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NELSON PAU

BUILDING TECHNOLOGY

The foundations of technological study
for all architectural schools are the lec-
ture courses in materials and methods
of construction, specifications, struc-
tural design, and building services, with
such applications of these to laboratory
study as are appropriate.

At least one problem in each of the
five years is brought forward to work-
ing drawings — a term that perhaps re-
quires definition. Repetitive work re-
quired in drawings of 1§ in. or 14 in.
scale is not disregarded, but emphasis
is placed on detailing to 14 in. and 3
in. because of its greater instructional
value and obvious importance to the
design process. These studies vary with
the competence and experience of the
student and are most advanced in the
drawings required for the fifth year
thesis.

The shortness of the university year
and the need to employ some part of
the period between school sessions has
led to the presentation, by the incoming
second and fourth year students, of a
construction report on operations in
the field, a detail of construction, or a
study of a building material or com-
ponent. The new construction labora-
tory now makes possible, for the
junior years, experiments in the beha-
viour of simple structures, giving mean-
ing to lectures on materials and
methods, and mechanics of materials.
More advanced projects are under con-
sideration and a small, recently con-
structed wind tunnel is used to demon-
strate the effects of wind currents on
building forms. A vacuum forming
machine for making plastic shells en-
ables the students to study architec-
tural shapes in their relation to load-
ing; this is also a useful aid to model
building.

The incoming fifth year prepares a
study of specifications techniques and
standards during the summer; each
student investigates intensively a build-
ing trade as a basis for discussion.

A study of factors contributing to the
cost of building design has been inaugu-
rated with the help of outside experts.
Invaluable assistance is given by mem-
bers of the applied science and engin-
eering staff who contribute lecture,
laboratory, and drafting room courses
in structural design, mechanical and
clectrical services, acoustics, and illu-
mination.
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DIVISION OF
TOWN AND REGIONAL
PLANNING

ENE

» BRYNSEEEFrEATE S

URBAN PLANNING

The post-graduate course in Town and
Regional Planning leads to a diploma
permitting associate membership in the
Town Planning Institute of Canada,
after appropriate planning experience.
Students who are drawn from a wide
range of disciplines attend courses and
carry out projects in urban and regional
aspects of planning.

OFFICIAL PLAN, MILTON, ONT, H. Petschar SUBDIVISION Darryl Lane

TOWN OF MILTON Each student prepares proposals for an offi-
OFFICIAL PLAN cial plan as an individual project. Milton, Ont.

The student group prepares a complete offi-
cial plan complying with the provisions of the
Ontario Planning Act. Renewal proposals for
the central area, Bowmanville, Ontario.
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REGIONAL PLANNING

There is an increasing awareness of the
importance of regional planning. The
second half of the course concentrates
on regional, inter-regional, and provin-
cial problems, touching on national

ST planning. This part of the course is of
particular interest to students from
TRANSPORTATION PROPOSALS, TORONTO REGION overseas.

J. Simon, W. S. Salter, Mrs. §. Thorson

LAND < USE < TREMDS
URBAY GROSS DENSITIES « 195151961

The regional project deals with an area
of the developed part of Ontario ap-
proximating to an economic region.
The students are divided into groups to
assemble, analyse, and present the data
of the region. In the second stage of the
project stiident groups are asked to _
make advisory proposals for the future R T R
erowth of the region in terms of the :

future distribution of the population, e @
land use, and communications. g
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FREE-HAND DRAWING AND SKETCH CAMP

Before admission to the school, stu-
dents have had little if any experience
in drawing and painting. At the begin-
ning therefore, a considerable amount
of time is devoted to the study of tech-
nigues and materials. Subject matter is
essentially architectural and the student
is brought at once into contact with
problems of scale and space, which he
explores through line drawings and
free-hand perspectives of simple ex-
teriors and interiors. Particular empha-
sis is placed on techniques of drawing
and the understanding of the essential
character of the subject under study.

The second year begins with ten days
of sketching in the autumn woods sur-
rounding the University Foresters Camp
at Dorset. This extends the work of the
first year to landscape, buildings, and
plant life. On returning to the univer-
sity, the class is introduced to render-
ing techniques in various media, a pro-
eram closely linked with architectural
design in the studio.

During the third year, besides normal
landscape sketching at Dorset, expedi-
tions are made to local settlements in
order to study “townscape’. Later, at
the university, the lessons learned are
applied to the village development pro-
gram that forms the major subject of
the year. Throughout the free-hand
drawing classes, students are reminded
continually of those universal principles
of good design, which apply not only to
drawing and painting but to architec-
tectural design. Studio work is con-
tinued with abstract painting, pictorial
composition, and life drawing.

At the Dorset Camp for the third
time, fourth year students frequently
show a remarkable degree of technical
competence and imagination in explor-
ing many different subjects; they at-
tempt to perfect their individual tech-
niques of presentation. Work of a very
high standard indeed is often produced
at this level.
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Tendering Practices

Architects- Contractors

The Journal invited four Toronto contractors and three
architects to discuss, candidly, mutual problems. Con-
tractors were: N. A. Richards, Hughes-Richards Ltd;
T. A. Sommerville, E. G. M. Cape Litd; C. R. Williams,
Dickie Construction; Charles Waggett, Taylor-Woodrow.
Architects: P. M. Keenleyside, John G. Spence, and
C. F. T. Rounthwaite. Mr Keenleyside acted as mod-
erator and prepared the following summary from the
tape recording. — W. B. B.

The contractors advised the architects that current
tendering practices had a number of troubles architects
could alleviate.

(a) That far too much detailed information is requested
at the time of submitting a lump sum tender.

(b) That this tendency has not decreased despite the
agreement reached between the RAIC and the CCA
and published as a suggested guide to Bidding Pro-
cedures and the OAA and OGCA agreement on the
same matter.

(c) That government agencies, universities, and organi-
zations of this calibre are top offenders.

(d) That deposit cheques are held for an unnecessary
length of time.

(e) That there is little uniformity in tendering require-
ments.

WAGGETT: I don’t think that architects sufficiently ap-
preciate the jack-pot they put the general contractor in,
when they ask him to put his bid in, with all the other
information at a given time. Some contractors don’t get
them until the last half hour, and then we are in the
onerous position of having to add all those amounts,
sometimes millions of dollars, without time to check at
all.

KEENLEYSIDE: You wouldn’t object to putting the name

of your sub-contractors on your tender form?

WAGGETT: No, no, I think that all the extraneous in-

formation that is asked for should be submitted to the
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architect after the bid itself.

ROUNTHWAITE : As an appendix we might call Schedule
B.

WAGGETT: We haven’t time to check or get confirmation
by the post before we are already committed and com-
mitted with a deposit cheque too.

KEENLEYSIDE: Have you any comments as to what
should be in Schedule B?

WAGGETT: Well, as I say, all the extraneous information
that’s asked for at the moment — such as all the unit
prices. We are asked for more and more every job we do.
ROUNTHWAITE: I thought that thes OAA-OGCA agreed
that unit prices in the initial base bid should be kept at
a minimum, that is to say, other than for road work, mass
excavation, concrete, etc., where you do have an area of
unknown quantities.

WAGGETT: We get bids in the last half hour. Then we
have to fill out a list of the sub-contractors we’re carry-
ing. We’ve also got to fill out a list of unit rates, which
are pertinent to those sub-contract prices, and we don’t
know the unit rate we can use until we know who the
sub-contractors are, and this is all within the last half
hour of a bid of anything from a million to five million
dollars. When we speak to the Architect’s Association
about it, we are told you only can advise your member-
ship — you can’t insist they follow a certain rigid set of
rules in tendering.

ROUNTHWAITE : I think if you look at the type of job you
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are quoting on and the type of client the architect has,
vou will find that when it is a big corporation — where
there’s an engineering department and even an archi-
tectural department — these requests become more and
more complex.
WAGGETT: Yes, but that could be eradicated. 1 can see
no reason why the cwner should engage an architect and
then tell him what he’s going to do.
ROUNTHWAITE : Neither do 1.
WAGGETT: I think we can solve the problem ourselves.
If we can get it written into the standard Canadian forms
that this is the list of unit rates that are going to be asked
for in the tendering stage, then this is all they're going
to get.
ROUNTHWAITE: Well, if you read paragraph 9 OAA-
OGCA, it says, “Where used, separate prices should be
asked for as ‘additions to’ and ‘deductions from’ the work
as shown, or alternatively. included in the tender amount.
Ordinarily, requests for unit prices at the time of tender-
ing should be restricted to excavation, concrete and form
work and reinforcing steel, necessary for adjusting under-
ground foundation.”
KEENLEYSIDE : That's a document that all architects have,
ROUNTHWAITE: Yes — it is like specifications — no one
reads them.
SOMMERVILLE: I know several large clients who adopt
the system of requiring nothing in the way of extraneous
information, and others want the moon. Some want it
at the same time as the tender, some want it twenty-four
hours later. Now, if we could get them all to do the same
thing on a simple, sensible basis, I think we could achieve
something. One of the main objections I have to the
formation of unit prices at time of tender is not so much
the confusion it creates — that’s plenty — but they are
not realistic, because in doing them in this confused
state, they aren’t given the thought they deserve. If the
information was produced twenty-four hours later, it
would be realistic, as opposed to being very often un-
realistic.
WAGGETT : Whether it's a company like Ford, or whether
it's a bank or another job, I've never found any pattern
at all as to the number and complexity of unit rates re-
quested. There is one thing that’s creeping in on unit rates
that should be hit on the head as soon as we can hit it —
that is the question of this one line unit rate business.
Instead of having unit rates for additions and unit rates
for deletions, it's getting more and more the practice
now that we've only one rate for deletions or additions.
It puts the general contractor in the odious position of
deciding, before he tenders, whether there are going to
be additions or deletions, because they're invariably all
encompassing unit rates. And if he put a profit on it,
and it's a deletion, he shows an actual loss on it although
he hasn’t done it. You said you didn’t think it was within
the realm of possibility to get contractors and sub-con-
tractors to abide by certain rules, and we have trouble
getting all architects, not to call tenders on Monday.
Well, how do you get people to do things they just don't
seem to give a damn about?

The contractors advised the architects that troubles
within their own industry cause problems.
(a) Sub-trade bids are submitted in a chaotic fashion —
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1) By phone in the last few hours.
2) By phone in the last few minutes, revising previ-
ous bids.
(b) That sub-trades hold their bids until the last possible
moment to avoid a leak.
(¢) That leaks or peddling do occur; this augments the
chaos.
(d) That written confirmation is frequently not in the
hands of the general contractor until the next day.
WAGGETT: We get bids by telephone that could be from
a man who had just walked into a telephone booth and
said $50.,000.
SOMMERVILLE: In the bid depository for mechanical and
electrical, the policing is done by the trade itself with a
little supervision. But in the trade coming in on the tele-
phone, there's no discipline at all, and that is where your
problem is. How do you create discipline within that
trade, so that they will do what they are asked to do?
How do you stop them from phoning back and forth?
How do you stop them from trying to get information?
ROUNTHWAITE: It's very simple. A carbon copy should
go to the architect who's receiving the bids.
WAGGETT: I can assure you that your prices will be much
higher than they are now, if that is done. We bid a job
recently, and such is the situation in a contractor’s office
that when bids are coming in, everybody and his uncle
are on the end of a telephone. I was taking the bids on
the tile and terrazzo. I started off an hour before the bids
were due with a low bid of $488,000, and 1 wind up with
a bid of $416,000. But at the $488,000 stage, every sub-
contractor in the trade had already quoted a figure.
sPENCE: I'd like to ask Mr Waggett a question.
SPENCE: It's always amazed me why you general contrac-
tors can’t control the time that the sub-bids come in to
yvou. As I see it, it's by your own choice that bids come
in to you within a minute of the time that you rush
into ————,
WAGGETT: No, that’s not true, not our own choice. You
can’t say to the guy on the telephone “You musn’t phone
me.”
SPENCE: No, but I take it you request bids from respon-
sible people. Now surely the Association of General Con-
tractors can issue a statement and abide by it, that they
will not accept telephone bids, and that all sub-contrac-
tors bids must be in twenty-four hours before the tender
date.
WAGGETT: You wouldn't get a single bid on the basis of
the way contracts are written today.
SPENCE: Why? This is what I don’t understand.
SOMMERVILLE : We're in an industry where there is over
capacity and in a very highly competitive one. We could
require that, and there would always be one or two that
would break the deal and by so doing could either put
you into a job or out of a job, and with competition the
way it is you can’t afford to impose.
SPENCE: But why is competition so much more vigorous
on one day than any other day?
WAGGETT: It isn’t,
SOMMERVILLE: It’s every day, every bid it's the same
way.
WAGGETT: This is true . . . but I think it could be solved
by being written into documents that sub-trade prices
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have to be in writing at a specific time.

SPENCE: Are you suggesting that this should go on the
contract documents prepared by the architects?
WAGGETT: Yes.

sPENCE: Well, T'd suggest that this is no concern of the
architect, but is the concern of the general contractor.
WAGGETT: Well, T think that anything that happens in
the building industries is the concern of everybody that’s
involved in it. I don’t think any of us can shut ourselves
up in tight little pockets,

KEENLEYSIDE: There is a danger of the architect’s step-
ping into the sphere of the general contractor.
wiLLIAMS: Mr Chairman, I think we’re laying a great
deal of store in the architect’s responsibility for this. It
is, | think, the responsibility of our own industry. I have
been a lifetime in this industry, but I feel that it’s in the
most deplorable state it has ever been in. There’s a lack
of trust among the sub-contractors with the result that
they call up five minutes before the tender is supposed to
be at the architect’s office and sometimes call up two or
three times. I've known of instances where the bid has
been changed two or three times. In other words, some-
body in a general contractor’s office has leaked the price.
I don’t know what the answer is, I don’t think putting
it into a Contract Document means a damn thing. It's
something in our own industry.

Now there’s been a lot of feeling, which ran very high
in our industry, about the bid depository., but I would
say that for the present situation — with the lack of trust
that seems to go right through the industry, general con-
tractors and subs — the only answer is a bid depository.
At least for the time being. Otherwise, we're just going
to struggle along. If you have a breakdown of trust
between people who are operating in a business, I don’t
think that anything you write will ever correct it.
wiLLIAMS: Gentlemen, tendering is like a contract. A
contract drawn between honest people means very little
trouble in the law courts. If people wish to be dishonest,
I don’t see how anything you write in a resolution or
contract documents or anything else will save the day.
ROUNTHWAITE: Supposing a number of generals are
tendering on a job, and you said we will receive sub
prices until such and such a time. Your agents will be
there to receive from the sub-contractors bids that will
be considered final.

WAGGETT : Well, that's literally creating a bid depository.
ROUNTHWAITE: No. As architects, we do not wish to
become involved in an extension of the bid depository.
You, as contractors, could receive tenders at, say, 1104
Bay St, until 12 noon, and that would be it.

WILLIAMS: Mr Chairman, a principal of one large firm
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told me that they have made it a rule that the tenders
must be in writing, in their office, by noon of the day a
tender closes at three o’clock, otherwise they won't con-
sider it.

I would like to tell you of an odd instance — a very
prominent sub-trade told me of a terrible situation. He
had given all contractors his tender and was done out
of the work. He named the firm who peddled the bid,
so I said, “Well, I guess the only answer is a bid deposi-
tory for your trade.” “Oh, my God, no!™ he said “We
don’t want that. I get lots of jobs handed to me at the
other fellow’s figure.” So it all depends on who is gored.

The contracting industry today has undergone changes.
In the past decades, more and more work is carried out
by sub-trades and less by the general contractors forces.
This tendency started with shop fabrication and has been
accelerated by labor regulations and the development
of the sub-contracting firms.

WILLIAMS: Not too many years ago, we could make up
a tender the day before and sleep on it.
ROUNTHWAITE: | think there is an answer: you should
have more and more of the sub-trades as direct com-
ponents. In the past, the general contractor employed at
least fifty per cent of all the subs, whether they happened
to be masonry, lathers, plasterers, carpenters, etc. Now,
the general contractors are so far into the field of special-
ization, they are no longer able to estimate some of
these trades. If you return to the status of being what
the word general suggests, this conglomeration of subs
making their own estimates would not be a problem.
The contractor would make his own estimates.
WAGGETT: I take part exception. Terrazzo, for instance,
is a specialized trade — you just can’t pick men up off
the street.

WILLIAMS: Once a contractor does that, he becomes a
general contractor in the true sense of the word. He
controls the mechanical, the electrical firms. He does
his own brick, etc., but he cuts himself off forever from
getting competitive figures. Nobody will give him a price,
so he has to stand on his own ingenuity and his own capa-
bilities and efficiency. Sometimes it doesn’t work out too
well. It was a disturbing thing a few years ago to see the
passing of brickwork and stonework into the hands of
a sub-contractor and form work. But I think a lot of
general contractors still take off quantities; I know we do.
soMMERVILLE: This has come about through evolution.
It’s been slow, in coming — the arrival of sub-contractor
firms to take over specialty trades that were once done
by the general contractor. But I think that on the normal
run of building, these specialty trades do produce a less
expensive job than would have been done by the system
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thirty or forty years ago. The search for lower costs —
for less expensive products — is part of the evolution.
And with the search and the evolution, we have to put
up with some disadvantages. It may very well be that
we will get to the point where the worm may turn the
other way, but with everybody wanting to run his own
business, or wanting to get into some kind of little busi-
ness, this specialty game is getting more intense, and it
is this that has brought about the confusion. Now the
bid depository, the naming of sub-contractors, and some
of the other things are attempts to tidy up some untidy
situations and whether you would solve the problem by
a complete bid depository or not, I don’t know. It takes
two to tangle, and the general contractors are guilty of
certain things and so are the sub-contractors. How we
get them to work in harmony, I don’t know.

RICHARDS : There is one area we haven’t discussed in your
proposition, Fred, and to follow along on yours, Tom,
and that is in this evolution, the trade — the labor move-
ment played quite a big part.

Twenty-five years ago, most general contracting firms
had quite a crew of steady men, men who were semi-
skilled such as laborers who were also good rod men
and laborers who were also good cement finishers —
needed the year round. They got a little higher rate of
pay than the average fellow, but they were highly com-
petent and skilled at these various jobs. With the labor
movement, however, these fellows have gradually be-
come integrated into labor unions and now demand much
more pay per hour than you can afford throughout the
year. Many of us do not have the continuity to maintain
these people on our payroll. They go off and form little
companies of their own and work for ten general con-
tractors to keep their men busy. This is the process of
evolution. I don’t subscribe to it 1009, but it’s something
we have got to live with.

ROUNTHWAITE: You mention that these little companies
are growing. Each one is presumably making a profit
that, in a sense, is lost to the general contractor.
RICHARDS : That’s right, but he can maintain the continu-
ity while we can’t.

ROUNTHWAITE: But I have wondered this. How much
money has your association spent on research in the
last ten years looking into this problem? You are being
forced practically out of the general contracting field.
SOMMERVILLE: It started originally with shop fabrica-
tion, which automatically took a lot of men off the job.
WAGGETT: To a large extent, the quality of work is sub-
ject to the quality of supervision you have on the job.
You may be able to pick up workmen off the street, but
you can’t pick good supervision off the street. You have
got to keep them on a yearly basis.

SPENCE: It is surprising to me what a deep discussion
we get into once you start to talk about a simple thing
like tendering procedure. It goes right back to the basic
philosophy of what are we trying to do.

Last night a quotation occurred to me, and I looked
it up, and then when I learned the subject of this discus-
sion, I thought I had wasted my time, because it has
nothing to do with it, and suddenly I find that this is right
at the heart of the matter. Here is what Robert Theobald,
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a public administration consultant, said of our culture,
and it doesn’t exclude architects or general contractors
— in my estimation it applies to us all. “We live in a time
of change, and we will survive only if we recognize that
we must alter our institution to meet this change.”

I don’t think that anything truer could have been said
of the whole general contracting situation. I think that
with proper intelligence brought to bear on the subject by
the General Contractors Association, there is no reason
at all that there should be a diminishing of the position
of the general contractor. He will diminish only if he
doesn’t do anything about it to meet their need and to
rectify it. The ultimate thing that occurs to me, and this
is a little factor: if all trades go on the bid depository
system, then the architect becomes the general contractor
— a ridiculous situation.

WAGGETT: That’s what happened in Switzerland — there
are no general contractors.

SsPENCE: I don’t think that we at all wish to become con-
tractors, but with the tremendous industrial specializa-
tion that exists, this only, in my estimation, brings to the
fore the need of a different kind of specialization on your
part. It isn’t at all a less responsible position; it’s even
more important, because of the specialization. But it
must somehow be faced — a new kind of general con-
tractor — specialist, if you like, possibly more adminis-
trative. To neglect the situation is just to let the anarchy
get worse. I am not holding ourselves up as any kind of
people who are free of criticism. You could criticize
architects on different grounds — we are all human
beings — but . . .

The conclusion to the meeting is summed up with two
notable quotes.

ROUNTHWAITE: The only time our stock in trade is high
is right after we have presented sketches and a colored
perspective. If only we could quit then!

RICHARD: The only time the general is a hero is when he
is the low bidder — about the time we are signing the
contracts. If we, too, could quit then, we’d be ahead!
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Technical Section

This month’s technical article is by Eric W. Hounsom, who,
over the past twenty-five years, has contributed a number of
papers to the Journal on a variety of subjects, including
“Designing the Canadian Moving Picture Theatre,” “Roman-
ticism and Protestant Church Architecture,” and “The Early

Builders of Toronto.” In private architectural practice for

D.H.L.

AUDITORIUM FLOOR FALL

by Eric W. Hounsom

MU(‘H HAS BEEN WRITTEN for the
architect about auditoriums and
theatres. Very little is usually said about
the floor fall, so that it can be assumed
to be of minor importance. If the acous-
tics are faulty, or if the auditorium is
poorly lighted or heated, the fact is
noted. It is not always discerned, how-
ever, that the vision could be better, or
that the building could cost less, if more
consideration had been given to this
floor fall factor.

So the purpose of this discussion,
with the accompanying sections, is to
call attention to this floor fall factor,
and how it affects the vision and also
the cost of auditoriums. It will give no
formulae, but rather will attempt to
assist the designer in selecting the basic
form of a large auditorium. It will also
assist in securing the best vision in
theatres, concert halls, and school audi-
toriums — at minimum cost.

With the invention of the incandes-
cent lamp, the commercial theatre in
America (and there was scarcely any
other) retreated behind the pros-
cenium wall. The faces of the actors,
for the first time could be seen as in
real life, and a large forestage became
unnecessary.

The fall of the floor could now be
designed for the eye to view a smaller
fixed location. As the theatre was com-
mercial and operated to return a profit
on the investment, the number of seats
that could be secured on an expensive
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downtown lot was the major considera-
tion in planning. The floor fall and the
pitch of the balcony gave the greatest
number of patrons the best possible
view of the stage, consistent with eco-
nomy. It did not necessarily give all
patrons a perfect view.

Moving pictures were first shown in
vaudeville theatres with satisfactory re-
sults visually. For even the poorest
seats permitted excellent vision to the
bottom of the screen, which was at
least two feet above the stage floor, and
the centre of the screen was much
higher than any stage action. When
theatres were built for moving pictures
only, a perfect floor fall for this type
of theatre was evolved. It was no
longer necessary to show the stage floor
to the audience. The auditorium floor
sloped down from the stage, before it
rose in a curved ramp to the rear of the
auditorium.

All patrons had a perfect view of a
complete screen, although some side
seats, which the architect was forced
to include, had distorted vision. Such
a floor, falling down before it sloped
up, permitted the balcony to be lower,
thus reducing the ceiling height and the
projection angle.

Stadium seating for picture theatres
was also introduced, permitting the
maximum number of seats on the lot,
with a low ceiling height. Even with a
balcony, adequate sight lines could be
secured with a balcony pitch less than

Edited by Douglas H. Lee

many years, Mr Hounsom specialized in the design of mov-
ing picture theatres and radio stations and has been respon-
sible for the design of over sixty new theatres and alterations.
He is at present in the Design Group of the Ontario Depart-
ment of Public Works.

that of conventional theatres.

With the advent of talking pictures,
such theatres retained their basic eco-
nomy, for the mechanized sound could
emanate from many sources, and the
acoustical problem could be solved
with a minimum of wall splay and seg-
ments of the ceiling at calculated
angles. These acoustical correctives did
not necessarily increase the height of
the auditorium. Although the two-fold
objective of the curved ramp floor in
all theatres of this era was good vision,
consistent with economy, an additional
benefit was gained in moving picture
theatres — for the centre of focus was
eight to ten feet above the ‘“stage.” The
patron was unaware of the large audi-
ence around him.

With the recent use of screens up to
fifty feet in width, four or five rows of
seats in front have been removed in
existing theatres to provide an eye cov-
erage, the equivalent of the smaller
screen. In moving picture theatres now
being constructed for large screens,
however, the slope up to the stage has
been eliminated, for there can be no
seating in this area.

Coincident with television and the
subsequent decline in the number of
moving picture theatre patrons, there
has been an unprecedented growth of
the non-commercial theatre and of con-
cert halls built for communities, col-
leges, and semi-commercial drama
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1) This section, through the centreline of the auditorium in a
recently constructed educational building, is an excellent exam-
ple of poor sight lines. Assumed eye level of the first row of
seats is actually higher than the eye level of the last row, where
it should be below it. Vision becomes noticeably worse near the
walls.

2) Though this large, recently constructed auditorium has a flat
floor on the slope, there are actually two floor slopes. The excel-
lent vision secured is not entirely due to the steep pitch — but to
the two pitches used. The architect should draw experimental
sight lines and floor slopes, before he assumes maximum floor
slope is necessary or desirable. (See section 5.) Maximum floor
slope is tolerable for a great number of rows of seats, but would
be a hazard for a few rows only., The maximum pitch floor is
also more costly, because recesses in the floor or steps upon it
must be provided for seating. It should also be noted that the
maximum pitch floor of this auditorium was selected principally
for acoustics.

3) This is the auditorium floor of an educational building seating
about 500, An extra row of seats at the stage has been added on
the section to give greater clarity to the diagram. It is often
assumed the flat floor on the slope gives equal vision to all rows
of seats, and nothing would be gained by using a curved slope.
The fallacy of this impression becomes evident. when sight lines
are drawn. It may be readily seen that the viewer in the last
rows must look down to a greater degree than the viewers in
the first few rows, and those in the first rows must look up to
view any action on the stage or screen. They also look through
fewer heads. With the flat floor on the slope, the vision, far
from being equal, becomes progressively worse toward the rear,
where it should grow progressively better.

4) This is the same auditorium, if the recommended curved floor
section was used. Note that the vision progressively improves
toward the rear of the auditorium, so that the patron in the last
row looks over the head of the patron in the second row ahead
to see the stage and has an additional 2" to view the bottom of
the screen. The fall of 114" per ft at the rear is recommended
as the maximum for a curved floor. Though the diagram shows
four different slopes, each of these spacings could be five or six
rows of seats, depending on the auditorium’s length. You may
assume that, although the curved floor is better, it is not worth
the additional cost to provide it. Has the architect secured an
estimate both ways? A contractor who has constructed many
theatre floors told the writer that the additional cost, if on earth,
would not exceed $800 in the example shown. Such additional
cost, to secure better vision for an auditorium in a $2 million
building, is negligible.

5) This is based on the actual section of an existing first run
“luxury class” moving picture theatre, seating about 1,500. Sight
lines give excellent vision to the screen, with a maximum
orchestra floor fall of 114" to the foot (1 in 8). The heavy section
line indicates orchestra floor and balcony section for a theatre
for stage productions. All sight lines shown on these sections
are to the front of the stage. The broken line is for a theatre
with orchestra floor consisting of two flat floors with dissimilar
pitches on the slope. Maximum pitch shown is 1%;". Note: with
this steeper floor, the vision at the rear of the orchestra floor is
about the same as for the solid floor line, but is better in front
and centre. Two rows of seats must be eliminated from the front
of the balcony or the stepping would exceed 18", which may be
considered maximum. This resulting steeper balcony for the
steep pitch floor is more expensive and not as desirable as the
balcony section shown on the solid line. Such stepping also
increases the height of the building with additional entrance and
exit stairs. The architect is advised to balance this cost increase
with the acoustical improvement secured with the steeper floor,
before making a decision to use it.
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All the sight lines shown are drawn to
the stage floor. On sections 3 and 4
they are drawn both to this location
and to the screen. All seated patrons
will not theoretically see the floor, un-
less seats are on steps. This line, how-
ever, will assist the designer in plot-
ting and checking his floor slope. By
establishing another line to the bot-
tom of a screen, an additional check
is secured in endeavoring to give the
best vision to the greatest proportion
of the audience. 3'-4” is the recom-
mended height for most stages.
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societies. With these new buildings, the cost per seat is
not usually the governing factor in planning, and the
land cost is usually lower. The cubage of the whole
building is much greater than that of old commercial
theatres. The cubage of the auditorium per seat is
often greater, also, for the factor of acoustics has
attained major importance, especially in multi-purpose
auditoriums. Acoustical engineers’ rulings on sound
often result in a cubage per seat in the auditorium far
in excess of that required for the sight lines, which
previously determined the height of the auditorium.

This extra cubage per seat originates from the steep
floor requested by acoustical consultants; this floor
slope is often one in six. This is the steepest pitch per-
mitted by building codes. The balcony above this floor
must still be governed by sight lines and by maximum
step heights. This limits the balcony overhang as well
as making the pitch of the balcony greater. The fore-
going is particularly true of large theatres. It is even
truer today than formerly: other factors being equal,
the cost of theatres and auditoriums per seat rises with
seating increase. It does not decrease per seat as might
be expected.

With the decline in the popularity of proscenium, or
picture frame stage, we are experimenting with many
new and revived forms of theatre, including the
theatre-in-the-round, or arena theatre, the apron thea-
tre, and the caliper theatre. Each of these types re-
quires some kind of floor, and the designer must
decide upon flat floor on the slope, curved ramp, or
stepping. In studying the plans of some of these new
theatres and auditoriums, the architect (for small audi-
toriums — and auditoriums in educational buildings)
may wonder if theories pertaining to curved ramp
floors are no longer valid; steps and steep pitch flat
floors on the slope are increasingly used. Many re-
cently built schools, which include auditoriums with
fixed seats on a radius, have flat floors on the slope —
thus ignoring all previous solutions to auditorium
seating.

Large multi-purpose theatres, and medium and
small ones, are now being built with steep pitch floors,
or with stadium seating, resulting in a building height
often far in excess of that previously used. On the
other hand, some still make use of the standard curved
floor section. Many architects assume, without investi-
gation, that good vision is obtained by increasing the
pitch of a flat floor on the slope to the maximum angle
permitted by building codes; better vision could be
secured by curving the floor and decreasing the pitch,
or by having two flat floors on the slope with dissimi-
lar pitches.

The designs of some new theatres and auditoriums
might give the architect the impression that all com-
mercial theatres and concert halls, built in the past,
had poor seating, poor vision, poor acoustics, as well
as inadequate stages. Billions of dollars have been paid
into the box-office of North American theatres and
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halls by patrons who were satisfied with the entertain-
ment provided.

It is evident that a wealthier age can provide some-
thing better, particularly if the money is supplied by
wealthy donors. Nevertheless, we may discourage the
building of many new theatres and concert halls, if
we assume that the most costly is the acceptable mini-
mum. In many cases, it is possible that if the architect
presented a theatre plan and section — based on ade-
quate sight lines, along with the higher cubage solution,
with their estimated cost — to his acoustical consultant,
they both might be satisfied with something less than
calculated acoustical perfection. It is hoped the dia-
gramatic sections shown, with the comments, will en-
able the auditorium architect to better appraise and
solve his problem.

It is self-evident that seats on steps give better vision
than a flat ramped or a curved ramped floor. The de-
signer, however, must take into account many factors
that militate against the use of steps; for a balcony
cannot normally be used above such steps. Patrons
must walk up and down steps, often in semi-darkness,
and the building height and the cost is usually in-
creased. The next consideration is a floor fall.

In designing a floor fall for any theatre or audi-
torium, the architect must assume certain conditions.
First, that all seated patrons, men, women, and chil-
dren, have a uniform eye level of 3 feet, 8 inches above
the floor, and that the tops of their heads are 4 feet
above the floor. This eye location may be assumed to
be on a vertical line rising from the back of the seat-
ing standard fastened to the floor. This is the seating
line that the seating contractor draws on his shop
drawing, and on the floor for installation. It must
then be assumed the seated patron automatically ad-
justs himself in his seat to lock between the heads of
those in the row ahead, but that his eyes should clear
the tops of the heads of those in the second row ahead
to a moving picture screen and should have as much
clearance as possible to the front of the stage.

Staggered seating assists in this adjustment, but it
is necessary in the centre bank of seats only. With such
staggering, however, one half seat is lost in each row of
seats. It is usually not considered essential.

This clearance, over the tops of the heads in the
second row ahead for screens, should average about
four inches, but it should be more at the rear than at
the front. It may be readily seen from the sections
shown that it is more important to have the greatest
clearance progressing toward the rear of the audi-
torium; for the patron at the rear is looking down to
a greater degree than a patron near the stage.

It should be mentioned, also, that in moving picture
theatres for standard screens, the seated patron need
not see the floor of the stage, but should have clear
vision only to the bottom of the screen. This permits
the floor to fall down from the stage before it rises,
thus reducing the pitch of the balcony, as shown on
Section 5.
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SOLAR HEAT GAIN THROUGH GLASS WALLS

by D. G. Stephenson

If the radiant energy from the sun that is
constantly falling on the earth’s surface had
to be bought at %¢ per kilowatt hour the daily
bill would be the staggering sum of $10,000
billion. On a more comprehensible scale, the
maximum intensity of solar radiation falling
on a square foot of horizontal surface in the
temperate latitudes is of the order of 100
watts; for vertical surfaces it is about 75
watts. There is, therefore, a large amount of
energy falling on the outer surfaces of every
building at certain times of the year — energy
that can cause serious performance problems
if it has not been fully taken into account by
the designer. It is the purpose of this Digest
to show the magnitude of the solar heat gain
associated with glass areas in the different
facades of a building, and to discuss the sev-
eral ways that it can be reduced.

Intensity of Sunshine

The intensity of the sun’s rays that pene-
trate to the bottom of the atmosphere depends
on the clarity of the atmosphere and on the
length of their path through it (i.e. the angu-
lar elevation of the sun above the horizon).
The energy that is incident on a unit area of
a particular surface depends upon the inten-
sity of the sun’s rays and the angle at which
they strike the surface. The maximum inten-
sity for a horizontal surface occurs at noon
at the time of the summer solstice for all
latitudes outside of the tropics. For example,
the maximum insolation on one square foot
of horizontal surface is 93 watts at Ottawa
(latitude 45°N) and 88 watts at Winnipeg
(latitude 50°N). At the winter solstice the
corresponding figures for noon on a clear day
are 39 watts and 29 watts respectively. (Mul-
tiply watts by 3.4 to obtain Btu/hr.)

The radiation that falls on vertical surfaces
is, however, often of more importance in build-
ing design (because of windows) than the
radiation on a horizontal surface. The orien-
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tation of a wall is an additional variable. A
wall facing south at Ottawa receives a daily
maximum of 45 watts/ft® at noon on June
22nd or thereabouts; but at the equinox the
daily maximum has increased to 65 watts/ft?;
and the yearly maximum may be as high as
100 watts/ft* in winter if there is snow on the
ground to reflect some sunshine onto the wall.
East and west facing walls, on the other hand,
receive their maximum irradiation in the
morning and afternoon, respectively, when
the sun’s rays are more nearly perpendicular
to the wall surface. The annual maximum for
east and west facing surfaces at Ottawa is
about 75 watts/ft2. It occurs at midsummer
approximately 4 hours before and after noon
respectively (as indicated by a sun-dial). The
magnitude of the daily maximum changes very
little between midsummer and the equinox, so
that the value of 75 watts/ft? is representative
of the daily maximum insolation on east and
west facades during the period from April to
October.

Transparent Walls

When solar radiation falls on glass and other
partially transparent material some of the in-
cident energy is reflected, some is absorbed
by the material, and the rest is transmitted to
the inside of the building. For ordinary win-
dows the absorption is quite a small fraction
and transmission much the largest part. It is
not always appreciated, however, that the
reflection from the surface of glass varies con-
siderably with the angle of incidence, i.e. the
angle between the light rays and a line per-
pendicular to the surface. Figure 1 shows the
variation of the reflection, absorption and
transmission of solar radiation by a single
sheet of ordinary glass. The noon values of
the incident angles for a south wall at Ot-
tawa are shown on Figure 1. They indicate
that transmission will have a daily maximum
value of 70 per cent of the incident radiation
at midsummer and that this will increase to
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85 per cent at the equinox and to a maximum
of 87 per cent at noon in midwinter.

It is easy to appreciate why a building de-
signer should take great care to minimize solar
heat gain when one considers the cost of the
air-conditioning plant needed to remove it. It
has been stuteﬁ that the insolation on east and
west facing walls can be 75 watts/ft* at the
daily maximum during the whole period from
April to October. The incident angle for these
surfaces at the time of peak insolation is less
than 40 degrees so that transmission is about
87 per cent for a single sheet of glass. One
hundred square feet of ordinary glass in a
west facade would, therefore, transmit 6.5
kilowatts to the interior of the building. All
this energy must eventually be removed by
the ventilating and air-conditioning equipment.

Fortunately all of the transmitted solar ra-
diation does not immediately act to increase
the cooling load; some is stored in the floor
and internal walls, which absorb the radiation
and are warmed by it. The maximum cooling
load has been found® to be about 60 per cent
of the maximum instantaneous heat gain for
a modern multi-storey office building with 80
per cent of the exterior wall made of glass.
Thus the maximum cooling load associated
with the solar transmission through 100 ft*
of ordinary single glazing in a west wall can
be taken as 60 per cent of 6.5 kilowatts, i.e.
about 4 kilowatts or just over 1 ton of re-
frigeration.

The cost of an air-conditioning system de-
pends on the type of building and the type
of system used, but it usually exceeds $1,000
per ton. This represents about $300 per ton
for the central cooling plant with the other
$700 for the distribution system. The increase
in the cost of a building that can be attributed
to the solar heat gain through a window de-
pends, therefore. on whether or not the added
heat gain increases the peak cooling load for
the building. If it does, the full $1,000 per
ton should be charged to the window; other-
wise, a figure approaching the $700 per ton
cost of the distribution system would be more
appropriate. If the added light provided will
result in a decrease in the use of artificial il-
lumination, however, some credit may be al-
lowed. Thus the initial cost of air-conditioning
equipment required to remove solar heat ad-
mitted through an east or west facing window
may add about $7/ft* of window to the cost
of the building. There is in addition an annual
operating cost for this equipment. The heat

# Stephenson, D. G. and G. P. Mitalas. An analog
evaluation of methods for controlling solar heat
gain through windows. Journal, American Society
of Heating, Refrigerating and Air Conditioning En-
gineers, Vol. 4, No. 2, February 1962, p. 41-46.
(NRC 6560)

gain from heat conduction through an equal
area of insulated opaque wall is less than
5 per cent of the transmission through the
glass, so essentially all of the $7/ft* should be
added to the cost of the glass to give an
equivalent first cost of a window.

The corresponding figures for a window

area in a south facing wall are:

at the summer solstice, a transmission of
70 per cent of the incident beam of 45 watts/ft2,
which gives an instantaneous heat gain of 31
watts/ft? at noon;

at the autumn equinox, a transmission of
85 per cent of the incident beam of 65 watts /ft=
for an instantaneous heat gain of 55 watts/ft2.
These figures show some of the advantages of
orienting a building so that the windows are
facing south rather than east or west; the max-
imum heat gain due to solar radiation trans-
mitted through the glass is less and the
maximum occurs at the end of the cooling
season so that it does not coincide with the
maximum cooling load due to ventilation.
North windows, of course, have very small
solar heat gains,

Control of Solar Heat Gain through Windows

The real cost of removing the heat that
enters a building through the windows is so
great that it is economic to spend consider-
able sums of money to reduce solar heat gain.
The most obvious method is to use some form
of shade to intercept the radiation before it
even reaches the window. This can be done
much more easily for south facing windows
than for those facing east or west, since for
the south facade the angle of incidence is large
in summer and projections from the wall con-
sequently cast long shadows.

Solar heat gain through a south facing win-
dow can be significantly reduced also by tilt-
ing the glass as shown in Figure 2. The energy
falling on the window in this configuration is
the same as would occur if the window were
vertical and had a 1.4-foot projecting shade
along the lintel, The tilted glass reflects 45 per
cent of the radiation when the incident angle
is 78 degrees, compared with 23 per cent
when the glass is vertical, This difference in
reflectivity decreases as the season progresses
toward the winter solstice, and in winter the
tilted and vertical windows transmit essenti-
ally the same amount of solar energy.

Reflectivity of glass can be increased by
coating the surface with either a very thin
metallic film or a film of dielectric material that
has a high index of refraction. Sealed double
glazing units are now available with a reflective
coating on the inside surface of the outer pane.
Their reflectivity depends on the angle of in-
cidence just as for uncoated glass, but the

39-2



FOR SOUTH WALL AT 45° LATITUDE

WINTER EQUINOX SUMMER
SOLSTICE | SOLSTICE
O P A 17
1:00 = | =1
’/TRANSMISSION
¥:10] | N
60 —
40 |- 1l
REFLECTION
20 b ;)/ =
|
: %/BSORPTIGN
| | | | l L | | | _‘\v | |
o] 20 40 60 80 100
ANGLE OF INCIDENCE, DEGREES
Figure 1

Absorption, refection and transmission for single
sheet of ordinary glass.

vilue at all angles of incidence is higher than
for ordinary glass.

Blinds provide another method of solar con-
trol. A light coloured blind reflects some of
the solar radiation and absorbs the rest. This
causes the blind to heat until it is losing heat
at the same rate as it receives it from the sun.
If the blind is in the room, most of the energy
it absorbs is added to the room’s cooling load.
If it is between the panes of a double window,
however, some of the absorbed energy is trans-
ferred to the outside air and the room’s cool-
ing load is reduced accordingly. It is desirable,
therefore, to use light coloured blinds and, if
possible, to place them between the panes of
a double window.

Heat absorbing glass is also widely used to
reduce solar heat gain. Glasses are available
that absorb over 70 per cent of the incident
radiation so that transmission to the inside of
a building is about 20 per cent when the angle
of incidence is small and even less when it is
large, Absorbing glass is not as good as these
figures indicate, however, because the energy
that is absorbed by the glass is dissipated to
the surroundings on both sides of the window.
The proportion of absorbed energy that is
transferred to the inside depends on the rela-
tive magnitudes of the heat transfer coefficients
at the inside and outside surfaces. If cool air
is introduced into the room through a grill
along the window sill more than half the ab-
sorbed energy is transferred to the room side.
Thus, the use of heat absorbing glass may
cause a higher maximum cooling load than
oceurs with ordinary glass because part of the
absorbed energy is transferred to the room air

very soon after it has been absorbed by the
glass. Energy transmitted through ordinary
glass is absorbed by the floor, walls and fur-
nishings and released much later. The heat
storage capacity of these objects tends to
spread the cooling load over a considerable
period of time so that the peak value is re-
duced.

The effectiveness of heat absorbing glass
may be increased by using it as the outer pane
of a double glazed window so that absorbed
energy can be more readily dissipated to the
outside air than to the room air. An even
greater fraction of the absorbed energy can be
rejected to the outside atmosphere it there is
a free circulation of outside air through the
space between the panes of the double win-
dow. The outer sheet of heat absorbing glass
is then just a semi-transparent outside shading
device.

Heat absorbing glass can sometimes be used
to advantage for south windows if shading or
tilting are unacceptable for architectural rea-
sons. It has its best application, however, for
east and west facing windows where effective
outside shading becomes expensive and the
simple expedient of tilting has no appreciable
effect.

Large areas of glass in the outer walls of a
building can cause undesirable glare in the
space near the windows. Any method of re-
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Schematie arrangement of a tilted window
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ducing solar heat gain will also alleviate glare
since approximately half of the total radiant
energy from the sun is in the wavelength re-
gion of visible light.

Heat Gain
through Glass during Fall and Winter

The foregoing discussion has been concern-
ed with solar heat gain during the summer. It
is also important to consider heat transfer
through windows during the other seasons. Any
building that has 50 per cent or more of its
outside walls made of glass will have sufficient
solar heat gain during some hours of the day
in spring and fall to require coo]mg,, even
though the outside air temperature is well be-
low the desired room temperature. During the
dark hours of these same days there will be a
substantial heating load because of the high
heat loss outward through the glass. The need
for cooling during what is normally considered
the heating season means that the air-condi-
tioning distribution system must allow for the
simultaneous distribution of a heating and a
cooling medium; and the building must be
carefully zoned so that each area can have the
heating or cooling that it requires. As this in-
crease in the complexity of an air-conditioning
system is mainly a consequence of the use of
transparent walls its cost should be charged
against the glass walls.

Glass areas have higher values of over-all
heat conductance (U value) than do insulated
opaque walls; and large areas of glass in the
outer envelope of a building cause higher rates
of heat loss during the long winter nights. A
larger capacity heating plant is needed, there-
fore, for a building with extensive areas of
gla.ss than for one with walls containing con-
ventional insulation. The net loss of energy
through a wall is the difference between the
loss by conduction to the outside air and the
gain by transmission of solar radiation. This
net loss during the winter months depends on
the average outside air temperature, or the
number of degree-days during the winter, as
well as on the amount of radiation that falls
on the glass. A double glazing of ordinary
glass in a south wall at Ottawa, for example,
has a slightly lower net heat loss for a whole
winter than has a similarly exposed insulated
wall. This small gain is probably offset in most
cases by the air leakage through the cracks
around a window. There is, therefore, practi-
cally no difference in Ottawa in the annual
energy requirements for heating when a part
of an insulated south wall is replaced by
double glazing of ordinary glass. There is a
higher net loss for other types of windows or for
any windows in other exposures, the maxi-

mum, of course, being for north facing win-

dows.

This simple analysis assumes that all solar
heat can be used to reduce heating require-
ments. If a glass area is large it may be ne-
cessary at certain times to waste some of the
available solar heat; to do otherwise would
make the building uncomfortably warm.

Summary

Significant amounts of solar radiation are
incident on all surfaces of buildings except
the north wall. Solar radiation transmitted
through unprotected windows or transparent
walls causes a great increase in the cooling re-
quirements of an air-conditioned building or
high air temperatures in a building without
cooling. Shading and other methods of re-
ducing solar gain are beneficial for both cooled
and uncooled buildings. The initial cost of the
air-conditioning equipment necessitated by a
window of ordinary plate glass can be greater
than the cost of the window itself; and there
is, in addition, an annual cost of operating the
system to pump out the heat that the glass
lets in. Both these costs should be included as
part of the price that has to be paid when a
building designer decides to use large areas of
transparent materials in the envelope of a
building.

Solar heat gain can be substantially reduced
by orienting a building so that there is a mini-
mum of glass in the east and west facades.
Windows facing north have very little solar
radiation incident on them; this is an advan-
tage in summer, but results in increased ener-
gy requirements during the heating season.
Solar heat gain through south facing windows
can be controlled during the summer by out-
side shades or by tilting; if they are double
glazed such windows do not increase the ener-
gv requirements for heating in the southern
parts of Canada.

Where windows are deemed necessary in
east or west facades the heat gain can be
reduced by using double glazing, with the
outside pane of heat absorbing glass; the ef-
fectiveness of such windows is increased by
allowing a free circulation of outside air
through the space between the panes. If seal-
ed double glazing units are used a reflective
coating on the inside of the outer pane is
more effective than a pane of heat absorbing
glass with the same light transmission. Finally,
blinds can be used to reduce solar heating.
They are more effective when located between
the panes of a double window than on the
room side of the window.
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