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Tuesday, 10th October, 1961 (Morning Session)

WELCOME BY

THE WORSHIPFUL THE MAYOR OF TORQUAY

(COUNCILLOR T. B. REVILL, J.P.)

The President: Ladies and Gentlemen, I wish you a good
morning and I have the greatest pleasure in introducing to
you His Worship the Mayor of Torquay, Councillor T. B.
Revill, J.P., who has kindly come along to welcome us all
td Torquay and open the proceedings of this our Thirty First
Annual Conference.

The Worshipful The Mayor of Torquay : Mr. President,
Ladies and Gentlemen, it is my very pleasurable duty to wel­
come you all as delegates to the Thirty First Annual Confer­
ence of the National Association of Bath Superintendents and
I, on behalf of the Corporation of Torquay, am delighted
that I have been afforded the opportunity of performing this
function and to open the proceedings of what promises to be
a very interesting and informative Conference. The Corpora­
tion of Torquay are delighted to encourage Conferences to
their town, and those that come will soon know, as you
already experienced in 1958, that we are a happy band of
people prepared to do all in our power to ensure that your
stay in Torquay shall be enjoyable. In opening this Confer­
ence I wish to say that I trust you will all benefit as a result
of your deliberations and during your leisure time thoroughly
enjoy the many amenities that you will find have been
arranged for you. I formerly open the Conference.

The President: Mr. Mayor, may I be allowed to say thank
you very much for your warm and friendly welcome to Tor­
quay, I can assure you that each and everyone of us will do
our utmost to enjoy the pleasures and amenities of your town.

ADDRESS BY THE PRESIDENT
Ladies and Gentlemen,

It gives me the greatest possible pleasure to extend to you
all a very sincere and cordial welcome to this the Thirty First 
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Annual Conference of the National Association of Bath
Superintendents. The 1961 Conference marks the third visit
to this beautiful borough, which has been so well described
and eulogised by His Worship the Mayor and, as he has very
rightly claimed for Torquay, has a very prominent position
in the hierarchy of British holiday and conference resorts, so
I trust that at the end of this week we also shall be able to
claim to have maintained the high standards generally asso­
ciated with the National Association of Bath Superintendents
Conference.

My address has not been designed to take up valuable time
in quoting figures, finances or statistics, but rather to review
the wide field of activities of the National Association of
Bath Superintendents and to place before you some sug­
gestions for the improvement of the important and valuable
Public Baths Service.

Some forty years ago the germ of an idea was sown, by a
few far-sighted Superintendents, and an Association was
formed with the object of pooling and exchanging ideas.
assisting each other in any difficulties, and widening the
circle of interest within the Baths Service generally. The
Association became firmly established in 1931 as an incor­
porated body under the Companies Act of 1929 and since
that time has continued to expand and develop interest in the
Commonwealth and many European countries. A thumbnail
sketch of the history of the Association perhaps but, never­
theless, an achievement of which we may be justly proud and
which will continue to act as an incentive to greater progress
in the years before us.

During the last year three important developments have
taken place. (1) the completion and publishing of “ Modern
Baths and Laundries ”, (2) the setting up of the revised train­
ing scheme, together with the preparation of a students
manual, and (3) a scheme for the recruitment and training of
future Baths Officers which has been accepted by most of the
larger local authorities.

The publication of “Modern Baths and Laundries”, a
copy of which I hope is already in your possession, has satis­
fied a long required need and is well-worthy of a prominent
place in the library of architects, consulting engineers, Bath
Superintendents, and all those interested and concerned with
the designing, building and equipment of Public Baths and
Laundries. The information and advice contained in the pub­
lication is based on actual and factual experiences collected,
sieved and collated by dint of extremely hard work on the 
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part of the Hon. General Secretary, in the main, together
with the Advisory Committee set up by the National Council,
and may be considered as “ The Guide ” to future Baths plan­
ning and construction being the only British publication of
its kind embracing all the facets of the Baths Service.

The Revised Examination Scheme and Students Manual
has entailed the complete overhaul of the previous syllabus
thus bringing it into line with modern practices without any
lowering of the high standards hitherto demanded, and fur­
ther, study facilties have been arranged throughout the
country for the young men who are keen to become the Baths
Officers of the future. It is gratifying to be able to assure
local authority representatives that persons in possession of
the Association’s Examination Certificate — at Associate
Membership level — are persons qualified to undertake the
responsibilities of administering a Baths Department.

The question of recruiting suitable young men into the
Baths Service has been receiving the very serious considera­
tion of the National Council and although the competition
from industrial and commercial undertakings offering much
better conditions of service with higher salaries remains, the
National Council have produced a training scheme which, it
is anticipated, will assist in attracting the type of person
required in the Baths Service. During the past year details of
the training scheme have been submitted to all local author­
ities in the country in an effort to appraise them of the Asso­
ciation’s intentions regarding the preparation of trained and
qualified Officers to fill the vacancies of the future. The suc­
cess of the training scheme will largely depend upon the sup­
port and co-operation of local authorities and in this respect
a large number have already signified their intention of adopt­
ing the scheme and, in fact, in a number of cases it has already
been implemented. The National Council, on behalf of the
Association, will be proud to be associated with local author­
ities in this endeavour to encourage and retain suitable per­
sons in local government service, and particularly that of the
Baths Service.

At the risk of being considered too critical, I wish to draw
the attention of the public representatives to what may be
termed an inherent weakness in too many cases of the failure
to appreciate the training and qualifications necessary to be
held by a Baths Officer if he is efficiently to discharge the
duties of his office with credit to himself, to thq satisfaction
of the local authority, and the ratepayer alike. This failure is
clearly shown in advertisements for Baths Officers where no
insistence is made that the applicant shall hold, and continue 
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to hold for the duration of his office, the appropriate qualifica­
tions of the National Association of Bath Superintendents,
and the offering of a salary that cannot possibly attract any
officer who has the slightest respect of his ability or his pro­
fession. A further indignity often imposed is that the
appointed Officer will be answerable to, or be under the
supervision of another Officer of the local authority who has
had neither the training or interest in the Baths Department
other than to bolster his own ego. This particular arrange­
ment is as outmoded as it is wasteful and inefficient, and
belongs to an age that progressive local authorities have long
since forgotten. Where there is dual control and divided
responsibility frustration will follow and a diminution in
service to the ratepayer is automatic. Perhaps I can leave this
thought with you — in suppressing an Officer in the manner
referred to — by offering unattractive salaries — by failing to
insist on proper and accepted qualifications — by failing to
appreciate fully the competition from industry for trained
staff —; can only bring about proof of these words, there are
no bargains in life, you only get what you pay for.

During the Conference at Blackpool last year the national
newspapers carried a starred item — the long awaited Wolfen-
den Report was out, strongly recommending the provision of
more; swimming facilities and stated that a sum of £5,000.000
should be made available for physical recreation generally.
There is no doubt that throughout the country the Report
and its recommendations were well received and. to a very
large extent, served to relieve the frustration with which local
authorities had been confronted and lived with for fifteen long
years. The Report had not been discussed for long, however,
before it was known that there was little hope of the Govern­
ment giving any financial aid for the suggestions and recom­
mendations contained in the Report and finally, in February
of this year, Viscount Kilmuir, the Lord Chancellor, made
it " detergently” clear that anyone still nourishing such
thoughts could abandon them without fear or trepidation that
the Government would change its mind. Then came the mag­
nanimous offer that local authorities would be able to spend
local funds, with less restriction, on the provision of swim­
ming baths and other recreational facilities. This announce­
ment within itself was restrictive and fell far below the ex­
pectations of local authorities, and for the notice and con­
sideration that had been given to the Wolfenden Report the
reward for the effort was, to say the least of it, bitterly dis­
appointing.

In July 1961 Mr. Selwyn Lloyd presented his interim Bud­
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get and, as you are all well aware, once again the public ser­
vices proposals throughout the country have been well and
truly restricted. Not being satisfied with the capital expendi­
ture restriction Mr. Sclwyn Lloyd announced that with effect
from Saturday, August 5th, 1961, the squeeze would be fully
completed by raising the interest rate on moneys from the
Public Works Loan Board by lJ-% for loans up to 15 years
and by •}% over 15 years. Thus, Ladies and Gentlemen, the
period of stagnation for the Baths Service is once again ex­
tended. The National Association of Bath Superintendents
is strongly opposed to the latest restrictions imposed by the
Minister and emphasises that the building of new swimming
pools is not an “ essential economy ” but a “ most essential
and necessary expenditure ” that should be incurred for the
health service of this country and the improved safety of its
people.

The Baths Service, in its role as part of the national Public
Health Service, has been very patient and long suffering
throughout the post-war period of almost 15 years of restraint
upon capital expenditure by the Government, and it is my
firm opinion that the time has now arrived when members of
all local authorities should demand the raising of the ban
and the implementation of the proposals contained within
the Wolfenden Report in order that planned and programmed
developments can proceed at once, for the ultimate benefit of
the greatest number of persons throughout the United King­
dom. The scarcity of modern bathing facilities, the increased
bathing loads that our tumble-down Victorian premises are
catering for today, the demands that are being made upon
these older buildings with its old plant and machinery, to­
gether with long periods of “ make do and mend ”, are all
contributing to make the management of such establishments
a most uneconomical factor and a constant headache to the
Baths Officer and their respective councils.

In any proposed new schemes a firm stand should be taken
against the building of grandiose establishments — large
numbers of smaller ones —■. possibly with swimming facilities
only in some areas — would give a much wider service to the
community. I do not wish to leave delegates with the impres­
sion that local initiative should be stifled — on the contrary,
it will be recalled that this Association has already acknow­
ledged that there is a need for more swimming pools of inter­
national standards and has stated that probably six such
pools, geographically well sited throughout the length and
breadth of the British Isles, would satisfy all demands. I do
assert, however, that swimming baths built to international 
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standards with consequential potential spectator accommoda­
tion should not be the financial burden of the ratepayer of
any particular local authority, but the direct financial respon­
sibility of H.M. Government.

The siting and planning of public buildings has, from time
to time, been the subject of controversy in many places, and
delegates will remember the Association of Municipal Cor­
porations interest in advising co-operation and liaison be­
tween local authorities when considering the siting and plan­
ning of new bathing establishments with the object of ensur­
ing an equitable distribution of bathing facilities. Further
suggestions were made to give the Public Baths Departments
generally more publicity and the bathing posters published
by the National Association of Bath Superintendents was
accepted as a very good publicity media for this purpose,
(1) for its general appeal in depicting the facilities available
in any particular locality, (2) its instant recognition of the
service advertised even nationally used, and (3) the consider­
able advantage over locally produced publicity with regard
to costs. These two points have been received, accepted and
acted upon by most local authorities in the common interest
— very commendable and very sensible, but there still
remains plenty of room for further action of this kind. Liaison
and co-operation between bodies of similar interests must
lead to better understanding of each other’s problems to the
mutual advantage of all concerned and, with this thought in
mind, I strongly urge a considerably closer liaison between
all the bodies concerned with swimming and swimming facil­
ities and by this I do not intend to suggest any loss of identity
by any individual body. A “ cobbler stick to thy last ” policy
can still be pursued to good advantage and prevent intrusion
into fields of activities for which any particular body of
people have little or no knowledge or training, but proper
liaison, when one body seeks information and guidance from
another knowledgable body on a particular matter, can be of
tremendous advantage and serve to put a stop to various
advices being given from several sources adding up only to
confusion and bemusement.

Also at the Blackpool Conference last year a great deal
was said concerning the difficulties being encountered regard­
ing the enlistment of suitable staff in many Baths Depart­
ments throughout the country, and delegates were advised
that the matter was of considerable importance and repre­
sentation should be made to the appropriate authorities to
generally improve the wages, conditions and incentives for
Baths employees. Cognisance was obviously taken of the 
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wishes and opinions expressed at that Conference, because
during the early part of this year quite a few useful improve­
ments became operative in the wage structure and additional
incentives were also made available for the qualified Bath
Attendant. The improvements were progressive and helpful,
but far from being attractive enough to cause competition
among applicants -to be permitted to don the white uniform
of a Bath Attendant. I am sure that it is the duty of local
authorities to offer terms and conditions of service that are
an example of good employership, and sufficiently attractive
to enlist and retain the best possible personnel for service
throughout all branches of local government.

There are two further important points with which the
Association is concerned and to which I must make reference,
they are (1) the official journal of the Association “Baths
Service ”, and (2) the Advisory Committee of the Association.
The “ Baths Service ” journal, under the very capable editor­
ship of the Hon. General Secretary, Mr. L. F. James, con­
tinues to contribute first class and up-to-date information
on all matters pertaining to the Baths Service, and is circu­
lated not only to members of the Association but also to a
great number of subscribing local authorities both at home
and overseas — I would urge those public representatives
whose authorities do not as yet subscribe to the journal to
resolve to do so at once. To those who receive regular
monthly issues of the journal I would commend you to make
a careful study of each issue and make provision for them to
be bound annually for future reference ; further, I wish to
express the thanks of the National Council to all representa­
tives of commerce who take advertising space in the journal
and who also supply the Editor with information on the
latest equipment and material used in the equipping and
maintaining of bathing establishments. The Advisory Com­
mittee, which is composed of knowledgeable and widely ex­
perienced senior members of the Association, continues to
offer its services on all matters affecting the design, layout
and equipment of Baths schemes, thus offering a service to
local authorities which will help to save lime and money and
prevent the happening of many of the unfortunate oversights
that have occurred so often in the past.

It has been my privilege and pleasure to have been present
at the opening ceremonies of three new bathing establish­
ments completed in this country, during the past year; my
pleasure, of course, would have been very much greater had
that figure been much higher. I represented the Association
at conferences, meetings and similar functions pertaining to 
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other Associations with whom the National Association of
Bath Superintendents maintains close liaison and, in express­
ing my warmest thanks to them for the kindness and con­
sideration shown me, 1 hope that our mutual ties will have
been strengthened.

Ladies and Gentlemen, in thanking you for your attention,
tolerance and extreme forbearance during this address I trust
that I have been able to reassure all local authority represen­
tatives gathered here today that the National Association of
Bath Superintendents fully recognises the many duties and
responsibilities owed to both local authorities and the general
public alike, and will continue to spare no effort to play
its important role in the well-being of the peoples of this
country. J further trust that you in return will make every
endeavour to enhance the status of the Baths Officer, and
give consideration to a much wider publicity of the facilities
offered by the Baths Service and so cement and consolidate
its relationship with good health, recreation, hygiene and
family welfare.

The President: Ladies and Gentlemen, I now have pleasure
in introducing to you Miss G. M. McKenzie, A.R.I.B.A.,
representing the Ministry of Housing and Local Government,
who will address the Conference.
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Miss McKenzie : Mr. President, Ladies and Gentlemen, it
gives me great pleasure to be at your Conference today as the
representative of the Ministry of Housing and Local Govern­
ment. I am speaking as one of the architects at the Ministry
among whose duties is dealing with swimming bath schemes
submitted by local authorities. Our concern is not with ad­
ministration or policy, but with the giving of technical advice
on how best to implement policy decisions in so far as they
involve architectural design and building.

It has been encouraging during the last couple of years that
quite a number of local authorities have been able to start,
and some to complete, new swimming bath projects and a
great many more have plans on the drawing board. In fact, at
the time of the Chancellor’s statement in July there were
about 140 schemes in the “ pipeline

Unfortunately the economic “ pause ” is bringing disappoint­
ment to some authorities whose schemes have to be deferred
for the time being, but I don’t think we should take too
gloomy a view. There is still so much to learn about this
specialised type of design that I think we should look upon
this as an experimental period when we can assess the merits
of newly-completed schemes and crystallise our ideas on plan­
ning and materials in the light of present day experience.

Those of you who are Superintendents of recently con­
structed Baths have a unique opportunity, of judging the suc­
cess or otherwise of various plan arrangements, of new heat­
ing and ventilating methods, and of new materials — your
experience will be invaluable.

I am glad that Mr. Heatly, in his paper this morning, is go­
ing to emphasize the need for local authorities to consider
their requirements very carefully before they embark upon a
costly swimming bath project.

When one thinks of the many and varied activities that are
carried on in a swimming bath, it is doubtful whether every­
one’s needs can be fully satisfied. For example, there are, per­
haps first and foremost, the families who look upon a swim­
ming pool as a recreational centre, but there are also the
education authorities who want to have as many children as
possible -taught to swim ; the serious swimmer or diver prac­
tising for that Olympic medal; the water-polo enthusiasts and
the entertainments manager who wants to stage large galas
and competitions.

In large cities where there are a number of baths it is easier 
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to cater for all these various needs in different establishments,
but I should like to suggest that before small authorities start
on a new scheme they should decide whether any one of the
many functions I have mentioned should take precedence
over the others in their particular case or whether they should
plan for the separation of functions in the one scheme.

Until recently it was thought that the large multi-purpose
pool would meet the needs of most authorities, but that is
now being questioned. It is worth-while considering instead
the provision of separate pools for the different activities—
say a main pool for serious swimming and water-polo of a
smaller size than we have thought necessary before, a teach­
ing pool and perhaps a separate diving pit.

This method of planning may be more expensive than the
single multi-purpose pool but here, I think, is the opportunity
for adjacent local authorities to come together and rational­
ise their requirements and for the larger authorities to con­
sider whether several small pools of different types, instead
of a large central establishment might not show an overall
economy.

It is very noticeable how the cost of large schemes rises in
an alarming way, seemingly out of all proportion to the in­
crease in size of the actual pool. Everything else in the build­
ing tends to get “ blown-up ” in size and number as well.

But what ever type of scheme it may be, there arc certain
general principles of planning which always apply.

Firstly, supervision and control points should be central­
ised as much as possible. Secondly, the circulation routes of
bathers and spectators should be carefully studied and kept
as distinct and direct as possible. For the bathers the really
important point is that their changing rooms should be on the
same level as the pool surround. It may be difficult to achieve
this on very restricted sites but every effort should be made,
I think, to avoid having staircases from the changing rooms
to the pool. These can be the source of considerable danger:
accidents are very liable to happen when bathers rush up and
down wet steps and the difference in levels also makes super­
vision more difficult.

There is probably a good deal to be said for planning spec­
tators’ seating on one side of the pool hall only instead of on
both sides. It simplifies access to the public gallery, it keeps
the number of staircases to the minimum, avoids duplication
of cloakrooms and usually provides sufficient space under
the gallery for the changing rooms, or the engineering plant.

34



By keeping the changing rooms adjacent to each other and
on. the same level, it is much easier to centralise the control
and supervision points, and also to achieve a certain amount
of flexibility. These may seem very elementary points but
they are often overlooked and a study of a great many plans
has convinced me that they are fundamental.

It may be interesting to record here that some of the Ger­
man architects, who designed the very splendid new baths in
Germany after the war, are now faced with the need to effect
considerable economies in their new schemes, and they say
that these will be achieved far more by careful economic plan­
ning than by any saving on expensive materials and equip­
ment.

In all schemes, suitable materials for floors, walls, ceilings
and staircases, etc. arc of paramount importance, not only
in relation to hygiene but also to the difficult problems of
heating, humidity and acoustics about which we are to hear
something at this Conference.

The highly technical skills that are used to design a satis­
factory bath, with its specialised engineering services and
costly structure, will be largely wasted unless the fundamental
thinking on the function of each part of the scheme and its
relationship to every other part is right in the first place.
A well-thought out plan is the basis of good design.

I feel sure that the recent publication of your Association,
and I hope the Bulletin which my Ministry will be publishing
shortly, will help towards this end. I should like to say how
much we welcome the opportunity of discussing local author­
ities’ problems with them because it is only by hearing of
your experiences and by getting to know the needs of the
users of these specialised buildings that we can try to find
the correct solutions.

The President: Thank you for your address Miss
McKenzie ; we are indeed pleased to have you with us here
today and we shall certainly take heed of the advice tendered
by you.
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The President : Ladies and Gentlemen, 1 regret to announce
that it will be necessary to re-arrange the Conference pro­
gramme in view of the fact that Mr. Peter Heatly, who was
to have submitted his paper this morning on “ The Planning
and Design of Indoor Pools ”, is indisposed. We have been
assured by Mr. Heatly that he will be well enough to deliver
his paper later in the week.

I am pleased to announce, however, that Mr. J. C. Edwards
of Bastian and Allen Ltd., and Mr. R. V. Kent. A.M.T.H.V.E.,
of G. H. Buckle and Partners, have very kindly consented to
“ fill the breach ”, and I now have pleasure in calling upon
these gentlemen to submit their paper entitled “ Healing,
Ventilation and Auxiliary Services for Swimming Baths ”.
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HEATING, VENTILATION AND AUXILIARY
SERVICES FOR SWIMMING BATHS

By
J. C. EDWARDS

and
R. V. KENT, A.M.I.H.V.E.

The in si public baths, cold water, were opened in Rome
in 312 B.C. Others followed but were soon replaced by warm
water baths. The notion of constructing hot baths followed
the discovery of the thermal springs in the Southern part of
the peninsula.

It would seem that baths in this bygone era were more than
places of pure bathing and it seems certain that heating of the
water brought such comfortable conditions that one can find
in the works of Martial, Cicero and Ovid many lurid details
of goings on that would not, repeat not, be tolerated by the
Baths Superintendents of this country.

There are many swimming pools in existence where space
heating is very primitive and ventilation limited where
reasonable satisfactory conditions are obtained. Obviously
the cost of such heating and ventilation is comparatively low
when compared with swimming pools heated and ventilated
to the current design standards.

This paper has been written to show the need for co-opera­
tion by all parties concerned with the erection of a new swim­
ming pool and to show the factors effecting design and the
approach to the solution of the problems involved.

The most important factor in the design of a swimming
pool is that the Architect, Baths Superintendent and Consult­
ing Engineer should be brought together at the conception of
the project and must work in mutual confidence and under­
standing to come to a satisfactory final success of the under­
taking. They never can meet each other early enough, because
before the project can go forward many important questions
need to be asked and answered and definite decisions have
to be made.

The construction of the bathing establishment needs to be
artistically good, hygienic, economic and an efficient enter­
prise, and it is important to find—during the early planning
stages—a proper place for ventilating equipment, heat
generating equipment, fresh air inlet and foul air discharge 
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as well as the many other areas which make up the ancillary
accommodation.

Heating and ventilating installations are a necessity for all
enclosed spaces when climatic conditions are such that the
outdoor air temperature during the day falls below 50°F. and
the relative humidity of the air rises above 60%.

The continuous evaporation of water from the free water
surfaces in all bathing spaces creates bad indoor climatic
conditions, and heating and ventilation play a decisive role.

It should be realised that wherever people are about, heat
and water vapour are given out by them into the ambient air
—even under ideal air conditions. Therefore both heat and
water vapour must be carried away continuously to create
the right air condition. With inadequate ventilation, condi­
tions become unbearable to visitors due mainly to the in­
crease in humidity and heat but partially to the accumula­
tion of vitiated air.

When the outdoor temperature is below a pleasant room
temperature (65°F., or higher dependent upon the clothing)
the contained air will—after some time—lose more heat than
is produced by the human body: the heat balance is dis­
turbed and needs therefore to be restored by heating i.e. addi­
tional heat supply.

The humidity of the air will give rise to considerable
damage to the building when it has risen beyond average
limits or is present in spaces with cold walls. The humidity
of the air, together with the room temperature, determine the
heating and ventilation.

Where the humidity exceeds the dew point corresponding
to the inside surface temperature of the walls of the building.
condensation of the water vapour contained in the air takes
place at such areas.

“ Condensation ” takes place and deteriorates the walls
and other building elements over a period of time. Such a
water precipitation becomes visible, e.g. on plaster work
because on the wetted areas, the dust contained in the air,
adheres and gives rise to discoloration. In serious cases the
formation of mould will occur.

General Conditions

Before further details can be given on the thermal require­
ments and generation of heat, the temperature levels, air 
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renewals, and hot water consumption, we must establish a
table of requirements. The table shown below is based on
accepted practice but is not intended to be a hard and fast
rule which cannot be altered. You will notice that the air
change rates are far from fixed and are dependant on the
conditions prevailing on any specific project.

Swimming Halls (not less than
2 deg. in excess of the water tem­
perature determined)

Shower Rooms in Swimming Halls
Shower Rooms and Slipper Rooms
Corridors between Changing Rooms

and Bathrooms ...
Waiting Rooms
Rest Rooms in Medical Baths
Massage Rooms
Turkish Baths — Sudatorium

— Tcpidarium
— Lavaerum
— Changing Rooms

Medicinal Baths
Toilets
Gymnasia
Office
Restaurant ...
Kitchen
Store Rooms, stairs, etc. ...

Deg. F. Air Changes]Hr.

75°— 80° 1 — 4
70°— 75° 8 —15
70°— 75° 5 — 8

65° 2 — 5
60° 2
75° - 1 — 2

75°— 80° 4
110°—165° 15
100°—120° 15

75° 10
65° 5
75° 3 — 6
60° 5 — 8
55° H— 3
65° H— 2
65° 2
— 15
60° —

At the planning stage enough space must be reserved for
the usually extensive ventilation plant installation.

The first principle of ventilation (in a bath with its high
moisture content) should be to introduce thoroughly cleaned
air to add to the comfort of the occupants and to avoid dis­
coloration and damage to the very light decorations of the
Pool Hall. Effective filters must be used, probably effective
for all particles above 5 microns. The second consideration
should be given to sub-division of the ventilation plant ac­
cording to the space usage to enable the bath superintendent
to run his services efficiently and economically. In the third
instance one should endeavour to make ducting as short as
possible to avoid condensation within; this is very important
for exhaust ducts through which highly saturated moist air
has to be conveyed; these ducts should go straight upwards
and out of the building.

These demands lead to decentralised fan positions, but the
controls of the fans can easily be grouped together on one
board where operation can be observed. Preference should
be given to galvanised sheet steel ducting which should be 
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protected against corrosion by two internal and external coats
of one of the many anti-condensation paints at present on
the market.

As an alternative, P.V.C. ductwork could be used but this
involves additional cost. Although plastics are being used
quite extensively on ventilation schemes, the cost still remains
higher than adequately protected steel ductwork.

Particular attention is drawn to the design of the roof of
the swimming hall, because humid air is lighter and there­
fore rises. Often an inter-space is provided between ceiling
and the roof proper which is also suitable for the accom­
modation of the electrical installation as well as the exhaust
air ducts. This roof space or interspace is often heated to
avoid water deposit from the exhaust air and to keep the
surface temperature of the hall ceiling above the dew point
of the air.

Louvres for fresh air and discharge air in the building
should be placed for operational reasons, in such a way that
the air supply enters the building at a position where the
generation of dust and bad odours is least and where the
intake opening preferably is protected against the sun. In
this way undue heating of the air is avoided, on the other
hand however the distance to the air treatment plant should
be as small as possible to be able to supply the clean and
fresh air to the plant with the least possible energy consump­
tion. The discharge air should be emitted at a point where
the humid, warm and often bad smelling air does not in­
conveniently affect the surrounding area but is not too far
from the exhaust fans to mean unnecessary energy consump­
tion. Positions on the roof have the advantage that no ex­
haust air is emitted below the building height, thus avoiding
mixing with the fresh intake air in particular.

All buildings with a high air humidity or with water pre­
cipitation require to be ventilated to carry away the moisture
from the air and from the walls. The ventilation must be
designed so as not to produce draughts because the naked
body of the bather is much more sensitive to draughts than
the covered body. Low air temperature will give this sensa­
tion so it is necessary to provide an air temperature above
that of the pool. Since the distribution of the humidity in
the space itself is not the same everywhere, the distribution
of the air supply must be such that it will be positive in all
areas. The total ventilation installation should meet the re­
quirements of the individual rooms at any place and time.
Therefore a close co-operation between Architect and Heat-
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ing Engineer is required at the planning stage.

Determination of Requirements
It is necessary to control the room temperature and ven­

tilation in such a way that the water vapour cannot condense
at any part of the building. When the humidity of the out­
side air is high, the room temperature will need to be raised
temporarily to decrease the relative humidity.

To determine the ventilation requirements for the bath hall
it is necessary to calculate the heat losses due to trans­
mission, to arrive at the heat load, and also the minimum
inside air temperature that may be allowed before condensa­
tion on the inside structure surface takes place.

The calculation of heat losses should follow the procedure
laid down in the current issue of The Institute of Heating
& Ventilating Engineers “ A Guide to Current Practice
1959 Full details of terms, symbols and calculations are
in Section II of the Guide.

To calculate an overall coefficient for any building mate­
rial the following formula is used :

1
u “ LI + L2 etc. + Ra

RS! 4- Rs2 + Ki ” K,

Where u = Transmittance coefficient B.t.u/sq.ft.hr.deg.F.
Rsj = Internal Surface Resistance sq.ft.hr.Deg.F/B.t.u.
Rs2 = External Surface Resistance sq.ft.hr.Deg.F/B.t.u.
Ra = Resistance of air gap sq.ft.hr.Deg.F/B.t.u.
L = Thickness of material inches
K = Conductivity of material B.t.u.in/sq.ft.hr.deg.F.

On determination of the individual coefficient the heat
losses for the area in question can be calculated in table
form as follows :

B.t.uJh.deg.F.
Windows Area (in sq.ft.) x u =
Outer Walls do =
Roof do =
Floor do =
Volume of air (cu.ft.) x no. air changes

x specific heat (0.02) =

Total ______________

Total B.t.u/h.deg. F. x required temperature rise
= B.t.u/h.
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If ceiling panels or radiators are used an allowance must
be made for the height of buildings and in accordance with
the I.H.V.E. Guide this is as shown in the Table below :

Height of Space Ceiling Panels Radiators
in Feet

14 jot/o 2%
16 TO'J /o 4%
18 4 o' 6%
20 co'0 ,o 8%
30 10% 18%
36 10% 24%

In this country it is not normal practice to include separ­
ately for losses due to natural ventilation through bad fitting
windows and doors as these are included in the air changes
quoted in the I.H.V.E. Guide.

In winter time cold outside air enters through badly sealed
windows and cools down the indoor air at the places of en­
trance, whereby at these spots relative humidity of the indoor
air is increased which might give rise to the formation of
vapour mist. During the summer much water vapour can
enter due to humid air as is the case with fog, rain or in a
thunderstorm.

Tn case it is impossible to mount windows with fixed panes,
at least windows with guaranteed sealing properties should
be installed in baths.

To avoid “ condensation ” on windows, in many cases
multi-pane isolating windows are fitted provided with two
or three fixed panes with dried air sealed in between. They
prevent “ condensation ” on the windows even at extremely
low outdoor temperatures.

The following example embodies the calculation of u (trans­
mittance coefficient) and the calculation of the temperature
at which condensation would take place on the inner surface
of a building structure.

Example: Find thermal transmittance for the structure in
Fig. 1. At what outdoor temperature will condensation take
place on the inner surface if the internal temperature is 80°F.
and 65% RH (Dew Point 67°F.).
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FIG. I. HEAT FLOW DIAGRAM.

Rs, = 0.7 RA = 1.0
Rs, = 80% Rs, for flat surfaces (0.3)
k for plaster = 3.2
k for fibreboard = 0.41
k for corrugated asbestos = 2

u = 1
Rs, 4- 1 4- Ra +Rs,

.7 4- 1 4- 3 4-14- 1 4- 8 x .3
2 x 3.2 16 x .41 4x2 10

u = 1 = 0.37 B.t.u/ft. hr.dcg.F.
3678

Condensation will take place when t, = 67°F.
.-.H - ti — tl - 80 — 67 = 13 = 18.6 B.t.u/h.sq.ft.

Rsl 0.7 0.7
H = ti — to

R Total
18.6 = 80 — to . •. to = 80 — 18.6 x 2.678

2.678
= 30.5 deg.F.

Outdoor temperature at which condensation will take place
- 30.5 deg.F.

For the graphical determination of the inside surface tem­
perature the individual values found for i are noted along 
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the abscissa and along the ordinate being the difference
between indoor temperature and outdoor temperature. When
connecting the end point of the abscissa with the end point of
the ordinate the line drawn represents the temperature distri­
bution in the wall and the indoor surface temperature can be
read.

Since the coefficient of heat transfer at the indoor side can
be regarded as constant for all materials and the indoor and
outdoor temperature usually have been fixed by the standard
specifications, the graphical determination of the indoor sur­
face temperature is very efficient.

Evaporation from Water Surface

With the pool temperature below the hall air temperature
the evaporation of moisture from the surface will be at a
minimum. When the pool temperature exceeds the hall tem­
perature the evaporation will be greatly increased.

It, therefore, follows that a lower rate of air change is
necessary to carry off the moisture evaporated under the
former set of conditions than that required when the pool
temperature is higher than the surrounding air temperature.

For comfort the swimmer leaving the pool requires an
air temperature in the pool hall above that of the pool.

The air temperature must not be too high otherwise the
spectators will become uncomfortable but it must be pointed
out that a low moisture content is more acceptable than satu­
rated air conditions.

This discomfort can fairly easily be overcome by the
arrangement of the plenum air system. A low temperature
air supply, at room temperature or just above room tempera­
ture, delivered near the spectator area, can give relief and
also pick up moisture and gain a rise in temperature before
reaching the pool occupants.

To illustrate the calculation involved in assessing the air
change required to maintain a set of conditions in the pool
hall a worked example is shown in Fig. 2.

Based on indoor temperature of 80°F. and a pool tempera­
ture of 76°F. and assuming a slow air movement over the
pool and wet surfaces, the amount of water evaporated can
be calculated with Dalton’s Law by the equation:
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POOL 76°F

DIAGRAMMATIC LAYOUT OF PLENUM INLET TO POOL HALL

W = B.A. (x"— x) Ibs/hr. (1)
’ 7000

Where W = weight of water in lbs./hr. evaporated from water
surface and surrounding wet surfaces.

A = area as above, i.e. sum of pool water surface and
wetted floor area surrounding pool.

X" = moisture content of saturated air at the tempera­
ture of the water and all other moisture surfaces
where appropriate in grains.

X = actual moisture content of the air in grains.
B = coefficient of evaporation dependant on the air

velocity (ft./sec.) with equation (2) in Ibs./sq. ft./hr.
B = 5.1 4- 1.2v Ibs./s. ft./hr. (2)

Where v = the velocity of the air passing over the wetted and
water surfaces.

Thus :
v = 25 ft./min. (0.416 ft./sec.) B = 5.5 Ibs./sq. fL/hr.

50 ft./min. (0.832 ft./sec.) B = 6.1 Ibs./sq. ft./hr.
100 ft./min. (1.667 ft./sec.) B = 7.1 Ibs./sq. ft./hr.

Under the above conditions allowing for air of 65% RH
and air movement of not more than 50 ft./min. with the
following moisture contents.

X" = 137.7 grains/lb. dry air.
X = 101.3 grains/lb. dry air.

(data taken from I.H.V.E. Hygrometric Table) and B = 6.1
Ibs./sq. ft./hr.

W = 6.1X1 x 137.7 — 101.3 Ibs./hr./sq. ft. or
7000

= 222 grain/hr./sq. ft.
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A similar formula is given by Porges under the heading
“ Defogging of Rooms The weight of water vapour being
evaporated being

W = 9.4A. C. (Ps — Pa)
P

Where W = pounds of water evaporated lbs./hr.
A = Surface Area sq. ft.
Ps = Partial pressure of water vapour of saturated air at

the temperature of the water in the bath "Hg.
Pa = Partial pressure of water vapour of surrounding

air "Hg.
P = Atmospheric pressure "Hg.
C = 0.55 still air

0.71 for slight movement
0.86 for fast air movement.

Even under dew point conditions of 45°F. which will
seldom occur the moisture content will be 44.8 grains/lb. dry
air. Thus every lb. of incoming air will be capable of taking
up 101.3-44.8 = 56.5 grains lbs. or for every sq. ft. of wet
surface 222/56.5 = 3.93 lbs. of air would have to be supplied.

As 1 lb. of air corresponds on average to approximately
14 cu. ft. and the size of the pool hall would be known, it
remains a simple task to equate the known factors to deter­
mine the air quantity and air change per hour.

Taking base at 30°F. the air quantity would be higher.
The number of spectators using the pool hall must be con­

sidered due to the statutory requirements of a minimum of
1,000  cu. ft./hr. of fresh air per occupant which must be pro­
vided and this may prove to be more than the calculated air
required should the hall be small in volume, but high in
spectator capacity.

In many cases bath halls have small spectator areas com­
pared to their volume with large areas which are kept dry.
This will effect the air change rate, making it considerably
less.

Should the pool hall be designed for use for other enter­
tainment such as dancing, the density of occupants would be
far in excess of its normal use and the ventilation system
would need to be so designed to cater for this.
j

The Production of Water Vapour by People
The production of water vapour by people can be sub­

divided in three parts:
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(1) The quantity of water vapour produced by breathing
varies very little even at various air temperatures. The
condition of the inhaled air—amount to approximately
15 cu. ft./hr. when exhaled—is changed into 95 degr. F.
at 95% rel. hum.

(2) The human body also produces heat by means of water
evaporation over the total surface of the body to con­
trol its heat balance. The following Table gives the
production of water vapour of men in gr./hr. under
normal circumstances at various air temperatures :

Temperature °F. 70 75 78 80
Water production by breathing

gr./h. V ........................... 27.4 26.4 24.3 22.7

Water production through skin
gr./h. 40 48 60 88

Total water production gr./h V_
at 50% rcl. hum. 67.4 74.4 84.3 110.7

These figures do not take into account that with the body
energy used in swimming the quantity of breathing air can
increase up to five times its normal volume at which the
expired air will have a lower relative humidity.

(3) In the swimming hall wet people are moving about.
Assuming that the human body is covered by a layer
of water as an average of 1/100" thick, taking an
averaged sized body, approximately 1J oz. water
adheres to the body when the swimmer goes out of the
water—it is apparent that the production of water
vapour is increased. This water quantity evaporates at
an average body temperature of 89.6 deg. F., and an
air condition of 78 deg. F. at 60% humidity in approxi­
mately 2 min.

Before the calculation of the total hourly production of
water vapour can be made, the total number of bathers per
hour and the number of spectators present simultaneously
need to be known.

The number of those present in the hall is important for
the determination of the quantity of water vapour produced
by breathing as well as by evaporation from the body surface.

It is assumed that the shower baths are accommodated
outside the swimming pool.
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The total hourly production of water vapour therefore in­
cludes the evaporated quantities of water from the pool sur­
face, the human water vapour production from bathers and
spectators and of the wet bodies of the bathers.

Evaporation of Water in Shower Bath Rooms
Here the flow of water is in small particles so that a very

large water surface is formed. In addition the falling water
has an increasing velocity. It is difficult here to effect theore­
tical calculations. We are therefore dependant upon experi­
ments. It was found—after years of observations that the
shower water on its way from shower head to floor loses some
10-12 degr. F. in temperature. The hourly water consumption
of a shower can vary considerably. It can be assumed that the
shower compartments in swimming halls are continuously in
use during 70%/80% of the opening hours. Part of the heat
given off by the shower water serves to heat the air and the
partition surfaces. This heat can be taken as 20%.

The water consumption of a shower per hour should be
taken as 200 g.p.h. For the cooling of this water 10°F. is
assumed. The heat dissipated for the evaporation is then cal­
culated to be 200 x 10 x 10 = 20,000 B.t.u./hr.

If individual private showers were used the water con­
sumption would be considerably less, because of the dressing
and undressing time. It can be taken as 65 g.p.h. The quantity
of heat dissipated for the evaporation then is 65 x 10 x 10
= 65,000 B.t.u./hr.

Water Evaporation in a Slipper Bath
The surface area of a normal tub bath amounts to approxi­

mately 12 sq.ft. The water temperature is normally 105°F.
Therefore the quantity of heat dissipated from the water sur­
face can be calculated by taking into consideration the tem­
perature difference between the bath water and the room
air temperature.

Ventilation and De-Humidification of the Room Air
One of the most important problems in the design and

building of baths is the dehumidification of the room air.
For its solution the interaction between the insulating proper­
ties of the outer walls, the production of water vapour in
the individual rooms, the dependency on the changing con­
ditions of the outside air over the year and the fundamental
laws regarding the humid air should be known.
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In Fig. 3 a Psychrometric Chart is shown. The Psychro­
metric Chart is one of the most serviceable tools available
to the air conditioning engineer. The changes occurring in
humid air as it is subjected to various changes in condition
can be traced on the chart with a minimum of time and
effort.

FIG. III. PSYCHROMETRIC CHART.

The information given on a Psychrometric Chart for one
lb. of air is as follows :

Total Heat in B.t.u. per lb.
Wet Bulb Temperature °F.
Dry Bulb Temperature °F.
Relative Humidity %.
Moisture Content in grains per lb.

As a simple example of its usefulness one can find the
relative humidity of the air if the dry bulb temperature and
wet bulb temperature are known.
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FIG. IV. THE HYGROMETRIC STATE OF ONE LB. OF AIR IS
REPRESENTED BY POINT ‘ P ’ ON THE CHART.

In the I.H.V.E. Guide a very comprehensive Hygrometric
Table is printed giving relative humidity, vapour pressure,
Dew Point, moisture content, Total Heat, volume and Wet
Bulb temperature for Dry Bulb temperatures from
30°F.—136°.

The following equations cover the above mentioned pro­
portions of air :

P.C.

Relative Humidity r
100 x

“ “T

Vapour Pressure

Moisture Content

X
rf

Too"

= 700 x
d.x. 4354x

g p — X 1000 — x

Volume

Total Heat

v
RT 53.34(t + 460)

h
P

= ha +
2.0874(1000
hg

— x)

Wet Blub Temp t» - t —
(fl —1000x-------x)
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The Specific heat of air is taken as 0.24 B.t.u.lb./Deg.F.

Where X is in millibars
f saturation vap.pres. in millibars at dry

bulb temp.t
d = relative density of water vapour compared

with air at same temp, and pressure.
P = Barometric press, in millibars

Ha = Heat in lbs. of dry air.
\ = Latent heat plus sensible heat in vapour
R = Gas constant = 53.34 ft.lbs./hr./°F. for air
T = Absolute temperature °F. = t 4- 460

t = dry bulb temperature °F.
fl = Saturation vapour pressure in millibars

at wet bulb temperature t1

For the calculation of ventilation installations the annual
variation of the average outdoor air temperature and the
corresponding humidity of this air must be considered.

The Meteorological Office in London will provide this in­
formation. together with the average water vapour content,
humidity and the average partial vapour pressure.

It will be found that in the cold winter months the content
of water vapour (the absolute humidity) in the outdoor air
is very small. During this time the surface temperature at
the indoor side of the outer walls is very low.

During the other months the outdoor temperature and,
correspondingly, the inside surface temperature of the wall
too is considerably higher, so that the precipitation of water
is minimised. Even in summer time during long wet periods
or after a thunderstorm when the humidity reaches a high
point, the quantity of air can be calculated as above.

According to a publication in 1948 a Mr. Bradtke plotted
the variations in the air condition occurring during a day
with thunderstorms and during the previous day and arrived
at a temperature of 68°F. at 95% relative humidity at the
end of the showers, i.e. a water content of 100 grains/lb.
of dry air. At an indoor temperature of 78°F. and a brick
wall, 11" thick plastered both sides, the indoor surface tem­
perature was found to be 77°F. This surface temperature
corresponds to a water vapour content at saturation of nearly
30 gr/lb. of dry air, whereas the outside air contains 100
gr/lb. of dry air. The difference in water vapour content of
70 gr/lb. of dry air—which was used as a base for the cal­
culation of the rate of change of the air, required in winter 
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time—was more than adequate for the maximum water
vapour in the air during the summer.

Much more difficult is the situation in shower rooms of
swimmming halls. Here a very high water vapour production
takes place in a relatively very small space, so that in most
cases some 10 times the normal number of air changes are
required. This makes the draught-free supply of air a problem.
An air conditioning system is the best answer.

The ventilation of slipper baths is much easier, as the water
vapour production is much lower.

The above considerations show that the problems of the
various sections of the bathing establishment are so different
that individual treatment as far as ventilation is concerned
is essential. This means that the showers for swimming halls
should be accommodated in a separate room.

Ventilating Plant

The ventilating plant should be sub-divided.
The swimming pool should be provided with sub-groups

for the hall or halls, the changing rooms and the shower
baths to supply the necessary, preheated air in accordance
with the requirements, because the demand of heat and dry
air depends upon the number of visitors and or the type of
swimming bath. There is, therefore, an increasing tendency
to reduce local heating surfaces and to let the ventilating
plant play a greater part in the space heating, unless con­
cealed radiant heating surfaces are applied which are finding
favour.

Generally, the air is supplied at head level into the room
to be heated and ventilated either through wall openings or
ceiling openings and the exhaust air, which usually has as­
similated water vapour to be carried away with it, is removed
at the highest spots of the room, i.e. again through openings
in the ceiling or in parts of the wall close to the ceiling. The
supply of fresh air into the building is usually common for
all distribution points and a central air filtration plant will
be adequate. The separate air supplies are each fitted with
its fan and air heater. Ducts of galvanised sheet steel, addi­
tionally coated with a good quality anti-corrosive paint,
should preferably be mounted underneath the basement ceil­
ing, before they rise into the respective rooms. The exhaust
fans are best mounted in the roof space.

It is preferable for the ducts running from the exhaust 
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openings in the rooms to the fan equipment to be made from
waterproof building materials because of the increased danger
of corrosion (high humidity). Asbestos—cement piping or
ducts assembled from sheets of this material, externally coated
with a waterproof paint, are suitable. To avoid loss of useful
heat and waler precipitation, intake and exhaust ducts should
be properly insulated with cork or similar material. Some­
times heating pipes are run through the exhaust ducting or

FIG. V. COVENTRY BATHS PLAN
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the roof space, through which the exhaust ducts are running.
This prevents damage by water precipitation.

Windows
Special attention is required for the construction of the

windows. When in winter time cold air enters through in­
adequately sealing windows, the incoming air is turned foggy
due to assimilation of water vapour from the inside air. When
opening the windows the room air cools down to low outside
air temperature so that the relative humidity increases. If
the windows remain open for some time, the inside surface
temperature of the wall falls and water will condensate on
the walls. Because all bathing spaces should be provided with
ventilation plant, windows which seal properly and cannot
be opened should be installed. Single windows are always
to be avoided because they mist over at low outside tem­
perature. With wooden frames, the wood deteriorates and
with metal frames these start to rust. In cases where chlorine
is present in the vapour severe corrosion takes place on all
metallic surfaces. By sweeping heated air over the windows
the misting can be partly decreased.

At the present time, two or three glass panes with dried
air sealed in between them are often used in public baths
and in most cases they cannot be opened. There are a number
of multipanc sealed units manufactured, a sample of these
being: Plyglass, Multiglass, Insulight, Holloseal and Iso­
therm.

Laundries

Where Laundries are incorporated in the swimming baths
there is a requirement for steam which may, depending on
its size make a case for steam generating plant as the prime
heating medium.

The modern tendency is, however, to have small compact
laundries or launderettes which require the minimum number
of staff and attendants. We do not, therefore, propose to deal
with the old wash house, but with the more modern self-con­
tained unit.

In a launderette which is using washing machines and spin
driers, then the demand is for hot water and cold water sup­
plies only, and a hot waler boiler with suitable storage to
meet instantaneous draw-off is all that is required.

Where washing machines, tumbler driers and ironing
machines are installed, then it is necessary to install a steam
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boiler. A modern washing machine with a capacity of 251b.
weight would require approximately 37| pounds of steam per
wash at a pressure of 49 p.s.i.

Tumbler driers require about 751b. of steam per hour at
a pressure of 100 p.s.i. Decoudun return feed ironers require
approximately 691b. of steam per hour. In addition to these
machines, steam is required for soap boiling and a small
laundry capable of handling some 800 or 900 washes per
week, housing 10 washing machines, 9 drying tumblers and
5-5ft. long by 12" dia. ironers, together with not less than
1.500  gallons of heated soap solution would have a steam
requirement in the region of 3,0001b. of steam per hour.
Washing machines of the type installed usually run on a 40
minute cycle and each would require 20 gallons of water at
a temperature of 180°F. during this period and this is equal
to 30 gallons of water per machine per hour. This means
that 10 washing machines could draw off a total of 300
gallons per hour if in use simultaneously and a suitable steam
to water storage calorifier must be provided. The heating of
the water involves the use of another 5001b. of steam per
hour, making the total steam requirement from the boiler
plant 3,5001b. per hour.

The installation, therefore, requires a boiler house to house
the steam boiler and a suitable steam to water storage calori­
fier, and services to the machines include steam, cold water,
hot water and soap solution where necessary. All steam mains
should be adequately lagged and machines should be in­
dividually trapped to ensure the maximum return of con­
densate to the boiler condensate and feed tank.

In a laundry of this size which might cover a floor area
of 2,500 to 3,000 square feet, mechanical ventilation is not
always included providing good natural ventilation is avail­
able. During the winter, very little heat is required apart from
that in the entrance hall or waiting room and radiators and
pipework can be taken from the main steam boiler.

Fuel Utilisation Efficiency
A paper was given to the Conference at Aberdeen two

years ago on the Electrification of Swimming Baths which
set out the advantages etc. of electrode boilers so we do not
propose to go further into the technicalities in this paper.
Claims made there have since been further enhanced by the
recent tax on heating oil, and further evidence has come to
light to support the claim for lower fuel utilisation efficiencies
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FIG. VII. TOTTENHAM LAUNDRY — GENERAL LAYOUT.
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TOTTENHAM PUBLIC LAUNDRY — WASHING MACHINES
AND HYDRO EXTRACTORS.
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for solid fuel and oil than those which are normally used in
calculations.

We would refer you to the technical report of a committee
of the Heating & Ventilating Research Association entitled
“ The Heating of Buildings by Off-Peak Electricity Sup­
plies ”, and copies of this report may be obtained from the
Heating and Ventilating Research Association at Bracknell.
(5s. Od.) The committee was under the chairmanship of Mr.
A. B. Mann, C.B.E., B.Sc.(Eng.), M.I.C.E., M.I.Mech.E., and
members represented the Research Association, the electrical
industry and the Institute of Heating and Ventilating Engin­
eers. The implications for the engineer concerned with
methods of heating other than electricity arc set out in the
summary, and read as follows :

1. The conventional calculation of hourly heat loss has
led to overestimates of the load, and in particular recog­
nition of the lower ventilation rate, especially at night,
should be given in future.

2. The miscellaneous heat gains may amount to 25 or
30 per cent of the total thermal input, and provided
the system is adequately controlled, these gains should
be reflected in a reduced fuel consumption.

3. The fuel consumption can be estimated with about
— 10 per cent by the conventional methods, when
the miscellaneous gains are known or can be allowed
for as in the degree-day method.

4. There is some evidence, from a comparison of solid
or liquid fuel and electrically operated installations,
that the seasonal efficiency of boilers may be less than
the range of 60 or 75 per cent commonly assumed.

5. Numerical or analogue methods for computing inter­
mittent heating curves can be applied to conventional
systems as well as to electric off-peak installations. It
seems possible that a formula for the variation of in­
door temperature, analogous to that given for a floor­
warming system, can be developed for other methods
of heating.

In chapter one “ Energy Consumption ” is referred to and
the comments are as follows : An attempt at a heat balance
indicates the very low seasonal efficiency (of the order of 45
per cent) for solid fuel boilers. This rough estimate of the
average seasonal efficiency is in agreement with the result of
Knight & Cornell’s investigations in office buildings, and 
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with those of some tests made for the Central Electricity
Generating Board, and with those in a report of the Electricity
Council, and conflicts with the 60 to 75 per cent so often
assumed.

Care should therefore be taken in the computation of
operating costs for various fuels, and a fuel utilisation
efficiency of approximately 45 per cent for coal and 55 per
cent for oil would be in keeping with this report and not
the higher boiler efficiencies so often quoted.

Heat Demand
The greatest heat demand coincides with the coldest day

of the year, but this in turn usually coincides with the mini­
mum hot water demand for showers and private baths, and
the ventilation plant is not used to its maximum capacity.
It is sometimes recommended that there is a diversity factor
of two thirds so that the boiler plant should be designed for
not more than 70% of the theoretical maximum load.

The majority of installations should have some measure
of storage to even out demands and electrode boilers using
cheap off-peak electricity and hot water thermal storage, are
probably the best medium for meeting a wide range of de­
mand. With maximum storage available, the change in heat
demand for space heating, ventilating, private baths, pre­
heating or shower baths, can be met automatically. Storage
is not required for the pool heating which is carried out
during night hours. As this load is spread out over a number
of hours, excessively large boiler plant is not required.

For two new swimming baths which will be going ahead
shortly, one open-air and one covered pool, centralised boiler
plant installations using Electrode Boilers and hot water
thermal storage have been chosen.

Nuneaton. The open-air baths will have two B. & A. Elec­
trode Hot Water Boilers each rated at 720 kW. for pool heat­
ing and hot water supply. The storage of hot water will be
accommodated in two 11,000 gallon vessels to cover showers,
pre-cleansing, hand basins etc., and the system will be pres­
surised to a working pressure of 75 p.s.i.

Coventry. This will be one of the world’s outstanding baths
and will have two B. & A. high voltage Electrode Boilers,
with a total rating of 8,000 kW. and storage capacity of
75,000 gallons. The plant will use medium pressure hot water
for heating purposes and these include approximately as
follows:
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Space heating by floor warming approximately 2.0 million
B.t.u’s per hour.
Ventilation, 6.5 million B.t.u's per hour.
32 Slipper baths plus 30 showers 1.1 million B.t.u's per
hour.
Pre-cleansing, 2.0 million B.t.u’s per hour.
The total capacity of the three pools in the one building
will be approximately 774,000 gallons heated to 76°F.

The generation of steam has the advantage that the higher
temperatures of the media result in smaller direct and in­
direct heating surfaces and often in smaller distribution pipes
too; but low pressure hot water as a heat medium allows for
easier operation and maintenance by inexperienced attendants.
Protection from high temperature surfaces is relatively easy
in swimming baths by arrangements of the heating elements
underneath the resting benches or in recesses, etc.; on the
other hand this hampers cleaning and repainting. In many
respects the arrangement of radiant heating surfaces on or—
even better—in the partitions surrounding the pool area, is
an ideal solution. With these generally the average tempera­
ture of the heating medium should be kept low, to avoid a
too high radiation intensity, and, temperatures at which
chemical transformations take place inside the building
materials.

Storage
Generally speaking, peak demands for hot water will only

occur during about four hours of a 12 to 14 hour working
day. The average requirements will be about a third of the
peak to be expected and it will therefore suffice to provide
heat generating power of about half of the maximum demand,
if hot water is stored to cover one hour’s requirements. In
Industrial areas however the Saturday demand for hot water
is continuous, and is only slowly reducing as new modern
housing with bath facilities is provided. The total storage of
hot water will depend on the relation between maximum daily
requirements and the demand of hot water for refilling the
pool after the three to four-monthly cleaning breaks; the
greater of these two values will be chosen for sizing storage
vessels.

Heat Requirement
The heat requirement of an indoor bathing establishment

will be made up as follows :
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1. Replenishment of water loss from the pool by splash­
ing. evaporation, etc. 5% of pool capacity.

2. Water for cleaning and showers for every user of the
swimming pool 10 to 20 gal/person the average water
temperature will be 100°F.

3. Slipper bath 35 to 45 gal/bath according to size. The
water temperature will be about 105°F.; bathing time
30 to 45 minutes.

4. Shower bath 20 gal/bath the temperature of the water
is to be kept below 105°F. bathing time 20 minutes.

5. Medical bath 12 to 22 gal/bath the water temperature
is to be maintained at about 105°F.; bathing time is
60 minutes.

6. Special water treatment consumption up to 75 gal/
bath; the water temperature will be about 105°F.; the
time for each bath is 60 minutes.

7. The filling of the swimming pool after cleaning should
be performed during night-time and will take about
10 to 16 hours. With regard to the heat requirement
it will have to be checked if the filling demand exceeds
the peak day demand; whatever figure is greater will
define the maximum requirements.

Heating Equipment
Radiant floor and wall heating—though expensive—are

efficient solutions for the heating of swimming halls. The
surface temperatures of the radiant surfaces should however
be limited to 78°F., 105°F. and 140°F. for floor, walls and
ceiling respectively.

The heat generated in the boilers should be divided in
groups of different pressures and various temperatures and
that each group should be subjected to further divisions in
accordance with the specific duties to be performed. Though
the cost of a central distribution system is somewhat higher
than that of a decentralised one, these extra expenses pay
for themselves, because the plant can be run with less per­
sonnel and more economically. The heat and water distribu­
tion are usually by pipe lines mounted below the basement
ceiling in group-brackets and allowed to expand and contract
linearly.

The public areas should be separated from the administra­
tive areas. The first however should be further sub-divided
into the swimming pool area, the slipper baths, the medical
baths, showers, dressing rooms and all other departments, 
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each fitted with separate flow and return valves, which can
be controlled from the distribution room, either manually
or automatically.

Whereas it is general practice to base one’s design on maxi­
mum demand conditions, accounting for simultaneous peaks
of heating and hot water service requirements, in bathing
establishments such coincidence need not be expected. On
the contrary, during the coldest season of the year the visits
to the bathing establishment will be considerably less than
at other periods and thus the maximum demand for hot water
is not reached.

Plant
Boilers, appliances, machines and air intakes for combus­

tion are better situated in the lowest part of the building
This is the best position for water treatment and filtration
plant and space beneath the shallow end of the pool or below
changing rooms, etc. is often used. The most suitable founda­
tions are often available at this point for heavy equipment
and space is saved at ground level for other facilities.

A central position for the boiler room is not always possible
and not necessarily required, because heat can easily be con­
veyed through pipelines without undue loss of energy pro­
viding the pipes are adequately lagged.

Where a fuel other than electricity, such as gas, ,oil or
coal, is chosen then the position of the boiler house is deter­
mined by the siting of the chimney and the facility for ash
removal and fuel storage. The position of the chimney has
an important bearing on the development of the building
design. The chimney must convey to the atmosphere the ex­
haust gasses but it does affect architectural layout and the
appearance of the whole scheme. Consideration must be given
with regard to hygiene in the surrounding area because con­
tinuous discharge of exhaust gas, fly-ash, smuts or sulphur
are emitted into the free air and in certain areas the products
of combustion can be serious.

There is no difficulty in taking fuels of liquid or gaseous
form into the boiler house and they are simply fed in by
pipelines from the outside walls. Adequate attention must
be paid to the height of the boiler house to cover for the
type of heat generating plant decided upon.

Rooms for pumps, calorifiers, control panels and switch­
boards should be close, if not actually in the boiler house
itself. A compact plant facilitates easy attendance and allows 
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cheaper maintenance cost. Where separate rooms are used
for auxiliaries they require less height than the boiler house
and space beneath the pool can often be used although it is
not recommended that fuel storage should be situated in this
position.

Adequate space must always be left free between the con­
struction of the plant room and the plant to allow access to
the sides and the bottom of the pools for inspection and
repairs over the years.

Outdoor Baths
Often the question is put forward whether outdoor baths

should be heated to lengthen the bathing season. Due to the
filthy conditions of our rivers, caused by increasing quantities
of industrial effluent and likewise the seawater, with its film
of oil and sewage pollution, filtration and disinfection of the
pool water has become necessary. Water treatment is installed
so that an installation for the heating of the pool water can
be easily justified and without considerable additional cost.

The heating of outdoor pools should be considered care­
fully for apart from economic considerations the public
appreciation of bathing in heated water should be the deciding
factor.

Open air pools can be heated at reasonable cost and the
most suitable fuel is electricity. Whether the pool is at the
seaside or in the open country a chimney stack would be
ugly and unsightly. With coal or coke there would be dust
and dirt from fuel and ash handling and with oil there would
be the products of combustion and smuts.

With electricity no special boiler house is required and
the equipment can be installed in the room housing the filtra­
tion plant. No storage is required as the pool water is heated
during the night at special cheap off-peak tariffs.

Heating is required in the summer only and the longest
period is usually from May to September and the average
is sixteen to eighteen weeks. Under the worst conditions the
fall in pool temperature does not exceed 5°F. The electrode
hot water boiler is the most suitable type of equipment and
when used with a calorifier maintenance is negligible. The
pool water is circulated from the filtration plant through the
secondary side of the calorifier. The boiler is connected to
the primary side and therefore operates on a closed circuit
with negligible make up and only a small volume of water.
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Scale formation is therefore virtually nil. The plant is pro­
vided with time switch control so that it will only be used
during the night hours and the setting can be varied accord­
ing to the weather conditions.

Immersion heater boilers can be used with small pools but
are more expensive than electrode boilers when used for large
pools. Special elements are needed for soft chlorinated water
or sea water, and apart from the risk of burn-out of elements
and cosily replacement, banks of contractor switchgear are
required which increase the cost and maintenance.

For maximum economy in heating an outdoor pool one
should anticipate as far as possible the conditions likely to
prevail on the following day. In June, July and August the
air temperature difference between 9.00 a.m. and 5.00 p.m.
can be 10°F., and the difference between 9.00 a.m. and the
maximum daily temperature can be as high as 14°F. Solar
gain in water temperature can be as high as 2°F. or 3°F.

Under good weather conditions therefore there will be little
or no need to heat the pool as a 2° drop in temperature
during the night will be compensated by the solar gain. In
an average summer there may be some thirty-six days when
no heat input is required.

During the sixteen week season the unit consumption would
be in the region of 0.8 units per gallon of pool capacity. For
a 200,000 gallon pool one would expect a unit consumption
of approximately 160,000 units of electricity. In a busy pool
one would expect not less than 150,000 bathers and visitors
so that the cost of heating under present day electrical tariffs
would be less than -Jd. per person.

Records have been kept to show that on days of peak
bather attendance the effect of metabolic gains offset the heat
losses from the pool and thereby reduce the required electrical
input.

With healing, however, increased use is made of the pool,
particularly at the beginning and end of the season. In some
cases increased attendance and the sale of ices, sweets, etc.,
pay for the cost of heating. As an instance of this the open
air pool at Ryton increased its sales of refreshments from
£100 to £300 per week after the introduction of heating. Who
would not prefer to swim in crystal clear water in an open
air pool by the sea with water at 72°F. instead of the sea
where the temperature may be 12° lower ? In all too many
resorts the sea is polluted with sewage and a heated pool
would be a great attraction from a health, and safety, as well 
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as comfort point of view. It is much easier to get youngsters
in a shallow heated pool than in cold sea water with turbulent
waves to help them gain confidence and learn to swim.

Numerically, there are more small open air pools being
heated than ever before and if it is economical for limited
use it can be economical in large pools for wide scale use.

Last year a number of outdoor pools were '* com­
missioned ” employing solar heat gains to heat the water

Most of them were private ventures by “ boffins ”, but the
one most notable was that opened last August at Ye Oldc
Felbridge Hotel, Nr. East Grinstead. This pool has proved
that even with very little sunshine, as we experienced last
year, there is sufficient gain to provide comfortable conditions
in an open air pool.

The pool is kidney shaped, measuring approximately 50ft.
x 30ft.» and holding 50,000 gallons of water which was main­
tained at temperature between 65°F. and 75°F. during the
summer months. In mid-September a pool temperature of
74°F. was recorded with an 8.30 a.m. temperature on that
day of 68°F.

The temperature boost depends primarily on the hours of
sunshine during the day but is also very much influenced by
cloud cover and the velocity of the wind.

The Solar Heater is contained in a building, somewhat like
a lean-to glasshouse, 34ft. long x 18ft. high x 10ft. deep, with
South-South-East aspect for maximum absorption of solar
radiation. The whole of the wall of the building acts as a
collector plate with a surface area of some 599 sq. ft.,
mounted at 60° from the horizontal to allow the maximum
absorption of the sun’s energy. The actual collector plate
is made up of copper panels incorporating tubeways, the
whole being painted black for maximum absorption and
backed by insulation.

The glass wall in front of the collector plate acts as a barrier
to the re-radiation of energy in the infra-red region.

When in operation the pool water is circulated through the
sun heated water ways by a circulating pump so taking up
heat. The water then passes through the water treatment and
filtering equipment, which is housed in the space under the
collector plate.

It is claimed that the solar heat collector plate was com­
parable in cost to orthodox heating equipment but of course 
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the benefit conics from the fact that running costs are free
gratis. The draw-back is that one cannot predetermine the
pool temperature but must accept what the heavens provide
and make the best possible use of it.

There arc many days in the summer season, however, from
May to September when the temperature is below standard
and a small electrode boiler under thermostatic control used
during the night hours at cheap off-peak rates, would main­
tain the required temperature at all limes, and, in fact, ex­
tend the useful season and use of the pool, as the vagaries
of the British weather due to our small island are only too
well known to rcly on solar radiation only. The cost of this
pool would be increased as little as H-% if this was included.

The Technical University of Oakland in California has an
unusual system where a radiant heating system was built
into the floor of their outdoor swimming pool, with gas heated
heating equipment.

The capacity of the heating plant is about 1.75 million
B.t.u./hr.

Backed up by an experience of eight years they state the
advantages of this particular layout as being 40% less heating
costs, decreased maintenance costs and a uniform distribu­
tion of the heat throughout the pool water. It is also stated
that the heat which moves away from the pipes embedded
in the earth is not lost but return as soon as the water in the
system starts to cool off. The pool temperature would need,
however, to cool down considerably, say 15°F. or more, be­
fore any heat flow back would occur. There is a certain
amount of heat dissipation at the edges of the heating coils
but this is reduced to a minimum by means of insulating
materials.

A very important consideration for heated outdoor pools
is that the pool should be as sheltered as possible as over
50% of the heat loss is from the surface and air movement
over the surface should be kept to a minimum.

This subject covers a very wide field and not every aspect
can be gone into at great length in a paper of this kind, but
we have endeavoured to bring out the salient features which
should be given every consideration in the very early stages
in planning the heating and ventilation of swimming bath
establishments in order to provide the best possible conditions
for the bathers and occasional spectators.

The President: Thank you Mr. Edwards and Mr. Kent for
your very interesting and informative paper. Ladies and 
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Gentlemen, Mr. Edwards and Mr. Kent will now be pleased
to answer your questions.

Mr. A. Cross (Lewisham) : (1) Would the authors not
agree :— (a) that where a building is designed for mechanical
air conditioning, it is essential that the plenum plant must
operate 24 hours a day, otherwise during the night, especially
in the bath hall, the fabric will become saturated with con­
densation, and (b) that it is essential to have standby fans
and motors installed.

(2) It it difficult to reconcile your advice on temperatures
in a covered bath with your remarks on outdoor baths. You
say in order to produce comfortable conditions in a covered
bath, the ambient temperature must exceed the water tem­
perature (page 44), For an, open air pool, you suggest in effect
that water heated to a temperature above that of the atmos­
phere would prove to be attractive (page 66).

Many authorities who had swimming bath water heating
plant installed at open air pools found that after the novelty
had worn off — the expense involved in healing the water
was not justified, and the plant was not used.

One condition above everything else which attracts swim­
mers to an open air pool is the warm sunshine.

Local authorities would be well advised lo confer with the
Advisory Committee of the National Association of Bath
Superintendents before embarking on any scheme for heating
open air pools;

(3) A number of heating engineers engaged on the construc­
tion of swimming and slipper baths are advocating low pres­
sure hot water boilers as opposed to low pressure steam
boilers, and I shall be glad if the authors would comment on
the comparative merits of these two forms of heating.

Mr. Kent: In answer to Question 1 (a) the authors would
like to point out that the Paper does not advocate air con­
ditioning of swimming pool halls, but plenum ventilation.
fhe word “ air conditioning ” implies that cooling is provided
which would prove extremely expensive in an establishment
such as a swimming bath and would be most undesirable
especially if the cool air was introduced anywhere near the
bathers.

It is not necessary for the plant to run at full duty for a
period of 24 hours. At night it would be an advantage to
run the plant at a reduced speed to provide sufficient heat to
the building to stop any condensation on the fabric of the 
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building. At Cardiff the plant is shut off at night time and
started up early in the morning with a ventilation rate higher
than that normally required and it is found that this higher
rale of ventilation can be reduced by the time of opening.

It is not considered necessary to provide standby fans in a
swimming bath establishment, but the authors would agree
that it would be benficial to hold a spare motor. It is pos­
sible in some instances to design the system in such a way
that the driving motors are all of the same size. If this is
possible then the number of spares to be retained is greatly
reduced. It is very unusual for the fan itself to break down
but there are occasions when the driving motor burns out.

In answer to Question 2 we would reiterate the authors’
belief that wherever possible the ideal conditions should be
provided, i.e., with an indoor pool the air temperature should
be above that of the water. For an outside pool the waler
temperature should be raised to a temperature approaching
76°F. with the object of enticing the bather into the waler.
The sun might well be shining, bu^ this does not necessarily
indicate that the temperature of the water in the pool is
anything like a temperature of 76°F. and is more than likely
to be in the lower 60’s. The Romans very quickly realised
the benefits ofi having warm waler in their swimming pools.

Reference is made in the question to the National Associa­
tion of Bath Superintendents Advisory Committee who Mr.
Cross said should be consulted before embarking on any open
air pool heating scheme. The authors would agree that this
body should be consulted, but the advantages of heating the
bath cannot be refuted.

The Borough of Harpenden are installing a healing system
in their open air pool, having a capacity of 150,000 gallons.
The principle reason being that since their neighbour, Hert­
ford, provided warm water in their pool the attendance at
Harpenden has sadly depleted. These two towns have ap­
proximately the same population whereas the attendance at
Hertford is 50% greater than that at Harpenden. This is most
noticeable at the end and beginning of the swimming season.

In answer to Question 3 we would remind the Questioner
that it is staled in the paper that steam is generally used only
in laundries. Tf it is necessary to generate steam for this pur­
pose the steam can then be used for the air heater batteries in
the plenum system and can be used as a heating medium for
the pool heating calorifier, but should be converted to low
temperature hot water for the remainder of the heating instal­
lation. Unfortunately one of the main reasons for turning to 
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the low pressure hot water system is that the labour force
available to Bath Superintendents today is not normally
capable of operating the more complicated steam system.

Mr. W. Francis (Smethwick) : It is a proved fact, in the
Midlands at any rate that a number of local authorities have
actually sold the heating plant attached to their open air
pools, on the grounds that it is a sheer waste of the ratepayers’
money.

From sad experience they know that open air pools can
NOT be “ heated at reasonable cost ”. as mentioned on page
64 of your paper.

Mr. Kent: Mr. W. Francis stated that a number of pools in
the Midlands have discarded their open air pool heating in­
stallations on the grounds that they are uneconomical. This
is known to be very true, but it is also known to be true that
other open air pools have benefited from the introduction of
a heating system. One of these, Ryton, is mentioned on page
65 of the paper.

A reference was also made in answer to one of the ques­
tions asked by Mr. Cross of the town which is about! to install
a heating system so as to compete with a sister town.

Mr. Francis does not mention, and the authors do not
know, what the types of systems were that were installed and
have subsequently been removed. Depending on the type of
installation the systems could have been quite inefficient or
evert improperly used.

Mr. H. Francis (Nottingham) : Whilst congratulating the
authors on a most excellent and useful paper I would ask
them to take into consideration that the statements on page 65
(where they advocate heating the water in open air pools and
where a rosy picture of the financial benefits of doing so is
painted) differs from the actual experience of many Bath
Superintendents over many years. These show that heating
water in open air pools to be of little or no value in attracting
extra patrons and the result is greatly increased costs with
practically no additional income.

Mr. Kent: The question asked by Mr. H. Francis, or per­
haps the statements made, is very similar to the questions
from Mr. W. Francis and Mr. Cross and the answers given
to these questions covers this question adequately.

Mr. A. Westgarth (Maidstone): No mention is made of
insulation for walls of outdoor pools—would this prove a
benefit—would it be economic ?
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Mr. Kent: Insulation of outdoor pools is in fact mentioned.
very briefly however, on the last page of the Paper where
reference is made to the pool at Oaklands Technical Univer­
sity, California. In this instance it was used with embedded
panels. The insulation of the walls of a pool where the water
is heated or unheated will in fact save heat. The heat lost
from a pool from its surface is due to the movement of air
across it and at the beginning and end of the season due to
temperature difference between water and air. The heat loss
between the pool walls and the earth remains fairly constant
throughout the season due to the steady state of the earth
temperature. The temperature difference will always be
around 20°F. and under these conditions it would certainly
be a benefit.

In small pools it would be economical to provide insulation
because virtually all the heat loss would be conducted away
through the earth. In a large pool it would not be economical
as the temperature of the earth under and around the pool
would rise to a temperature approaching that of the pool,
which would result in a reduction in heat loss. A certain
proportion of the heat from the floor of the pool would
actually never leave the pool area.

Mr. C. T. Smith (Bermondsey) : Do the writers know of any
reason why heaters and fans should not be sited on the sub­
way formed by the swim surround, with sections of cavity
wall built to form ducting to the department above.

Do the writers know of suitable precast flue or ducting
suitable for this purpose ?

Mr. Kent: This method of air distribution is quite com­
monly used today although it very often proves to be quite
expensive. When sections of cavity walls are used it is most
important that the cavities are kept clean from mortar and
other obstructions. If obstructions are left they might well
make it very difficult to regulate the air flow and will some­
times cause noise. To achieve the clean interior of the cavity
it follows that only a few courses of bricks can be laid at a
time which makes for slow and expensive work. With larger
ducts these can be formed more easily in concrete. Care is
needed when dampers are to be built into the fabric to ensure
there are no air leaks.

A number of precast flues and metal ducts are on the mar­
ket today, all of which are well advertised. A fibre ducting
has been used quite extensively and this was cast in with situ
concrete. We would suggest that you contact the Building 
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Research Station at Garston, Nr. Watford, who will be
pleased to help you with advice on this subject.

Mr. J. F. Bastijn (Junior) (Tilburg. Nederland) : What
would the author prefer, re-circulating the air in a hall, or
drawing in fresh air in a hall and blow the healed used air to
waste ? Slate reasons.

Mr. Kent: The main object of pool hall ventilation is to
carry off water vapour to avoid deterioration of the hall
fabric. If the air extracted from the hall was to be recircu­
lated it would first have to have the moisture it had picked
up removed. To do this it would be necessary to pass the air
through a cooling coil, which would lower the dew point of
the air resulting in a drop in humidity. It would then be neces­
sary to raise the temperature of the air to the desired con­
ditions. This cooling and re-heating is an additional running
expense and outweighs the cost of heating a similar quantity
of fresh air. There will also be the extra capital cost of the
cooling water equipment. The answer to the question is that
all fresh air is preferred on the grounds of economics.

Mr. J. C. Anstey (Watford) : My attention has been drawn
to one of the most modern swimming pools in Europe where
in the hot weather cold water appears to be sprayed over the
water area from the roof. I should be interested to know,
what are the effects of this on relative humidity and the
deposition of condensation on the structure of the building ?

Mr. Kent: The pool in question is not known to the
authors, but it would seem that the object of the water spray
is to cool the hall air temperature and at the same time reduce
the humidity. The cold water will cause the dew point of the
air to fall so causing the water vapour in the air to condense
before hitting the building fabric. The authors would be
pleased to receive any further information that Mr. Anstey
may have available on this subject.

Mr. R. D, Bland (Liverpool) : Whilst I do not wish to ask
a specific question, I would like to be permitted to make one
or two observations. First of all, I believe that it must be the
first time such useful data on the heating and ventilation of
Baths has been printed in such a readily assimilated form,
and it will prove invaluable to those of us actively concerned
with these problems for both new and old establishments.

On the next point, I am not quite so pleased with the
authors. They have in their paper, perhaps understandably
even if mischievously, allowed their preference for electric
heating to come to the fore. I hope that I am not biased 
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against this type of heating, as not only do I recognise that
it is quite a suitable method in some circumstances, but I
have been responsible in the last few years for using it in
four school baths schemes.

However, the authors imply some harsh criticism about
the cost of heating by my pets, viz. boilers. To do this they
quote from the technical reports entitled “ The Heating of
Buildings by Off-Peak Electricity”. This says “the seasonal
efficiency of boilers may be less than the range of 60 or 75%
commonly assumed ”, and “ a full utilisation efficiency of
approximately 45% for coal and 55% for oil would be in
keeping . . . and not the higher boiler efficiencies so often
quoted.

Now we are all well familiar with this report, and the Com­
mittee concerned very carefully do not say what is the type
of boilers to which they are referring, but they are mainly
talking of offices and very occasionally of schools. The plant
would probably be sectional boilers, and with the poor load
factor inevitable with seasonal heating, who would ever think
of overall efficiencies better than 45% to 55% What is
quite certain is, that it is ludicrous to apply such figures to
the modern oil fired economic boilers operating on a good
load factor as in a Public Baths and Laundry, and efficiencies
in the range of 60% to 75% are common.

Again these efficiencies are irrelevant and are merely the
usual red herring thrown up by the advocates of electric heat­
ing, and to be fair would the authors kindly bring to the
notice of the delegates another quotation from the report in
question which reads as follows :

Page 16 — “(a) Adequate thermal insulation of building
is necessary to reduce running costs. This is particularly so
when electricity is used, since, even at off-peak tariffs, it is
a relatively expensive source of heat.”
Mr. Edwards : It is gratifying to the authors to learn that

the information published in the paper fills a gap and will
prove a useful reference in the future. Electric heating has
been referred to in the paper not mischievously, but because
the authors realise the merit and advantages of electric heat­
ing. particularly when used off-peak at the lowest possible
cost*

Boilers are also my pets, particularly if they are of the
electrode type. It is essential, however, that people should
realise that the efficiency of a boiler is not necessarily the fuel
utilisation efficiency, and the report of the Heating & Venti­
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lating Research Association goes a long way towards showing
that conventional calculations and assumptions which are
used for other fuels cannot- be readily applied to electricity.
Mr. Bland says that you are all familiar with the report, but
it seemed from the body of the hall that he was possibly the
only member of the audience who had read it.

The load factor in a public laundry is very different from
that: in the average swimming baths where space heating and
water heating are required, and it is true to say that for inter­
mittent heating of buildings the fuel utilisation efficiency of
the boiler is well below the quoted boiler efficiencies, and it
is certainly in the region of 50 %. These efficiencies are most
relevant and are not red herrings thrown up by the advocates
of electric heating. Mr. Bland quotes a paragraph from
page 16 of the report, but that paragraph is only referring to
the fact that adequate thermal insulation is necessary and
that applies to any building.

During the discussion on this particular H.V.R.A. report
at the summer conference of the Institution of Heating &
Ventilating Engineers it was pointed out that it was most
unfortunate that the figures used in comparison were only
those for floor warming and conventional block heaters. Hot
water thermal storage using electrode boilers was not used
in the comparison. Mr. J. C. Knight who was the author of
a paper to the Institution some time ago on the subject of
space heating and degree days based on installations using
oil firing, pointed out during the discussion that there may not
be much wrong with the efficiency of oil fired boilers as the
figures given in his paper to the Institution indicated the
equivalent of a unit consumption of 1,500 units per kW of
nett heat loss. With floor warming, however, the unit con­
sumption amounts to approximately 2,000 units per kW of
nett heat loss. With recent hot water thermal storage instal­
lations, however, using electrode boilers for intermittent heat­
ing, the unit consumption has indicated only 900 units per
kW of nett' heat loss.

If there is doubt cast on the calculated heat loss of a build­
ing and the efficiency of solid fuel and oil fired boilers by
comparison with electric floor warming and conventional
block heaters, then the evidence becomes overwhelming when
hot water thermal storage is considered.

Mr. H. T. Hitchin (Manchester): If the author was con­
sidering the installation of an electric thermal storage system
for a swimming pool would he choose electrode boilers or
immersion heaters ? Please give reasons for the choice made.
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Mr. Edwards : T would definitely choose electrode boilers
for a swimming bath installation using electric thermal stor­
age for building and water heating. Indirect heating of the
pool water through a calorifier would be used for the pool
water without storage. An electrode boiler can be brought
into use automatcially by time switch control. The load at
the lime of switching on the boiler is zero because the elec­
trodes are fully shrouded by insulating sleeves. Similarly,
when the plant is shut down at the end of the heating period.
the load is reduced to zero before the circuit breaker is off.
This means that banks of heavy contactor type switch gear
are not necessary as would be the case with immersion heater
type boilers or banks of elements for large installations the
switch gear for immersion heater boilers incorporating con­
tactors and banks of fault protection fuses are not only ex­
pensive, but require considerable space. The electrode boilers
operate on a closed circuit, but usually the pool water for
instance is circulated directly through the immersion heater
boiler. With some types of water where chlorination plant is
used it is necessary to use copper immersion heater elements
with copper shells. The alternative is to use a steel shell which
is copper clad and this becomes expensive as the elements
which are usually withdrawable must be in copper sheaths
and fitted with copper heads and studs for securing to the
element face plate. It is also a practice because of the risk
of burning out elements to have spare elements built into
the immersion heater boiler, and this again increases the
cost.

It is also possible with this type of installation not onfy
to risk the burning out of elements, but to risk damage to
elements by erosion from the water as it is pumped into
the boiler and also through the stress set up by the high
velocity water across the elements and through the shell.
The turnover rate of the filtration plant is such that a very
large quantity of water must circulate through the boiler and
this may often bring troubles which are not considered
when the installation is planned. The electrode boiler is a
much more robust piece of equipment which is compara­
tively fool-proof and there are no heating elements as such.
Current is passed between electrodes through the resistance
in the water in the boiler and if by any chance the plant
should be switched on without water in the boiler then no
damage can occur and no load can be taken. It is in fact
the opinion of one Superintendent in the South of England,
where two large boilers- have been installed for many years,
mat the life of the boiler is so long that it must oe narmrui
to the manufacturers’ business.
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Mr. G. L. Hughes (St. Marylebone) 3 Do the authors con­
sider that the present high annual cost of electricity duo to
high fixed charges may be reduced in the near future ? In
view of the future electrification of the country and its com­
pliance with the Clean Air Acts, also the millions of pounds
being spent annually on Nuclear Power Stations, should not
the choice of electricity for Local Authorities and Baths
Establishments be automatic and therefore geared to Na­
tional Policy ?

Mr. Edwards : In paragraph one, Mr. Hughes is obviously
referring to the on-peak cost of electricity and it is doubtful
if this will be reduced in the near future. There have, how­
ever, been reductions in the off-peak tariffs for electricity
and a further reduction Will probably come into force next
year. For the first time there will be a differential in the
night tariff so that those people who restrict their supply
of electricity to the hours of 11' p.m. to 7 a.m. will have the
benefit of a reduction in tariff. Electrification will continue
to grow, but to take full advantage of this fuel it is neces­
sary to have a balanced load with the major portion taken
off-peak during night hours. The new off-peak tariffs will
be such that all Local Authorities should carefully consider
electridity for their new Baths Establishments and for con­
versions, because thd downward trend of? off-peak electricity
charges in comparison with the rising cost over the years of
other fuels should indicate future prospects.

The President: Thank you, Mr. Edwards and Mr. Kent,
for the able manner in which you have answered the ques­
tions.

The President: Ladies and Gentlemen, before closing this
morning’s session I feel sure that you would wish me, on
your behalf, to extend a warm welcome to our friends Mr.
J. H. A. Hardeman and Mr. N. V. Slinger of Holland who
have come to England for the express purpose of attending
the Conference—we hope they will enjoy their stay with us
and benefit as a result of our deliberations. Unfortunately,
through illness, our good friend Dr. J. A. C. Biernbroodspot
is unable to be with us this year — our good wishes are
being sent him for a speedy recovery to good health.

* ♦ ♦ *
Tuesday, 10th October, 1961(Afternoon Session)

The President: Ladies and Gentlemen, this afternoon it
gives me great pleasure to introduce to you Mr. P. J. Gay,
B.Sc., Technical Director Inertol Company Limited, who
will present his paper entitled “The Treatment of Conden­
sation and Corrosion in Public Baths ”,
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THE TREATMENT OF CONDENSATION AND
CORROSION IN PUBLIC BATHS

By
P. J . GAY, B.Sc. (Technical Director Inertol Company

Limited)

The problems of condensation and corrosion in Public
Baths are the result of the principal raw material of the
industry — waler. The use of large quantities of water,
usually at a somewhat elevated temperature in free contact
with air more or less enclosed, results in the building up of
relative humidities at or near saturation point. Warm,
saturated air such as may exist over an indoor swimming
pool, or even more in the vicinity of slipper baths contains
large quantities of water vapour as shown by Table 1(1).

Table I.
The mass or Water Vapour Contained
in Saturated Air. Gms per cubic metre.

Temp oC. 0 1 2 3 4 5 6 7 8 9

+ 0 4.84 5.18 5.54 5.92 6.33 6.76 7.22 7.70 8.22 8.76
10 9.33 9.94 10.57 11.25 11.96 12.71 13.51 14.34 15.22 16.14
20 17.12 18.14 19.22 20.36 21.55 22.80 24.11 25.45 26.93 28.45

Any cooling of such warm, saturated air results in excess
water condensing out either as droplets, e.g. steam or as a
layer of condensed moisture on walls, windows, etc. The
amount of water deposited from the air in this way will
depend upon the initial air temperature and the temperature
drop. A drop in temperature of saturated air from 29°C. to
19°C. would result in a deposition of 12.31 gms. water per
cubic metre, whereas a drop from 10°C. to 0°C. would give
a deposition of only 4.49 gms. water per cubic metre. Quite
apart from the deposition of moisture it is known that iron
and steel will corrode freely in atmospheres at over a critical
relative humidity(2) which appears to be the value above
which corrosion product becomes hygroscopic. This condi­
tion persists almost continuously in baths halls for virtually
all corrosion products of iron and steel.

An important feature is the difference in temperature
between the outside air and the atmosphere in a baths hall.
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This may frequently be as great as 7-8°C. in summer and
15-18°C. in winter. More important still is the difference in
temperature between the parts of the structure and the
ambient air, because temperature changes in the structure do
not follow closely those of the air. Thus warm saturated air
rising from the surface of a swimming pool may easily con­
tact heavy steel joists or concrete structures, many degrees
cooler, with consequent local cooling of the air and deposi­
tion of moisture. The upper layers of cooled, dried air then
drop and the result is circulation of the air, constantly feed­
ing the cool upper structure with warm air, so leading to
virtually continuous condensation on the cool surfaces. This
continues as long as there is an apppreciable difference in
temperature between the structure and the lower layers of air.

The heat requirement of a ton of steel at 5°C. below that
of ambient air at 20°C. (68°F.) would cause the deposition of
approximately 1 litre (1| pints) of water, and a ton of con­
crete would cause the deposition of approximately 2 litres
(2| pints) of water. In addition good heat conductors such as
steel and to a lesser extent concrete and brick conduct away
to the cold exterior the heat thus absorbed from the condens­
ing water vapour and so prolong the period of condensation
and increase the quantity of moisture condensed. It is mainly
on this account that condensation occurs more severely on
iron and steel, with a heat conductivity of 0.11-0.16 than on
brick with a heat conductivity of 0.0015 or concrete (0.002)
while condensation is even less on wood (fir) with a conduc­
tivity of 0.00009 perpendicular to the axis and 0.0003 along
the axis.

In buildings such as baths halls, containing warm saturated
air constantly replenished with water vapour, condensation
is likely to occur at any time. It will occur most severely on
lightweight structures with high heat capacity and good con­
ductivity which are also exposed to cold outside air. The
most obvious examples are windows, particularly those with
metal frames, thin roofs, e.g. of asbestos cement and angle
iron, not underdrawn and thin walls either untreated or
skimmed with hard trowelled plaster containing little or no
entrained air which can materially reduce heat conduction.

Condensation will always occur most severely in the cooler
parts of buildings where high relative humidity may not be
recognised e.g. in entrance porches, passageways etc. Here
warm saturated air from the baths hall meets much cooler
conditions and is itself cooled. It is frequently not appreciated
that these are often the most important parts of the building 
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as regards condensation, and therefore corrosion also. The
warm parts remain almost free from condensation however
much moisture is present in the air.

Continuous severe condensation of water is a matter of
serious concern because

(a) It is uncomfortable and, on occasions, dangerous.
(b) It induces and encourages the growth of moulds and

bacteria which spoil decoration and may lead to decay
of materials.

(c) It induces degradation of the structure by corrosion of
metals, breakdown and spoiling of masonry, flaking of
paintwork, etc.

The prevention of condensation of water is therefore of
importance though alone it will not avert all the adverse
effects of moisture. The corrosion of metal may occur with­
out actual condensation because of relative humidity in ex­
cess of the critical value. Fabrics, wood and even paint films
will absorb moisture from humid air and may suffer accord­
ingly without any liquid water being present. Generally
speaking however the elimination of severe prolonged con­
densation is desirable. This can be done by two main methods.

(1) efficient heat insulation of all cool surfaces;
(2) good ventilation whereby saturated air is removed and

replaced by dry air.
In addition the adverse effects of condensation when it can­

not be altogether avoided, can be minimised by absorbing the
condensed moisture so that it does not give an unsightly
appearance or spoil materials by dripping, or lead to danger
through a moist slippery layer on steps, floors etc.

The provision of efficient heat insulation and good ventila­
tion is the province of the architect! and engineer. It involves
structural considerations such as the provision of double
glazing, double or swing doors, the use of poorly conducting
building materials such as lightweight aggregates, hollow
blocks, heat reflecting foils, interior panelling, underdrawn
roofs and the like. It also involves the use of adequate well
placed extractors for humid air and a means of providing
warm dry air to replace it. These are matters which must be
considered at the design stage if good results are to be ob­
tained. It is not to be expected that a simple cowl in an
asbestos cement roof will give sufficient ventilation for a swim­
ming bath or slipper bath. It is certain that this will produce
excessive condensation around the cowl, with rapid corrosion 
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and collapse. Members will be well aware of instances of cor­
rosion around cowls and vent pipes from this cause.

Nevertheless, there will be instances of condensation even
where there has been good design and every reasonable pre­
caution has been taken during building. Moreover many
members will have to make the best use they can of buildings
already in existence where the necessary provisions have not
been made. In those circumstances coatings can be of con­
siderable assistance in mitigating the worst effects of conden­
sation.

The Use of Anticondensation Coatings
Anticondensation treatments, to be of value must behave

as heat insulators to reduce the extent of condensation and
they should absorb any moisture which docs deposit on the
surface. These conditions cannot be met by paint coatings,
because:—

(a) They are too thin to have a measurable insulating
effect.

(b) They contain a high proportion of relatively good con­
ductors.

(c) They have insufficient capacity to absorb moisture.
It is true that all paint coatings will absorb moisture, a

matter which will be considered later in relation to protection
against corrosion but the rate of absorption is far too slow
and the quantity of paint used is far too little for this to have
a significant effect on the condensation problem. Even tex­
tured paints or cork filled paints or similar materials have
proved of little value because the amount of filler used is
never sufficient to give a continuously thick layer having
good heat insulating properties, and the paint binder slows
down the rate of absorption of moisture so much that the
good properties of the fillers are largely neutralised.

Still air is one of the poorest of heat conductors and there­
fore materials which captivate a layer of still air are highly
effective heat insulators. Such a material has been provided
in Dinaphon V. 33 coating composition. This is a synthetic
resin based plastics composition containing porous and
fibrous fillers; it is applied at appreciable thickness to build­
ing surfaces, and dries by evaporation of water to produce a
sponge-like decorative layer with remarkable heat insulating
properties and a large capacity to absorb any moisture which
may condense. Coating thicknesses of between 1/20 inch and
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| inch can be used according to the conditions expected but
two or more applications arc needed to produce thicknesses
in excess of J inch. A properly formed coating applied by
spray, or by trowel followed by stippling is extremely porous :
60-65% of the volume of the coating consists of air-filled
pores, which impart good heat insulation and a receptacle for
condensing moisture. It has been calculated that 1 square
yard of Dinaphon V. 33 applied at the rate of 5} lb. per
square yard (coating thickness 1/12 inch) is capable of ab­
sorbing as liquid all the moisture contained in 1,500 cubic
feet of saturated air at 20°C. (68°F.).

It is not sufficient however to apply a coating of an anti­
condensation material such as Dinaphon V. 33 and omit to
take further precautions. If in spite of the heat insulating
properties, moisture condenses on, and is absorbed by the
surface, which is likely to happen in such places as Turkish
Baths, badly ventilated kitchens and the like, the effective­
ness of the composition will gradually fall as more and more
moisture is absorbed, until finally it becomes saturated. It
then becomes very soft and heavy with water and may break
down. Such conditions are extreme but they do occur. It is
therefore necessary to provide at intervals an opportunity
for the coating to release any moisture it has absorbed. This
is not a difficult matter if it is properly planned. In general,
buildings which have constant use during the day can be
allowed to dry out at night, and vice versa. If however,
rooms treated with Dinaphon V. 33, subjected to many
hours of steamy conditions are kept continually closed the
effectiveness of the coating will soon be lost.

The growth of moulds and bacteria will be stimulated by
moisture, especially in the warm, and the conditions in a
baths hall provide ample opportunity for these organisms to
proliferate. To combat this, suitable fungicides and bacteri­
cides are incorporated into Dinaphon V. 33 but it is not pos­
sible to ensure their effectiveness against all strains likely to
be found in such situations. Moreover it is well known that
many micro-organisms can slowly adapt themselves to con­
ditions so that toxins initially effective may in course of time
be found ineffective. This, combined with the possibility of
toxins being washed out by continuous extraction, means
that it is advisable to treat the Dinaphon V. 33 coating from
time to time with a toxic wash to keep moulds and bacteria
at bay. This is not a difficult matter but should be done at
regular intervals.

When a coating of Dinaphon V. 33 or any other absorbent 

81



material is holding a lot of water it behaves as a wet sponge
in contact with the surface to which it has been applied.
Unless suitable precautions are taken this can lead to attack
of the surface. For instance plaster may crumble or spall from
from the wall, steel may corrode and so on. It is therefore
important to prepare the surfaces thoroughly to receive the
Dinaphon V. 33. Porous building material such as plaster,
concrete, wood etc., need to be treated with a water-resistant
sealer, and metals need to be thoroughly derusted and coated
with anticorrosive protective paints. The anticondensation
treatment is not a substitute for anticorrosive treatment but
an addition thereto.

The Anticorrosive Treatment of Metal
The prevention of metal corrosion in baths and the build­

ings appertaining thereto is largely a matter of preventing
water coming into contact with the metal, and preventing the
spread of corrosion if it does come into contact at any points.
It has already been explained that the conditions of a baths
hall are such as to stimulate corrosion, particularly of iron
and steel, because the relative humidity is almost always high
and frequently there is a heavy deposit of water on cool
metal surfaces. Paints for use in these conditions therefore
have to be highly resistant to water.

The metal used in baths is subject to corrosion in three
situations :

(a) Metal in humid atmospheres and subject to condensed
moisture.

(b) Metal wholly or partly immersed in water.
(c) Metal embedded in concrete which gets wet.

There is also the problem of the ‘ corrosion ’ or chemical
decay of the concrete itself due to the penetration of water
which may also carry aggressive materials.

Many useful summaries of the corrosion of iron and steel
have appeared in the literature from time to time and it is
not proposed to deal with the subject in this paper in detail.
The concern is principally with the behaviour of protective
coatings and the selection of the correct grades for the severe
conditions met with in baths establishments. Some under­
standing of their structure and behaviour is therefore valu­
able.

Protective coatings are all more or less typical gelatinous 
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membranes, though their behaviour in detail varies widely
according -to chemical composition and structure. Most swell
to some extent in water and as far as can be ascertained all
are permeable to water molecules. Thomas and Gent (3) have
deduced that permeation through detached films occurs by
osmotic diffusion. They suggest that there is liquid conden­
sation on hydrophilic groups in the material followed by
intra-molecular permeation which causes swelling. Even
hydrocarbon films such as polystyrene have hydrophilic
groups particularly in the surface layers. These facilitate
absorption and permeation. For similar reasons all organic
coatings appear to be more or less permeable to water, and
complete exclusion is not possible usings coatings of any
reasonable thickness. However, with many substances applied
as thick membranes, permeability to water is very low and
in satisfactory circumstances may be virtually discounted.
The amount of water absorbed by organic coatings may
however be considerable. The author (4) has shown that lin­
seed oil in paints may absorb at least up to its own weight
of water, and Mayne (5) has shown that this water is distri­
buted in a finely divided state throughout the film in such
a way as to facilitate the flow of ions through it. Many resins
greatly reduce the amount of water absorbed by oil paint
films, but they do not necessarily reduce the permeability
of films to the same extent. A coating absorbing large quan­
tities of water is likely to be a poor anticorrosive coating
for metals.

These matters are of importance in determining the effec­
tiveness of protective coatings. There is no doubt that such
important and disastrous phenomena as loss of adhesion,
blistering and flaking result from the passage of ions and
the osmotic flow of water through paint films. The author (6)
has shown that blistering on steel in saline solutions is an
osmotic process and Mayne (5) has concluded that there is
also endosmotic transfer of water from the face to the back
of the films which have low electrical resistance.

Protective coatings for steel are built upon a clean surface
by the application successively of priming coat and subse­
quent coatings thick enough to resist the exposure environ­
ment. Structural steel usually has a rough surface with many
edges, bolts and crevices and there must be a sufficient thick­
ness of paint even on edges and pinnacles to give full pro­
tection. For this reason, unless thick heavy duty coatings
such as the solvent-free materials are used, it is necessary
to apply several coats. The system may consist of undercoats
and finishing coat or several coats of the same finishing 
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material. Properly prepared undercoats frequently have the
advantage that, being highly pigmented, they do not flow
away from sharp edges and so help to build up the system
in these difficult places. The minimum thickness should be
125 microns (0.005 inch) for weather resistance but in cor­
rosive conditions as in industrial areas and where there is
severe condensation of moisture considerably greater thick­
nesses may be necessary. The minimum thickness of 0.005
inch can usually be obtained by the use of four coals of
paint or enamel, and this is a necessary painting schedule in
corrosive conditions. Indeed as mentioned above, greater
thicknesses involving more coats are recommended for the
wet conditions of baths establishments.

In general, maximum resistance to water is found in films
of unpigmented or lightly pigmented linear polymer resins,
or varnishes containing a linear polymer structure.

Long experience over many years has shown that an ex­
tremely high order of water resistance is given by chlorinated
rubber which is a long chain resin derived from natural rub­
ber. The material is chemically resistant to aggressive chemi­
cals and can be made into highly resistant enamels by the
use of suitable plasticisers and pigments.

Provided the coatings are built up to an adequate thick­
ness which should be of the order of 150 microns. (0.006
inch) for continuously wet conditions extremely high water
resistance can be obtained both on metal and concrete. In
general chlorinated rubber enamels tend to produce thinner
films per coat on metal than on concrete so that at least one
extra coat is recommended, e.g. three coats for the protection
of concrete and four or five coats for the protection of steel.
Recommendation for the use of, for instance, Inertol Enamel
for wet conditions is based on an understanding of this
matter of film thickness, and when the required conditions
are fully met excellent protection is given over long periods.

Of recent years there have been outstanding developments
with epoxide enamels and experience with these is now
reaching the stage when they may be considered as important
protectives for steel in severely corrosive environments. A
range of different materials can be produced all of which
are resistant to aggressive chemicals and some are highly
water resistant. The most resistant types are twin pack mater­
ials which have to be mixed just before use, but this has
not proved a serious handicap in their use. They have proved
particularly suitable for metal furnishings such as cubicles, 
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railings etc., in baths establishments. At the moment there
is less experience of -their use on concrete but such as there
is indicates that they may prove to be useful partners with
chlorinated rubber enamels on swimming pools, paddling
pools and the like. The epoxide enamels have been exten­
sively used in the past four years for renovating private or
slipper baths. The hard pot-like finish and resistance to hot
water and soaps has allowed the extended use of badly worn
and chipped enamelled baths which might otherwise have
had to be replaced. There is experience of baths coated with
epoxide enamel, in use many times daily having given good
service for at least three years.

In all cases when metal is painted it is necessary thor­
oughly to clean the surface free from mill scale, rust, dirt
etc., and to apply a suitable anticorrosive primer. It is
recommended that an etch primer is first applied, to be fol­
lowed by the appropriate paint or enamel system.

An important matter is to avoid crevices and lodgments
for water wherever possible. On such objects as metal window
frames there is often severe corrosion of horizontal bars due
to the trapping of condensed water. Tn such cases, after prim­
ing the metal, the crevices should be ‘faired off’ with an
anticorrosive filler (not putty) so as to shed the water. This
will greatly increase the life of the paint systems and of the
frames themselves.

There are strong indications that the recent development
of synthetic resin based finishes low in volatile solvents or
even free from them may make an outstanding contribution
to the protection of steel in corrosive conditions. By the
application of these coatings, which may be based on poly­
ester or epoxide resins, the metal is virtually enclosed in a
layer of plastics of considerable thickness. Because there is
no volatile solvent to evaporate from the film during drying
all the material in the can is part of the protective coating
and thick coatings are applied in a single application; up
to the equivalent of 5 coats of paint can be applied in a
single application. The great reduction in labour costs, the
full use of all the material in the can, and improved per­
formance, gives economical results, even though the cost of
these types of paint is high by normal paint standards. It
is not generally appreciated that in a can of paint or enamel
a third to a half of the material by volume evaporates and
does not form part of the protective coating. Baths Super­
intendents and Engineers will do well to pay careful attention
to these materials if they want to take the fullest advantage
of technical developments.
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The Treatment of Concrete

The aqueous corrosion of concrete appears to have been
less thoroughly studied than that of metal, presumably be­
cause the widespread use of concrete in corrosive conditions
is a more recent development than the use of metal. Never­
theless, the general principles appear to be understood. Ham­
merton (7) described the constitution of cement and the man­
ner of its attack by aggressive waters. The most vulnerable
constituent is tricalcium aluminate which is attacked by sul­
phates with the formation of calcium sulpho-aluminate (alu-
mino-sulphate) which has a disastrous effect on concrete
because of the great volume it occupies. In the manufacture
of sulphate resisting cements of the Portland type, tricalcium
aluminate is kept at a minimum, but it is not claimed that
concrete made with them will resist concentrations of sul­
phate greater than 500 p.p.m. In the presence of certain
sulphates, such as magnesium sulphate, calcium hydroxide
is readily leached out of the cement by the formation of
magnesium hydroxide of low solubility and the conversion
of calcium to the sulphate.

Of recent years new problems have arisen through the
increasing use of reinforced concrete and more particularly
prestressed concrete. There may be attack of concrete by
aggressive waters and corrosion of embedded steel by the
water and by the breakdown products derived from concrete.
The problem is difficult in prestressed concrete where the
only protection to the high tensile wires is a rendering which
cannot be compacted to give maximum protection. Corrosion
of stress wires may cause breakdown of the structure. Even
with reinforced concrete, corrosion of the steel may lead to
spalling with serious effects on the usefulness of the structure.
Stratfull (8) has recently concluded that reinforcing steel in
concrete exposed to salt water decayed by galvanic corrosion.
the external current being carried by water absorbed in the
concrete. Moreover, as the concrete itself deteriorated its
conductivity increased and the corrosion current increased.
There was thus close association between the initial porosity
of the concrete, i.e. the amount of water absorbed, the degree
of deterioration of the concrete, and the rate of corrosion of
the steel reinforcement. There is no reason to believe that
the mechanism of breakdown is any different when reinforced
or prestressed concrete is exposed to other aggressive waters.
More recently Sneck (9) has stated that the greatest risk of
corrosion of steel embedded in concrete is when the concrete
is subjected to alternate wet and dry conditions.
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It is clear that concrete and any metal embedded in it can
be protected by the application of water-resistant coatings.
Such coatings must resist the attack of alkali contained in
the concrete. In the case of structures in the ground it is
correct procedure to protect them from soil water as well
as from water contained in the structures, but it is admitted
that this is not always possible. The attendant risks from
soil water must however be accepted in such cases.

Because of high water resistance, coatings of chlorinated
rubber enamels have over many years been found to be
eminently suitable for concrete baths. Once again it is empha­
sised that maximum water resistance is obtained by the appli­
cation of a film thickness of at least 150 microns (0.006 inch)
in conditions of continuous immersion, but sometimes this
degree of resistance is not necessary or desirable, as for in­
stance when water enters the structure from the soil In such
conditions blistering of highly impervious coatings may result.

It is important to give due consideration to the surface of
concrete prior to painting. It is not always appreciated that
highly-trowelled concrete surfaces, or vibrated or sprayed
concrete, absorbs liquid more easily at the surface than looser
or softer concrete, although the quantity of liquid absorbed
at saturation may be much less. The finer capillaries in these
types of concrete cause greater pressures beneath paint and
enamel coatings and thereby introduce some serious adhesion
problems. Sometimes the situation can be eased by treating
the surfaces with silicone solution before enamelling, but in
general it is preferable to provide more open textured sur­
faces as by wood floating or by etching the surfaces with
acid prior to painting. When surfaces are etched however
soluble products must be thoroughly removed and the con­
crete dried before painting.

The situation may be summarised by stating that chlori­
nated rubber enamels, or any other inert water-resistant
enamel coatings need to be applied to a concrete surface not
having excess fine capillaries. This can be achieved either
by avoiding excessive trowelling or by etching the surface
with acid and subsequently washing. It is important that
pressure by water should not develop behind the film either
by hydrostatic forces from the soil or by capillary forces in
compacted concrete. If such forces are developed they must
be released by the use of permeable coatings. Thus, if the
surface is not in the correct condition and is not properly
prepared it becomes necessary to compromise on the type
of enamel coating and so not obtain the best results possible.
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For the best results a highly-resistant coating of good film
strength must be applied to the concrete and developed to
full resistance by the use of a number of coats and by allow­
ing them to harden fully before subjecting them to water.

Maintenance Procedure
Baths Superintendents are continually faced with the prob­

lem of maintenance protection and redecoration. Indeed to
the majority this is a more pressing problem than the treat­
ment of new buildings. Tn maintenance work the Superin­
tendent is presented with an imperfect condition, usually an
extremely bad condition, and is required to deal with it. He
is faced with steel which is already partly rusty and partly
coated with broken down paint; he has walls with cracked
plaster or concrete, and surfaces very often infected with
mould growth. Often the circumstances are such that he
cannot get all the surfaces dry for long enough to do all the
work, and clean dry surfaces are what the corrosion engineer
and the paint technologist always ask for. Nevertheless, the
Superintendent looks to them for the best advice possible
in any given circumstances.

The problems of maintenance in a baths establishment are
best dealt with in their separate categories : -

(1) Corrosion and its removal before painting.
(2) Mould and its elimination.
(3) Decoration in damp conditions.
(4) Improving on the type of paint system already in

use, to take advantage of newly developed protective
systems.

Removal of Corrosion Product
Whatever are the difficulties there is no doubt that rust

on steelwork can be cleaned off if a determined effort is
made to do so. It is usual to find that around rusty patches
paint is loose, so that with some effort and good supervision
it is possible to clean down surfaces adequately. The more
serious problem is to apply a protective coating before rust­
ing recurs. In normal dry conditions it is advised to apply
immediately after cleaning a coating of etch primer which
will give temporary protection and an excellent basis for the
paint or enamel system. Etch primer is however unsatis­
factory in wet conditions and will lead to harm rather than
improvement. The author’s laboratory have however de- 

88



vclopcd a series of primers, known as the ‘ Hydroprimer *
range which can be applied under wet conditions and will
adhere well and dry to hard coatings. It needs to be empha­
sised that working in wet conditions is never so satisfactory
as in dry conditions and it is not claimed that the ‘ Hydro­
primers ’ so used will invariably give as good results as
standard products used in good dry conditions. They do
however make practicable decoration and maintenance paint­
ing in conditions which would otherwise be impossible or
a bad economic risk. In addition a solvent-free epoxide
resin primer has been developed which, in addition to giving
thick coatings of a hard tough nature, will spread and cure
in wet conditions and can furthermore overlap or completely
cover existing paint coatings of almost any type without risk
of damage. Materials such as these may well prove the
answer to difficult priming problems in baths maintenance
work.

Mould and its Elimination
It is important to eliminate living organisms, such as

moulds and their spores before redecoration if satisfactory
results are to be obtained. The moist condition of baths
establishments makes this a difficult matter. If existing coat­
ings are infected the best procedure is to remove them along
with the organisms they carry and then to treat the substrate.
It is advised that the substrate should be treated either with
a blow lamp or dry steam to sterilise the surfaces. If the
existing infected paint coatings cannot be removed they
should still be sterilised by the above methods. After such
treatment an application of a fungicide or fungistat solution
should be applied, and this followed by the decorative system
which should preferably be of a mould-resisting type. It is
also good practice to wash the decoration with a suitable dis­
infectant from time to time.

Redecoration in Damp Conditions
It is never good practice to redecorate in damp conditions,

but sometimes certain porous building materials such as con­
crete and plaster can never be given long enough to dry out
after having been exposed for a long time to the damp con­
ditions of a baths establishment. It has been found that in
such circumstances if the surfaces are treated with a silicone
water-repellent much improvement can be obtained. The sili­
cone acts as a one way valve. It allows water to evaporate
from the surface when the ambient atmosphere is dry but it 
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docs not allow condensing moisture to soak in again dur­
ing wet periods. After a period of time a substantial drying
out results and normal decoration procedure can be followed.

A series of ‘ Hydrenamels ’ which are water-displacing
enamels have been developed for use where it is necessary
to redecorate on surfaces which cannot be properly dried. It
is not advised that these shall be used if it is at all possible
to dry the surfaces and follow normal procedure, but like
the Hydroprimers they offer the opportunity for redecorating
where otherwise it would be impossible. With this proviso
all normal precautions for good decorating need to be ob­
served.

Improving the Type of Paint System
Throughout this paper the advisability of using highly

water-resistant materials in baths establishments has been
stressed. In many buildings however ordinary paints of in­
adequate water resistance for these specially severe conditions
have already been used and in general the more resistant
types cannot be applied over them. The development of the
solvent-free materials however removes this limitation. Some
of these can be applied over existing paints and can either
form the new decoration on their own, or can be used as
barrier coats to the existing decoration and can be followed
by such highly water-resistant finishes as chlorinated rubber
enamels, epoxide enamels etc. These materials are of par­
ticular value where the existing paint system has partly broken
down, but cannot be completely removed before redecoration.
In that case after cleaning and preparing the affected patches
a coating of solvent-free material can be applied over the
entire surface, which can then be decorated with the water-
resistant finish selected. The high water-resistance of the
solvent-free coating will contribute greatly to the perform­
ance of the new system.

1. Taken from the Handbook of Chemistry & Physics.
2. W. H. J. Vernon; Trans. Faraday Soc. 1927, 23, 162: 1931, 27,

264. Trans. Electrochem. Soc., 1933, 64, 35.
3. A. M. Thomas and W. L. Gent; Proc. Phys. Soc., 1945.

54 (4) 324.
4. P. J. Gay; Paint Research Assoc., Technical Paper No. 162.

1949.
5. J. E. 0. Mayne; J. Oil and Colour Chemists Association 1957.

40 (3) 183.
6. P. J. Gay; J. Oil and Colour Chemists Association, 1949.

32 (352). 488.
7. C. Hammerton. J. Inst., Sewage Purif. 1944. 150.
8. R. F. Stratfull. Corrosion (U.S.A.) 1957. 13. (3). 173 (t).
9. T. Sneck; Nordisk Beton. No. 1. 1961.
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The President : On behalf of all present, thank you Mr. Gay
for a most interesting paper, I feel sure that the information
given will greatly benefit us all. Ladies and Gentlemen, the
session is now open for questions.

Mr. H. F. Cummins (Darlington) : The swimming bath
is ancient and exhibits most of the constructional sins of the
era in which it was built. Of these, excessive condensation
in winter has defeated all efforts to protect metal work; from
corrosion with the result that an extensive space heating
circuit, consisting of 2} inch steel steam pipes slung to the
roof tie-bars, has to be removed.

As the bath is to be completely reconstructed in the near
future, the matter of removing the cause of condensation does
not enter into the present problem. Will the author please
advise suitable anticorrosive treatment in the first instance
for this new pipe work, bearing in mind that any treatment
applied must stand up to steam pressure temperatures rising
to 325 degrees F.

Mr. Gay : It is assumed that corrosion occurs on these
pipes in summer when the heat is not applied, otherwise water
would not condense on the surface. The problem, presum­
ably, is to prevent corrosion when the pipes are cool, with
coatings that will resist the heat of compressed steam.

The questioner does not state whether the pipes are gal­
vanised or not or whether they carry a “ shop coat ” of
primer. The latter may well be the major source of trouble
in the highly corrosive conditions of a bath’s hall and should
be removed.

Assuming that the pipes are of ungalvanised steel, then it
is recommended that after thoroughly cleaning the surface
a protective coating of substantial thickness should be built
up by the application of solvent-free epoxide primer and
enamel (Episolve primer and enamel) followed by the deco­
rative coaling of epoxide enamel. The traditional types of
paint will not stand up to the conditions described as they
will flake off after a relatively short time and chlorinated
rubber enamels are unsuitable as the chlorinated rubber will
decompose at the elevated temperature mentioned.

Councillor T. Johnson (Watford) : The question of
redecoration of swimming pool halls is always closely
allied to acoustic problems. Can Dinaphon V. 33 be altered
in colour without affecting the acoustic properties, and if so,
how ?
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Mr. Guy: Dinaphon V. 33 is not specifically sold for
acoustic properties, but owing to (he soft nature of the coat­
ing. it makes some contribution on this matter, particularly
concerning the drumming of sheet metal. Dinaphon V. 33
is available in a wide range of colours, including most of the
colours of British Standards specification 2660.

Mi\ .1. Ansley (Watford) : A metal finishing boom is
being constructed at Watford Baths and will be covered
by I‘poxy resin coatings. Il is proposed to keep this struc­
ture permanently under water as opposed to storing it in
humid atmosphere. Do you agree with this action?

Mr. Gny : Yes. provided the Epoxy resin system used
is one which is known to withstand continued immersion in
water. Many I’poxy resin coatings will blister rapidly under
water and the literature is full of references to the effect that
epoxides should not be used under water. However, our
Company has developed coatings for under water use which
do not blister aiuk these would be suitable for the use named.

Mr. T. R. Pocklington (Stalybridge): Have you anything
for the treatment of wooden structures? Realising that
(hero are certain types of wood that will stand up to bath
conditions. Yet in the interest of economy we must use the
inferior types for balconies, terracing, etc., these over the
period begin to rot. could you enlighten, please?

Mr. (.'ay : It. is doubtful whether any surface coating
will give lull protection under the conditions stated, but the
life of these structures can be enhanced considerably if the
timber used is first: pressure treated with rot-proofing agents.
Such treated timbers can be purchased. The problem on
balconies and terraces after this is to treat the hidden sur­
faces. Coaling the wood with Polyurethane coatings, such as
Inertol Durathane, would give protection for a long time.
but in a baths establishment, it would be necessary to coat
the undersides of the boards before erection, otherwise mois­
ture would be absorbed through those surfaces. This is likely
to be impracticable.

Mr. W, I. Brodie (Crewe): In a bath hall, evaporation is
constant. I low do you recommend drying out the saturated
Dinaphon on a damp and foggy day ?

Mr. (Cay: There are certain atmospheric conditions
when it is not possible to dry out the Dmaphon but such
occasions are very infrequent. \s soon as there is any move­
ment of ait over the surface. it is found that the humidity of 
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the moving air falls well below 100% and then the Dinaphon
will dry out. It is recognised that if the air is saturated out­
doors at very low temperature, as soon as that air moves
indoors, into the warm hall, it is raised in temperature and
then ceases to be saturated and absorbs more moisture from
its new environment. Some of that comes from the soaked
Dinaphon layer. It is only in conditions of complete stag­
nation that drying out is virtually impossible.

Mr. J. E. Ingram (Soundwell) : As in the case of the
domestic frying pan, has the use of silicones been tried to
any great extent. The structural material being aluminium,
would the cost be prohibitive if the treatment was suitable ?

Mr. Gay : The coaled domestic frying pans which can be
purchased are not treated with silicones but with Polytetra-
fluoretchylene (PTFE). Silicones are available as releasing
agents to smear on baking tins, etc., in the process of cooking,
but such treatments are not permanent. The problem of pro­
tecting metal is not only one of preventing moisture conden­
sation on the surface, as mentioned in the paper, but highly
humid environments will stimulate corrosion and Silicone
cannot have any effect on that. As far as I am aware, sili­
cone treatments have not been used successfully as anticor­
rosives. but silicone resins have been incorporated in special
paints, though they have had more success as heat resisting
materials than as anticorrosives.

Mr. II. F. Westbury (Wrexham) : Treatment for asbestos
roof, please.

Mr. Gay : It is presumed that it is required to treat the
interior or underside of the roof. The main problem is that
new asbestos cement is highly alkaline and the effect of alka­
line on normal types of paint is to saponify and cause it
to become liquid under damp conditions. There are dangers
from interior condensation and from rain waler permeating
through the asbestos from the outside. Alkali resisting coat-
tingsj should be used and for decorative purposes inside, the
most suitable are cither chlorinated rubber enamels or
epoxide enamels, but it is also possible to apply a good seal­
ing or priming coatings of alkali resistant primers, followed
by ordinary paints. In the severe conditions of a bath s
hall, however, this is hardly to be recommended. The outside
of the roofs should then be waterproofed. If appearance is not
of importance, a black bituminous type of coating can be
applied, but generally speaking Local Authorities and Plan­
ning Authorities require some colouration of the roof, and
green alkali resistant type of enamel is recommended.
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The President: Thank you Mr. Gay for so ably answering
the questions put to you.

♦ * *

Tuesday Evening, 10th October, 1961 Civic Reception

The Worshipful the Mayor and Mayoress of Torquay
(Councillor T. B. Revill. J.P., and Mrs. Rcvill) and the
Corporation received the President and delegates as their
guests in the Town Hall.

* ♦ ♦

Wednesday, 11th October, 1961(Morning Session)

The President: Ladies and Gentlemen, I am informed that
Mr. W. M. Collier. B.Sc.. Grad.Inst.P.» Grad.Brit.I.R.E., of
Newalls Insulation Company Ltd., who was this morning to
have submitted his paper on “Acoustic Treatment in Pub­
lic Bathing Establishments and Laundries ” is now unable
so to do, but his colleague, Mr. H. Gomersall, B.Sc., has
very kindly consented to read the paper in his stead. I have
pleasure in introducing Mr. Gomersall.
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ACOUSTIC TREATMENT IN PUBLIC BATHING

ESTABLISHMENTS AND LAUNDRIES

By

W. M. COLLIER, B.Sc.,
Grad. Inst. P.» Grad. Brit. I.R.E.

Introduction
Noise has long been recognized as one of the less welcome

characteristics of an industrial civilization, and the steady
rise in noise levels generally has tended to be accepted as an
inevitable consequence of the increasing mechanization of
modern society. There are signs, however, that the public
attitude to noise is losing some of its complacency and indeed
is becoming highly critical of noises thought to be inordinately
or unnecessarily loud or disturbing.

Creature comforts improve from year to year. We have
better lighting, better heating, better decoration, more com­
fortable chairs to sit on and beds to lie on, and whether at
work, at home, or at play, we are surrounded by the evidence
of our technological progress. If there is an ugly duckling
amongst all these swans, it is noise, usually the last thing to
be considered in the design of a building or machine.

It is the purpose of this paper to present some of the prin­
ciples which underlie efforts to reduce noise and improve
acoustic conditions. It is one of the difficulties of the subject
that certain technical terms used in acoustics require rather
lengthy explanation if their origin and significance are to be
properly understood, and the first section of the paper is
given over to the elucidation of some of these terms.
Fundamentals

Sound has been defined as the sensation produced in the
organs of hearing when the surrounding air is set in vibration
in such a way as to affect these. This vibration of the air
consists of a series of pressure waves or pulses, which are
usually generated by a vibrating surface. The air immediately
adjacent to such a surface is alternately compressed and
Tariffed, and the resultant pressure wave is transmitted through
the air at a speed of about 1,100 feet per second.

The rate at which these pressure waves are produced deter­
mines the frequency of the sound. Frequency is the quality 

95



which the ear recognizes as pitch. If, for instance, the pres­
sure waves (compression plus rarefaction) were produced at
the rate of 440 per second, the frequency of the resultant sound
would be 440 cycles per second, which the ear would recog­
nize as the pitch of the musical note A above Middle C on
the piano.

The wavelength of a sound may easily be determined from
the relationship

wavelength x frequency—speed of sound
A sound whose frequency is 100 cycles per second thus has a
wavelength of eleven feet.

The human ear responds to frequencies between 20 and
about 20,000 cycles per second, the corresponding wave­
lengths being from about 55 feet down to less than one inch.
Frequencies higher than 10,000 c/s are seldom important. The
fundamental frequency of the highest note on the piano is
4,186 c/s, although the harmonics produced when this note
is struck are of higher frequencies. The fundamental fre­
quency of the lowest note on the piano is 27.5 c/s.

Sound is the result of fluctuations in the pressure of the air
at the ear, and although these fluctuations are very small,
and at the most are only about three ten-thousandths of the
static atmospheric pressure, they cover an enormous range.
At 1,000 c/s, for example, the pressure of a sound so loud
that it causes actual pain is about a million times greater
than that of a sound which the average person can only just
hear.

To overcome the disadvantages of such a large range, a
logarithmic scale has been adopted for measuring the
strengths of sounds. The smallest sound which can be heard
at 1,000 c/s (known as the threshold of audibility) is about
0.0002 dynes per square centimetre, and the intensities, or
strengths, of all other sounds are related to this reference
level by means of the decibel scale. For example, a particular
sound may be the result of a fluctuating air pressure at the
ear of, say, 2 dyn/cm2. This is easily seen to be 10,000 times
greater than the reference level of 0.0002 dyn/cm2, and the
difference in decibels between the two sounds is found by tak­
ing the logarithm of this ratio and multiplying by twenty.
The logarithm of 10,000 is 4, and multiplying by 20 we get a
figure of 80. The sound pressure level of the 2 dyn/cm2 sound
is thus 80 decibels above the reference level of 0.0002
dyn/cm2. In practice we should merely say that the sound
pressure level of this particular sound was 80 decibels.
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Unfortunately, the ear is not equally sensitive to sounds of
differing frequencies. A pure tone of 1,000 c/s with a sound
pressure level of 40 decibels appears louder than a 40 decibel
pure tone of 100 c/s, and in fact the pressure level of the
latter tone must be increased to about 50 decibels before the
average listener considers it to be as loud as the 40 decibel,
1,000 c/s tone. As a result of this anomaly, a pure tone of
100 c/s with a sound pressure level of 50 decibels is said to
have a loudness level of 40 phons, because it is judged to be
of the same loudness as a 40 decibel pure tone of 1,000 c/s.
Similarly, a pure tone of 100 c/s must have a sound pressure
level of 66 decibels before it sounds as loud as a 60 decibels
pure tone of 1,000 c/s, i.e. a pure tone of 100 c/s with a
sound pressure level of 66 dB has a loudness level of 60
phons.

The loudness level of a pure tone of any particular fre­
quency is thus measured in phons by comparing its loudness
with the loudness of a 1,000 c/s pure tone. It is evident that
at 1,000 c/s a pure tone having a sound pressure level of, say,
80 decibels will have a loudness level of 80 phons, but at
any other frequency the loudness level in phons may be ex­
pected to differ to some extent from the sound pressure level
in decibels. The relationship between decibels and phons for
pure tones is shown in Fig. I (after Robinson and Dadson).

It might be expected that if a sound of 80 phons were
added to another sound of 80 phons, the result would be a
sound of 160 phons. In fact, however, the loudness level
would be a mere 90 phons or thereabouts.

It would be useful if the loudnesses of sounds could be
related directly to their measured values, so that a sound
having twice the loudness should have twice the value of
another sound. Neither the decibel nor the phon satisfy this
requirement, and a new unit, known as the sone has been
devised. A loudness of 1 sone has been selected to corres­
pond to a loudness level of 40 phons, and the scale is such
that a sound of loudness 90 sones, for instance, is judged
to be twice as loud as a sound of 45 sones, three times as
loud as a sound of 30 sones, or ten times as loud as a sound
of 9 sones. The relationship between sones and phons is
shown in Figure II.

There are thus three units connected with loudness — the
decibel, the phon and the sone. Of these three, the decibel
may be measured quite unambiguously, and to any degree of
accuracy by any instrument capable of responding to and
indicating small fluctuations in air pressure. The phon and
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the sone, on the other hand, are interpretations rather than
measurements and are intended to express the average person’s
opinion of the loudness of a sound, of which the sound
pressure level (dB) has been measured. It means more to
most people, however, to say that a sound of, say, 1,000 c/s
has been reduced in loudness by approximately one third
(from 9 to about 6 sones), than to say that the sound pres­
sure level has fallen by 6 dB, from 72 dB to 66 dB.

It is not usual, of course, for sounds to be limited to
pure tones of a single frequency, and most sounds commonly
met with are very complex, their energy being spread over
a wide range of frequencies. In general, the sound energy
will not be distributed evenly over the full frequency range,
and a single measurement of the overall sound pressure level
will be of limited value. A more satisfactory procedure is
to divide the audible frequency range into a number of bands,
usually octave bands, such as 37.5-75, 75-150, 150-300 c/s,
in which the frequency at the end of the band is double that
at the beginning. Using appropriate filters, the sound pressure
level in each band is measured and the spectrum of the sound
is determined.

Noise and Reverberation

Noise is often described as unwanted sound. The source of
the noise may thus be any originator of sound waves, and
the extent of the noise nuisance will depend, in the first place,
on the spectrum of the sound emitted by the source. If the
sound source is in the open air, then there is a decrease in
sound pressure level as one moves away from the source,
due to the divergence of the sound waves. The actual drop in
sound pressure level is 6 decibels with each doubling of
distance away from the source, and eventually a point is
reached where the sound pressure level is too low to be
noticeable.

If the sound source is enclosed in a room the sound pres­
sure level of the direct sound decreases with distance from
the source just as in the open air. When the sound wave
reaches one of the boundary surfaces of the room, however,
some of the sound is reflected, in the same way as light waves
are reflected. The reflected sound wave then travels on until
it meets another of the room surfaces and is again reflected.
In a very short time the room is completely filled with sound
waves travelling in different directions.

If the original sound is continuous, a listener in any part
of the room hears not only the sound waves direct from the 
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source, but also all the reflected waves. The extent to which
the total sound pressure exceeds that of the direct sound
alone depends on the nature of the room surfaces, and if
these are of strongly reflecting materials, the final sound
pressure level will be much higher than the level of the
direct sound.

It has been implied that sound waves are reflected more
strongly by some surfaces than they are by others. For noise
control, it is important to know the proportion of sound
energy which will not be reflected back into the room, and
this characteristic of a surface is measured by its absorption
coefficient. This is defined as the fraction of the energy ab­
sorbed (or non-reflected) when a sound wave is reflected from
a material. The absorption coefficient of a material depends
on the material itself and on the frequency of the sound. It
also depends on the angle at which the sound wave strikes
the material, and unless otherwise stated, the value quoted
for a material is an average value for all angles of incidence.
Fig. III shows sound absorption coefficients of common build­
ing materials, and it will be noted that, whereas at 500 c/s,
brickwork absorbs only 2 per cent of the sound falling upon
it. unplastered clinker concrete absorbs 60 per cent.

Sound Absorption Coefficients of common building materials

FIGURE m

Material
Absorption Coefficient at

250
C/5

500
c/J

1000
C/5

2000
cis

Brickwork, plain or painted 0.04 0.02 0.04 0.05
Clinker concrete, unplastcred 0.3 0.6 0.6 0.5
Concrete, constructional or
granolithic 0.02 0.02 0.04 0.05
Cork tiles, linoleum, rubber
flooring, wood blocks on
solid floor 0.04 0.05 0.05 0.1
Floor tiles (hard) 0.02 0.03 0.04 0.05
Glass; windows glazed with up
to 32 oz. glass 0.15 0.1 0.06 0.05
Glazed wall tiles 0.01 0.01 0.01 0.02
Plaster on solid backing 0.03 0.02 0.03 0.04
Plaster or plasterboard over
air space 0.15 0.1 0.05 0.04
Plywood panels mounted oyer
air space against solid backing 0.2 0.15 0.1 0.1
Water, as in swimming baths 0.01 0.01 0.01 0.02
Wood boards on joists 0.2 0.1 0.1 0.1
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Returning to the general picture of a continuous sound
source confined in a room, it has been mentioned that the
room soon becomes filled with reflected sound waves. If the
sound source is stopped, the reflected waves do not suddenly
vanish, but continue to travel through the room, losing part
of their energy at each reflection from a room surface. To
a listener, the effect is of a drawing-out or prolongation of
the sound, gradually dying away into silence. This prolonga­
tion of the sound after the source has been stopped is known
as reverberation, and the time taken for the sound pressure
level to drop by 60 decibels is called the reverberation time.

Optimum reverberation time
Unless precautions are taken, an enclosure such as a swim­

ming baths hall will be very reverberant. In some halls the
reverberation time is well over ten seconds and the sound
pressure may build up to a very high level. Nor is a high
noise level the only result of excessive reverberation. A lis­
tener will hear, not only the direct sound of a speaker's voice,
but also a number of reflected echoes of the original sound.
These will arrive at the listener’s ears from many directions
and the listener will hear first the direct sound followed by
a succession of echoes of almost equal strength. The next
direct sound may arrive before the echoes of the first, and
the listener is unable to sort out the chaotic sequence of sig­
nals reaching his ears.

The position worsens when the listener has also to contend
with a multitude of background noises. Announcements at
swimming galas are often totally unintelligible to the spec­
tators for the reasons given above, and when a hall is used
for purposes other than swimming, excessive reverberation
can have a ruinous effect on the proceedings.

It is possible, however, for the reverberation time to be
too short. If the sound received by a listener is almost en­
tirely direct sound with an almost tota1 absence of echo, the
hall is found to be “ dead ”, “ unnatural ” or “ oppressive ”.
It follows that for the best listening conditions, the reverbera­
tion time must be neither too long nor too short, and it has
been found that the optimum reverberation time for an audi­
torium depends on its volume and the use to which it is put.
A hall which is used for lectures should preferably have a
shorter reverberation time than a dance hall of the same
volume. The reverberation time in a well-designed multi­
purpose hall is usually a compromise, being rather long for
speech and rather short for choral music, but giving reason­
ably good listening conditions under most circumstances.
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Optimum reverberation times for various auditoria are given
in Fig. IV.

FIGURE IV
Optimum Reverberation Times for Various Auditoria,

at 500 c/s

Volume of Hall, cubic feet

Optimum Reverberation
Time (seconds')

20,000 100,000 500,000

Lecture Hall, Conference
Room or Cinema 0.85 1.05 1.25

Concert Hall, Orchestral
Music, Dance Hall or
Protestant Church 1.10 1.40 1.75

Choral Music, Organ Music,
Roman Catholic Church 1.35 1.70 2.05

Notes:
(a) For rooms other than Speech Rooms, the reverberation

time at low frequencies (50-250 c/s) should be about
50% higher than that at 500 c/s, and at high frequencies
(1,000-4,000 c/s) it should be 10% higher than at 500 c/s.

(b) The optimum reverberation time for a multi-purpose
hall may be found by interpolation.

(c) The reverberation time of a Swimming Baths Hall, used
for swimming instruction only, should preferably be no
higher than the figure quoted above for Choral Music.

Acoustic treatment of a baths hall is designed, in the first
place, to adjust the reverberation time of the hall as nearly
as possible to the optimum value. Reverberation time, as has
already been noted, depends upon the nature of the room
surfaces, and there is, very fortunately, a simple formula due
to Sabine, which states the relationship mathematically.

The formula is: —
V V

t = ------ or A = ------
20A 20t

where t = reverberation time in seconds.
V = volume of hall in cubic feet.

A = Total absorption in sabines.
The absorption of a surface, in sabines, is measured by

multiplying the area of the surface in square feet by the
absorption coefficient of the surface. The absorption of 500
square feet of plain brick wall, for instance, would be 500 x
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0.02=10  sabines. The total absorption in the hall is, of
course, the sum of the amounts due to all the room surfaces.

Once the required reverberation time has been decided, the
total amount of absorption needed is found from the above
formula. Calculation shows that in a building constructed
from ordinary building materials and without special finishes,
the total amount of absorption is usually inadequate.

The higher the absorption coefficient of a material, the
smaller the area of that material which must be used to
provide a given amount of absorption. Materials having ex­
ceptionally high absorption coefficients have been developed
and these “ acoustic ” materials may be used to great ad­
vantage.

Sound Absorbent Materials
Sound absorbent materials are those which exhibit high

absorption coefficients, either over a large range of frequen­
cies, or over a particular band of the frequency spectrum.
They are characterized by three fundamental types.

(a) Porous materials, such as glass fibre, rock wool, slag
wool, sprayed asbestos, flexible expanded polyurethane, etc.,
unfaced, and mounted directly against a hard surface.

The absorption coefficient of, for example, 1 inch thick
rock wool increases from about 0.15 at 125 c/s to a maxi­
mum of about 0.9 at approximately 2,000 c/s, and thereafter
gradually decreases.

The low frequency absorption is relatively poor, but can
be increased by mounting the material over an air space,
or by increasing its thickness.

The absorption coefficient of this type of material depends
upon its porosity and the degree of interconnection between
the pores. Efficiency is impaired by any form of decoration
forming an impervious film over the surface.

(b) Panel or membrane absorbers.
These consist of light panels or membranes, mounted over

an air space. This type has a high absorption coefficient at
some frequency between about 50 c/s and 400 c/s, the absorp­
tion falling away rather rapidly on each side of this resonant
frequency. It is thus effective over a few hundred cycles per
second in the low frequency range.

The resonant frequency depends upon the mass per unit 
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area of the panel, and upon the depth of the air space. In­
creasing either leads to a lower resonant frequency. The
dimensions of each panel must be small compared with the
wavelength of the sound it is required to absorb.

The absorption coefficient is increased, and the effective
range is extended, if a porous material is incorporated in
the air space.

(c) Cavity or Helmholtz resonators.
These consist of an enclosed body of air to which sound

waves gain access through a narrow neck.
Helmholtz absorbers are very highly absorbent at their

resonant frequency, but are very highly tuned, and conse­
quently effective over a very limited range of frequencies.

Proprietary Materials
(a) Acoustic tiles.
These are manufactured from some suitable fibrous mater­

ial. such as asbestos, wood fibre, sugar cane fibre, or mineral
wool. The fibres are compressed and treated with suitable
binding agents to form self-supporting tiles of convenient
size.

Holes are drilled into the tiles so that subsequent decora­
tion shall not affect their absorbent properties. Alternatively,
the tiles may be grooved, or prepared with a fissured surface.
Certain tiles may be finished with an unbroken film of very
thin plastic material.

The useful range of acoustic tiles is, roughly, from 250 c/s
to 4,000 c/s.

(b) Perforated panels with separate fibrous absorbent.
The panels may be of asbestos insulation board, plaster­

board. steel, aluminium, hardboard, or similar material. Be­
hind the panels is placed glass fibre, mineral wool or other
absorbent.

The low frequency absorption can be improved by increas­
ing the thickness of the fibrous material, or, at the expense
of the high frequency absorption, by increasing the diameter
and pitch of the holes in the panel.

(c) Sprayed materials, such as asbestos fibre or exfoliated
vermiculite.

Most of the proprietary materials listed above possess
characteristics of more than one of the fundamental types
previously mentioned. Typical absorption coefficients are
given in Fig. V.

By their very nature, most sound-absorbent materials are
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FIGURE V

Sound absorption coefficients of typical absorbent materials

Material

A hsorption Coefficients
at:

250
c/s

500
c/s

1,000
c/s

2,000
c/s

Asbestos spray, lin. on solid
backing, unpainted 0.45 0.70 0.70 0.75
Asbestos tiles, perforated, lin. oyer
lin. air space against solid backing 0.55 0.75 0.85 0.80
Carpet, thin, over thin felt on
concrete floor 0.15 0.25 0.30 0.30
Carpet, pile, over thick felt on
concrete floor 0.25 0.50 0.50 0.60
Curtain, medium fabric, straight
against solid backing 0.10 0.15 0.20 0.25
Fibreboard, unperforated, £in.
over lin. air space against solid
backing 0.30 0.30 0.30 0.30
Fibreboard, perforated, 3-in. over
lin. air space against solid backing 0.50 0.70 0.85 0.75
Mineral or glass wool, 5-12 lb.
density, lin. against solid backing,
with 10% perforated hardboard
covering 0.30 0.75 0.85 0.75
Mineral or glass wool, 5-12 lb.
density, 2in. over lin. air space
with 10% perforated hardboard
covering. 0.80 0.90 0.85 0.75

Room contents
Air (per cubic foot) nil nil 0.001 0.002

Audience, seated in fully up­
holstered seats (per person) 4.3 5.0 5.0 5.5
Audience, seated in wood or
padded seats (per person) — 4.3 — 4.7

Seats, unoccupied, fully up­
holstered (per person) — 3.0 — 3.4

Seats, unoccupied, wood or
padded (per person) — 1.6 — 1.9
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porous and considerable difficulties may be caused by their
indiscriminate use in very humid conditions. Condensation
may occur in the materials themselves or in the air space
between the absorbent material and the surface to which it
is fixed.

There are two practical solutions to this problem. One is
to provide a very thin, impermeable, water- and vapour­
proof skin over the absorbent. The thickness of this skin
must be limited to a thousandth of an inch or thereabouts,
otherwise the efficiency of the absorbent at the middle and
higher frequencies will be seriously affected. Considerable
attention is being devoted to the development of impermeable
acoustic units having adequate absorption characteristics and
good appearance.

The other method of overcoming the difficulty is to
use a material which, while highly porous, is capable of hold­
ing very large amounts of water within its fibres without
harm. Sprayed asbestos is a substance which possesses this
sponge-like property to a high degree.

All acoustic absorbents give good thermal insulation, some
are more fire-resistant than others, and of course appearance,
durability and price must be taken into account.

The actual positioning of the sound absorbent material
is influenced by a number of factors, such as the need for
thermal insulation of the roof area, avoidance of specific
acoustic defects, consideration of the various uses to which
the hall may be put, placing the materia1, out of the way of
possible damage, and so on.
The effect of absorbent treatment on reverberant noise

The reduction in reverberant noise which is achieved by
the introduction of absorbent treatment may be determined
from the expression.

Reduction (dB) = 10 logic A2/Ai
Where Ai is the total amount of absorption, in
sabines, present in the hall before treatment
Ao is the total absorption after treatment.

The introduction of an amount of absorption equal to that
already existing in the hall leads to a reduction of 3 dB. If
the final absorption is ten times what it was initially, the
reduction is 10 dB, a limit which is not likely to be exceeded.

SOUND INSULATION
Sound insulation, as distinct from sound absorption, is

concerned with the passage of noise from one room to an­

107



other. Sound absorption controls the acoustic conditions in­
side a room in which the sound is already present in some
form, e.g. a concert hall. Sound insulation prevents the in­
gress of unwanted sound, so that, for example, a concert
might still be heard in spite of loud traffic noise outside the
hall. Alternatively, of course, sound insulation serves to con­
fine noise within a room or building so that it shall not in­
trude upon the privacy of neighbours.

It is obvious that the amount of sound passing into or
out of a room or building will depend upon the nature of
the walls, floor and roof or ceiling, and some of the factors
influencing the performance of these structural elements are
given below.

Walls or partitions

The transmission of sound through a wall or partition is
the outcome of several complex modes of vibration of the
partition itself.

The natural resonance of a single, non-porous partition
usually occurs at some frequency below 100 c/s. Below this
resonant frequency, the insulation value of a partition is
controlled by its stiffness, whereas above the resonant fre­
quency it is controlled by the mass of the partition. It fol­
lows, therefore, that the most important single property of
a partition is its mass, as is shown in the following examples.
The insulation values quoted are averages over the range
100 c/s to 3,200 c/s.

Type of Partition Mass/ unit A verage sound

J" plasterboard

area
Ib/fP

2

reduction
dB
25

i" plate glass 5i 30
2" clinker block with

plaster both sides 22 37-38
4|" brick with 4"

plaster both sides 55 45
9" brick with

plaster both sides 100 50

The increase in average insulation value is roughly 5 dB
for each doubling of weight.

Sound reduction through a partition varies with frequency, 
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the increase being of the order of 4 dB to 6 dB per octave.

Coincidence Effect
The insulation value of a partition increases with frequency,

but at one particular frequency, the projected length of the
sound waves in air coincides with the length of the flexural
waves in the partition. When this happens the insulation is
much reduced and there is a pronounced dip in the insulation/
frequency curve.

This is not a problem with a heavy, stiff partition, such as
a brick wall, where the effect occurs at about 80 c/s, but
light partitions may exhibit this defect in the important region
of 2,000 c/s. The answer is to reduce the stiffness of the parti­
tion, sufficiently to push the coincidence effect into the fre­
quency range above 4,000 c/s.

Effect of Indirect, or Flanking. Transmission
Not all of the sound reaching the listener room travels

directly through the partition. That which travels by more
devious routes also contributes to the final noise level. Under
normal conditions, the resistance to indirect transmission is
usually equivalent to a sound insulation value of between
35 dB and 50 dB. Sound will travel by the easiest path, and
if the resistance to indirect transmission is less than the resis­
tance to direct transmission through the partition, the parti­
tion will not be so effective as laboratory measurements
would suggest.

It is usual to assume that the resistance to flanking trans­
mission will be slightly less than the resistance through the
partition if the partition has a sound reduction factor of
40 dB or more. A decibel or two should be deducted from
the sound reduction index measured in a laboratory.

Partitions of non-uniform construction, i.e. those containing
doors, windows, etc.

Any areas of weaker insulation affect the net insulation
value of the partition, probably to a far greater extent than
is generally realized. The following examples show the effect.

Partition Sound reduction factor
dB

1. 9" brick wall,
250 sq. ft. area 50
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2. As (1), with 6" square
ventilator hole 30

3. As (1), with ordinary
single door area 16 sq. ft.
(insulation 18 dB) 30

4. As (1), with 125 sq. ft.
glazing (insulation 20 dB) 23

Common faults in partitions
1. Porosity. Porous partitions such as wood wool, should be

plastered over to seal the pores.
2. Partitions between rooms with light-weight absorbent

ceilings should not stop at the ceiling, but be carried
right up to the underside of the next floor.

3. Ventilation ducts, which enable sound to by-pass parti­
tions should be lined with absorbent material.

4. Folding-sliding partitions should be avoided wherever
possible because of the difficulty of sealing the air gaps.

Doors and Lobbies
The insulation value of a single door depends, firstly on

the air leakage round its edges, and secondly, on the weight
of the door. Air leakage is the most important factor, and it
is little use increasing the weight of the door without first
sealing the air gaps, e.g. with metal draught-stop.

The maximum sound reduction factor of a well-sealed
single door is about 26 dB. For higher insulation, double
doors separated by an absorbent-lined air space should be
used. If the air space is extended to form a lobby, the insula­
tion may be as much as 45 dB.

If a partition contains a door, there is no point in making
the body of the partition of anything better than 4j" brick,
unless double doors separated by an air space or lobby are
used.

Approximate insulation values of doors are given below: —
Construction Insulation Value dB

1. Any door with large gaps
round edges 18

2. Light door with gaps sealed 21
3. Heavy door with gaps sealed 26
4. Double doors with absorbent-

lined air space or lobby 35-45
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Windows
The insulation values of various window constructions are

given below.
Sound entering a building through wide open windows will

be reduced by about 5 dB.
As with doors, sealing round windows is of great impor­

tance and a fixed light is inherently more resistant to sound
transmission than is an openable window.

Four inches is the minimum width of air space to be effec­
tive in double window construction. Eight inches is a good
practical value.

A pproximate
Construction Insulation Value (dB)

1. Slightly open single window 10-15
2. Closed “openable” single window 18-20
3. Sealed single window

(24-32 oz. glass) 23-25
4. Sealed single window

d" plate glass) 27
5. Closed “ openable ” double window

(any weight of glass, air space
8" and absorbent-lined reveals) 30-33

6. Sealed double window d" plate
glass, air space 8", and
absorbent-lined reveals) 42

The insulation value of a solid 9" brick wall is 50 dB. If
10% of the wall is open window the insulation value of the
whole wall will not exceed 10 dB. If 10% of the area consists
of closed “ openable ” single windows, the insulation value
will be 30 dB, and if one third of the area is glazed in this
way the insulation value will be about 25 dB.
Floors

Resistance to the passage of airborne noise depends upon
the mass per unit area of a floor. Floors must also offer
protection against impact noise, and this is provided by a
resilient layer, either on the surface of the floor in the form
of a carpet, or sandwiched between the wearing surface of
the floor and the main body of the floor (i.e. the so-called
floating-floor construction).

A floating-floor consists of a raft laid over a structural
floor, but separated from it by a layer of resilient material,
such as glass fibre, or by some form of spring-mounting.
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There must be no direct contact between the raft and the
structural floor, and many failures in this type of construc­
tion have been caused by accidental “ short-circuiting ” of
the resilient layer.

The value of a floor is judged by its resistance to both
airborne and impact noise, and the final performance of a
floor will be modified by the amount of indirect transmission
via the surrounding walls.
Conclusion

It has not been possible in this paper, to present more than
an outline of the principles underlying acoustic control and
sound insulation. To those concerned with the operation and
supervision of public bathing establishments and laundries,
noise must be just one of the many difficult problems with
which they must cope, and it is hoped that this general
survey of the subject may have been useful.

My thanks are due to the Chairman and Directors of
Newalls Insulation Co. Ltd., for their permission to present
this paper.
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The President: Thank you very much Mr. Gomersall for
submitting the paper, which has proved most interesting and
informative, and I shall be obliged if you will kindly answer
the questions now to be put to you.

Mr. A. V. Wright (Finsbury) : In view of the rapid dete­
rioration of decorative surfaces in swimming bath halls, can
the writer of the paper recommend a hygienic and durable
surface finish which can be applied to the absorbent surface
necessary to accomplish the desirable acoustic result ?
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Mr. Goinersall : Tf the absorbent used for acoustic cor­
rection is of the surface absorbent type, as little decoration
as possible should be applied, and this should be of the
water paint type applied thinly. For Sprayed Asbestos spe­
cially compounded open surfaces have been devised which
in themselves form a finish. Gloss oil paints and similar
finishes should on no account be used.

Mr. J. C. Anstey (Watford) : (1) With so much noise which
is always generated in a swimming pool in use, I am sur­
prised by your statement that the reverberation period should
“ preferably be no more than the figure quoted above for
choral music” (Page 103). With modern materials and treat­
ment is it not possible to reduce this period further ?

(2) The title of your paper infers the institution stigma
of eighteen hundred and fast asleep. Does thq author think
that with the advent of air conditioning, acoustic treatment,
modern decor, super chlorination and the like that the title
of this modern treatise is well chosen ?

Mr. Gomersall: (1) The materials available 25 years or
so agq are still available and still successfully used. The co­
efficient of absorption is in the order of .7 against a theoreti­
cal maximum of 1.0. The area available for acoustic treat­
ment is strictly limited and this coupled with the large
volume of a pool hall limits the reverberation time which
can be attained. Whilst modem materials are available in
a great variety of surface types and finishes most are unsuit­
able for use in conditions of high humidity.

(2) The reader of this paper is not able fully to answer
this question since the choice of title was that of the writer.

Mr. Caswill (Sissons Bros. & Co. Ltd.): What type of
decoration would you apply on acoustic board which would
not affect its efficiency ?

Mr. Goniersall: Acoustic board is a surface type absor­
bent, the initial absorption is relatively low and any decora­
tion will effect its efficiency. Water paints to maintain a
porous surface should, be used, sparingly applied for decora­
tion.

Mr. C. T. Smith (Bermondsey) : Is it necessary to spray
the suggested sprayed asbestos with a like material for re­
decoration or does it clean satisfactorily ?

Mr. Gomersall: The surface of sprayed asbestos can have
surface dirt removed by a gentle current of air from a hose
and suitable compressor, or can be very lightly brushed. The 
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material is best re-decoratcd by applying a fresh surface
coat.

Mr. C. B. Scothern (Bexley) : Could the reader give the
relative cost of the various types of insulation materials ?

Mr. Gomersall : The costs of absorbents of the type suit­
able for use within the pool hall itself will vary from 30s.
to 60s. per square yard, covering the cost of material and
its application. These prices do not include for scaffolding,
although it is likely that the cost of this may be offset against
its use by other trades for maintenance work.

Bailie W. Engelen (Alloa) : What could bq done about a
pond hall with walls in tile and a glass roof to reduce the
sound reverberation ?

Mr. Gomersall: A survey of the hall would be needed to
assess the area of acoustic treatment that can be applied,
although it is possible to fix this over glazed tiles and around
window surrounds and beams it may also be possible to
devise panels fixed to the supporting steelwork if this is in
the form of open trusses. It might also be possible, without
seriously affecting the lighting of the pool, to replace some
of the glass by a suitable sheeting and applying an absorbent
to the underside of this.

Mr. T. R. Pocklington (Stalybridge) : Do the absorbent
materials used to reduce sound also absorb water, if so what
effect does this have on the efficiency of them as condensate
is ever present in the surroundings of baths establishments ?

Mr. Gomersall: The number of absorbents unaffected by
moisture is limited. Sprayed asbestos will absorb moisture
which evaporates when the humidity lessens and the asbestos
is itself unaffected during this process. Asbestos spray is in
fact used aboard ship for the prevention of condensation of
steelwork and the like.

Mr. D. Brown (Perth) : In decorating an indoor pool,
would Mr. Gomersall recommend a soft distemper rather
than a glossy finish ?

Mr. Gomersall: A soft distemper will cause less clogging
of the surface pores than a glossy paint and should be used
over surface type absorbents. If, however, the question refers
to the decoration of the building surfaces, a gloss paint is
normally considered to have a superior life to that of the
distemper variety.

Councillor G. H. Howatt (Consett): What proportion of 
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echo in baths is caused by the water surface and therefore
outside of control ?

Mr. Gomersall : Very roughly the co-efficient of absorp­
tion of the water is the same as the outer surfaces of the
building. It is reasonable to expect that the areas available
for acoustic treatment are half the ceiling area and one-
third of the wall area above an 8ft. level from the bath sur­
face.

Mr. S. Richards (Hove) : The acoustics of a large swim­
ming bath built in 1938 are very bad and tests made with
various types of public address equipment have proved un­
successful. Can you suggest a remedy, at a cost which my
committee might accept as reasonable ? P.S.—6,000 sq. ft.
of glass in pool.

Mr. Gomersall: The acoustics of a building lacking in
absorption are not generally improved by public address
equipment. The increase in sound intensity produced by
the amplification is also present in the intensity of reflected
sound and the confusion is unabated. A public address system
is, however, of assistance where the volume of the room
which possesses adequate absorption is such that the sound
pressures from an unaided voice are inadequate.

Alderman J. F. Arnold (Gosport): I should appreciate
the lecturer’s suggestions as to the most economical way of
acoustically treating a hall—as opposed to a swimming bath
—somewhat similar to this hall in which we are now ga­
thered in size. Could he give any idea as to cost ?

Mr. Gomersall: Only an acoustic survey of the hall will
permit an approximation of cost. Suggested treatment of
the room in which we are now gathered would be to place
a high efficiency absorbent on the rear wall, on the rear
parts of the ceiling and in panels down each side wall, in
each case above dado height; leaving the front of the hall
untreated so that reflection from the walls and ceiling trans­
fer sound to the rear where iti is absorbed.

Councillor Dr. A. W. Callaghan, J.P. (Shrewsbury):
“ Jablite ” is a comparatively cheap material which acts as
an insulator and a sound barrier. To minimize echo what
might tho objections be to lining ceiling and side walls with
this material ?

Mr. Gomersall: Being a soft and damageable material, I
agree it could not line walls below 8ft. off ground level.
Expanded polystyrene is an excellent thermal insulant espe­
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cially for low temperatures but it is not a high efficiency
sound absorbent. If applied to studs it will act in thin sheets
as a panel resonator, but will absorb sound energy only
over a very limited frequency range.

Mr. S. L. Handforth (Normanton) : In a new establish­
ment, is it possible to achieve anything approaching per­
fection, having regard to dual purpose buildings, i.e. Summer
(swimming), Winter (dancing, etc.). In the planning of a
new establishment, where irV the “ batting order” of experts
concerned would the acoustic designer appear ?

Mr. Gomersall : It is very strongly recommended that the
acoustic engineer be appointed after the architect has been
chosen so that the physical and acoustic design can proceed
together. It is possible in a new building to design for the
use of the hall for swimming and in the Winter for public
meetings, etc.

Mr. N. J. C. Walker (Luton) : Would the speaker agree
that much closer consideration could usefully be given to
mechanical sound amplification systems in relation to acous­
tic conditions.

Mr. Gomersall: The design of mechanical sound ampli­
fication should be considered together with the acoustic pro­
perties of the building. This helps the sound engineer and,
in fact, was the practice adopted in many cinemas which
were built immediately preceeding the war, with most satis­
factory results.

Mr. T. Lindley (Richmond): Has Mr. Gomersall experi­
enced the improved efficiency among the staffs of offices,
factories, etc., after any acoustid treatment has been applied
therein ?

Mi’. Gomersall: There is well recommended evidence that
improved efficiency is obtained by acoustic treatment. One
such case is a large weaving shed in Lancashire, one of the
few new buildings of this type incorporating acoustic cor-
rectiom In this mill the Production Manager was quite defi­
nite about the improvement brought about by such correc­
tion.

The President: On behalf of all present, again thank you
Mr. Gomersall for the able manner in which you have dealt
with the paper and the questions.

The President: Ladies and Gentlemen, there will be no
afternoon session as the Annual General Meeting of the 
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Association takes place this afternoon and at which only
members of the Association are allowed to attend.

♦

Thursday, 12th October, 1961(Morning Session)

The President: Ladies and Gentlemen, I am pleased to
report that Mr. Peter Heatly, B.Sc., A.M.I.C.E., is now with
us, we hope he is feeling better and that his long journey from
the North did not prove too tiring. We much look forward to
hearing his paper on “ The Planning and Design of Indoor
Swimming Pools ”, a subject very dear to all our hearts.
Ladies and Gentlemen, I have pleasure in introducing Mr.
Peter Heatly.
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THE PLANNING AND DESIGN
OF INDOOR SWIMMING POOLS

By
PETER HEATLY, B.Sc., A.M.I.C.E.

INTRODUCTION

The importance of swimming pools, both open and covered,
as an essential part of a planned community is generally recog­
nised, and in the immediate years ahead there will be a rapid
increase in the number of these establishments in this country.

The need for this will not be in question, few local authori­
ties are without plans, and many of these have been in ex­
istence these past 20 years and but for the war years would
have been realised by now.

The primary need is for indoor pools that can be used
continuously throughout the year and it is to be hoped that
a number of these can be designed as one unit of a complete
recreational and health centre, embodying several, if not all,
of the following features:-

An open pool, sunbathing terrace, gymnasium, tennis
courts, playing fields, together with the necessary changing
rooms, cafes, laundry, car park, ancillary baths and adminis­
trative buildings.

A well designed swimming pool can form the ideal hub
of a sports or recreational community centre and it is for this
reason that many are now being linked with public parks.
Of primary importance in the realisation of such schemes will
be the costs involved. It is necessary therefore to ensure that
by careful planning they fully satisfy the demands made on
them, and that it is not left to chance to decide whether the
facilities offered are deficient, redundant or adequate for the
population to be served.

To ensure this it is essential that there be a greater appre­
ciation of the fundamental requirements of a swimming pool
and a determined effort on the part of those persons entrusted
with planning and design to avoid repeating the shortcomings
and faults found in so many of our existing pools. With a
greater understanding of the requirements many errors might
have been avoided. In the future greater attention will require
to be paid to details, which, while seldom affecting the initial 
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cost of the building, add greatly to its usefulness. By proceed­
ing in this way, authorities will be spared subsequent expendi­
ture of large sums of money on alterations which may be
necessary if their pools arc to conform with the recognised
standards.

The greatest advances in swimming pool design in recent
years have taken place in Germany where over 100 indoor
and some 300 outdoor pools have been built during the past
12 years.

In the course of a number of visits to that country the
author has made a detailed examination of many of these
establishments, the best of which are far in advance of any
to be found in this country or elsewhere. Bold design, attrac­
tive setting, and a complete appreciation of the fundamental
requirements of swimming, both as a recreation and a sport,
were evident in each pool visited. All the pools visited includ­
ing those to which reference is made in this paper have been
built on a generous budget and the degree of finish and stand­
ard of comfort higher than that generally considered accept­
able in this country.

Extensive use of tiling and mosaic, widespread use of alu­
minium in window frames, handrails and pondside finishes,
and generous lighting arrangements, were all regular features.
Furniture and fittings are well designed and the temptation
to the vandal minimized at every turn. These items though
costly initially will, in the long run, show handsome savings
on maintenance costs. The amount of money which even
relatively small towns could afford to spend on the construc­
tion of pools has allowed the creation of spacious layouts
which are pleasing to both the swimmers and spectators.

THE PRESENT POSITION

Before considering future needs it should be helpful to
review the present position particularly with regard to the
number, type and distribution of existing establishments
throughout the country.

fn common with the many social and technical advances
made in the 19th century. Britain pioneered the advent of
swimming baths, and although the general standard of many
pools fails far behind those now appearing in other countries,
particularly Sweden and Germany, it is still a fact that here
the ratio of covered municipal pools to population is greater
than that in any other country.

The distribution is good and it is important to record that 
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the great majority of covered pools are used for swimming
throughout the year and for no other purpose. Swimming is
an all-year round sport and pastime. Modern pool construc­
tion accepts this fact and it is interesting to record that
this has always been a feature of pools in Scotland. Examples
of dual purpose pools, operating usually as a hall for part
of the year, are still to be found in England but this is not
now regarded as a satisfactory arrangement. In such establish­
ments, their usefulness both as a swimming pool and as a
hall are usually impaired by the compromise that has been
necessary in their design.

Many of our smaller towns were among the more recent
to provide pools with the result that they tend to enjoy the
best facilities, while some of our larger cities and towns still
operate baths quite unsuited to present day requirements.

Few existing pools built pre-war are completely free of
such shortcomings, and these and other deficiencies have been
made more apparent by recent revisions to the international
standards governing the sport of swimming and diving.

The regulations have greatly reduced the number of pools
capable of staging important events. Up to 1947 international
diving regulations required a depth of at least 3 metres (i.e.
9' 10") for use with a 3 metre springboard. Few covered pools
provide this requirement and even among the most recent
pre-war baths are to be found maximum depths of only 8' 6"
and two where only 7' 6" was provided for use with a 3 metre
springboard. Such conditions constitute a permanent hazard
and seriously curtail the use of the diving stages and apparatus
provided.

Existing baths, almost without exception are either 25 or
33J yards long, the former size having been long favoured
in Scotland and the latter more common in England. Modern
standards however, require a unit swimming length divisible
into 110 yards and not 100 yards as previously. This factor
is of fundamental importance and it will be readily appre­
ciated that with such changes occurring in standards and
regulations during the period when no construction has taken
place, these should be most carefully considered when plan­
ning new swimming pools.

In this connection the Amateur Swimming Association will
gladly examine plans for pools and diving stages and advise
thereon.

In giving recognition to the requirements of aquatic sport 
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from a competitive point of view it should be recognised that
competitive standards are themselves dependent upon avail­
able training facilities. It is vital therefore to ensure that ade­
quate provision is made for the simultaneous safe practice
of swimming, diving and casual bathing.

This is perfectly possible though regrettably limited in its
provision in a large number of pools, thereby severely limit­
ing the transition from casual bather to competent performer.
One result is that existing facilities are sometimes insufficiently
used and occasionally misused.

Few new pools have been constructed in this country since
the war. During the past year however, proposals and plans
for many new projects have been reported in the Press and
technical journals.

It is to be hoped that when completed these will to a high
degree fulfil their proper function, which is to provide ade­
quate opportunities for the teaching, practice, and enjoyment
of swimming and aquatic sports.

PLANNING CONSIDERATIONS
In the design of any swimming pool the essential features

to be considered are: -
1. Space
2. Air
3. Sun
4. Light
5. Nature

Where possible one should consider the combination of
closed and open pools. A covered swimming bath is essenti­
ally a place for recreation and enjoyment, and for this reason
a feeling of gaiety should be portrayed throughout the design.
The sombre and institution-like appearance of many existing
baths in no way expresses the true function of the building
and tends to have a repellent effect on the less eager clients
who could be attracted to a more pleasant building. It is
essential therefore that the following features be incorporated
in the design of all swimming pools and that the dominant
factor in the planning should be the consideration given to
the comfort of the bather.

1. The building should be attractive in situation and
appearance to attract the public, and proper conditions
provided for swimming, diving and recreation.

2. A separate bath for learners and young children.
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3. The maximum natural lighting, freedom from draughts,
and a continuous supply of warm fresh air.

4. Adequate changing and pre-cleaning facilities together
with slipper baths, turkish, medicinal and such other
ancillary accommodation as may be deemed necessary.

5. Adequate and comfortable seating accommodation for
spectators affording an uninterrupted view of the whole
pond.

6. Spacious pool surrounds, preferably incorporating
underfloor heating, also warmed rest benches for
bathers.

7. Swimming pools should be constructed for use as such
all the year round.

8. A car park and cafe should be provided for the use
of bathers.

A knowledge of the population to be served and the funds
available together with an estimate of the extent to which
the facilities provided will be used, are of primary importance
in deciding the number and size of baths required in any
town or district. Considering the costs to be met in the pro­
vision of new baths it is important that these be limited as
far as possible by careful planning, oherwise many local
authorities may be forced to delay or even abandon any
hopes they have of erecting new baths in the near future.

In endeavouring to reduce cost to a minimum the cost
of future repair and maintenance must also be carefully
assessed. In swimming baths it is essential that the construc­
tion and finishes must be sound to stand up to the very
difficult atmospheric conditions and some degree or rough
treatment by the less responsible users.

It must always be remembered that the plant necessary
for water purification and for heating cannot be reasonably
reduced in either size or quality and these items alone can
account for approximately one quarter of the total cost.

The layout should be simple and straightforward, the en­
trance hall and stairways being as spacious as possible. This
provision greatly facilitates the smooth working of the whole
establishment and adds to the attraction of the building.

Sometimes a pool can with advantage be sited in or adjoin­
ing a public park, thereby creating the focal point of a recrea­
tional centre that can be extended to embrace many forms
of sport and leisure. A pool thus situated, free from the usual
limitations of central sites, gives ample scope to the designer 
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to erect a building incorporating all the features considered
essential and desirable. Tn swimming the family group is very
evident and the close proximity of parkland and other recrea­
tional facilities affords the maximum opportunity for channel­
ling entire populations into good health.

While it is not possible to erect a small pool that would
comply completely with all the regulations for aquatic sports,
every effort must be made to conform with as many of these
as possible, and for this reason the requirements of the Inter­
national Swimming Federation (F.I.N.A.) and the recom­
mendations of the Amateur Swimming Association should
be carefully studied before detailed planning is commenced.

Briefly these requirements are as follows: -
(a) Swimming—The pool should be rectangular and

recommended lengths are 82|ft.» 110ft., and 165ft.
The depth shall not be less than 2' 6" at any point
and preferably not less than 3'.
In England championship events exceeding 440 yards
must be swum over a course length of not less than
165'.
World records over any distance can only be made
over a course length of not less than 165'.
The end walls of the pool shall be vertical and
straight without any protrusion or gutters to at least
3 feet below the surface of the water so constructed
that the competitors can push off with their hands
or feet when turning.
The starting platform shall not exceed 2' 6" in height
from the level of the water or less than 1ft.
Starting grips, non-protruding and removable, shall be
provided for back-stroke events. These stipulations
and a course length of 165' (50 metre) is obligatory for
Olympic, Empire and Regional Games.

(b) Water Polo—The length of the area of play must not
be greater than 90ft. or less than 60ft.
The breadth shall not be greater than 60ft. or less
than 24ft.
The depth of water shall not be less than 3ft.
For International Matches it is strongly recommended
that the field of play should be of maximum dimen­
sions, i.e. 20 x 30 yards (or metres) and the depth
of water be at least 6ft.

(c) Diving—Springboards shall be at 1 and 3 metres above
the water, at least 4 metres long (usually 5 metre) and
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DEAM OR CEILING ABOVE

MINIMUM DIMENSIONS FOR BATHS CONSTRUCTED
AFTER 1st MAY, 1957.

A Board Height 1-Metre 3-Metre 5-Metre 10-Metr»

B Board Length 4.0m 4.0m 5.0m 6.0m
C Board width 0.5m 0.5m 2.0m 2.0m
D Depth of water 3.0m 3.5m 3.8m 4.5m
E Depth maintained forward 5.3m 6.2m 7.0m 10.5m
F Depth maintained to sides 2.2m 2.7m 3.0m 3.0m
G Clearance forward 7.5m 9.0m 10.5m 13.5m
H Clearance to sides 2.5m 3.5m 3.8m 4.5m
I Clearance behind 1.5m 1.5m 1.5m 1.5m
J Clearance overhead 4.6m 4.6m 3.8m 3.8m
K To centre of adjoining board 2.0m 2.5m 2.5m 2.5m

CENTRE OF
ADJOINING

BOARD

K

OUTER UN­
BROKEN
LINE
REPRESENTS
MINIMUM
AREA OF
CLEARANCE
FROM
OBSTRUCTION
(Pool Wall,
boom, ate.)

J

BOARD

------ ---

A

Maintain minimum depth inside area and do not reduce minimum
depth outside dotted area steeper than 45 degrees.
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£ metre wide. They shall be installed at an angle of
not more than 1 degree from the horizontal and pro­
vided with movable fulcrums easily adjustable by the
diver.
Platforms for highboard diving shall be at 5 metres
and 10 metres above water level, must be rigid and
covered throughout with a single piece of coconut
matting. The 10 metre platform shall not be less than
6 metres in length and the 5 metre platform not less
than 5 metres in length.
Handrails must be provided around the back sides
of platforms, preferably to a position just over the
water. Each platform should be accessible by stairs.
Where this is not possible ladders with treads (not
rungs) inclined at about 15° from the vertical should
be provided. All stairs and treads to have a non-slip
surface.

Minimum dimensions for baths constructed after 1st May,
1957, are set out on Page 124. In the case of platforms at 5
metres and 10 metres, these are amply adequate and there is
no need to exceed them

It should be noted that the metric system of measurement
has been universally adopted for diving installations.

THE SWIMMING POOL
The recommended standard lengths for all new public

swimming pools are 165, 110 and 82|ft. i.e. all lengths that
are divisions of 110 yards.

The only foreseeable alteration to these standards is the
conversion of championship distances to metric measurement.
In such an event the standards now accepted, which in each
case are slightly longer than the metric standards, could be
altered readily and inexpensively without recourse to major
structural alteration (see conversion table).

The \65ft. Pool (equivalent 50 metre). This is the ideal
length for competitive swimming and the required length for
the creation of world records. This length is also necessary
for the staging of Olympic, Empire and Regional Games.

The cost of providing such pools (upwards of £600,000)
limits their number and only 20 such pools are to be found
throughout the world at the present time. Six of these are
in Germany where in addition at least four others are under
serious consideration.
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The most recent to be completed is that in Dortmund where
a building of a capacity of over 200,000 cubic ft. with a useful
floor area of nearly 85,000 square feet was provided for a
total cost estimated to be around £575,000.

In Britain there are two such pools, the Derby Baths at
Blackpool which was completed in 1939 at a cost of around
£250,000 and the Empire Pool Cardiff, completed in 1958
at a cost of over £700,000.

It is generally accepted that the provision of a further four
pools of this size would meet our National requirements for
competitive swimming, provided that they are distributed
over the country as a whole.

The 110/z. Pool (equivalent 33.33 metre). This is the
length of pool now generally recommended in England where
the great majority of existing baths are 100ft. in length. A
number of pools of this length have been completed in recent
years and more are in course of construction.

The equivalent 33.33 metre length is common in France
and Italy, but in Germany there are only 6 such pools. The
advantage of this length, over the smaller 82' 6" length is
that sufficient area of water surface for the swimming public
can be provided without increasing the width and conse­
quently the span of the building.

Provision for the popular 824ft. course (equivalent 25 metre)
can easily be arranged in this length of bath by partition
walls (a common arrangement in Denmark and Sweden) or
movable starting bridges.

One disadvantage of the 110ft. swimming course is that
provision must be made for starting at both ends of the pool.

The 82|/z. Pool (equivalent 25 metre). This is the size
of pool most favoured for reasons of economy and com­
pares with the 75ft. bath which is most common in Scot­
land. It is also the size most favoured in Germany though
not always on grounds of economy. There are advantages
from a competitive point of view. Many competitors prefer
a divisor of 4 to one of 3, the starting of races and the pro­
vision of starting blocks can be confined to one end of the
bath, and no changing of the position of judging officials is
involved.

This size of pool is also ideal where separation of the swim­
ming and diving area is introduced or where an area is pro­
vided for learners separated by a bridge from the main pool.
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A number of pools of this size are also in course of con­
struction at the present time.

Suitable Breadths. Having decided on the most suitable
length the measure of the breadth in swimming pools is de­
pendent largely on the area of water surface required. For
82|ft. and 110ft. baths suitable breadths vary from 36' to
52' depending on the number of racing lanes provided, where­
as in the case of the 165' baths a breadth of 60' should be
provided. A minimum lane width of 7ft. is recommended and
a margin of 12-18 inches over this on the outside lanes is
desirable.

The Children's Pool. Whenever possible and where space
permits a separate pool for children and learners should be
provided. To obtain the best results this should be built ad­
joining the main pool and allowing complete freedom of
access between the pools. When used as a leaching bath
privacy and freedom from noise arc essential and for this
reason the pools may be partitioned by glazed doors. The
general arrangement should allow for the maximum super­
vision of both pools from the one control point.

Suitable sizes for such a bath are 40 x 20ft. and 50 x 25ft.
The depth of water should vary from 2ft. to 3ft. and a walk
in access of steps extending along the entire length of one
wall can be provided.

Teaching Pools. A separate teaching pool as distinct from
a children’s pool can add considerably to the usefulness of
a municipal establishment.

Lengths of such pools should preferably be divisors of 110
yards, in anticipation of its possible use for competition.

Breadths should provide 4 or 5 lanes of 6' in width, which
are considered suitable for instruction purposes and minor
competitions. It is not recommended that the width should
be less than 24ft. The depth in the deep end need not be
greater than 5' 6" unless the installation of springboards is
contemplated, when the full depth of 9' 10" (3 metres) for
a 1 metre board or 11' 6" (31 metres) for a 3 metre board
should be provided.

Low fixed boards serve no useful purpose and should be
avoided.

For the teaching of swimming a high degree of comfort
is particularly desirable and a water temperature of between
76° and 78°F with an ambient air temperature of not less
than 2°F above waler temperature should be maintained.
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Consideration should be given to the provision of separate
changing rooms and showers, in order that school classes can
be accommodated without entering the main bath hall.

Recommended sizes of Teaching Pools are: -
Length Breadth Depth Springboards

1. 55'-0" 24' or 30' 3'-0" to 4'-0" —
2. 66'-0" 24' or 30' 3'-0" to 5'-6" —
3. 82'-6" 30' or 36' 3'-0" to 9'-10" 1 metre

or ll'-6" I and 3 metre
N.B. Where springboards are installed the recommenda-

tions, detailed on page 123, for area of deep water
and area of clearance from obstructions should be
observed.

Separation of Pools. In any swimming pool the maximum
provision for the simultaneous safe practice of swimming,
diving and casual bathing should be made. In this respect
it is always desirable though not always practicable to prevent
the encroachment by bathers of the area under the diving
boards.

The ideal condition is separate pools for swimming and
diving, a provision now made in most outdoor establishments
but rarely in covered pools because of the limitations on
space. This arrangement exists in the Aggripabad at Cologne,
where it is most successful.

Where one pool basin must cater for both swimming and
diving a convenient form of separation is by means of either
a fixed or movable boom. A movable boom is constructed
in the form of a bridge spanning the width of the pool, and
resting on rollers in contact with the edge of the pool at each
end. Such a boom may be rolled forward and backward to
provide a varying swimming course and separate areas for
either diving or teaching. When required to provide a full-
length swimming course the boom can be drawn against one
end wall. The width of such a boom should be 3-4ft. and the
overall length of the pool would require to exceed the de­
sired course length by the same amount.

A number of pools in Germany and the U.S.A, have been
constructed in this fashion. An alternative arrangement also
found in Germany is to provide a hinged partition which
can be raised to provide the necessary separation or lowered
to provide the full length swimming course.

At Neukirchen-Saar and at Lubeck a partition can be raised 
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at the 25 metre mark where the depth is 1.8 metres. With a
25 metre course length access across the partition is not
necessary and the result is a tidy and neat arrangement that
give considerable flexibility to the use of the pool.

Diving Boards. No other aspect of indoor swimming pool
design affects the overall design or provides so many difficul­
ties to be solved as the provision of diving towers. Heights of
building, depth and capacity of basin, have a particular bear­
ing on total cost and these factors are largely determined by
the nature of the diving facilities to be provided. Standard
heights for use in diving competitions arc 1 metre and 3
metres for springboard and 5 metres and 10 metres for fixed
boards. These boards should be incorporated whenever possi­
ble and with the clearances indicated in the International
regulations. In addition a fixed board at 7| metres should be
provided where possible.

A complete specification for the construction and layout
of diving boards can be obtained from the Manual of Diving
published by the Amateur Swimming Association (see also
minimum Dimensions for Diving, Page 123).

The provision of the higher boards is usually limited by
the additional costs entailed. It is possible however to arrange
the layout of the diving boards to achieve the greatest econo­
mies in the overall design. One method is by positioning the
boards along the length of the pool at one end instead of
across the pool as is usual. In this way the amount of deep
water required can be considerably reduced and a more
gradual slope provided over the remainder of the pool with
corresponding greater safety for non-swimmers. This arrange­
ment also makes possible the installation of 10 metre diving
platforms in the 82|ft. bath. The size of the building can
be reduced by vaulting the roof in a transverse direction as
at Karlsruhe or alternatively by constructing a raised portion
in the ceiling over the top platform as at Bremerhaven and
Wuppertal.

Such an arrangement can be contained between adjoining
roof girders and in the space between ceiling and roof.

Diving towers lend themselves to good design. Reinforced
concrete is an admirable form of construction, having the
advantages of rigidity, minimum supports, clear lines and
the ability to blend harmoniously with the main structure.

Indoor platforms can be cantilevered from a wall if
necessary and all supporting columns should be kept back
at least 3ft. from edge of the bath.
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A number of pools in Germany have installed hydraulically
operated diving platforms mounting a springboard which can
be set at any height in a range of 1 to 3.5 metres. Such an
arrangement is ideal for teaching and can be installed at a
cost of around £1,000.

The whole platform is elevated and lowered on a single
ram, access to which is made in the viewing and inspection
corridor immediately under the pond surrounds.

The rise from the deep area to the normal slope of the
bottom of the bath should be at an angle of about 30 degrees
to the horizontal (max. 45 degrees).

When possible, the change of slope of the bottom of a
pool should occur at points where a bather would be out
of his depth say 6' 6".

In pools of 42 feet or less in width, the deep area should
be carried right across the width with a slight rise towards
the sides for drainage purposes.

In wider baths the deep area should be continued for a
distance of at least 10 feet on either side of the diving stage,
the slope upwards being 30 to 45 degrees from the horizontal,
according to circumstances.

CONSTRUCTION OF BATH AND SURROUNDS

General: It is now common practice for both economic
and practical reasons to build the bath above basement level,
the floor of the deepest part of the bath being on or near
this level, and the shallow area supported on columns. The
whole bath is in this way constantly open to inspection and
the space under the shallow part can be used for siting the
filters and other items of plant. In a covered pool the bath
will be of monolithic reinforced concrete construction, com­
pletely independent of the main building structure, and also
the surrounds to which it should be connected by a bitu­
mastic joint around the perimeter of the baths. This allows
for any slight settlement of the bath to take place without
damaging the fabric of the building or surrounds.

Waterproofing: It is the usual practice in bath design to
separate the main tank structure from the internal finish by
a waterproof membrane, usually asphalt. There is a trend
however to eliminate the use of a membrane and rely on
waterproof additives to the concrete forming the bath. Ad­
vocates of this method of construction claim that the use of 
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a membrane has the major disadvantage that it can be easily
punctured during laying. If waler gets through the membrane
it can travel some distance before appearing on the outside
of the bath, thus making the membrane hard to trace. Fur­
ther, the seepage of moisture can cause the tiles to become
loose.

Tiling'. It is usual in covered pools to line the bath with
high glazed tiles thus providing an easy cleaned surface. All
junctions should be rounded to assist cleaning. White is the
commonest colour but pale green or blue can also be pleasing
to the eye. Black marking tiles along the length of the bath
to within 6' of each end are required to mark the centres of
the racing lanes, and these should be not less than 7ft. apart.

Resting Ledge'. A desirable feature to be found in most
continental baths is the provision of a small underwater ledge
to enable swimmers to rest without having to tread water or
support themselves by mean of the scum trough. This ledge
is usually 4 to 6 inches wide, set at a depth of 4'. and extends
right round the bath to the shallow end. This detail is easily
incorporated as it utilises the increased thickness of wall re­
quired over the deeper parts of the bath. For cleaning, the
corners should be slightly rounded.

Scum Troughs: Scum troughs should extend completely
round the pond and built flush with the pond walls. They
should be designed to serve as a handrail and provide a good
grip. A large trough is beneficial to racing as it can absorb
most of the splash and waves set up by the swimmers.

Troughs, which should have a glazed finish, can be
moulded in one piece, or alternatively a moulded cove piece
can be used and the remainder made up in standard bath
tiling.

Steps and Ladders: In considering the provision of access
to and from the water it is imperative that nothing of a
permanent nature should be allowed to interfere with the
actual length or width of the bath. Projecting items should
be avoided but if necessary must be removable for com­
petitive purposes. It is always desirable to have walk-out steps
especially at the shallow end, but this will only be possible
where the width of surround permits. Ladders should be re­
cessed, the treads non-slip and the full width of the recess
to avoid the risk of accident. Steps need only be carried
down a depth of 4ft. and can conveniently terminate at the
level of the resting ledge if one is provided. One of the ladder
siderails can be kept lower than the other to assist the bather 
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when turning round the steps after leaving the water.
Underwater Viewing Windows: A number of pools are

now fitted with viewing windows in the side wall of the bath.
The standard size of these windows is 4' 6" x 1' 9" and are
usually set at 15" from the water level to the top of the
frame. Windows up to 7' and some even longer have also
been installed. These windows can be arranged for use in
conjunction with a television camera and have proved of
great benefit in coaching both swimmers and divers. It is
usual to provide telephonic communication between the ob­
servation point and the bathside.

Starting Blocks etc.: It is desirable to install starting blocks
to conform with international regulations. In 82£ and 165ft.
baths these need only be fitted at one end. They can be
made either as fixtures or removable. When built as fixtures
they can be of concrete, and tiled io match the surrounds.
An electric contact pad can be provided which will indicate
either by a light or a hooter if a competitor leaves before
the signal to start is given.

Recommended measurements are: - Back and front T 3",
length of sides 2' 0", height not exceeding 2' 6" from the
level of the water.

Provision should be made in the scum troughs for fitting
the racing lanes and starting handles for backstroke events
if necessary. Provision should also be made to fix the goal
posts for water polo to the edge of the bath or surrounds
and to the bottom of the bath where necessary. These pro­
visions usually take the form of holes which when not in
use are covered by small screw-in non-ferrous metal plates
fitted flush with the surface.

Surrounds: Bath surrounds should not be less than 6' wide
on any side and laid with a fall to drain away from the
edge. They must provide a non-slip surface which should
also be impermeable and hard-wearing. Non-slip cope tiles
divided into small squares are, as a rule, provided around
the perimeter edge of all baths and the remainder of the
surround then finished in either similar non-slip tiles or
mosaic. The latter construction is frequently used in Ger­
many where mosaic is held to provide the best finish, pro­
vided always that it is well laid.

Alternative, a raised cope, usually 6" high and 12" in
width, can be fitted. This arrangement can help to prevent
surface water, dirt and litter entering the bath.

Such a built up cope can also be designed as providing a 
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saving factor in total cost and in children’s pools provides
an element of safety.

The surrounds can be heated either by heating coils em­
bedded in the concrete or simply suspended from the ceiling
of the inspection corridor below.

A good cheap non-slip finish can be obtained by wire­
brushing plain concrete surrounds when green and dusting
over with carborundum.

Wanning Seats: In indoor pools warmed rest benches or
seats can be provided around the enclosing walls and under
windows. Their inclusion enables the designer to produce
warm draught and condensation-free walls and external glass
panels, and at the same time to provide very desirable rest
benches for the swimmers. They are usually floor heated, tiled,
and finished to match the pool surrounds, the cavity under
the benches forming a warm-air duct for air discharged to
counteract the cold-air draughts produced by cold window
surfaces. The steps also form a convenient additional floor
space for spectators at gala events.

THE POOL HALL

General: The overall proportions of a pool hall are
governed not only by the size of the bath or baths to be
included but also by the amount of seating accommodation
to be provided. Reinforced, pre-stressed, pre-cast and light­
weight concrete, together with structural steels, and glass in
its many and varied forms all give ample scope for treatment
that will further the utility of the bath hall. Difficulties in­
evitably arise in assessing the relative importance of some of
the factors that must influence the planning and design. Choice
of building material, acoustics, heating, lighting, supervision
running costs, etc., are all very important but if the swim­
ming pool is to be used regularly by all ages then the result
of all the design considerations must be to produce an atmos­
phere of CLEANLINESS and COMFORT. Further if re­
pairs and running costs are to be kept to a minimum every
effort must be made to reduce the effects of condensation.

By the use of wall glazing for all natural lighting the com­
mon problem of condensation from roof glass is eliminated,
and the entire roof area can be designed to provide the
necessary insulating and acoustic properties.

Steel roof girders can provide a useful deep roof space
above the ceiling capable of providing good insulation, easy 
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access to lighting and a clear passage for the distribution of
ventilating trunking. Various forms of hung ceilings can be
suspended from concrete roofs by steel rod supports.

Walls should be tiled or smooth hard rendered to a height
of about eight feet above the surrounds.

The remainder of the walls should be treated to give the
best acoustic results.

Glazed walls and doors should be of double thickness
throughout with insulating space between and with the lower
panes of “ Armourplate ” quality.

Aluminium sections are recommended for use as astragals,
door frames and similar fitments. The cost of aluminium will
probably be about two and a half times the cost of the alter­
native in steel or timber, but with no painting required main­
tenance costs are reduced and the difference can be justified.

Acoustic Treatment: This is a most important considera­
tion in the design of swimming pools and one that has often
been sadly neglected in the past. The proposed form of treat­
ment must be decided upon in the early stages of planning,
as any subsequent alterations to improve matters will prove
expensive. The volume of the building and the large areas of
water, concrete and glass together with the lack of sound
absorption associated with normal clothing all tend to pro­
duce long reverberation periods. A reverberation period of
2 seconds at 500 cycles frequency is the standard to be
achieved if conversation is to be possible in the pool hall.

Various absorbent materials have been used and among
those giving the best results are the following: -

(a) Pyrok Plaster
This material is used at Karlsruhe and a number of
other pools. The acoustic properties are good and
it can be readily applied to a concrete or similar sur­
face.
One disadvantage is that the rough surface of the
material collects dirt and stains badly. When redeco­
rated several times its acoustic value tends to drop.
ceilings.

(b) Limpet Asbestos
Applied with a spray and like Pyrok is jointless, mak­
ing it suitable for applying to curved roofs and sur­
faces above 8ft. minimum height.

134



(c) Foamed Plaster
Foamed plaster finished smooth can be easily deco­
rated and washed down. There is less possibility of
collecting dirt than with the previous materials and
is pleasing in appearance.

(d) Glazed Cellular Blocks
These have been used in several baths and consist
of glazed clay tiles backed with insulation. The holes
provide the necessary acoustic properties but the
tiles will probably prove difficult to clean.

(e) Perforated Aluminium Sheets
Aluminium sheets fixed to timber battens and backed
by mineral wool have been used at Wiesbaden. The
main objection to this form of treatment is that it
Suitable for walls above 8ft. minimum height and
does not present a solid wall and can be easily dis­
torted if pressed upon by the public.

(f) Fibreglass
Fibreglass quilts suspended from the roof and covered
on underside with coloured plastic sheathed aluminium
slats (similar to those in Venetian blinds) provides a
decorative ceiling that has both good thermal and
acoustic properties. Good examples of this construc­
tion are to be found at Bottrop and Frankfurt.

(g) Foam Rubber
Coloured foam rubber panels mounted on a solid
backing and supported in an aluminium grid make
an excellent sound and moisture absorbing ceiling.
Good examples of this construction are to be found
at Wuppertal and Cologne. The material provides a
pleasing appearance, and individual panels which are

or so thick can be easily removed and cleaned.
In Cologne the foam rubber has also been fixed with
adhesive to the upper walls and to the front of the
spectators’ gallery.

Accommodation for Spectators’. This is best arranged in
tiered terraces on one or more sides of the pool. The space
under the terraces can be utilised to provide accommodation
for dressing rooms, pre-cleansing rooms, storage, plant, etc.

The positioning and rake of the seating arrangements
should ensure that all the spectators have a completely un­
interrupted view over the whole pond.

The seating which can take the form of tip-up seats or 
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benches should be constructed of teak or other suitable dur­
able material that will withstand the atmospheric conditions
of a swimming pool and allow easy cleaning.

A simple arrangement is a series of benches, similar to
bathers’ rest benches where the floor and backs of the seats
are covered in rubber. Such terraces are usually of concrete
and should be heated either by embedded coils or by pass­
ing warm air through outlets in the risers.

Where possible cloakroom facilities should be provided
for the use of the spectators.

Control of Bathers'. A glazed central control room at bath
level should be provided from which the attendant on duty
can keep a strict watch over the whole area of the bath hall
and any adjoining children's bath.

All lighting controls should be operated from this point.
Public Address System'. This facility should be provided

and can be used for either announcements or music. Provision
should be made for plugging in hand microphones around
the pool surround and in the viewing corridor under the sur­
rounds if appropriate. Adequate provision should also be
made for the installation of television cameras.

Control Box'. A soundproof box situated above the spec­
tators and covering the whole pool and diving boards in its
outlook is a necessary provision in the larger pools. This
should contain controls for lighting, loudspeakers, record
player, electric starting device (if provided) and any other
facility contained in the hall.

Lighting'. As a general rule all fittings and switches should
be well out of reach of bathers and spectators for reasons
of safety and should be of robust construction.

Indirect lighting is not recommended for use in a swim­
ming pool and where used in this country has generally
proved inadequate.

The aim should be to provide a uniform intensity of light
over the whole area of the bath using some arrangement of
roof lighting and fittings that are flush to the ceiling or re­
cessed into it as at the Empire Pool, Cardiff.

Fluorescent lighting is widely used in Germany either as
a series of continuous strips across the breadth of the build­
ing or as one continuous strip around the perimeter of the
ceiling.
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In Karlsruhe where this latter system has been adopted,
provision has been made for the whole lighting system to
be raised and lowered to the bath side on a system of wires
and pulleys for cleaning and maintenance. Access to over­
head lighting is an essential requirement and can usually be
arranged for in the ceiling void.

All lighting should be controlled from one point in the
bath hall and duplicate switching in the control box if one
is provided.

Underwater lighting can be provided by means of glazed
ports in the side walls and fitting floodlights behind. These
should be set at the same depth as observation windows and
access to them provided by the inspection corridor.

Underwater lighting is popular because it makes the water
attractive to the bather. It can also enhance the decor of the
hall, adds to the general lighting and provides a source of
interest for the spectators.

The installation should include arrangements for emer­
gency lighting in the event of a failure of the main supply.

DRESSING AND PRE-CLEANSING FACILITIES

It is essential that this accommodation should be well-lit,
warm and free from draughts as well as providing sufficient
room for the numbers attending at peak periods. For reasons
of hygiene the dressing accommodation should operate on
the principle of “ wet ” and “ dry ” circulation.

The most satisfactory arrangement for the handling and
safe storage of clothes is the method providing changing
cubicles and lockers. For boys and girls an open changing
area with individual lockers is sufficient. Cubicles should be
constructed of some durable material such as concrete finished
with glazed tiles or a jointless polished surface. The cubicles
should be provided with two doors, entry being made on
the “dry” side and exit into the “wet” side where the
lockers are situated in the ratio of some 3 or 4 to each
cubicle.

Lockers should be sufficiently long to allow overcoats to
hang freely without touching the bottom and provision made
for air to circulate through them. They should be arranged
to facilitate supervision and cleaning. Underfloor heating is
particularly appropriate to this type of accommodation.

To encourage and promote the habit of pre-cleansing the 
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shower rooms should be warm and an ample supply of hot
water provided. Failure in this respect only means that bathers
will, in many cases enter the swimming pool without wash­
ing, rather than face the ordeal of washing in luke warm
water. This is particularly true in the case of children. It must
be, realised that simply a hurried step through a foot-bath
does not ensure that a person is fit to enter a swimming pool.

The plumbing should be of as simple a type as possible
and all mechanical means of operation kept to a minimum
as these may soon become damaged or fail to operate
correctly.

Hot water should be thermostatically controlled and dis­
tributed at a temperature of about 125°F to avoid scalding
the users at the draw-off. In addition all showers should have
a mixing control to permit the addition of cold water.

The shower rooms should lie between the dressing cubicles
and the pond hall but separated from the bath by doors to
prevent the spread of steam and the excessively humid con­
ditions experienced in shower rooms.

Adequate toilet accommodation should also be provided
where bathers will pass it on the way to the pond.

Small quick drying rooms entered directly from the bath
surround are provided in many continental baths. Heated to
a temperature of about 140°F these rooms are used by swim­
mers after leaving the water and prior to entering the dress­
ing rooms or taking a seat on the rest bench. They are also
popular with competitors taking part in several events and
helps considerably to reduce the amount of water carried into
the dressing rooms.

The provision of slipper baths, sauna, turkish, or similar
ancillary baths will be determined by local needs and con­
ditions.

HEATING AND VENTILATION

General: The nature of a swimming pool is such, that,
only by the provision of a well designed heating and ventila­
tion system adequate to meet all the heat requirements of
this type of building, will the establishment be able to func­
tion efficiently at all times throughout the year.

The design of a suitable installation is of such fundamental
importance to the building as a whole that the closest col­
laboration between those responsible for planning the build­
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ing and engineering services must be maintained from the
outset. In a swimming bath heat must be generated for a
wide range of uses including: -

1. Maintaining the temperature of the bath hall, changing
rooms etc.

2. Maintaining the temperature of the water and heating
make-up water.

3. Hot water for pre-cleansing showers, slipper baths,
foam baths etc.

4. Heat for sauna, turkish and vapour baths, medicinal
baths and their ancillaries.

5. Establishment laundry, cafe, kitchen equipment.

Considerable economy in working costs can be realised if
the swimming pool is included in a planned heating scheme
as variations of the load factor can be reduced. In view of
the relatively high plant costs involved consideration should
always be given to the possibility of bringing other civic or
commercial enterprises into the scheme. Similar advantages
can be obtained if a swimming pool is included in a district
heating scheme and obtains all its requirements from the
central source.

Few buildings present the combination of conditions that
must be considered in the design of a heating and ventilation
scheme for a swimming pool. A higher degree of temperature
than that required for fully dressed persons must be main­
tained, while at the same time a high rate of air-change must
be provided to deal with the atmospheric pollution and ex­
cessive humidity encountered.

The temperature, velocity, humidity and temperature gradi­
ent of the air must all be considered if a suitable degree of
comfort is maintained. In the U.K. this aspect of swimming
bath design has rarely been given sufficient attention. If good
attendances are to be maintained throughout the winter
months a warm bath hall, free from draughts is essential.
This condition is all too seldom encountered in our baths.

A contributing factor to draughty and cold bath halls, and
the sometimes even colder dressing and pre-cleansing rooms,
is the absence of doors on the journey from the entrance
hall to the swimming pool. The addition of double self closing
doors between each section of the building frequented by
the bathers would eliminate draught and considerably reduce
heat loss.
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The following temperatures were recorded in the swimming
pool at Karlsruhe in the month of January and give some
idea of the high degree of comfort that is maintained there
and should be the general aim elsewhere.

Men's and Women’s Dress Rooms 82°F
Men’s and Women’s Shower Rooms 88°F
Swimming Pool Hall 82°F
Water (Main Bath) 74°F
Water (Children’s Bath) 76°F
Shower Water 122°F

Of particular interest is the higher temperature of the pool
hall compared with the water in the bath. This difference is
necessary to prevent condensation and the damage to the
fabric of the building that can result if present.

Tn this particular bath the temperature in any part of the
building could be recorded and read at one control point. A
similar high degree of instrumentation and control of mec­
hanical services is to be found in most new baths in Germany.

Heating'. It is outside the scope of this paper to discuss
the relative merits of the various forms of heat generation
applicable to swimming pools.

It is an advantage however to install boilers giving a quick
response to load changes in view of the fluctuations in hot
water demand and ventilating load that can be expected.

A suitable arrangement for the heating demand is to pro­
vide a hot water installation of sufficient capacity to deal with
the fabric losses of the building and to design the ventilating
plant to compensate for air-change losses. In practice the local
heating surfaces cover about 80 per cent of the requirements,
the remaining 20 per cent are covered by the ventilating in­
stallation.

The convection system of hot water heating relying for
effect on the exposed surfaces of radiators and pipes has the
advantage of being the cheapest form of installation and at
the same time is most accessible for repair. Wall-mounted
radiant panels are suitable for shower rooms and outside
walls where they reduce condensation.

Underfloor heating adds greatly to the comfort of the
bather, assists in keeping floors dry and brings about the
almost complete absence of temperature gradient.

The general hot-waler heating installation relying on pipes
and radiators operates on a temperature drop of about 40°F 
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with a flow temperature of 195°F but with radiant panels
and embedded floor coils the flow temperature is limited to
105 °F.

Ventilation’. A mechanical system of balanced ventilation
delivering filtered and tempered air to the bath hall and other
accommodation is necessary if a standard of atmospheric
purity is to be maintained and condensation prevented. Ex­
tract fans are required to remove air from the showers and
dressing accommodation but in the bath halls, due to the
plenum existing, the air can usually be forced out through
openings in the ceiling and into ducts by gravity.

At Bremerhaven the air changes provided are: -
The swimming pool hall
Showers
Slipper Baths
Laundry
Other accommodation
The operation of ventilation systems frequently aims to

prevent downdraught from large windows by discharging the
inlet air from floor level vertically up the face of the glass.
In addition the warm air is often diverted horizontally across
the pool towards the windows through openings in the rest
benches and spectator seating.

FILTRATION AND WATER PURIFICATION
Every new public bathing establishment which is subject

to loan sanction must be equipped with apparatus for the
continuous purification of the swimming pool water.

The circulation of the water through a swimming pool is
generally effected by creating a uniform flow from the shallow
end to the deepest part of the pool, the number and arrange­
ment of circuits depending on the outline of the particular
bath. Make up water is constantly admitted to replace water
lost to drain.

Filtration of the water can be carried out using either
pressure type or open filters. The former are universally used
in the U.K. and most suitable when space is limited. They
can be of either the vertical or horizontal type. The open­
top concrete-cased sand filter is in widespread use in Ger­
many where they are preferred to the pressure type on ac­
count of their low operational cost. It is also claimed that
the stale air in the water is more easily removed by this
method. Further, when the pool walls are built upwards from
the basement level considerable space is available around the 

2 to 4 changes per hour
15
8

10
5
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ends, sides and underneath, this situation lending itself to
the use of open filters. Filtration plant should be designed
on the basis of providing a turnover period of 3J-4 hours.

The principle method and agent in use today for the sterilis­
ing of swimming pool water is by chlorination using chlorine
gas in bottles with additional treatment of aluminium sul­
phate for coagulation.

Other methods have been employed but chlorine is still
the most reliable sterilising agent.

The technique of “ break-point chlorination ” based on
the phenomena produced by super-chlorination has been in­
troduced to many swimming pools.

To reach this state the chlorine dosage must be progres­
sively increased until the ratio of residual chlorine and am­
monium compounds is such that this chlorine breaks down
and disappears more rapidly than if a lower dosage of chlor­
ine were used.

Three main advantages are claimed from the use of break­
point chlorination in swimming baths:

1. Sterilisation is rapid and complete, and the presence
of free residual chlorine can be easily identified by
suitable analytical tests.

2. Impurities are quickly oxidised and the colour and
appearance of the water is notably improved. The
oxidising properties of chlorine are particularly in­
tense over the pH range of 6.5 to <8.0 which applies
to swimming bath practice.

3. Free residual chlorine is without offence to bathers
even when the bath water contains two or more parts
per million in this form. Break-point chlorination thus
possesses unique flexibility and the treatment can be
operated well above the break-point, thereby enabling
an ample residual to be built up for use during the
peak bathing periods.

Conclusion
Ten years ago the author was privileged to address the

Annual Conference of your Association on a similar theme
to that covered by this paper. At that time the provision of
new swimming baths was very much a matter of planning
for the future. Today in many of our cities and towns it is
a very important aspect of current development, and all the
indications are that the numbers of new pools under con­
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struction will continue to increase rapidly during the imme­
diate years ahead. The inadequacy of existing facilities and
the need to ensure that designs for new establishments are
created in accordance with present day requirements for
competitive swimming is probably more apparent and better
appreciated than at any time in the past.

Your Association has done much to focus attention on
these points and I should like to lake this opportunity to
congratulate you on the timely publishing of your excellent
book “ Modern Baths and Laundries.”

You will also be aware that the Amateur Swimming Asso­
ciation have published a pamphlet on the design of swim­
ming pools and that the Ministry of Housing and Local
Government have a special study of swimming pools in an
advanced stage.

The importance of all this activity is that there has been
considerable liaison and co-operation between these various
bodies concerned and there is today a remarkable alignment
of views on the basic requirements of swimming pools.

The coloured slides presented with the paper refer to a
number of pools recently visited by the author.

These are but a few of the many built in recent years but
are sufficiently varied in size and type to emphasise many
of the current trends in swimming pool design.

It is hoped that this paper may help to stimulate a wider
interest in the need to provide swimming pools and a greater
awareness of the fundamental requirements.

The extent of this paper has been somewhat limited by
the time factor. I have agreed with your Hon. General
Secretary that one session for this subject is not sufficient and
I have, therefore, accepted his invitation to write an article
for publication in the “ Baths Service ” Journal which will
cover what might otherwise have been an Appendix to this
paper.

The author wishes to record his thanks to the many
Engineers, Architects, Baths Managers and others for the
information and facilities made available to him in the
course of his travels and in the preparation of this paper.

The President: Thank you, Mr. Heatly, for a very instruc­
tive paper ; the information contained therein, I am sure, will
prove of great value to all those contemplating the building of
new baths. I shall be glad if you will please now answer the
many questions that I know will be asked of you.
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Mr. N. J. C. Walker (Luton) : (1) May it be assumed that
in para. 4, page 134, Mr. Heatly recommends the use of
aluminium only where suitable ?

(2) Would Mr. Heatly agree that a standard should be
adopted in this country which would, to some extent, place
control of the bathing load of baths and pools as in America,
Germany, France, etc.

Mr. Heatly : (1) I understand from the questioner that cer­
tain baths have experienced trouble with the introduction of
aluminium into bath halls and dressing rooms. In my ex­
perience of the use of aluminium in baths in the United States
and Germany the result has been satisfactory. According to
the metallurgists there is no impairment to cither aluminium
from either chlorine or salt water. There is, of course, oxidisa­
tion which causes the metal to develop a dull greyish appear­
ance, and even with careful maintenance this cannot be pre­
vented unless the aluminium is anodised. This will ensure
that the metal retains a bright appearance, but is a fairly ex­
pensive treatment. There are, of course, many alloys in use
which will vary in their reaction to different conditions, but if
the formation of condensation on the metal surfaces is avoided
by adequate healing and the humid chlorinated atmosphere is
removed by a suitable ventilating system the trouble indicated
should be avoided. The variations in content is more for tex­
ture and structural properties than for chemical reaction to
different conditions. “ Careful maintenance ” requires that all
metal surfaces are thoroughly wiped down once a week and
this is strongly recommended by the manufacturers. This will
not prevent oxidization, but will to a very great extent prevent
the formation of the white deposit which sometimes appears.

(2) I gather from the question that what is proposed is a
standard that would control any tendency or desire on the
part of a pool operator to overload from the point of view of
the maximum number of persons simultaneously using a par­
ticular pool. I have no personal knowledge of the controls
operating in the countries mentioned, but in view of the many
variables involved any accurate and workable formula would
require to be of an empirical nature. Obviously overcrowding
should be avoided, but if regular and strict control of clarity,
bacterial condition, chlorine residual, etc., are carried out in
accordance with by-laws based on the Ministry of Health
Model Series VIIIA no serious problem should arise. There
still remains the problem of providing the bathers with a
reasonable degree of comfort and freedom from overcrowding
during peak periods, but this is a problem where acceptable 
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solutions are more easily related to the particular than the
general. For example, the ratio of the number of bathers using
a pool to the number actually immersed at any one period
varies considerably and can be at its greatest when comparing
indoor with open air facilities. The standards of water purity
in public bathing establishments in this country is very high
and compares favourably with the countries quoted by the
questioner. In the final analysis much depends on the mem­
bers of your profession — on your ability as a salesman to
offer your public conditions that are both attractive and
reasonably comfortable at all limes, and on your insistence
that ample facilities for proper pre-cleansing are both pro­
vided and used.

Mr. F. D. Boone (Hastings) : (1) Sub-heading “ The 165ft.
Pool”, page 125 :— Hastings is not mentioned in 125; the
major pool at our White Rock Baths is 165 ft. long and
36 fl. wide and although spectators' accommodation leaves
a lot to be desired, that pool is still 165 fl. long and covered.

(2) Sub-heading “ Control of Bathers ”, page 136: —unless
there is a printer’s error loafing around, this paragraph reads
that only one attendant is necessary to keep a strict watch
over possibly two baths ; although I consider that the citizens
of Hastings who patronise White Rock Baths are no worse
than those of other towns, it certainly requires more than one
attendant to watch the “ little dears ” in their exuberant
moments.

Mr. Heatly : Please accept my apologies for failing to
acknowledge the existence of the 165 ft. long indoor pool at
Hastings. While it is not equipped for diving events, and the
restricted width limits its use for full scale international swim­
ming, it is nevertheless a most important bath and 1 remem­
ber was invaluable in 1952 when it was used by our Olympic
Team for pre-games training.

(2) Naturally 1 would expect the number of attendants on
duty at any one lime to vary according to the size of the
bath and, more important, the numbers making use of it. Nor
would I like it to be inferred from the text that these atten­
dants should conduct their duties entirely from behind a
glazed screen. What is intended is to emphasize the impor­
tance of providing a central control point from which the per­
sonnel in charge can maintain full visionary control over the
whole area. In smaller baths it is not uncommon to have only
onq attendant on duty during certain periods of the day.

Mr. J. H. A. Hardeman (Amsterdam) : (1) Page 9, last
para. The costs of the recently opened 50 m. Sportfondsen 
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covered pool in Rotterdam (including outdoor pool, seating
accommodation for 1,200 spectators, but excluding teaching
pool which will be built later) has proved to be less than
£300,000 (£11.-per m3) not withstanding rather difficult build­
ing circumstances (330 piles of a length of 60 to 70 ft.).

(2) Page 131—Since it has proved that the majority of the
pollution is found in the upper layer (0-2 ft. below surface) of
the swimming water, there is a trend in the Netherlands and
Germany to use the completely round the pool extended
“ scum troughs ” as part of the water circulation system.

(3) Page 132—From the point of saving costs it may be
economical, in some cases (high ground water level) to use
still higher “ raised copes ”. It has been proved that 2 ft. high
copes moreover give better contact between swimmers and
spectators and also provide an easy sitting accommodation.

(4) Page 137—What is the relation between the number of
cubicles, size of pond and capacity of swimming pool ? Do
you prefer lockers instead of the open clothes-storage system
(hangers on clothes-horse), generally used in open-air pools ?

(5) Page 140—From a medical point of view the tempera­
ture in dressing rooms should not exceed 70°F. in order to
guarantee a smooth decline of temperature from swimming
pool atmosphere (82°F.) to the mostly much lower open air
temperature.

(6) Page 141—As the pollution of the water in the shallow
end of the pool is much greater than the pollution in the deep
end, maximum purification will be obtained if the most pol­
luted water (shallow end) will be led straight to the filtration
plant, in other words, if a uniform water flow from the deepest
part of the pool to the shallow end is created.

Mr. Heatly: (1) I am very interested to learn of the new
50 m. Sportfondsen Pool in Rotterdam and to learn that it was
built at a cost of less than £300,000. Mr. Hardeman did not
indicate if this pool is to full Olympic requirements in respect
of the width and the diving facilities, but I am certainly most
interested to learn of it and would welcome any further par­
ticulars and details of design that are available.

(2) The system referred to is considered by some people to
provide a most desirable method of filtration and one of our
leading manufacturers of filters attach the greatest importance
to this method of circulation of water through the swimming
pool. A number of pools in the U.S. and Canada use varia­
tions of this method. I would not however care to generalize
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on the relative merits of this system compared with other
proved methods.

(3) I have experienced the high copes referred to, but do
not find the idea attractive. Some people also advocate the use
of such surrounds as ideal for teaching, but I have reserva­
tions on this point.

(4) For indoor baths the N.A.B.S. recommends 20 sq. ft.
of water area per bather. In most cases this should be reason­
able, but particular cases must be considered on their merits.
The answer to the second part of this question is an emphatic
YES ! Hangers are suitable in open-air pools, but indoors
full-length lockers are to be preferred. The advantage of
lockers is particularly appreciated in winter when people are
more heavily clad. Lockers are also favoured by adult
bathers, many of whom dislike the idea of their clothes com­
ing in direct contact with those of others. Lockers also pro­
vide space for small items of hand luggage.

(5) I appreciate the point that is made. The temperature I
quoted was that recorded at Karlsruhe in January and, to be
honest, I thoroughly appreciated it.

(6) This observation is closely related to (2) and be pro­
vided for by withdrawal over the scum channels. There is still
a strong body of opinion that prefers to withdraw from the
bottom of the deep area either totally or in association with
weir-type overflow at one end of the bath.

Mr. E. K. Hodson (Southport): On page 120, the last para­
graph ; I should be greatly obliged, and I feel I write on behalf
of many members, if Mr. Heatly would delete the words
“AMATEUR SWIMMING ASSOCIATION” and sub­
stitute “ ADVISORY COMMITTEE OF THE NATIONAL
ASSOCIATION OF BATH SUPERINTENDENTS” for
the official report of the Conference proceedings. Surely Mr.
Heatly must be of the opinion that the professional man has
far more knowledge in his field of work than laymen whose
concern is competitive swimming.

Mr. Heatly : I feel that this question may have arisen from
a misunderstanding of what is intended by the reference to
the A.S.A. This refers to the international standards govern­
ing swimming, diving and water polo. The need to ensure that
our new baths conform whenever possible with the standards
and regulations demanded by competitive swimming and div­
ing will not be in question, but at the same time it will be
greatly appreciated that these standards are set by the govern­
ing body of the sport and it is their prerogative to alter and 
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amend these standards as the sport changes or develops.
In .the circumstances it is not unreasonable that the Asso­

ciation should oiler this service, and in view of the important
changes to standards and regulations in recent years it is
tremendously important that local authorities are fully aware
of these before planning is commenced.

In the field of standards and regulations for competitive
swimming, the pronouncements of the F.T.N.A. and A.S.A.
are the final authority and not simply the expressed opinion
of laymen.

I fully appreciate the great interest taken by your Associa­
tion in all matters connected with bathing and have given
recognition to this in my conclusion. From my knowledge of
your Association, and after having read your recent publica­
tion “ Modern Baths and Laundries ”, I know that the advice
of your Advisory Committee would be invaluable to anyone
contemplating the building of a swimming bath. What is im­
portant is, that when advice is sought from different sources
the response does not conflict and appear to be at cross­
purposes.

I am pleased to tell you that from my intimate experiences
of the various authorities concerned with the construction of
baths that there is today a greater unanimity of thought on
what is essential and what is desirable than at any time
hitherto.

Mr. A. Cross (Lewisham) : I believe this is one of the
best Conference papers we have listened to for some years,
and I should like to raise one or two points for discussion : —

(1) Referring to the last sentence on page 120. Is there any
reason why Mr. Heatly precluded the National Association
of Bath Superintendents as an authority who could give valu­
able help in the early stages of bath design and construction ?

(2) Whilst 6 ft. wide promenades might be satisfactory for
82 ft. 6 in. x 30 ft. bath — they would not do for 165 ft. x
60 ft. pool, assuming both pools are going to be well used for
public bathing. To say that promenades should be spacious
and not less than 6 ft. wide is too vague and misleading.
Would it not be better when dealing with indoor baths to
produce a formula that would produce a relationship of pool
area to promenade space, say a ratio of 1 to 1 ?

(3) No mention has been made in your paper to the vitally
important factor of having the correct gradient on the floor
of the pool. Would you agree (having in mind the use of the 
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pool by non-swimmers) the gradient of the pool bottom from
the shallow end to where the water reaches a depth of
6 ft. 6 in should not exceed 1 in 20 ? With correctly designed
inlet spreaders the pool will be self cleansing with this slope.

(4) Would the author not agree that the most effective way
of lighting a bath hall is from over-head — whether the light­
ing medium be natural or artificial ?

Side lighting tends to ricochet on the surface of the pool
and having little penetrating value the water is less attractive,
it also introduces the problem of glare from strong daylight
and sunshine on the people using the pool and the attendants
whose task it is to care for their safety.

(5) In the construction of a bath hall where a suspended
ceiling is used to accommodate the ventilating ducts it is usual,
in order to prevent condensation taking place on the steel con­
struction in the void between the ceiling and the roof, to her­
metically seal this space. Architects say that it is not practical
to provide for skylighting in this form of construction. I shall
be glad to have your comments on this feature.

Mr. Heatly: (1) This question corresponds to that asked
by Mr. E. K. Hodson, and I trust that it has been answered
to your satisfaction.

(2) The question focuses attention on a very important
detail of design and I am pleased to note that Mr. Cross ap­
preciates the need for spacious surrounds. A ratio of 1 to 1
would in most cases be both generous and acceptable but I
do not think that a constant ratio could be applied to all
baths.

Having stated a maximum, I feel that a competent designer,
taking into account the sight lines of spectator terraces, the
positions of diving boards, the various uses to which the pool
would be subject, and the requirements of aesthetic appeal,
could then decide what is desirable in a given set of circum­
stances.

(3) I fully agree with Mr. Cross on the importance of the
gradient of the floor of the pool. The recommended maximum
gradient for safety at the shallow end is 1 in 15 and this is
indicated on figure 1 of my paper which is referred to on
page 125, but which was in error held over with the Appen­
dix to my paper for publication in your journal.

(4) This question raises a controversial topic of consider­
able interest and importance. To answer the first part, I agree
that artificial lighting is most effective and efficient when it 
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is from over-head provided it casts a uniform intensity of
light over the whole area of the water surface. I would hesi­
tate, however, to agree that the same condition applies in the
case of natural light though it is invariably effective.

The problems of side lighting mentioned by Mr. Cross
exist in many baths and when accentuated by bad planning
and over-emphasis of certain features of design give rise to
justifiable concern.

The problems are most acute when associated with exten­
sive glazing of side walls and gables from bath surround level
to ceiling. Extensive glazing is most appropriate when it
gives a vista over parkland or other pleasant surroundings.
In warmer countries glazed doors on the elevation facing
the sun can lead on to paved sun-bathing terraces, but in our
climate such an arrangement cannot rarely be justified and
I have had occasion to recommend northern exposure for
full height windows in order to avoid the glare of direct
sunlight and to enjoy the reflection of sunlight on the attrac­
tive vista beyond.

Roof glazing is not recommended on account of the danger
of broken glass and the difficulties of conserving heat and
avoiding condensation, but high level side lighting can be an
acceptable compromise, and a wider use of glass bricks
would help to eliminate the problems of direct sunlight.

The mechanical control and maintenance of reduced humi­
dity, proper air temperature, and adequate ventilation is
made more difficult by the presence of direct sunlight in a
pool and the growth of algae is encouraged.

You will be interested in the observations made by the
leading college coaches in the U.S.A, in response to a question
on the desirablility of outside windows, which were favoured
by 59 to 20. Of the majority many expressed strong reserva­
tions of the question of direct sunlight. Most outspoken in
the minority were Matt Man of Oklahoma, Charles McCaf-
free of Michigan, and Bob Kiputh of Yale, all of whom had
experienced and strongly favoured pools without any natural
lighting.

This is more than an engineering problem, however, and
just as aircraft are fitted with windows for the passengers’
benefit, a degree of natural lighting will usually be favoured
by the bather, and its ratio of wall or roof space determined
by the location of the poo} and the concept of the design.

(5) It is not uncommon to have direct contact between the 
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ceiling and the roof and a number of my slides give examples
of this.

Mr. H. F. Cummins (Darlington) : (1) The author, on
page 121, refers to the requirements for competitive sport and
the limitations of facilities for this purpose in a number of
large pools, and also to the plans proposed during the past
year for many new baths projects. He hopes that these when
completed “ will to a high degree fulfil their proper function
which is to provide adequate opportunity for teaching, prac­
tice and the enjoyment of aquatic sport ”, Is this not rather
insular, and should it not read “ teaching, practice and en­
joyment of SWIMMING and aquatic sport ” ?

(2) Regarding the limitations of swimming facilities, the
author states that : “ Ono result is that existing facilities are
sometimes insufficiently used and occasionally misused.” One
may wonder to whom this refers—the public bather, or to
the competitive swimmer, and in what manner are the facili­
ties insufficiently used and occasionally misused.

(3) The majority of Bath Superintendents will conscien­
tiously and fairly balance in accordance with facilities avail­
able the rights of those who “ pay the piper ”, the public
bather, and the needs of the competitive swimmer, but the
inevitable contention arising from sectional interests and bias
remains the Superintendent’s problem. Does Mr. Heatly care
to comment on these observations ?

Mr. Heatly: (1) Let me hasten to assure Mr. Cummins
that what he suggests is in fact the impression I intended to
convey. Far from being insular I fully appreciate the unique
factor in swimming is that its benefit to the performer can
extend over a wide range from complete relaxation to the
most vigorous of exercise. I agree that Mr. Cummins’ phras­
ing should appear in the final report.

(2) The remarks refer to different types of users in dif­
ferent situations. The point is made to underline the advan­
tages of some form of separation and the difficulties invari­
ably encountered in achieving the simultaneous safe practice
of swimming, diving and casual bathing.

Examples of facilities being insufficiently used arise in
certain open-air pools if the area of water is too large, or if
deep water area is excessive in proportion to shallow, or
if contour of pool enforce limitations on its use fod competi­
tive purposes.

In indoor pools similar conditions may arise, but are much 
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less frequent. The most obvious example in indoor baths is
the necessity to impose restrictions on the use of diving faci­
lities during periods of the day in view of the number of
bathers in the bath or the concentration of bathers in a con­
fined shallow end as a result of rigid control over the deeper
parts and diving area.

Misuse of facilities tends to arise where conditions are
cramped or sub-standard—the installation of standard div­
ing equipment into baths of insufficient depth is the most
dangerous form of misuse of facilities that immediately
springs to mind.

(3) The sectional interests and needs of the competitive
swimmer and casual bather invariably differ and appreciation
and understanding of their respective needs is a very impor­
tant aspect of Baths Management. This is a common problem
which varies in its form and intensity* but I have every con­
fidence in your members to apply themselves to this problem
conscientiously and fairly.

I have not the slightest doubt that the rapid advance in
swimming standards in this country in recent years is in part
due to your approach to these matters which I have so often
found to be based on a happy blend of interest, common
sense, and the shrewd application of the Nelson touch.

I am certain, however, that as a general rule the problems
referred to will be most accentuated where the existing facili­
ties are inadequate and out-dated. There can be little doubt
that the early provision of improved modern facilities will
do much to alleviate this particular problem and the tensions
it can create.

Mr. J, A. Choulerton (High Wycombe) : Do you advocate
the heating of all pools, and do you consider that Baths
Superintendents are justified in recommending this facility
to their committees ?

Mr. Hcatly: The heating of all indoor pools is essential,
the heating of outdoor pools is desirable.

Mr. R. Gardner (Dunfermline) : Page 141 —last para.—
May I have Mr. Heatly’s opinion on having the flow from
the deep end instead of the shallow end. As most pools get
soiled mostly at the shallow end why mix up ths soiled water
with the rest of the pool.

Mr. Heatly: The problem created if the flow is from the
deep end to the shallow end is that pockets of water in the
lower regions of the deep/ water can remain undisturbed for 
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long periods. It is because of the fact that pools are soiled
mostly at the shallow end that a considerable body of opinion
favours the entry of freshly treated water at this point.

Mr. C. T. Smith (Bermondsey) : (1) The writer suggests
one or two methods of dividing a pool into two sections, i.e.,
learners' pool and main pool. Would he consider it reasonably
practical to have a rail or eyes down the sides of the pool
with nylon or similar ropes or net stretched from side to
side ?

(2) Does the writer think it more important to have boilers
for fluctuating loads, than ample hot water storage, in estab­
lishments which have large hot water demands for such
things as warnl baths and hair driers ?

(3) Aluminium frames, etc. Is the writer satisfied that un­
painted aluminium will not become corroded and unsightly
unless lacquered ?

(4) Standards. As the writer feels there is little prospect of
many pools of Olympic size, i.e. 165 fl., does he not think
that standards for swimming in competition should be made
to suit the average bath, rather than build baths to suit stan­
dards ?

Mr. Heatly : (1) T doubt if what is suggested would prove
rigid enough to provide a satisfactory barrier.

(2) Tn baths with large continuous hot water demands
ample storage capacity for hot water is essential. If this is
provided smaller boilers than might otherwise be required
can operate at a better efficiency.

(3) The only certain way to ensure that the outside sur­
faces of aluminiunl sections1 will not become dull is to have
them anodised. Aluminium not treated in this way must be
cleaned and wiped down regularly to prevent the metal be­
coming unsightly.

(4) A large number of Olympic-size pools is not required
as apart from the holding of Olympic and Regional Games,
and also the creation of World Records; all other competi­
tive swimming can be successfully carried out in what you
have termed the “ average bath ”. This includes national and
county championships, inter-country events and the creation
of British and other records.

City Architect’s Office (Leicester): (1) Page 119—Alumi­
nium Handrails, Frames, etc. Some Bath Superintendents
consider that chlorinated atmosphere accelerates the corro­
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sion of exposed aluminium—is this a suitable material to be
used where suggested ?

What is your opinion on the use of : —
(a) Natural hardwood handrails to spectators’ gallery ?
(b) Aluminium windows painted with a protective coat ?
(c) Stainless steel in direct contact with bath water on

ladders and lugs, etc. ?
(2) Page 125—Metric Measurement for Championship Rac­

ing Distances. With many new Bath Establishments being
planned throughout the country, can you foresee the Ama­
teur Swimming Association making a decision on this point
in the near future ?

Do you agree that the introduction of non-slip walls to aid
swimmers’ turning makes it important to locate end walls
exactly in the first instance and so save costly alteration in
a new building ?

(3) Page 129—Diving Boards. You state that the amount
of deep water would be reduced considerably if the diving
boards were arranged on the long side of the pond. Did
you reach this conclusion with reference to the “ International
Regulations Governing Diving Equipment ” ?

Our copy of these Regulations states that the depth of
water to be maintained forward of a 10 metre board is
34 ft. 5| in. If the boards are arranged on the end of a
45 ft. 0 in. wide pond, this will give an area of deep water
of 45 ft. 0 in. x 39 ft. 6 in. (i.e. 34 ft. 5J in. plus clearance
behind of 5 ft. 0 in.). Using the same width of pond, can
you tell us, or illustrate, how you would arrange a full set
of boards on the long side in a distance less than 39 ft. 6in. ?

(4) Page 130—Separating the pool structure from the main
structure. In arranging the construction joint near the bath
kerb, do you think there is any danger of unsightly cracks
appearing at a point where they would be very noticeable
and expensive to repair—particularly if promenade drainage
has been constructed in the kerb ?

What is your opinion of the method used in the Stechford
Baths, where the ducts surrounding the Pool are monolithic
with the bath structure and act as hollow supporting beams
spreading the load over a larger area ?

Mr. Heatly : (1) Page 119—Aluminium Handrails, etc. As
mentioned in my early answer to a similar question, the prob­
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lem should not arise if adequate ventilation is provided and
the metal surfaces are wiped down at least once a week.

(a) Natural hardwood handrails are suitable for spectators
galleries.

(b) This should be unnecessary as, surely, much of the
justification for using aluminium windows is that no further
protective treatment other than regular cleaning is required.

(c) Stainless steel is commonly used for fitments of the
type mentioned and has proved satisfactory.

(2) Page 125—Metric Measurement. The decision of the
A.S.A. to recommend lengths that are divisors of 110 yds.
instead of 100 yds. as previously does not envisage a further
change to metric measurement in the near future. It is appre­
ciated, however, that the lengths now recommended are all
slightly in excess of their metric equivalents and could, there­
fore, be readily and inexpensively altered to metric measure
if the need arose. End walls must be located exactly, and
non-slip surfaces to a depth of at least three feet below the
surface should be provided.

(3) Page 129—Diving Boards. With a full set of boards the
advantage! referred to could only be achieved if the 10 metre
board was positioned directly over the 5 metre. The disad­
vantage of such an arrangement, however, is that it is not
possible to use both boards simultaneously for reasons of
safety. If the centre of the 5 metre and 10 metre boards are
placed 2.5 metres apart and 1 metre and 3 metre spring­
boards are provided then a minimum distance of 41 ft. 6 in.
on the long side wall would be required*

(4) Page 130—Separating the pool structure from the main
structure. The danger referred to is always a possibility and
the arrangement used at Stechford suggests a good way of
minimising or preventing this problem.

Mr. T. D. Anderson (Leicester): (1) Page 119—Is alumi­
nium a suitable material for window frames, handrails and
pond-side finishes in a heavily chlorinated atmosphere ? Our
experience with aluminium dressing cubicles has been that a
reaction takes place with chlorinated water and the alu­
minium disintegrates with the result that all aluminium
cubicles had to be replaced after only 10 years’ service.

(2) Page 120—Is the Amateur Swimming Association a
competent body to examine plans for pools and diving
stages ? Surely the N.A.B.S. has a much wider knowledge of 
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this subject and would be prepared to give advice on any
plans submitted to them.

(3) Page 122—Siting a pool in a public park. This might
lead to a well designed and pleasantly situated building which
could be just fai' enough off the normal bus routes and main
roads to prevent large numbers of prospective customers
from becoming regular attenders, particularly during winter
months when mothers would be scared to allow their child­
ren to attend alone. A site convenient to a number of schools,
surrounded by a large centre of population and with good
access routes is a more essential feature in my opinion. I
shall be pleased if you will comment on this.

(4) Page 131—Resting ledge. From the Baths Superinten­
dent's point of view this gives an additional place where
algal growths can form and will require regular cleaning. A
straight side is, therefore, preferable. Are the advantages
gained by the swimmers in having a place to rest sufficient
to surmount the extra cost of installation and cleaning re­
quired ?

Mr. Heatly : (1) Page 119—This question has already been
answered but I am interested to learn of your own particular
experience. There has, of course, been considerable develop­
ment in the production of aluminium in alloys suited to
structural use over the period of your own experience. I
cannot comment on your experience without more detailed
information, but a “ heavily chlorinated atmosphere ” would
suggest the need for improved ventilation.

(2) Page 120—The Amateur Swimming Association does
not set itself up as an advisory body in opposition to the
N.A.B.S., but it is the competent authority on questions of
Regulations and Standards as they apply to competitive
swimming and diving.

(3) Page 122—In general terms a pool should be sited in
such a way as to ensure that it will be used by the greatest
number of people each day throughout the year. Many parks
are in central positions bounded by main roads and iq such
instances can provide attractive sites. One advantage of sit­
ing a pool in or adjoining a public park, is that more people
are brought into the park and the patronage of other ameni­
ties such as tennis, putting, etc., benefit in consequence. I
would agree, however, good access routes and a concentrated
surrounding population is the more essential feature.

(4) Page 131—The advantage of a resting ledge to a bather
more than compensates any additional cleaning that is re­
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quired. The extra cost of providing such a ledge is not
material as from a design point of view a change in the sec­
tion of a pool wall can readily be accommodated at a point
some four feet below the surface.

Mr. J. C. Anstey (Watford) : (1) My colleagues and I are
well aware that there are likely to be constructed only four
more 165 fl. (or “ Olympic-size ”) pools. Where some of us
have failed, how would you succeed in dissuading enthusiastic
Councillors from initiating grand schemes that we know will
certainly be rejected by the Ministry ?

(2) (a) Is it possible to build two 82 ft. 6 in. swimming
pools with 1 metre springboards for the price of one 110 ft.
pool with 10 metre diving stage and seating accommodation
for 800 spectators ?

(b) If so, and bearing in mind the slogan “ Not more
water space, but more water spaces ”, which would you
advocate ?

(3) Many swimming pools in this country have a maxi­
mum depth of only 7 fl.-9 ft. In such pools would you con­
sider it detrimental to the progress of diving if diving stages
were scrapped and replaced by 1 metre springboards ?

(4) Tn your proposed article for the Baths Service, would
it be possible to give illustrations and construction diagrams
of various types of booms ?

(5) Some later pools have been provided with cafes at
first floor level. Having satisfactory experience of a cafe
positioned in the entrance hall of a pre-war pool my
authority is now considering the removal of the administra­
tive offices to first floor so that most of the entrance hall can
be given over to the enlargement of the cafe. If you were
designing a modern pool what importance would you give
this idea ?

(6) Nothing is more detrimental to the appearance of a
swimming pool than to have it cluttered up with polo goal­
posts, pool sweeping pushes, scoops, skimmers and other
equipment. Would you not consider that an equipment store
opening straight on to the poolside to be an important plan­
ning consideration ?

(7) You have not mentioned staff facilities such as chang­
ing rooms, toilets and cooking facilities. Would you please
comment on these ?

(8) Nothing has been said about the influence on basic 
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planning brought about by the designer's conception of the
various patterns of stafl movement in the performance of
their proposed duties. Does an architect ever take this factor
into consideration when designing a swimming pool ?

(9) With few exceptions, the administration of a swim­
ming pool is not usually given any consideration whatsoever
until the pool is ready for opening. I should like to know the
architect’s viewg on what office accommodation is necessary.

Mr. Heatly : (1) The fact that so many Councils tend to
think in terms of “ Olympic-size ” pools is a welcome indi­
cation of the widespread desire to provide facilities that will
conform with standards and regulations for competitive
swimming. The best way to dissuade Councils from intro­
ducing grandiose schemes is to make quite clear the extent
to which smaller baths can provide for competitive swimming
and to relate this to the needs of a particular locality.

(2) It should be possible to build two 82 ft. 6 in. swim­
ming pools with 1 metre springboards for the same cost as
a 110 ft. pool with 10 metre diving. Which course I would
advocate in a particular instance depends on many factors
such as size of town, distribution of population, proximity
of other pools, etc.

(3) Pools with a maximum depth of less than 9ft. would
do a great service both to diving and public safety if they
were to limit their diving facilities to the provision of 1
metre springboards.

(4) The appendix of my paper which, I understand, is to
be printed as an article in Baths Service, does not include
illustrations and construction diagrams on booms. In view
of the interest that has been shown I may decide to prepare
a subsequent article on this particular feature.

(5) The cafe should be situated between the entrance hall
and the dressing accommodation if it is to attract maxi­
mum custom. As an added attraction it should, if possible,
overlook the pool, but not necessarily be in direct contact
with it.

(6) The provision of such an equipment store is essential.
(7) The staff facilities mentioned are also necessary.
(8) The closest collaboration between the designer and the

Superintendent is necessary at the earliest stages of planning
if full consideration is to be given to this most important
point.
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(9) I would expect an Architect to make himself acquainted
with the Superintendent's view on what office accommodation
is necessary.

Mr. M. R. Carter (Middleton) : Would Mr. Heatly give
an opinion regarding the use of rubber tiles for the pool
surround. Rubbed non-slip tiles have been in use at Middle­
ton baths since 193$ and have proved very satisfactory, they
are non-slip, easy to clean, can be obtained in pleasing colours
and are pleasant to the feet.

Mr. Heatly : My experience of rubber tiles agrees with
the observations made by Mr. Carter, though I would not
be surprised if cleaning was a greater problem with rubber
tiles than with some other forms of bath surround.

Mr. C. Murray (Oldham) : Having regard to condensation
problems and heat loss through conventional wall glazing,
would the reader give his views on the alternative use of
glass bricks for this purpose.

Mr. Heatly : The use of glass bricks in place of single
sheet glass would have the effect of diminishing heat loss
and the associated problems of condensation.

Mr. R. McKnight (Batley) : Has Mr. Heatly considered
publishing his beautiful pictures in book form ?

Mr. Heatly : Not yet, but in view of the interest that has
been shown I may consider the possibility.

Councillor S. J. Orme (Yiewsley & West Drayton) : I
would suggest that if an approximate cost of these wonder­
ful pools shown on the slides could be given at timq of show­
ing it would be 06 great interest.

Mr. Heatly : Costs of the majority of pools illustrated are
given in the appendix of my paper which will appear in
Baths Service.

Councillor Mrs. Child (Luton): Has Mr. Heatly had any
experience in his travels of roofing of parabolic design slung
between two main columns with pre-cast reinforced concrete
slab roof resting upon wire ropes as at Montreal, believed
to be economic in construction and of particular interest to
my Authority with problems of chalk sub-soil.

Mr. Heatly : I have not seen the particular building at Mon­
treal, but the form of roof construction mentioned can be
economic over large clear spaces. The roof construction at
Wuppertal, which was illustrated by slides, is an example
of inverted parabolic design.
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Mr. R. R. Lucas (Stockton-on-Tees) : Would you please
give an opinion on a pool 110 ft, x 52 ft. with two shallow
ends of 3 ft. with a recessed diving stage in the centre of
the glazed side of the bath. This would enable two school
classes to use the bath at once.

Mr. Heatly : The proposed arrangement has its attractions
but I feel is more suited to a larger, open-air pool. In, a pool
110 ft. long the gradient from the shallow ends to the deep
area would require to be greater than that considered safe
for learners unless a minimum of diving facilities were pro­
vided. There would also be the problem of watching over
learners and non-swimmers at two ends of the bath and an
increased tendency for swimmers to converge on the area
under the diving boards.

Councillor F. Duggan (Leicester) : As a well-known diver
yourself, would you recommend the diving stage at the side
of the pool ? Please give reasons for and against.

Mr. Heatly : I have experience of diving in pools with the
stage at the side and found it satisfactory in every respect.
If the area of deep water provided corresponds to that re­
quired for the diving boards installed there should be no
problem so far as the diver is concerned. Side diving is usu­
ally only introduced when the spectators are confined to
the opposite side of the bath. One advantage of this arrange­
ment is that an attendant at the shallow end has a better
view of what is happening at the diving end, and in some
instances better use can be made of the deep water area.
In the larger baths, the judging of diving is sometimes more
difficult with side diving. The final decision on this point is
determined to a large extent by the general design and lay­
out of the pool.

Mr. J. Bland (Portsmouth) : Would the speaker support
metric measurements in new baths in this country as op­
posed to the yardage or feet measurements, and if so, why ?

Mr. Heatly: As it is now generally agreed that all new
baths should be built in lengths of 82 ft. 6 in., 110 ft. or
165 ft., i.e., divisions of 110 yards, it is important that all
new baths should conform to these standards and that no
confusion arises on this point. A good case can be made
for acceptance of metric measurement, but the decisions now
arrived at give the best of both worlds as these sizes are all
some few inches in EXCESS of their metric equivalents and
could be readily converted if the need arose. Such a possi­
bility is not, however, visualised at the present time.
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Mr. R. Tootill (Radcliffe) : Would Mr. Heatly please ex­
plain, if possible, why the 110 yards baths are being looked
for as against almost all 100 yards pools already in this
country and America ?

Mr. Heatly : The advantages gained by building baths in
units of 110 yards compared with 100 yards as previously
is that all our swimming events are now compared to the
metric equivalent and distances such as 220 yds. and 440 yds.
do not require to finish at a rope slung across the pool. The
period of the past 20 years during which the building of
baths was virtually suspended gave us the opportunity to
think along these lines, and the introduction of the 165 ft.
bath, the 110 ft. and 82 ft. 6 in. lengths were logical develop­
ments. In the matter of length we are ahead of the United
States where they are only now beginning to appreciate the
reasons that justified the action we have already taken.

Mr. F. Mather (Brighouse) : Could Mr. Heatly please in­
form us : —

(1) The total number of baths illustrated this morning ?
(2) How many were in America and how many on the

Continent ?
Mr. Heatly: Twenty-three swimming pools were illus­

trated. Of these two were in the United Kingdom, ten in the
U.S.A, and Canada and eleven in Germany.

Mr. A. A. Beazor (Stafford) : Do you think that the fol­
lowing shape and sized pool (sketch submitted) would re­
ceive approval by the Ministry, as my Committee wish to
build such a pool ?

Mr. Heatly: The question is similar to that raised by
Mr. Lucas of Stockton-on-Tees, and the same answer applies.

Mr. W. R. Palfreman (Bolsover) : In your paper and in
the film lecture I noticed that there were not any bath build­
ings with sliding roofs. Do you think that this would be a
good idea in England, in view of the climate, so that the
swimming public could take advantage of the sun on good
days and, on inclement days, the bath could be covered ?

Mr. Heatly: The suggested arrangement has been tried
but I would not recommend it as a practical proposition. In
general the various ingenious methods that have been em­
ployed to combine open and covered facilities, such as open­
ing roofs, opening side windows, etc., have proved disappoint­
ing in use and expensive to maintain. The problems are the 
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uncertainty of weather conditions, difficulties in operating
the moving parts, and the introduction of draughts when
open. Further, the engineering services will operate much
more efficiently in near constant conditions.

Mr. J. E. Ingrain (Soundwell) : (1) With a new indoor
pool costing approximately £160,000 and having steps from
the water which are not inset from the bath side; coulcj the
speaker venture the extra cost on the project to give such
inset steps ?

(2) I was rather surprised' at the shortage of slides show­
ing English pools built in recent years. Is there any particular
reason foi; this ? I would have thought that such new pools
built in England would give us a better idea as to, what we
can achieve in relation to our restricted spendings.

Mr. Heatly: (1) The provision of inset steps should not
materially affect the cost of the proposed bath and should,
I think, be allowed for in the scheme. Steps which project
into the pool constitute an obstruction and for competitive
purposes require to be movable.

(2) The slides shown were intended to focus attention on
the current trends and developments in swimming pool de­
sign and the examples shown best illustrated the points I
wished to emphasise. The few pools that have been con­
structed in this country in recent years have been very fully
reported upon in the N.A.B.S. journal and other publica­
tions, and I consider it important that the merits of these be
appreciated in relation to the more important developments
taking place in other countries.

Mr. F. Scott (Letchworth) : Reference was made in your
paper of “ Shallow End ” depth of 2| metres in many of
the German Baths — would you give some explanation of
their depths, please.

Mr. Heatly: A few baths in Germany have minimum
depths of some 2 or 2| metres. The baths at Koln and Frank­
furt, which were illustrated, are important examples and in
both the reason is to provide a pool in which water polo can
be played in the depth of water recommended for interna­
tional matches, i.e., not less than 6 ft. (see page 123). In
both pools this arrangement is justified by the fact that sep­
arate learners’ pools with shallow water are provided.

Mr. J. H. Hollingworth (Blackpool): Page 128—Separa­
tion of Pools. Does Mr. Heatly feel that the type of boom
described could be adapted to an existing pool 55 ft. wide ?

162



Mr. Heatly : The description referred to is for a boom
travelling over the length or part of the length of a pool.
The result of fixing such a boom to an existing pool would
be to deny the use of full course length unless the boom was
removed for this purpose. An alternative solution which
could overcome this problem would be to erect the boom
across the bath at a fixed point in a depth of approximately
6 ft. 6 in. and by containing the ends between vertical guide
channels to drop the boom on to the bottom of the pool
when required. Another method which has been used in
Germany is to provide a boom of narrow section which is
hinged at the pool floor level and which can be raised to form
a positive division wail during normal bathing hours and
lowered when the full length is required for competitive
swimming.

Mr. F. B. Fidgett (Harlow) : (1) Page 123—The lowest firm
board suggested is five metres. Would not the author wish
to encourage the novice by providing firm boards at a lower
height ? The R.L.S.S. require boards 5 ft. to 8 ft. for some
of their awards but, unfortunately, it appears that the Archi­
tect preparing a diving stage layout pays more attention to
A.S.A. requirements than to the needs of the general bathing
public and the R.L.S.S.

(2) Page 132—The questioner’s pool possesses many of
the features applauded by you in German baths, including
a mosaic surround. Though expertly laid with an adequate
fall the surface is extremely slippery when wet. Are there
varying types, and if so, which should be specified for use
on pool surrounds ?

(3) In the questioner’s opinion “ Baths ” will continue to
be the Cinderella of local authority services whilst low charges
for that service remain. By comparison with a cinema seat,
an evening's dancing or even a session of “ Bingo ”, a shil­
ling for an afternoon’s bathing is completely out of propor­
tion and rarely covers 50% of the cost of providing the
service. For a swim in conditions comparable to Karlsruhe
in Germany, what does the author think is a reasonable
charge ?

Mr. Heatly: (1) The novice and average bather should
be able to get all the encouragement necessary from the 1
metre and 3 metre springboards which are invariably pro­
vided in addition to the higher fixed boards. The require­
ments of the Royal Life Saving Society, so far as diving is
concerned, is a minor aspect and the test referred to could 
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be altered to suit' the standard arrangements of diving facili­
ties now invariably adopted both here and abroad.

(2) There is always a degree of mosaic being slippery
under foot if it is formed with a dense closd grained marble
which is well polished. For use on a pool surround a rougher
type of marble is to be preferred and a slight roughness
should be left in the surface texture. Preformed mosaic slabs
with a suitable surface, which are laid on top of concrete
surrounds, are now commonly used on pool surrounds.

(3) The extent to which the Public Baths Service is a
charge on the rates is a matter for individual authorities to
decide. It is a fact, however, that admission charges to public
baths have not increased in recent years to the same extent
as other costs. In many of our older baths it might be diffi­
cult to increase charges to any extent without seriously affect­
ing attendances, but in new baths the opportunity can be
taken to fix admission charges on a more realistic basis. In
Karlsruhe the charge for bathing was I /6d. for adults, and
I would think that charges of up to 2/- would be reasonable
in a new bath with all the amenities considered essential.

Mr. M. G. Harper (Yiewsley & West Drayton) : Can, you
possibly give the number of indoor pools built since the war,
abroad, compared with this country ?

Mr. Heatly: I could not answer this question with accu­
racy and I have no figures for pool building throughout the
world as a whole. I understand, however, that in Germany
some 150 indoor pools have been built in the period from
1950 to the present day. Sweden is another country where
a considerable number of new pools have been built in recent
years. In Britain I doubt if more than 10 new indoor Muni­
cipal pools have been completed in the same period.

Mr. J. Musselwhite (Mynyddislwyn) : The speaker showed
only one of the few baths built in this country during the
war. Was it his intention to remind our local authorities how
backward we are in this country. I wonder are his thoughts
the same as mine—did we win the war ?

Mr. Heatly : My intention was simply to illustrate the cur­
rent trends and new developments in the construction of
swimming pools, and to relate these to our needs for the
future.

Mr. W. H. Akers (Croydon) : In the slides it was noted
that the black marker swimming lanes were sometimes in
the centre of the lane and in others on the edge of the swim­
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ming lane. What is the reader’s view on this ?
Mr. Heatly : I was not aware of this fact, but it is essen­

tial that the black marker guide; lines should be in the middle
of the swimming lanes.

Mr. B. Price (Tipton) : In your excellent paper of 10
years ago, mention was made of welded steel pool construc­
tion methods. What developments, if any, have been made
in this method of construction in recent years ?

Mr. Heatly : Welded steel is not an economic form of
construction for large baths, i.e. 82 ft. 6 in. or greater with
diving pit. Welded steel construction is confined mainly to
the smaller domestic or club pools suitable for outdoor use.
This particular form of construction is connected mainly with
the domestic and small pool market in the United States.

Mr. S. Richards (Hove) : (1) Are any of the newly con­
structed swimming pools in Germany designed to be easily
converted into dance halls or for other social activities (Bingo,
etc.) ?

(2) In the speaker’s opinion, is it most desirable that swim­
ming pools in this country should be used exclusively for
swimming and diving, and should a national effort be made
to ensure that all swimming pools are available for use
throughout the whole of the year ?

Mr. Heatly : As far as I am aware all the new pools in
Germany are built for use as swimming pools throughout
the year and for no other purpose. Swimming is not a seasonal
recreation or sport, and dual purpose buildings are not to
be recommended.

Mr. H. J. Westbury (Wrexham) : Starting Blocks—Fixed
starting blocks would surely be regarded as obstructions,
especially in cases of accidents during peak bathing.

Mr. Heatly: Fixed starting blocks are a regular feature
in continental baths and are not regarded as obstructions. I
appreciate the observation, however, and the provision of
removable blocks would meet the point.

Alderman J. R. Sweetland (Barking): Page 137—last para.
re Wet and Dry System. Here the author appears to approve
of the wet and dry system in general practice, then goes on
to suggest an open changing area for boys and girls. Why
expose the children to less hygienic conditions than that
provided for adults ?
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Mr. Heatly : While I recommend the use of the wet and
dry system on the basis of hygiene I do not suggest the
alternative methods are necessarily unsatisfactory or unhy­
gienic in practice. Other factors can influence a decision on
this point. The advantage of providing open changing areas
for children isr that these can be more easily supervised than
individual cubicles and a considerable saving in space and
cost can be achieved. Another advantage is that school classes
can be kept separate from the public bathers.

Mr. J. F. Bastijn (Junior) (Tilburg. Holland) : As the
author knows, there are two schools of thought regarding
the supply of filtered water to a pool. Both systems, however,
are inadequate as the first 12 inches of water in the pool
contain bacteria — this was proved in Germany — therefore,
would the author agree that it would be better, though very
costly, to introduce the filtered water in the bottom of the
pool in a similar way as the nozzles in a filter to obtain even
distribution, and draw off the water through the scum chan­
nel ?

Mr. Heatly : The method of filtration suggested corres­
ponds to that in use at the two school pools in Toronto
which I included in the coloured slides. In these baths, which
are each 75 ft. x 35 ft., water is entered at pointy 14 ft. apart
right around the perimeter of the bottom of the pool and
removed and drawn off through a channel right around the
top of the pool. Variations of this method are to be found
irt a number of baths both here and abroad.

Councillor VV. Herlingshaw (Eston) : Does the speaker
think that when a learners’ pool is built with a main pool
that a separate filtration plant is essential instead of being
linked to the common plant (with a four-hour turnover) as
is insisted upon by the Ministry ?

Mr. Heatly: A separate filtration plant is desirable when
a learners’ pool is built adjoining a main pool. While a four-
hour turnover period is adequate for a normal size pool, a
learners’ pool should operate on a turnover period of 2} to
3 hours.

Mr. J. C. Thomson (Brighton): Could Mr. Heatly give
any information on the following points : —

(a) Is the West German Federal Government responsible
for the financing of the considerable baths building pro­
gramme carried out since the war, or is this borne by the
particular Local Authority concerned.
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(b) What is the average admission costs, adult and juve­
nile ?

(c) Are schoolchildren admitted free ?
(d) Does daily or sessional bathing obtain as in many

places in Britain ?
(e) Average opening hours ?
Mr. Heatly ;■ (a) I am unable to advise you in this point.
(b) Average admission costs in West Germany appear to

be approximately 1 /6d. for adults and 9d. to 1 /- for child­
ren. Many baths have two and sometimes three price ranges
for bathers based on the type of dressing accommodation
provided, i.e., private cubicles, cubicles and lockers, and open
dressing accommodation with lockers.

(c) I don’t know what special arrangements, if any, are
made for schoolchildren.

(d) I have not come across any bath in West Germany
where bathing was operated in sessions as we understand
them. Tn many cases, however, a time limit of 1 hour is
set by stamping the time of admission on the bather’s ticket
which is then retained by the bather and presented to the
attendant or cash desk when he leaves the bath. A surcharge
is due to be paid if the time limit is exceeded.

(e) Most baths appear to be open daily, including Sunday,
from 7 a.m. to 8 or 9 p.m., with the exception of Monday
when many bath$ shut for the full day.

Mr. J. A. Choulerton (High Wycombe): (1) The planning
and design of any swimming pool or baths establishment,
and for that matter public buildings and places of work,
should always include the provision of adequate and proper
facilities for employees. Your “ Table of Contents ” does
not include such a provision, but would you agree that every
possible consideration should be given towards staff comfort
when planning ?

(2) Are turnstiles necessary in public baths ?
Mr. Heatly : (1) Yes.
(2) Turnstiles are not necessary in public baths, but some

method of control on admissions is usually desirable.
Mr. H. Francis (Nottingham): (1) On page 137, under­

water lighting is described as popular. In very many baths
where it has been installed it is only in use for a few hours in 
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each year. In view of this would Mr. Heatly agree that the
cost of such an installation might be put to better use else­
where in the building ?

(2) I am surprised to find, on page 137, lockers described
as “ the most satisfactory arrangement for handling and safe
storage of clothes ”. In my view (and I am by no means alone
in this) lockers of the type used in baths for some years are
the least satisfactory method of storing clothes; they are ex­
tremely noisy, unhygienic and more open to pilfering than
other methods.

(3) In view of the statement on page 134 that aluminium is
recommended for use as door frames and similar fitments,
although two and a half times more costly than steel or
timber, would Mr. Heatly care to comment on the circular
issued by the Ministry of Housing and Local Government
on 3rd October, 1961, which says: —

“ Experience has shown that the high strength copper
—containing aluminium alloy used in . . . bungalow is liable
to a form of laminar corrosion. This spreads rapidly and
ultimately destroys the metal ” ?
(4) Would Mr. Heatly agree that the name of the Associa­

tion he has just addressed so ably should be substituted for
the one named in the last paragraph on page 120 ?

Mr. Heatly: (1) I would agree that underwater lighting,
while attractive, should not be included at the expense of
some essential or more useful feature.

(2) I would agree that the criticisms made could apply
to many existing locker arrangements in this country, but I
hope my illustrations on this point have made it clear that
well designed and supervised arrangements are neither noisy
nor unhygienic. Further, there is no reason why pilfering
should be a problem, and the best control is obtained if the
lockers are opened and closed by an Attendant.

(3) The reference to the Ministry circular refers to a specific
alloy which has obviously proved to be unsatisfactory in the
use to which it was applied. With the rapid development) of
aluminium sections for structural use in recent years and the
experience gained in the use of earlier alloys there is no
reason why a suitable alloy for the purpose specified in my
paper cannot now be used with confidence.

(4) I trust that my attitude on this point has been clarified
in the answer to a previous question.
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The President: Thank you, Mr. Heatly, for so patiently
and concisely answering the numerous questions put to you.

Thursday, 12th October, 1961(Afternoon Session)

Some delegates inspected the Marine Spa, Torquay, whilst
others visited the works of Candy & Co. Ltd., manufac­
turers of ceramic tiles and mosaic, etc.

Thursday, 12th October, 1961(Evening)

CONFERENCE DINNER
At the GRAND HOTEL, TORQUAY

(The toast “ The Queen ” was proposed by the President
and loyally accorded with musical honours).

At the conclusion of the dinner Mr. L. F. James, Hon.
General Secretary, was called upon to propose the toast of

THE BOROUGH OF TORQUAY

Mr. L. F. James: Mr. Mayor, Mr. President, Ladies and
Gentlemen, it gives me the greatest pleasure to propose the
toast “ The Borough of Torquay Three years ago when
this function was held in this same room I mentioned that
the Association were visiting Torquay for the second time
in twenty-nine years and the Mayor at that time, Councillor
E. G. Milford, extended a cordial invitation to us to visit
Torquay in the near future—I must say that at that time I
did not realise it was going to be so soon. However, the
choice of Torquay as a Conference venue is undoubtedly
extremely popular, and I have no hesitation in saying that
the decision to return to Torquay within a space of three
years has been a wise and popular one, as is shown on
this occasion when an even greater number of delegates are
attending the Conference and particularly this Dinner; this
in itself, Mr. Mayor, I believe is complimentary to Torquay.
I would now, Mr. Mayor, like to express the thanks of all 
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delegates for the Reception you gave in our honour on Tues­
day, and for the general amenities and facilities you have
placed at our disposal during our stay in Torquay. I per­
sonally would like to pay tribute to the co-operation received
from your officials which has helped so much in the smooth­
running of all the arrangements and. Mr. Mayor, T hope
you will not object if I single out for special thanks the
name of Mr. Rooke who has once again been a towcr of
strength—his very* willing co-operation and ready advice has
been of considerable assistance to me. Mr. Mayor, I would
kindly ask you to convey to your Corporation the grateful
thanks of the National Association of Bath Superintendents
and the delegates attending the Conference and also, Mr.
Mayor, I thank you and your charming Lady for gracing
this function with your presence.

Mr. President, Ladies and Gentlemen, I ask you to drink
to the toast “ The Mayor and Corporation of the Borough of
Torquay ”,

The Worshipful the Mayor of Torquay (Councillor T. B.
Revill, J.P.) : Mr. James, Mr. President, Ladies and Gentle­
men, my wife and I are deeply touched with the glowing
tributes you have paid to Torquay and the Corporation—I
am sure that we arc well repaid for the services we have
been able to render you. At the time of your last visit to
Torquay I was Deputy Mayor and I well remember you then
as a happy banc| of people, and lam very glad indeed that
the opportunity has arisen whereby I can again be with you
as Mayor of the Borough. I shall be very happy to convey
to the Corporation and its officials the thanks of the National
Association of Bath Superintendents, and I am sure that
the Corporation will be glad to learn of the glowing tribute
you have paid to Mr. Rooke. Once again, Mr. James, I
thank you for the manner in which you have proposed this
toast, and to the assembled company for the magnanimous
way in which it was received.

Aiderman K. I. Morell (Richmond) was then called upon
to propose the toast of

THE PRESIDENT AND THE ASSOCIATION
Aiderman K. I. MorellMr. President, Mr. Mayor, Ladies

and Gentlemen, it is indeed a great pleasure and honour to
be asked to propose this toast at this my first attendance at
your Conference.

During the past year I have had the pleasure of visiting
several swimming baths as I have toured round the country 
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and have always been greeted with courtesy and friendliness
by the members of your Association who have gone out of
their way to show me their establishments. Of all the Local
Government officers I have met in my “ Council life ” I have
never met so many who have opened their Departments so
freely nor, tragically enough, have 1 seen so many Depart­
ments having to manage with so much worn-out or out-of-
date equipment. Tn spite of your difficulties, however, the
obvious friendliness of this Conference shows quite clearly
the strength of your Association, and I trust that the future
will ensure steady progress towards the objects for which
you are all working.

And now, Mr. President, I turn to the other part of the
toast, that of yourself. Needless to say we in Richmond are
proud that this Association elected you as their President,
and I would like to congratulate you on the manner in which
you have conducted this Conference. As a Yorkshireman you
are by nature blunt and forthright, but in your work for your
Association, and indeed for swimming in general, you have
been noted for your sincerity and energy—I have considered
it an honour to have been associated with you for so many
years. I could not conclude this toast without referring to
your wife Gwen, without whose charm and support your
work would have been far more arduous.

Mr. President, Ladies and Gentlemen, I give you the toast
“ The President and his charming Lady, and the National
Association of Bath Superintendents

The President: Aiderman Morell. Your Worships, Ladies
and Gentlemen, on behalf of the Officers and Members of
the National Association of Bath Superintendents, I thank
you most sincerely for the toast which you have so gener­
ously proposed, for the kind references you have made to
our past, and for the expressions of hopes for our future
success.

Tn my Presidential Address I referred very briefly to the
past, but I dwelt at length on the idealistic efforts which this
Association has made to build up its authority and to enhance
the prestige of its members in order to meet the demands
of the future. Ultimate success, however, can only be achieved
through our own greater efforts and the earnest support and
closest co-operation of the local authorities. Notwithstanding
almost two decades o* unfulfilled hopes behind us the Asso­
ciation is very proud of the fact that through an abundance
of enthusiastic interest a great deal of knowledge has been
accumulated and modern developments prepared, which 
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should accelerate Baths progress when the years of dismal
stagnation become the bright and golden era of new con­
struction when we shall confidently present the Baths Service
in the finest possible manner for the combined health and
well-being of the community.

Being the last speaker on the Toast List I trust that I
may be granted licence to express my personal thanks to
His Worship the Mayor, the Mayoress and Members of the
Corporation of Torquay for all that they have done to make
us feel “ at home ” this week. I also wish to express thanks
to Mr. L. F. James for his assistance and guidance through­
out the past year; to Mr. F. R. Botham, the Treasurer, and
Mr. D. J Osborne, the Hon. Solicitor, who have kept me
on the “ narrow path ” both financially and legally; to all
Council Members for their support and tolerance in my
shortcomings, and to all Members of the Association for
having granted me the honour of electing me their President
for the year 1960/61.

♦ ♦ *

Friday. 13th October. 1961 (Morning Session)

The President: Ladies and Gentlemen, we now come to
the final session of the Conference and I have much plea­
sure in introducing to you Mr. J. A. Bolt. A.M.I.Mech.E.,
M.Inst.F., A.F.lnst.Pet., M.Inst.Plant. E.. of The Wallsend
Slipway & Engineering Co. Ltd., who will submit his paper
on “ Review of Oil-Firing Equipment
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A REVIEW OF OIL FIRING EQUIPMENT

By

J. A. BOLT,

A.M.I.Meeh.E., M.Inst.F., A.F.Inst.Pet., M.lnst.Plant E.

By far the most common type of Boiler encountered in
use at baths and wash-houses is the Economic, or Shell Type
Boiler, cither Horizontal or Vertical.

In many cases wide variations in load conditions have to
be met, depending on local factors.

It is therefore with these two facts in mind that this Paper
has been written : the problems encountered when burning
fuel oil under these conditions are not applicable to baths
and wash-houses alone, but to anyone with similar steam
raising plant and load variation.

Basically there are three types of burner which may be
utilised, namely,

(1) Low Air Pressure Atomising.
(2) Medium Air Pressure Atomising.
(3) Pressure Jet Atomising.
In (1) I have included the Spinning Cup Type of Burner,

as it utilises low air pressure for the actual atomisation
process.

These three types of burners, or atomisers, have various
good and poor points, which have a great effect on the choice
of burners for various installations.

Each type of burner can be supplied as a Fully Auto­
matic, or Semi-Automatic, or a hand controlled installation.
All three types of burner appear on various packaged boilers.

Before reviewing these burners in detail I would like to
run through their function in life. As their name implies
their main function is to atomise or break up the oil fuel into
a vast number of tiny droplets. By so doing, they increase the
surface area of the oil thus allowing combustion to take place
with the air that has been admitted into the combustion
chamber.
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This is easy enough to write down, but the fact is that we
are still trying to find ways of doing just that, more efficiently.
Basically the problem is a simple one. Oil fuel consists mainly
of hydrocarbons and the object of the exercise is to burn these
hydrocarbons with the minimum amount of excess air. The
time-honoured method of assessing the amount of excess air
is to analyse the combustion of gasses in the dry state for car­
bon dioxide content; the higher this figure, the lower the
amount of excess air.

The object of lowering excess air is to minimise the amount
of nitrogen being heated up and passed away to atmosphere.
To illustrate the point Fig. 1 shows the effect on combustion
efficiency relative to the CO2 content of combustion gases.

For example, if one takes a CO2 of 8% and a flue gas
outlet temperature of 800°F., the combustion efficiency is
approximately 66%. If one raises the CO2 to 12% and the
outlet temperature drops to 650°F. the combustion efficiency
rises to approximately 78%. A saving in fuel which is
obviously well worth striving for.

The excess air in the two cases illustrated was 94% and
30% respectively. The excess air is normally expressed as a
percentage increase over the stoichiometric quantity required
for the fuel being consumed.

It can be seen then why low excess air, or high CO2 content
of combustion gasses is one of the ambitions of all three types
of burner. To achieve this, good atomisation alone is not suf­
ficient, it must be in conjunction with good mixing of com­
bustion air. This entails careful design of the air register, and
also the cost of obtaining a pressure drop across this register
to ensure the correct turbulance. With a view to improving
atomisation per se, much work has been done on assessing
the spray pattern of atomisers, and also the Sauter Mean
Diameter produced in this pattern. Only the design of pres­
sure jet nozzles has so far succumbed to mathematics, and
these nozzles can be designed from formulas to give certain
throughputs, spray angles and S.M.D. according to the par­
ticular application under consideration.

In order to give some idea as to the effect of atomising
pressures on S.M.D. at varying throughputs, Fig. 2 can be
perused with great interest related to pressure jet nozzles
This graph is for a fixed viscosity of 70 seconds Redwood 1.
To illustrate the effect of viscosity on S.M.D. the nomogram
in Fig. 3 may be utilised. There is also another important
effect from changing viscosity with pressure jet nozzles, but
that will be discussed later when reviewing the different
burner types.
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The effect of the mixing rate of the combustion air with
the atomised fuel is not second in importance to atomisation,
but is equally important. Whatever the design of air register,
the mixing rate is linked with the pressure drop across that
register.

One of the major difficulties in firing economic boilers is
centred round this particular problem of mixing rate, and
subsequent combustion intensity.

In a highly radiant flame, such as in the case with an oil
fuel flame, the effect of the Stefan Boltzman law is of great
importance. This law states that the heat transfer rate of a
flame of emissivity E, is proportional to the difference of the
Absolute Temperature of the flame to the fourth power, and
the Absolute Temperature of the receiving body to the fourth
power viz., B.T.U./hr. = E (T/ - Ta4) where Tj is the
absolute temperature of the flame, and T2 the absolute tem­
perature of the receiving body, i.c. the furnace tube wall. It
is not difficult to follow the logic that Ti will depend on two
factors primarily (1) the amount of excess air present, and (2)
the combustion intensity. If one refers to the work done in
Holland on a Cornish Boiler by the Institut Voor Warmte —
Economic, Delf, some very interesting results are seen. 
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Various types of oil burner were applied to this boiler and
very careful temperature readings taken by means of thermo

couples imbedded in the furnace tube. The results confirmed
what had been suspected for some time, that it was possible
to have very high rates of heat transfer near to the burner.
Fig. 4 illustrates the point. As a result of this and other
knowledge the Council of British Oil Burner Manufacturers
Association drew up their recommended heat transfer and
heat release rates for oil burners applied to Shell Type Boilers,
Fig. 5. If one compares the heat transfer rates in this figure
with those of some modern packaged boilers, the B.O.B.M.A.
recommendations appear very conservative. I would like to

<000 87J/5Q Fr/w) Kcat fcjAse . 3,375000 &Tu/ng
Crrccrwc Co-aoyno* 'a'itw Haimjm Trxrcrtf

t>-a- 3 7{'j > 0»./Cu Fr

refer to this point again when discussing packaged boilers
in more detail.

The burner manufacturer thus has a difficult problem on
his hands since (a) he requires high turbulance and high
combustion intensity for good combustion in the relatively
cold furnace tube. If he does this he can severely overheat 
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the furnace tube plates with subsequent blisters.
(b) If he makes his flame too lazy he is likely to have

severe sooting in the secondary passes. The answer lies in
a compromise in conjunction with the judicious use of re­
fractory brickwork; this latter being utilised to ensure that
heat is radiated into the flame thus helping to ensure com­
bustion is stabilised.

The word soot appeared for the first time in the last
paragraph, and it would be most unsatisfactory not to have
a closer look at this subject.

As has been stated previously, oil is hydrocarbon by and
large. Hydrogen is not difficult to burn, carbon, if not burned,

must appear again elsewhere. This is smoke. Smoke pro­
duced by the non complete combustion of fuel oil, like many
other smokes, is made up of very fine particles of carbon.
Fig. 6 gives an idea of the particle size. It is the agglomeration
of these fine particles that appear as soot in the smoke passes
of Shell type Boilers. Under conditions of carbonic combus­
tion, as is met with in nearly all the applications of interest 
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to this paper, a hydrocarbon can be burned with smoke, and
very heavy smoke at that, if not properly handled.

We have therefore a second very important factor alongside
the target of high CO2, that of low smoke output. Normally,
the higher the CO2 the nearer one is to making smoke, since
smoke is most commonly caused by a deficiency of air during
combustion.

In order to evaluate the smoke emission from oil burners,
the Shell Company of America produced an instrument some
years ago. This instrument is designed to pass a fixed quan-
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tity of combustion gas through a Number Four Watman
Filter paper, thus leaving a stain formed by the carbon bur­
den in the gasses. This stain is then compared to a scale num­
bered from 0—9; 0 being white, and 9 being jet black. Figs.
7 and 7B will give some idea of the equipment.

I must hasten to point out that the Shell, or Bacharach
number, should not be confused with the well known Ringel-
mann Scale. A Shell smoke number of seven or eight corres­
ponds roughly to Ringelmann One.

The burner manufacturer therefore has to design for the
minimum smoke number and high CO2, both of which are
pulling against the other. One great asset of a low smoke
number is, of course, the very much reduced fouling of the
smoke passes, and subsequent longer periods between clean­
ing down.

One of the limitations of the Shell Smoke number reading
is the fact that it only takes into account the fine carbon
particles. The suction is not strong enough to extract from
the flue gasses any other bodies that may be found in it. An
assessment of these other extraneous substances is known
as a “ Stack Solid Assessment ” and is carried out with either
a much larger type of wet or dry filter machine with sub­
sequent accurate weighing methods. The procedure is not
a quick one, nor can the answer be given “ on the spot ”,
The stack solid assessment is however really just as important
as the smoke number, and we look forward to the day when
a lightweight portable machine is available. The total ash
in the fuel oil would be included in a stack solid assessment
in the context of this paper.

Not very long ago some very interesting work was carried
out by the D.SJ.R. laboratory on many of the points so far
mentioned. The combustion tube utilised was akin to many
furnace tubes likely to be encountered in the economic boiler
field. Five types of burner were tested, and these fall broadly
into the three categories originally detailed earlier. The graphs
of the results of these burners have been included in this
paper, as they are of great interest. I have extracted the
graphs from those actually given in the paper by Reed &
Wallin as I feel it is easier to interpret them under these
conditions.

Initially I should like to compare the effect of CO2 content
with the production of stack solids for the various types of
burner. Alongside the graphs of D.S.I.R. I have shown graphs
obtained by Shell-Mex & B.P. Ltd. for similar burners. The
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