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Introduction

The importance of good lighting

1. Good lighting is an essential ingredient of a suc-
cessful school building. This factor was recognised in
the first statutory building regulations made under
Section 10 of the Education Act 1944 which incor-
porated improved standards of both day and artificial
lighting. This positive influence of legislation on
lighting standards in a building type was unigque at
the time.

2. Good lighting is desirable in any building, but a
careful and informed approach to lighting design is
particularly important in schools for they contain a
very wide range of activities embracing a complex
array of different visual tasks, many of which may
have to be carried out in the same room. It 15 desir-
able to provide good lighting conditions for children
and young people during their school life, not only so
that they shall not be handicapped in the business of
learning — already sufficiently complex - but also so
that they may develop the habit of using their eyes
intelligently and may carry into later life an aware-
ness of the value of good lighting conditions.

3. The efficiency with which a school building pro-
vides a satisfactory environment for education
depends to an important degree upon the design of
its highting. Lighting that is insufficient or of low
quality leads to poor work, slower reading, more
mistakes in writing, and a larger number of breakages
and accidents. Pupils - and staff - find concentration
maore difficult and tire more easily, Children whose
vision is less than average are placed under a severe
handicap. Badly lit buildings are less inieresting to
their occupants and provide a lacklustre environ-
ment. In short, a school which is not well lit wasies
money and human effort.

4. The adaptability of the human eve can lead us to
be uncritical of short-comings of which we should be
aware. Thus we will often work in our own light,
strain 1o see the face of a speaker silhouetted against
a bright window, or continue to work without artific-
ial light long after daylight has faded. While the
remedy at times may lie with the vusers of the school,
maore often it must come from a fresh approach (o
the hghting design as a whole.

5. For all these reasons the provision of good light-
ing of sufficient quantity and high quality should be
one of the school architect’s main pre-occupations.
The most successful designs have been those in which
fluent planning to meet the educational requirements
of the school is integrated with a skilful solution to
the problems of providing for the physical needs of
the occupants. This is possible only with a detailed
knowledge of the visual implications of the various
activities in the school, an understanding of the main
physiological aspects of vision, and a grasp of the
appropriate technology of lighting. To the architect

this may seem & formidable programme but fortun-
ately the principles of good lighting are now more
widely understood than they were twenty years ago,
owing largely to the work of the Building Research
Station, and to the efforts of professional bodies
such as the INluminating Enginccring Society. A
number of the most useful publications in which the
general principles of lighting are set out is given in the
short bibliography (see Appendix 7). The purpose of
the present Building Bulletin is to discuss the appli-
cation of these general principles 1o school design.

6. Part 1 is concerned with the general principles of
light and vision as they affect lighting in schools.
Parts 2 and 3 deal with the application of these
principles to daylighting and artificial lighting
respectively. It is convenient to deal with these two
aspects separately, for although they are based upon
the same principles each affects the design of the
building in a diferent way. Part 4 discusses the
circumstances in which the daylighting and the
artificial installation can be designed to be used
together, so that each complements the other. Part 5
and Appendices 1 and 2 consider in more detail some
of the problems which arise in the lighting of particu-
lar spaces in the school, in the lighting of schools for
the partiallv-sighted and in remodelling old schools.
1. The Bulletin is intended primarily for architects
who have schools to design, although much of what
i5 said should also be relevant to buildings for further
education. It may at the same time prove to be useful
to lighting engineers by describing the general process
of design to which their skills contribute, It is hoped
it will also be of interest to the local authority officers
and school managers or governors who briel the
architect and maintain the schools, as well as to the
teachers who use the buildings, so that all may have
a fuller understanding of the considerations that go
into lighting design. Some nofes for the user are
given at Part 6 of the Bulletin.

8. Some aspects of lighting in schools have been
discussed in earlier Building Bulletins and references
o these will be found in the text. In particular, Build-
ing Bulletin Mumber 9, *Colour in School Buildings”
{Third Edition}), deals with an important aspeci of
lighting design in more detail than is possible in the
present Bulletin,

9. Recently, demand has been growing for a more
detailed comprehensive study of the application of
good lighting principles to both natural and artificial
lighting in schools. Public interest in the subject has
mcreased, and at the same time there has been some
misunderstanding of the ohjectives of school lighting
design. In some school buildings some relevant
factors may have been insufficiently considered so
that criticism has been justificd. For example, recent
experience has emphasised the need for efficient sun
control. There have been rapid developments of new
and more efficient arvificial fittings and technigues. It
was perhaps inevitable that twenty years ago the
simpler task of providing mere guantity of illumina-
tion should have been the main pre-occupation; now
it is realised that the emphasis on this aspect was too
strong and that there is an urgent need to redress the
balance with more attention (o the qualitative side.
10. The avihors would like to iake this opporiunity
of acknowledging their debt to colleagues who work
in the field of lighting, both in public gervice and
elsewhere, and in particular to the lighting research
team at the Building Research Station on whose
work many of the receni advances in school lighting
have been based,



1 Taking notes from chalkboard should be 2 Demonstration in scicnce

chalkboard considered carefully in lecture room

Making notes from writing  relation to that of the Following scientific

on a chalkboard is one of surrounding wall demonstrations can be
the most exacting of the {paragraphs 195-196), difficult. Good sight lines
commaon visual tasks in and a high level of
schools, The writing on the illumination on the

hoard should be large and demonstration bench are
clear. The illumination of required, The photograph
the board should be at least shows the imporiance of
as much as that on the arranging an uneonlysed
pupils’ tables, and a background to the

chalk board hiting 1= demonstration {paragraphs
necessary. The colour of the 197194,
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3 Jumping for a swinging
rope

Many activities in a
gymnasium call for clear
vision of fast-moving objecis
and split-second timing. A
good level of glare-frec
lighting is requingd
(paragraphs 221-230),

4  Group watching
television

Many of the visual auds now
used in schools need the
right lighting conditions if
they are to be effective.
Television can now be
viewed under normal
lighting levels, but the sct
should not be placed against
a bright window and care
shauld be taken to avoid
reflections of windows or
light fittings on the screen
{paragraphs 194-207).

Lighting design — some
general principles

The aims of good lighting

1. The chiel aim of the hghting designer is, in brief,
to help the users of the school 1o see well. To be able
to say that this aim has been realised, the stafl and
pupils must be able (o see clearly and comforiably in
any of the many and various educational tasks which
they may undertake. These will range from copying
an equation from a chalkboard, 1o sewing a fine
scam; from following an intricate demonsiration in a
science leclure room, W painling a piciure; from
judging the swing of a rope in a gym, to watching
television; or just gazing — thoughtfully - out of
window {photographs 1 to 4).

12. Whether or not people can see well to do these
things will depend on the quality of the design of the
whole visual environment, and not just on the guan-
tity of light which has been provided, This will in turn
depend upon how much the designer knows of the
nature of the visual task itsell, and of how our eves
react to it. Our understanding of this iImportant as-
pect of lighting design has been extended in recemt
years by research work which has developed sub-
jective techmiques for assessing the quantity and
quality of lighting in terms of how it appears to the
observer. This research has shown that, for instance,
the advantages of a high level of illumination can be
lost if it is accompanied by glare and, conversaly,
that moderate levels are sulicient for much everyday
school work, provided that there is the right dis-
tribution of brightness through the room.

13. Inorder toestablish the principles on which good
lighting in schools should be based, this part of the
Bulletin deals first with some aspects of the nature
and behaviour of hight itself, and with the scope and
limitations of human evesight. The range of visual
tasks in schools 15 then examined and from this the
characteristics of the lighting which should be pro-
vided are deduced. Lastly, the broader aspecis of
lighting as one of the architectural clements in the
design of the school are considered, amd this is
followed by a summary of the main aims in design,

Light

14. Qwr eyes cannol see withouwt the stimulus of light,
which s one form of energy in the shape of electro-
magnetic radiation. It is the visible section of the
spectrum which also contains X-ravs and radio waves
differing from them only in wavelength and fre-
QUETCY.

15. The only differences in the nature of the light
given out by the sun, a clouded sky, a wungsten lamp
or a fluorescent tube, are in the various combinations
of colours of different wavelengths and intensities of
which 1t 18 made up, but in design terms these are
important differences. Although each of these sources

i



Driagram 1:

The exe’s response (o
different wavelengths
This shows the eye’s
response 1o light of equal
energy at different
wavelengihs. The eve is
MOne sensitive 1o grecn-
vellow light than to other
colours (paragraph 15).

Diagram 2;
Relationship of
illumination, reflection
Factor and luminanoe

The luminance of a surface

will depend both on s
reflection factor and upon

the illumination falling on it.

Thie surface’s apparent

brightness to the observer
will also be affected by the
adapiation level of his eve

{paragraphs 16, 17 and 407,

is commonly considered to produce “white” light,
there is in fact a wide vanation in colour composi-
tion. This affects not only the appearance of colours
used in buildings, but also the visual efficiency of
different light sources. The reason for this is that the
eye 15 stimulated io a greater or less degree by light
radiations which differ in colour but have equal
energy. For example, the eye is more responsive to
green-yellow light than to blue or red (diagram 1).
Therefore the lighting designer needs to be able to
measure light in terms of its effect on the eyve and on
whai is seen. The rate of flow {or flux) of light which
illuminates what we see 15 therefore measured in
frmens, in units which are corrected for their subjec-
tive visual stimulus,

16. The level of illumination on a surface is measur-
ed in fumens per sguare foed (Imy %), a unit which is
identical to the older term foor-camdle (see Appendix
6). However, this unit only measures the amount of
light falling on a surface; and the effect as seen by the
eye has to be expressed in terms of its brightness, The
physical measure of brghtness is called furminanee,
and the luminance of a surface depands upon the
illumination falling on it, and upon its reflectivity.
The unit in which luminance is normally measured is
the foot-lambert (fi-L), one fool-lambert being the

1.0

luminance of a fully-diffusing, mait surface of 100
per cent reflection factor which receives one lumen
per square foot. Thus Reflection Factor (%) =
Hlumination (Im/ft*) = Luminance (ft-L) (diagram 2).
17. For example, a surface with a reflection factor of
40 per cent (approximalely equivalent to Munsell
Value T) on which 10 Im/Tt* is falling will have the
same luminance as a surface whose reflection factor
is 20 per cent (approximately equivalent to Munsell
Value 5) on which 20 Im/ft® is falling. Each surface
will have a luminance of 4 t-L.

%xlﬂ' 4
and

20
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I8 The light given out by any source, whether
natural or artificial, will reach the object which it
illuminates in two ways: direcefly from sun, sky, or
light fitting; and fndirectly after inter-reflection from
other surfaces inside and sometimes also outside the
room. Under artificial illumination, the proportion
of the direct component to the indirect component
will vary according to whether the fittings direct most
af their light upwards or downwards, and according
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to the reflectivity of the surfaces in the room. In dayv-
light, the proportion will depend upon the size and
position of the windows and upon the reflectivity of
surfaces in the room, particularly the floor. For
example, in a classroom daylit from one side only,
and with light interior surfaces, as much as hall of the
illumination on the desks at the back of the room can
be from inter-reflected light. The reflection facior and
colouring of surfaces immediately cutside the room -
green grass, red paving, white congrete — can also
have a marked effect upon lighting within the build-
ing. Differing proportions of direct o indirect light
will influence the appearance of interiors, both in
termis of the distribution of illuminaton and of the
character of the space. It can range from the sirong
modelling with high lights and deep shadow pro-
duced by sunlight or directional light fittings, to the
soft, diffused effect of wholly indirect lighting.

19. Light striking any surface is either reffecred or
eransmitted or absorbed,

Reflection

20. Rays of light falling on a smooth polished sur-
face will be reflected in a specular fashion, the angle
of incidence equalling the angle of reflection. Light-
fitting desizners make use of this when it is necessary
to direct light in a narrow beam. An example of this
is the fitting shown in {phoiograph 27), which was
designed 1o boost the illumination on chalkboards, 1t
has a polished aluminium reflector with a parabolic
profile which throws light out in a parallel beam, in
the same way as a car headlight. The use of polished
metallic reflectors for such fittings also has the ad-
vantage that, when viewed from angles out of the
main beam of light, the surface will appear dark and
thus will not be a distraction.

21. Smooth, opaque surfaces other than polished
metal and glass will give a more diffuse reflection
which will include a brighter specular component in
ome direction. Gloss paint, and a high polish on wood
linoleum or plastics reflect light in this way, For this
reason, these materials should not be used on desk
and table tops, as a distracting dazzle can be caused
by the reflected images of light fittings, or bright
windows, This effect will be most noticeable on
polished surfaces which are dark, as the contrasts will
be greater. The reflection of light fittings in uncurtain-
ed windows at night can also be irritating.

22, A matt surface will give a diffused reflection
which is equally bright in évery direction. This is
generally to be preferred for the main visible surfaces
af a teaching room - walls, floor, ceiling - in order to
avoid disturbing reflections. For the same reason, the
surfaces of chalkboards should be maintained in a
matt condition. Where visual tasks will not be hin-
dered, sparkle can be provided when required by the
polished edges of fittings, equipment and architec-
tural trim, which can give confrolled reflections on
a small scale.

Transmission

23, Rayz of light passing through clear glass will be
displaced by refraction, which occurs when light
passes from a dense 1o a less dense medium, or vice
versa. Use is made of this property in prismatic
window glass ar light Attings to re-direct light, or to
make itz surface appear less bright from critical
viewing angles.

24. Most artificial light sources are too bright to be
viewed directly in comfort, and diffusing materials
can be used to reduce the brightness of the source

to within the limits required by the building regula-
tions." With a partial diffuser such as frosted glass
the source will still be seen, although less brightly, and
will appear as a “hot spot’. Using a more complete
diffuser such as a dense opal acrylic plastic, the sur-
face will be evenly illuminated but will probably
transmit less light. 5o a compromise will have to be
made in which satisfactory appearance is combined
with the output of light required from the fitting as a
whole. The bright lamp need only be shielded from
normal viewing angles,

25 Similar conziderations apply to the choice of
suitable materials for window blinds, for the blind
must check the direct rays of the sun, but must at the
same time allow sufficient light 1o pass for general
illumination. The design problem which this creates
is discussed further in paragraphs 86-95.

Absorprion

26. Radiation which is neither reflected nor trans-
milted will be absorbed by the surface on which it
Falls. Thus a metal, glass or plastic shade will heat up
when the light is switched on, and allowance must be
made for this in its design. Where higher levels of
illumination are provided for, the total heat emitted
by the lamps may prove to be an embarrassmenit.
Thus tungsien filament Attings giving 30 Im /1 in a
room of about 1,000 sq i will emii about 6 Kilowatis,
with a consequent heating effect both of direct
radiation on the occupants, and by raising the in-
ternal tiemperature,

27. To understand and thus to be able to control the
ways in which light spreads through a room s clearly
most imporiant to the lighting designer as it will help
him to create whatever lighting conditions he thinks
1o be appropriate. To understand the lighting condi-
tions that will achieve the aim of helping the users of
the school 1o see well, it is now necessary 1o look
more closely at the wavs in which lighting conditions
affect our evesight,

Eyesight

Scope and limitations

28. The human eyve has an impressive performance,
with the capaciiy to adapt itself o a wide range of
lighting conditions. *It will achieve enough vision to
enable one 1o get about in starlight, and it will func-
tion, although in discomfort, in full sunlight on snow-
covered ground. The sunlit snow 13 more than a
milficn million times as bright as the starlit scene,’®
However, the eve takes some while to adapt iself
from one extreme Lo another - as we know when
wilking out of a cinema into broad daylight. ltcannot
cope easily with abrupt changes in brightness, such
as looking up from a notehook on a sunlit desk to try
to make out writing on a chalkboard in a shaded part
of the room. Therefore one should not abuse the
adaptability of the eye by forcing it 10 work near to
the hmits of its capabilities, but should aim to bring
about those lighting conditions in which it can func-
tion most satisfactorily. There is little evidence that
the extent of bad lighting to be found in schools can
have any permanent harmful effect on children’s

1 The term *building regulations” is used in this Bulletin 1o
denote the Stamdards for School Premises Regulations:
ihe current version was published in 1959 as Sranory
Tnsirnment, 1959, Mo, 890,

2 Some General Principles of the Lighting of Buildings,
B.R.5. Digest Mo, 70 (15t Series), October, 1954,



5  Technical ﬂi".l“it‘lﬁ'_
Technical drawing, and
particularly iracing, is best
performed under a high
level of ilumination with the
minimum direct or reflected
glare. Mormally general
overtead !IFh[IﬂI_.‘,‘ willl b
sufficient, but for advanced
work an adjusiable light at
the board may be preferred
{paragraph 181}

eves, The danger is that bad lighting can retard the
process of learning by making conceniration mone
difficult and by hastening the onset of tiredness dur-
ing the day, through the physical and mental strain of
trying Lo see under unfavourable conditions,

20, For these reasons it is most important for the
architect to understand the limitations as well as the
range of human vision, and from this to be able to
create the conditions under which the eye can per-
form best, with as little effort as possible.

The visual task

30. The essentials of the task that a school child’s
eves have to do lie in making out the key features of
the scene which is being observed by distinguishing
differences in shape, position in space, lexture,
colour and brightness, The eves have to supply the
brain with sufficient information for it cither to be
able 1o recognise objecis already familiar from pre-
vious experience or, if the objects cannot be identi-
fied precisely, then to provide enough clues for an
intelligent guess a1 their nature to be made.

31, The visual difficulty of the work will vary widely.
It may be relatively straightforward, as in reading a
clearly printed book. It may be very much maore
difficult as, for example, when trving to trace accur-
ately over a faded engineering print (photograph 5),
or to differentiate between two colours which are
very close, or 1o align precisely the markings on a
vernier scale (photograph 6). The visual task may be
one that has to be done very quickly and withow
the chance of retracing one’s steps, such as when
sight-reading music (phetograph 7). The object,
observed may be stationary or it may be moving fast
as when trying to follow the rapid movements of a
P.E. instructor demonstrating a handspring (photo-
eraph 8). Thetask may be only intermittent or it may
be one requiring sustained visual concentration.
Clearly the nature of the visual task which is being
undertaken will determine both the quantity and the
quality of light that should be provided if the work is
1o be done easily.

Quantity of light

Gieneral note

32, The general rule is that the more difficult the
visual task, the greater is the amount of light that
should be provided to allow the job o be done
efficiently. IT work has iniricate and small-scale
detail, lacks contrasts of light and dark or of colour,
has to be done very quickly or requires sustained
attention, then it will be carried out more easily under
a high level of illumination, always providing the
lighting is of commensurate quality. Thus pupils in a
needlework room or in a technical drawing office will
benefit from a higher level of lighting on their work
than they would reguire in a general-purpose class-
(gelaigh

Recommended levels of illumination

33, Repulation 52(2) of the building regulations
requires that ‘In all teaching accommodation and
kitchens the level of maintained illumination and the
daylight factor, on the appropriate plane in the area
of normal use, shall be not less than ten lumens per
square foot and 2 per cent respectively”. This is the
mimiem permitted: 10 ensure that none of the work-
ing areas in the room falls beneath this, it is necessary
to design for a higher average level of illumination.
The reason why this level was chosén as the mini-
mum was that research work had shown that at least
four-fifths of school children achieved a good sland-
ard of vision at 10 Im/fi? and could sce well enough
to do normal school work such as reading § inch high
writing on a chalkboard at a distance of 30feet. Below
this level of illumination wvisual acuity fell away
rapidly. Above 10 Im/ft? it was found that visual
performance did not improve proportionately with
increases in the level of illumination,

34. At the same time it is worth bearing in mind that
a visual task will be made easier by an improvement
in amy of its aspects, for instance, by an increase in
the contrast or size of the details. Moreover, such
improvements will increase the ability to see more




6 Precision work in
engineering

Precise mensurements such
as the reading of vermer
scales have often (o be made
im science and workshop
cralls (paragraph 186).

T Sight-reading music
Sight-reading music is an
unusually exacting visual
task. In the photograph the
rrtesic stand 15 well lin, but
glare Mrom the windows
could be distracting when
tryving to follow the
conductor. Intelligent use of
i room can anlicipaie some
of these dithculties
{paragraph 31).

£ Agility work in physical
ecducation

Demonstrations of swill
n1111."ir|:|; ;|;._|_i||'l:_'.' work in PLE.
need to be seen under good
lighting conditions. A
background of bright
winchows or & very highly
polished Moor is not helpful
(paragraphs 221-230).




effectively than higher levels of illumination will.
Thus for the teacher (o write on the chalkboard with
letters 14 inches high instead of | inch high would be
as effective in improving visibility as would raising
the level of illumination by fer fimes. Unfortunately,
it 15 usually the case that increases in the size and
contrast of detail, desirable as they may be, are
beyond the archiiect’s control; he cannot dictaie the
size of writing on the chalkboard, the size of print
used in text books, or the contrastiness or position-
ing of wall maps. These matiers are in the hands of
the education authorities and the teachers, For these
reasons weak-sighted children should have special
consideration and should be encouraged to sit closer
to the chalkboard, This will be the most cffective
means of helping them for, as has been mentioned,
increases in the apparent size of what one is looking
al can have a marked effect on visual performance -
for a child to move four feet closer o the chalkboard
will have visual advantages for him which can only
be matched by raising the level of illumination by
thirty times. This emphasizes the importance of
planning rooms which have a chalkboard so that
children do not have to sit too far from it Thirty fieet
should be considered a maximum, and less than this
would be preferable in rooms for subjects such as
mathematics and science where intricate formulae
and symbols are used.

35. Insome subjecis both reading and practical work
will be much more exacting visually than in normal
classrooms, and higher levels of illumination will be
needed toallow the work to be done casily. Regula-

Table 1 Values of illumination in schools and
colleges

Note: The following illumination values are taken with
permission from the 1961 Code of the Wifuninaring
Engineering Society.(a) They do not represent the official
recommendations of the Department, but will help 1o
indicate relative values in different parts of the building,
The significance of the limiting Glare Index is explained in
paragraph 122 {Part 3 of the Bulletin).

Recommended  Limiting
Hlumination Glare
Limi /Tp* Index
Aszembly halls:
general 15 16
when used for examinations ECh] 16
platforms 30 16
Claszs and lecture rooms:
desks 0 16
chalkboards (b} 20 1o 30
Embroidery and sewing rooms 70 10
Art rooms (c) 45 16
Laboratories 30 6
Libraries:
shelves, stacks (b) Juo 10 -
reading tables 30 16
Manual training
{varies according to trade, see full 1ES Code)
Offices 30 19
Staffrooms, common rooms 15 16
Comdors ; T —
Stairs 10
Notes: (a) see pages 41, 42 and 54 of the Code
(b} on vertical surface

(c) special attention should be given to the
direction and colour quality of the light

tion 52(1) of the building regulations deals with this
poini in general terms; *In every school and in all
boarding accommaodation, the lighting, both natural
and artificial, of each room or other space shall be
appropriate to the normal use for which the room or
other space is designed.” The architect and lighting
engineer will have (o use their judgement to decide
what this level should be and whether this is o be
provided over the whole of the room or only in
limited areas. The lighting of particular spaces is
discussed in more detail in Part 5. The Code of the
IMuminating Engineering Society makes recommen-
dations for mamntained illumination levels in schools
and colleges, and these are given in Table 1. However,
these are not the Department’s official recommenda-
tiens and the actual quantity of lighting provided will
have to be decided after consideration of the likely
capital cost of the électrical mstallation (and of the
charges for current), bearing in mind the principle
that it is desirable that the money available for a
school should be distributed in a balanced fashion
over the various elements in the building. It may well
be necessary to choose a level of lighting which falls
between the [LE.S. Code figures and the Regulation
minimum of 10 Im/ft®. For example, in a secondary
school designed in 1957 by the Department’s
Development Group it was found 1o be practicable
within normal cost limits o provide an average level
of overall lighting of 15 Im/fi* in general classrooms,
including the chalkboards, 20 Im/ft® in science
laboratories, and 30 Im/ft* in technical drawing and
negdlework rooms, with additional local lighting
where this was necessary.

6. The levels of lighting given in Table 1 will allow
high standards of visual performance, provided that
there is freedom from glare and that there is no visual
discomfort from other causes. This is an essential
proviso: the advantages of a high — and costly = level
of illumination can be lost if great care 15 not taken to
design a lighting installation of good quality in an
environment which is free from visual discomfort.

CQuality in lighting

General note ;

37, The eye's ability to adapt itself to changing
conditions of light has already been mentioned. The
structure of the eye makes this a two-stage process.
First, the *aperture’ of the iris coniracts or expands
quite rapidly to regulate the amount of light entering
the eyve. Sccondly, the retina adjusts its sensitivity to
changes in the levels of brightness of the light falling
upon its surface. There is in fact a third stage as the
evelid can close and act as an emergency shutter to
shield the eye from sudden overloads of bright light.
38, This is a familiar process: when first entering a
room blacked-out for a film show you grope vour
way to your seaf, but after a little while your eyes get
used to the dim inteérior and you can see quite easily.
It is worth remembering that adaptation from light
to dark takes place more slowly than from dark to
light. Unexpected changes of brightness in a dimly
lit entrance hall can be dangerous if you come upon
them soon after vou have left the bright outdoor
scene. The illumination outside on a sunny day will
be as much as 500 times higher than that inside.
For this reason it is probably wise 1o lead people
gradually and by easy visual stages into the much
lower levels of illumination within a building.

39. The slowness of this process of adaptation also
sugzests that, if a person’s activities within a room

ff-l-




invalve him in looking repeatedly from one part 1o
another, as a pupil will when looking up from the
notchook on his desk to the chalkboard and then
down again, the gencral brighinesses of each zone
should be as nearly as possible the same to prevent
unnecessary muscular effort caused by repeated
adapiation of the eves, This does not mean that there
should not be contrasis of light and shade and colour
in the detail within each zone, for this will be neces-
sary to focus attention and allow detail to be seen
easily, This crucial design problem of providing com-
fort without a soporific flatness, and stimulus without
discomfort is discussed further below,

40. Another important aspect of this process of
adaptation is that the eyve adjusis itself to the averaee
level of brightness of the scene in front of i, in much
the same way as a photographic light meter. This
scene may well include areas which are much lighter
or darker than the average — a splash of sunlight by
the window on the one hand, and deep shadows
behind furniture at the back of the room on the
other. The occupant’s judgement of the brightness of
the part of the room in which he is sitting will depend
upon the average level to which he is adapied. If he is
sitting on a summer’s day at the back of a classroom
from which he can see a brilliant sunlit area by the
window and bright clouds through i, his eves will
tend to adapt to the bright areas by the window, By
contrast, the illumination on his desk at the back of
the room will seem inadequate. If a window blind is
lowered enough to cut out the direct sun and the
view of the bright sky beyond, then the pupil siting
at the back of the room will adapt after a while 1o a
lower level, The illumination on his desk will then
subjectively seem (o be higher even though it may,
with the blinds down, be a hitle less as measured by a
light meter. The control of the pattern of apparent
brightness in the field of view, as well as the actual
levels of illumination, is one of the main wayvs in which
the architect can create conditions for good vision.

Avoiding glare

41. While the eve is very adaptable, there are limits
bevond which it cannot cope with extreme contrasts
in brightness which occur side by side in the ficld of
view. If these occur, glare 13 caused and visibility
suffers particularly in the darker paris. This can be
demonstrated by looking at a window from which
there is a view of a bright patch of sky, or at a
bright light fitting, and then trying to look into the
shadowed area around it. IF you then cover the bright
source with your hand, vou will see much more de-
tail in the shadow. This glare is caused partly by the
veiling due to the scattering of bright light in the eve,
and partly because the eve tends to adapt itself to the
highest average levels in s field of view. There is also
the irritation caused by the constant effort to force
ane’s attention away from the bright arcas.

42, Some forms of glare are self-evident, such as
the feeling of discomfort bordeéring on pain that one
expericnces when looking directly at a bare lamp in a
gloomy room. Other forms of glare are not so obwi-
ous and may only cause irritation and discomfon
after some while, Indeed, children may attribute their
headaches and tired eyves 1o some oiher cause. This
more insidious iype of glare commonly occurs in
rooms where a high Jevel of illumination has becn
provided without giving sufficient attention to the
quality of the lighting, and where there are a large
number of bright light fittings or a range of large
windows within the normal field of view.

43. The most common causes of glare are unscreen-
ed lamps or fluorescent tubes; bright light fittings
seen against a dark background; bright areas of sky
seen through large wnshaded windows; and the
presence of dark surfaces of columns, transoms,
mullions or window bars silhouetted against the sky
(photographs 9 and 10).

44, The glare caused by the specular reflection of
bright light sources in glossy paper or shiny instru-
menis, on gloss painted walls or ehalkboards which
have lost their matt surface, or on polished desk tops
can also be troublesome. While it is sometimes
pozsible to move one’s head to avoid these reflections,
this becomes increasingly difficuli with higher illu-
mination levels and the consequent close spacing of
light fittings.

45, Ways in which the risk of glare can be reduced
are discussed in the two following parts. But before
this is dealt with in more detail, 1 15 necessary (o
consider briefly some other ways in which the quality
of highting can be improved.

Alfding concentration

46. The cve is attracted involuntanly to that part of
the field of view which is the brighest or has the
greatest contrast of light and dark, or of colour, This
phenomenon 15 called phototropism and with appro-
priate lighting it can be used o direct the pupils’
attention where it is reguired: for example, to the
book on the hibrary table or 1o the chalkboard in the
lecture room. This can be done by increasing the
amount of local lighting on the job in hand, such as
with a pendant light over a library table, and this may
be reinforced by making sure that the immediate
object of attention - book, lathe, ball, instrument
dial - 15 highi-coloured and contrasty compared with
other objects around . Harsh contrasts are not
necessary to achieve this effect: what is required is a
gradual stepping-down of brightness from the work
into the immediate and then the general surround-
ings. Black print on a white page s clearly a good
focal point; this is best seen against a light colouwred
desk top and beyond that a medium coloured floor
of about Munsell Value 6. Vivid contrasts in the
surrcundings should be avoided in such circumstan-
ces, as one’s cyve would then be drawn 1o them by the
same phoiotropic effeci; a black-and-while chequer
patiern on the floor would be most distracting when
seen alongside one’s desk, and glaring windows or
light fittings would cause the same trouble. It is of
course possible 1o override this counter-atiraction
and keep one’s attention on one’s work, but this
riquires & conscious effort which becomes tiring and
irritating after a time.

47, The exploitation of phototropism need not be
confined to teaching rooms. It can also be used (o
draw attention to a change of level in a comridor or
perhaps to a lively mural painting at the end of it.

The role of modelling

48. Artisis from Rembrandi onwards have used
shadows 1o fix the position and confirm the identity
of objects or of lextured surfaces. In the same way
directional lighting can help 1o place objects and
clarify their shape and details. For the general run of
school work it 18 usually sufficient for there (o be an
overall distribution of light, with modelling empha-
sised by a punch of light from one direction, for
example, from the main run of windows or from the
nearest light fitting, But for more difficult visual
tasks, such as operating a sewing machine, dissecting

9
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9 Ghare from the sky
During daytime, glare can be
caused by the view of an
excessively bright sky
through a window,
particularly if it is very close
1o places at which pupils have
o look. In the photograph
the teacher should have
avoided sitting with his back
1o the window, Window
blinds should be used to
control glare {paragraphs
41-45 and B3-95).

10 Glare from light

fittings

Adter dark, glare can be
caused by bare lamps or
large excessively bright light
filtings seen against
backgrounds which are
relatively dark, The
brightness of fittings should
be reduced and that of the
general environment should
be raised. In the photograph
the uncurtained windows
and dark floor also cavse the
room to look gloomy
{paragraphs 41-45 and
116-123).

a dogfish, or doing an intricate piece of work on a
lathe, it will be necessary to provide additional local
lighting which can be adjusted to reveal the details of
the task as well as giving a high level of illumination
on the work in hand (photographs 20, 21 and 26).
While it may at times be possible to gain this addit-
ional lighting by taking the work to the window,
more usually the pupil will have to stay at his work
place with the local lighting being brought to him by
a portable light fitting. Care must be taken to see that
such local lighting does not cause dazzle or glare (o
the user or to other occupants of the room.

49, In these ways local and directional lighting can
be used to model the visual ask in 4 manner that
makes work easier. The architect will also . use
directional lighting, and the play of light and shade
it can give, to model the building itself; to articulate
spaces and solid forms. This extends the discussion of
good quality in the lighting of specific visual 1asks (o
the more general question of designing the visual
environment as a whole, both being an inseparable
part of good lighting in schools,

Lighting and architecture

General note

20, When designing the lighting — or any other part -

of a school, the architect’s primary aim will be to
satisly the main educational requirements and to
provide comfortable physical surroundings. In the
course of achieving this aim he will have o make
many decisions on points of design which will in-
evitably affect the peneral visual environment in
important ways. In some cases the decision will
depend upon factors which do not arise from the
requirements of lighting and yet may have a con-
siderable effect upon it. For example, the choice of
one particular method of construction can limit the
size and position of windows or, again, the need for
durable and acid-resistant bench tops in laboratories
may restrict the choice of material to dark-coloured
woods, In most cases, however, while decisions on
details of design will depend mainly on considerations
other than lighting, there will remain some freedom
of choice to allow the most appropriate lighting con-
dition to be selected. Thus the size and position of an
archiirave may already be fixed by struciural con-
siderations, but 15 finish and colour can be chosen
to suitl the visual objectives of the lighting scheme,
51. Light is the primary mediom through which we
appreciate our architectural surroundings. The play
of light and shade models solid forms, gives a surface
its texture, and makes space intelligible, In the early
stages of design, architects are rightly conscious of
the formal aspects of their buildings, visualising them
as solids and voids, as threc-dimensional enclosures
of space. However, the lull realisation of these forms
also needs sympathetic consideration of how they
will appear when coloured and lit, both by day and
after dark.

Visual character

52. The general appearance of most work spaces in a
school will be moulded by functional requirements,
including of course the visual tasks which the
occupants have to undertake, But within the range of
possible solutions to the functional requirements the
architect will have some room to manoeuvre in
giving the interior the right visual character. The
creation of an appropriate visual character for the

various spaces in a school is one of the most elusive
and vet one of the most imporiant facets of an
architect’s work, We do not yel know very much
about the psvchological reasons for the ways in
which the appearance of our physical environment
helps to form our emotions, Most people, however,
are ready o describe a room as being on the one
hand ‘gay’, ‘stimulating’ {or perhaps ‘restless’,
Yjazzy'), or on the other hand ‘restful’, ‘calm’ (or
perhaps ‘dull’, “lifeless’). Where the line is drawn
between surroundings which are “stimulating’ and
those which are ‘restless’, and between a ‘restful” room
and a “dull’ one will often depend on the mood of the
observer, But at the extremes it seems probable that
the stimulating room will be one thai coniains lively
contrasts in light and shade, and in colour, while in
the restful room contrasts will be more subdued. To
judge, first, what visual character a room should
have, and then to create surroundings which take on
this character is one of the most difficult aspects of
design. It demands the careful consideration of the
interaction of lighting with space, form, and colour-
ing from the carliest stages of the design through to
every detail,

53. For example, most teachers would say that the
school library should have a special character of s
own. But what should this character be, and how can
lighting contribute to this? Should it have that som-
bre, dignified air with dark ocak panelling, the hon-
ours boards and the bust of the founder, the leather-
topped tables, the high sills (*to prevent distract-
ions’), the standard bindings with a little discreet
gilt, the green-shaded lights - a virtual mausoleam to
the printed word? Or should it not rather be light and
inviting, with restful views within the room as well as
a pleasant prospect through the windows (o encour-
age reflection (for poems as well as essays are writlén
in libraries) and as a visual release from the close
work of reading and writing; also with full facilitics
for the stimulating display of the books themselves,
their jackets, their illustrations, and their relevance
to the othér activities of the school, Lighting and
gcolour are indispensable in helping to create the right
character.

Lighting and colour!

54. In the creation of good lighting conditions in a
school the lighting itself, either natural or artificial,
and the colouring of the interior surfaces of the
building should be considered iogether, as they are
often complementary, This concerns both the
strength (Munsell chroma) of the colour, and its
lightness (Munsell vafne) which is directly related to
its reflection factor.® Thus in a room lit from one side
only, the use on the rear wall of a colour of high
reflection factor (Munsell value 9, or even white) will
both increase the amount of inter-reflected light at the
back of the room and also give a sensation of bright-
ness which will help to compensate those sitting at a
distance from the window. A wall seen at the end of a
corridor may well be a good position for a strong,
light colour for it will provide an effective visual stop
and prevent an indeterminate tunnel effect, If the wall
i5 not well lit, one can wse the group of colours
which combine high value and high chroma - the
vellow=reds, yvellows, and green-yvellows,

1 See Building Bulletin Mumber 9, Colour in School Build-
ings (Third Edition, 1962), for a full discussion of this
subject,

! Reflection factor
value.

V(V-1) per cent, where ¥V = Munsell



35. The role of light and colour in an interior can be
seen clearly if one imagines a room in which every
surface 15 decorated with the same colour, and which
is illuminated by wholly diffused lighting. The total
absence of contrast will make it very dificult to see at
all, and the lack of visual stimulus will have a
soporific effect. If the lighting i3 made directional,
one’s visual appreciation of the room will then de-
pend upon the play of light and shade across plain
and textured surfaces, on projecting mouldings, and
around the furniture and other contents of the room.
Such monechrome intériors are sometimes created
deliberately, but there is a danger, particularly under
our typically soft daylight conditions, that such a
design will be Mat and dull. Therefore colour con-
trasis in hue, value and chroma are used not only (o
improwve lighting conditions in a room but also to
bring liveliness and clarity o the interior, demarcat-
ing one clement from another.,

36, In Building Bulletin Mo. 9 a useful distingtion is
made between clements ©. . . which are exiensive in
area, such as walls, doors, floors and ceilings, and
those which are finear, such as beams, pilasters and
pipes’. (Page 11.) It goes on to suggest that the main
colour emphasis would be placed most appropriately
upon the former, allowing the linear elements - col-
umns, pilasters, skirtings, cornices, architraves and
mouldings generally = to be left in neutral colours,
framing and delimiting the areas of stromger colour.
However, strong colours should generally be avoid-
ed on walls or pin-up boards which are likely to be
used for the display of school work and similar
material.

37. This approach also makes sense when consider-
ing lighting, as the linear elements, being for the most
part architectural “trim’, will normally project from
the main surfaces and thus be modelled by highlight
and shadow.

The importance of visual contrasts

58. Visual contrasts play a leading role in this aspect
of design - contrasts of light and dark, highlight and
shadow; conlrasts between different textures such as
between a mait and a gloss paint; contrasts between
colours which differ in hue, value or chroma. Such
contrasts should be made a part of the overall design
by considering the interaction of form, colour, and
lighting from the earliest stages. The use of white, a
newuiral grey, or even black will form a reference point
against which other colours may be read. Small areas
of a dark, rich colour can act as a bass note, as it
were, 10 sel off an otherwise high-key colour scheme.
These contrasts are valuable not only because they
introduce interest and variety, and help to articulate
the appearance of the building visually, but also
because they can be used to make some visual tasks
casier. Excessive contrasts may, if badly handled,
have the opposite effect, and result in a confusing
and disjointed interior which hinders visual perfor-
mance. Thus the contrasts on a chalkboard wall
should be low, allowing the eve to rest on the chalk-
board without distractions (see Building Bulletin
Number 9, pages 28-30),

Ihusion and reality

39, In addition to using hghting and colour (o meet
functional requirements and to create an appropriate
visual character, the architect will also use lighting
and colour to clarily the layout of the plan and the
structural logic of the building. The illusionistic
tricks of the architect’s trade, by which ceilings can

be made to appear to float or walls to dissolve, the
use of colour to make surfaces advance or retreat, the
warping of scale to make things seem bigger or smal-
ler than they really are, the falsifving of perspective
to make spaces seem longer or shorter, the extension
of space with mirrors - all these may have some place
in the repertoire of an architect designing a school,
for it need not always be a prosaic building. But for
most of the time the pupil should see the world un-
ambiguously, and the architect should use his know-
ledge of lighting to further this. It will not help the
pupil if his half-finished painting changes colour
violently when the lights are switched on, or i the
rope in the gym appears to swing faster as it comes
under a light.

60. So for teaching areas where sirnightforward
vision is required theaim should be to use lighting and
colour to create an unconfused visual environment
in which the various parts of the building each take
their place logically in a unified design.

Summary of design aims

#l. The five main considerations which should be
borne in mind in the course of lighting design may be
summarised as follows:
(i) Consider the tvpe of work which is to be carried
out in the room. 15 it of a simple nature, or does it
involve detailed, sustained, or unusually difficalt
visual tasks? Has the room to be used flexibly, or
are the work places fixed? Are there special visual
focal points such as chalkbourds or demonstration
benches?
(i) Provide a sufficient amount af light distribut-
ed as necessary through the room by both general
and local lighting. Good guality in lighting will
be more valuable in helping people to see well than
the highest levels of illumination,
(iii) Avosd viswal discomfors by eliminating exces-
sive conlrasis of brightness in the field of view
which would cause glare or which would tire the
eyes by the need for repeated adaptation from one
level 1o another. Is it possible to work with equal
comfort facing in any direction in the room?
{iv} Focus atrention on the key paris of the work by
building up a comfortable patiern of brightness
through the room.
(v) Create an imteresting enviromment with an
appropriate visual character by designing from the
earliest stages for sufficient contrasts in light and
colour,

62. The remaining Parts of this Bulletin deal with the
application of these principles to natural, artificial
and combined lighting in the various parts of school
buildings,



2 Daylighting

Daylighting re-appraised

63. Until recently daylighting has been unchallenged
as the most suitable and economic techmigue for
providing working illumination in school buildings.
It would probably be true o say thal no single in-
fluecnce — other than education iselfl - has been so
powerful in shaping schools as the need to secure
good daylight. Almost every layout, plan form,
section, window and top light disposition has been
influenced by this. However, in recent vears technical
developments have reduced the cost of artificial
lighting 1o the point when it has been necessary to
re-cxamine davlighting methods 1o see whether their
use has been solely because they are cheap, or whether
davhght has in fact some special properties which
makes it desirable on other grounds as well.

4. Some other factors have also prompted this re-
appraisal of daylighting. Large windows, it is said,
can lead to overheating on sunny days in summer:
conversely, they cause excessive heat losses on cold
days in the winter. Windows tend 1o be moreexpensive
than solid walls. It is pointed out that daylight is not
in fact free but has w be paid for in the cost of lengthy
perimeters and elaborate sectional devices which are
necessary o secure its entry 1o the building. More-
over, window blinds have often to be added, and
window cleaning is an expensive form of mainten-
ance. It is suggested that as the artificial installation
has 1o be provided in any case for use after dark,
why not use it during the day and leave out the win-
dows? Some schools in the LLS.A. are windowless
with a constant artificial indoor climzte - 80 why not
here? It is also argued that high levels of illumination
are now necessary and that daylighting could not
provide these satisfactorily.

65, These arguments are forceful ones and need (o
be considered seriously, especially as they are often
based upon justifiable user complaints about particu-
lar buildings with unsatisfactory daylighting. Mever-
theless, it remains true that for most day schools on
normal sites in this country, daylight when properly
designed 15 still the most satisfaciory and economic
method of providing working illumination, and it
makes a contribution to the educational and visual
environment of a school which can not be made in
any other wav. This part of the Bulletin explains how
this conclusion has been reached.

66, Under some exceptional circumsiances the use of
daylight and artificial lighting in combination might
be the best answer, but daylight is still an essential
part of this technique, which is discussed more fully
in Part 4, On closer examination it was found that
many of the complaints about daylighting originated
in buildings in which daylighting technigues had been
improperly applied rather than anything inherent in
daylighting itself.

67. In our temperate climate, with iis high propor-
tion of clouded skies and sunless days, the common
desire for daylight and for buildings into which the
infrequent sun may penetrate is an understandable
one, especially as it s associated with the natural
human desire to keep in wouch with the world out-
side and with the constant shift in our weather and
the variety of the seasons. A pleasing view through
the window is of course a prerequisite, and this should
be considered as carefully as the interior of the build-
ing, perhaps with moving foliage combined with
man-made elements 1o make a varied and interesting
SCENE,

68. In more extreme climates, where the winters are
much colder and the sun in summer is much hotter,
the discomforts which an external window may bring
in terms of excessive heat loss or gain will have 1o be
offset against the advantages mentioned above. In
such countries these climatic conditions will justify
more costly solutions, such as double glazing to con-
serve heat and claborate screening devices to shield
the windows from the direct rays of the sun, These
measures are naturally expensive and architects have
been tempted to bypass these problems and (o resor
to windowless schools with permanent artificial
highting, and thus to deny people the qualities of day-
light. The argunwents for and against such a solution
are discussed in Chapter 1X of Building Bulletin
MNumber 18, Schools in the U5, A.

69, In Britain, however, the sun is not s0 hot nor the
winters 50 cold as to call for a windowless building.
Maoreover the activities conducted in a school will
very rarely require the clinical control of environ-
ment possible in a closed, air-conditioned room,
Mevertheless, even in our couniry, rooms with
extensive areas of unprotected glass facing south can
expericnce a distressing build-up of heat on a sunny
summeer’s day, and efficient methods of sun control
must be incorporated. A method which enables de-
signers 1o estimate solar heat gains is now available.’
In winter thermal losses through the windows are
offset to a considerable extent by heat gained by
radiation from the sky and sun. But for comfort and
economy to g0 hand in hand, the heating controls in
the various parts of the school must be flexible
enough to maintain comfortable conditions on
exceptionally cold and windy days, as well as to allow
for the intermittent gains from sunlight during milder
weather. Only on the most exposed sites might the
need for excepiional measures to ensure physical
comfort justify the additional expense of double
glazing. It will be seen below that very large windows
are not in fact necessary to give good siandards of
lighting, and that there are ways in which the
difficuliies mentioned above can be overcome so that
the fresh and vital atmosphere that daylighting can
give 1o a school can be enjoved without reservations.

Quantity of daylighting

Lighting from the sky

70. Since we cannot rely upon direct sunlight as a
steady source of illumination, dayvlight design must
be based upon the clouded sky and any attempt to

! Building Rescarch Siation Current Papers, Ressarch

Series:

Mo, 37 Irvesrigarion of Summer Overfieating af the B.R.S.,
England by A, G. Loudon and E. Danter.

No. 39 Sunpach Diagrams and Overlays for Solar Hear
Gain Calesdarions by P. Petherbridgs.

13



14

establish a method of calculation has to start from an
examination of the overcast sky as a source of light.
Measurements taken through the wvear show that
ihere is, as one would expect, a wide range of
illumination from 200 Im/N* on a dull February
afternoon to 3,000 Im,/M* on a bright summer morn-
ing with the sun shining on light, hazy cloud. The
various levels of illumination to be expected through
the year are given in Table 2.

71. Any method of lighting design using daylight as
the main source of illumination must make sure that
there s sufficient light in the building on all but the
dullest days, and must take into account the hours
during which schools are occupied. While illumina-
tion from the sky vanes through the year, it has
been accepied that in our latiiude a sky providing
500 Im/N* should be taken as the lowest level that a
designer would be expected to cope with. This figure

Table 2' Percentages of total working time of the
number of hours during the year for which the illumi-
mation exceeds certain recommended levels at given
daylight factors

Iumainateom (b =y
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(Calculations based upon 9.0-5.30 p.m, five-day working
wezk giving a yearly total of 2,186 hours. )

is mmevitably a compromise, as skies providing less
light than this will ocour occasionally in mid-winter,
or in the early morning or late afternoon in Spring or
autumn. On sech days it was thought reasonable (o
assume that artificial lighting at the back of the room
would be used to supplement dayvhight. This s hkely
1o be necessary for about 200 hours per anoum over
the part of a school room designed to a 2 per cent
minimum daylight factor. The electrical wiring
should be arrangsd z0 that the light fittings in areas
furthest from the windows are switched together,
One local authority has experimented with a techni-
que for the automatie switching of such supplemen-
tary lighting.

The 2 per cent davlight factor standard

72. For reasons explained in Part 1 the building
regulations on lighting are aimed at ensuring that the
level of illumination on the working surface shall be
at least 10 Im/ft*. To translate this into terms that
the architect could use for daylight design, the
regulations state that the lowest level of nawral
illumination in all teaching accommodation shall be
a 2 per cent daylight factor. This means thatl on
working surfaces within the building the leasi level of
illumination provided by the light received both
directly from the sky and indirectly after reflection
from surfaces inside and outside the room, shall be 2
per cent of the illuminaton received simultaneously

! Reproduced with permission from Technical Report
No. 4, Availability of Daylight, IMuminating Engineering
Society, London,

on a horizontal surface outside from an unobstructed
skv which, for the purpose of these regulations, is
assumed 1o have a C.LLE. distribution. It will be seen
that a sky which gives an illumination of 500 Im/fi
outside will provide an illumination of 2
= 3 300 =
100

10 lm/M® ina room satisfying the 2 per cent minimum
daylight factor. At the same time it will be seen from
Tahble 2 that a room with a 2 per cent minimum D.F.
will often have an illumination much higher than 10
Im/M% For two-thirds of the wear, when the
average outside illumination is over 1,000 Im /%, the
minimum illumination within the room will be over
20 Im /M2, In school rooms af normal size large areas
of glass are not necessary to achieve a 2 per cent
mimmum DUF . with careful design and light colour-
ed decorations this may be done with an area of glass
which is about 15 to 20 per cent of the floor area,
depending on the placing of the windows. In rooms
in which difficult visual tasks may be undertaken in
all parts of the room, the architect may decide that
the minimum D.F. should be higher than 2 per cent.
Bun in such cases care should be taken to see that sky
glare, and excessive solar heat gain and loss do not
outweigh the advantages of higher levels of illumina-
tion. It will probably be found thal some form of top
lighting will be necessary,
73, The 2 per cent minimum D.F. standard has been
found in practice to have the following main advan-
tages:

(a3 It provides sufficient working illumination on

all but the dullest of days.

by It is an acceptable compromisé that meets (a)

and yet avoids the large areas of glazing and severs

glare that would arise from much higher levels of

daylighting.

{e) 1t is not restrictive to the architect, and permits

a wide range of design solutions.

Methods of calculating daylight factors

T4, 1t 15 clearly important for the architect (o be able
o calculate at an early stage in design the amount of
daylight reaching a given point in a room. This makes
it possible to compare alternative methods of fene-
stration and other variations in the geometry of the
building, and 1o see which combination is most
likely to produce the other qualities of good lighting
that have been discussed in Part 1. The total daylight
al any point in a room (diagram 3) consists of a
direct companent, A, coming direct from the sky and
an indirect component, made up of light reflected
from objects outside the window, Bl, and light
inter-reflected within the room, B2, At one time,
before the role of reflected light was fully appreciaied,
it was cusiomary o design classrooms fo meet a
2 per cent sky factor, thus ignoring reflected light.
This produced room: with much larger windows
which could give a true minimum daylight factor of |
about 4 per cent,

75. There are several methods of calculating day-
light factors ai sketch plan stage which are available
to the architect. A tabular method has been develop-
ed at the Building Rescarch Station.® A graphical |
method of computing the direct daylight component |
which is suitable particularly when there are complex I
ghstructions is thai based on the Waldram Diagrams.® |
The best known method of calculating the direct |
daylight component is probably that employing the |
B.E.5. Daylight Factor Protractors, with the indirect |
reflected component being estimated with the use of |
a table or nomograms, Once the simple technigue for |



Diagram 3;
Direct and indirect
daylighting
The total daviight factor an
any point in a room is made
up of a direct component, A,
and indirect components, B;
and B,. Al the back of a
room with light decorations
the indirect component will
amount to about half of the
| total D.F. {paragraph 74).

manipulating these protractors is mastered, results of
sufficient accuracy may be obtained quickly. This
method is explained fully in Appendix 3 where a
worked example is given,*

T6. Calculating daylight factors 15 of course only the
starting point in the design of daylighting, But it is a
useful first step, as the process of calculation helps to
draw attention to the factors affecting the distribut-
ion of daylight throughout a room. Experienced de-
signers will use calculation mainly 1o check their own
commonsense approach but at times it will show that
intuition is not in itself enough. For example, it is
obvious thai the closer one comes 1o the window the
greater will be the direct component from the sky and
the higher will be the level of illumination, but it may
not be so easy to see that at the back of a room
decorated in light colours the reflected light may be
greater than the light direct from the sky. Some
examples of classrooms of average size lit by a variety
of means are given in diangrams 4-7 and photographs
11-14, These show that it i3 easier (o oblain a good
distribution of light through the room when there are
windows on more than one side, but that it is possible
to gel a reasonable spread of light in rooms, even
those over 20 fect deep, with unilateral lighting as
long as care is taken to provide light reflection factors,
particularly on the floor and rear walls. The rational
use of a colour scheme to further this aim is described
in Building Bulletin Number 9 (Third Edition), pages
24 1o 26. The examples also illustrate another ad-
vaniage of being able fo place windows in more than
one wall: thal it is possible to achieve the same mini-
mum level of illumination (and a better distribution)
in rooms of a given size with lower (and therefore
more economic) ceiling heights.

* Stplified Daylight Tables, Mational Building Siudices
Mo, 26, HM 5.0,

¥ Chapter ¥, The Seicice of Daviighe, by 1. W. T. Walsh,
{MacDaonald).

! Sec also Appendix A of B.5. Code of Practice, C.P. 3:
Chapier 1: Part 12 1964, Daplighring: and in B.R.S.
Drigesis (second series) numbers 41 and 432
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Quality in daylighting

General note

T1. Good design in daylighting not only provides a
sufficient quantity of illumination; it must also help
to give the interior a character appropriate 1o its use,
and at the same time allow the occupants to see clear-
Iy in all positions in the room. This needs an im-
aginative design solution to three main requirements
which flow from the behaviour of the eve discussed in
Part 1:

{a) a satisfactory balance of brightness through
the room;

(b} the right proportions of direct and indirect
light:

() the absence of glare from the sky or sun,

A balance of brightness

78. Having established that the guamity of light in
the room is sufficient, the first step in ensuring a good
guality of lighting is to try and produce a satisfactory
balance of brighinesses on the main visible surfaces
and objects in the room. If there is too great a con-
trast between the high brightness on the walls close
to the window and the lower brighiness on the walls
al the back of the room, children sitting at a distance
from the windows will feel ar a disadvantage, even
though there may be the right meter reading on their
desks, as their eves will adapt to the arcas of higher
brighiness by the window., It will be remembered that
brightness 15 a function of illumination and reflection
factor. Thus it is possible to compensate for lower
levels of illumination away from the windows by
using higher reflection factors, particularly on the
wirlls as the Aow of light from the windows s largely
honzontal. This will help 10 mamtain a balance of
brightness — and thus of adapiation levels = in the
room. This does not mean that brightness in the
room should be uniform; the room would be very
dull if it was. To avoid this the design should include

C.LE. sky 1.27
uniformsky 1.0
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Diagram 4 and Photographs
11{a}, (b) and (c)

Woodside Junior School,
Arnersham

Windows placed on three
sides of this room, with a

rosof light placed over the
miain chalk board/display
wiall give even, well-rounded
lighting, allowing the
children to work easily in
any part of the room
Althnugh the B!inri:lg AT S
about 245 of the floor, there
15 o sky glare as the main
window locks on 1o a shaded
court and timber screens are
placed 1o restrict a direct

16

view of the sky. Roller
blinds in a light grey woven
plastic are provided on the
windows to allow control of
wvery bright skies or strong
sun. White, splayed reveals
1o the windows help (o
grade light into the room.
The colour scheme in the
rosom both helps the
distribution of brightmpess in
the room and |_‘n-:n11.-:i:|.1.;x;|.
sympathetic background for
colourful displays of the
children’s owm work, The
average reflection factor of
the Aoor is 35 %, the walls
0% and the ceiling 6395,

:
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smiall areas of stronger contrasts of shadow and high-
light, with perhaps the crisp accenis of white gloss
paint on architectural trim and the glint of metal
fittings.

Direct and indirect light

79, Varyving the proportions of direct and indirect
light in an interior has a marked effect upon ils
character. With a high proportion of light direct from
the sky, the room will have a harsh, dramatic
character with strong contrasis of hght and shade,
and consaquently a risk of glare. It will be difficult to
se¢ detanl in the heavy shadows as the eve will adapt
1o the brightest areas in the room. These characteris-
tics will be exaggerated 1if there are windows on one
side only.

80. A room with a high proportion of indirect light
will have softer contrasts as much light will be re-
flected into the shadows. There will be little risk of
glare, and comfortable vision will be possible in most
parts of the room. There is a danger that the interior
may appear washed out and anaemic if sufficient
contrast and stimulus i3 not builli-in (o the detailed
design and colouring of the room,

81. In each case the decision on the appropriate
balance between direct and indirect light, and on the
best means of achieving it, will in the end depend
upon an imaginative interpretation by the designer of
the characier required in the room. As we have seen,
ihe character grows oul of the activities and physical
needs of the occupants,

Geeneral and loeal davlighting

82. The extent to which one level of illumination is
required generally through the room will depend up-
on s use, There is an increasing tendency for activi-
ties in many rooms (o be diversified, and allocated o
particular areas. This gives the designer the oppor-
tunity to provide an interesting variety of lighting
golutions, made-to-measure for each activity. Thus a
Bioclogy laboratory may have a general work space
with overall lighting, and at one side a more brightly-
lit demonstration area; opening off this, bays for
intricate practical work with high levels of daylight-
ing; and another corner for books and display with
its own local lighting, perhaps from a roof light.

Absence of glare

83. The main cause of glare is the presence of ex-
cessive contrasts in brightness in the field of view, In
the field of daylighting the most common situations
causing glare are where a window through which a
bright sky can be seen is behind or immediately
adjacent to places in the room at which the pupil has
io look, such as a chalkboard, demonsiration bench,
or fume cupboard, One should also bear in mind
that a teacher has 1o spend much of his time looking
across the room at his pupils, and it will be tiresome
il they are seen silhouetted against a window. Even
in reoms in which there are no windows near to
obyects of attention, considerable discomfort can be
caused by glare from large, bright windows which are
in or on the edge of the general field of view. These
conditions are accentuated il the brighiness of the
room as a whole is’ low, or if the surrounds to the
window are dark in colour. Irritating glare is not
confined to places at which one has to look. The
effect of phototropism (see paragraph 46) draws the
eye to wherever glare is, and then the damage is done.
The only safeguard is to reduce glare as far as possi-
ble throughout the building.

B4. To minimise glare it is important, first, to avoid
puiting windows near to visual focal points. For
example, windows should not occur in walls on which
a chalkboard is mounted, or above a speaker’s
rostrum. The second method of reducing glare is 1o
raise the general brightness of the room and to
lighten the immediate surrounds to the windows, de-
tailing the frame and reveals so that there is a gentle
gradation from internal to external brighiness. The
decp reveals that resulted from traditional load-
bearing construction were used both to grade light
in this way, and to reduce the amount of bright skv
visible from oblique views. Many modern builldings
have comparatively thin external walls but even so it
15 sometimes possible to use structural fins or internal
partitions to achieve a similar grading effect (diagram
4, photographs 11 (a), (B) and (c)). Transoms, mul-
lions and glazing bars should be tapered towards the
ingide of the room and wide, flat bands across the
window should be avoided. It 15 a safe rule to paint
window frames and glazing bars white, and to use
colours of a high reflection Factor on the surrounding
walls and on ceilings interrupted by roof lights. It
may help if the reveals to a roof light, which may
appear very bright as they often receive direct sun-
light, are painted a rather darker colour than the
ceiling itself, Cross lighting from secondary windows
will help by lighténing the inner faces of the ather
window walls, and thus reducing contrasts. In this
wiay the trouble caused by silhouetting can be mini-
mised,

85. The third method of reducing sky glare is by the
use of devices such as screens, blinds, and louvred
shutiers which reduce the brightness of the sky as
seen from within the room. Inevitably most of these
will also reduce the amount of daylight entering the
room. However, some will at the same time alter the
distribution of light within the room 50 that there 1s
Jess close to the window and proportionately more
at the back of the room. The majority of these de-
vices also help 1o shield the occupants from the
direct rays of the sun. Indeed, they are often instal-
led primarily with this aim in view, and their design
will be biased in this direction. But it must be
emphasised that bright, cloudy skies are as serious
a cause of glare as direct sunlight - and they occur
more frequently,

Sunlight conirol

86. In our climate most people would say that they
like to be able to have sun in the reooms in which they
spend their day. The warmith, radiance and sense of
well-being which it gives are welcome particularly
during the winter, On the other hand, a common
complaint in schools during the summer is of the
glare and exhaustion caused by the direct rays of the
hot sun, and some protection from this i highly
desirable. The architect has to try and reconcile these
two conflicting requirements, and any protective
device used on the windows should therefore admit
light without also admitting excessive heat or glare.
87. The main benefit of sunlight is as an amenity, and
the orientation of rooms in which children will spend
a substantial part of their day should be carefully
considered. Tt is generally thought that sun in the
morning is preferable to later in the day, as it makes a
cheerful stari to the day and avoids the hoiter periods
at midday and in the afiernoon, If the room s hit
from one side only then an orientation towards the
south-cast is highly desirable on these counts. This
also avoids the inconvenience of glare from the low



Diagram 6 and Photograph
13

8L Crispin"s Secondary
School, Wokingham

In this room the daylight
from the main window is
supplemented by a second
window in an adjacent wall
{behind the position from
which the photograph was
taken). This rounds out ihe
lighting and allows the
Pupils to work in many
different positions in the
room without shadowing

their own work. With a
glazed arca equal 10 about
one third of the floor arca
and a 101 high ceiling,
there is a high level of
illumination, only falling to

2% .F. by the door. White
venetian blinds are fitted on

all windows, The average

reflection factor of the walls
is 35%;, of the Nloor 15%; and

the ceiling 70%;. Two
chalkboard fittings give
added illumination on the
chalkboard when reguired.,

T e i i,
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altitude westerly sun setting in the later afternoon in
winter. If there are secondary windows in a classroom,
there will be greater frecdom in the orientation and
placing of windows and other considerations such as
the view from the room can carry more weight.
88, Another benchit of sunlight is that it can be a
useful additional source of heat. In excess, of course,
this becomes a disadvantage and even in winier the
sun can cause over-heating if the heating installation
i not flexible enough to allow for the additional in-
put of solar heat.
89, The commonest complaints about excessive sun
in schoaols are usually given in the following order:
Jirse, the feeling of exhaustion caused by the direct
rays of the sun striking the body;
secend, the discomfort from over-heating due (o
the ‘greenhouse’ effect;
third, the glare caused either by the disc of the sun
being visible through a window, or by the excessive
contrasts of sunlight and shadow on desk or
chalkboard (the level of the illumination in the sun-
lit areas can approach 100 times as much as the
rest of the room).
90. This last form of glare can be dangerous if it
causes lemporary blindness in the gymnasium or a
workshop, Glare which is as severe, though of a
different order, can also be caused by a view of a
bright, overcast sky. Any sunshade or window blind
should also be used (o deal with sky glare, which in
our country 15 a more frequent cause of discomfort
than the sun.

Sun protection devices

91. Sunlight can be controlled to give comfortable
working conditions in a number of different ways.
It is possible to design fixed overhangs, canopies or
louvres to shield the window from, say, the midday
sun in May to July. Permanent sun breaks are com-
mon in the tropics but in our climate, where sunny
days are the exception rather than the rule, fixed
shading devices have the major disadvaniage that
they will also cut down the amount of light from the
sky entering the room in the winter. Furthermore,
external appendages or breaks in the external wall
are usually expensive and will be difficult 1o justify
unless they arise from some other function in the
building as well.

92. For the variable conditions of our climate,
adjustable screening devices are more appropriate.
Of these, the simple draw curtain, the spring-roller
blind, and the venetian blind can meet most of the
requirements as long as they are correctly specified
and used. They can be adjusted to shield the body
from the direct ravs of the sun, even at low angles,
and can cut out glare from sun or bright skies.
However, blinds or curtains mounted inside the glass
are not very effective in keeping out the heat from
the sun, although the lighter the colour of the surface
facing the glass the better. In very sunny positions or
for rooms which need special protection from igh
temperatures, the most effective shading device is a
blind mounted owtside the window so that it keeps
the sun off the glass. This may be either of the shop
blind type — a projecting canvas awning under which
it is possible 10 see # or a simple roller blind in a dur-
able natural or artificial fabric (photographs 15 (a)
and (c)). Either needs to be secured against the wind.
93, When selecting the material for the blind or
curtain, care should be taken to see ihat it is neither
50 light when the sun shines on it that it becomes a
distraction or a source of glare in itself, nor so dark

that it makes a glaring contrast with the bright scene
ouiside and reduces unduly the light within the room.
Suitable materials would be those with a transmis-
sion factor of about 40 per cent and with an internal
surface brightness, when lit from outside by the sun,
of about 1,000 foot-lamberts. MNeutral or near-
neutral colours should be chosen for the blind
materials, or the room will be liable 0 become
suffused with colour.

4. For internal use venetian blinds can meet the
lighting requirements satisfactorily, but difficulties
in operation and mechanical troubles, particularly in
the rise-and-fall mechanism, have meant that they
have often been ineffectual and untidy in appearance,
Some of the best types now available have a resilient
toughened aluminium slat, heat-set Terylene tapes
with anti-flutier strands above and below the slats,
and a single control (rod or cord) for tilt and rise,/
fall.

93, Other matters that should be considered when
choosing window blinds are: Blackow, This may
gither be a “dim-out’, which is all that is required for
certain visual aids, or 100 per cent *blackout’, which
is necessary For optical work in Physics laboratories.!
Dim-out may be provided by an opagque curtain or
roller blind, or by a venetian blind with the slats
turned flat, as long as light does not leak around the
margins. It is possible (o use these blinds for glare
control also but complete blackout will have to be
provided separately from the sun blinds, Venetian
blinds painted wholly in dark colours should be
avoided as they are likely to cause glare between the
slats when used for sun control. The cheapest method
15 a simple draw curtain battened down at the edges,
with a good overlap at the sill and with a deep pelmet
box. A disadvantage of such curtains 15 that when
drawn open and hanging at the sides of the window,
they will cause a glaring conmtrast with the bright
scene out of doors, unless they can be lined with a
light material. A more satisfactory method is a light-
proof roller blind running in deep channels at side
and bottom, and withdrawing completely when not
in use into a blind box, all being designed as a part of
the frame of the window.

Vemilarion, There should be sufficient ventilation
whien the blinds are drawn on a hot day, pammlarly
if they are on the only window in the room. When
blackout blinds are likely o be used for long periods
it is normal to provide mechanical extract ventilation.
Care should be taken to see that the windows can be
opened when the blinds are drawn, and that the
blinds do not swing and gape in the brecze when lhﬁ
window 15 open.

! Increasing use is being made of visual aids such as e
vision and overhead projeciors which can be scen in i
daylight, The problems of designing for visual aids a
discussed further in paragraphs 194-207.



15 Window blinds

The photographs show
types of blinds installed on
windows facing south-cast
and south-west to shicld
occupanis when necessary
from the direct rays of the
sun,

The most effective method of
preventing unwanied solar
heat gain through windows
is a blind mounted ouside
the glass (paragraphs 91-93).

This may be cither

{a) Prajecting awming of the
shop blind type under which
it is possible 1o see, or,

alternatively, a roller blind in =

a durable material, Either
necds 1o be secured against
the wind.

Internal window blinds are
also used 1o counteract sky
glarc (paragraph 23).

(b} Fenetian binds. When
properly adjusied, venetian
blinds can reduce sky glare
and check the direct rays of
the sun, while at the same

time redirecting some light to

the ceiling and allowing free
ventilation. The method of
operation should be simple
and foolproof {paragraph
Qdy,

(€} Rofler blinds. The
materials used in roller
blinds may be either the
traditional holland, or, as in
the photograph, a woven
plastic giving the cornect
iransmission factor
{paragraph 93).
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3 Artificial lighting

General functional requirements

96, Artificial lighting is required in day schools for
three main purposes;

(a) to provide at any time in the day additional
local lighting for visual tasks of particular
difficulty (for example, dissecting, sewing-
machine work, etc);

(b} tosupplement failing daylight from skees which
provide an illumination outside of less than
S00 1m fit* (see paragraphs 70-717:

{c) to provide full illumination for interiors after
darkness has fallen.

97. Each of these requirements should be taken into
account when designing the aruficial installation.
Lighting after dark is of particular importance even
though it will not in a day school be used for long
periods, for it is required when the energies of both
siaff and pupils are at a low ebb and when the stimu-
lus and variety of daylighting is absent. The place of
permanent  supplementary  artificial  lighting  of
interiors (P.5.A.L.0), where natural and artificial
lighting are combined, is discussed in Part 4.

98, The general user requirements which affect the
design of artificial lighting in schools have already
been discussed in Part 1 and are summarised in
paragraph 61.

99, In many teaching spaces in a school the work is
generalised and the rooms will be used for a wide
range of different activities. These may range from
a full class at their desks with their attention directed
to the chalkboard, to numerous small groups and
individuals, whether they be nursery children or
sixth formers, each busy with their own work in
various parts of the room with the loose furniture
grouped in many different wavs, In such a case, il
should be possible 1o work with egual comfort and
convenience facing in any direction. The architect
will plan the room and its furniture and fithings to
allow for this flexibility in use. The artificial lighting
seheme should in the first place provide an adequate
level of illumination over the whole of the room
including the walls, which may be important teach-
ing and display areas. This does not mean that the
lighting should be uniform and featureless. There is
scope within a well-designed scheme for plenty of
interest and variety in the choice of surface brightness
and colour, and in the sparkle from metal fittings and
gloss painted trim. There may also be some local
lighting giving emphasis to, say, display areas. But
if substantial areas of the room are much less bright
than the general level - say, less than half the general
level - these parts will appear gloomy and children
who have to work in them will feel deprived. Having
to work alongside a dark-colowred wall or an un-
curtained window at night can have the same effect,
100, In other rooms in the school work will be more

differentiated, and the various activities within each
room will be localised. This is the result of new
educational methods which are on the increase, and
the implications for lighting design are considerable.
This has been discussed in lerms of davlighting
(paragraph 82), and the artificial lighting scheme
should also help o develop local emphasis and 2
varied character appropriate to the activities in the
room. In the school library, for example, the work
places will probably be fixed, and local lighting can
be used 1o give the pupil a sense of seclusion and
concentration. Elsewhere in the room illumination
will be needed on the backs of the books on their
shelves, and perhaps on some display areas. This may
be all that is needed as sufficient general illumination
can result from the spill from the local lighting.

101, Local lighting will make it easier to carry out
the more difficult tasks, as the level of illumination
on themn will be increased and the details made more
vivid and contrasty. The additional lighting should
not be too brilliant or the rest of the room will seem
unpleasantly gloomy to those working under the
local lighis. As a general guide the level of the local
lighting should not exceed three times that of the
general lighting.

102. The preferential lighting of a chalkboard is one
of the commonest instances of additional local light-
ing, but it can also be appropriate in, for example,
alcoves off the main space in a room, on display
arcas, in individual siudy bays, or over wall benches
away from the main windows (photozraphs 18-21).
This local artificial lighting will often be used to
supplement the dayvlight. A chalkboard light fitting,
for example, will be on at any time during the day or
after dark when the chalkboard i in use unless, of
course, a roof light has also been provided 1o boost
the lighting on the chalkboard, Further examples of
this use of local lighting are given in Part 5 when
discussing the requirements of individual rooms.

103. Apart from achieving the right distribution of
illumination through the room, the requirements for a
good quality of artificial lighting are similar to those
specified under daylighting (paragraph 77):

{a) the distribution of brightness through the room
should allow comfortable adaptation and
should assist attention being focused on the
key parts of the work ;

(b} there should be the nght balance between
direct and indirect light;

{c) the excessive contrasts which cause visual dis-
comifort and glare should be avoided.

To achieve these aims will need careful co-ordination
of the design of the lighting installation with the
colouring and detail of the interior,

104. While the prime aim of a scheme for artificial
lighiing will be io provide an adequaie level of
illumination of good quality, this should be done
with maximum economy both in the capital cost of
the installation and in running costs. There are of
course tmes when 1t 15 diflicult to combine high
quality with low cosis. To take an extreme example,
the most “economic’ scheme would be one in which a
few high-powered, unscreened clear lamps were
placed in a white room. The proportion of the light
leaving the lamps which reached the working plane |
would be very high. However, the glare caused by
the unscreened lamps and the monoiony induced by
ihe all-white interior would together make the room
unusable. Thus the design of general purpose light
fittings for schools starts at this point: with the necd



Diagram 8:
Types of light fitting

Lighi fittings classified
according to the direction in
which they distribute light,
The designer will also need
to know their light output
ratios, and glare
characieristics (paragraphs
105-107 and 116-123).

to provide comfortable conditions for seeing by a
simple method of screening the bare lamps, while at
the same time maintaining the highest possible out-
put of light from them.

Choice of light fitting'

General note
105, In order to choose the type of light fittings maosi
apl for his purpose, the designer will base his selec-
tion upon the following considerations: efficiency,
light distribution, ease of maintenance, cost, and
appearance,

Efficiency

106, This is usually measured in terms of the ftting’s
light output ratio, that is, the percentage of light
produced by the lamp which is finally emitted after
inter-reflection and absorption within the fitting.
The light output ratic of any commercial fitting
should be provided by its manufacturer, and one
would normally use the most efficient fitting which at
the same time meets the requirements under the four
other headings.

Light distribution
107. Fittings may be classified for the purposes of
lighting design under five headings (sce diagram 8):

Drireee: all hght poes downwards.

Semi-Divecr: 90 per cent 1o 60 per cent goes down-
wards, but some upwards as well,

Greneral Diffusing: hght s distributed in more or
less equal proportions in all directions.
Semif-fnelivect : over 60 per cent upwards.

Indirecr: all light upwards,

Direct

Sami-Direct

Genaral Diffusing

Sami - Indirest

Imcdirect

I108. Asis the case in the design of daylighting, vary-
ing the proportions of direct and indirect artificial
light has a marked effect upon ithe character of an
interior.

109, The use of fittings giving mainly direct light
downwards can produce a rather harsh guality with
heavy, hard-edged, overlapping shadows., As there
is relatively little light on the ceiling it will iend to be
dark, and the fittings glaring unless special precaui-
ions are taken. This harsh quality will be counteracted
if the main surfaces in the room - ceiling, walls, floor,
furniture - are in light colours, thus increasing the
proportion of indirect light.

110. The use of general diffusing fittings and light-
coloured decorations — say, an average reflection
factor of about 40 per cent — will give softer contrasts
and lighter shadows, as a high proportion (nearly
hall) of the hght at any point in the room will have
been reflected. In ithese ‘high key® interiors, the use
of colour and of small-scale local contrasts can help
to avoid a washed-out appearance.

111. Thus, while most fittings used in schools will be
those which give a general distribution of light, some
used for particular purposes and in local lighting may
need to be highly directional.

Maintenance

112. The fitting should preferably have a simple
shape on which dust does not lodge and which is easy
to clean. It should be possible, at least for tungsten
filament fittings, to re-lamp without having to take
the ftting apart. It should be proof against accidental
knocks. The design should of course be electrically
safe, and the wiring should terminate in a flame-
proof enclosure o satisfy the |LE.E. Regulations.
Fluorescent tubes do not flicker as noticeably as they
once did, but some people can still be bothered by
this. Fluorescent conirol gear should be carefully
adjusied, and the ends of the tubes concealed from a
direct view,

Cost

113. When comparing the costs of various fittings, it
15 necessary 1o lake into account ils cost-in-use, that
is, the capital cost of the fitting and of the wiring o
it, the cost of re-lamping, and the cost of current
consumed. An approach which considered cost alone
would suggest that small numbers of high-powered
fittings are the best buy but this must be considered
against the need for an installation of good quality
and suitable character. Thus four 300 watl tungsten
fittings in a 500 sq M room will give approximately
the same average illumination as eight 150 wait
fittings but the distribution of light will be very
uneven, with peaks and vallevs, and the appearance
i likely to be most unsatisfactory. Cosis are consider-
ed further in paragraphs 130-133 and in Appendix 4.

Appearance

114. The designer will want io consider the appear-
ance of the fitiings, both when lit and not lit. Some
fttings may be required to make a definite contri-
bution to the character of an interior — perhaps
pendant fittings usad for local lighting or in a special
place such as an entrance hall. However, most fittings
in a school are likely io be chosen for an unobirusive
characier which merges inte the architectural

I This term is used for convenience to cover not only the
individual fitting suspended from, or mounted on, ceiling
or wall, but also the light source which is built into the
fabric of the building.
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Diagram 9:

Reduction of glare from
fittings

Diagram illustrating
principles required by
Regulations to give
comfortable lighting with
reduced glare (paragraphs
116118}

soime light upraards

10 prevent axcessive
conirast bebween fithing
and backogroumd

wed from girect view
wee 1500 -1

av. luminance not greater than
OO0 1e-1

&
o
N
45 ED’

larmig not vigsible from
normal viewing position

background. This seems to sugeest a louvred fitting
recessed indo the ceiling, and this may in fact be the
righi solution in certain circumstances, such as when
designing a scheme for p.5 a1 (see Part 4), But for
general purposes the recessed fitting has two main
drawbacks. First, its geometry means that it will have
a relatively low light output ratio, probably less than
50 per cent. Second, it can be a source of glare, for
the recessed hiting can appear excessively bright
against the ceiling, which is relatively dark as the
only light reaching it is that reflected from the Aoor,
115, Therefore it can be seen that the appearance and
character of an artificial installation, as well as its
efficiency, will depend on the design of the fitting, the
position in which it is mounted, and the brightness of
ithe surrounding surfaces. The correci relationship
between these elements will help 1o achieve an in-
stallation which is glare-free.

Glare

116, The main ¢ause of glare is the presence of
excessive contrasts in brightness within the normal
ficld of view. The severily of the glare one experi-
ences depends upon the size and brighiness of the
glare sources, their position in one's general field of
view, and the degree of contrast between them and
the background against which they are seen, The
main cause of glare in artificial lighting installations
occurs when large bright fittings, or filtings with
exposed lamps, have 1o be viewed against a back-
ground that is relatively dark (photograph 10). To
counter this, light fittings should be reduced in
brightness and the background against which they
are normally seen — ceiling and upper walls - should
be raisad in brightness.
117. The maximum brightness of a 150 watt pearl
lamp is over 11,000 foot-lamberts, and that of a
Auorescent tube is about 3,000 foo-lamberts, Ob-
jects of this order of brightness will cause excessive
contrast and glare, even if seen against a well-illum-
inated ceiling. Accordingly in schools all lamps,
tungsten or fluorescent, should be screened from
sight at normal angles of vision. The building regula-
lions state (regulations 52 (3) and 52 (4)):
‘Im all teaching accommaodation and kilchens no
lumincus part of any lighting unit, or mirrored
image thereof, having a maximum brightness
greater than 1,500 foot-lamberts or an average
brightness greater than 1,000 foot-lamberis, shall

be visible 1o any occupant in a normal position
within an angle at the eve of 135 degrees from the
perpendicular from the eye to the floor.
A sulficient part of the Light emitted from the
lighting fittings shall illuminate the ceiling and
upper parts of the walls so as to prevent excessive
contrast between the fittings and their background.”
118, Diagram ¥ illustrates the principles invalved,
with the minimum screening of the lamp to achieve
the required results. Diagrams 10 and 11, and photo-
graphs 16 and 17 (a) and (b), show two fittings de-
signed 1o meet these principles, one with a tungsten
filarment lamp, the other with a fluorescent tube. Such
fittings have the maximum efficiency compatible with
good quality, and have a light output of 85 per cent
to 90 per cent, distributed upwards and downwards
in roughly equal proportions. Before fitlings are
selected for use in teaching spaces, their manufac-
turers should be asked to state whether or not they
meel the requirements of these regulations.
119, It has been found that the most comfortable
conditions for viewing such fittings are created when
the brightness of the shade is at its highest in the
centre part, and falls off towards the edges, rather
than being evenly bright over the whole of the shade,
This helps to grade the brighiness of the fitting into
its surroundings, thus avoiding abrupi contrasts.
120. This prozess of contrast grading is also helped
il the backpround against which the fittings are seen
is itsell brightly illuminated, hence the importance
mentioned in the regulations of the fttings throwing
some light upwards. This upward light will be spread
miore evenly if it is possible to mouni the fitings some
distance beneaih the ceiling. There are very few
situations in workrooms in which the ceiling should
not be painted white or at least a colour of Munsell
Value 9. A light coloured floor finish will also help to
reflect light back on to the ceiling.
121. Fittings may be designed in different ways io
give an appearance of low brighiness when viewed
from normal angles, while at the same time maintaimn-
ing a reasonable light output ratio, Examples arc
those with louvres which are cither opague or of low
transmission, with silvered reflectors which do not
direct hight above normal viewing angles, or with
prismatic diffusers which direci light preferentially
downward, However, such fittings tend to be less
eflicient with a light cutput ratio of 530 per cent to 60
per cent as compared with 70 per cent 1o 90 per cent
for the more open fittings. For this reason, more of
them are needed (o achieve a given level of illumina=
tion.
122, The IHluminating Enginecring Society  has
cstablished a1 method of assessing the direct glare
which may be experienced in any lighting installation, |
and has at the same time put out a list of recommend-
ed glare indwees for vanous room uses (see Table 1),
Teaching rooms are given the fairly stringent glare|
index of 16 since the nature of the work, with pupils|
and stall looking across the room as well as down at|
their desks, means that occupants will be very
conscious of any glare there may be. This method of
assessing glare is described in the LLE.S. Code, 1961,
In general, it may be expected that the conditions
for schools given in this Code will be satisfied
light fttings which comply with the Department
building regulations are wsed, provided that the
average level of illumination in the room does not |
exceed 20 lm /1%, and the fittings are relatively smull_'__-
in size (not more than about 100 sq in visible from |
normal angles of view). If levels higher than lhisura;:-'.

|




[Magram 10 and Photograph
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Tungsten filament light
Tnting

Jne of a range of
nexpensive fittings designed
‘ound a tungsten filamen
amp. It meets the
tegulations’ requirements
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ight output ratio of 85902,

dagram 1 and

‘hotographs 17(a) and (k)
Tuorescent light fitting
wsimple clip-on diffuser for
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15 Wall lighting

A simple fitting moulded
from acrylic plastic sheet,
and designed within the
Regulations concerning
cut-off and brightmess for
use with a 60 wait tungsien
lamp on walls where pupils
may at times have to work
with their backs to the main
windows,

20 Light on sewing
:'rpq(‘hin!‘

21 Light on buthe

Work which presenis
particularly difficult visual
1asks can be done mone
casily with additional local
lighting which can be
adiusted 1o reveal the

details of the work, as well
as giving a high level of
illumination on the work in
hand. Such local light
fittings are often attached 1o
the picce of equipment which
15 being used, and should be
adjusted 20 that they do not
cause glare Lo e user or Lo
other pecupanis of the room
{paragraph 48).

30

19  Lighting under
cuplourds

Another hitting fior
situsntions where close work
has to be done under wall
cupboards or shelves,
Designed for a tungsien
filament strip light, but a
minature luorescent lanp
could also be used
{paragraphs 101-102).
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used then it would be as well to ensure that a check
on glare using the 1.E.S. method is carried out.

123, In addition to direct glare, discomfort and even
inability to see may be caused by the reflection in
shiny surfaces — desk tops, worn chalkboards, etc. -
of bright light fittings, particularly those of the open-
bottomed type. The risk of this can be reduced by
making sure that surfaces such as wriling tops, floors
and walls are not given a gloss finish, and are at the
same time light in colour. Chalkboards should not be
allowed 1o get shiny, and chalkboard light fittings
should be placed to avoid direct reflections (diagram
14).

Choice of light source

General note

124, The character and quality of an artificial light-
ing scheme will depend not only on the way in which
light 15 disinbuted through the room from the light-
ing fittings but also upon the colour and size of the
source of illumination msellf. These factors will also
affect the cost of the installation, both in terms of its
capital cost and its running cost. The choice of the
most suitable type of light source will be made on
two main counts: colour and efficiency.*

Colour

125. A distinction has 1o be made beiween the colour
of the source itsell, and the way in which it renders
the colours of other objects which it illuminates.
Good colour rendering and high efficiency are often
incompatible. Of the many types of sources at pre-
sent available commercially, the need for at least a
reasonably truthful colour rendering (as compared
with daylight) limits the sources suitable for use in
schools to (a) incandesceni fungsten filamienl lamps,
and (b) certain 1ypes of fluorescent famps,

126. Tungsten Filament Lamps. The filament is heated
to incandescence and emits a light which is predom-
inantly red in colour and rather deficient in blue. Such
bias as it has is in a direction which flatters complex-
ions and makes food look palatable, and through its
widespread use one has come to accept it 45 a stand-
ard. However, when it is being used in conjunction
with daylight its red bias can be seen more easily and
it can create a “torrid" atmosphere.,

127, Fluorescent Lamps, The colour-rendering pro-
perties of fluorescent lamps range widely from a red-
Biased tube (often called *de luxe warm white”) which
is similar to the colour of a tungsten filament lamp, 1o
a tube whose colour is very close to that of daylight
{often called *colour-matching’). There seems to be
little standardisation in either the colour-rendering
properties or the names of the various tubes, and the
designer is advised to check that the tube does in
fact have the colour-rendering properiies that he
considers most appropriate for his purpose.

128. Situations in a school in which it may be thought
particularly desirable to have accurate colour render-
ing and a good match with daylight include the art
and craft rooms, where colour work started under
daylight may have to continue under artificial light.
This is discussed further in paragraphs 176-179.
Some scientific work, such as chemical titration ex-
periments, may also require good judgement of col-
our. It is important to bear in mind that the combina-
tion in one building of two light sources with quite
different colour-rendering propertics tends to
exaggerate their differences, and a design of such a

combined installation needs to be handled wvery
carefully. For example, if the general lighting is by
fluorescent diffusing fittings with some local lighting
in tungsten, it is better if the tungsten fittings are of
a type that conceals the colour of the tungsten lamp
entirely.

129. Apart from their colour-rendering properties,
the lamps themselves have a colour which needs 1o
be considered. The warm hue of tungsien lamps is a
familiar one and nermally 15 quite acceptable. The
cool blue appearance of “colour matching® tubes and
the greenish-vellow cast of *warm white' tubes may
not always be so acceptable, especially when used in
combination with other sources. In such cases it may
be necessary to choose lighi fitlings in which the
colour of the tube itself is not apparent,

Efficiency and cost

130. The efficiency of a light source may be rated by
the quantity of light emitted (in lumens) for each unit
of power put in (in watts). A broad comparison be-
tween the various sources is given in Table 3.

Table 3 Efficiency of light sources

Lamig Rated  Average
Life Efficiency
(Ronrs)  (lmens
per watrp
Tungsten Filament
100 watt (single coil) 1,000 12
150 watt 1,000 13-5
200 wait 1,000 14
300 walt 1,000 15
Hor-Cathode Fluorescent
e Luxe colours 5,000 25-33
Cool colours (daylight, north light,
colour matching) 5,000 28-47
Whilte, warm white 5,000 43-65
Cold-Cathode Fluorescent 15,000 20-28

L Average efficiency of Nuorescent filtings allows for 259
extra consumplion of current by conirol gear.

131. It will be seen that the fuorescent tubes are
between 2 and 31 times more efficient than the tung-
sten lamps, and last 5 times as long. However, the
cost of both the Muorescent tubes and of the control
gear and fittings designed for them ismuch higherthan
that of the cost of tungsten lamps and of their fittings.
Assuming that there are no over-riding considera-
tions of the kind discussed above {colour rendering,
etc.) leading to a choice of one or other tyvpe of
source, it will be necessary (o make at some slage in
the design of the artificial lighting installation a com-
parison between the relative capital and running
COSLS:

(a) Capital eost

This will be determined largely by the cfficiency of

the vanous sources, which will indicate the num-

ber of fittings required for a given room. When one

knows the cost of each fitting and of the circuit

wiring and swilch gear to each point, then the

relative capital costs can be compared.,

ib) Running cost

Factors which will need to be considered are the

length of life and replacement cost of the lamps,

the cost of cleaning the fittings, the hours of use of

the installation, and the cost of current per unit.
132. If figures are known for these capital and run-
ning costs then it is possible to make a comparison

il
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between lighting installations with different sources,
and such a caleulation is set out in Appendix 4, As
one would expect, the higher capatal cost of a fAuor-
escent installation, which can be expressed in terms of
its amortization charges each year, is offset to a
grealer or lesser degree by its lower running cost. The
longer the artificial lighting is used in a year, or the
higher the unit charge for electricity, then the sooner
will the economy in use of a fluorescent installation
show itself,

133, In general, with current at about 2d. per unit, a
tungsten installation seems 1o be the more economic
choice if the artificial lighting is not likely 1o be used
for more than about 200 hours per annum, as s
probable lor mstance in a day school with litile
evening use. If on the other hand it is expected that
the installation will be used for over 250 hours per
annum, then it scems possible 1o make a good case
for a fluorescent installation as the savings in current
charges will rapidly offset the higher capital cost and
thus show an economy in use. However, the archi-
tect will siill be faced with the problem of absorbing
this higher capital cost within the cost limits, and of
doing this without unbalancing the cost plan for the
building as a whole.

Calculation

134. While the calculation of the levels, brightness
distribution, and glare characteristics of a large
lighting scheme may normally be carried out by a
local authority's electrical engineer’s department or
by a consulting highting engineer, it is often useful for
an architect to be able at an early stage in the design
to make a quick calculation of the number of fittings
required to give a certain general level of illumination
in & teaching room. He may for instance need this for
a preliminary electrical cost check on the number of
fittings and points, or he may be designing a ceiling
lavout into which the light fittings are (0 be incor=
porated. Being familiar with methods of calculation
will also help the architect to explain more easily (o
the hghting engineer what characteristics he wanis
from the lighting scheme.

135. A rule-of-thumb which may give some general
guidance at an early stage 15 that given in B.R.S.
Digest MNo. 70, which states that under average
conditions with fittings giving a general distribution
of hight it 15 necessary to allow about Lih of a ward per
sq [ for every humen per sq ft of matntained (ferning-
tion af rungsten filamens lighting and, 5oh of a wai
per sq fi for every lumen per sq fi of maitamed
illwminarion of fluorescent Nghting,

136. The standard method of calculation used by
lighting engineers is the British Zonal Method! but a
convement method of ecalculating approximate
illumination levels is that known as the lumen
method, developed by Harrison and Anderson in
1929,

137. This is described fully in a handbook, Inrerior
Lighting Design, 153ued by the British Lighting Coun-
cil, and in the chapter on lighting in “Specification’
(Architectural Press), This method 15 based on the
assumption that the light emitted by the lamps is
spread evenly over the working plane in the room. In
practice, some of the light will be absorbed by the
fittings and some by the interior surfaces of the room
- ceiling, walls, floor, and furmiure - according o
their reflection factors. This absorption of light in the
room s fermed its utilization factor, and varies

according to the distribution of light from the fittings,
the proportions of the room and the reflection factor
of its surfaces. An allowance is also made for the loss
of light due to dirt collecting on the lamps and fit-
tings. The formula used in the ‘lumen’ method and
its method of application is described in Appendix 5.
138. This calculation will give the number of fittings
required but two further points, which are inter-
related, have still to be finally decided: the watage of
the lamp, and the spacing of the fittings. One has a
broad choice between a small number of powerful
lamps, and a larger number of lamps of lower ouipui.
The former will save in the wiring costs, but may
require rather large shades which will be obtrusive
particularly in rooms with low ceilings. The size of
lamps and spacing of fittings also affects the evenness
of illumination through the room. Some diversity of
illumination 18 in¢vitable and a layout which gives a
minimum level of illumination of about 70 per cent
of the maximum is usually considered to be the most
which is acceptable. In practice it has been found that
this is achieved if the fittings have the following
MAXIMWM SPacing:

Firting Maxinum spacing
Creneral di_ﬁ'using fittings; 11 x the height of the
unlouvred, open, semi-direct lamp above working
and direct filtings. planc.

Louvred, semi-direct and direct 1 x the height of the
fittings: louvred or diffusing lamp above working
fintings mounted flush with the planc

ceiling.

139. The spacing of the fittings from the end or side
walls should not exceed half the height above work-
ing plane, because in most teaching spaces work may
be done at work benches or desks close to the walls,
Another reason for keeping the outer fittings near o
the walls is that it has been found that in rooms of a
common leaching size, say 500 sq 1 to 1,000 sq fi,
using fittings of the common semi-direct or general
diffusing type, a regular layout with the outer fittings
at the maximum permissible distance from the walls
leads to a build-up of illumination in the centre of the
room (diagram 11 and photographs 17 (a) and (b))
This can be avoided if the fittings are spread out
towards the walls, although not s0 close that dis-
tracting splashes of light are thrown on to the walls,
Between two and three feet is perhaps the optimum
distance.

140, The positions of fitlings giving the most even
general level of illumination can be checked by the
use of equal illumination contour diagrams, some-
times called isolux diagrams. These show the amount|
of direct illumination provided by a given ftting, and|
can be prepared by the manufaciurer of the ﬁttin]j
for a given mounting height above the working plane
The direct illumination at any point in the room can.
then be estimated, placing the centre of the diagram|
on the point in question, and then adding up the total

To obtain the iotal illumination ai this point, ong
musi then add the indirect illumination provided
all the fttings in the room. This may amount
between 20 per cent and 40 per cent of the tota
illumination and can be calculated by using the B.R.S.
Split Flux formula {see p. 92, drchiteciral Physics,
Lighting, R, G. Hopkinson {#.M.5.0.)). In pﬂﬂimﬁ
the exact positions of fittings will also be affected by
the location of convenient fixing points in the ceiling,
and perhaps by the desire for a symmetrical layout.

t
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4 Combined daylighting
and artificial lighting

Permanent Supplementary Artificial
Lighting of Interiors (P.5.A.L.1.}) in
schools

General note

141. In most schools it is possible withou! undue
expense to light all teaching spaces to a good
standard by natural means, with the artificial light-
ing installation only being used to supplement day-
light occasionally, on the dullest days. With normal
ceiling heights, good davlighting can be provided in
rooms lit from one side only which are not deeper
than 20 It to 25 1, or in rooms lit from more than one
side (adjacent or opposite) which are not deeper
than 30 ft to 35 fi. In rooms which are decper than
this or which have low ceilings it 15 ofien possible 1o
provide additional lighting from a roof light or
clerestory.

142, However, on some restricted sites or with multi-
storey buildings, additional Iighting of this kind is
only feasible with costly sectional devices, or by
planning a building with a lengthy coastline, or with
excessive and therefore expensive ceiling heights,
There is also a growing need for teaching spaces 1o
suit larger groups and a wider range of activities, and
for suites of rooms compactly linked together, such
a5 laboratories for practical and experimental work
with their associated demonsiration, preparation,
reference, and study areas, all of which need to be
well lit. While it may be possible in such rooms to get
a view through the window, it will be very difficult 1o
get sufficient dayhight to the working surface.

143. To meet these needs techniques have been devel-
oped® to supplement the daylight by the permanent
use of artificial lighting. Permanent supplementary
artificial lighting can provide excellent lighting con-
ditions which allow the whole area of the room 1o be
used freely and can, in some circumstances, do so
maore economically than by normal daylighting, It is
also possible when remodelling old schools, in which
the daylighting is s0 inadequate that extensive
struciural alterations would be required 10 improve
it, that P.5.A.L.1L may prove o be the most economic
and effective way to improve the lighting and, there-
fore, the value and usefulness of the old buildings,
144. The general use of p.s.a.L1 in schools would
conflict with the building regulations as the daylight
factor in deep rooms would be below the prescribed
2 per cent. A note is given in paragraphs 157 to 163
on the experimental use of this technique in the new
Science Department of a grammar school in Oxford
which was designed by the Development Group of
the Department of Education and Science in colla-
horation with the local education authority, Other
authorities are also experimenting with this technigue
and in the hght of knowledge and expernience gained
from these experiments, the requirements of the
building regulations will later be reviewed. Mean-
while, a revision of the regulations will enable the
Department to consider on their merits and approve

individually proposals to combine davlighting at less
than a 2 per cent daylight factor with permanent
supplementary artificial lighting, where lighting
which is suitable 1o the normal use of a room can be
provided more appropriately in this way.

145. An interior which is lit by a properly designed
combination of day and artificial lighting is prefer-
able to wholly artificial lighting for three main
reasons:

(13 Light from a window, even a small one, falls
horizontally across the room, making a useful
contribution to modelling, and softening the
shadows cast by overhead lighting.

(2} A view through a window provides a distant
visual release, and avoids an oppressive sense
of enclosure,

(3) The sun and sky, the clouds and wind, and the
play of light and shade outside are never static,
and a window 15 a link with the interest of the
constantly changing world out of doors,

I46. The chiel aim of r.s.a.0.0 15 o produce an
integrated lighting scheme in which natural and
artificial lighting iz combined 2o that the predomin-
antly artificial lighting at a distance from the window
does not appear to the users of the room to be defic-
ient in gquantity or guality when compared with the
predomimantly natural lighting near o the windows,
To achieve this aim careful attention needs to be
given 1o a number of points in the course of the de-
SIET.

Window design

147. The size and position of the window(s) should
be chosen 20 that ag much as possible of the interior
receives a horizontal component of daylight. A
significant contribution can be made at the back of
the room by a horizontal component of davlight
factor on the vertical plane of 1 per cent, and as litle
as 0-25 per cent on the horizontal plane. One of the
incidental advantages of these small windows is that
more wall space is made available inside the room for
shelving, pin-up boards, ete. and the most should be
made of this when relating the position of the window
to the use of the room and the lavout of the furniture.
One should also be able to sce out through the win-
dow from as many parts of the room as possible, The
window should have proportions which give a
naitural view of part of the exierior scene; exagger-
ated vertical or horizontal shits appear to restrict the
vigw out, and should be avoided.

148, Special care should be taken in the detailed de-
sign of the windows to reduce glare and to give a
comioriable grading of light from the cuiside o the
inside. Splaved reveals, deep sills, and tapered glaz-
ing bars will help here, as they do in a normal win-
dow. In some circumstances it is worthwhile intro-
ducing some device to reduce the brightness of the
sky seen through the top of the window, as this will
lower the level of supplementary illumination which
the occupant of the room will require. There are
various ways in which this may be done: opaque or
semi-opague louvres fitted at the top of the window:
prismatic or neatral tinted glass in the upper portion
of the glazed area; ouiriggers fived ouiside ihe
windows; or translucent blinds for curtains. With any
of these methods it is also necessary (o consider such
matters as cleaning, re-painting, ventilation, sun
control, and possibly blackout,
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Diesign and layout of the supplementary installation

149. The supplementary mstallation should be de-
signed so that all parts of the room seem to be equally
well lit, and so that the occupanis are not concerned
that a part of their working light comes from an
artificial source. Thiz calls for inconspicuous, glare-
free fittings with a source of light whose colour close-
Iy matches daylight (see paragraphs 124-129), These
fittings should be positioned so that the supplement-
ary lighting comes sufficienily far forward in the
room (o overlap the daylight and to avoid the risk of
a trough of low illumination in the centre of the
room. It may be possible, with suitable switching, to
use some of the fittings for lighting after dark as well,
thus simplifying the installation and saving money.
To do this it is necessary io seleci a fluorescent tube
whose colour is acceptable both in the day and at
night. A good maitch between the colour-rendering
properties of the p.s.a.L1L and of the light coming
through the window is particularly important. It has
been found that the besi in this respect are, firsi, the
*Colour Matching” tubes, and then the ‘Daylight®
tubes. If a tube with a warmer colour is used the
sense of a davlit interior is lost, and the deep room is
divided into two zones. To unify the room it seems
important 10 ensure that the appearance of a colour
remains constant throughout the room, and that
whites always read as true white. One additional pro-
blem is that the sources which give the best colour-
rendering are themselves rather cold to look at, This
suggests that the design of the fittings should con-
ceal a direct view of the tube and of its own colour.

The need for lively interiors

150, p.5.a.L1, can lead to interiors with an even, high
level of brightness which may tend to be monotonous
unless care is taken to incorporate in the details of
the design some features which will add sparkle and
vitality to the room. It may be possible for local
lighting of the type discussed in paragraphs 100-102
to make a contribution both by the sparkle of the
fittings themselves and by the pools of brighter light
which will add variely to the general illumination.
The detaiing and colouring of the room can also
play a major part in producing a lively interior, High
degrees of contrast in light and shade or in colour,
confined perhaps to small areas; the use of glossy
white finishes on trim, shelf edging, ete; the glint of
metallic fittings on doors, windows and benches — all
these will help to add sparkle to the scene,

151. In educational buildings, the need for F.5.A.L.L
is likely to be confined to a small proportion of the
total accommodation in any one building. The bright-
ness levels 1o which the users are adapted in the
smaller, fully dav-hit classrooms and in corridors in
other paris of the building will ofien be very much
higher than in the p.s.a.LL rooms, particularly on
bright days. The design of lighting in areas which are
near to, and are used in conjunction with the
rsaLL rooms should be kept to low brightnesses,
50 that there are no sharp contrasis.

P.S.A.L.l.inpractice

Harris College, Preston'

152, Examination of the educational brief for this
college of further education showed that a number of
large rooms of about 1,200 sq Nt would be needed,
spread through each of the main departments. Site
restrictions meant that much of the accommodation

would have to be in multi-storey buildings and for
this reason very few of the large rooms could be lit by
roof lights. The client also asked for a building in
which it would be possible at a later date to re-
arrange the departments, the sizes of their rooms
and the layout of the partitions. This last requirement
led to buildings with a simple rectangular plan in
which most of the rooms could be it from one side
only.
153, Each department had to contain a number of
large rooms of 1,200 5q N or more, The only way o
have provided a 2 per cent daylight factor for these
large rooms, some of which were 44 fi long by 28 fi
deep, would have been to raise the ceiling heights
generally 1o 14 fi. Quite apart from the prohibitive
cost of doing this, it would have created severe prob-
lems of glare, heat loss, ete.
154. All these factors led to the conclusion that
P.5.A.L1 would provide the best type of lighting for
the deep rooms and would at the same time be the
most economical solution that would meet the
client s requirements.
155, In a series of model studies carried out at the
Building Research Station, it was found that in a
room 28 ft deep, with windows which gave a 1 per
cent daylight factor at the back of the room, the need
wasg felt for supplementary lighting of 35 to 40 Im/
fi* to achieve a comfortable balance of brightness
across the room while at the same time preserving the
predominantly davlit character of the interior (dia-
gram 12 and photographs 22 () and (b)). This level of
supplementary lighting was chosen when the average
sky brightness was about 1,000 foot-lamberts, as this
was considered to be representative of the sky con-
ditions likely to be encountered during the year, The
supplementary lighting 15 provided by “davlight’
fluorescent tubes in a laylight with plastic louvres
which for structural reasons had to be suspended be-
neath the ceiling rather than Aush with it. Permanent
white louvres mounted on the upper part of the win-
dow reduce the amount of bright sky visible from
within the room. This lowers the adapiation level of
students sitling al the back of the room and thus
lowers the level of #.5.4. L1 that is felt to be necessary
to achieve a comfortable balance of brightness.
156. In the completed College, the main aim of the
P.5.A.LL has been achieved, with a good level of
illumination and an acceptable range of brightness
across the deep rooms. However, it was feli that there
were a number of lessons which could be learned for
the benefit of future p.5.A L1 installations:
(i) The concentration of the p.s.ALL in the lay-
light at the back led to a noticeable dip in illumin-
ation down the centre of the room. This would
have been prevented if the supplementary fittings
had been spread furiher towards the windows.
(i) Some users found the laylight too prominent
a wvisual feature in the room, both in size and
brightness.
(i) The attempts to economise by using some of
the high efficiency “warm whiie' tubes from the
after-dark installation as pari of the r.s.a.L1, as
well was a mistake, for there was a very marked
division between the daylit areas and the part which
wis artificially lit.
(iv) The client found it difficult to understand why
windows had been provided and then covered up
with louvres — a smaller window in the firsi place

1 For a full description of lhls hulldln.i.. see Building
Bulletin Mo, 29, Harris Collere, P
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might have seemed more logical. This difficulty
was accentuated because the form of plastic louvre
chosen proved awkward to maintain.

The Oxford School, Science Depariment

157. The experience gained at the Harris College in-
dicated a number of ways in which the technigue of
P& LL in schools might be developed (see para-
graph 156). To explore these a further series of model
studies was initiated in co-operation with the Build-
ing Research Station.

158. The first stage in this was to examine a theorei-
ical situation with a model of a room 24t = 48 ft =
10t high i which it was assumed there was a small
window al one end only. In this exireme case, it was
found that under certain circumstances a visual en-
vironment that was just acceptable could be created
with a window which was only about 5 per cent of the
floor area. The window had to be carefully detailed
with splayed reveals, and the permanent supplenmeni-
ary lighting was provided by an array of recessed and
louvred fluorescent fittings evenly distributed through
the room, which gave an illumination of 25-30 m/
ft* from colour-matching tubes, There were also some
indications of features of the decorations and detail-
ing of the room that would be necessary 1o produce a
lively interior, especially after dark.

159, The second stage was to apply these tentative
conclusions to a chemistry laboratory which was to
be part of the Scienge Department of a grammar
school in Oxford. The reasons for selecting this par-
ticular room were entirely experimental - the room
could have been fully daylit and the rest of the build-
ing for the deparimeni is in fact lit to the 2 per cent
minimum daylight factor standard. The design was
developed through a series of model studies, and the
final model was fully detailed, as it was found that
quite small details such as light fittings, white-
painted shelf edges, and even the laboratory glass-
ware, all comnbuted to the visual character of the
interior (diagram 13 and photographs 23 (a) and (b)).
160, The laboratoryis 912sq fe (24t = 3810 = 91
high with a preparation room adjacent to theend. The
Inboratory is used for a combination of theoretical
work and detailed practical work which may be done
in any portion of the room. The daylighting is pro-
vided by two small windows with a combined arca of
1/15th of the floor area. The larger window i% in the
wall adjacent to the display area, but is placed so
that the main splash of light is thrown along the wall
o the chalkboard area. The smaller window is at the
other end of the room in an adjacent wall and gives a
measure of cross-lighting, Both windows have deep
reveals and are detailed to grade contrasts from out-
gide to inside. The two windows are large enough o
give a sense of release and to maintam visual contact
with the outside. They give a valuable horizontal
component of light but it 15 not sufficient to work by
aver the whole area of the room. The small size of
the windows freed extra wall space for storage and
display.

161, It was found that supplemeniary artificial illum-
ination to about 25-30 Im/fi* provided a good work-
ing illumination, gave a satisfactory balance of
brightness throughout the room, and relieved any
sense of gloom. The unobtrusive Auorescent filtings
are recessed into the ceiling with light grey louvres
{Munsell reference ™ 8) in a one inch grid made of
translucent plastic. These are not too bright when lit,
and not too dark when switched off (the fittings by
the windows may be switched off optionally). In

addition to the general supplementary lighting, local
lighting is provided over chalkboards and display
areas, and in fume copboards and combustion
hoods. This not only improves working illumination
at these poimts but also brightens surfaces at some
distance from the windows and adds sparkle and
variety to the scene. The local lighting also makes it a
more hively interior after dark, for the overhead
lighting by itself tends 1o be rather dull. The use of
white paint and metal trim and the careful placing of
colours also help in creating an interesting scene,

162. The supplementary installation, which 1s also
used for after-dark lighting, has ‘colour-matching’
tubes (Phalips 55, colour temperaiure 6500°K).
These were found to give an accurate colour render-
ing and the most satisfactory match with davlight.
163. The level of daylighting in parts of the building
adjacent to the p.s.a. L1 laboratory was kept as low
as working requrements allowed, so thal there was
not an unfavourable contrast with the level of illum-
ination in the supplementary room. The level of
artificial illumination in the rest of the building was
designed at 20-25 Im/M* with “daylight” tubes, in sur-
face-mounted fittings (diagram 11 and photographs
17 {a) and {(b})). While it would have been better to
have used colour-matching tubes in recessed fitlings
at 25-30 Im/ft* throughout the rest of the building, in
order 1o énsure good match with the after-dark
illumination in the p.5.A.L.L room, this would have
been prohibitively expensive and the more efficicnt
‘daylight” tubes were used as a reasonable comprom-
15¢., The problem of blending p.s.a.L.1. with normal
day and artificial lighting in other paris of the build-
ing is one of the most difficult of those posed by this
new technigue.
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Diagram 1.2 and
Fhotographs 22 (a) and (h)
.5 AL at the Harris
College, Preston

Deep lnboratorics at the
Harris College are lit by a
combination of dayhght and
artificial ighting designed 1o
give comfortable working
condelions in any part of the
room. The brightness of the
upper parl of the window is
reduced by hixed opague
white lowvres, giving a
minimum davlight factor of
0=9%.. This is supplemented
b 5 1 B0 watt “daylight’
fluorescent tubes installed in
a laylight of white plastic
collular bouvres, adding
about 40 Im /1 at the back
of the room. After dark, the
switching iz arranged so that
some of the lubes above the
lavlight (those marked ™D
come an with the other
flunrescent fittings in the
room (marked Nj
(paragraphs 152-156].
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Diagram 13 and
Photographs 23 (a) and (h)
P.5. AL at the Oxford
School,
The use of P.5.AGLL was
carried further in a new
laboratory of the Oxflord
School. Model studies
showed that two windows
with a combined area of
about 1,/15th of the Roor
area placed as shown were
sufficient 1o give a sense of
visual release and an
appreciable horizontal flow
of light across the room. The
minimum daviight factor of
0+ 25 % is supplemented by
light fintings recessed into
the ceiling wath light grey
louvres, fitted with Philips
55 colour-maiching
fluorescent tubes which give
,I-'.'cl.|r,1||,"i;|:1!||-||r :rl.:lli,h.‘r'i.l'l,g
and the most satisfactory
match with daylight.
Additional fittings brighten
the walls, Tt was found that
white-painted trim, metal
aooessorics and even the
scientific glassware are all
imporiant in creating i
lively scene (paragraphs
157-163).
{a) View from the larger
window
(b} View toward the larger
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5 Particular applications

General note

164. This section discusses the application of the
general principles sei out in Sections 1 io 3 o the
various paris of a school in turn. It dees not pretend
to be comprehensive, or 1o deal with every corner of
the school, The examples given are merely illustra-
tions of some of the solutions to a number of the
more common lighting problems that arise in school
design. There can be no substitube for the designer in
each case finding out how the various spaces in the
school are to be used, and then designing appropriate
lighting from first principles.

165. The headings under which the different activi-
ties will be dealt with are as follows:

The School as a Whole
Gieneral Teaching Spaces
General lighting
Local lighting
Reduction of glare
Visual character
Practical Work
Art
Housecraf
Light crafts
Workshop crafis
Technical drawing
Science
Physics /Chemistry / Biology
Visual Ads
Chalkboard and display areas
Demonstration work
Projection equipment
Communal and Assembly Areas
Assembly hall
Dining areas
Commmon rooms
Administration
Physical Education
Gymnasiums
Sporis halls
Swimming poals
Outdoor Aoodlighting
Circulation Areas

Lighting and the design of the school as
awhole

166. The lighting of the various parts will of course
hawve 1o be considered in the context of the planning
and design of the school as a whole, which will be
determined by three main factors: existing sile con-
ditions, educational needs, and economic considera-
tions. These three influences on the design may noi
always be compatible. For example, the educational

brief may be satisfied best by a compact plan on oneg
level, bul the restriciions of the sile may nevertheless
diciate a mulii-siorey building, At the same time the
need for high standards of lighting during the day
can be met in two ways: (a) full daylighting which
will require a building with a complicated coastline
and section - in itself inherently expensive, or (b) by
the use in the deep rooms of psaLL which, al-
ihough also cosily, may siill be the mosi saiisfaciory
lighting solution, considering the building as a
whole, Such conflicts will have to be resolved in the
course of each design. In the same way, the lighting
requirements of the individual rooms will interact
with the overniding needs of the whole school. The
starfing point for lighting design must always be the
activitics of the users of the school and an under-
standing of their visual needs. The designer should
know the likely mode of use of the various spaces in
the building, and thus the character required in
them, which the design of the lighting and colour
should help to develop.

167. At the same time, the lighting will be considered
alongside other aspects of the physical environment,
such as heating (e.g. solar heat gain through win-
dows, or heat emitted by artificial light fittings). The
light fittings will also be designed and positioned in
relationship o other elements, in particular the
ceiling. It may, for example, be possible and econ-
omic to design the light fittings as an integral part of
the ceiling (see paragraph 114).

General teaching spaces

General note .
168, The majorily of classrooms in existing schools |
were designed for groups of thirty to forty children in

rooms of 500 sq ft to 650 sq fit, arranged mainly for

formal teaching with the children seated at their

desks and facing in one direction. The use of the

room is, therefore, static and the lighting problem a

relatively simple ane.

189, However, general teaching spaces are not al-

ways as prediciable as this, and increasingly new

teaching requirements are calling for rooms of a
great variety of shapes and sizes. At one end of the
age range, a “classroom’ to meet the needs of forty of
the voungest children in an infants® school may bea
large area of 700 sq it to 900 sq fi, designed with bays'
and corners, and subdivided iemporarily or perman-
ently to contain a wide range of activities which are
going on 4l the same time: reading, painting, making
things, sewing, acting. At the other end of the scale,a
common room for sixth-formers will need to be a
large space or group of spaces suited to their many-
sided activities: debaies, discussion groups, lectures,
private study, table tennis, damces, conversation,
chess, and relaxation.
170. The character of the lighting suitable for the
two extremes is unlikely to be the same; for the
younger children a homely atmosphere may be the®
aim, while for the older ones a more sophisticated
character will be preferred. But both have a number:
of important lighting reguirements in co

variety of different ways, However, the work done in
them is unlikely to include the mosi difficult visual
tasks. These main lighiing requirements have been
discussed carlier in this Bulletin and, while they
apply to any teaching space in a school, they may
summarised usefully here:



General lighting

171. An adequarte level of lighting is required with a
good spread to all parts of the room. Light interior
surfaces, particularly on the floor, with an average
reflection facior of about 40 per cent, will make the
most of inter-reflected light, and will help to avoid
unrelieved shadows and silhouetting. Windows
should be placed s0 as to give cross-lighting wherever
possible. For the main artificial lighting, fintings
which give a good general distribution of light onto
the walls, floor and ceilling should be chosen.

Local lighting
172. In addition 1o the general lighting, preferential
local lighting will help to draw attention to particular
focal points, such as a chalkboard, map rail, or dis-
play board, or to define an area within the room as a
whole. Methods of lighting the chalkboard are dis-
cussed in paragraphs 195196,

Reduction of glare

173, The risk of discomfort from glare should be
reduced 1o the minimum. Windows should be placed
and the room layout arranged so that bright win-
dows are not immediately adjacent o the chalk-
board or the teacher’s normal standpoint. Adjust-
able blinds should be provided to cut out the sun and
views of bright skies, in particular on windows facing
south and west. The walls in which the windows are
sel should be brightened by cross-lighting and light
decorations, and the surrounds to the windows de-
tailed and painted to give contrast-grading. Light
fittings should conform with the building regulations
on cut-off and brightness, and should be seen against
light backgrounds. The irritation caused by reflecied
glare can be avoided by using matl finishes for walls
foors, and working surfaces.

Visual character

174. The visual character of rooms in which pupils
will spend most of their day should preferably be
stimulating without being restless.

Examples

175, The examples given in diagrams 4 10 7 and
photographs 11 to 14 illustrate a number of differen
solutions to the lighting problems discussed above,

{1y A classroom in a junior school where natural
lighting was available from three sides and
from above.

(2) A classroom in a secondary school where
natural lighting was available from two ad-
Jacent sides.

(3 A classroom in a secondary school on a very
exposed northern site it from one side only
with minimum glazing.

(4) A classroom in a 50-vear-old grammar school
which was remodelled 1o modern standards.

Practical work

Creneral note

176, This portmanieau term is used here to cover the
art, craft and workshop activities found in a school,
although “practical” activities will be found in other
rooms as well. Although these will occur mainly in
secondary schools, there may also be some points of
application for younger children., Primary schools
will require rooms lit 5o that both “chalk-and-talk’
teaching and the particular subject’s practical work
can be carried out equally easily.

Art

177. A good spread of daylight over the whole room
is the main need. This will be provided more easily
by high-level roof or clerestory lights, rather than by
side windows which can then be kept for views oul.
For some drawing and painting, the steadier dayligh
given by north-facing windows may be preferred, al-
though this does not mean that windows facing the
sun need be excluded aliogether, as long as they are
fitted with suitable sun-blinds, Good general light-
ing is the main requirement of the artificial installa-
tion, Some work may benefit from a powerful model-
ling light used to maintain the shadowing on a par-
iicular object or group. Strong, directional lighting is
often preferred in drawing and painting studios in
art schools, with walls of a subdued, neutral colour
a5 background. IT Muorescent lighting is installed,
colour-matching tubes are available which give a
well balanced colour rendering, comparable with
daylight, and their use will make it easier to continue
under artificial lighting colour work started by day.
Extensive display areas will be needed, and these will
probably require some additional local lighting.

Housecraft

178. The main points that should be considered are
that the chiel working places - sink and worktops -
should be as well it as in a domestic kitchen, and that
it should be possible (o see easily into cookers and
cupboards. In view of the heat generated in the
room, south-facing windows should be kept as small
as possible, and should be provided with efficient
blinds. If dining or living areas are included, this will
be an opportunity to provide good lighting of a
domestic character with pendant, table and wall
fitiings.

Light crafts
179, The general run of craft work will need good
overall lighting making it possible 1o work in any
part of the room, including by the walls, This may be
provided most convemently by hgh-level roofl or
clerestory lights, thus fresing most of the low-level
walls for work and display, This general lighting may
need to be supplemented by local Lhighting to help the
close, detpiled work involved in some aspecis of
bookbinding, weaving, etc. Rooms used for sewing
and dress-making are a special case, as needlework
can be a most exacting visual sk, In rooms for
necdlework, a peneral level of illumination which
is twice that provided in normal classrooms will be
required, and at the same time special care must be
taken to reduce distraction and glare. In addition,
individual lights may be needed for the most intricate
work, Sewing machines are now often fitted with their
own lights, fixed in the most appropriate position
(see page 30 - photograph 20). A welcome feature is a
fitting mirror with lighting arranged =0 that the light
falls on the person standing in front of it.

Workshop crafis

180. Woodwork and metalwork will have the same
requirements for general lighting, withi local lighting
in certain key places where particularly critical work
is done, such as on engincering lathes (photograph
21). In the larger workshops in technical schools or
colleges, where work thai is the equivalent of indus-
trial practice is carried out, it may be helpful to con-
sult the 1LE.S. Code, where appropriate standards for
a wide variety of processes are given, and the B.R.5.
Factory Building Studies MNo. 2, The Lighring of
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Facrories, Workshop and Tndusericl Lighring (H.M.5.0.)
which discusses more fully the problems of such lighi=
ing. Where workshops containing machinery with
visible rotating parts are lit by Auorescent fittings, it
can happen that the stroboscopic effect of alternating
current makes it difficult 10 assess the speeds of mov-
ing parts. This can be avoided by wiring adjacent
fittings on the ‘lead-lag’ principle or off different
phages of the supply, and the electrical engineer’s
advice should be taken on this.

Technical drawing

181. For architectural or engineering drawing, it 15
necessary (o provide @ level of illumination of at
least twice that in normal classrooms. Where only a
few boards are involved, individual adjustable lights
may be the best answer. But where there is a larger
group of students, good general lighting over the
room as a whole will be more appropriate. Artificial
fittimgs which do not cause excessive reflected glare
off tracing paper should be chosen.

Science

General note

182, An esscniial feature of scieniific work and
teaching is observarion of experimentis and of natural
phenomena. It follows that lighting conditions which
promote good vision must be ereated in school labor-
atories. Apart from more evervday considerations,
crucial examination results may depend on an
gecurate reading of a micrometer or on being able to
detect a colour change in a chemical titralion experi-
ment. In general, much of the work done in science
departments 15 more visually exacting than that done
in normal classrooms (photograph 25), and will
therefore require rather higher standards of lighting.
A peneral level of illumination of 20 to 25 Im/fi?
should be looked upon as an average working figure;
higher levels will be required for advanced work and
for particularly intricate jobs, such as dissection. The
arrangements for both natural and artificial lighting
should allow work to be done in any part of the
laboratory, including the areas close 1o the walls,
Preparation rooms and workshops should be it to
ithe same level as the main laboratories, for prepara-
tion itsell is often intricate, and advanced work is
sometimes done in the preparation rooms,

183. Daylight is as desirable in laboratories as in
other rooms in the school - and may be considered
esseniial in biology laboratories — but there are par-
ticular circumstances which must be dealt with. First,
laboratories in schools will be larger than many
other teaching spaces, and may range from 750 sq ft
1o 1,000 sq M, and may be larger still in technical
colleges. This will mean that windows on two sides,
or alternatively roof lighting, will be needed to main-
tain a good level of daylighting. At the same time, the
size and position of the windows will have to be con-
sidered carefully as there will be many other demands
om the wall for cupboards, shelving, and display space.
184. Excessive sunlight in summer can be an em-
barrassment and main windows facing south or west
should if possible be avoided, except in the special
case of biology. Blinds allowing effective control of
the sun should be installed (see paragraphs 91 1o 94),
not forgetting any rool Lights. These blinds should
also be considered in relation to the probable need
for some dim-out to allow for the use of visual aids
{see paragraph 95). Full blackouwt is very costly and
may in fact be needed less than is often assumed.

Opuical work in physics teaching can often be done in
a specially darkened recess off the main laboratory,
or perhaps in a separate dark room which may also
be used for other purposes. Blackout technigues are
discussed further in paragraphs 206 and 207.

185, Additional lighting will be needed preferentially
directed at both the chalkboard and any associated
display arcas, and at the demonsiration bench. It will
often be possible for the same fitting(s) to do both
Jjobs simultaneously.

Physics

186, The most exacting visual tasks in physics will be
in reading vernier scales on micrometers and similar
instruments, and in constructing and manipulating
small-scale apparatus. Good overall lighting is the
first essential, but additional local lighting - perhaps
in the form of adjustable bench lights — will make this
detailed work easier, and the provision of suitable
socket outlets on benches should be considered at
least for advanced work. For safety’s sake, thess
should be on a low-voliage supply (24V or 12V),

187. Balances present another awkward lighting
problem. In the standard type of school balance, the
incised figures on the beam are usually very small,
and the case in which the instrument stands will often
cast inconvenient shadows — pupils should be dis-
couraged from putting books on the glass top, for
thiz reason as well as others. Working Light should
come from fittings (which may well be the general
room fittings) placed so that shadows are not cast by
either the balance case or the operator’s head. The
more elaborate types of balances may have their own
internal hights.

Chemistry

188, Much detailed work in chemistry laboratories
is of the same order of intricacy as in physics as, for
example, judging precisely the levels of hiquids in
pipeties; watching for the moment of boiling or pre-
cipitation; distinguishing colours or changes in
colour.

18%. One small point which can cause inconvenience
or even danger is that bunsen burner flames can be
invisible in direct sunlight or against a very bright
surface, The architect cannoi guarantee that these
situations will not occur, but this is one of the
reasons why proper sun control is needed. Bench tops
will normally offer a dark background to bunsens,
and some scientists also find it helpful if windows do
not come right down to bench level but an upstand is
left against which the bunsens can be silhouetted.

1%, Fume cupboards need a separate internal light
sealed against fumes, both to enable pupils working
al them to see clearly what may be a potentially
dangerous experiment, and for the class to follow
when the fume cupboard is being used for demonstra-
tion purposes. The fumes which may at times be pre=|
sent in some chemistry laboratories may call for
artificial fittings with non-corrodible parts.

Biology

191. Many of the lighting needs of biology are come=
mon to the other types of laboratories, although here
observation will often be of the subtle varations in
colour, form and texture of living things. Much
work will be done on microscopes and, although
some are now sell-illuminating, it will normally be/
necessary to provide small bench lamps which
should for safety’s sake be on a low voltage supply
{photograph 26). Socket outleis should as a rough



24 Fine ncedlework

Sewing - here with fine
stitches in a dark thread on a
dark cloth - can be a most
exacting visual task, and
requires a level of
illumination above that
provided in a normal
classroom (paragraph 179).

25  Small-scale work in
seience

Small-scale methods are
now being used for much
science teaching, and good
standards of lighting are
required (paragraphs 182
et s,

26 Microscope lighting
Some scientific work,
particularly in biclogy,
requires adjustahble bench
lamps for use with
micrascopes and in
dissection. For safety’s sake,
these should be on a low
voltage supply. Some
METascopes are now self
illuminating and also
require & suitable supply.
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guide be provided on the scale of one for every two
pupils in elementary laboratories, and one for each
student doing advanced work. These bench lamps
will also be used for dissection work and will be use-
ful, even when good daylight is available, to probe
cavities and throw details into high relief, One prob-
lemy arising in the use of many types of dissacting
lamps is that the heat of the lamp dries up the speci-
men. There 15 a need for a dissecting lamp designed
with miniature Auorescent tubes which have a lower
heat outpui than tungsten filament lamps.

192, For the study of photosynthesis in plant
growth, day and sunlight {under sirict control) will
be required. This may be done either on benches and
ledges close to the normal windows, or in a Wardian
window in the laboratory iisell, or in a separaie
greenhouse. Sun blinds will be required in any of
these cases, and drauvght-free ventilation will be
needed in Wardian windows or greenhouses, It may
be desirable 1o continue some experiments under
artificial photoactinic light, produced by Auorescent
or mercury vapour lamps, and suitable socket ouf-
lets should be provided.

193. Blackout may be required for micro-slide pro-
jection (see also paragraphs 206-207).

Visual aids

rencral note

194. This seciion examines some of ihe problems of
lightimg and vision that are met in the use of visual
aids to teaching. It treats the subject broadly, and in-
cludes the chalkboard, charts and diagrams which
are pinned up, the demonstration of scientific ex-
periments and other practical work, as well as pro-
jection equipment of various Kinds and the associ-
ated problem of black-out. All these situations are
encountered from time to time in gencral-purpose
classrooms and practical rooms, as well as in specially
equipped lecture/demonstration theatres, an ex-
ample of which is illustrated (photograph Z).

Chalkboards and display areas

195, The successful use of chalkboards and of any
associated display areas used for charts and dia-
grams depends upon the pupils being able 1o see
them easily. But all too often, even in some new
schools, the matter wrillen up cannot be seen be-
cause of madequate lighting on the board, or be-
cause it has been fixed too near a bright window,
Even where chalkboards highis are provided, they are
often not of the right tvpe or are wrongly positioned.
196, The most accepiahle use of the chalkboard will
occur when the following conditions aré met:

{1} The apparent size of the wrting on the board
will be large enough if the height of the small letters,
for example, a lower case *a’, is not less than § inch,
and if no pupil 15 more than 25 to 30 feet from the
board. Wall charts which are pinned up alongside
chalkboards should have details of equivalent size
and good tonal contrasts.

(2) The writing will show up well with sufficient con-
trast if white or yellow chalk 15 used on a board
whose reflection factor, after some use, 15 not more
than about 15 per cent. If a colour other than black
is used il should, when new, have a Munsell value
of nod more than 3 or 4.¢

! For further details about suitable chalk board colours and
materiali, see Building Bulledin Mo, 9, paras 20 w 25,

{3) The chalkboard and any associated display areas
should be well lit by comparison with the room. By
daylight, this may be done with a roof light immedi-
ately above. In any case, a properly designed chalk-
board fitting should be provided (photograph 27).
The chalkboard should if possible be fixed to avoid a
splash of light immediately above the top of the
board. If this is unavoidable, the distraction caused
by this will be lessened if the wall above the board is
painied a dark, mait colour. Reflected glare from the
board tisell can also be troublesome, and a sure way
of avoiding this 1s shown in diagram 14, The board
should never be allowed 1o become shiny.

(4) The wall on which the chalkboard is fixed should
not provide too sharp a contrast with it: a colour
with a value and chroma rather lower than the other
witlls should be chosen, and a paint with a mait finish
should be wsed.

(3} On no account should a window be placed in the
will either above or beside the chalkboard.

Demonstration work

197. Waiching the demonsiration of scientific ex-
peniments, or of the technigues of craft work or cook-
ing will often call for sustained attention. It will be
easier to concentrate if there is additional lighting on
the demonstration bench, and the chalkboard fitting
will often light the demonstration areas as well. In
addition, an adjustable light may be useful to high-
light key parts of the demonstration. It will also be
easier (o see il the demonstration is viewed against a
background of a fairly dark, even colour.

198, The critical details in the demonstration will
often be much smaller than in the case of writing on
the chalkboard and in such circumstances the audi-

ence will have to come closer in order to sce well, The |

seating arrangements in the room will have to be plan-
ned to allow for this, especially il groups of twenty-
five to thirty have to be accommodated at one time.
199. However, lor much demonstration work pupils
will see well enough from their normal places, al-
though it will be easier for them if they look down on
the demonstration bench. For this reason, lecture-
demonstration theatres are sometimes designed with
tiered seating rising 4 in to 6 in for each row, and an

example of this 5 given in photograph 2. This

arrangement will of course also improve sight lines
when using other visual aids.

Projection equipment

200. Visual aids which throw an image on a screen
include film-strip and slide projectors, with either
fromt, overhead or rear projection. For the sake of
convenience, television will also be included here, as

it is a form of rear projection.
201. The ease with which the projecied image is seen
will depend upon four main factors:
{1} the size of the screen and thus of the details
the picture on it;

{2} the brightness of the picture, which will dep -»--f,_
upon the output of the projector lamp and its

distance from the screen;
{3) the position of the audience in relation to the
screen;
(41 the general background brightness in the room
to which the audience is adapted.®

! Further information can be found in Performanece af
Profection Eguipment fn School, Howden (Visual Edu
tion, September October Movember, 19621  avail
from the Educational Foundation for Visual Aids,
Queen Anne St, London, W. 1.




27 Fluorescent
chalkboard fitting

A fluorescent chalk board
fitting with a parabolic
aluminium reflector. When
mounted at 4 1t from the
chalkboard and level with
the top of it, this fitting
provides about 25 Tm/e*
over an area of about 5 ft
# 5 twith a clean cut-off
at the top of the board and
without serious fall-off
taward the bottom. This
fitting in use is shown in
diagram 14.

Diiagram 14:

Chalkboard fittings —
principles of design and
maounting {paragraph 195).

keap chalkboard fitting within
shaded nangle 1o avaadd
reflections in board to nearest

ViBWar
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— — %
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avoid bright patch above board
vy use of sharp cut-off 1o fitting
of dark wall surface above board

aim at even distnbution of hight
an board without steep fall-off
towvard bottom




202. In practice, these four points are inter-related.
The first twoare closely inked, for the choice 1s broad-
Iv between a small, bright picture and a larger, less
bright one. A useful rule of thumb applicable in most
viewing conditions is that the sereen widih shonld
b abourt one-sixth of the distance from the screel fo
the back of the axdience, So a screen 4 1t wide (or 4 fi
square) will suit a room 24 i deep, and a 5 i screen
will suit a room 30 i deep (the maximum distance
from a chalkboard - see paragraph 196 (1)), Tele-
vision and back-projection screens are exceplions o
this rule, for they have much greater brightness con-
trasts but even then none of the audience should be
seated more than ten times the screen’s width away,
that 15, 20 ft from a 24 in television sei. Television
sels should not be placed in front of a window,
203, For general purposes use in schools, screens
with a matt white surface are preferable, as they re-
fect light more or less evenly in all directions, Glass-
beaded or silvered screens will give a brighter image
viewed along the axis of projection, but the bright-
ness falls off rapidly ouiside an angle of abowt 307
from the axis. If the projector is placed at least as far
away as the back row of the audience, this will ensure
that none of the audience is distracted by the stray
light from the projector. A 16 mm projector with a
lens of 30 mm (2 in) focal length will fill a 48 in
sereen from 20 i, or a 60 in screen from 2560 A 2in
« 2 in slide projector with a 100 mm (4 in) lens will
fill a 48 in screen from 12 ft or a 60 in screen from 13
ft. Screens which are square will allow slides which
have horizontal or vertical (or sguare) formats to be
shown most conveniently. To aveid a distorted pic-
ture, projeciors should be set up square to the screen
and in line with iis centre point. Viewing conditions
will in the first place depend upon the quality of the
equipment used, but even the most elaborate equip-
mient will be ineffective if 1t 15 not set up properly and
il 1t 15 not used in the correct lighting conditions.
204, For the present purpose it may be convenient (o
divide propection equipment into three groups: firse,
those which may be seen in normal lighting condi-
tions; second, those which are seen best in a partially
darkened room; and rfiird, those which require full
blackout, In the notes that follow, it is assumed in
each case that a 48 in screen will be used, viewed
friom a distance of not more than 24 ft,

MNormal lighting

205, AL present, equipment that can be used in
normal lighting conditions, where there is a gencral
leviel of illumination of about 10 Im/fi® but not full
sunlight or very bright daylight, is limited to tele-
vision, some back-projection equipment, and certain
overhead projectors. There are obvious educational
advantages in visual aids which allow the teacher to
see the class (and vice versa), and in being able to use
the equipment For briel’ periods in normal hghting
without interrupting the lesson each time with the
rigmarole of blacking-out. There may also be econo-
mic advantages, for it is likely 1o be more sensible to
use the substantial sum that would be spent on black-
out for a powerful projector instead. However, al-
though more equipment suitable for projection in
normal lighting wilkno doubt be developed in due
course, at present arrangements for some degree of
blackout must be made in rooms where visual aids
will be used regularly.

Parrial blackour
206. Much of the normal projection equipment used

in schools can be viewed quite satisfactorily in par-
tial blackout (or ‘dim-out’) conditions where the
general level of illumination in the room can be re-
duced to 1-3 Im/M* These conditions could be
brought about — on days withouwt full sunlight — by
drawing opaque curtains, or by turning flat the slais
of normal white venetian blinds, or - after dark - by
switching off all but one or two of the lights at the
back of the room. Such conditions enable the pupils
still to see their teacher, and to take notes. Equip-
ment used in these circumstances should preferably
be slide or cine projectors with 1,000 watt lamps, or
their equivalent with an output of 300 lumens or
more,

Full tlackan

207, Full blackout will be necessary where low-
powered projectors must be used, or where the affec-
tive brightness of the projected image is low (as
with many micro-projectors, or episcopes which rely
upon a reflected image), or where it is imporiant o
be able to discriminaie close differences in tong or
colour. Some optical work will also need full black-
out, but a bay off the main laboratory may be all that
is required to be blacked-out. Full blackout will
meed light-proof blinds of the types described in
paragraph 95. Special arrangemenis for ventilation
will have to be made. Complete blackout has the
drawback that notes cannot be taken.

Communal and assembly areas i

General note

208, In addition to the rooms used primarily for
teaching, a school will contain many arcas used at
times for teaching, and at times for general social
activities, These will include assembly halls, dining
areas, common rooms and some larger circulation
spaces, such as entrance halls. Often the problems of
planning and lighting these parts of a school will
spring from their multi-purpose use: the hall which is
used at times for physical education will also be the
setting for dramatic work: dining may take place in
part of a spacious eatrance hall.

Assembly hall
209, The main hall, with its associations with special
occasions in the life of the school, its generous di-
mensions with the opportunities of long vistas, 118
many uses — formal and informal - for drama,
music, dance, debate, gives scope for imaginative and -
varied contributions to the whole design by both day
and artificial lighting. Because of the wide variety of
uses to which the hall will be put, and the many
planning and structural solutions which are possible

it is very difficult o generalise aboutl the lighting.
However, there are a number of recurrent problems
that can be usefully discussed. i
20, First, the sheer size and height of the hall tempts
architects into providing unnecessanly large window
areas, sometimes glazing all of one wall, This may be
a dramatic solution, but it rarely leads to good light
ing conditions and can create other problems of ex-
cessive solar heat gain in summer, of thermal losses
in cold weather, and of blackout which will probably
be needed for dramatic performances and film
shows, In a hall of, say, 3,000 sq fi, about 600'sq it of
glass should be sufficient, if distributed in the righ
manner, to provide an adegquate level of lighting. Af
in other rooms, cross lighting will help to reduce €%



cessive differences in the level of daylight through the
room, and will reduce contrasis between the areas of
wall surrounding the window and the view of the
bright sky through it. The hall should be designed
and furnished so that the head teacher or other
speaker does not have to stand with a window be-
hind or immediately above him, nor is it desirable
that the speaker should be subjected to glare from a
large window facing him. In a hall, the colours and
textures can be richer and more varied than in other
rooms to give a character which captures the imagin-
ation.

211. Stage lighting is outside the scope of this Bulle-
tin, but the relationship between the general arti-
ficial lighting and the use of various paris of the hall
for dramatic work needs to be considered carefully.
212. The types of fitting selected and their placing in
the hall can allow for their use for informal drama:
for example, the emphasis given by a group of spot
or floodlights could allow the centre of the hall to be
used as an acting area; similar fittings in an aisle could
light an imprompiu ‘stage’ framed by curtains or
screens. This approach might be thought to be suffic-
ient for primary schools, although something more
may be preferred if small professional groups are to
perfiorm for the children. In secondary schools, the
lighiing equipment for drama should allow more
scope, and specialist adviee should be sought! In
general the aim should be to concenirate on pro-
viding wiring that is flexible enough to allow the hall
to be used in many different ways — not just for
*picture frame® productions - with socket outlets
positioned in the hall as well as on the stage proper
and connected back o the stage swilchboard. When
the hall is wsed for dramatic productions with an
audience, the means for efficient blackout and ade-
quate ventilation must be provided. If the hall is
licensed for public performances, emergency lighting
and illuminated "EXIT" signs on an independent cir-
cuit may be required.

213, If the hall = used at times for physical educa-
tion, then the requirementis discussed in paragraphs
221-230 need to be given due weight, The architect
may wish 1o bring the glazing down to Aoor level so
as 1o give better lighting and a sense of visual release,
linking the hall with the outside. But, if this is done in
a hall used for P.E., some physical barrier such as
guard rails (detachable to allow for cleaning of the
glass), or low bench seats, should be placed in fromt
of the windows, which may be required to be of
toughened glass.

Dining areas

214, Dining areas are often used for other purposes
as well, which may make it difficult (o design the
lighting solely to suit a dining layout. In such cir-
cumstances the best solution would probably be
general overall lighting, but it may be possible at the
same lime to arrange some local lighting, for ex-
ample, a row of pendant fittings along a window or
internal wall over fixed table positions which at other
times could also be used for private study,

Common rams

215. Common rooms or house rooms in schools or
colleges of further education are likely to have a very
wide variely of uses: lectures, informal discussions,
private study, table tennis, record ‘hops’, dining,
morning assemblies, and 50 on, The layout and day-
lighting of the rooms will be arranged to cater for
these diverse activities; the artificial lighting can be

more varied and sophisticated than is appropriate to
normal teaching arcas.

Adminisiration

216. The head teacher’s room is likely 1o have the
character of a study rather than an office, and the
lighting should be in keeping with this, using fittings
of a domestic character - table or standard Jamps,
and wall fittings - in addition to any more general
lighting,

217. The school secretary's room, on the other hand,
is an office in which a great deal of intensive clerical
work is done. A level of illumination of at least 20
Im /M1 will be appreciated, in particular on the desk
tops and working surfaces.

218, The room used for medical inspection should
have lighting of a restful character, 2o that a child
who is not fecling well may lie down without being
bothered by glare from windows or light fittings.
However, the medical stafl will want an adjustabla
inspection lamp in a convenieénl position.

219, There should be proper conditions for children
to view the Sncllen and other charts used for testing
eyesight. As these have to be viewed from distances
of up to 20 ft, it may be difficult to provide a suffi-
cient “run-back” in the M.I. room (unless it can be
arranged that they are seen through an open door-
way), but mirrors should only be used as a last resort.
It should be possible to see the charts in gooed lighting
and against an even background without glare. The
School Medical Officer should be consulted about
local requirements,

Physical education

General note

220. This section deals with the lighting required in
gymnasiums and sports halls and also touches on
swimming baths and on floodlighting for physical
education out of doors,

Gymnasiums

221, One must be able to see well ina gym. To miss a
ball because it has crossed a dazzling window may
only mean the loss of a game, but a misjudged leap
can result in a serious accident. The variety of acti-
vities which may be carried out in a school gym-
nasium - ball and racquet games, leaping, vaulting,
swinging, climbing, balancing — all need good timing
and sure judgement, and create particularly exacting
lighting requirements {(photographs 3, 8 and 28).
Pupils will have to make precise judgements about
the speed and position of rapidly moving objects -
sy, a swinging rope or a flying shuttlecock - and a
fairly high level of illumination is necded.

222, At the same time, the users may need to look in
any direction - downwards, sideways, and even
straight up — and vet they will be particularly vulner-
able to momeniary dazzle from the sun, from a view
of the sky, or from light fittings which are too bright.
Steps must, therefore, be taken to reduce the risk of
glare, Reflected glare from a shiny floor is a common
fault in a gvm, and dark, highly polished floors
should be avoided. It is also desirable for the level of
illumination to be as even as possible over the whole
of the room, for a game of netball, for instance, will
move rapidly from one part 10 another and big
fluctuations in, say, the daylighting could be dis-
concerting.

! Bee Building Bulletin No. 30, Secondary School Design:
Drrarrma and Music.
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28 Lighting in

EVIIGS IS

Gymnasiums have particular
lighting problems. Most of
the activities ane fast moving.
In games such as netball the
players will need to look in
all directions, including
upwards, and special coniro]
over glare is necded.
{paragraphs 221-230).

223, The speed and intricacy of many of the acti-
vities in physical education will be performed more
safely and easily under a rather higher level of illum-
ination than that suitable for general teaching
spaces. An overall level of 3 per ceni to 5 per ceni
D.F. would provide good conditions but, as in other
parts of the school, equable and glare-free lighting
even of a lower level will be more acceptable than
higher intensitics of illumination which do not
succeed in avoiding uneven and glaring conditions.

Daylighting
224, A common solution is to place the main win-
dow along one wall with perhaps a clerestory window

in the opposite wall. While this will give adeguate
general lighting under many conditions, it can give
rise io a number of problems. First, the level of
lighting will fall off sharply near the wall opposite |
the main window. Second, even il the main window
faces north, direct sunlight will at times strike across
the room unless special precautions are taken. Inter-
nal blinds are of course rather vulnerable in a gym,
although light curtains or woven fabric spring-roller
blinds will not be damaged as easily as venetian
blinds. Third, there is the likelihood of direct glare
from bright skies seen through the windows, and per- 1
haps also of the nuisance of reflected glare from
polished Noors. Here again blinds may be needed to
counter this. Fourth, the windows will have to be pro-
tected against breakage, Wall bars can be used to do
this, but they may not be required in all gymnasiums.
225. An aliernative approach which avoids many of
these problems is to use high-level lighting only in the |
form of clerestory or roof lights. Clerestory lights
may still lead 1o some difficulties with glare, especi-
ally if placed just above netball goal back-boards,
Roof lighis with deep reveals can avoid this. A gym-
nasium lit wholly by roof lights is shown in diagram
15 and photograph 29, The users of this gym like the
even, glare-free lighting: they make good use of the
free wall space and are not bothered by the lack of
outlook. The desire for a view out does not appear to
be as strong in gymnasiums as in other rooms,
possibly because the room iiselfl is spacious, and the
activities are intensive and physically energetic.
However, some people may feel depressed at the lack
of the visual releaze. If a view window is provided,
care should be taken to control the brightness from '
it, for a brilliant splash of light may upset the balance
of ighting in the gym,

Artificial lgheing
226. The main requirement is for a good spread of
light through the gym, including the walls and oulml
withadirect downward componentsufficient (o ensune
that apparatus and moving balls are highlighted and
well modelled. For this reason wholly indirect, “shad-
owless' lighting is not appropriate 10 gymnasiums.
227. As with the natural lighting, a level of artificic
lighting which is rather higher than normal
room levels is desirable; an average level of 20 Im/
n* may be considered a suitable target,

228, The need for freedom from glare should
borne in mind when selecting light fittings and posi-
tioning them in the room. They should at least satis-
fy the requirements for limiting brightness ber
the horizontal (pupils may climb ropes to near the
ceiling) and a 45° viewpaint; it may also be worl
while to shield the bare lamp from a direct u
view although this is of course likely to reduce
efficiency of the fitting. It is also desirable that t



Diagram 15 and
Photograph 29

A top-lit gym

A gymnasium it by day
wholly by roof lights with
deep lowvres which cut out
direct sunlight. This gives an
even distnbution of lighting
and the absence of windows
removes the normal
problems of sky glare. A
light maple foor throws
reflected light back on the
ceiling. The artificial filiings
are of the type shown in the
detail photograph with
robust metal louvres
profecting the lamp and

reducing glare. Allernatively,

the artificial lighting could
have been contained
unobirusively within the
roof lights (paragraph 225).
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fitting should throw some light on the ceiling; if a re-
cessed fitting is used the designer should be satisfied
that the Aoor is light enough to reflect light back on 1o
the celling,

229, The fittings need t0 be robust and proiecied
from damage by flying balls. They should be posi-
tioned 2o that they do not interfere with the move-
mients of ropes, or beams which swing out.

230, Fluorescent lighting can be used in gymnas-
iums provided the fittings satisfy the requirements
dizcussed above, One minar problem has been that
the alternating current may make rapidly-moving
objects appear 1o Micker. This can be minimised if the
fittimgs are connected (o alternate phases (para 180),

Sports halls

231. An increasing number of sports or games halls
are being built to provide a covered space that can be
used for athletics, games practice and other physical
activities for which a normal gymnasium is too small.
The lighting requirements of these sports halls are in
mostrespects similar (o those of normal gymnasiums,
coniaining a wide variety of activities with perhaps a
bias towards fast-moving ball games, such as cricket
in practice nets. For this reason a minimum daylight
factor of 3 per cent to 4 per cent and an artificial
level of 15 to 25 Im/f* will give good playing con-
ditions, as long as care is taken to keep glare to a
minimum. This is particularly important as the users
will need to be able to look comfortably in any direc-
tion, including upwards — for example, a pole vaulier
judging his turn over the bar, or a footballer jump-
ing to head a ball,

Daylighting

232, The sizes of sports halls will range from 50 fi
to 80 ft wide and 90 fi vo 120 ft long. The larger ones
are often constructed with a portal frame rising from
about 12 1t to 15 1t at the eaves {o 20 01 to 25 {1, or
¢ven higher, at the ridge. The walls will act as a re-
taining screen for the games, and some walls will be
played against for stroke practice in tennis. This
needs a tough, smooth surface and daylighting will
ihus have to be from the roof only.

233, In a pitiched reof probably clad with a light
corrugated sheeting continuous strips of roof lights
are likely to be the most economic and effective form
of lighting, although louvres should be provided
down their length to reduce glare, The spoity effect
of a large number of small lights should be avoided.
Having sun blinds in such a space is really imprac-
ticable, and the use of a diffusing material in the
roof lights will avord the inconvenience of direct rays
of sunlight striking across the hall. A glazed area
equal to about 12 per cent to 15 per cent of the fMloor
area should, if correctly positioned, give a minimum
dayhght factor of at least 3 per cent 1o 4 per cent us-
ing a glazing material whose transmission factor is
the equivalent of roughcast wired glass. Roughcast
wired glass transmits abow 75 per cent of the light
that would pass through a clear opening, and allow-
ance for this should be made when using the daylight
protracior appropriate to the pitch of the roof. Glass
fibre sheeting bonded with polvesier resing may be
used, within certain/ limitations imposed by fire
regulations, The diffusing types have a transmission
factor in use of 60 per cent to 70 per cent of a clear
opening. However, in some grades of this sheeting,
weathering can reduce the transmission by as much

as one guarter or ong third, and allowance should be
made for this,

234, Diagram 16 and photographs 30 (a), (b) and (c)
show a simple hall livin this way. For halls with other
roof shapes, some relevant advice can be found in
The Lighting of Factories, Faclory Building Study
Mumber 2 (H.M.5.0.),

2315, The colour of the walls should have a medium
reflection factor (Munsell Value 6 or 7) to give a suit-
able background for ball pames. Most materials used
for the floors at present are unforiunately dark, but if
there 15 a choice the lighter red-browns and greys are
10 be preferred. The average reflection factor of the
interior as a whole is likely to be low, and this should
be taken into account when calculating the reflected
component of both day and artificial lighting.

236, To reduce glare the underside of the roofl, or at
least the surrounds to the roof lights, should be kept
as light as possible. It will also help if louvres can be
provided, at least down the length of the roof lights.
The structural members themselves may help to give
gome shielding when viewed from a distance. Photo-
graphs 30 (a), (b) and (c) show the games hall at the
Harris College, Presion, which is used for physical
recreation and examinations, as well as for social
occasions. The saw-1ooth roof section acts as a cul-
off 1o the roof lights.

Artificial lighting
237. As in a gymnasium, general dispersive fittings
which throw some light up on the ceiling will be
more comforiable and less glaring than indusirial
shades of the pattern which throws all the light
downwards. The fittings must be prool against Aving
balls, and access for cleaning and re-lamping needs
to be considered.

238. Alihough a general level of 15 10 25 lm/fit* will
be adequate for most activities, additional lighting |
may be necessary for such areas as cricket nets, over |
both the batsman’s and bowler’s ends. A sight
screen, or at leasi a plain wall surface, behind the
bowler’s arm will be helpful. If such games as bad-
minton or table tennis are 1o be playved to a reason-
able standard, perhaps by clubs in the evening,
additional directional lighting will also be required.
The aim here is io make the ball or shuitle appear to
be luminous, and this may be done by placing
columns of lights opposite one ancther in line with
the net. Specialist advice on this should be sought
from the appropriate national games association. The
provision of elaborate equipment of this kind in a
school may only be possible with the financial co-
operationof a local club. However, theoriginal design
might include electrical socket outleis in waterproof
traps set in the floor at suitable positions, so that,
additional lighting can be plugged in when required.

Swimming pools )
239, The level of illumination used need not be as
high as in gymnasiums, although it should not fall be-
low an average of 15 Im/N?, particularly il water
polo is 1o be playved. Tt should be possible 1o see
easily to the bottom of the pool at any point, a

this indicates roof lighting. The diving boards and
the area of pool beneath them should be particularly
well lit. A sight of the sun, and a view to the outside
through low-level windows will help to relieve the
dark, shut-in atmosphere of some pools. Very la 2
windows should be avoided, however, as they create
problems of reflected glare in the water (photograph.
31). Large areas of glass will also lead to excessive
solar heat gain during summer and severe heat losse
during the cold weather. Condensation is a commen



problem, and any light fittings used should be proof
against cormosion by chlorine fumes, and the manu-
facturers should be consulted on this matter.

Oidoor foodlighting

240. The floodlighting of outdoor areas for games
and recreation s required only for a very short
perind of the vear during normal school hours, How-
ever, 1t 15 now being realised that both in day schools,
in youth clubs, and in colleges of further education
the use of the facilities offered by the grounds and
plaving fields can be extended in 0 most valuable way
if they can be floodlit in the evenings.' This enables
them to be used after school hours, during the even-
ings at the weekend, and in the holidays by hoth the
pupils or students, as well as by other young people
and by members of the local community in general,
among whom there is a growing demand for such
facilities. IF the areas used in this way are grassed,
consideration must be given to the maximum wear
and tear they can stand, Some local authonties are
considering negotiating an agreement with local
clubs over a contribution towards the capital cost of
ihe installation and a charge for their use.

241. The technical problems involved in this sort of
outdoor floodhighting may be grouped conveniently
under three headings.

{1) playgrounds for casual recreational use;
(i) games on small courts, such as tennis or
netball;
(1ii) games on large pitches, such as football or
athletics.

242, The types of installation described below are
intended primarily for the convenience of partici-
pants, rather than spectators whose requirements
may be different.

Plaverounds for caswal recreational use

243, The level of illumination sufficient for general
recreational activities and for knockabout football or
netball praciice need not be more than 1 (o 2 Im /A%,
as long as the light fittings are mounted up oul of the
normal line of sight so that glare 15 minimised. In
London it has been found that an area of 1530 ft =
120 ft could be lit to this standard with eight 1,000
walt open area floodlights mounted on 25 1t high
poles spaced about $0 ft apart along each side (dia-
gram 17 and photograph 32).2 The cost of this in 1960
was about £550. Wire guards will protect the lamps
from accidental breakage. Sealed unils using tung-
sien iodine lamps are now being introdueced; these
make for easier maintenance,

Crames on snull courts

244, The intensity of illumination required for
Varous games increases as the speed of the game
goes up and the size of the ball goes down. In prac-
tice, therefore, a level of 6 to 10 Im/t?, which has
been found to be adequate for tennis, will also be
ample for netball, The most satisfactory arrange-
ment for cither game is for the lights to face each
other across the width of the court, mounted on poles
of a height sufficient 1o avoid serious glare when

1 See gleo Building Bulletin Mo, 28, Ploving Frelds aml
Heard Surface Areas.
i For further details see Floodlighting of Playing Facilitfes,
Belcher and Hazell (MNational Plaving Fields Association
1960), and Lighting for Speri, LE.S. Technical Report
M. 7, March 1965,

playing across the court and to allow an overlap of
light in the centre of the court. The Lawn Tennis
Association recommends the layout shown in dia-
gram 18 (a) for single courts. The cost of such an in-
stallation should be between £400 and £500, depend-
ing on the length of the supply cable. For double
courts the layout may be modified as shown in dia-
gram 18 (b). Free-standing obstructions between
pairs of courts should be avoided, The lamps should
be mounted 18 1 to 20 Nl above ground level, 1,000
wall lamps should give an illumination of 6 o 10
Im 2 and 750 watt lamps an illumination of 5 1o 8
Im/ft.* The shades used should be exterior quality,
vitreous enamelled reflectors with a mouth which is
wide enough o allow some light to spill upwards so
that lobbed balls may be seen easily. Further in-
formation, including details of suitable wiring tech-
nigues, is given in Floodlighting Lawn Tennis Couris,
{Lawn Tenmis Association, 19617),

Games on large pitclies

245, The lighting of large areas for games such as
football played to a reasonable school match stand-
ard will need an average illumination of 5 to 8 Im/
f1* on the horizontal plane at ground level. This will
demand an installation which will be very much
more elaborate and costly than the one described in
paragraph 243 which is sufficient for football prac-
tice. It 15 also desirable that the lighting for any ball
game should be distributed as evenly as possible over
the ground, for a ball moving through patches of un-
even lighting will appear to change speed in a dis-
CONCErLnE Manmner.

246. The tall corner lighting towers used by pro-
fessional grounds will be out of reach financially
{unless the co-operation of a wealthy local club can
be obtained). The best arrangement will probably be
to use 1 to 2 KW floodhghts mounted on poles 30 to
40 fi hagh, spaced down the side of the piich and fac-
ing each other across its width. A total loading of 40
to S0 KW will be needed for a pitch of normal size.
Anexample is given in diagram 19, but this is by way
of illustration and should not be taken as an actual
design. The costs of this type of installation are hkely
1o range between £2,000 and £5,000. Further details
are given in the N.P.F.A. booklet referred to in the
footnote o paragraph 243, and a lighting engineer
with expertence in this ivpe of work should be con-
sulted about the design.

247, Athletics grounds can also be lit in the way des-
cribed above., An alternative arrangement, which
may in some circumsiances prove o be mone econo-
mical and satisfactory, is to light the running track
and jumping pits with fittings suspended above them.
The cost is likely to be £3,000 (o £4, 0040,

Circulation areas

248. The members of a school should take pleasure
in moving about their building. The architect will
design the circulation areas so thai they are not just
traffic routes and in a way that will give variety and
interest in the sequence of spaces, Their lighting and
colouring can afford 1o be more stimulating with
sharper contrasts than is appropriale in classrooms.
Views oui through carefully placed windows can
alternate with distant views within the building it-
self, though avoiding the interminable, parallel-
sided corridor. Lighting can be used to emphasise
changes in spatial enclosure: a lobby of low brighi-

5l



Driagram 16 and
Fhotographs 30 (a), (k) and
e

Ceames ball at ihe Flarris
College. Preston

This hall in @ college of
further education 1s used for
social gatherings and
occastonally for
examinations, bul its chiel
use s for recreational
physical activitics. The
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saw=-1001h roof section
reduces glare from the roof
lights, and a low windaow
gi'.c:- a View into a |,'|r|.|||!:.;,|ni.
The finishes are more
sophisticated than would
normally be requined in a
hall used entirely for sports
Iparagraph 2346),

(a) General view by day

(b} Detail of roof light

(e} General view by night
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3l ReHected glare in
swimming baths

It should be possible 1o see
casily to the bottom of a
swimming pool, but very
large side windows should

be avoided as they can create
probems of reflected glare in
the water. Large areas of
single-glazed windows will
also bead 10 excessive solar
heeat gain during the summer,
and severe heat losses during
cold weather (paragraph
239}
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ness may be set against the spacious, brilliant assem-
bly hall beyond it. To prevent a long vista from
petering out vaguely, it is important to ry and con-
tain it in an area of bright lighting and vivid colour-
ing — perhaps a mural — which can act as a visual
stop (diagram 20 and photograph 33).

249, In the interesis of safety, there are certain
minimum requirements in the lighting of corridors
and stairs. The level of artificial illumination should
not fall below 5 to 7 lm/ft%, and can sensibly be
rather higher on staircases and at critical points such
as fire escape doors. It should be possible easily to
read tvped notices on the doors of rooms. The lights
over the stairs should be placed so that the nosings
are not left in shadow. Strong contrasts between the
teaching and circulation areas should be avoided;
the ratio should preferably be not more than 3:1. In
the same way the process of adapiation can be
assisted by making the entrance hall and other access
points more brightly lit, so that they act as a transi-
tion from the davlight which can be very much
brighter than the interior of the buillding. One should
be careful about placing a window at the end of a
corridor or opposite the head of a staircase, as the

1 UH

glare it can cause will always be annoying and may
sometimes be dangerous.

250. Bevond these basic requirements there are
many ways in which imaginative hghting can en-
hance lobbies, entrance halls, stairs, and passages.
Schools will welcome opporiunitics for using parts of
circulation areas for notice boards, displays of work,
exhibitions, and the showing of pictures and sculp-
ture, and the preferential lighting of these areas will
assist this. A lobby or passage might even be fitted up
as a small informal art gallery for showing school
work, reproductions, or original work by local
artists. In such cases the floodlighting of the works of
art on walls could also be the general lighting of the
space. In addition to the installed lighting, electrical
socket outlets — perhaps provided in the first place
for the cleaners — can be placed strategically at points
in lobbies, bays and corners (o allow the stail (o set
up their own illuminated displays and showcases
from time to lime.

251. Parts of the circulation area in a school may also
be used for provate study and tutorials; convenient
bays and corners with a window and a suitable local
artificial lighting being devised for the purpose.

B NE




Deiagram 17 and
Photograph 32

Lighting playgrounds afiter
dark

A general recreation ground
litioabout 2 1m,ft® by
cight 1000 watt lamps in
open metal reflectors of the
typee shown on the lefi
mcunted on 25 it high posts.
The photograph shows a
plaveround lit by similar
filtings.
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Diagram 18

Lighting outdoor fennis
COurls

(a) Lighting layout for
autdoor single lennis courls
with 7300or 1000 watt G.L.5.
lamps in open metal
reflectors mounted on 18 1L
1o 20t high posis
{paragraph 2d44), A aimilar
arrangement may be used for
nethall courts.

(1)) |,|j::|11||1|_.;'|;,1:. otil for
outdoor double courts
without a central net. The
number of central fittings is
reduced 1o avoid the risk of
collisions,

Degram 19

Lighting foothall grounds
Diagram indicating a
possible lighting layout of a
football ground to a school
match standard, with 1 Kw
0 2 Kw floodlights mounted
on paosts 301t to 40 £t high.
(paragraphs 245-247).
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Diagram 20 and
Photograph 33

Lighting in circulation areas
Circulation areas can be
enhanced by the
imaginative use of lighting
and colour, In this school a
series of murals have been
placed at the ends of long
views down circulation
spaces which meet at the
entrance hall, The murals
are brightly lit by a long rooel
light, and at night by
floodlights (paragraph 250),
Mural by Fred Millew.
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6 Notes for the user

252, This brief part 15 addressed particularly to the
users of the schools: teachers, caretakers and other
maintenance staff. It was thought that it might be
helpful o draw together in one place various do’s
and don’is which have been mentioned in the course
of this Bulletin and which aim 1o encourage the most
effective use of the lighting — both day and artificial,
{1} Teachers should — if the planning of the room
gives them this much choice - avoid the temptation
of placing their desks in front of a window (photo-
graph 9). The children will follow maore easily if they
do not have to strain to make out their teacher’s face
against a bright background. The same applies to
movable chalkboards, maps, and projector screens.
(2} Use window blinds when necessary, both to keep
out the direct ravs of the sun and thus avoid heat cx-
haustion and dazzling, and also to prevent glare
from bright cloudy skies. Venetian blinds should be
adjusted 0 that they just cut-off a direct view of the
sun or glaring sky, although this need not prevent a
view oul ol low level. Remember that the children sit-
ting at their places will see more of the sky than the
teacher does standing up, and they will probably be
doing more difficult visual tasks.,

{3} Keepa continual look-out for children with poor
eysight; encourage them to sit nearer to the windows
and 1o the chalkboard, and see that the school medi-
cal staff are informed. Myopia (short sight) may
develop at any age; it ofien runs in families, and is
more common among intelligent children.

(4} Use the inmer rows of artificial light fittings 1o
supplement the daylight on dull winter mornings and
late afternoons.

(5) Always switch on the chalkboard light when us-
ing the board, for it will help to keep the pupils®
attention on the board during days which are bright
outside, as well as during dull ones.

(%) Try and prevent the chalkboard from becoming
too shiny with use or loaded with chalk dust, as this
will decrease the visibility of the writing on it.

{7y Write clearly and not too small - the height of a
lowerease *a’ should not be less than 1 inch. Words
will be read more easily when printed in lowercase
rather than in capital letters.

i8) Deter the caretaker from putting a dazzling polish
on the floor.

{9 See that the hight fittings and windows are kept
clean. To clean the light fittings three times a year
should suffice except o the dirtiest atmospheres. The
windows will of course be eleaned more frequently.
(100 When re-lamping light fittings, make sure that a
lamp of the correct type, size and wattage for each
fitting is used. Lamps of a higher wattage or which
are smaller in size (such as the *mushroom’ shapes)
may overheat and damage the fitting. The colours of

fluorescent tubes should be followed on replacement
- ome “warm white' stranger in a roomful of *davlight”
tubes can have a most disconcerting effect.

(11} Make sure the control gear of fuocrescent
fittings is adjusted carefully 1o avoid flicker and
hum. Insist on having replacements for any fittings
that continue to give trouble.

(12) When redecorating, maintain the reflection
factors of the main surfaces in the teaching rooms,
cither by using exactly the same colour scheme or at
least by using colours of the same reflection factor,
that is, of the same Munsell value {assuming that the
colour scheme is not capable of improvement along
the lines suggested in this Bulletin),



Appendix 1

Lighting schools for partially sighted
children

General note

1. The lighting of schools for most groups of children
with mental or physical handicaps will be similar (o
that for normal children,! but in schools for the
partially sighted there are lighting problems that de-
serve special consideration. While the principles of
good lighting will remain the same, they need in
these circumstances to be applied with particular
care to give the children visual surroundings in
which the effects of their disabilities are minimised,
The main aim is to develop their confidence and sell
reliance.

2. There are — happily — only a small number of
partially sighted children in the community. Suitable
teaching facilitics are provided by the various edu-
cational authorities in different ways, according to
their local circumstances.

3. Some will set aside specially equipped accommo-
dation in an ordinary school; others will provide
separate schools, and éven boarding schools where
distances are greal, Teaching groups arc small - 15
or less — but each child will need plenty of space.

4. The first lighting problem arises from the fact that
children with a wide range of disabilities will norm-
ally be taught in the same room, with as much in-
dividual attention as possible. In the majority of the
children the defective vision is due 1o myopia or to
congenital cataracts, the numbers affected by each of
these causes being approxamately equal. The next
commonesi causes are congenital nystagmus, oplic
atrophy, albinism and coloboma or maldevelop-
ment of various parts of the eveball. Due to the im-
pairment of vision, all these will benefit from a high
level of illumination, although some children affected
with albinism can al times be distressed by high
brightness.

5. The most workable solution 2eems to be 1o pro-
vide a good overall level of lighting with the maxi-
mum regard for visual comfort in its design, and
then to allow the child to choose the position in the
room thai suits him best. Some children, such as
albinos, may benefit from wearing the tinted glasses
they will already use out of doors.

6. A Joint Committee of the Medical Research
Council and the Building Rescarch Board has con-
sidered this matter and has prepared a memorandum
from which many of the fellowing points are drawn,

Levels of illumination

7. A high level of illumination of between 75 and 100
Im/fi*, and in any event not less than 50 lm/ft?, is
recommended. It has been explained in Part | (para-
graphs 33 1o 36) that for normally sighted children

tin schools for deaf children care should be taken 1o
ﬂwide strong directional lighting of a good standard 1o
Ip the children’s lip reading.

these very high levels are not usually considered
worthwhile since they result only in a relatively small
improvement  in visual performance.  However,
among partially sighted children even a small im-
provement in their ability to make owe details guickly
and casily may bring them across the threshold of
vision, and thus help to give them confidence to com-
prehend the world around them. To encourage the
children to move around the school with confidence,
levels of illomination in circulation arcas and cloak-
rooms should not be less than two-thirds that pro-
vided in the teaching spaces.

8. To provide this level of illumination by daylight
alone would be wvery difficult without creating
severe glare problems and the light from the windows
will usually have to be supplemented with permanent
artificial lighting (see also Part 4), When this is being
designed, greal care should be taken 1o provide the
maximum visual comfort, for the beneficial effects of
a high level of illumination can easily be lost if the
lighting is of poor quality.

Visual comfort

9. Many partially sighted children are particularly
sensitive 1o glare caused by excessively bright light
sources and harsh contrasts within their ficld of view,
and the methods of reducing glare already described
in Part 3 (paragraphs 116 1o 123) should be em-
ploved where individual artificial light fittings are
used. The bare ube should be screened from normal
angles of view, and the average brighiness of the
fitting at these angles reduced 1o 300 foot-lamberts or
less. The fittings should be seen against a well lit
ceiling.

10, To achicve these high levels of illumination, one
solution may be the use over a substantial area of the
room of a luminous ceiling consisting of either a
diffusing plastic membrane, prismatic panels or a
small-scale louvred grid. Such large light sources
tend 1o become the brightest parts of the interior, and
their surface brightness should be low il discomiort=
ing glare is to be avoided. 1t 15 recommended that
their average luminance as seen by a pupil looking up
at an angle of not more than 457 above the horizon
should not be more than 150 fooi-lamberts. Lum-
inpus ceilings can be rather expensive, compared
with rows of louvred fittings set in or on the ceiling.
There are also cleaning problems that need to be con-
sidered.

11. Care should also be taken to see that the win-
dows do not become sources of glare. Their size,
height and position should be chosen so that views of
large arcas of skv can be avoided, and efficient
window blinds should be installed. The brighiness of
the scene outside the window can be controlled by
the use of overhanging eaves, projecting walls, pav-
ing of medium reflection factor, and well placed trees
and shrubs.

12. As with normally sighted children, it is import-
ant to avoid specular reflections which could dazzle
the child or swamp what he is trying to see. As far as
possible, desk and table tops, wall surfaces and floor
finishes should be matt and light in colour,

Local lighting

13. For certain activities such as handicrafis, where
solid objects are handled, it may be worth providing
some additional directional hghfing, so that high-
lights and shadows model the objects in a way that
allows them to be identified and handled with ease.
This may be done by planning the room so that such

b



M Remodelling old

schools

The assembly hall in a
S0-year-old school
remacelled as a library. The
existing windows with 5 ft
high sills have been netained,
and a new low kevel window
imserted 1o give light on the
tables and a view out. An
adjustable pendant Atting
gives local lighting afer
dark (Appendix 2, paragraph
{18

35 Daylighting in old
schoals

The dayvlighting in some old
village schools can possess
unexpected qualities. This
example shows the
advamtages of deep, splaved
reveals to windows, of cross
lighting and of painting walls
around windows in light
colours (Appendix 2,
pelragraph 4).
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work can be done at the window, or by providing
local lights.

14. Chalkboards and other demonstration areas o
which the children’s atiention is (0 be drawn, should
have additional local lighting t0 make them rather
brighter and more contrasty than their surroundings.
Self-illuminated chalkboards have also been found
helpful in some circumstances,

15. Other optical aids such as portable and desk
magnifiers are available for children who feel they
need them, but experience has shown that when
good lighting of the type described above i3 pro-
vided, the children ofien find they can dispense with
such optical aids,




Appendix 2

Remodelling old schools

Greneral note

1. An increasing amount of work 15 under wav for
remodelling those existing schools that still have a
good expectaiion of life and can be broughi up o
modern standards at reasonable cost. Improvements
in both day and artificial lighting are almost always
needed in such buildings. Thirty years ago a stand-
ard text book on scheol building recommended a 1
per ceni Dayvlight Factor and an artificial level of 5
Im/fit?, and schools older than this are likely to have
even lower standards.

2. Each remodelling job will present its own particu-
lar problems, depending on the period in which it
was built and on the degree to which it has already
been modernised. The best approach is therefore 1o
apply in cach case the principles of good lighting
which have been discussed earlier in this Bulletin, but
it may be helpful in this section to describe some
common problems and to suggest possible solutions.
3. Methods of improving lighting during remodelling
work are also dealt with in paragraphs 115 to 124 of
Building Bulletin Mumber 3, Village Schools: in
Appendix 6 of Building Bulletin Mumber 9, Colour in
School Buildings: in paragraph 158 of Building
Bulletin Mumber 29, Harris College, Preston; and in
paragraphs 154 to 161 of Building Bulletin Number
21, Remodeling Ofd Schoals,

Daylight

4. In the earliest schools the windows were usually
small and often ecclesiastical in character with Early
English proportions. Although the level of illumin-
ation they provided was usually low, the guality of
lighting was ofién better than one might expect, as
splaved reveals and mullions were common and the
buildings were small enough for windows to be
placed in more than one wall {photograph 35).

5. In the later Victorian and Edwardian schools,
lighting condittions in general did oot improve.
Theories about ventilation led (0 excessive room
heights with tall windows which induced conditions
of glare that more than cancelled out any advantages
of the higher levels of illumination. Heavy transoms
and mullions, high sills, dark dados, and dingy
decorations accentuated this gloomy atmosphere,

6. The first step in remedial action is therefore to
assess the severity of the glare conditions that exist,
and to measure the guantity of light throughoot the
room in terms of the Daylight Factor.! This will in-
dicate whether or not radical improvements are
needed,

A suitable instrument is the B.R.S. Dayvlight Facior
Meter, available from Evans Electroselernum  Lid,,
Halstead, Essex. Alternatively, a normal incident light
meler or even a photographic light meter may, with some
care, be used to compare readings taken out of doors with
those taken at the worst lit part of the room.

7. Remedial action can usually be considered in
three successive stages:

(1) lighter decorations and finishes:

{2} improvements to exisiing windows;

{3) major structural changes.
&. Redecoration in lighter colours, in addition to be-
ing the least expensive remedy, will often prove sur-
prisingly effective in improving both the quality and
quantity of dayvlighting in a room. Painting window
frames white will help to reduce glare. Lightening the
walls, and in particular the foor, will raise the level of
inter-reflected light. This can amount to as much as
half the total illumination at the back of the room.
For example, a room with windows whose glass area
is about 10 per cent of the floor area may be found to
have a minimum D.F. of a little over 1 per cent. If its
wills — a dingy paint and dark dado - have an aver-
age reflection factor of about 20 per cent, and its old
wood floor and furniture have an average reflection
factor of 10 per cent, then from Table 4 in Appendix
3 one can see that the minimum indirect component
of D.F. will be only 0-1 per cent. By repainting the
wills so that they have a reflection factor of 60 per
cent, and by providing a light-coloured floor finish
and new furniture with an average reflection factor of
40 per cent, one can expect that the indirect com-
ponent will be raised to 0-8 per cent, bringing the
total InF. very close 1o the required 2 per cent. How-
ever, the enginal mimmum D.F. may well be much
lzss than | per cent and it will then be negessary io
increase the area of glass in the room in order to
reach a 2 per cent minimum DLUF,
9. In many old windows, much of the structural
opening - perhaps up to 30 per cent - will be taken up
with a heavy frame, transoms, mullions and glazing
bars. S0 a substantial gain in glazing area can be
made if the existing windows are replaced within the
existing structural openings by new windows with
lighter framing sections,
10. Further gains in glazed arca can be made only by
inszrting new windows or by enlarging the structural
openings of existing ones. Any new windows should
be placed so that they make a contribution to the
quality of ighting and the amenity of the room. For
example, many old schools have sill heights of 4 ft
or more, the original intention apparently having
been to prevent the children being “distracted” by the
world cutside. To lower these sills — a simpler opera-
tion than raising the head or increasing the width of
the window — will contribute to the lighting in the
room and will at the same time give the children a
view out. For example, an old assembly hall, with
sill heighis of 3 fi, was being remodelled as a library,
The old tall windows were not touched, apart from
being painted white, and new low-level windows were
inserted at table-top height under the existing stone
sills, giving good light on the tables and a view out
into a grassed court (photograph 34 I 2 new win-
dow is required, it may be possible, in order to give
gome cross lighting, to put it in a wall adjaceni or
opposite 1o the main window, Or, in a room facing
north, a new window may be added in a wall facing
the sun. In single storey buildings the addition of
roof lights may be the most effective way of raising
the level of daylight and rounding 1t out, provided
that they are designed to avoid glare from a bright
sky.
11. Structural alterations of this kind are of course
costly and one must be sure that the improvemenis in
lighting that result are sufficient to jusiify the ex-
pense. I extensive siructural work in most of the

fil



teaching rooms 18 necessary (o achieve good day-
lighting, then the use of P.5.4.L.1. might be considered
{sc¢ Part 4). Allernatively, it may in fact throw
doubt upon thewisdomof remodelling that particular
school. If only a few of the existing classrooms are
seriously underlit, then it is worth considering at the
planning stage whether they can be used for some
non-teaching purpose for which a 2 per cent DUF. is
nol essential.

12, It may be possible to reduce obstructions to light
outside the room, Trees should be thinned with dis-
cretion and only felled as a last resort, It is worth
bearing in mind that the obstruction from deciduous
trees is less in winter when the light is least.

13. It may be decided for various reasons that the
ceiling height in a room should be reduced by putting
in & suspended ceiling. This may threaten to mask the
light from the upper part of the windows, If it is feli
i0 be necessary to refain the hght from the tops of
these windows, then forming louvres in the part of
the ceiling nearest to the windows can help to do this.

Artifrcial lghting

14, 1t 15 usually easier to improve sub-standard arti-
ficial lighting than poor daylighting, especially if a
new electrical installation is being carried out at the
same time.

15. The typical classroom in an old school will ofien
be found to have only six lighting points with open-
bottomed metal or plastic shades and with perhaps
only 100 watt lamps - sometimes even clear lamps
which create the most severe glare. The average re-
flection factor of the room is ofien low, and the level
of illumination when measured may be found to be
less than 10 Im/ft* in any part of the room. There
may be no chalkboard light.,

16, Remedial action can, as with daylighting, be
considered in stages:

(1) redecoration
(2) new fittings
(3} a new installation with more lighting poinis

17, Inter-reflected light can be as much as 40 per cent
of the total illumination at any point in the room, and
an appreciable increase will result from lighier
decorations, finishes and furniture. A high reflection
factor for the floor 15 particularly desirable.

18. If there is a reasonable number of lighting points,
and if the wiring is of adequate capacily, it may be
possible to achieve satisfactory resulis by replacing
the existing fittings with new ones which conform 1o
the building regulations and which have more
powerful lamps. Alternatively, fluorescent fittings
may be used to obiain a higher illumination with-
out an increase in electrical lnading.

19, If none of these steps are sufficient to produce a
good level of illumination, or if the uses and/or
shapes of the rooms are changed, then it is likely to
be necessary to provide a new installation. The de-
sign of this should follow the same principles as in a
wholly new school, with the guality and character of
the scheme being considered at the same time as the
necessary level of illumination.

20, A final point is thit the careful design of the arti-
ficial lighting installation along with the colour
scheme can do a great deal to bring out the good
features and play down the bad ones in an old school
which is being remodelled.

Appendix 3

B.R.S. daylight factor protractors —
worked example

Caleulation of daylight

i. The total daylight at any point in a room (see dia-
gram 3) consists of a direct component (A) coming
straight from the sky, and an indirect component made
up of light reflected from objects outside the window
(B,) and light reflected within the room (B.). The me-
thod given below for calculating the minimum day-
light factor in a room with vertical glazing from scale
plan and section drawings is based on that given in
Appendix A of the British Standard Code of Practice
3, Chapter 1, Part 1, 1964, on Daylighting. It consists,
Sirse, of determining the direct sky component and the
externally reflected component by the use of daylight
factar protractors and, secomd, of determining the in-
ternally reflected component by the use of tables. The
B.R.S. Davlight Factor Protractors are based on the
standard C.1.LE. Sky, and the regulations are to be
amended 1o conform o this standard.

(A} Determining the sky component - using the B .5,

daylight factor protraciors

2, (i) Choose the working position in the room
which it is thought likely 1o receive the least light.
(ii) Mark this reference point on a scale drawing
and draw sight lines connecting it with the ex-
iremities of the windows in seciion and plan,
allowing for any obstructions (diagram 21).
(i) Lay Protractor No. | on the sectional drawing
with its centre on the reference point and with its
base line on the horizontal working plane. Note
the values where the two sighi lines intersect the
scale. The difference between the two readings (25
minus 0-25 equals 2:25 per cent) gives the sky
component for a window of infinite length, MNote
the average angle of altitude of the visible patch of
sky (107 in the example).
{iv) For a window of limited length (as in this case)
this must be corrected by applving the auxiliary,
Protractor Mo. 2. This should be placed on the
plan with iis centre on the reference point and with
its base parallel to the plane of the window, Read
off the values at the points where the sight lines
cross the lines running around the scale which
mark the angle of altitude. Lines for 0%, 307, 60°
and 907 altitude are given — other values will have
to be interpolated. The two readings should then
be added together (0-45 plus 01 equals 0-55) 1o
give the correction factor by which the sky com-
ponent should then be multiplied (2-25 limes
0-55 equals 1+ 2),
Therelore the sky component for the main window
in diagram 21 is 1 -2 per cent.
(v} This process should then be repeated for the
other window in the room, which gives a sky com-
ponent of 0-4 per cent. The total sky component
from both windows is thus 1:2% + 0-4 = 1:6%.



Diagram 21:

Calculation of daylight
factor using protractors

T

—

averoge e ——_
oltitude,__ [ 10°

EErEElO] B [:ll U

RO E O B ¥
M (] i

O 1 O

ol | O

ElRiE

Bl e

PLAN Use of Protractor No 2

16%
Y e = i
b i
Sttt P |
+ S~ T+ -
8% [N 131 16.3 15.2 1.0
. o i
| e =
R Sk Iy
T ofi T R R
0.2 | 6.3 L:5 3.8
16% l i
A | i D R
\‘x H\. o |+
o G B et A
1‘.|| Sk 1"1 T/ -+ J_:,ﬂ--—--'f“"_"
1”12 | 4.3 ] 2.0
\ ;r ,f‘; i
8% 4% 2%

PLAN  Distribution of Daylight Factor

%]



(B1) Externally reflected component

3. Light reaching the reference point after reflection
from external obstructions above the level of the
working plane is treated as if il were light coming
direct from the sky, but with an allowance for the
reflection factor of the obstruction, which for most
purposes may be assumed to be 10 per cent. There-
fore to determine the externally reflected component,
calculate the equivalent sky component {uniform
sky) for the area of the obstruction, and divide by
10. In the example, the obstruction is taken as one-
eighth of the whole scene through the window, The
externally reflected component is therefore 107 of
!« 1-6(the component from the unobstructed sky).
This equals 0-0225 per cent, which is 50 small that
it may be disregarded.

{B2) Internally reflected component

4. The internally reflecied component may be deier-
mined by the use of Table 4. In order to use the table
it is necessary first to know the ratio of glass area 1o
floor area,' the reflection factors of the ceiling and
fMoor, and the average reflection factor of the walls,

5. The values in Table 4 can be applied without
significant inaccuracy to most rooms, provided that:

(i) the length-breadth ratio does not exceed 2:1;

{11} the ceiling heights are between 8 ftand 12 fit;
{iii) where the room has walls of unegual lengih,
the windows are either on the longest wall or are on
two adjacent walls; if the only windows are on one
of the shorter walls, the minimum indirect come-
ponent will be about 20 per cent less than that pre-
dicted by Table 4.

6. For rooms which do not satisfy these conditions
reference should be made to the British Standard
Code of Practice referred 1o above.

T. In the example in diagram 21, the clear glass
area is 27%; of the floor area. The reflection factor of
the floor is assumed to be 40 per cent, that of the walls
to be 40 per cent, and that of the ceiling to be 70 per
cent {white with sound absorbent panels). From
Table 4, the minimum internally reflected component
is 12 per cent. A correction factor of 0-8 should be
applied 10 this 10 allow for deterioration of the
decorations. Thus the internally reflecied compon-
entis 1:2 = 0-8 = 0-965 (say, 15

Total daylight factor

8. The wotal davlight factor at the reference point is

then determined bv adding A, Bl and B2 together.

In the example in diagram 21: 16 + nil 4 10 =,
2-605%.

Allowance for dirt on glass

9. To allow for the effect of dirt on window glass a

correction factor of 0-9 should be applied for clean

atmospheres, and 0-7 for industrial atmosphenes.

Dy light factors from sloping glass and roof lights

10. When it is necessary to determine the daylight
factors from rooms incorporating sloping glass or
roof lights, reference should be made to the British
Standard Code of Practice referred to above,

! 1t should be noted that this is the net glazed area through

which light can pass, IT this is not known at this stage in

the design then it may be assumed that the glazed area is
75% of the structural window opening,






Appendix 4

Fluorescent and tungsten lighting
installations — a comparison of their
relative costs inuse

1. The decision on whether or not to use fluorescent
lighting for higher levels of illumination will depend
10 some extent on the guestion of cost. Fluorescent
fittings are more expensive than tungsten ones, bul
they are much more efficient, producing at least
three times as much light for every unit of current
consumed. A comparison set out below of the cosis
in use shows that the lower running costs of a fluor-
egcent installation are likely to overhaul its higher
capital cost within a relatively short peniod. The
length of time that will elapse before savings begin
to show themselves will depend chiefly upon the
hours of use per annum of the installation, and upon

the cost of ¢lectricity per umit. The latter varies
widely in different parts of the country. The longer
the hours of use and the higher the cost of electricity,
then the sooner will the economy of a fluorescent in-
stallation show iiself. The user should substitute in
the formula their local data for capital costs, hours of
use, and cost of electricity. The prices given below
are those current in 1965,

2. The architect still has the problem of containing
the higher capital expenditure within the cost limits
without reducing standards on other aspects of the
building. The additional capital cost of a Muorescent
installation at the level of illumination given below
would be of the order of 2d. to 3d. per sq ft, allowing
for the fact thai siores, eig, would probably siill be
lit with inexpensive tungsten fittings.

A comparisen of the cost in use of Auorescent and
tungsten lighting

Aim To light a typical classroom of 600 sq il 1o a
minimum llumination of not less than 15 Im/
ft* by the most economical method, taking into
account both capital and running costs (but not
the cost of cleaning). The actual level of illumin-
ation chosen will not affect the comparison
appreciably, Where circumstances differ, other
figures of cost, area, hours of use, etc, should be
substituted for those given below.

Classroomr Length ann :
Width W01 } ALCALOU ST
Height 9 ft

Reflection factor of ceiling : 70 per cent
Reflection factor of walls : 50 per cent
Reflection factor of floor : 25 per cent
Light fittings are ceiling mountad,
Room Index : F

Average lllumination : 18
Maintenance Factor : 08

Im/Mt* (assuming diversity of

1325

(1o allow for some dirtying of decorations and fittings)

Fluorescent

Fittings: 5 £t 80 wail batien with clip-on plastic
Iouvres'; Daylight tube, 4400 lumens average
output through life.

Utilization Factor :0-5

Then by the ‘Teemen’ method ?

total numbser of fittings required:
18 = 600

0-5 = 08 « 4400

= i firiings

Capital cost of Instellation £ 5 4

6 hittings 10 0

(£4 145, Od. histincl. wabe, less trade

discounts, plus cash discounts 1o electrical

and general contractors, plus fixing and

profit, say £5 15s. 0d. each)

Wiring to points, 6w 40s. 12 0 0

Switches, 2 @ 125, 64d. 1 50
47 15 0

say, £48

Tungsien

Fittings: Opal plastic shade;* 200 wait pearl
lamp, 2720 lumens average outpul through life.
Utilization Factor : 0- 55

Then by the “lumen’ method 2
total number of fittings required:
18 = G0
0-55 = 0-8 = 2720
9 fittings

Ceapiterl cost of Installation £ 5 d

9 fittings 2312 6

(£2 65, 0. listinel, lamp and batten holder,

less trade discounts, plus cash discounts o

electrical and general contractors, plus

fixing and profit, say £2 12s. 6d. each)

Wiring to points, 9 a0 40s, 18 0 0

Switches, 2 @ 12s. 6d. 1 50
42 17 6

Y, £43

Therefore excess of fluorescent capital cost over tungsten = £5 (or 2d. per sq ft)



Running costs of installation
Let
H = hours of use of installation per annum - in this case assumed to be 300 hours,® made up of 200 hours
to supplement failing daylight during school hours; 50 hours by cleaners (= half an hour per room
during winter); and 50 hours by evening classes (= one 2-hour class for one evening per weck,
autumn and spring).

| number of lamps.

r = costof replacing lamps, including labour (in pence).

L life of lamp in hours,

W = wattage of lamp.

d cost of electricity in pence per kilowatt hour (in this case 3d. is assumed, but this can vary from 2d.
o 6d., according to the tariff and the hours of use).

Then, according to a formula worked out by the Building Research Station, the running costs in shillings per
annum will be:

Fluorescent Tungsten
HN /7  1-4Wd HM wd
12 \L " 1000 E(E ﬁ:’é)
Subsifiuiing: Sushstiteering:
W 80 W = 20
=101 N = 9
r 138 r 34
L S000 hours L 800 hours
{minimum rated life (figure published by M.P.B.W.
B.5.5. 1853-1956) based on service life tests)
Subsriring: Substititiong :
300 = 6 I3$_I'4‘fﬂﬂ‘~.3 300 = 9 34 200 = 3
12 5000 1000 12 §00 1000
= 150 138 T 336 —. 34 G0
5000 1000 800 1000
= Jds. 6. per annurm. = [dds, 6d, per amnim,

Therefore the excess of Tungsien running costs over fluorescent
[445. 6d. less 5ds. .
= 90s. Od.
or £4 10s, 0d. per anmim,

Conelusion

The higher capital cost of the fluorescent installation will be overhauled by the higher running costs of the

tungsten installation within two years, If the excess capital cost of £5 is amortized at 5 per cent over 15 vears,

this represents an annual payment of 95, 8d., making a net annual saving of £4 10s. 0d. — 95, &d, = £4 05, dd.

p.a.

Notes: (1) Fluorescent gear may have a power consumption of between 25 per cent and 40 per cent above the
nominal lamp wattage. If the engineer is satisfied that the lower figure applies to the particular gear to be
supplied, the multiplying factor for W in the formula above would be 1 -25 instead of 1 -4,

(2) Price of lamps (r) 5 based on local authority bulk purchases, but includes M.P.B.W. estimates of
labour cost for replacement (15, 11d. Muorescent, 1s. Od. tungsten). This may be lower for maintenance
work in schoals.

{3} The lighter load of the Auorescent installation can mean economies in cables and gear back to the main
switchboard and a reduction in the estimated maximum demand. However, power factor correction
should be incorporated,

! of the type shown in photograph 17a)

* of the type shown in photograph 16.

 see Appendix §

1 for secondary schools: primary school hours of use
would be about 50 hours less,

o7



Appendix 5

Calculation of artificial illumination

Calculation by the “Lumen® method

1. This simple method for caleulating the average
level of illumination is described more fully in
Titerior Lighting Design, a handbook issued by the
British Lighting Council, and in the chapler on
Lighting in Specificarion, published by the Architec-
tural Press. This method is based on the assumption
that the light emitted by the lamps is spread evenly
over the working plane in the room.

2. It can be expressed by the following formula:

I=LxNxU=xM

e e o e—

M
Where
| average level of illumination in lumens per
s I
L average outpul through life of each lamp in
lumens

N number of fittings

U = utilization factor

Y| maintenance factor (allow 0-8 for normal
cleaning of fittings three or four times per
wear).

A area of working plane insq Mt

3. Thus to find the number of lamps required in a
room the procedure is as follows:

(i) Knowing the use to which the room will be put,
decide upon the average level of illumination (1)
required (see Part 1, paragraphs 33-36).

(i) Choose the type and size of lamp to be used and
loock up in appropriate B.S. or in manufacturers’
literature its average output through life in lumens
(L}).

(i) Choose the tvpe of light fitting which satisfies the
building regulations and suits the use of the room,
find out its light distribution from manufacturers’
literature and choose a suitable mounting height.

{iv) Knowing the type of fitting, 1.e. the proportion of
upward' and downward light, itz mounting height,
and the dimensions of the room, look up the room
index in the publications referred to in paragraph
137.

(v) Knowing the room index, the distribution of light
from the fitting, and the reflection factors of the sur-
faces in the room, look up the utilization factor (U)
in the tables given in the publications referred to in
paragraph 137,

(vi) Assume, unless one has other information, a
maintenance (M) factor of 0-8,

(vii) Measure the area of the horizontal working
planc (A).

(viii) Insert all these figures in the formula, re-
written as;

I A
LxUxM

M (number of fittings required) =

This gives the number of fittings required; the dis-
tribution of these fittings in the room is discussed in
paragraphs 138 to 140,

L il e



Appendix 6

Terminology

1. The terms given below are explained simply
rather than defined precisely.

Adaptation

2. Yisual adaptation is the automatic physiological
process by which the eve adjusts itself (by changes in
the size of the pupil, and in the sensitivity of the
retina) to ils environment, in particular to the pre-
vailing brightness and colouring,

Brightness (subjective) and Luminance (phyvsical)

3. The brightness of a surface as seen by the eve is
measured physically in terms of its luminance. The
luminance 15 governed by the illumination on the
surface and the reflection factor of that surface, and
will be affected by the texture of the surface (i.e.
matt as opposed to gloss) and by the angle of view-
ing. If the luminance 15 measured in foot-lamberts
(ft-L) it will be given by the product of the illumina-
tion falling on the surface and the refleciion factor of
that surface. The luminance of lamps and translucent
fittings is also measured in foot-lamberts.

4, The apparent brighiness of a surface is a measure
of how bright it appears to the human eyve, and this
will vary according to the general level of brighiness
in the environment to which the eve 15 adapted. Thus
a light fining will appear brighter in an otherwise
darkened room than in daylight,

Caonirast

5. Contrast occurs when adjacent arcas of different
brightness are seen together. Details are seen by
virtue of the contrast of one boundary of light and
colour with another.

Diaylight Gactor

6. The daylight factor at a point in a room s defined
as the total indoor illumination on a reference plane
at that point, expressed as a percentage of that
simulianeously obtained out of doors, under a com-
pletely unobstructed hemisphere of sky having a
luminance disiribution in  accordance with the
definition of the International Commission on
lighting (C.I.LE.) for a standard overcast sky, the
effects of dircet sunlight being excluded.

7. The daylight facior includes both light direct from
the sky (see Sky Factor), and light reflected from sur-
faces inside and outside the building.

Ilumination
8. This is the amount of light (or luminoes flux per
unit area) falling on a surface. It is measured in
lumens per square foot (Im/f?), formerly called
foot-candles.

Light outpul ratio

9. This is the ratio between the light which is finally
emitied from a light fitting after inter-reflection and
absorption within the fitting, and the light produced
by the lamp.

Lumens per square foot
10. See llumination,

Luminance
11. Se¢e Brightness,

Munsell system

12. This is a colour reference system of particular
value to architecis and lighting designers in which
colours ar¢ arranged systematically according 1o
properties of hue (red as distinct from yellow), valwe
(the lighiness or darkness of a colour, directly re-
lated to its reflection factor), and chroma (the
strength or intensily of a colour). For a further ex-
planation of the Munsell sysiem, see Appendix 4 of
Building Bulletin MNo. 2, Calour in School Buildings.

Sky Factor and Sky Component

13. The sky factor at a poiant in a room is the ratio,
expressed as a percentage, of the illummation on a
reference plane at that point due to light received
directly from the sky through an unglazed aperture,
to the illumination due to an unobstructed hemi-
sphere of sky of uniform luminance (i.e. brighiness)
equal to that of the visible sky. In practical calcula-
tions of Davlight Factor (g.v.) the sky component is
used (see Appendix 3). This takes into account the
non-uniform distribution of the C.1.E. overcasi sky,
which i1s brighter at the zenith than at the hornzon,
14, The sky component is a geometrical property of
the building design and of external obstruction to
light and as such it does not include light reflected
from the ground outside or from surfaces within the
room. It does take into account transmission losses
in window glass,

Litilization factor

I5. This is the ratio of the light reaching the working
plane in a room, to that emitted by the light fittings.
It does not normally allow 4 maintenance factor for
the dirtving of the light fittings or decorations.
Sometimes called ‘coefficient of utilization®,

6
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