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DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH

COMMITTEE ON THE LIGHTING OF BUILDINGS

To THE BuiLpiNcg REsegarcH BoARrD:

ENTLEMEN, We, the Lighting of Buildings Committee, were appointed
by you in February 1942 with the following terms of reference:
i. To review existing scientific information and practice in this country and
abroad on the lighting of buildings.

ii. To make recommendations for practice in post-war buildings.

iii. To make such recommendations for further research as may suggest
themselves in considering (i) and (ii).

In 1944, we presented our First Report on The Lighting of Buildings, which was
published as No. 12 in the series of Post-War Building Studies. 'This Report
included a consideration of the general principles of lighting and a detailed study
of the lighting of dwellings and schools.

We did not carry our work further at that time, but in December 1946 you
asked us to take up our work again and to prepare a report on the Lighting of
Office Buildings.

In July 1948 we suffered a great loss by the death of Sir Clifford Paterson who
had been our chairman since the Committee was first set up in 1942. It is a
great sorrow to us all that he has not been able to see the completion of our Second
Report, in which he had taken great personal interest. We wish to record the
debt which we owe to him for his help and guidance in our work.

We also wish to record our sorrow at the loss of Mr. Dow, who died in August
1948. He was a member of the Committee from its inception until February
1948, when he had to retire through ill-health.

The Committee have held eleven meetings and in addition two sub-committees
which were appointed to study natural lighting and artificial lighting respectively,
have met on numerous occasions, semetimes separately and sometimes jointly.

SOURCES OF INFORMATION

In accordance with our Terms of Reference we have reviewed existing published
information on the lighting of offices and have taken evidence from a number of
experts and bodies specially concerned.

The following associations who submitted evidence for the earlier Report and
who included information on office lighting were invited to add to their previous
comments, but all agreed that they had nothing to add to their original evidence :

British Electrical Development Association.
Electrical Contractors Association, Inc.
Electric Lamp Manufacturers’ Association,
Electric Light Fittings Association.
The Illuminating Engineering Society.

also

Mr. P. V. Burnett, F.R.I.LB.A., who while a member of the Committee gave
evidence in his personal capacity.

The views of staff on office lighting, and opinions on the design of offices and
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THE LIGHTING OF OFFICE BUILDINGS

the effect of lighting on office rental values, were obtained from the following
associations and individuals:

Opinions of Office Staff

Association of Engineering and Shipbuilding Draughtsmen, represented by
Mr. John Holland (Asst. Gen. Secretary).
Mr. Gordon Davidson.
Mrs. C. Bourne.

Civil Service Clerical Association, represented by
Mr. W. J. Ellerby (Asst. Gen. Secretary).

National Union of Bank Employees, represented by
Mr. T. G. Edwards (General Secretary).

Design of Offices
=« Mr. C. Lovett Gill, F.R.IB.A.
Mr. L. Sylvester Sullivan, F.R.I.LB.A.
(Nominated by the Royal Institute of British Architects.)

The Economic Aspect of Office Lighting
The Director of Lands and Accommodation, Ministry of Works.

Mr. G. Leslie Head, M.Inst.R.A., A.I.Struct.E., M.R.San.I.
Mr. E. E. Saunders, F.R.I.C.S., FA.L

Their evidence was received verbally and has been summarized as Appendix I1
to this Report.

The inquiries carried out for our earlier Report to obtain information about
existing lighting practice in dwellings had proved very useful. We therefore
asked the Social Survey Division of the Central Office of Information to carry
out a similar survey of offices throughout Britain in order to obtain evidence about
the state of office liﬁhting at the present time. We consider this a valuable piece
of work and we acknowledge our indebtedness to the Director of Social Survey
and his staff for their work. The results are given in Appendix I.

Through the courtesy of Mr. R. J. Hitchcock and Mr. E. M. Waring, of the
London Passenger Transport Board ; Mr. P. R. L. Keelan, of Messrs. John Lewis
and Co. ; the late Dr. L. G, Comrie, M.A., Ph.D., F.R.S,, of the Scientific
Computing Service Ltd., and Mr. Gordon G. Reed, of Barclays Bank Ltd., we
were able to visit various office buildings in London which have interesting
points about their lighting. Additional information was supplied by the Chief
Architect to the London County Council.

We record our thanks to these individuals, associations and authorities for their
help, so willingly given. We also wish to thank the General Electric Company
Ltd. and the Chief Engineer, Ministry of Works, for the generous loan of a large
number of illumination meters which enabled important parts of the Survey to
be done, and to the City of London Real Property Co. Ltd. for the loan of
drawings of office buildings in the City of London.

Finally, we wish to acknowledge our thanks, for their assistance, to Dr. J. W. T,
Walsh of the National Physical Laboratory and to the members of the staff of
the Building Research Station, in particular to Mr. W. A. Allen and Dr. R. G.
Hopkinson and to Mr. J. A. Godfrey for his valuable work as Secretary to the
Committee.

P. V. Burngert, Chairman A. Scort

R. O. ACKERLEY M. SizZEr

H. Avsten HaLL F. C. SmiTH

H. HARTRIDGE J. WesT

H. A. HEPBURN H. C. WesToN

R. 5. MorToN J. A. GODFREY, Secretary

sth September, 1950.
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THE LIGHTING OF OFFICE BUILDINGS

A REPORT BY THE LIGHTING COMMITTEE OF THE BUILDING RESEARCH
BOARD OF THE DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH

SCOPE OF THE REPORT

1. The Report opens with a brief historical note in Part I on the design of office
buildings and the state of office lighting at the present time.

Part II of the Report deals with natural lighting. It first discusses general
opinions about the use of daylight. The modern technique of urban development
by which good daylighting can be ensured is next considered, and following a
brief classification of office accommodation and the main types of office work,
recommendations are made for standards of lighting. The possibility of extending
the useful zone of daylight by supplementary artificial lighting is also discussed.

Part 111 deals with artificial lighting. The visual difficulties of office work
are examined, recommendations for standards are made, and the characteristics
of light fittings reviewed. Decorations and surface finishes play an important
part in producing good conditions for vision and these are also discussed. Some
of the main requirements for lighting specific rooms such as private offices, general
clerical offices, typing rooms, etc., are next considered, and finally, brief reference
is made to methods of installing electric wiring and gas supply pipes. e

Part IV reviews various expedients for improving the illumination of existing
buildings, and Part V is a discussion on the desirability of legislative control.

SUMMARY OF CONCLUSIONS
NATURAL LIGHTING

2. The evidence from the staff associations showed that, in general, staff wanted
rooms with adequate natural light and this was supported by the expert witnesses,
who regarded good daylight as an important factor in assessing the value of office
accommodation. Modern methods of urban development are making it possible
to have good daylighting without prejudice to normal densities of development;
and despite administrative difficulties in changing from the traditional to the new
technique, steady progress is now evident. Such development makes possible
a reasonable depth of well-daylighted space inside buildings, but for design pur-
poses it is necessary to be able to specify it more exactly.

We recommend, therefore, that in the parts of buildings intended for office use, a
sky factor® of 1 per cent. should be provided at a point not less than 12 ft. inwards

1 The daylight abtainable at a point in a room is usually expressed as a ratio of that obtain-
able outdoors. Until the 1939 meeting of the International Commission on Illumination
only one form of thiz ratio had been dehned, i.e. the daylight factor. 'This ratio expresses
the horizontal illumination at a point indoors as a percentage of that received outside from
a completely unobstructed hemisphere of sky, direct sunlight being excluded. It includes
the effect of light reflected from walls, ceilings and other surfaces and losses due to trans-
mission through window glass and any overlying dirt. [t is conveniently measurable by
instruments but difficult to compute by geometric methods.

In 1939 another form of the ratio was defined, the shy foactor. This is 2 purely geometrie
guantity and depends only on the angular dimensions of the bounding edges of the patches
of sky as visible from the reference point and their orientation relative to the working plane.
It is similar in effect to the daylight factor but is based on the assumption of a sky of uniform
brightness, no contributions due to reflected light and no losses through the window glass,
The particular merit of the sky factor is that it can be easily computed from drawings by
one of a number of accepted methods.

Since the sky factor was defined some of the methods of computation, e.g. the Building
Research Station “daylight factor” protractors and the graded “daylight factor™ tables,
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from the outer face of the wall. 'This standard should not generally require windows
of unreasonable size, but it suggests the use of the traditional arrangement of
graded storey heights in the lower parts of buildings. We describe how this
standard may be conveniently determined.

Drawing offices require special treatment and are frequently best served by
overhead lighting. We recommend that they should generally have a minimum sky
Sfactor of 5 per cent.

Effective measures should be taken to reduce sk}r giar\e, and we deseribe the chief
pl?_i]r_lts about window design which help to minimise visual discomfort and dis-
ability.

We have considered sunlight. Some of the expert witnesses did not think the
admission of sunlight important but the survey showed that office staffs valued it.
We think architects should take ﬁunlight into account when planning office build-
ings, but we also consider it to be important that blinds or other means of exclud-
ing unwanted sunlight should be provided.

ARTIFICIAL LIGHTING TO SUPPLEMENT DAYLIGHT

In America some buildings have been planned without regard to daylight, reliance
being placed on artificial light as the main illumination. It is not known whether
buildings so designed are satisfactory, but the very deep office spaces made prac-
ticable by this means would affect fundamentally the economy of office blocks.
Because daylight is greatly valued in this country it is not thought this treatment
would find acceptance for new buildings, although it is often necessary for older
structures.  Artificial light affords a more effective method of improving inade-
quately daylighted offices than many of the minor expedients, such as external
reflectors, and even in new buildings it can make acceptable for daytime use
the areas which cannot be properly daylighted. The factors necessary for success
are described in the Report. In our opinion supplementary artificial light should
add at least 1o ft. to the depth of office which appears to be well daylighted.

ARTIFICIAL LIGHTING

With artificial lighting it is necessary and quite feasible to adjust the lighting
to the type of work. We have, therefore, provided detailed comments on the
nature of the visual demands involved. While good lighting can make office
work easier there are some kinds of work which are needlessly difficult but can
be improved by office managements. We make detailed suggestions for such
improvements.

Our analysis of office work enables us to make firm recommendations concerning
the values of illumination to be provided :

For book-keeping, typing, computing machine work, filing and general office work,
we recommend values of the order of 20 Im.[sq. ft.' Where work is intermittent this
value can be reduced, but not below one-half.

For drawing-office work, which is very exacting, we recommend 30-50 In.[sq. ft.
depending on the nature of the work.

For private offices we recommend 15 Im.[sq. ft. and for inguiry and reception
rooms, crush and entrance halls, 6 Im.[sq. ft.

These values permit high, but not maximum, visual efficiency. They are based
on known facts about visual performance and, so long as office work remains

have been extended to include the effect of the varying transmission of window glass with
the angle of the incident light. This modified form of sky factor is the one referred to in
the Reporr,

Measurements of sky factor and daylight factor are usually made on a horizontal plane
assumed to be 27 97 sbove floor level.

! Im./sq. ft.~ lumens per square foot.

One lumen is the amount of light flux emitted from a uniform source, having a luminous
intensity or candlepower of unity, on to an area of one square foot, every part of which is
one foot distant from the source.
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SUMMARY OF CONCLUSIONS

much as it is now, we do not believe these values will need to be changed in future
years, unless it becomes possible to provide very much greater amounts of light
economically. It should be noted, however, that persons over 4o years of age
may require higher values than we have recommended. Individual requirements
can be met by the provision of desk lights.

Our recommendations agree closely with the current “Code for the Lighting
of Building Interiors,” issued by the Illuminating Engineering Society of Great
Britain.

Adequate light on the work is important, but so also is the way the light is
generally distributed. For wvisual comfort and efficiency it is essential to use
lighting units which, without being excessively bright, will light the walls, the
ceiling, and the work adequately. In general, the working plane should receive
somewhat greater amounts of light than other surfaces. We discuss in detail
various arrangements of lighting which will give the desired results, and we note
the unsatisfactory features of some forms in common use, We have also described
some matters of decoration and furniture finishes which require consideration to
ensure that the general gradation of brightness in rooms will be good.

Recommendations are made for the lighting of specific types of offices. We
also discuss briefly, wiring and supply pipe installations, noting the method of
designing a mmga]ere installation capable of lighting a whole Hoor space, as well
as the practice of merely bringing rising conductors to the tenants’ meter positions
and leaving the tenants to install surface wiring to their requirements. We prefer
the former method on various grounds.

LEGISLATIVE ASPECTS

No by-laws or regulations specifically concern the natural or artificial lighting
of office buildings except by the limitation of external obstruction.

We note and commend the recent recommendations of the Gowers Committee
(14) ! that the Factories Act (1937) and the Shops Act (1924) should be extended to
cover offices. 'This would mean that offices would be subject to mspmtmn and
as a first stage be required to provide “suitable and sufficient lighting.”

We have briefly considered the question of prescriptive rights of light and we
hope this will be brought under review by the appropriate authorities.

In conclusion, we consider that at the present time national and individual
efforts can best be directed to raising the quantity of illumination on the work
where it is below the recommended level and to improving the quality of lighting
everywhere.

PART I. THE DEVELOPMENT OF OFFICE BUILDINGS

3. During the latter half of the nineteenth century a great demand arose for office
accommodation in London and other large commercial centres because of the
great expansion of colonial and foreign trade which followed the industrial revolu-
tion. Buildings to meet the needs of commercial firms, banks, and insurance
interests were usually erected on restricted sites and with a narrow and often elaborate
street facade, going up to a hmght of three or four storeys. Most of these structures
were intended for their owners’ use only, but even at this early stage it was common
for their upper floors to be regarded as lettable office space, and in London pro-
vision was made in the Metropolitan Building Act of 1855 for the separation of
different tenancies, in buildings over 3600 sq. ft. in area, by a party floor of fire-
resisting construction.

4. The fenestration of these Victorian commercial buildings was undoubtedly in-
Huenced by the desire for a well-mannered fagade. Some slight increase in the
proportion of window to wall area was obtained later in some structures by the use

! References in parentheses are to the list on page 33.
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of a grouped treatment of windows in lieu of the earlier Georgian type of separated
windows, but the total net area of the windows above first floor level seldom
exceeded about one-third of the total wall area. Notable exceptions occur towards
the end of the century, as for instance in office buildings in the City of London
designed by Robert Marsh, which achieved unusual standards of daylighting.
These buildings were intended for specialized use, however, being chiefly for traders
who desired a high standard of daylight for testing and valuing samples of mer-
chandise—they did not represent the general trend of office design. Even at this
period, to ensure stable structures, the Metropolitan Building Act of 1855 restricted
the total window area above first floor level in any fagade to half of the wall area,
although it was possible to obtain a relaxation of this requirement if stability could
be ensured in other ways.

5. Iron pallars and joists began to be used in the construction of offices in Britain
about the middle of the nineteenth century, following their introduction in ware-
house structures ; but although the windows were often treated as an arcade and
closely spaced, their size was affected little by this structural change. About
this time it also became customary to supplant the ground floor walls by large
shop windows, although the upper walls were still required by legislation to be of
stone or good brick. In contrast, commercial buildings in the United States
were being erected between 1850 and 1880 with cast-iron fronts and often with
cast-iron skeleton frames, and in many of them the structure was so simplified
that the iron columns and lintels of the street fagade became in effect the inter-
mediate members of one great window.

6. The evolution of the skeleton steel and reinforced concrete structural frames,
coinciding with the development of the passenger lift, made possible the provision
of office floor space many storeys above the height previously feasible, but did
not coincide with any major advance in the arrangement of the wmdﬂus In
Britain, the placing of windows was still largely influenced by the desire for a
monumental fagade, while complying with restrictions such as were imposed by
the London Building Act. However, from about 1918 onwards more attention
was paid to the relation between the interior plan and the formal window pattern,
as in the Cunard Building in Liverpool, and from about 193jc office buildings
began to be erected which showed a desire for experimentation in the disposition
of windows, either in continuous horizontal bands or with a vertical emphasis, as
for instance the “ Daily Express” Building, Great Westminster House, and 51-54
Gracechurch Street, London. Further development in London towards a com-
plete window-wall was precluded by the London Building Act, in which restrictions
were maintained largely to prevent the spread of fires.

7. Although the artificial light sources and fittings have developed along with
other improvements in office services and equipment, so far they have had little
effect on the planning and general design of office buildings. In America, however,
as we discuss later in this Report, supplementary artificial lighting is being deliber-
ately used in some cases to extend the useful zone of daylight and to encourage
thereby, if not the windowless office, at least the planning of office blocks much
deeper than those to which we are accustomed in Britain. If the office block of
the future is going to develop on these lines it calls for a much closer integration
of the artificial lighting with the original office design than has been apparent in
the past.

8. The present position is not very satisfactory. According to the inquiry carried
out for us by the Social Survey of the Central Office of Information (Appendix 1)
some 7 per cent. of office staffs are working in rooms without windows though the
majority of them have skylights or glass screens, and of the remainder more than
20 per cent. received no direct light from the sky on their desks. In other words,
about one in five of office staff have inadequate daylight, and in the cities the
figure may be even higher.

8
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9. For the future much better conditions are possible. The bombing of the
central areas of many of our large towns has afforded great opportunities for a
major rationalisation of urban re-development, and the general lines which should
be followed are well understood. Our first Report, which dealt, inter alia, with
daylight in relation to town planning, was published at a time when it served to
assist the clarification of ideas and objectives, and there is now substantial agreement
on the principles to be observed in the reconstruction of the central areas. Never-
theless it is clear that, for many years to come, a large number of office staffs will
have to work in premises where, over considerable areas, adequate daylight will
not be available for a substantial part of the working day. While some palliatives
to improve daylight may be possible, the main relief in such cases must come from
the provision of suitable and adequate supplementary artificial lighting.

PART II. NATURAL LIGHTING

EVIDENCE ABOUT OFFICE DAYLIGHTING

10. Most people agree about the desirability of natural light for work in the
daytime, but a few have questioned it recently, especially in America. It seemed
to us that it might be useful therefore to review opinions in this country. Accord-
ingly, we have taken evidence from various stafl associations and from experienced
architects and estate surveyors.

The evidence from representatives of the staff associations indicated that in the
majority of cases staff strongly object to working in places wholly without daylight,
and it was their view that it was not desirable because it tended to lead to “eye-
strain,’”’ *nervous strain,’’ and a general lowering of health.

The evidence of the architects and surveyors chiefly concerned economic factors.
The Director of Lands and Accommodation of the Ministry of Works said that
good natural lighting is one of the factors taken into account by his Department
in deciding rental values, and, other things being equal, a higher rent would be
considered proper for well daylighted than for poorly lighted space. The architects
and surveyors supported this from the point of view of the agent and building
owner, and emphasized that the importance attached to good daylighting was in
fact increasing rather than diminishing in this country to-day. They said this
view had now advanced so far that the top floors were let first, the highest rents
often being obtained for them, and that property owners were becoming content
to reduce the total floor area of proposed buildings if by this means they could
get better daylight.

It must be emphasized that these arguments are not directed in any way against
good artificial lighting, which the witnesses supported. There is unquestionably
a general desire for better daylighting for daytime work and for good artificial
lighting at other times.

THE PLANNING PROBLEM

11. Commercial life in cities is bound to require some concentration of office
accommodation in the central areas. Apart from the difficulty of spreading a
business district in a mature city, there is a sound economic reason in the con-
venience it gives for direct business contacts. Unfortunately, traditional urban
development does not accommodate the desired densities without serious dis-
advantages, among which bad daylighting is prominent.

1z. In our first Report we described work done by the Building Research Station
which pointed the way to an alternative system of development allowing high
standards of daylighting without prejudice to density. Subsequently, support was
given to these ideas, in particular by the Ministry of Town and Country Planning *

! It should be noted that Government Departments are referred to by the titles obtaining
at the time this Report was written.
9
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and by the Consultants for reconstruction in the City of London. We will not
enter here upon a general discussion of the theory and practice of urban develop-
ment, but a brief review of some main points is necessary.

13. Traditional development consists essentially of buildings erected to a con-
siderable height along the street front and relieved at the rear by so-called light-
wells, which served to provide ventilation and some pretence of daylight. For
convenience, this type of development has been termed corridor street development.

So far as lighting is concerned the disadvantage of this system is that from the
lower storeys the view of sky obtained over the buildings opposite, or over the tops
of light-wells, is at such a high angle that daylight cannot penetrate very far into the
interior. Efforts were made to preserve reasonable conditions by limiting the
height and the angle of set-back, but they obviously had little success. Limitations
of height were also brought about to some extent by easements of light, but in an
indefinite and irregular manner.

14. The desirable alternative is now well understood. In our first Report we
called it *‘open-planning,” and our colleagues of the Business Buildings Committee
called it “vertical planning” (15). As a system of design it is difficult to describe
precisely, but it has certain characteristics from which the underlying ideas can be
understood. For effective development, a reasonable size of site is required,
t.e. upwards of three-quarters of an acre. Given this area, a building can be
formed upon the site with its main mass set back, and so arranged that, from
neighbouring sites, views of sky can be obtained over it or past its sides at an
angle low enough to allow daylight to penetrate deeply into the building interiors.
Light-wells, a familiar feature of traditional development, are not necessary,
being in effect placed on the periphery of the building instead of within.

These general ideas can be given more exactness by descriptions of some typical
arrangements, and from Plate IV,

15. Of formal developments, perhaps the most obvious is the comb-shaped plan
in which arms project at regular intervals from one or both sides of a main spine
unit. In this case the sites opposite benefit chiefly from low-angle views of sky
seen over the spine unit between the projecting arms. Another formal arrangement
is the simple cruciform block, and in this case the neighbeuring sites benefit not
only from the view of sky over parts of the building, but from views obtained
past the sides,

16. Examples of informal arrangements are asymmetrical developments of
cruciform units, or T- or L-shaped plans, but of course a great variety of informal
shapes which permit low-angle views of sky over them or past their sides is possible.
In general, high buildings with high angles of set-back are not objectionable in
the system provided that suitable parts of them are low enough to allow some low-
angle light to reach neighbouring buildings.

17. There is a very useful secondary effect in this kind of development, because
the fagades of buildings are brighter than in corridor streets, being more exposed
to the sky. Consequently there will be more reflected light entering rooms on
the lower storeys.

18. Open planning apparently has other important advantages over corridor-
street development. It is claimed that there are reduced risks from fire (3), reduc-
tions in noise (4), and increases in the proportion of uncovered land without
prejudice to the density of development (1).

19. A vital question is how to give general guidance and control building design
to produce these results. The usual practice of the controlling authorities has been
to enforce angles of set-back and limitation of site coverage and total height.
Something of the same sort is still required but with this difference : the uniform
angle of set-back which has been customary is unsuitable for open planning as

IQ
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it often fails to restrict sufficiently in the right place to ensure any low-angle light,
and it restricts too sharply parts of buildings which without harm could be allowed
to rise to a considerable height. It is necessary therefore to clarify and extend
the system of angular restrictions. This has been done jointly by the Building
Research Station and the Ministry of Town and Country Planning (5), and consists
essentially in establishing a uniform angle of set-back, giving a certain standard
of daylight in an obstructed building when a reasonable size of window is used,
and then discovering alternative lower angles of set-back which, if provided over
correspondingly limited parts of the sky-line, would ensure an approximately
equal standard of illumination. When a designer restricts part of a building
according to one of these lower angular restrictions, he has corresponding freedom
with the remainder.

20. A simple aid for designers using the alternative angles of set-back s fully
described in a handbook of the Ministry of Town and Country Planning (1).

21. The standard of daylight chosen for the original work by the Building
Research Station and the Ministry was based on early discussions in this Com-
mittee when attention had centered upon a 1 per cent. sky factor provided at a
pomnt not less than 12 ft. inside a ground-floor room. It is now known that if
sizeable windows are used in office buildings and sites are of adequate size this
standard can be obtained without prejudice to reasonable densities of development.
That is to say, the densities possible could be as high or higher than authorities
in this country are likely to want, and higher, too, than those commonly existing.
It must be appreciated that present densities, though they produce congestion,
do so chiefly because the wrong type of development is used to accommodate
them. With the kind of buildings now envisaged even higher densities than those
to which we are accustomed need not produce congestion.

22. We noted that open planning depended on having sites of reasonable size.
In war-damaged areas this is not a great difficulty, but elsewhere the existence
of small sites, already developed, means that persistent and skilful administrative
action will be required to bring these together in the right way in the course of
time. The question arises as to which of several possible policies to follow, when
all of them have awkward features. One course would be to permit re-building
to the prevailing density under the usual restrictions, but this achieves no real
improvement. Another possibility is to impose restrictions to ensure good day-
lighting regardless of density, but this would operate onerously on many of the
smaller sites and cause inconvenience and dissatisfaction. The third course is
to attempt to bring adjacent owners together and encourage common development
or to acquire and hold sites in the public interest until comprehensive development
is possible. ‘This last course seems the only reasonable way of utilizing the small
sites established by tradition. The other two methods either benefit an owner
at the expense of his neighbours’ amenity or benefit the neighbours at the expense
of the owner. What is required therefore is a full realization of the value of changing
the course of tradition and the will to do so.

There will naturally be many modifications of open planning in practice. It
does not suit all occupancies, for instance, department stores or warehouses;
nor is it necessary in areas intended for moderate densities. All such questions
we must leave for consideration by those concerned, and turn now to the problems
of lighting which arise inside buildings,

STANDARDS OF DAYLIGHTING AND THEIR COMPUTATION

23. The size of offices—Ideally, the daylighting of a room should be related to

its size, but the majority of office buildings are designed for letting (even if the

owner intends to occupy them himself at first) and consequently the interior

space is treated as a whole and not as if its sub-divisions were determined mn
11



THE LIGHTING OF OFFICE BUILDINGS

advance. In other words, standards have generally to be related to what may
be termed bulk space, rather than individual rooms. Nevertheless it is useful to
bear in mind the sizes into which offices are commonly divided.

Typical dimensions are:

Small offices for one, two or three persons; 150-250 sq. ft. in area, 11 or 12 ft,
wide and 15-20 ft. deep.

Medium offices for 4-15 persons; 300-goo sq. ft. in area, 15-30 ft. wide and
not less than 15 ft. deep.

Large offices for more than 2o persons; upwards of 1,000 sq. ft. in area,
often the full depth of the building which is 4o ft. or more, and lighted from
both sides.

In practice, the structural bays into which a modern office building is commonly
divided act as a convenient planning module and individual offices usually consist
of one or more complete bays.

24. The influence of the type of work.—Ideally, lighting should be adjusted for
the work, but with daylighting it is generally necessary to adjust the work to the
light; that is to say, the work which is visually most exacting should be done in
the areas with the best daylight, and the easier work elsewhere, In practice, this
generally means that typing, accounting, computing, and sustained visual work
should be done near windows, leaving general clerical work, intermittent tasks, and
filing to the other areas.
Drawing office work is in a special category, and we discuss this later.

25. Standards for side-lighted offices—It is convenient to consider indoor space
as roughly divisible into three zones. There is a region near the outer walls where
daylight can be sufficient by itself most of the time. Then there is a zone where
supplementary artificial light may make the otherwise inadequate daylight accept-
able for some kinds of work. Finally, there will be areas where dependence must
be placed entirely on artificial light. For the moment we are concerned with the
DUIEI;;GI_H: only and the main questions are how to define its depth and how deep
to make 1t.

One way of defining its depth would be by the location of the no-sky line. For
corridor streets, where the obstructions cause the no-sky line to run parallel to
the window wall in a straight line a few feet from the window, this might be
satisfactory, but with open planning the no-sky line might in places penetrate as
deeply as 50 to 75 ft. from the window, and so becomes inconvenient as a reference.

A more reliable way is to establish a suitable sky-factor value and say how far
inward the sky-factor contour should lie, This is the method we recommend.

26, First, it is necessary to have the penetration sufficient to ensure useful light
to a reasonable number of occupants in a room. In our view this means a penetra-
tion sufficient to cover two rows of desks. For modern offices one row of desks
could not be regarded as reasonable and, in rooms lighted only from one side,
three 1s obviously impracticable. It follows, then, that good daylight should be
expected over a working depth of the order of 10 or 11 ft. It is not convenient
to state the requirement in this form, however. Sky factors have to be computed
from the outer edge of the window opening, and measurements inwards have
therefore to allow for the depth of the wall. It seems prudent also to make
some allowance for space occupied by radiators, piping, and similar equipment
often placed on the window wall. With all these in mind we have come to the
conclusion that it would be appropriate to assume reference points 12 ft. inwards
from the external face of the wall.

27. There is no exact basis on which to determine the correct sky factor to
associate with the requirement for penetration. Whatever value is chosen would

12



NATURAL LIGHTING

be exceeded in the area between the reference point and the window, and it is a
question therefore of establishing a suitable minimum. Also, a sky factor repre-
sents no fixed level of illumination because this changes as the brightness of the
sky changes, and therefore the value chosen must be determined on the basis of
ensuring reasonable levels of illumination for most of the working day over a
reasonable proportion of the year.

Fortunately, there is now available a considerable body of experience on which
to draw, and the range of values which has been found suitable for various
common purposes ranges from o5 per cent sky factor upwards. For instance
in our first Report, after careful study, we recommended values of o-5 per cent
sky factor in connection with bedrooms, 1-0 per cent for living-rooms and 2 per
cent for kitchens. We also referred to values of 2 per cent and 5 per cent for
school classrooms, many of which have subsequently been designed to provide
these values at the worst points. Moreover, we have examined a number of kinds
of office work and on the basis used in the Illuminating Engineering Society’s
Code (10) the appropriate sky-factor value is 4 per cent.

We have come to the conclusion, therefore, after due consideration, that the proper
value to provide at the reference points is 1 per cent sky factor. This will mean
that over a substantial part of the well-lighted zone, sky factors at least as high as
4 per cent will be found, and it will also ensure that the minimum level is generally
tolerable. For example, the 1-0 per cent sky factor will mean minimum values of
5-10 lumens per sq. ft. during much of the year, and it will be seen later that this
is of the same order as the least value we think desirable for the artificial lighting
of intermittent office work.

28. There are certain consequences of the recommended standards which must
be mentioned :

First, there is the question whether they make necessary either excessively
large windows or unreasonably low-density developments. Neither need be the
case. If the ground floor be taken as a convenient reference level, windows with
lintels 10 ft. above the working plane (5), which are not exceptional in densely
developed areas, will admit the standard illumination and yet permit densities of
development which are acceptable for urban planning, always assuming of course
that the sites used are not too small. For instance, if moderate sized sites are
used, a floor space index, i.e. ratio of floor space to site area, of 25 is possible,
and on larger sites an index of 3-0 is possible without going up to more than ten
storeys. Such values exceed present values in this country except in a few places.

While the ground floor seems the sensible one to use for common reference and
comparison, the floors immediately above are often the most difficult from the
point of view of natural lighting. It used to be the case that the heights of upper
floors were graded for architectural effect and to compensate for reduced lighting
in lower floors. Perhaps the tradition has lapsed because it is so ill-rewarded in
ordinary corridor streets. In open-planning it can be well worth while, and make
possible the proposed standards without resort to excessive windows.

In making computations, where the obstructions are regular the easiest course
appears to be to compute the factors at critical points along the line 12 ft. in from
the outer wall face and then to adjust the window-head to give the required value.
Where the obstructions are irregular it is likely to be more convenient to compute
from two or three points in line back from the window.

29. In applying the recommended standards to a proposed design the daylighting
of each office is not computed, if for no other reason than that as a rule the internal
layout is not known in advance. This enormously reduces the work to be done,
because only simple computations for long rows of windows are needed to ensure
a 12 ft. belt of properly daylighted area around the lettable spaces. It is true that
sub-division will reduce the penetration in individual rooms slightly; for instance,
in an office 12 ft. wide the 1 per cent contour would lie about 10 ft. from the
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THE LIGHTING OF OFFICE BUILDINGS

external face of the wall instead of the recommended 12 ft.; but we do not think
this will have any unfortunate effects in practice and will only be important on the
lower floors (see Figs. 1 and 2).

30. Offices lighted from overhead. 'There is no kind of office work for which
overhead lighting is essential, though it is desirable for drawing offices and is
very convenient because of the uniform distribution of light and high intensities
obtainable. Work on drawing boards requires high intensities such as would only
be found near the windows when side lighting alone is possible. A minimum sky
factor of 5 per cent would be a reasonable figure to use for the design of top lighted
offices. Even so, for some part of the day, and over a large part of the year, many
drawing office tasks will still require the daylight supplemented to maintain the
minimum values we recommend for artificial lighting alone.

THE DESIGHN OF WINDOWS

31. Windows like other light sources can cause glare, and such conditions may
give rise either to visual discomfort or disability or both, as described more fully
in paras. 56—58. Visual discomfort causes tiredness, and visual disability, as the
term implies, causes reduced visual discrimination. Good window design can be
described as the technique of admitting enough light without causing discomfort
or disability. Freedom from these faults is to be found essentially in freedom from
excessive contrasts on, or immediately around, the windows and freedom also
from deeply shadowed areas in the room. It depends on the right kind of window
surround and on the position of the windows in relation to the room.

32. Many successful methods of dealing with these effects have been evolved
in the past and it is necessary to find methods of reaching similar, or preferably
better, standards than were attained by the best of traditional work.

The chief points to observe are the following:

Window bars should be infrequent, slender, and tapered inside to prevent
a wide shadowed face.

The main frames should be designed to show the minimum of shadow by
making them narrow, by splaying them, or building them in.

Bars and frames should be finished internally in white or very light colours.

The contrast between the interior and visible sky should be further reduced
by finishing the external and internal reveals and soffits in white or light
colours. This helps to provide an intermediate zone of brightness between
the shadowed interior and the bright sky and is typical of many excellent
Georgian windows.

Deep lintels should be avoided, and there is something to be said for small
external canopies or widened external soffits to help to reduce the sharpness
of contrast. The greatest contrasts tend to occur at the top of the window
where the visible sky often appears brightest and the soffit of the lintel is in
shadow. This condition is aggravated when there is a deep lintel with full
shadow on its inner face.

By all these methods the adverse effect of internal shadowing can be minimized
and together they help to produce a pleasant sensation of lightness and visual
comfort in office interiors.

33. There is an additional peint we must mention when very large and high
windows are used. On days when the sky is bright there will be both discomfort
and disability, even when contrasts are low. The only way to counteract this is
to reduce the effective brightness of the sky. Ordinary blinds are useful and
venetian blinds or other louvre systems may be better. Another possibility is
to use tinted glass, as in a recent American building, but this has the disadvantage

14
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of being an inflexible solution, for the full effect of the large window is then not
available when it is wanted.
It is most interesting to observe how so many of these ideas, derived as they
nerally are from modern research, have actually been part of some tradition
which has been allowed to fall into disuse.

WINDOW CLEANING

34. There are three main effects of dirty windows:
A reduction in the amount of light directed on to the work.
A reduction in the visibility of external objects.

The generally unpleasant effect, on both staffs and public, of neglected
windows.

We cannot lay down a uniform cleaning schedule which is generally applicable,
but the following brief account of some tests will indicate points to watch when
arriving at sensible routines for individual cases,

The results of long-period tests (21), carried out on plate glass windows about
100 ft. above street level, are shown in Fig. 3: the observations began in April
and the initial period of test thus related to summer conditions. From November
until the following April the rate of dirtying increased considerably. Assuming
an initial transmission of 8o per cent, the final transmission of an uncleaned
window facing west was about 53 per cent, and facing east 48 per cent.

Other tests showed that ground foor windows get dirty about twice as fast as
others and the winter rate of dirtying for windows on upper floors is about 13
times the summer rate.

These results indicate that it is desirable to clean windows on the ground floor
twice as frequently as those on upper floors and, where practicable, all windows
more frequently during the winter.

DAYLIGHTING AND SUFPLEMENTARY ARTIFICIAL LIGHTING

35. We do not hold the opinion that any use of artificial light diminishes the
desirability for good daylighting, but there is no doubt that with properly designed
installations it can give acceptable conditions to those areas which cannot be fullv
daylighted and which even in the best of buildings must always form a substantial
proportion of the total floor space. In badly daylighted office buildings, most of
which we must continue to use, it is hopeless to rely entirely on natural light, and
the use of good supplementary lighting is the only sensible course.

36. The measure of satisfaction obtained when daylight is supplemented by
artificial light depends on several factors. One is the colour of the source, and
where a close match to daylight is wanted this can be successfully provided by
using white fluorescent lamps.

Another factor is the strength of the daylight in a room where supplementary
light is to be used regularly. If a room is dominated by a well-daylighted zone
it iz relatively easy to avoid the impression of dependence on artificial lighting
At the same time, a well-daylighted zone calls for adequate intensities in the
artificially lighted areas if these are not to seem poorly lit. This is not 2 matter
in which much experience has yet been acquired in Britain, but we believe the
intensities which are recommended fater for artificial lighting will be adequate for
this purpose.

Finally, the lighting units themselves should be unobtrusive, so that occupants
of the rooms do not feel that they are working by artificial light.

DEPTH OF OFFICES WITH SUPPLEMENTARY LIGHTING

37. Where supplementary artificial lighting is acceptable for daytime use it is
important to consider how it affects the depth of the zone which can be made
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to appear well daylighted. Evidence varies, but if the directly daylighted zone is
about 10 ft. wide, it is our view that at least another 10 ft. could be made to seem
well lit, and experience may show that this figure can be increased.

BUNLIGHT

38. Our evidence about the sunlighting of offices can be readily summarized.
Those concerned with the design of offices and those concerned with letting did
not feel that sunlighting is an important factor, but in the Survey the staffs made
it clear that they like sunshine and want it. The only evident qualification was the
fairly obvious one that, in southward facing offices, blinds of some kind were
NEecessary.

Fortunately, as we showed in our First Report, the admission of sunlight is
another matter on which open-planning has the advantage over traditional develop-
ment, and it is our view that architects should in practice take it into account as
far as is practicable.

PART III. ARTIFICIAL LIGHTING
GENERAL REQUIREMENTS

VISUAL DEMANDS IN OFFICE WORK

39. We have pointed out that the admission of daylight cannot be related closelv
to the type of work, but artificial light can be made to serve exact requirements
and it now becomes desirable to consider the precise nature of office work,

40. The factors which determine the severity of office tasks are:

The size of the finer details of the work.

The contrast between those details and their immediate background.
The sharpness of definition of the work.

The overall brightness of the work.

In general, the smaller the detail and the lower the contrast the more light
is required to do the particular task efficiently and with comfort. A detailed
consideration of the principal office tasks will show how these factors are involved.

41. First we may consider the common act of reading, which consists essentially
of recognizing the individual shapes of the characters while scanning them in
groups. Easy recognition of the characters depends on their definition (blurring
increases the difficulty very greatly) and upon their shape, size, and contrast with
the paper, in all of which office work is highly variable. For instance, pencil drafts
on buff paper offer singularly poor contrasts, especially when the pencil marks are
shiny. In addition, written characters are often badly formed and the writing
small. Carbon copies of typescripts have reasonable contrasts but poor definition,
Tables of numbers may be clearly printed but very small. Obviously some of these
things—pencil drafts, for instance-—are matters that office managements may be
able to avoid; but they cannot aveid much of the variability in ordinary clerical
work, and this is one of the arguments for adequate amounts of light.

42. The chief visual problem in typing appears to be similar to that in ordinary
reading. Typing is done mainly by *“touch™ and the reading of notes and manu-
scripts is the real visual difficulty, although in addition the way in which light falls
on the typewriter often affects the convenience and comfort of its operation.
Thus awkward shadows across machines and note books, and too much sparkle

from bright parts of the machines, can be irritating.
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