 19%5 27%6 16x5  19%5 27x6 20%4 + 1955 | 216 15x4 © 19x5 | 27x6
19%6 25%6 25%6 : 25% 6 i 25x6
16x 6 22%6 22x6 i 22x6 144 ; 19»5 2776
27% 5 19%6 19x 6 ' 196 ' 5% 6
255 16%6 . 27x5 27x5 | 13»4 | 19x5 | 27+6
, 27~ 4 27x5 to25xS ©19%4 | 27x6 i
| 19%4 | 27x6 25x% 5 | 22%5 19-4 ; 19%x5 | 27x6 i
i 25%6 22xS ;o 27x4 ) 25%6 ;
1426 ' 19%5 | 27x6 C19%4 | 27x6 19,4 1 2746 ' 2x6 t
| 25%6 | 18x5 ! 19x5 | 27x6 ; 25x6 : 19% 6 i
22%6 25% 6 19%3 | 27%6 : 27x5 i
196 22x%6 1I5xS5 . 19xS ! 27x6 25%5 |
i 27 5 19%6 j P o25%6 19%x4 | 27¥6 |
! 25%5 1676 l , 22¥%6 ‘ 25% 6 ;
27> 4 27x5 ' i 19%6 184 . 19%5 276 {
194 27x 6 25x%5 ' ©27xS ! 25% 6 !
25%6 2x5 ! | 25x5 ! 22x6 i
136 | 19%5 27%6 19%5 | i 27x4 ! 19%6
F. x bt ’ s N x>
! 25% 6 27%4 194 | 27%6 27%5
; 226 254 | | 25x6 25% 5
i H

not, of course, apply to fanlights above doors, because
these are normally protected by large roof-overhangs.
In fact, fanlights are very useful for increasing the light-
ing intensity on chalk-boards, particularly if they can be
extended right up to the chalk-board wall.

It must be stressed again that, although the orienta-
tion of windows is not very important under overcast
conditions, it is of prime importance under cloudy or
clear sky conditions. Unless the main windows can be
protected from direct sunlight, it is preferable for them
to face either south or, if the room is not occupied during
the afternoon, west. Furthermore, the minimum window
areas given in Tables 9, 10 (a) and 10 (b) only apply to
cases where there are no external obstructions. The extent
to which these minimum areas should be increased to
allow for the effects of obstructions will be discussed
later.

The recommended minimum window sizes for rooms
other than classrooms, such as offices and the different
rooms encountered in school hostels, are given in
Table 11. In this connection it should be pointed out
that the proper distribution of daylight may not always

PAGE 20

be feasible and that in many instances artificial lighting
will have to be considered. Nevertheless, this does not
imply that the quality of the lighting can, or should, be
overlooked. For instance, particular attention should
still be given to the control of glare.

TABLE 11
Minimum recommended window sizes for rooms, other than
classrooms, work-rooms and laboratories

Window sizes given
as a percentage
of the floor area

Room

Bedrooms, dining-rooms 10
Living-rooms. . IS
Bathrooms .. 10
Kitchens and laundries 15
Study halls 20
Offices 20

(i) Influence of ceiling height on interior illumination
The influence of ceiling height on interior illumina-

tion under overcast conditions is illustrated in Figures

15 (a) and 15 (b) for the two combinations of window
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improved indoor illumination. As has been pointed out
elsewhere®, a ceiling height of 9 ft is considered more

than adequate for classrooms of normal size.
(1) Influence of external obstructions and various sun

control devices on interior illumination

Typical examples of the pronounced screening effects
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FIGURES 15(a), 15(b).
Influence of ceiling height and overhang height on interior illumina- /
tion for two different combinations of main and corridor windows b4 %0
5 z
. . . o g w0 |
sizes considered previously, viz., main window 16 ftx £
6 ft and corridor window 19 ft< 5 ft, arid main window 3
. . . 2 30 !
16 ft X 6 ft and corridor window 13 ftx 5 ft, respectively. 5
The results plotted in these Figures were obtained under ;
the artificial sky with the model open corridor class~oom z
on a dark green base. The positions of the windows S
remained unaltered during all tests and only the heights
of the ceiling and overhangs were changed.
It will be seen that ceiling heights and, more particu-

20 30 40 50

larly, overhang heights have a pronounced influence on
Angle of obstruction,«, (degrees)

interior illumination. A change in the heights of the

ceiling and overhang from 9 ft to 12 ft resulted, for FIGURE 16

instance, in an increase in illumination in the centre of Influence of external obstructions in the form of a neighbouring
building, 20 ft from window wall, on indoor lighting under overcast

the classroom of about 36 and 42 per cent, respectively, conditions
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Influence of external obstructions in the form of trees on indoor
lighting under overcast conditions
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FIGURE 18

Increase in window sizes to allow for average decrease in indoor

lighting due to external obstructions in the case of open corridor

type classrooms 9 ft high, with an 8-ft roof-overhang on the corridor
side
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buildings and trees, on interior illumination on the
horizontal working-plant in the case where windows are
provided in the wall facing the obstruction only, are
shown in Figures 16 and 17, respectively.

The extent to which window areas should be in-
creased to compensate for the average loss in lighting
intensity throughout a classroom due to solid external
obstructions is given in Figure 18 for open corridor type
classrooms with a roof-overhang of 8 ft on the corridor
side. Although not strictly applicable, it is felt that, in
practice, the same corrections may be applied to closed-
in corridor type classrooms.

Since trees can serve a very useful purpose in con-
trolling sky luminance and in providing shade in warm
areas®”, they should preferably be planted in rows at
right angles to the window walls and not parallel to
them. If planted in this manner, their adverse effect on
both lighting and natural ventilation will be limited.
Similarly, right-angled screen walls have very little
influence on indoor lighting.

Roof-overhang. The influence of roof-overhang on
interior illumination under overcast conditions is
illustrated in Figure 19.

As can be expected, the length of the overhang is of
far greater importance than the colour of the overhang,
although the lighter the colour the higher the indoor
lighting intensities will be.

Sun-control Devices. In cases where control of direct
sunlight is essential, the effect of the specific sun control
device on interior illuminations should be taken into
account because it can lead to serious reductions in
indoor illumination. The many ways of controlling
sunlight make it quite impossible, however, to lay down
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FIGURE 19

Influence of length and colour of roof-overhang on indoor lighting
for overcast conditions
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even general rules as to the extent to which window areas
should be increased to compensate for the effects of such
devices on lighting. Each case must be dealt with
individually.

Figure 20 illustrates the extent to which sun control
devices in the form of external horizontal louvres can
influence indoor illumination under overcast conditions.
The results plotted in this Figure were obtained with the
model open-corridor classroom under the artificial sky.
Only unilateral lighting was considered and each of the
three equally spaced windows, measuring 5 ft high x 6 ft
wide, was fitted with six horizontal louvres as shown in
the Figure.
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g :
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Drstence of interior meosurng station from window (11}
FIGURE 20
Influence of horizontal louvres on average indoor lighting for overcast
conditions

It will be observed that, as with roof-overhangs, the
maximum reduction in indoor lighting occurs near the
wall containing the windows.

Even if configurated, prismatic, louvred, diffusing and
other heat-absorbing glasses are used as sun control
devices, allowance should be made for the reduction of
light-transmission through such glasses.

2. ARTIFICIAL LIGHTING

As has already been indicated, it is impossible in
practice to ensure adequate natural indoor lighting under
all weather conditions. The best that can be achieved is
to provide sufficient light for about 96 to 98 per cent of
the school hours during the year. Consequently, there
will be at least 2 to 4 per cent of the school hours during
which indoor lighting conditions will not conform to
minimum requirements, but it is doubtful whether so
small a percentage would warrant the installation of a
full-power artificial lighting system.

Judging from measurements conducted in well-de-
signed schools, it would appear as though the provision
of such an installation werc unnecessary. A lighting
system capable of giving a maximum of 10 lumens/sq ft
would, in most circumstances, be more than adequate
for supplementing daylighting under adverse weather
conditions and also, perhaps, in densely built-up arcas.
In areas where external obstructions are limited, the
advisability of providing even a supplementary installa-
tion is questionable. Local lighting of chalk-boards is,
however, considered essential, the reason being that,
while it is possible to read and write for short periods
with a lighting intensity of as low as 5 to 10 lumens/sq ft
on the desks, it is generally impossible for the children
to read writing on the chalk-board under such con-
ditions. Chalk-board lighting should, therefore, be so
designed as to give a lighting level of not less than 10,
but preferably 20, lumens/sq ft to supplement day-
lighting.

If, on the other hand, classrooms are to be used for
evening classes or lectures or for purposes of study at
night, a full-strength lighting installation would be
essential.

In cases where artificial lighting installations are con-
sidered necessary, it would be advisable to consider the
use of an automatic photo-electric on-and-off switching
device, so that the control of lighting will not be depen-
dent upon the judgment of teachers or children.

The design considerations to keep in mind in the
design of artificial lighting systems are discussed in
subsequent paragraphs.

(a) General lighting

In the design of an artificial lighting system for class-
rooms, the engineer or architect should ensure that it
not only presents a pleasing appearance but also delivers
enough light on the desks and chalk-board to comply
with minimum recommendations. The quantity of illu-
mination in a given area depends on the type of light-
source, the wattage of the source, the size of the room
and its decoration. The quality of the lighting is governed
by the type of lamp and the design and arrangement of
the fittings selected. The selection of the best type of
lighting system for any particular room should, there-
fore, receive careful attention and should be considered
in the early stages of design.

General lighting systems are usually classified into
five main groups, depending on the manner in which the
light is distributed from the fitting%. The various groups
are illustrated in Figure 21. The approximate percent-
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ages of light distributed upwards and downwards from
the fittings of the five main groups are given in Table 12.

The merits of each of the five main groups of lighting
may be summarized briefly as follows:

(i) Direct lighting
In a direct lighting system undesirable luminance

SEMI-DIRECT LIGHTING
Upwards 10-40%
Downwards 60-90%

DIRECT UGHTING
Upwords 0-10 %
Downwards 90-100%

GENERAL DIFFUSE LIGHTING
Upwords 40~ 50%
Downwards 40~ 50 %

INDIRECT LIGHTING
Upwards 90 - 100%
Downwords O - 10%

SEM! - INDIRECT LIGHTING
Upwards 60-90%
Downwards 10 - 40%

FIGURE 21
Schematic illustration of five different types of artificial lighting

TABLE 12
Approximate light distribution from different types of
artificial lighting fittings

Distribution (per cent)
Type of fitting
Upwards Downwards
Direct .. .. .. .. 0—10 90—100
Semi-direct .. 10—40 60—90
General diffuse. . 4050 40—50
Semi-indirect 60—90 10—40
Indirect 90—100 0—10
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ratios may result if some means of illuminating the ceiling
is not provided. It is, furthermore, desirable to use light-
coloured materials and finishes throughout the room.
Although it is easy enough to design a direct lighting
system that will provide the desired illumination, it is,
as a rule, not so easy to design one that does not cause
disturbing shadows, particularly if filament lamps are
used. Moreover, the area taken up by the lighting units
required is often large, while direct and reflected glare
can be distressing if the relative luminances are not kept
within the recommended limits. In view of the foregoing,
it is felt that direct lighting with incandescent lamps is
not suitable for classrooms. Certain types of direct light-
ing fittings with fluorescent tubes may, however, be used
with advantage to give adequate illumination without
the danger of glare. Suitable units normally consist of
recessed troffers fitted with louvres or of ceiling-mounted
direct reflector equipment with a proper cut-off angle.

(i) Semi-direct lighting

The semi-direct type of fitting has a much larger
downward than upward output, but the latter is generally
sufficient to relieve the darkness of the ceiling and upper
walls. Despite this, however, the shadows and luminance
conditions characteristic of these fittings are of such a
magnitude that they will cause glare unless the necessary
precautions are taken to eliminate it. A well-designed
fitting of this type, suitable for schools, is shown in
Figure 22.

(iii) General diffuse lighting
The general diffuse type of lighting gives a more or

FIGURE 22
An example of a semi-direct fitting suitable for classroom lighting
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less even distribution upwards and downwards. Never-
theless, shadows will still be noticeable, though to a
lesser degree than with the preceding two types. Some
difficulty may be experienced with glare, as the source is
generally fairly bright. This, however, may be overcome
by the vse of highly reflective surfaces for ceilings and
walls and by large diffusing shades in the fittings. If pro-
perly designed, this type of lighting can be used in class-
rooms, offices, passages and the various rooms in hostels.

(iv) Semi-indirect lighting

In this type of lighting the upward component is
usually between 60 and 90 per cent of the total output.
Consequently, the ceiling acts as a secondary source of
light and should, therefore, be painted a very light colour,
preferably white. Although the downward component is
small, there is still the danger of direct glare, particu-
larly if filament lamps are used. Fittings falling into this
category generally have translucent or opaque shades
which tend to give low luminance contrasts with the
ceiling. A very well-designed fitting of this type which has
been developed overseas, and found suitable for school
lighting, is shown in Figure 23.

FIGURE 23
An example of a semi-indirect fitting suitable for classroom lighting

(v) Indirect lighting

In the totally indirect systems all the light is reflected
towards the upper parts of the walls and ceiling, which
then act as secondary sources of light. The colour of
these surfaces must, therefore, be very light indeed, white

being the most suitable colour for them. Similarly, the
outside or underside of the fittings should be light-
coloured to reduce the luminance contrast with the ceil-
ing. The diffuse character of the light tends to minimize
shadows as well as direct and reflected glare. Although,
with this type, more powerful sources are required to
deliver the same lighting intensity as the other types do,
it gives better all-round illumination. Excessive luminance
patches on the ceiling can be prevented by suspending
the fitting not less than 1.25 ft from the ceiling. Inci-
dentally, regular cleaning of this type of fitting is abso-
lutely essential.

To calculate the spacing, mounting-height, number
and wattage ratings of lamps, any of the standard
methods described in the literature?!. 2% 3% can be used.
To aid designers, however, information on designing arti-
ficial lighuag systems is supplied in Appendix 1.

(b) Chalk-board lighting

Writing viewed from a distance is more difficult to
read than that which is near the eyes. In a classroom
some children are seated 8 ft from the board and others
25 ft away at the back of the room. The latter will,
naturally, find it more difficult to read what is written
on the board, especially if its surface has become grey
from constant use, or if the teacher’s writing is small.

As already pointed out, the illumination on the ver-
tical chalk-board surface is usually lower than that on the
horizontal working-plane. If, therefore, the latter light-
ing only just conforms to minimum requirements, the
chalk-board will, in all probability, be inadequately
illuminated. Under such circumstances local supple-
mentary illumination of the chalk-board becomes very
important. Increasing the illumination levels on the
chalk-board will have the further advantage of mini-
mizing any veiling glare from windows or light-sources.

Supplementary lighting on the chalk-board can be
obtained from a variety of light-fittings and mountings.
Whatever arrangement is used the fittings should be so
positions that no glare will be experienced either by the
pupil or by the teacher. Careful attention should also be
given to the heat radiated from the light-sources because
intense heat radiation will be uncomfortable for the
teacher. The possible positioning of the chalk-board
fitting is, therefore, limited, and it should be given careful
consideration.

(i) Fluorescent fittings. In view of its length, high effi-
ciency and relatively low luminance, the fluorescent tube
lends itself favourably to the supplementary lighting of
chalk-boards.
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A type of wall mounting', which has been found
suitable in overseas countries, is shown in Figure 24.
The unit consists of a tube fitted in a parabolic aluminium
reflector, which is aimed at a point 6 inches above the
bottom of the board. The illumination intensities to be
expected from a fitting of this type are also indicated in
the Figure.

I2u

Parabolic aluminium reflector,

Ballost A 4" deep x 8"wide
e Front cover same colour os wall
‘slimline’ or fluorescent lube
woll
Axis oimed of point 6°
from bottom of boare
Chalk-board
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FIGURE 24

A shallow reflector type of wall mounting suitable for supplemeniary
lighting of chalk-boards

Another type of fitting suitable for wall mounting,
consists of a parabolic aluminium reflector, 6 inches in
both width and depth, mounted above the board. It was
also tested, and the illumination values and details of
this particular design are given in Figure 25.

With both these types of fittings, careful consideration
should be given to the cut-off angle, in order to prevent
any pupil from seeing the shiny reflector. The outside
covering strip of the fitting should also be painted the
same colour as the chalk-board wall, to minimize any
distracting luminance or colour contrasts.

The fittings described so far are suitable for mounting
on the chalk-board wall. Similar and other types of
fittings are also available for mounting on the ceiling.
One such fitting is illustrated in Figure 26.

(ii) Incandescent lamps. Incandescent lamps can also be
used to provide lighting on chalk-boards. Here, however,
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FIGURE 25

A deep reflector type of wall mounting suitable for supplementary
lighting of chalk-boards

FIGURE 26

An exainple of a ceiling-mounted fitting suitable for supplementary
lighting of chalk-boards




it is of utmost importance to shield the high-luminance
incandescent lamps from the pupils’ view.

The fittings can be mounted either on the wall or on
the ceiling in the positions indicated in Figure 27. A
suitable combination was found to be a ‘bullet’ or
conically shaped shade fitted with a 100-watt spotlight
lamp. As can be expected the possibility of having an
irregular lighting pattern with this type of fitting is very
great unless careful attention is given to the spacing and
mounting of the units. The arrangement shown in Figure
27 has been found to be fairly effective. One drawback
with these fittings, however, is that they are easily tam-
pered with and broken,

An alternative scheme is to use specially designed
prismatic lighting fittings?, which can be attached to the
ceiling.
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FIGURE 27

An example of an incandescent lamp arrangement suitable Jor
chalk-board lighting

B. QUALITY OF LIGHT

It has already been emphasized that the provision of the
desirable quantity of illumination is not the only design
objective; the quality of the illumination is of equal
importance. In this connection it has been shown that
excessive luminances and luminance ratios should be

avoided and that the task, being the most important
object in the field of vision, should receive the greater
part of the illumination. In order to aid designers, some
of the more important design considerations for control-
ling the quality of lighting are élaborated below.

(a) Use of colour to control luminance ratios

Colour can contribute appreciably in achieving the
desirable limiting luminance ratios listed in Table 4. In
order not to exceed these limiting ratios, the reflection-
factors of the more important surfaces in classrooms
should fall within the ranges indicated in Table 13.
Glossy surfaces should, of course, be avoided as far as
possible to minimize reflected glare.

TABLE 13
Recommended reflection-factors for classrooms

Reflection- Suitable surfaces
Surface factor or
(per cent) colours
Desk-top .. . 35—40 Light-coloured wood, e.g.,
: pine or oak
Floor .. .o 15—30 Medium colours, e.g.,
‘» brown, green, grey, efc.
Walls .. ce 50—60 Pastel shades, e.g., green,
: blue, etc.
Ceiling : . 80—85 Matt white
Window walls . WI .
Reveals oL .
Window-bars o [ : 80—385 Matt white
Mullions .. .. i !
Pinning-boards .. 50—60 Light colours
Chalk-board I 15—20 Dark colours, e.g., green,
‘ blue, red or orange
Chalk-board wall. . 50—60 Light colours, to har-
monize with chalk-board
colour

(b) Control of high outdoor luminances

Various methods may be employed for protecting chil-
dren’s eyes from high cutdoor luminances. These include
internal blinds, curtains, etc., but such devices should be
used with discretion because they can have the dis-
advantage of interfering not only with the daylight
intensity but also with the natural flow of air.

A practice frequently adopted in the United
Statest. 8 12,5 is to place the desks in such a way that
their fronts make an angle of about 50° with the for-
ward reveal of the front window of the classroom.

Perhaps a more successful way of controlling sky
fuminance is to have external screen walls as shown in
Figure 28, or by judiciously planting trees in rows at
right angles to the window wall. By grading luminances
from bright to relatively dark in this way?’, glare from
a bright source is considerably reduced. The effectiveness
of screen walls in the grading of luminances is illustrated
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FIGURE 28
External screen walls to control sky luminance and sunlight

by the results obtained at the Waterkloof experimental

E school under fairly bright sky conditions. These results
A are listed in Table 14.

TABLE i4

3 Grading of luminances in the Waterkloof experimental
: school by means of external screen walls

E ! Luminance

, Window ; Surface (footlamberts)
South-facing (no side | Inside of window wall 6l

; walls, but trees 50 ft | Trees .. .. .. 540

3 from wall) | Sky just above trees .. 1 500

3 North-facing with | Inside window wall .. 27

: 7 ft 6 in overhang | Side wall .. .. 110

3 (with side walls and | Trees .. .. .. 100

1 distant trees) ¢ Sky just above side 1 400

A { wall and trees

3

(c) Orientation of classrooms in relation to the sun

E Direct sunlight on the desk-tops or on the chalk-board
can be a source of glare which could cause serious dis-
comfort. A typical example of the effects of direct sun-
light on a child’s desk is illustrated in Figure 29. The
degree of discomfort glare experienced in this particular
case was calculated along the lines suggested by Pether-

bridge and Hopkinson?” and it was found that it could FIGURE 29
’ be classified as ‘intolerable’. Apart from the glare, the An example of the effects of direct sunlight on pupil’s desk
; PAGE 28
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diversity ratio. i.e.. the ratio of maximum to minimum
illumination, amounted to 166 : 1 which is considered too
high for comfortable seeing.

Because of the foregoing it is felt that under no
circumstances should direct sunlight be allowed to pene-
trate into classrooms during school hours. The only
classrooms in which direct sunlight may be an advantage
are kindergarten or grades rooms.

There are various methods of controlling sunlight, of
which ihe most common is the introduction of internal
or external louvres or blinds but unless these are pro-
perly designed, they have the serious disadvantage of
interfering too much with natural lighting and ventilation
and, because of this, they are not recor >nded for
general use.

The most obvious solution is to position a building
in such a way that penetration of sunlight is minimal.
Normally, this can be achieved quite easily in school
buildings by having the main windows facing either south
or west, and by protecting windows in the opposite
walls with suitable roof-overhangs, screen walls or
louvres. Windows of kindergarten and grades rooms can,
however, be arranged in such a way that the bigger ones
face north in order to allow a certain amount of sun
penetration. The length of roof-overhang and screen
walls or, alternatively, the best arrangement of louvres
necessary to give the required control over direct sun-
light, can easily be determined by means of solar charts
which have been plotted for South African conditions®.

It must be borne in mind that all sun control devices
will inevitably affect natural lighting to some extent and
that allowance must be made for this in the choice of

window sizes.

(d) Luminances of light-sources and auxiliary equipment
In the design of artificial lighting installations special
attention should be given to the luminances of the light-
sources and auxiliary equipment. The luminances of
light-fittings should preferably not exceed the values

listed in Table 15.

TABLE *-
Recommended maximum luminances of light-fittings for
classrooms
Luminance (footlamberts)
Zone, if 0° isﬁdirectly below ! M -
the fitting aximum
Preferred i acceptable
0—45° 2 500 5 No limit
45—60° 1500 | 2500
60—87° 500 ! 1 500

The luminance of light-fittings can usually be con-
trolled quite adequately by proper shields or covers.
The sizes of the latter, given in Table 16, will serve as a
guide in the selection of light-fittings for use in the
lighting systems2% 3! ordinarily found in schools.

TABLE 16
Bowl and shield sizes for general lighting fittings having
filament lamps

e % Lamp size
Fitting ﬁ (in watts)

6’-diam. sphere .. .. .. .. e 40
“.diam. sphere .. .. .. .. .. | 60or7s

10”-diam. sphere ; 100
127-diam. sphere .. .. .. .. .o 150
14”-diam. sphere .. .. .. .. eo 200
16"-diam. sphere .. .. .. .. ee 300
14”-diam. semi-indirect fitting .. .. co 200
16”-diam. semi-indirect fitting .. .. .. 300
18”-diam. semi-indirect fitting .. .. e 500

Other points to bear in mind in the design of artificial
lighting systems are:
1. The area of potential sources of glare should be as
small as possible.

2. The surroundings, e.g. ceiling and walls, should be
decorated to conform with the recommendations em-
bodied in this report.

3. The fittings should have a cut-off angle of at least 30°.

4, The fittings should be mounted as high as possible
and should be so spaced as to give an even distribution

of light.

5. The colour of the light should be acceptable. Unless
this is so, unacceptable colour conditions may be pro-
duced. The colour of a wall or ceiling may, for
instance, be acceptable under one type of light-source
at a given level of illumination, but not under another
type or level. It is impossible to lay down definite
rules in this connection and designers must use their
own discretion.

6. Where artificial lighting is required to supplement
daylight, it is desirable that the illuminant should
blend with the natural light. Experience has shown
that, where precise colour discrimination is unneces-
sary, light from incandescent filament lamps is gener-
ally suitable for moderate values of illumination,
namely, between 2 and 25 lumens/sq ft. In regard to
fluorescent lamps there is a preference in cold climates
for those in warmer colours, whereas in warm climates
lamps in colder colours or white are more popular.
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Where accurate colour discrimination is required,
fluorescent tubes with a colour temperature of 6 500°K
would be a good choice but for general lighting, where
precise colour discriminaticn is unimportant, tubes
which have colour temperatures between 3 000 and
4 500°K will probably be more suitable.

GENERAL

However well a lighting system may have been designed,
it will not function effectively for long periods unless it
is properly maintained. Regular cleaning of windows and
light-fittings is of the utmost importance. Defective
lamps should be replaced, and group-replacing will

probably prove worth while in installations where the
lamps are burned for prolonged periods.

CONCLUSIONS AND
RECOMMENDATIONS

Although this report covers chiefly the general lighting
of classrooms, there are many other rooms in school
buildings and hostels which require lighting. The same
vasic principles apply throughout and only require
intelligent application. Useful additional information
relevant to the lighting design of school buildings may
be obtained from the literature listed in Appendix 2.

An index of the main conclusions and recommenda-
tions in respect of school lighting follows.

INDEX OF CONCLUSIONS AND RECOMMENDATIONS IN RESPECT OF SCHOOL LIGHTING

H
Subject Recommendations and conclusions | Page
VISIBILITY OF SCHOOL TASKS Printing in 10-12 point in new roman type-face is most legible .. .. 3
Visibility will be improved if contrast is increased to a maximum, i.e., black on white . 3
Letters on chalk-boards should be at least 1 inch high, and children should not be placed
much further than 25 ft from the board . .. .. .. .. .. .. 3
QUANTITY OF ILLUMINATION | Proposed minimum illumination levels for South African schools (see Table 2) 4
Proposed minimum illumination levels for hostels and halls (see Table 3) 4
Recommendations for ciiildren with defective vision .. .. 4
Light should be evenly distributed to prevent excessive contrasts 5
QUALITY OF ILLUMINATION . Recommended limiting luminance ratios in classrooms (see Table 4) 4
. Lighting should be well diffused .. .. .. 5
i To prevent reflected glare all surfaces should be matt .. .. .. . .. 5
? Colours used for chalk-boards should have reflection-factors varying between 15 and 25 s
} per cent .. .. ‘. .. .. .. .. .. .. . .
i Colours recommended for chalk-boards .. . 5
i Well laid-out grounds create a pleasant atmosphere 5
DESIGN ! |
CONSIDERATIONS i Regular eye examinations are strongly recommended i 5
A. Quantity of light i Design sky illumiration value for summer rainfall areas ! 10
1. Daylighting ’ Design sky illumination value for winter rainfall areas . . f 10
¢ Sky luminance distribution for overcast conditions ! 10
. Sky luminance distribution for clear sky conditions i 10
Relationship between outdoor and indoor illumination ' I
. Use of the artificial sky and scale model technique : 12
* Influence of window size on interior lighting . | 12
- Suitable window sizes for open corridor classroom (see Table 9) i 18
' Suitable window sizes for closed-in corridor classroom (see Table 10) i 19,20
* Influence of ceiling height on interior illumination .. . . .. .o 20,21
- Influence of external obstructions and various sun control devices on interior illumination Po21,22
2. Artificial lighting . Full-power or even supplementary artificial lighting installation unnecessary in well-designed |
i classrooms .. .. .. .. .. .. .. .. .. .. .. ee 23
! Local lighting of chalk-board is considered necessary .. .. i 23
Advisable to use automatic photo-clectric on-and-off switching device . .. e 23
Merits of the different types of general lighting systems, with a few examples of suitable | :
| classroom fittings e ce e e oo 23,4
i Suggested schemes for local chalk-board lighting i 25-27
B. Quality of light Recommended reflection-factors of colours to control Jluminance ratios (see Table 13) t 27
Recommendations for controlling high outdoor luminances .. .. . ! 27
Recommended orientation of classroom to control sunlight penetration b 28,29
Best arrangement of sun control devices determined by means of solar charts f 29

GENERAL ! !
i lighting

Regular cleaning of windows and light-fittings of utmost importance to maintain good

Recommended maximum luminances of light fittings for classrooms (see Table 15) : 29
Suggestions relating to the control of glare in the design of artificial lighting systems

29
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APPENDIX 1

TABLES FOR DETERMINING THE NUMBER AND SIZES
OF LAMPS REQUIRED TO DELIVER A PREDETERMINED
ILLUMINATION LEVEL ON THE WORKING-PLANE

In order to simplify the calculation of the number of lamps
required and the wattage ratings necessary for them to deliver a
predetermined illumination level on the working-plane in rooms
of different sizes, Tables | to 5 have peen drawn up for the five
main lighting systems referred to in this report, viz., direct, semi-
direct, general diffuse, semi-indirect, and totally indirect systems,
respectively.

The results listed in these Tables were calculated according to
the well-known lumen method by assurning that:

(a) the illumination level is 20 lumens-sq ft;

(b) the reflection-factors of the ceilings will not be less than 70
per cent and those of the walls will not be less than 50 per
cent, and

(¢) the average lumen-output throughout the life of the particular
lamps will be as indicated in Table 6. Tables | to 5 are attached
at the back of this Appendix.

TABLE 6

Assumed lumen-outpui, average throughout life, of light-sources for
the calculation of number and sizes of lamps

Assumed

Light-source light-output

(in lumens)
75-watt incandescent lamp .. .. .. 785
100-watt " . .. .. .. 1160
150-watt ye v .. .. .. 1970
200-watt . ve .. .. .. 2725
300-watt . v .. .. .. 4430
4’ 40-watt fluorescent tube .. .. .. 2000
5" 80-watt ' ' .. .. .. 3 600
8’ slimline tube .. .. .. .. .. 4 800
8’ cold cathode tube .. .. .. } 2400

For average light-outputs or types of light-sources other than
those covered in the foregoing Table, the number of lamps required
can be determined by dividing the lumen values given in the second
column by the respective average light-output.

It should also be stressed that, although the number of lamps
and the wattage ratings given in Tables | to 5 are those required
to give an illumination level of 20 lumens/sq ft on the horizontal
working-plane, the number of lamps required for any other level
of illumination can easily be determined by proportionately re-
ducing or increasing the figures quoted. For instance, if an illu-
mination level of only 10 lumens/sq ft is required, the number of
light-sources required will be approximately half those given in
the Tables.

The practical application of the Tables is best illustrated by
means of an example. It is, for instance, desired to use a semi-
indirect lighting system in a room decorated in light colours and
measuring 15 ftx 20 ft x9 ft high; what number of lamps would
be required and what should their wattage ratings be in order to
deliver 10 lumens/sq ft?

From Table 4 (a) it will be seen that, for a floor arca of 300
sq ft and a ceiling height of 9 ft 6 in, a lighting level of 20 lumens:sq ft
requires 22 800 lumens. Thus, for a lighting level of 20 lumens.sq ft
any of the number of lamps listed in Table 7 may be used.

TABLE 7

Sizes and number of lamps required 10 give an i'lumination level of
10 lumens sq ft from a semi-indirect system in a room of

15 ft1x 20 ftx 9 fi
Light-source % Number

75-watt incandescent lamp .. .. e 15
100~watt - " .. .. .. 10
lSO‘Watt ’” E2) - .. .. 5
200-watt " - f 4
300-watt . . ) 2
4’ 40-watt fluorescent tub : 6
57 80-watt v ' 3
8 slimline tube ‘ 2
8’ cold cathode tube ' 5

However, as far as the arrangement of the fittings is concerned
some of the numbers of lamps suggested, particularly the uneven
numbers, may not be a practical choice. Furthermore, it is essential
to ensure a uniform distribution of light in order to avoid high
contrasts from the darker to the better lit parts of the room, and
this will depend entirely on the spacing, type, and mounting of the
fittings. The spacings and mounting heights suggested in Table 8
have, however, been found to give a distribution within the re-
quired limits®, and it is recommended that these be used as a
guide in the design of artificial lighting installations in this country.

TABLE 8
Reconumended spacing of fittings for differemt mounting and ceiling
heights®
Maximum distance
Height of between points
and side walls Suspension
- Maximum distance of
fitting . ceiling spacing where where ceiling to
above floor, ; above between aisles work- light-centre
for direct, floor, light- are benches for semi-
semi-direct for semi- points next are next |indirect and
and general indirect to to the indirect
diffuse and direct wall wall fittings
fittings fittings
!
@in ) (in 1t) (in ft) Ginft) | (nft) (in f0)
7 — 6 3 o2 —
8 8 73 34 24 1}
9 9 9 43 3 13
10 10 104 5 34 11
11 11 12 6 4 2
12 12 134 6} 43 2}
13 13 15 73 5 23
14 14 164 8 54 23
15 15 18 9 6 3
16 16 194 94 64 3}
17 17 21 104 7 33
18 18 22} 11 7% 31




TABLE 1 (a)
Number and wattage ratings of lamps required to deliver a predetermined iliuminativii level in rooms of different sizes

Type of lighting: Direct Ceiling height: —
Illumination level: 20 lumens/sq ft Mounting height: 7—7.5°

}

Fluorescent Lamps

; Incandéscent Lamps

Floor area . Lumens 1 Hot Cathode ' Slimline lCold Cathode
(sq ft) ; required ' ;
i t o 75W 100% I50W | 200W | 300W | 4—40W | 5—30W | §'—T4W | 8'—52W
100 ' 6200 8 | 5 3 2 o | 3 2 0 1 3
200 , 11200 ¢ 14 ¢ 10 6 4 ¢ 3 1 6 ! 3 2 5
300 ; 15800 . 20 , 14 | 8 6 4 8 ' 4 3 7
400 20000 25 - 17 . 10 7 5 & 10 6 4 8
500 - 24600 31 21 1 12 9 6 | 12 7 5 10
600 1 29000 , 37 25 15 . 11 7 | 15 ' 8 6 12
700 ! 32800 2 - 28 16 ¢ 12 7 . 16 9 7 14
800 ! 37000 47 . 32 19 | 14 8§ + 19 i 10 8 5
900 ' 41400 53 36 21 5 9 21 i . 9 17
1000 45600 58 39 | 23 1 17 10 22 1 13 9 19
1100 | 4980 | 63 i 43 25 18 b o1y 25 14 0 2l
1200 | 54000 | 69 a7 27 . 20 12 27 15 i 2
1 300 58 400 74 . 50 29 | 21 3 29 . 16 § 12 i 24
1400 | 62600 ; 8 | 34 ;31 23 14 3L 1T 1B 26
1500 | 66600 l 85 i ST B 5 3018 , 4, =
i ! . ; !
TABLE 1 (b)

Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
Type of lighting: Direct Ceiling height: —
Itlumination level: 20 lumens/sq ft Mounting height: 8'—8.5°

Fluorescent Lamps
Incandescent Lamps
Floor area Lumens Hot Cathode | Slimline |Cold Cathode
(sq ft) required :
W | 100w | 150w | 200w | 300w | 4—d0W | 5—80W | 8—TaW | 52w

100 7 000 o | 6 ! 4 | 3 2 4 2 1 3
200 12 000 s 4 10 6 | 4 3 6 3 2 5
300 17 000 20 0 15 . 9 ' 6 4 9 5 4 7
400 21 600 2 | 19 o118 5 1 6 4 9
500 26 000 3002 0 13 i1 6 13 7 5 10
600 30 200 38 26 15 111 7 | 15 8 6 13
700 34 200 44 2 1 17 b 8§ , 17 9 7 14
800 38 400 49 33 9, 14 9 19 1 8 16
900 42 600 54 37 21 16 10 21 12 S 18

1 000 46 800 60 0 | 23 | 1 [ 23 13 10 19

1 100 51 000 65 4 1 26 3 19 12 26 14 1 21

1 200 55 200 70 48 I 28 20 12 28 15 1l 23

1 300 59 600 76 51§ 30 22 13 30 17 12 25

1 400 64 000 82 55 | 32 23 14 32 18 13 27

1 500 68000 | 87 59 | 34 | 25 15 34 19 14 28
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TABLE 1 (¢)

Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes

Type of lighting: Direct Ceiling height: —
[lfumination level: 20 lumens/sq ft Mounting height: 9'—9.5°

¥

Fluorescent Lamps

Incandescent Lamps

Floorarea  Lumens , Hot Cathode | Slimline {Cold Cathode
(sq ft) required - ) . :
i 7SW . 100W 150W - 200W | 300W . 4'—40W | 5'—80W z 8§—74W | 8 —52W

100 8 000 10 7 4 3 2 4 2 2 3
200 13 200 17 11 7 5 3 7 4 3 5
300 18 0UGD 23 15 9 7 4 9 5 4 7
400 22600 29 ' 19 3 8 5 11 6 5 9
500 27200 35 ‘ 23 14 10 6 14 8 6 11
600 31 400 40 27 16 12 7 16 9 7 13
700 35 400 45 30 18 13 8 18 10 7 15
800 . 39600 50 ) 34 20 15 9 20 11 8 16
900 " 44000 56 38 22 16 10 22 12 9 18

1 000 . 48000 61 41 24 18 I1 24 ' 13 10 20

1100 52200 ¢ 66 45 26 , 19 12 26 14 11 22

I 200 56 600 72 49 i 28 21 13 : 28 ' 16 12 ! 24

1 300 . 6l 000 78 52 i 31 22 : 14 i 31 17 13 : 25

1400 ! 65400 | 8 56 . 33 24 IS i 33 :+ 18 = 14 27

I 500 . 69600 89 } 60 1 35 ‘ 26 : 16 i 35 : 19 : 14 29

! ! i i i t !
TABLE 1 (d)

Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
Type of lighting: Direct Ceiling height: —
Illumination level: 20 lumens/sq ft Mounting height: 10°—11.5’

Fluorescent Lamps
Incandescent Lamps -
Hot Cathode Skimline {Cold Cathode

Floor area Lumens -

(sq ft) required W 100W 150W 200w 300w 4'—40W | 5—80W | 8'—74W 8'—52wW
100 9 200 11 8 5 3 2 5 3 2 4
200 14 600 19 13 7 5 ! 3 7 4 3 6
300 19 600 25 17 10 7 4 10 5 4 8
400 24 400 31 21 12 9 6 12 7 5 10
500 29 000 37 25 15 I1 7 15 8 6 12
600 33 200 44 29 17 12 7 17 9 | 7 14
700 37 400 48 32 19 14 8 19 10 8 16
800 41 600 52 36 21 15 9 21 12 9 17
900 45 800 58 39 23 17 10 23 13 10 19

1 000 50 00C 64 43 25 18 11 25 14 10 21

[ 100 54 200 69 47 27 20 12 27 15 11 23
1200 58 600 75 50 29 22 13 29 16 12 24
1300 63 000 80 54 32 23 14 32 17 13 26
1 400 67 400 86 58 34 25 I5 34 19 14 28
1 500 71 600 91 6l 36 26 16 36 20 15 30
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TABLE 1 (e)
Number and wattage ratings of iamps required to deliver a predetermined illumination level in rooms of different sizes

Type of lighting: Direct Ceiling height: —
Ilumination level: 20 lumens/sq ft Mounting height: 12'—13.5’

Fluorescent Lamps

Incandescent Lamps

Floor area Lumens ' Hot Cathode ! Slimline 'Cold Cathode
(sq ft) required ——— - — @ o e
75W 100W  ° 150W 200W - 300W 4'—40W . 5'—80W 8'—74W @ 8 —52W

100 10 800 13 9 5 4 2 5 3 2 4
200 17 200 21 15 9 6 4 9 5 4 7
300 22 400 29 19 11 8 5 11 6 5 9
400 27 800 35 24 14 10 6 14 8 6 11
500 32 200 41 28 16 12 7 16 9 7 13
600 36400 46 31 18 13 8 18 10 8 15
700 40 800 52 35 20 15 9 20 11 8 17
800 45 400 58 39 23 17 10 23 13 9 19
900 49 800 63 43 25 18 11 25 14 10 21

1 000 54 200 69 47 27 20 12 27 15 11 23

[ 100 58 600 75 50 29 22 13 29 16 12 24

i 200 . 63200 81 54 32 23 14 32 18 13 26

1330 67 600 86 58 34 25 15 34 19 14 28

1 400 72 000 92 62 36 26 16 36 20 15 30

1 500 76 600 98 66 38 28 17 38 21 16 32

TABLE 2 (a)
Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
Type of lighting: Semi-direct Ceiling height: —
Illumination level: 20 lumens/sq ft Mounting height: 7°—7.5" -

1

Fluorescent Lamps

i Incandescent Lamps

!
| |
Floor area | Lumens | Hot Cathode | Slimline |Cold Cathode
(sq ft) | required , . ‘ ; .
75w | 100W | 150W | 200w | 300W | 4—40W | 580W | 8—T4W | §'—52W

00 740 = 9 6 4 3 . 2 4 2 2 3

200 12 600 16 11 6 5 3 6 4 30 5

300 17800 23 15 9 7 4 9 . 5 4 7

400 22 600 29 19 11 8 5 11 6 5 9

500 | 26800 34 23 13 10 6 13 7 6 I

600 ! 31400 40 27 16 12 7 16 9 7 13

700 35800 46 3 18 13 8 18 10 7 15

800 40 000 51 34 20 15 9 20 11 8 17

900 | 44200 s6 38 22 16 10 22 12 9 . 18
1000 | 4880 = 6 | 42 | 24 18 11 24 . 14 0 20
1100 ! 53000 ! 68 | 46 27 19 12 217 15 2
1200 | 57400 ~ 73 49 29 21 13 29 16 12 24
1300 | 61800 79, 53 31 23 14, 31 17 13 26
1400 | 66000 84 | 57 33 24 15 33 18 14 28
150 , 70000 ; 8 | 60 35 26 16 35 19 15 29
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TABLE 2 (b)
Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes

Type of lighting: Semi-direct Ceiling height: —
flumination level: 20 lumens/sq ft Mounting height: 8'—8.5

Fluorescent Lamps

Incandescent Lamps

Hot Cathode | Slimline |Cold Cathode

Floor area Lumens ——-—-— - -

(sq ft) required 75W 1 JOOW . 150W 200W  © 300W 4'—40W ' 5-80W . 8'—74W f 8'—52wW
100 8 000 10 7 4 3 2 4 2 2 3
200 13 300 17 12 7 5 3 7 4 3 6
300 19 200 24 17 10 7 4 10 5 4 8
400 24 000 31 21 12 9 5 12 7 5 10
500 29 000 37 25 15 I1 7 B 8 6 12
600 33 400 42 29 17 12 8 17 9 7 14
700 37 600 48 32 19 14 8 19 10 8 16
800 42 000 54 36 21 15 9 2] 12 9 17
900 46 200 59 40 23 17 10 23 13 10 19

1 000 50 600 ¢4 44 25 19 11 25 14 11 21

1100 55200 70 48 28 20 12 28 15 11 23

1200 59 400 76 51 30 22 13 30 i6 12 25

1 300 64 000 82 55 32 23 14 32 18 E 13 27

1 400 68 000 87 59 | 34 25 15 34 . 19 14 28

1 500 72 200 92 62 ‘ 36 26 16 36 ' 20 15 30

TABLE 2 (c)

Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
Type of lighting: Semi-direct Ceiling height: —
[lumination level: 20 lumens/sq ft Mounting height: 9'—9.5’

: 1
i E Fluorescent Lamps
! Incandescent Lamps | -

Floor area { Lumens | Hot Cathode i Slimline {Cold Cathode

(sq ft) |  required i =

75W | 100W | 150W | 200W | 300W | 4—40W | 5—80W | §'—T4W | §'—52W
100 8800 o8 i 4 3 2 i 4 2 1 2 4
200 I 14400 18 i 12 : 7 5 3 | 7 4 ; 3 6
300 20000 25 i 17 ‘ 10 7 5 ; 10 6 ! 4 8
400 | 25200 2 2 | 13 9 ' 6 ; 13 7T 5 10
500 | 30000 3 1 2 1 15 T A L 12
600 | 34400 4 | 30 17 13 g8 | 17 10 7 | 14
700 39 000 50 34 20 14 9 20 11 8 16
800 43 600 56 38 22 16 10 22 12 9 18
900 48 000 61 _ 4] 24 18 11 24 13 10 20

1 000 | 52 400 67 i 45 26 19 12 26 15 11 22

1100 57 000 73 49 29 2] 13 29 16 12 24

1 200 61 600 78 53 31 23 14 31 17 13 26

1 300 66 000 84 57 33 24 15 33 18 14 27

1 400 70 200 90 61 35 26 16 35 ] 19 15 29

1 500 74 600 95 64 37 27 17 37 21 16 31

i
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TABLE 2 (d)
Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
Type of lighting: Semi-direct Ceiling height: —
IHlumination level: 20 lumens/sq ft Mounting height: 10'—11.5°

i |
g | ‘ Fluorescent Lamps

Incandescent Lamps

; i
Floor area Lumens i ; Hot Cathode ! Slimline !Cold Cathode
(sq ft) © required - - ; ;
i ! T5W | 100W | 150W ! 200w ’ 300W | 4'—40W | 5'—80W | 8'—74W  §'—S52W
100 | 10000 . 13 . 9 s . 4 2 1 s ' 3 2 | 4
200 ! 16600 21 14 8§ | 6 4 8 | 5 3. 7
300 20 260 26 17 i 10 7 l 5 i 10 6 4 i 8
400 " 27 600 35 I 24 ; 14 - 10 6 i 14 8 6 % 11
500 . 32600 i 42 ; 28 ‘ 16 , 12 ! 7 ; 16 9 7 ; 14
60 ' 37200 | 47 1 32 ' 19 1 14 | 8 | 19 | 10 8§ | IS
700 ¢ 41600 53 i 35 ' 2] 15 ' 9 i 2] : 12 9 i 17
800 , 46000 | 59 ! 40 2 « 17 . 10 , 23 13 01
900 . 50600 . 64 . 44 , 25 19 3 ' 25 ; 14 i i 2]
1 000 } 55400 71 ; 48 , 28 : 20 ' 13 28 , 15 12 i 23
1100 . 60000 | 76 52 30 2 ;14 | 3 | 17 12 | 2
1200 i 64600 82 56 i 32 24 i 15 i 32 | 18 13 , 27
1300 ‘ 69 200 | 88 60 | 35 i 25 16 ! 35 : 19 14 | 29
1 400 i 73800 ¢ 94 64 37 i 27 [ 17 l 37 i 20 15 | 31
1500 i 78 400 ; 100 i 68 i 39 j 29 i 18 ! 39 i 22 16 { 33
! J i : ! !
f TABLE 2 (¢)
4 Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
& Type of lighting: Semi-direct Ceiling height: —
3 [llumination level: 20 lumens/sq ft Mounting height: 12--13.5°
Fluorescent Lamps
: Incandescent Lamps
: Floor area Lumens Hot Cathode Slimline [Cold Cathode
3 (sq ft) required
" 5W 100W 150W 200w % 300w 4—40W | 5—80W | 8'—74W 8§—52W
; 100 10 400 13 9 5 4 2 5 3 2 4
: 200 18 200 23 16 9 7 4 9 5 4 8
] 300 24 400 31 21 12 9 6 12 7 5 10
; 400 30 200 38 26 15 11 7 15 8 6 13
500 35 600 45 31 18 13 8 18 10 7 15
600 40 400 51 35 20 15 9 20 11 8 17
700 45 400 58 39 23 17 10 23 13 - 9 19
800 50 000 64 43 25 18 11 25 14 10 21
900 55 200 70 48 28 20 12 28 15 12 23
1 000 60 000 76 52 30 22 14 30 17 13 25
1100 65 200 83 56 33 24 15 33 18 14 27
1200 69 800 89 60 35 26 16 35 19 15 29
1 300 74 600 95 64 37 27 17 37 2] 16 31
1 400 79 600 101 69 40 29 18 40 22 17 33
1500 84 200 107 73 42 31 19 42 23 18 35
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TABLE 3 (a)
Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes

Type of lighting: General diffuse Ceiling height: —
Ilumination level: 20 lumens/sq ft Mounting height: 7°—7.5’

Fluorescent Lamps

Incandescent Lamps

Hot Cathode | Slimline |Cold Cathode

Floor area - Lumens - . : 4

(sq ft) " required | 75W 100W +  ISOW ' 200W | 300W 4'—40W | 5'—80W | 8'—74W | 8'—52W
100 7 200 9 6 4 3 2 4 2 | 3
200 13 000 17 I 7 5 3 7 4 3 5
300 18 200 23 16 9 7 4 9 5 4 8
400 22 600 29 19 I1 8 5 I1 6 5 9
500 27 600 35 24 14 10 6 ( 14 8 ; 6 11
600 '+ 31800 4 27 16 ;12 7 16 9 7 13
700 . 36000 46 31 18 f 13 8 | 18 10 8 15
800 40 400 51 . 35 20 1 15 9 ' 20 11 8 17
900 45 000 57 39 ;23 7 . 10 123 12 9 19

1000 . 49400 63 23 o2 Lo ;o ou o250 14, 10 2

1100 | sS3e0 6 . 4 . 27 20 . 12 27 ¢+ 15 I 22

I 200 . 57 800 74 ‘ 50 : 29 f 21 ‘ 13 29 , 16 12 24

1 300 . 62200 79 54 i 31 . 23 14 i 31 17 i 13 26

1 400 j 66 400 85 ’ 57 , 33 : 24 I5 I 33 18 ! 14 28

1500 | 7080 90 i 61 . 35 26 | 16 i 35 , 20 1 15 29

- ! { i ‘
TABLE 3 (b)

Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
Type of lighting: General diffuse Ceiling height: 9'—10°
Illumination level: 20 lumens/sq ft Mounting height: 8'—8.5

¥
i Fluorescent Lamps
A Incandescent Lamps

Floor area Lumens ! Hot Cathode Slimline {Told Cathode

(sq ft) required % /

| o7sw | 100W ; 150W ! 200W [ 300W | 4—40W | 5'—80W | 8'—74W | 8'—52W
o | swo . 1 | 71 | 4 | 3 1 2 o 4 2 |2 3
200 14000 | 18 12 : 7 | 5 \ 3 7 4 , 3 | 6
300 20000 25 ; 17 ; 10 7 5 5 10 i 6 ‘ 4 ! 8
400 | 24400 ¢ 31 . 20 ¢ 12 9 | 6 12 ! 7 5 10
S0 | 29600 38 26 | 15 10T s + 8 I 6 12
600 34000 © 43 129 7 o2 8 17 9 ¢ 71T I 14
700 38200 49 1 33 19 14 9 19 I1 8 / 16
800 42400 54 , 37 21 16 10 21 ( 12 i 9 " 18
900 47000 60 ! 41 ; 24 17 11 24 , 13 < 10 20
1 000 s1400 |, 65 |, 44 | 26 | 19 12 26 | 14 Lo 21
1100 56 000 ! 71 { 48 28 21 13 28 16 ; 12 23
1 200 60 000 i 76 i 52 30 22 14 30 17 13 25
1300 64400 82 i 56 32 24 15 32 18 13 ; 27
1 400 68 600 g 87 59 34 25 15 34 * 19 14 ' 29
1 500 73400 | 94 i 63 37 27 17 37 , 20 ; 15 31
. }
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TABLE 3 (¢)
Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes

Type of lighting: General diffuse Ceiling height: 10'—11"
[lfumination level: 20 lumens/sq ft Mounting height: 9'—9.5’

Fluorescent Lamps

| |
E Incandescent Lamps ;
Floor area Lumens | i Hot Cathode i Slimline |Cold Cathode
(sq ft) . required —_— i
; ’ 5W ‘ 100W 150w l 2060W 300W | 4'—40W ‘—80W | 8'—74W 8'—52W
100 8800 | 1 | 8 4 1 3 1 2 4 1 2 2 4
200 15400 | 20 | 13 g8 6 4 g8 | 4 30 6
300 20000 ¢ 27 ¢ 18 ! 10 8 5 10 | 6 4 9
400 f 26 000 33 X 22 : 13 i 10 6 13 7 i 5 11
500 ? 31 000 39 | 27 f 16 | 12 7 i 16 9 ! 6 13
600 | 35400 | 45 3] 18 13 8 18 TEREE, 15
700 i 40000 | 51 34 20 15 9 20 ' 11 i 8 17
800 | 44400 | 57 38 2 |16 10 2 1 12 1 9 19
900 ' 49000 62 42 25 18 11 25 14 I 10 20
1000 | 53800 69 46 27 20 12 27 15 | 1 22
1100 | 58000 74 50 29 21 13 29 16 | 12 2
1 200 62 400 79 54 31 23 14 K) | 17 . 13 26
1 300 66 800 85 58 33 25 15 33 19 ; 14 28
1 400 71000 90 61 36 26 16 36 20 | 15 30
1 500 ¢ 76000 97 66 38 28 17 38 21 | 16 32
! ]
: TABLE 3 (d)
2 Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
E Type of lighting: General diffuse Ceiling height: 11'—12’
: Illumination level: 20 lumens/sq ft Mounting height: 16'—11.5’
:
Fluorescent Lamps
E Incandescent Lamps
; Floor area Lumens Hot Cathode Slimline |Cold Cathode
4 (sq ft) required
: T5W 100W 150W 200w 300w 4'—40W | 5—80W | 8'—74W 8'—52wW
100 9 600 12 8 5 4 2 5 3 2 4
4 200 16 600 2] 14 8 6 4 8 5 3 7
3 300 22 400 29 19 1 9 5 11 6 5 9
: 400 28 000 36 24 14 10 6 14 8 6 12
3 500 33 600 43 29 17 12 8 17 9 7 14
" 600 38 000 48 33 19 | 14 9 | 19 TR 16
700 42 400 54 37 21 16 10 I 21 12 9 18
800 47 200 60 41 24 17 11 24 13 10 20
900 52 000 66 45 26 19 12 26 14 11 22
1 000 56 400 72 49 28 21 13 28 16 12 24
[ 100 61 200 78 53 31 22 14 31 17 13 26
1200 65 800 84 57 33 24 15 33 18 14 27
1300 70 000 89 60 35 26 16 35 19 15 29
1 400 75 200 96 65 38 28 17 38 21 16 31
1 500 80 000 102 69 40 29 18 40 22 17 33
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TABLE 3 (e)
Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes

Type of lighting: General diffuse Ceiling height: 13*—14’
Illumination level: 20 lumens/sq ft Mounting height: 12'—13.5°
%

i

|

H i

E Incandescent Lamps |
1

!

|

Fluorescent Lamps

Floor area  Lumens Hot Cathode Slimline |Cold Cathode
(sq ft) + required . , ,
i 75W . 100W ¢ 1S0W ‘ 200W 1 300W 4'—40W § 5—80W ' 8'—74W | 8—52W
00 | 1100 14 9 6 = 4 2 6 3 2 5
200 ; 18000 23 16 I 9 : 7 | 4 ‘ 9 5 , 4 8
300 + 24800 32 21 12 ; 9 6 t 12 : 7 ! 5 10
400 ! 30200 | 38 26 15 11 7 1 15 8 6 13
500 {36000 . 46 X 31 18 13 8 i 18 ‘ 10 8 15
600 | 41000 ! s2 j 35 t+ 20 f 15 | 9 1 20 . 1l 9 . 17
700 | 43600 56 ‘ 33 ; 22 16 10 ; 22 12 9 18
800 . 50800 - 65 | 44 25 f 19 I1 25 i 14 11 21
900 56 000 71 | 48 ‘ 28 i 21 13 28 X 16 ‘ 12 23
1 0600 61200 78 i 53 : 31 | 22 | 14 31 % 17 i 13 26
1100 66000 | 84  sT | 33 i 24 | IS 33 ¢ 18 . 14 | 28
1 200 70 800 ‘ 90 61 f 35 ' 26 ; 16 35 ' 20 I5 30
1 300 76 000 97 . 6 | 38 | 28 | 17 o382l 16 32
1 400 81000 ! 102 : 70 f 41 ! 30 | 18 41 f 23 17 ‘ 34
I 500 86000 ! 110 ; 74 i 43 i 32 % 19 43 ; 24 ‘ 18 : 36
I H § ' . i
TABLE 4 (a)
Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
Type of lighting: Semi-indirect Ceiling height: 9°—9.5°
Illumination level: 20 fumens/sq ft Mounting height: —
Fluorescent Lamps
Incandescent Lamps
Floor area Lumens Hot Cathode Slimline ‘Cold Cathode
(sq ft) required
7SW | 100W | 1S0W | 200W | 300W | 4—40W | S—80W | 8T4W | §—352W
100 gano | 11 | 7 4 3 2 4 2 2 4
200 15 800 20 14 8 6 4 8 4 3 7
300 22 800 29 20 11 8 5 11 6 5 ' 10
400 28 600 36 | 25 14 10 6 14 8 | 6 12
500 34 200 44 ; 29 17 13 8 17 10 % 7 14
600 0000 | 51 | 34 20 15 9 20 TR 17
700 45 200 58 I 39 23 17 10 23 : 13 | 9 19
800 50 200 64 : 43 25 18 11 25 14 10 2]
900 55 600 71 48 28 20 13 28 15 12 23
4 1 000 61000 78 53 31 22 14 31 17 13 25
4 1100 68 000 87 59 34 25 15 34 19 14 28
| 1200 72 000 92 62 36 26 16 36 20 15 30
. 1 300 76 800 98 66 38 28 17 38 21 16 32
3 1 400 82 400 105 : 71 41 30 19 41 23 17 34
3 1 500 87 600 112 i 76 44 32 20 44 24 18 37
E |
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TABLE 4 (b)

Sumber and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes

Type of lighting: Semi-indirect Ceiling height: [0'—11.5°
Illumination level: 20 lumens/sq ft Mounting height: —
Incandescent Lamps Fluorescent Lamps
Floor area Lumens Hot éathode Slimline Cold Cathode
(sq ft) required -— S — R - -
T5W 100W 150W 200W 300W 4—40W 5—80W 8—74W 8'—S52W
100 10 000 13 9 5 4 2 5 3 2 1
200 16 800 21 14 8 6 4 8 5 4 7
300 25 400 32 22 23 9 6 13 7 5 11
400 31 800 4i 27 16 12 7 16 9 7 13
500 37 600 48 32 19 14 8 19 10 8 16
600 43 400 55 37 22 16 10 22 12 9 18
700 48 800 62 42 24 18 11 24 14 10 20
800 54 200 69 47 27 20 12 27 15 11 23
900 59 600 76 51 30 22 13 30 17 12 25
1 000 65 000 83 56 33 24 15 33 18 14 27
1 100 70 200 89 61 35 26 16 35 20 15 29
1 200 76 000 97 66 38 28 17 38 2] 16 32
1 300 81 200 103 70 4] 30 18 4] 23 17 34
1400 86 400 110 74 43 2 2 43 : 24 18 36
1 500 92 000 117 79 46 34 21 46 26 19 38
TABLE 4 (¢)
Number and wattage ratings of lamps required to deliver a prede.ermined illumination level in rooms of different sizes
Type of lighting: Semi-indirect Ceiling height: 12°—13.5’
Illumination level: 20 lumens/sq ft Mounting height: —
Fluorescent Lamps
Incandescent Lamps o .
Floor area Lumens Hot Cathode ; Slimline :Cold Cathode
(sq ft) required —_ - i . 1
75W - 100W 150W | 200W - 300W 4'—40W ; 5'—80W ' 8—T4W | §'—52W
100 11 600 15 ‘ 10 6 4 3 6 3 2 5
200 19 800 25 17 10 7 4 10 6 4 8
300 27 400 35 24 14 10 6 14 8 6 11 4
400 34 000 43 29 17 12 8 17 9 7 14 E
500 39 800 51 34 20 15 9 20 11 8 17 ;
600 45 600 58 39 23 17 10 ‘ 23 13 10 19 3
700 51 000 65 44 26 19 12 26 14 11 2] 4
800 56 600 72 49 28 21 13 28 16 12 24 :
900 62 000 79 53 31 23 14 31 17 13 26 3
1 GO0 68 000 87 59 34 25 15 34 19 14 28 :
1 100 73 600 94 63 37 27 17 37 20 15 ' 31
1200 79 400 101 68 40 29 18 40 22 17 33 E
1 300 84 400 108 73 42 31 19 42 23 18 35 ;
1 400 90 400 115 78 45 33 20 45 25 19 38
1 500 96 000 122 83 48 35 22 48 27 . 20 40 ~,
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Type of lighting: Totally indirect
Ilumination level: 20 lumens/sq ft

TABLE 5 (a)
Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
Ceiling height: 9—9.5°
Mounting height: —

Incandescent Lamps

Fluorescent Lamps

Hot Cathode . Slimline ‘Cold Cathode
Floor area Lumens —— ~— -=-= -— ——

(sq ft) required 75W 100W 150W 200W 300W 4—40W 5—80W 8 —T74W . §-—52W
100 11 600 — 10 6 4 3 6 3 2 5
200 20 000 — 17 10 7 5 10 6 4 8
300 27 600 - 24 14 10 6 14 8 6 11
400 34 000 — 29 17 12 8 17 9 7 14
500 40 000 —_ 34 20 15 9 20 i 8 17
600 46 209 — 40 23 i7 10 23 13 10 19
700 52 000 —_ 45 26 19 12 26 14 11 22
800 58 000 — 50 29 21 13 29 16 12 24
00 64 000 —_ 55 32 23 14 32 18 13 27

1 000 70 000 — 6G 35 26 16 35 19 15 29

1 100 76 000 —_ 66 38 28 17 38 21 16 32

1 200 82 000 — 71 4] 30 19 4] 23 17 34

1 300 88 000 —_ 76 44 32 20 44 24 18 37

1 400 94 000 — 81 47 34 21 47 26 20 39

1 5C0 99 500 — 86 50 37 22 50 28 pA| 41
TABLE 5 (b)

Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes
Ceiling height: 10'—11.5’

Type of lighting: Totally indirect
IHlumination level: 20 lumens/sq ft

Mounting height: —

i
&

Incandescent Lamps

Fluorescent Lamps

Floor area Lumens Hot Cathode Slimline !Cold Cathode
(sq ft) ' required - .
75W  100W 150W ; 200W 300W - 4—40W 5—80W , §8'—T4W . 8 —52W

100 13 200 — 11 i 7 5 3 7 4 3 5
200 22 000 —_ 19 11 8 5 11 6 5 9
300 30 000 —_ 26 15 11 7 15 8 6 12
400 39 000 —_ 34 20 14 9 20 11 8 16
500 44 000 —_ 38 22 16 10 22 12 9 18
600 50 000 -- 43 25 18 1 25 14 10 21
700 55 600 —_ 48 ; 28 20 13 28 15 12 23
800 62 000 —_ 53 ! 31 23 14 31 17 13 26
900 68 000 —_ 59 34 25 15 34 19 14 28

1 000 74 000 — 64 37 27 17 37 21 15 31

113090 80 000 —_ 69 40 29 H 40 22 17 33

1 200 86 000 —_ 74 43 32 19 43 24 18 36

1 300 92 000 —_ 79 46 34 21 46 26 19 38

1 400 98 000 —_ 84 49 36 22 49 27 20 41

! 500 103 600 - 89 52 3R 23 52 29 22 43
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TABLE 5 (c)
Number and wattage ratings of lamps required to deliver a predetermined illumination level in rooms of different sizes

Type of lighting: Totally indirect Ceiling height: 12'—13.5°
Hlumination level: 20 lumens/sq ft Mounting height: —

Fluorescent Lamps
Incandescent Lamps e

Floor area Lumens Hot Cathode Slimline Cold Cathode
(sq ft) required - —— . .. . - ——
T5W 100W 150W 200W 300W 4—40W 5—80W 8'—74W 8 —52W

100 15 600 —_ 13 8 6 4 8 4 3 6
200 24 000 —_ 21 12 9 5 12 7 5 10
300 32 600 —_ 28 16 12 7 16 9 7 14
400 39 600 —_— 34 20 15 9 20 11 8 16
500 46 400 —_ 40 23 17 10 23 13 10 19
600 52 600 —_ 45 26 19 12 26 15 11 22
700 58 800 —_— 51 29 22 13 29 16 12 24
800 64 800 — 56 32 24 15 32 18 13 27
900 70 §00 —_ 61 35 26 16 35 20 15 29

1 000 77 600 —_ 67 39 28 18 39 22 16 32

1 100 83 600 —_ 72 42 31 19 42 23 17 35

1 200 90 000 —_ 78 45 33 20 45 25 19 37

1 300 95 800 —_ 33 48 35 22 48 27 20 40

1 400 102 000 —_ 88 51 37 23 51 28 21 42

1 500 107 660 —_ 93 54 39 24 54 _ 30 22 45

PAGE 44




APPENDIX 2

BIBLIOGRAPHY ON SCHOOL LIGHTING
A. Lighting and child development
ALLPHIN, W. The influence of school lighting on scholarship.
Hlum. Engng, vol XX1, Sept. 1936.
.i\gl_slapnm, W. School lighting and posture. [llum. Engng, April
Barr, T. M. Save eyesight of school children. Elect. World, N.Y ..
vol X111, Nov. 1945.
Brown, M. E., Thomson, C. E. & ConpoNn, L. Improving the
classroom environment. E! Paso Public Schaols, 1943.
Comss, B. G. Effects of classraom lighting on child develapment.
1341, Tyler Street, San Angelo, Texas.
DaGGy, E. R. Lighting design procedure and human environment.
Hlum. Engng, vol XL, no 10, 1945.
DArLEY, W. & Ickis, .. A study of chalk-board visibility. /llum.
Engng, vol XXXV, 1940.
ENGELHARDT, ENGELHARDT & LeGGerr. Working heights for
school children. Archir. Rec., vol CVIII, Oct. 1950.
{-‘;Sklrum. G. J. Visual power and visibility. Philips Res. Rep., 6.
HarmoN, D. B. Lighting and child development. Illum. Engng,
vol XL, April 1945,
HarMon, D. B. Light on growing children. Archit. Rec., voi
XCIX, no 2, 1946.
HatHAwAY, W.  Education and health of the partially seeing child.
New York, Columbia University Press, 1947.
Luckiesd, M. & Moss, F. The effects of classroom lighting on
educational progress and visual welfare of school children. Ilum.
Engng, vol XXXV, Dec. 1940.
Macinpog, N. M. Light, sight and strain. Transactions of Hlumi-
nating Engineering Saciety (Australia), Oct. 1945.
THoMmsoN, C. E. Ophthalmic scoliosis. Res. Quart. Amer. Ass.
Hith. phys. Educ., no 13, March 1942,
TurNER & BRAINERD. Classroom fields of vision. Illum. Engng,
April 1947,
}XZSSTON, H. C. Lighting and heaith. lllum. Engng, vol X, no 1,
WwiLt, P. & HarmoN, D. B. Eyes and ears in schools. Archir.
Forum, vol XCIX, no 2, 1946.

ComMiTTEE OF DEPARTMENT OF EpucCATION, CoLuMmsiA, OHio.
Standards. of lighting for sight-saving classrooms. Light and Lig,
vol XXX, 1937.

ScHoot. oF EpucaTioN. Planning schoo! buildings for the whole
child. Bulletin of the Schaol of Education, Indiana University, vol
XXX, no 597.

B. Colour in schools

Brown, T. Colour in schools. Munic. J. (& Engr), N.Y., April
1954,

ENGeLHARDT, N. L. Light and colour in elementary schools.
Archit. Rec., May 1952.

Mepp, D. Colour in schools. Hlum. Engng, vol XVIIi, no 5, 1953.

Munic, J.  Psyclhiromatics applied to schools. Holland, Hannen and
Cubitts L.td., Aug. 1952.

SEAGERS, P. W. Developing the colour treatment for schoolrooms.
Hl:m. Engng, vol XLVII, no 6, 1953.

Spoczynska, J. O. Colour in schools. Build. Dig., April 1953.

ANoN. How to decorate classrooms in the Harmon technique.
Archit. Rec., Oct. 1948.

Anon. Colour in school buildings. Building Bulletin no 9, London,
Her Majesty’s Stationery Office, 1956.

C. Light and vision
ALLEN. W. A. Studies on lighting and vision in schools. J. R. Inst.
Brit. Archir.. 58, Jan. 1951.

ALLEN, C. J. Lighting for audio-visual teaching. Illum. Engng,
Oct. 1956.

Du Bois-PauLsen, A. Classrooms lighting for partially-sighted
children. Light & L1g, July 1957.

FLesHER, W. R. & WHITEHEAD, W. A. Visual environment in
school buildings. American School Baard Journal, May 1947.

Horpkinson, R. G.  Studies of lighting and vision in schools. llun.
Engng, vol XIV, no &, 1949.

Hopkinson, R. G.  Influence of recent research on school lighting.
Light & Ltg, March 1951.

KercH & ALLEN. Visibility of school tasks. Illum. Engng, Sept.
1952.

WEesToN, H. C. Visual tasks in schools. Light & Ltg, Feb. 1951.

‘SCHOOLMASTER'. A review of lighting conditions in schools. Light
& Ltg, Jan. 1951.

MICHIGAN DEPARTMENT OF HEALTH. Seeing in the classroom
(Bulletin no 1016). Michigan Department of Health and Depart-
ment of Public Instruction, 1947.

ANON. New visual environment in 30 years old Bouditch schcol.
Archit. Forum, May 1946,

AnoN. Lighting a school for partially-sighted children. Light &
Lig, vol LI, no 2, 1958.

D. Luminance control

ALLPHIN, W. Brightness controi’in a model classroom. Illum.
Lngng, vol XLI, no 1, 1946.

BeckwitH, H. L., PeTerson, C. M. F. & Moon, P. Glare-free
lighting method studied by Massachusetts Institute of Technology.
Archit. Rec., June 1949,

Boyp, R. A. Attainment of quality daylighting in school class-
rooms. fllum. Engng, Sept. 1952, and vol XLVIII, no 1, 1953.
ll(g/;LsFF, L. C. Environment in seeing. Illum. Engng, vol L, no 7,
McFarLAND, R. B. Brightness balance in a classroor. [llum.
Engng, vol XLV, no 7, 1950.

NEeIDHART, J. J. Meeting lighting quality requirements in school
classrooms. Illum. Engng, vol XLVHI, no 6, 1953.

WeLcts, K. C. Applied brightness control in schools. Archit.
Rec., vol XCIX, March 1946.

WeLcH, K. C. Brightness relationships in classrooms. Progr.
Archit., Sept. 1958.

WINKLER & NEIDHART. Application of recommended brightness
limitations to schoolrooms. Hllum. Engng, vol XL1V, Dec. 1949.

E. Natural lighting of schoois

ALrLpHiN, W. Daylight measurements in six New E..gland schools.
Hlum. Engng, vol L, no 10, 1955.

ARNER & YLLNEr. On daylighting in national schools in rural
Sweden. Nord. lyg. Tidskr., vol XXI11, no 5, 1941.

Baker, A. H. Daylighting research centre established. [/lum.
Engng, vol XLV, no 8, 1950.

BArNHILL, O. H. Sunnybrace school—bilateral lighting. American
School Board Journnl, May 1947.

BickerpiKE, J. The use of louvres in buildings. Architectural
Journal, Dec. 1950,

BICKERTIKE, J. B. & ALLEN, W. The daylighting of classrooms
ugggr the new regulations. J. R. Inst. Brit. Archit., vol L111, no 1,
1 B

PAGE 45




BieseLe, R. L. New lighi on school lighting. American School

Board Journal, July 1946.

BiestLe, R. L. Integrated lighting for classrooms. Illum. Engng,
vol XLI, 1946.

BieseLE, R. L. Daylight in classrooms. [llum. Engng, vol XLV,

no 7, 1950.

BieseLe, R. L. Daylight in classrooms— multilateral lighting. ///1m.

Engng, vol XLV, no 9, 1950.

BieseLe, R. L. Daylight in classrooms. Ilum. Engng, vol XLVI,

no 4, 1951.

BieseLg, R. L., FoLsox, W. & GraHaM, V. Control of natural

light in classrooms. /. Engng, vol XL, 1945.

Boyp, R. A. Daylighting in classrooms. Ilfum. Engng, vol XLVII,

no I, 1952.

Browx, L. Control of natural lighting in schools. //lum. Engng,

vol XXXIV, 1939, and vol XXXV, 1940.

Brown, L. Design for daylight in school buildings. //lum. Engng,

vol XXXV, 1940.

BrownN, L. The design for classro~ms for high-level daylight

illumination. Hlum. Engng, vol XXXVI, 194].

CaupiLL, W. W. Studies on natural light and ventilation in

schools. Archit. Rec., Dec. 1953.

CauLkins, C. A. Louvred skylight-ventilator combined. Archit.

Rec., Sept. 1952.

Conover, E.  Control of daylight in educational institutions. //lum.

Engng, 1949.

CroticH, C. L. Daylighting performance of a pre-tested school

design. lllum. Engng, vol XLVILI, June 1953.

CroucH, C. L. Classroom lighting. Progr. Archit., vol XXXIV,

no 7, 1953.

Dietrick, W. H. Experimental school—top-lighted classrooms.

Archit. Forum, vol XCVI, no 2, 1952.

Dierz, A. G. Potentialities of glass in buildings. Archit. Rec.,

April 1951.

FeseL, G. Value and significance of the daylight factor fer the

lighting of school classrooms. Lichttrechnik, vol VII, no 1, 1955.

Fese, G. Beleuchtung von klassenriumen durch tageslicht.

Lichttechnik, no 4, 1955.

FoLsoN, W. & BieseLg, R. L. Measurement of illumination and

brightness in a classroom. /llum. Engng, vol XLIII, no 4, 1948.

GissoNn, C. D., Sampson, F. K. & WRIGHT, H. L. Daylighting of

classrooms. Archit. Forum, Oct. 1949,

Goprrey, J. A. Essential requirements for good daylighting in

schools. Munic. J. (& Engr), N.Y., 59, 3027.

GRreeNg, B. F. Designing for daylight with clerestory windows.

Archit. Rec., Sept. 1949,

HaLL, J. W. School pianning (light a design tool). Progr. Archit.,

Sept. 1952,

Harsoxn, D. B. How daylight was improved at W. M. White

Elementary School. Archit. Rec., vol XCIX, Feb. 1946.

Harrisow, D. D. Classroom daylighting. Munic. J. (& Engr),

N.Y., Feb. 1950.

HaskeLL, D.  Sixteen ways of daylighting classrooms. Archir. Rec..

vol XCV, 1944.

HatHaAwAY, W. Daylight in the schoolroom. Sight Sav. Rev.,

vol XVI, no 4, 1947.

Horn, D. H. & MorTLAND, M. D. Sunshine school for cerebral

palsied. Archit. Rec., Sept. 1952,

JounsTtoN. Daylight variations and relation to illumination in
schools. Illum. Engng, vol XXXI1V, 1939,

KRUGER, A. J. Daylighting in schools. Ingenienr’s Grav., vol
LXVI, no 6, 1954.

LinForTH, E. M. Acrylic louvre wall panels for classroom day-
lighting. Ilium. Engng, March 1956.

LoGaNn, F. H. Newapproach to roof design for school daylighting.
Hlum. Engng, vol L, no 10, 1955.

LynDoN, M. A radical departure in daylighting. Archit. Rec..
March 1946.

LynpoN, M. Better school lighting with ceiling louvres. Archit.
Rec., July 1950.

PAGE 46

Nevin, R. A. Luminous element plus controlled daylight equals
modern lighting in a new school. Illum. Engug, vol L1, no 4, 1956.

REED, B. H. & Nowak, M. A. Accuracy of daylight predictions by
means of models under artificial sky. Ilum. Engng,vol L, no 7, 1955.
SHAVER, C. W. & SHAVER, J. A. Two classroom types—designed
to utilize natural light fully. Progr. Archit., Feb. 1948.

StiLLmann, C. G. Daylighting of classrooms— Lascelles school.
Builder, Lond., Sept. 1949.

SwARBRICK, J. Influence of daylight and sunlight on fenestrated
design of schools. J. R. Inst. Brit. Archit., Jan. 1947.

TownsenDp, R. Post-war schools in Britain. Archit. Rev., Lond.,
vol CVI, Sept. 1949.

Vezey, E. E. & Evans, B. H. Studyv of natural illumination by
means of model under artificial sky. Ilum. Engng, vol L, no 8, 1955.
WHEELER, J. L. Lighting in schools, American Public Library
Buildings.

WyHoopr, F. Advances in the amount of schoolroom daylighting.
Archit. Rec., July 1945,

Anon. Top-lighted school. Archit. Forum, Oct. 1949,

ANoN. School with controlled daylighting. Archit. Forum, vol
XCV, no 1, 1951.

TexAs ENGINEERING STATION. A study of vision strips as related
to glass block fenestration. Archit. Rec., Sept. 1952.

UnNiversiTy ofF TExas. Daylighting studied with full-scale rotatable
classroom. Archit. Rec., vol CVIII, 1950.

F. Artificial lighting in schools

ALLEN, C. J. Lighting the school auditorium and stage. Illum.
Engng, vol XLVI, no 3, 1951.

ALLpHIN, W. Schoolroom becomes lighting laboratory. Eleci.
World, N.Y., vol X111, 1945.

Evans, F. Artificial lighting of schools. Light, vol XXXI, no 5,
1938.

FArRMER, F. J. Economics of classroom lighting. Architectural
Journal, Aug. 1950.

FisCHER, W. Leuchtstofflampen in der neuzeitlichen schulbeleuch-
tung. Lichitechnik, vol 1X, no 1, 1957.

HAMMEL, R. F. & JounsoNn, L. E. Manufactured light versus day-
light for schoolrooms. Hllum. Engng, vol L1, no 7, 1956.

Heniz, B. ]. Daylighting plus incandescent in an engineered
design. /lhan. Engng, vol L1, no 4, 1956.

HorkinsoN, R. G. A note on fluworescent lighting in Swedish schools.
Building Research Note D269.

HorkinsoN, R. G. Influence of recent research on school lighting.
Light & Lig, vol XL1V, no 3, 1951.

Jones, W. J. & ENGLisH, S. The artificial lighting of schools.
IHllum. Engng, vol 1V, no 1, 1939.

LoGaN, H. L. Direct lighting for schools. Iffum. Engng, vol XLV,
no 11, 1953.

Mozes, D. & AnpersoN, T. 100 f.c. in troffer lighted classroems.
IHllum. Engng, vol XLV, no 2, 1950.

Parsons, !. F. Lighting for classrooms with nine-foot ceilings.
Hlum. Engng, June 1953.

RoPER, J. F. Fluorescent lighting in schools. Light & Lig, no 5,
1951.

StrRoHL. A. Report on the use of fluorescent light in schools.
Building Research Note LC408.

Tao, W. Fluorescent stage lighting for school auditoriums. /llum.
Engng, May 1953.

BriTisH ELECTRICAL DEVELOPMENT AsSOCIATION. Electricity in
schools. Builder, Lond., May 1950.

G. Chalk-boards

ALLEN, C. J. A suggested design for chalk-board lighting. ///um.
Engng. vol XLVII, no 1. 1952,

|
)
¥
f;i
4
{




Horpkinson, R. G. Selection of suitable chalk-board colours.
J. R. Inst. Brit. Archit., Aug. 1952,

HorxinsoN, R. G. Visual requirements for chalk-board lighting.
Ium. Engng, vol XLVHI, no 6, 1953.

KRUGER, A. J., ORNEE, P. & VAN EUK, J.
boards. Tutlschr soc. Geneesk., 1953.

Black or coloured chalk-

H. Codes and recommended practice

ALLEn, W. Standards and quality of lighting in schools. J. R. Inst.
Brit. Archit., Nov. 1947.

CroucH, C. L. Why 30 f.c. minimum for schoolrooms. Illum.
Engng, vol XLV, no 6, 1950.

GiLLearp, G. G. Meeting recommended practice, ten systems.
Hlum. Engng, vol XLVILI, no 6, 1953.

BRITISH STANDARDS INSTITUTION. Provision of electric light in
schools. 1946.

CoMMITTEE OF DEPARTMENT OF EDUCATION.  Standards of lighting:
sight-saving classrooms.

ILLUMINATING ENGINEERING SOCIETY. American standard practice
for school lighting. Hllum. Engng, vol XLIII, no 8, 1948.

ILLUMINATING ENGINEERING SOCIETY. Recommended practice of
daylighting. Illum. Engng, vol XLV, no 2, 1950.

MinisTry OF EpucaTion. New secondary schools. Building Bulletin
no 2, Feb. 1950.

I. Lighting—General

ALLPHIN, W. Some whys and hows of modern school lighting.
Archit. Rec., Sept. 1953.

AsLIN, C. H Post-war schools of the Hertfordshire County
Council. J. R. inst. Brit. Archit., Sept. 1949.

BaMBERGER & REID. Deeper classrooms yield economics. Archit.
Rec., vol CVII, 1950.

CaupiLL, W. W. Towards better school design. New York, F. W.
Dodge Corporation.

CAVERLY, D. D. An analysis of photo-electric classroom lighting
control. Illum. Engng, vol XXXIV, 1939.

EmnorN, H. D.  School lighting. S. Afr. archit. J., Feb. 1954.
Evans, B. H. Classroom lighting. Archit. Forum, March 1956.

FauLks, W., GiLLEARD, G. & WEIBEL, W. Classroom designed
for light and sound control. lum. Engng, vol XLVII, no 1, 1952.

Fuchus, T. Planning a stage lighting installation for a modern
school auditorium. Illum. Engng, vol XLVII, no 6, 1953.

GiBsoN, C. D. School buildings. Archit. Rec., no 5, 1954.

GissoN, C. D. & Sampson, F. K. Correlation of lighting goals
with school building design. Hllum. Engng, vol XLVIII, no 6, 1953.

GoDFREY, J. A. Progress in school lighting. Light & Lig, vol L1,
no I, 1958.

HarmoN, D. B. Stanford school planning laboratory. Progr.
Archit., Sept. 1952.

HoLMmBErG, C. B. Lighting in our schools. Ljuskultur, 30, 1958.
Horpkinson, R. G. The lighting of schools. Building Research
Station Note E300.

JaMes, L. V. A school lighting survey procedure. lllum. Engng,
vol XLVII, no 1, 1952.

JOHNSON-MARSHALL, S. A. & SamuUEL, E. F. Recent trends in the
design of schools. nght & Lig, no 4, 1951. §

Loeez, F. G. Seven Colorado schools follow one hasic pattern.
Archit. Rec., vol CVI11], 1950.

McDEermITH, C. W. & ALLpHIN, W. Lighting can be controlled
in a modern schoolroom. School Management June 1946.

Morris, P. Planning of school buildings. J. R. sanit. Inst., vol
LIII,.no 10, 1933.

NEvIN, R. A. Luminous element plus controlled daylight equals
modern lighting in a new school. //lum. Engng, vol LI, no 4, 1956.
PeErkINS & WiLL. Model for our low-cost schools. Archit. Rec.,
vol CVII, 1950.

Porr. A. Lighting in the design of schools. Illum. Engng, no 10,
1952,

PutnaMm, R. A. & Leg, G. T. Improved school lighting. Hllum.
Engng, vol XLVIII, no 6, 1953.

ScotT, BENsoN & CHurcH. Grid-systems for classroom lighting.
Hlum. Engng, vol XLVII, no 1, 1952.

SpeNcer, D. E. Classroom lighting. Illumn. Engng, vol XLIII,
no 7, 1948.

WAKEFIELD, G. P. Why design for the best in classrooms. Hlum.
Engng, vol XLV, no 5, 1950.

WiLLiams, L. W. Classroom lighting criteria and methods
lllmmnanon vol VII, no 8, 1947.

ANON. Architectural Record’s building types study: schools and
school practice. Archit. Rec., June 1951.

PAGE 47




PUBLICATIONS IN THE SCHOOL
BUILDINGS SERIES

Report no 1
Report no 2

Report no 3
Report no 4

Report no 4A
Report no 4B
Report no 5
Report no 6
Report no 7

Report no 8
Report no 9

Report no 11
Report no 12
. Report no 13
Report no 14
Report no 20
Report no 21

Research on school furniture. S. Afi. archit. J., vol 40,
no 6, June 1955.

The site—site selection for school and hostel buildings
and layout of playing fields and grounds. 1957.

Planning of primary schools. 1957.

Planning of classrooms and special rooms for high schools.
1958.

School gymnasia. 1963.

Industrial arts centres. 1962.

School halls, by J. A. N. Groenewald. 1957.

Planning of high schools. 1958.

Colour and the child, by R. Merie Frean and D. M.
Calderwood. 1959.

Waterkloof Primary School, by D. M. Calderwood. 1960.
Ventilation and thermal considerations in school building
design. (To be published.)

Lyttelton High School, by D. M. Calderwood. 1961.
New 750-pupil high schools. (To be published.)

School hostels. (To be published.)

1200-pupil comprehensive high school. 1963.
Planning commercial high schools. 1963.

Technical high schools. (To be published.)

Planning of grades rooms, by D. M. Calderwood and Shelagh Nicholson.
S.Afr. archit. J., vol-42, no 7, july 1957.

R P R T A T AT 1. PR I 17 7




