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FOREWORD 

The objective of this series of conferences was to broaden the 
knowledge of modular or dimensional coordination and promote ite adoption 
as a means of improving productivity and efficiency in building. Such 
a step ueuld reflect favourably on the economy of Canada. 

The proceedings of the conferences, of couree, gave rise to this 
publication and, as was the case in the conferences, the publication should 
go a long way to dispel reservations which have impeded the general 
acceptance of dimensional coordination for a generation. 

Dimensional coordination implies rationalization, not regimentation. 
It implies the self-imposition of disciplines among manufacturers, designers, 
and contractors. Those concerned with the betterment of the brilding  
induetryi wit,hmaximizing profits and with acting as reeponsible corporate 
citizens agree that the industrrwill benefit from the rationalization 
and the discipline implicit in the modular concept. 

There may still be some who hold that dimensional coordination 
spells the end of good design. On the contrary, good design is promoted, 
is faster and more efficiently accomplished within the modular context. 
This is of outstanding importance inasmuch as the design professions are 
in the unique role of providing leadership to the manufacturing and contract-
ing industries at a time when increasee of productivity and efficiency in 
Canadian building would greatly benefit our economy. 

R.D. Bindson, 
Director, 
Materials Branch. 



INTRODUCTION  

Modular, or dimensional coordination is not a new concept. 
Historical reports indicate that the builders of ancient Babylon, Greece 
and Rome utilized a farm of modular coordination in the planning of 
their great structures. But, in its modern forn4 modrur coordination 
wms initiated in North America and VW due principally to the work of 
Albert Farwell Bemis, a civil engineer, who dealt with the whole subject 
in great depth during the early nineteen thirties. His book, Rational 
Design, the third of a three-volume work on the sUbject first pliblished in 
1936, is a statement of the modular concept for the coordination of 
dimensions of building materials and components, using a module of four 
inches. 

- When the BEAM program, was proposed in early 1966 with the general 
objective of increasing productivity and efficiency in the building 
construction industry of Canada, modular coordination was identified as 
an important means to this end. Much valuable work had already been done, 
arising chiefly from the initiative of Dr. R.F. Legget, Director of the 
Division of Building Research of the National Research Council of Canada. 
Professor S.R. Kent of the School of Architecture, Toronto University and 
the Division of Building Research, had been actively engaged in extending 
the knowledge of modular coordination throughout the design professions and 
the building  materials mammfacturing and contracting industries. Of 
Professor Kent's magy publications, his Modular Drafting Manual (NRC No. 6344) 
is perhaps the most well known and widely read. The Canadian Joint Committee 
on Construction Materials, a committee of the Canadian Construction 
Association, had also been active in support of modular coordination, as 
had a few  groupa  within the architectural profession. Because of this work 
and support a good base of knowledge of the melular concept had been created 
in Canada. The task within the ambit of the BEAM program was therefore 
recognized to be the organization and implementation of a continuing program 
aimed at presenting nmdular coordination as a tool for increasing efficiency 
and productivity throughout the building process, and as a discipline which 
is a necessary prerequisite to the intelligent and orderly industrialization 
of building. 

It was with this end in view that the 1m:11201;17 Advisory Committee 
to the Department of Industry on Modolnr Coordination proposed the series 
of six regional conferences which have given rise to this  publication.  

The conferences were held in Halifax, Toronto, Winnipeg, Edmonton, 
Vancouver and Montreal between October 17th and November 19th, 1967 and 
wre similar to one another in that each consisted of four lectures followed 
by-a discussion period. The lecturers, in addition to being accomplished 
speakers, are internationally recognized authorities on the subject of 
modular coordination. Lennart Berg-veil  from Sweden, is an architect and 
industrialist. He is also chairman of the International  Modular Group, 
a working commiseion of the International Council far Brilding Research 
Studies and Documentation (CIB). Under Mr. Bergvall's chairmanship, 
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I.M.G. has been in large measure responsible for the spectacular 
international advances of modular coordination. Colin H. Davidson, 
an architect from London, England is an expert in the application of 
modular coordination in industrialized building, and a member of the 
Technical Committee of the Modular Society of London. Philip H. Dunstone 
is a quantity surveyor skilled in the use of computers in design quantity 
take-off and estimating. He also is prominent in the Modular Society as 
a member of its Council. Professor  S. R. Kent has alread,y been mentioned 
in this introduction. He is an architect and teacher, and his record as 
a knowledgeable and articulate supporter of the modular concept in Canada 
is well known and widely appreciated. A short curriculum vitae of each 
is included, and Part 1 of the publication records in complete form the 
lectures which they delivered at these conferences. 

Part 2 of the publication  contains the discussions which took 
place between the audience and the four lecturers. These have not been 
edited or shortened to agy appreciable extent, and because of this, the 
reader may notice soie  slight repetition in both questions and answers. 
However, the decision on editing was taken in full cognizance of this, 
iI1 order to preserve the flavour of the spontaneity-which characterized 
this part of each of the conferences. The number and quality of the 
questions attest to the lively and enthusiastic participation of the 
audiences. An interesting corallary to this is that the volume maybe 
opened at random in Part 2 and the reader is likely to find informative 
and thought-provoking reading. 

The conferences were attended by about 1,000 architects, engineers, 
teachers, building materials manufacturers, contractors and representatives 
of the labor unions, all having positions of importance and influence in 
the building industry. More than 150 of those who attended sesequently 
wrote to the Mininter of Industry offering congratulations and encouragement 
on the initiative displaced by the Department in organizing and presenting 
the conferences. 

Special thanks are due to members of the Industry Advisory 
Committee an Modular Coordination far the assistance given in all parts 
of the country. Màgy of them participated directly in the conferences 
as chairman, panel moderators and in other supporting roles. A list of 
the Advisory Committee meMbers is included as an appendix to the proceedings. 

At the dinner which followed the final meeting in Montreal, Mr. 
Bergvel spoke to an audience of nearly 300 on behalf of the four lecturers. 
His  expression of thanks We an appropriate conclusion to the events of the 
previous two weeks and it therefore seems fitting to include the remarks of 
this distinguished Swedish architect and industrialist as an epilogue, to 
Which the attention of the reader is partionlerly drawn. 
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TIME FOR ARCHITECTURE 

There may be the thought in the minds of many of you that this 
series of conferences has been devised as another Centennial project. But 
it is not so. Rather it is just a coincidence that the development of 
the modular system for dimensional coordination and the evolution of 
the building industry to the point of industrialized techniques, have 
reached a common plateau in Canada in 1967. Throughout this day we 
will be examining this plateau for the purpose of coming to grips with 
the modular system, and to assess its potential  for increasing productivity 
in building, while at the same time to assess the cost of change  in 
adopting it. It is my belief that the potential outweighs the cost, so 
heavily, that we could look forward to achieving new heights in our 
industry. 

As the plateau of the building industry is extremely large, and 
we are a heterogeneous group of Canadians - manufacturers, architects, 
engineers, administrators, contractors, tradesmen, and suppliers - I 
believe a few statements on each others' present and future situations 
may give us a sense of cohesiveness. By understanding our common 
problems our increasing dependence on dimensions in building will be 
observed, thereby giving rise to the need for a uniform system which will 
penetrate  ail uses of dimensions in building and provide a common basis 
for their communication. At this point, the modzilor system for 
dimensional coordination will be introduced. And since any dimensional 
system will affect building design, I shall conclude zny remarks with 
this topic. 

Changes in the Building Industry 

Two years ago the Royal Architectural Institute of Canada 
examined the changes taking place in the architectural profession and 
published "The Survey of the Profession". In it we read: "It was 
generally considered, by those interviewed, that the architectural office 
doing work in the urban context would gradually grow larger to meet the 
demands for speed of performance and specialized knowledge. The 
consortia of already6.1arge firms, in order to assume responsibility 
for very large projects, was noted. Small firms have also joined 
forces for the purpose of carrying out work too extensive for one 
to perform alone. The arrangement for combined operations appeared to 
present many favourable facets". 

With this change in operations, architectural offices are 
experiencing a turnover of staff, a need to divide responsibility-into 
departments for design, production and administration, and a need to stand-
ardize procedures and techniques. Each of these changes increases 
the problem of controlling communication of information, particularly 
building dimensions. 



Similarly, industries are growing larger, not only by individual 
growth, but also bypmalgamations. Such companies are faced with 
controlling large inventories. This operation can become exceeingly 
costly if much stock is accumulated and stays dormant due to its 
uniqueness of dimensions. 

For example, in the Toronto area, concrete block manufacturers 
were producing blocks ranging in height from 7 inches to 8 1/4 inches 
and in various thicknesses and shapes. By 1963, the Primeau Block 
Company had on inventory 23,600 off-size blocks, and the Argo Block 
Company another 32,700. When these companies amalgamated, they 
co-operated with other large companies experiencing similar problems, 
one having 244,000 off-size units, in initiating a solution to their 
dimensional control problem which I will mention later. 

Another amalgamated company, a producer of sheet metal building 
products, has foramv years catered to architects, as have its 
competitors, providing Metal door frames in any dimension desired. 
Production and inventory costs of this practice are now so expensive, 
that unless dimensional control is possible, the company must 
reassess its continued production of the product. 

A third example is in the manufacture of lighting fixtures. 
A committee of the Ontario Association of Architects was informed 
by a representative of the Lighting Equipment Manufacturers Association, 
that nearly 50 per cent of the lighting fixtures for architects' jobs 
are of special dimensions. The carrying in inventory of the production 
over-runs of these fixtures has became so costly, that it is cheaper 
to throw away $1,000 worth of usable fixtures, than to keep them 
under inventory control. A few years ago, he said, this action would have 
been considered ridiculous. 

I am certain that many of the manufacturers and suppliers 
here can quote similar experiences and during this conference I ask that 
you discuss them. 

Another change, or more correctly an innovation is the 
sophistication in our management and administrative techniques. 
Large companies have to know the operations which contribute to profit 
or loss. Owners are demanding a close control over building dollars, 
because often prior financing is required, and so we find specialists 
in estimating, evaluation, and management are playing new roles in the 
big business of building. 

In contracting, generalization is impossible, but we all 
know the difficulty in finding the general contractor employing a 
permanent staff, who will  carry out the major degree of site work. 
Contract documents must now be fully detailed because the unwritten 
tradition of crafts in which how is coupled with will is being replaced 
by controlling standards in dânracts. 



AU of these changes have these important features in 
common - the control of variables in the communication of dimensional 
data: dimensional date within the architect's office; dimensional data 
of inventory; dimensional data for management; dimensional data for 
building. 

Communication of Data  

Communication of data within the building industry constitutes 
a vast unattended area of vital importance. Data can be of many forms 
and complexities but our field of dimensional data is precise, self-
contained, and easily defined. But in spite of the apparent simplicity 
of dimensional data, it has become the most confused, inaccurate, costly 
and neglected of ail the forma of data we try to communicate. 

Dimensional data touches all of us, yet prior to these conferences 
the designers and builders of buildings in Canada have not been brought 
together, in such strength, to grapple with the subject. The reasons, 
I suggest, are threefold: first, our operations in Canada may have 
seemed too small or too dispersed to bother; second, we have not had a 
satisfactory method of solving dimensional control and communication; 
and third, we have been unaware of the hidden losses, growing in a 
cancerous fashion within industrialized building techniques. 

But today our population is 20 millions and growing rapidly; 
modular coordination has been developed on an international scale to 
control dimensions; and we are sharpening our pencils in assessing 
costs. 

Initiation of Dimensions  

The initiation of dimensional data is on the drawing boards of 
the designer in the architect's office and of the product designer in the 
manufacturer's office. It is therefore appropriate to examine dimensional 
data created by designers. 

In the design  studio of the Department of Architecture it is 
my responsibility to teach working drawings. As an introduction to this 
subject, I ask the students to take one of the buildings they have designed 
in their architectural design course and determine what are the essential  
dimensions  which must be communicated to give the building physical form, 
and to whom should they be communicated. When this has been done, thought 
is grii:717 the most convenient form, that is graphical or written, the 
best scale of drawing the components to show Ihe dimensions, the size 
of sheet and the distribution of sheets. 



If time permitted today, I would enjoy conducting such an 
exercise with this audience. It could be more valuable than all the 
words I can say. We are often too inclined to think of solutions before 
clearly examining the problem. 

By taking this complete view of communicating essential 
dimensions, we see that two features become apparent. First, the 
need for a common linkage system for the dimensions being received 
by various people, and second, the need of a means by which each person 
may accurately locate his work in the building. 

At this point, the students are ready to think careful/y 
about modular coordination, as a solution to these problems - linkage 
and location. 

What do we mean by the modular system for a common linkage? 
If we look at the builder's rule we see the dimensions of one inch, 
1/2 inch, 1/4 inch and 1/8 inch and so all dimensions are linked by 
1/8 inch. This small linkage provides virtually unlimited sizes for 
dimensions of components. The modular system introduces a module, 
or repeated common size of 4 inches as the linkage. It reduces the 
number of possible variations, yet provides sufficient flexibility in 
design dimensions for the scale of buildings, thereby eimplifying 
maAy of our problems as we shall find out during our conference. 

To assist in locating the work on the site, there is another 
feature of the modular system. Since building is three dimensional, and 
mainly rectangular, a three dimensional, rectangular grid is imagined 
to be superimposed over the complete building. The spacings of the grid 
lines are multiples of four inches. When modular components are used 
in the building, they have their joints, or their centre-lines, at the 
grid lines. Thus the grid controls both the dimensional sizes of 
components and also their position in the building by acting as a 
series of fences. The system neatly fulfils both our predetermined 
needs - a linkage through the common four-inch dimension or multiple of 
it, and a aeries of control fences for locating building components. 

To cammunicate the modular system in graphical form, 
requires only slight, but very significant changes to our normal 
working drawings. Bearing in mind we now have an imaginary grid, 
those portions of the grid which pertain to our essential dimensions 
are placed an the drawing. Since grid lines are spaced at modular 
intervals, grid dimendions are always multiples of four inches - and 
never fractional numbers. 

You may ask: "Is the change worth the bother?" My answer 
je  most emphatically, "Yes!" 
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The RAIC Survey of the Profession gives us good reason to 
consider the change. It says that architects recognize working drawings 
as one of the major instruments of professional service. On these depend 
the meeting of the minds of architect and contractor and the degree 
of expedition and freedom from friction with which the project may 
be forwarded. Wbrking drawings occupied third place in the national 
poll of urgency- for improvement l and roughly in a similar position to 
specifications and field inspection, indicating a middling concern for this 
area of activity- by architects responding. Of greater concern in working 
drawings, by those interviewed, is the large proportion of the fee 
consumed by their preparation. In reducing the cost of operating a 
practice, the reduction of time spent in the production of working 
drawings is an obvious starting point. Both architects and contractors 
interviewed expressed concern that this factor was entering into 
drawing preparation in many instances particularly where partial 
services at reduced fees were provided." 

According to Mr. Ken Giddings, professional engineer with 
Precon, Murray Limited, manufacturers of pre-cast concrete, modular 
drawings can be an aid to the meeting of minds. He says: "So 
many architects seem unable to provide decent drawings, that it would 
make sense to insist that they all use modular practice without delay. 
The construction industry should insist that architectural associations 
join them in hammering out standards for contract drawings. Modular 
coordination provides a suitable framework for this long overdue co-
operation. Where architects use modular practice, shop drawings are 
approved sooner and components are produced quickly and economically; 
schedules become more than pieces of paper. Co-operation between sub-
contractors is also easier and altogether modular coordination speeds 
erection". 

The cost of preparing drawings can also be affected by the 
modular system and one of the most vocal advocates of modular drawings 
in the United States, Mr. Cyrus Silling, had this to say to the Ontario 
Association of Architects, ten years ago, "To sell modular coordination 
to those with sensitive pocket books, I stress the profit motive by 
reciting personal history in a somewhat shameless fashion. I hope the 
points I make will excuse the method of attack. In our office, we have 
six architectural boards, a specification writer who doubles in shop 
drawings and trouble shooting, a secretary, a senior associate and 
myself: also resident engineer inspectors at the site. Some people 
explain our production by saying we draw on both sides of the board. 
In 1948, we certified to US Army Engineers a current workload of 
$31,965,000. In May 1951 our current work load totalled nearly 
$22 million and in 1952 we booked $20,300,000 new work. This year we have 



-11- 

over $42 million on the boards. We did architectural working drawings 
and coordinated the structural and mechanical work on a $3,750,000 
hospital in 105 man-weeks (le hours each). The fee was seven per cent. 
Its one sheet of modular window details covered conditions that would 
have required five sheets of non-mcdular drawings. We had eight 
construction bids. Six bracketed a five percent spread. Two men in 
our office did a complete set of working drawings for a $1,400,000 
office building in nine weeks. We get six per cent. 

"In myview, today's architect must be a businessman, as 
well as a professional and an artist. I think modular coordination 
isa business aidthat offers larger professional opportunities to the 
architect as an artist. I think its use shortens the production period 
for superior working drawings; develops clarity of exposition; increases 
the architect's status among builders; furnishes a larger part of our 
time bracket for design censiderations; furnishes a larger portion of 
the fee for profit." You will have noted the figures quoted are not 
recent, but I had the pleasure of renewing my friendship with Mr. Silling 
and his cohorts, now six in number, just three weeks ago when they were 
on an office holiday to Toronto, Montreal and Boston - they have such 
holidays twice a year - and Mr. Silling said they had work in the office 
to the value of $52 million. They  are still enjoying modular drafting. 
And if you suspect the drawings are lacking in quality or completeness, 
I can assure you they are of a very- high standard. 

The advanta.ges stated by- Mr. Silling can be supplemented by 
Mr. Donald Blenkhorne who has used modular drafting in the large office 
of Shor and Moffat and Partners where he is a senior partner. He 
clalmq that modular coordination provides a definite system of drawing 
which can easily be adopted as office procedure and, as such, assists 
in the retraining of new personnel. The making of dimensional decisions 
is channelled into multiples of four  inches or two inches, which is 
a speedy thought process that also reduces errors in communication 
both byword and by drawings. Mr. Blenkhorne will admit that at one 
time his engineering partners objected to the system but now they 
have learned to live with it. The only  breakdown in the communication 
circuit is between the design group and the production group, and at 
present, the production group must make decisions in coordination which 
ideally should be made by the design group. 

You will recall that in the exercise undertaken by the 
students in architecture, thought was given to who should receive wbat. 
From the anmlysis, we find that not everyone  ne ien to have drawina-Zith 
all dimensions and I suggest our present comprehensive drawings are 
necessary solely because our dimensioning is lacking in order. 

A solution to this problem was devised by the Department of 
Public  Building  and Works in England, for documents of the Nenk method 
of building. Although Nenk is a specific form of prefabrication, the 
organization of documents had many interesting features. 
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An analysis was made of the structure and the items were classified 
as components, elements and job assembly. Another analysis was made 
of who required information on each item. Separate drawings were 
prepared for each item so that agy participant in the building process 
received only the detailed drawings of interest to him. Of course 
there were hundreds of drawings, but by coding the drawings, sorting was 
a simple matter. The significant feature, of interest to  us,  is that 
all dimensions were dimensionally coordinated by the modular system, 
each component being a segment of the overall modular range of sizes. 
Without such control, there would have been chaos. 

Much of what I have said applies to the industrial designer 
but he has economic restraints of a different kind imposed on him. 
He must consider the characteristics of materials available to him, 
both raw and semi.processed, as they have dimensional limitations, 
either in structural size or in secondary cutting. In addition, 
he has to have a crystal ball to determine what dimensions will 
be acceptable on the market. 

This last point was the problem faced by the concrete block 
manufacturers when they- were accumulating off-size inventories. They 
solved their problem not by a new crystal ball, but by applying modular 
dimensions to the height of their blocks. This was done through 
collaboration  with the Ontario Association of Architects and to date, 
the association has not received one comment denouncing the dimensional 
control. 

Shop Drawings  

Within the building industry we have another form of 
communication known to all of you as shop drawings. They contain the 
final dimensions in the manufacturing process for which nobody really 
wants to take full responsibility. They, too, are made necessary by 
our lack of standards and disorderly dimensioning system, so let me 
give you one example of how the ,  were eliminated. 

When the architects of the Hertfordshire County Council were 
designing windows for the South East Anglia Collaborative system of 
school construction, they were desirous of obtaining a wide variety of 
metal window patterns and yet keep the total number of window segments 
to a minimum. To achieve this, they and a window manufacturer developed 
a glazing section set up in such a way that separate window segments 
could be added together to form the complete window. The key to the 
solution  was an orderly range of modular dimensions for the segments so 
that they could be joined together with the greatest variety. As 
the segments were standardized, they were coded by - number. and when 
combined into a window another meaningful code was obtained. It 
was then possible for the architect. to show all window codes an the 
working drawings, the quantity surveyor to record the codes in the bill 
of quantity and the manufacturer to feed the codes into the computer. 
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The computer printed all the necessary instructions for the shop floor 
and the shop drawings were eliminated. This removal of the 
manufacturer's greatest bottleneck would not have been possible without 
the range of modular dimensions. 

The word "control" which I have used so frequently bristles 
the nap on the neck of many designers as it immediately implies a restraint 
on artistic freedom. But perhaps there will be a change in attitude as 
the work and theories of Christopher Alexander, of the University of 
California, Berkley and others, became better understood. In Alexander's 
book "Notes on the Synthesis of Form", he says, "The designer who is 
unequal to his task ...relies more and more on his position as an 
artist, on catchwords, personal idiom, and intuition - for all these 
relieve him of some of the burdem of decision, and make his cognitive 
problems manageable. ...Driven on by his own resources, unable to cope 
with complicated information hè is supposed to organize, he hides his 
incompetence in a frenzy of artistic individuality. As his capacity to 
invent clearly conceived, well-fitting forms is exhausted further, the 
emphasis on intuition and individuality only grows wilder." Alexander's 
thesis is concerned mainly with activity components, but as he links 
activity components with physical form his design philosophy is 
appropriate to dimensional coordination. He concludes, "Every component 
has this two-fold nature: it is first a unit, and second a pattern, 
both pattern and unit. Its nature as a unit makes it an entity distinct 
from its surroundings. Its nature as a patttern specifies the arrangement 
of its awn component units. It is the culmination of the designer's 
task to make every diagram both a pattern and a unit. As a unit it will 
fit into the hierarchy of larger components that fall above it; as a 
pattern it will specify the hierarchy of smaller components which it 
itself is made of." 

Without any doubt, the contemporary designer's fear of 
mathematics entering design is based on the popular view that mathematics 
deals only with magnitude. But those of you who have attempted to cope 
with your children's new mathematics, recognize the relationship between 
their problems in sets and subsets of numbers and Alexander's pattern 
and units of design. Whether or not the designer realizes it, whenever 
he divides a space, he has immediately created a set of numbers. The 
modular system gives guidance in controlling the usefulness of the 
sets and one of your speakers today, Mr. Dunstone, who has published 
a most useful book on this subject, will discuss the topic further. 

While on the peme of sets and subsets of dimensions for a 
single building, let us expand the thought to consider a hierarchical 
organization of dimensions for all building. If dimensions of all 
building form a set - a modular set - then those in any one building 
would be a subset composed of sub-subsets. 
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On the subject of vniformity, Philip Arctander, Director 
of the Danish National Institute of Building Research, in speaking to the 
CIB in 1965, said, "There is a widespread popular fear that modular coordination, 
standardization and industrialization will reduce today's individual 
variety and freedom to a dull machine uniformity. Much of today's 
variety is, howevar, nothing but lack of clear thinking and purpose- 
definition. And far from producing uniformity, industrialization may be used 
to reduce the present infinite, aimless variations to a large finite 
number of deliberate differences." 

The dimensions we use have been one of the greatest barriers 
to productivity and econany in building. Dimensions have been, if I may 
twist the title of a welL.known book, The Hidden Persuaders to The Hidden 
Dissuaders, - dissuaders to efficiency in communications. But now that 
dimensions are exposed as the cause they must be dealt with through the 
modular system. In the current Royal Bank of Canada Monthly letter 
entitled Communication is Vital we find this appropriate paragraph: 
"Silence and delay accomplish nothing, for even the greatest believers 
in good. Emile Zola mentioned in his letter to the President of France 
in the Dreyfus case, called J'Accuse: 'Two of the victims, two brave 
open  hearted men who waited for God to act while the devil was frightfully 
busyl." 
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MODULAR DIMENSIONAL STANDARDIZATION AND THE 
MANUFACTURE OF BUILDING MATERIALS AND COMPONENTS 

Industrialization 

The theme of this conference is, of course, the practical 
application of modular coordination. But ail the time, through the 
whole conference you can feel the broad, mighty understream of 
industrialization, which is characteristic of the building industry 
of our age. 

Now, modular coordination should rather be called just 
dimensional coordination, because this name describes far better 
its whole purpose. Dimensional order is, of course, a key to 
rational building; order will always pay off through increase in 
productivity, reduction of work, simplification in the drawing 
office, in the workshop and on the building site. 

But the need for dimensional coordination becomes a matter 
of another and higher power on the threshold to industrialization. 
Mr. Davidson in his lecture will deal in detail with this subject, 
so often talked about in general terms, but so rarely clearly 
defined. 

Naw, this process of industrialization may look somewhat 
different from the point of view of the manufacturer of building 
materials and components than from the point of view of, say, 
the contractor or the architect. Or, more precisely, for each 
of the many parties involved in the building industry the emphasis 
of this process may be on different parts or aspects of it. 

However loose e though, that this term "industrialization" 
is, we have to accept it. But we talk too often about the "indust-
rialization of the building industry", without making up our minds 
whether the term "building industry" should be understood as just 
the work on site or ahould also include the manufacture of 
building materials and components - which is most important, 
because the production  of building materials and components has 
no doubt been "industrialized" long, long ago. 

Nevertheless there are strong reasons to include the 
production of building materials and components in the general 
discussion of "industrialization". 

First: There are many degrees of industrialization and 
the building materials and component industry-is - to a large 
extent - only in an initial stage of what could be described as 
epaleoindustrialization". 
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Second: The whole building industry is in a period of 
swift changes, which will have many direct bearings on the production  
of building materials and components. One of the most important 
of these is the irresistible trend towards integration.  

Third: The equally irresistible trend towards prefabrication - 
understood in a broad sense - will have the result that manyproducts 
which are now produced by the "building industry proper", that is, 
on site, will tomorrow be made in factories, that is, be taken over 
by the building materials and component industry. 

Let's take a look at the building materials and component 
industry in the light of these statements, which will enable us to 
see more clearly, where and why standardization and modular coordination 
enter the picture. 

Puree of industrialization 

Repetition of operations has been referred to as a means of 
effectivization of the building materials and component industry, 
but this is only- the very first step in an industrial evolution, 
that can be described as follows: 

- repeated operations 

- long runs 

- continuous production 

- mass production 

- automation 

These stages do, of course, overlap to some extent and 
as a whole this classification does not pretend to be a very 
sophisticated one, but it describes fairly well to what extent we 
are beginners, compared with several other industries, when we 
strive to reach the stage of "repeated operations" and - in the 
most advanced cases - "long runs". In that light, maYbe you don't 
find the term "paleoindustrialization" to be too much of an under-
statement. 

In order to make it possible, however, for the building 
materials and component industry to proceed to more advanced 
stages of industrialization, the step must be taken from production 
to order for specific projects to production for stock, for anonymous 
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projects, if you like. This is the only way for this industry to 
overcome the very substantial seasonal variations in demand, 
from which I am sure the building materials and component industry 
in this country must suffer, just as in all other northern countries. 
But for such a continuous production for stock an effective standard-
ization is an absolutely indispendisble prerequisite. 

We can find an interesting example of this from France. 
When, some years ago, I visted one of the world-known French prefab- 
ricators, they declared that they had no need for modular coordination. 
Mde do not work for stock but for projects", they said, "which are 
so large that we can always carry out the dimensional coordination 
within that framework with some mutual adjustments by the client 
and by us". But only about a year later, these same people turned 
to the French building research institute (C.S.T.B.) asking 
their assistance in selecting or standardizing a limited number of 
sizes - for generally applicable components in order to enable them 
to produce for stock - not to order - during the winter months, 
thus enabling them to overcome the very cost-consuming seasonal 
variations in production volume. Now, if this goes for the mild 
French winter climate, how much more important must it not be in 
our climates? 

Integration  

The integration of all production activities - in a broad 
sense - involved in building production is one of the most important 
trends in today's building industry. It will interfere very deeply 
with existing practices and patterns and call for a much closer 
cooperation between the different experts or specialists involved. 
For the building materials and component industry, this will 
affect already - and particularly - the design and development 
of products. No materials or component manufacturer can now 
afford to develop his product with regard only to his own production 
conditions or to making his particular product as cheap as possible. 
The problem is no longer to minimize the cost of any one product, 
even as installed in the building, but an overall problem of 
designing and developing every product with regard to the minimization 
of the building cost as a whole. Those products, which subordinate 
themselves under this common purpose, will be the ones that survive 
in this age of swift changes, and this is another point where modular  
coordination comes in, because its purpose is_precisely to provide  
a tool for the dimensioninz of building materials and components  
with due rezard to their interne with the buildinl as a whole. 

Prefabrication  

Prefabrication is perhaps the most striking feature 
of the industrialization process in the building field which we are 
now witnessing. For the building materials and component industry 
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this means that it can - and must - gradually take over more 
and more from the building industry on site. But this also 
means that all those new "prefab" products must be applicable 
to very different buildings, even if some components may mainly 
be intended for housing, others for schools etc. For this 
flexibility in application, however, modular coordination is  
the indispensable tool. 

Closed  and Open Systems 

Since prefabrication means a changeover of production 
from the building site to the factory, this process can be approached 
from two opposite ends. Either the contractor equips himself with a 
factory- designed primarily to provide himself with the prefab 
products he needs, ccmcrete panels, wooden frames etc. Or the 
materials industry-converts itself into a prefab component industry. 
The degree of prefabrication may well be the same in both cases, 
but the appraoch will be rather different- as experience shows. 

Those prefab products which are developed by contractors 
are usually intended to serve that particular contractor more or 
less exclusively and to form a part of a more or less "closed system". 
With the contractor in the background, components are usually 
developed with the prerequisite that e fairly normal building 
organization is available on site. Furthermore, when prefabrication 
is approached from the contractorts end, it will easily be influenced 
by the handicraft tradition of the existing building industry. For 
these prefabricators modUlar coordination often seems uninteresting 
because within their "closed system" - which is usually closed 
only as regards the loadbearing structure - he feels he can carry 
out his dimensional coordination in his own way and if nevertheless 
something should not fit together on the building site there are 
always provisions for adjustments on site, cutting, filling out etc. 

The industry on the other hand naturally tries to develop 
products with the widest possible application to various building 
systems and therefore sees a particular opportunity in "open 
systems". For him modular coordination becomes a welcome tool, 
the advantage of which to him is quite Obvious. As he often takes 
over responsibility also%for the erection of his product he wants 
his components to fit without any extra work on site, which he 
can achieve only with a general systematic dimensional coordination, 
that is, modular coordination. And if he conveys any tradition to 
the building site it is - in the best cases, at least - a fresh wind 
of modern industrial thinking. 



20 

Let me illustrate this with an example from my  on country. 
Colleagues from other countries, recognizing the fact that Sweden 
has very early given some contribution to the development of 
modular coordination and also has a fairly well developed "industrialized" 
building trade, often take it for granted that in our country modular 
coordination should be very- widely used and applied. That, however, 
is not the case yet, and precisely because in our country most of 
the industrialized building is developed by contractors, the result 
is more or less "closed system" building. But the picture is rapidly 
changing now. 

General Remarks  

Modular coordination can, within the building materials 
and component industry, promote an advanced industrialization and 
integration and also support prefabrication. How this is to be 
done will be dealt with in detail later. 

What I have said may give the impression that modular 
coordination - as far as the industry is concerned - is only 
for the big mass-producing giants. As a matter of fact, even the 
small manufacturer of, say, concrete blocks or window frames, will 
benefit very directly from it, once it has been generAlly accepted 
and practised. Let me illustrate this with one interesting example. 
When, some years ago, I worked as a U.N. adviser, initiating some 
work on modular coordination in Ireland, we investigated the cost 
of conversion for various industries. We found, much to our surprise, 
that the Irish manufacturers of concrete blocks could get the modular 
moulds at a lower price than the non-modular ones then in use. The 
explanation was simple. Practically all machines for that industry 
in Ireland are imported from the U.S. and by going modular, they 
were in line with the large standard production of such moulds in 
the U.S. inétead of ordering a rather limited nuMber of special 
moulds, "the Irish way" so to say. This may illustrate the importance 
of modular coordination in general, but it also emphasizes the importance 
of an international modular coordination. 

Now, it might be understood from what I have said that 
modular coordination can be rightly understood only against the 
background of a clear recognition of the period of transition, 
unparalleled in history, in which the building indus -try now finds 
itself. What is necessary is a totally new concept of the process 
of producing buildings - not of "building" in its old sense. That 
the old conception of "building" is kept alive also in quarters 
where one should know better is proven by the well  known advertising 
slogan from G.M.: "When better cars can be built, Buick will build 
them." If there is anything that is manufacture, mass produced 
and not "built", it is certainly the modern automobile. 
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On the other hand those who advocate industrialization 
often compare the building industry- with the automobile industry - 
a very unjust comparison, I think, because the conditions are 
so different. I believe the building industry will never copy 
the production system of the automobile industry, but could learn 
from another type of production which is also used in the automobile 
industry - the use of sub-contractors. Behind the automobile 
industry- there are numerous specialized manufacturers who deliver 
ready made parts and these are afterwards assembled without any 
dimensional adjustments at all. One advantage of this system is 
that the various deliverers of these various items can specialize 
and thereby refine their products to a degree that could never be 
reached if the assembling industry had to produce all the parts 
itself. This could also be true for manufacturers of components 
for buildings. Modular coordination will thus rationalize the 
building industry be providing a firm foundation for a coordinated 
dimensional standardization of building components so that generally 
applicable components can be assembled with other components on 
the building site with no, or a minimum of, adjustments and waste. 

But this type of industrialization will put new demands 
on the materials and component industry. Those sUb-contractors 
will have to be far more accurate concerning control of dimensions 
and quality - within the limita  specified in the order - as well 
as have an absolute respect for agreed delivery time. A sub-
contractor who fails on these points will quickly cease to be a 
deliverer to the industry. Without such a discipline any trey 
industrial planning is impossible. That does not mean that 
modular coordination or industrialized production in general, must 
necessarily call for narrower tolerances, but certainly for coien 
of dimensional deviations, so that these do not exceed agreed 
limits. The failure of many of the existing building materials 
and component industries to meet these requirements may well have 
initiated a good deal of the uclosed systemsu on the market - here 
as well as in other countries. And these demands for accuracy of 
Precise fulfilment of agreed delivery obligations will only gain 
more and more weight, as the industrialization process goes on. 

Restricitions On The Manufacturer  

This leads US over, quite naturally, to the question of 
what restriction on design and manufacture of products for the 
building industry modu2ar dimensional standardization will imply. 

The answer - in principle - is simple - no more than 
standardization in general. And standardization - more ar 
less rigid - is always a prerequisite for a rational industrial 
production and particularly so for mass-production for stock. 
And standardization, by nature, always means an optimum compromise 
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between the designer's - or consumer's - natural inclination for a rich 
assortment to choose from and the manufacturer's equally natural inclin-
ation for a limited number of variants, the manufacturer's dream being 
to have just one single variant. But there must always be a very 
distinctive difference between the building products industry and 
most other industries, if anything that could be identified as architecture - 
in its broad sense - shall be maintained. And this is, that most building 
components must be designed in such a way that they can be combined on 
the building site with a great number of other products in an almost 
unlimited number of combinations. And here modular coordination comes 
in, providing architects and manufacturers with a common dimensional 
language. Rather than putting anything like a strait jacket on the 
manufacturers, modular coordination aims at providing them with a set 
of dimensions, which assures them that their product will fit together 
with other products on the market, with which the architect may wish to 
combine them. 

Cost Reduction  

Of course,  modulai' coordination is intended to contribute 
to cost reduction. Being a tool for standardization, modular 
coordination promotes cost reduction in principle in the saine  
way and to the same extent as standardization in other industries, 
that is, by providing for longer runs, simplified administration 
routines etc. But for the building process, consisting in 
principle of putting together on building sites a large number 
of different components, modular coordination (dimensional coordination) 
in addition to the standardization effect, carries with it a general 
dimensional order, whose importance for the reduction of the 
building costs is very difficult to evaluate. But I think it 
is no overstatement to say that dimensional order is a key to 
rational building; order is always paying off through increase 
in productivity, reduction of work, simplification in the drawing 
office, in the workshop and on the building site. 

Let me illustrate this with a very simple  exemple,  maybe 
even oversimplified. Say that you are a window manufacturer and 
want to standardize your window heights. But which heights should 
you choose? You would quickly- find that the window height must be 
a whole multiple of the course height of the bricks, of concrete 
blocks, of lightweight concrete etc. And the architect calls 
for a number of different heights on aesthetic and functional 
grounds. Now, can we avoid all those demands being directly 
contradictory-without the tool for dimensional coordination that 
modular coordination provides? The  only  proper answer to the 
question in the exemple is: the window dimensions as well 
as the dimensions of wall materials and components must have 
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modular coordinating dimensions, that is all dimensions of those 
products which are deciding for their combination with other 
components must - as a first prerequisite - be whole multiples 
of the basic module, 4" - or as a compromise at least systematically 
coordinated with the module. 

But very briefly, the part that modular coordination playm 
in cost reduction could be described by saying that modrlAr coordination 
is a device by which the benefits of standardization - generally 
recognized in all real industries - can be made fully available 
also to the building materials and component industry. It 
could even be justified to say that the economic importance for 
that industry is greater than for the building industry proper. 
And as I said in the beginning, the building materials and 
component industry through prefabrication will gradually gain 
ground from the siteworking building industry. 

Modular Co-ordination and Large Scale Production 

It is often supposed that modular coordination, like other 
standardization, is of importance only for production on a very 
large scale. In my opinion it is not so much the magnitude of the 
scale of production that is the decisive factor, but rather the type 
of production equipment. For some types of production a rigid 
standardization to a very limited nuMber of variants is a requirement 
at a rather moderate scale of production, whereas in other cases 
a large number of variants can be compatible with production on 
a very large scale. 

But too often manufacturers are inclined to judge the 
Possible benefits of modular coordination from their experience 
of the past. Very often they say - and I have met that argument 
in several countries - ewe have been forced to meet all kinds 
of dimensional demands from architects, so now we have very good 
flexible equipment that allows us to deliver any specified 
dimensions. Wé do not need modular coordination". But they 
often do not realize how much more effectively they could use 
their equipment or - and that is the crucial point - what 
rational equipment they could make use of if the demand were 
disciplined to modular or - for some products - multi-modular 
dimensions alone. 

Now, let us instead leave the past and try to look ahead 
into the future. We have witnessed how automation, based on 
electronic data processing (EDP), has conquered large fields 
of industrial production. There is no reason why it should not 
be used also in the building materials and component industry. 
That, however, would probably lead to a rather different type 
of standardization, pllowing a rather large number of variants 
within the framework of the program of production, but an 
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absolute rejection of all kinds of "specials". Very different 
from today's situation, where many manufacturers with or 
without their knowledge are letting the 90% standard 
production heavily subsidize the 10% specials. But when we 
arrive at that highly developed production technique, the 
modular sizes provide an excellent tool for the dimensional 
programming of such EDP production. 

Cost Reduction Through Reduced Inventory 

When the rationalization effect of standardization - 
and thus of modular coordination - is discussed, there is a 
very general tendency to consider the influence on production 
alone. As a matter of fact, however, standardization is 
equally important for other links in the long Chain of operations 
from raw materials all the way to the consumer. 

I think that anyone who has dealt with the production 
of building components of any degree of complexity has found 
that the limits for the number of acceptable variants very often 
are set not by the production equipment or process but by the 
number of variants that the whole administrative apparatus 
from purchase department to final delivery and erection can 
handle at reasonable costs and without errors. Therefore the 
reduction of the number of variants that goes with modular dimensional 
standardization may well be of even larger importance for other 
operations than for production. On the other hand, this will vary 
so much with the kind of product, the type of production operation, 
production for stock or to order, etc., that no general conclusion 
could be drawn in this respect. 

It is particularly important to keep this in mind today 
with an ever increasing trend towards prefabrication, that is, towards 
the transfer of operations from the building site to the factory. 
In such a transfer everyone is usually prepared to pay for the 
benefits of prefabrication with the acceptance of fewer variants, 
bUt it follows from what I have just said that the demand for 
a rigid standardization to very few variants might very well 
be much more severe with regard to the administrative handling 
of the product than with regard to the production as such. 

Therefore, with the growing recognition of the fact 
that rationalization is more than just increased efficiency in 
production, we will no doubt increase the interest in modular 
standardization in the materials and component industry. 

Responsibility For Modular Standardization 

Now, if we agree that modular dimensional standardization is 
important, who should be reeponsible for really carrying it out? 
Carrying out modular coordination, of course, means two things. One 
is the analysis of the principal problems connected with the 
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introduction of modular coordination, the general studies of 
tolerances etc. and the issuing of nodular standards. There 
the pattern is somewhat different in different countries, even 
if the last step - the issuing of a national modular standard 
is usually reserved for the national standards institute. 
But the studies of various kinds that must precede these 
standards are often carried out mainly by the national institute 
for building research (for instance in France and Denmark), 
whereas in other countries (Germany and Sweden for instance) this 
task is carried out by the national standardization body. But 
whoever is entrusted with this first step, the second one, the 
practical application of modular coordination must be taken by the 
industry itself. In most countries there is a general dissatisfaction 
with the slowness of the industry to go modular and various steps 
are suggested - or carried out - in order to more or less force 
the industry to convert to modular dimensions. Personally, I am 
confident that, before long, developments in building will lead 
the industry to recognize that modular coordination is not only 
desirable but indispensable. With increasing prefabrication of 
more and more components this  stage  may be reached any day. Then 
the question is not "what are the conversion costs and what will we 
gain by it?" but "can we afford to stay out?" 

Conversion  costs 

Nevertheless, this question of conversion costs, so 
often brought up in discussions about modular coordination, 
deserves careful attention. Very often statements about  conversion  
costs are based either on very superficial knowledge of modular 
coordination or insufficient analysis of the conversion costs for 
the particular production in question - or both. 

First, it is necessary to establish which dimensions have 
to be changed, because even a 100% modular  coordination  does not 
call for ail dimensions to be modular. Only the coordinating 
dimensions or, more precisely, the eneral coordinating,_dimensions  
have to be modular. Example: door frame and door leaf; this 
usually means that a conversion to modular dimensions often does 
not imply a full redimensioning of a component but rather adjustment 
that will only partly affect the dimensionally determining parts of 
the production  equipment (machinery, moulds etc.) 

Furtherneee  mbdulAr coordination - usually - does not 
have to be carried out overnight. And in most component industries 
those tools, moulds etc. that have to be changed at a conversion 
to moduler dimensions, have a rather limited lifetime, so that the 
conversion can often be coordinated with the exchange of tools 
necessary for technical reasons. 
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Finally it is a recognized matter of fact in the industry 
that the various social and technical changes that take place in 
today's society often force the manufacturer to replace old 
machinery with more modern long before it is technically worn out. 

My  experience from discussions of these matters in many 
countries is therefore that the costs of conversion are very 
often drastically overestimated at first, when the problem is 
raised. After they have been carefully analyzed the result 
has often been that they have been found to be reasonable or 
even negligible. 

Importance of Modular Coordination for the Economy in General 

What, then, would modular coordination mean for the total 
economy in this country of yours? It is, of course, not easy to 
calculate the improved efficiency and productivity that can be 
expected from modular dimensional standardization in terns of 
dollars. It would indeed be a rather difficult task even for some-
one very familiar with the Canadian building materials and component 
industry - much more for me, a foreigner. And I will not pretend 
to be able to answer such a question. But maybe we can arrive at 
a quantified answer in dollars, although only indirectly. 

The total annual  production volume of your construction 
industry, exclusive of road building etc. and exclusive of repair 
and maintenance, is something like 5 billion dollars, if I have 
rightly understood your statistics. Now, suppose that the application 
of modular dimensional standardization, when the full benefits are 
drawn from it, should mean a cost reduction - on average - of as 
little as 1 per cent, this would result in an annual gain of no less 
than $50 million. On a 20 per cent return basis, this 1 per cent 
in increased efficiency alone would justify $250 million in investment. 
Now, all these figures are overall figures, of course. For some 
products the ratio of investment to annual gain might be much 
mare favourable than for some others. It has been postulated, 
moreover, that gains of as much as 15 per cent in increased efficiency 
could accrue from the application of modular coordination. The 
corresponding annual saving in dollars could then be as much as 
$750 million. These figures, however crude, do show quite clearly 
the very great importance of modular dimensional standardization 
in relation to the total national economy. 

When you have heard all of the lectures of this conference 
you will, I feel certain, have a realization of the great economic 
benefits to be drawn from modulAr dimensional standardization. 
You  • ill also realize that, to capitalize upon these benefits requires 
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certain changes. These changes are not particularly in the form 
of technical conversion but also, and primarily a change of mind 
-- a change of attitude -- a fresh approach. Such is required, to 
be adequate in this age of industrialization. On this point, 
let me, finally, quote a few words of a great Irishman of the 
last century,  to  live is to change and to be perfect is to change  
often." Now, if this was true in the old days, I think it is much 
more ture in ours. The whole problem is that the world around 
Us is changing with usch a speed that one of the main human 
problemo today is to be able to keep pace with that change, and 
therefore only those individuals and those countries will be 
successful, who are able to make the changes that our era is calling for. 
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MODULAR COCRDINATION AND THE BUILDING CONTRACTOR 

A.  xame COCRDINATICN  
It simply had to be a North American who said "If somebody 

tells you it is the principle, it is the money!" So that, although I 
am speaking an the principles of modular coordination what I am really 
talking about is the money. 

When I went to Canada House in London to do so ue research on 
your  construction  industry they threw a quotation at me also- ffloney 
speake sense in a language  ai]. nations understand". Well, they did not 
actually say those words - that  they did say was "Those boys over there 
like the crinkly stuff." And let us face it, it maybe all right for 
the designers and engineers and to some extent for the suppliera  to go 
a bit pie in the sky, but it is the contractor who stakes cash on the 
building project. 

Tou  maybe saying to yourselves %hat does a British quantity 
surveyor know about the Canadian construction industry - anyway?" The 
answer to that one is - practically nothing, but what I do know standing 
back and seeing most of the game as a quantity surveyor in Briain and 
Europe is that modular coordination will increase productivity in any 
countr;os construction industry. While I can talk about the principles, 
must of course leave you to interpret these into money in terms of 

Your own industry and its special conditions. In other words I have not 
come to tell you haw to suck eggs - only perhaps how to bore the hole 
in the shell a little more neatly. I am not promising that your profits 
will immediately go rocketing upwards but only hoping that in time they 
may become like the London miniskirts - delightfully immodest. 

We in Britain are in the preliminary stages of progress 
towards fülly industrialized building sith still  mach  to be learned 
about standardization and modular and dimensional coordination. Wé 
.,f_iud ourselves at the moment with two conceptions of industrialized 
ouilding, with which modular coordination is inextricably bound up; 
one  is the idea of standardizing components to the extent that they 
,re all interchangeable, leaving the designer free to plan the building 
4n ale way he chooses. This is known as the "open system". The other 
is the "closed system" in which the individual componente are not 
necessarily interchangeable with those used in general building but 
• still offers cost advantages because of its  origine  in the 
factory. In practice, while a considerinennaberof closed systems 
existe an the market, it cannot be said that more than a few out of 
the uhole range of components are an the open s tem. Ou the other 
hand the idea of coàbining the tux) is being looked at with interest 
50  that,  for  example, the structure of a closed system (it would have 
to be a modularly coordinated one) is cladded, decked and fitted with 
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open system components. In what follows therefore I use the term 
"modular coordination" as being applicable to existing traditional 
methods of building but with a distinct bias towards the future 
standardization and industrialization of the industry. From what I 
knew of it I think this applies to Canada. 

We are at this time looking at our awn construction industry 
in the fresh light thrawn on it by the change to metric and what is blind-
ingly clear is that modular coordination is  one of the key factors which 
can improve  ail round efficiency and reduce building costs to the benefit 
of the nation's economy. It is a government decision to make modular 
coordination an integral part of the metric change. In any event  modulai'  
coordination brings with it the reappraisal of all we do in building 
and I am sure that this new thinking would have come about anyway and the 
metric change is only serving to accelerate it. By-building on our 
experience you should be able to use modular coordination not only for 
its oun advantages but to refoeus your thoughts on such interrelated 
subjects as communications, standardization of drawings and specifications, 
classification and variety reduction of products, many of the facets of 
which have already been discussed today. In short, to review the whole 
field of Ertandardization of which modular coordination is a part. But let 
The return from the general to the particular, which is to suggest to you 
haw all this benefits the building contractor. 

Of course, compressing a subject like this into 45 minutes is 
like judging the Miss World competition - 	 s all good stuff but most 
of it has to be eliminated. I propose to deal with the matter by a 
series of rhetorical questions - all of which have been cunningly devised 
so that the answer is always yes. 

1. Does modular coordination facilitate estimating and bidding? 

Because it encourages standardization, industrialization and 
the "kit of parts" concept of building, modular coordination reduces 
measuring and estimating time. It makes documentatien simpler, which 
enables the checking of the bid to be carried out quicker and with 
more precision. There are fewer unknown factors due to the virtual 
elimination of cutting, which means a closer control ot the labeur 
content and, since components are accurately sized, the risk element on 
those components, as distinct from that on uncoordinated traditional 
materials, is significantly reduced. Once the method is well known, 
the site snags which have to be allowed for in the bid become fewer. 
Again, because of standardization, there is easier feedback from the 
site to provide data for future bids. Sim-tinny it becomes possible to 
pre-price lists of components and to hold these lists ready for the 
individual items to be incorporated in bids. If the contract is a 
negotiated  one  all the factors I have just mentioned make agreement 
easier and quicker, and equally everything I have said applies to sub-
contractors' work and facilitates their arrangements with the main 
contractor. Lastly modular coordination paves the way for earlier 
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computerization on the estimating and bidding processes. 

2. Is site layout facilitated? 

If the site measurement is basically  done in modules rather 
than in feet and inches, this makes setting out much easier and it is 
eimilarly easgy checked. The usual way of doing this is to have rods 
marked in alternate black and white bands. Because components are in 
4" increments the first "row", as it were, of components again checks 
the setting out and enables corrections, though still wasteful, to be 
made probably earlier than they would be with uncoordinated building 
methods. If components are used as part of the substructures still 
less trouble is experienced as this dadble checking occurs earlier on. 

3. Does modular coordination help site management? 

Management may be defined as matching available resources 
with the work to be done, and it is in this field where, given the right 
incentive, most organizations can improve. By its very nature modular 
coordination demands good management; the building methods are simpler, 
but they require to be better planned. Late deliveries or errors in 
ordering, for example, can holdup the whole job much more with coordinated 
than with uncoarliburbe building. Accepting that the quality of management 

Lit the job, the greater attention to efficient management which modular 
coordination calls  for  must result in greater efficieney. 

4. Is job supervision simplified? 

With the greater degree of component development which modular 
coordination brings leas supervision is required of the quality of "wet 
processes", but insPection rather than supervision becomes more important. 
Raving approved samples and made and 	checks the 

supervision, 
	of factory 

fabricated components is assured and as these progressively take the place 
?f in-situ processes the amount of site supervision of mixing concrete and 
the  like reduces. To be effective, inspectors must be different people 
tram the site managers and completely divorced from them. This is rather 
like the position of the country's judiciary to that of its government. 

They should report back direct to head office and thereby 
provide a check  on  site mpnAgemante  and they should make irregular visit e 

 to the site but provide a thorough check when they do go. The inspectors 
mist understand about methods of jointing and the theory and practice of 
tolerances. They should provide regular statistical feedback trom the 
aite on these matters not only for the benefit of the contractor but, 
Probably more importalit, to the designer. Their reports may also influence 
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the decision of the contractor to brry or not to buy certain products 
whose tolerances are closer or whose joint widths are within the limits 
of what he has discovered his men can efficiently handle. I will say 
more about joints, fits and tolerances themselves a little later, but we 
must get away from the sort of thinking illustrated by  one firm of tieber 
panel manufacturers. In reply to a question nTo what tolerances do you 
manufacture your products?n they replied Mde do not work to tolerances, 
our products are entirely accurate.n Obviously you see the stupidity 
of that remark but believe me, to change the attitude of suéh people will 
be a considerable task, which can only be accomplished through education. 

Of course je supervision will slip up on the best regulated 
sites. There was one job in England where this became evident to 
everybody to the eMbarrassment of the foreman. They were building a 
pub ( a very commendable project I am sure youwill agree ) and having 
completed the cellar and concreted the ground floor slab over it they 
realized that a concrete mixer was still down there. It took a mechanic 
several hours of work in taking it to pieces before it could be got out. 
However this solved another prelem4 that of a na me for the pub, which 
the clients thereafter called "The Good Mixer". 

5. What is the effect on individual wcrkers? 

One of the effects on the uurkers is the tendency of modular 
coordination to reduce site labour and replace it by factory products. 
From the point of view of winter working I should have thought this 
was very desirable in Canada where one of your problems is how to even 
out the employment of construction industry labour in winter and summer. 
The site labour remaining tends then to work in ski-lied gangs rather 
than on individual tasks and the men become erectors rather than tradesmen. 
There maybe a movement for manufacturers to erect their awn products where 
again the effect on the men is for themto be handlers rather than craftsmen. 
Mechanical handling will naturally be employed more and the use of equipment 
rather than of hand tools will become the basic skills of the operatives. 
Of course what I have dust said could and does apply to uncoordinated 
industrialized. building. 

6. What time is required to develop skills and adapt to modular practice? 

The general consensus is that it takes three jobs before the 
three main divisions of skilled personnel, operatives, supervisors and 
inspectors reach a reasonable standard of efficieney. Most people are 
convinced that the best results are obtained if there is a proper training 
program, preferably using programmed learning techniques, and that the 
necessary skill is then developed in one or two jobs. Once the new skills 
are learned there is a feeling amongst operatives of belonging to the 
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nodular  club  and they are happily using all the jargon such as "minus 
tolerances", "grid lines", and "tartan grids" to ecnfound their less 
well-educated mates. We are all rather like this' 

7. How  mach je cutting of components is necessary and is the general 
umate of naterials reduced? 

One of the great savings due to modular coordination of course 
is the fact that job cutting of components is greatly reduced and it is 
expected that as the technique  develops it uill be eliminated altogether. 

One contractor  bas  estimated that ulth hls traditional jobs 
the umate of materials factor is about 5 per cent whereas on coordinated 
jobs this falls certainly to 1-112 per cent and preely to nearer 3/4 
Per cent. This alone is a significant overall saving. Even so, in our 
evolutionary state of the art a decision to cut could be cheaper than a 
considerable juggling of parte. This  is a decision eich,however, must 
be nade consciously,. 

8. Hoc can modular coordination speed fitting, erection and asseMblyi 

With components keeping station on the grid the problems of 
rection and assembly  bec  ame easier than with traditional building 

nethods especially if measuring by nodules is adopted. Difficulties 
tend to repeat in the same sort of situations so that an original 
briefing can help to overcome them on the job elle something is being 
red back into the design to prevent future problens occurring. For 
example, if it is known that a certain lintel is difficult to fix without 
equating adjoining unite, this will be dealt with more easily than if 
it cameos a manse, and because the  trouble  can be diagnosed the designer 
eaa get on with altering the offending lintel. 

Parient by  restate is simplified and therefore there is every 
Incentive to do the erection quickly. 

Where applicable, erection manuals can be used to great effect 
bot h on the site and for study before the job starts and these manuals 
have the effect of highlighting special situations and Uhere special 
difficulties are likely to occur. 

Again training and the proper understanding of the techniqnes, 
Particularly of joints and tolerances, is important and sometimes it 
1111 be difficult to spot where thinge are going *rung because the 
operatives are not trainedto detect the abnormal. On MO site which 
an  engineer friend of aine investigatec4 the window were supposed to be 
tpueh-fit into pre-formed openings in timber panels. He asked the foreman 
-Lz there had been any troele with these. "Ch no" said the foreman, 
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"no trouble at all". On closer questioning and investigation my friend 
round that over one third of the openings had been cut or adjusted in 
some way to enable the windows to be fitted into them• With proper 
inspection and feedback this difficulty could have been uvercome for 
the future but the distreing thing was that the foreman found nothing 
abnormal in this situation. It is a point to be watched in your own 
training of site supervisors. 

9. Is coding narticularly_amlicable te modular coordination? 

Coding raises the whole question of communications throughout 
the entire industry and is one which we in Britian are trying to solve 
by means of a study commissioneby the Mânister of Public Building and 
Works. 

As a firm we are carrying out an experiment with coding in 
conjunction with the Cosmos system for housing. This system was designed 
by Colin Davidson who will address you later and it employe the principles 
of modular coordination. It is an open system although it tends for the 
present to be used as if it were a closed system. I should fUrther explain 
that 4 years ago we bought our own computer and that for over 3 years 
have been processing all our bills of quantities through the machine which 
literally takes the unsquared measurement sheets in one end and produces 
a finished document on offset lithography plates at the other. As you 
know, our system of tendering in UK is different from that in Canada. 
We, in the main, have one quantity surveyor for the contract, who masures 
bills of quantities which form part of that contract and which all the 
tendering contractors price; they do not measure quantities themselves. 

For Cosmos we have produced prefabricated dimension sheets 
in which all the possible situations of the components have been pre-
measured. Taking a concrete wall panel, for example, we have recorded 
the panel and the different filrings it has when it is to be in the middle 
on an external wall, whirner-ly when it is at a corner, or when it is used 
in a party wall. Al]. the items in the dimension Sheets are pre-coded 
for the computer, so that the surveyor has only to count the major components 
and record these in the spaces provided. The sheets then go directly to 
operators who punch the information they contain on to paper tape. This goes 
into the computer which prints all the documents required - a schedule of 
components, a schedule of fixing, and a schedule of ancillary items of work, 
all of which are incorporated in the bills of quantities. The codes whiàh 
activate the computer are used on the drawings and are narked on the compon-
ents themselves so that a complete chain of cummunication is formed from the 
preliminary sketch drawings right through working drawings and all documentat-
ion to erection. In each case a minimum amount of the code sufficient only 
to identity the part is used and superfluous facets of the code are discarded. 
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Tin does not permit me to go fbrther into this now but I am sure that 
Colin Davidson would gladly answer questions on Cosmos later on and I 
certainly would be pleased to do so on on' computer application related 
to Cosmos or generally. 

10. Haw does the adoption of nodular coordination prove to be of benefit 
in increasing productivity and efficiency and improving profits?  

This is in the nature of a summary of what I have said, but 
first I would like to say something further about standardization in 
general. 

Standardization, and this includes the policy of adopting 
nodular coordination, must be a national concept. In UK it was not 
until the velue of modular coordination was recognized and given official 
blessing that any real progress towards its national adoption took:place. 
In effect I suppooe this hurdle has already been leaped in Canada. 

The climate of standardization nmet be such as to allow long 
runs of naterials or components so that prices come dom. This again 
ell tend to rely on government support in sponsoring large schemes 

There must be every incentive to reduce the nuMber of sizes of 
components, what is known as variety reduction, for similar reasons. 
This required cooperation between manufacturers with their trade assoc-
iations, or - whatever bodies may bind them together. In UK such 
situations are found in The British Standards Institution and The Nodular 
Society. 

Summarizing then, modular coordination has the following 
,_evantages over dimensionally uncoordinated building methods eth advan-
reges in increased productivity and efficiency as followe:- 

Its discipline encourages standardization and industrialization. 

It induces variety reduction in components. 

It reduces and eventually eliminates cutting. 

It is conducive to less waste. 

Estimating and bidding tine and effort are reduced. 

Site layout errors are reduced. 
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It requires better site management, thereby demanding efficiency. 

If inepectors are separated from site supervisors, important 
feedback is gained. 

Provided that the principles of the method, and especially those 
of joints and tolerances, are known, site labour is reduced. 

It will help to even out winter troughe and summer peaks of 
labour, particularly for Canada. 

Coding, and therefore effectiVe communication throughout the 
industry, is more easily applied. 

In conclusion I would like to quote the Economic Commission 
for Europe report. It said "Dimensional coordination in building has 
now developed, from being an interesting sUbject of dismission among a 
limited number of experts, into a necessary means for a further significant 
increase in productivity in building. In other worde the purely technical 
and theoretical stage of developraent has been passed and the implementation 
stage has arrived." 
B. COMBINATIONS OF NUMBERS  

I want now to change the topic, slightly, to another aspect of 
modula• coordinatim, and in this would like to introduce you to the 
seject of combinations of numbers. In the time available it can only 
be an introduction, but I hope that not only contractors but designers 
and manufacturers will find something of interest in it. 

What are Coreinations of NuMbers? 

Coreinations maybe defined as the grouping of component 
sizes. they can best be illustrated by a simple example. 

Take two panels,  one of 3 modules (1 1  0") and one of 5 
modules (1 1  8") vide. Using any number of each, these can be put 
together to form coMbined widths of 3, 5, 6, 8 and of every consecutive 
width greater than 8 modliles wide. 9 = 3 at 3, 10 = 2 at 5, 	= 5 + 
3 + 3 each. 

CoMbinations are, simply, the ways in which components can 
be put together to fill spaces. 



-  37  - 

Mhy  are Combinations important? 

Firstly, they help  manufacturera  to adopt the most advantageous 
DoMponent sizes - sizes which will (1) fill the most spaces and (2) give 
the greatest nuMber of assemblies. In other words, using the principles 
of combinations, the right ranges of camponents will be produced. 

Secondly, they enable designers to make the best possible choice 
ti•DM the component sizes available. This is extremely important because, 
with a knowledge of coàbinations, the designer can retain freedom and flex-
ibility. Let us be honest about this. There is a fear that the use of 
nodular coordination and the increasing use of industrialized building 
techniques will stifle architecture and reduce it to a Neccane-like process 
'within rigid limitations. Nothing could be further from the truth if the 
practical use of combinations is fully understood. Furthermore, the proper 
Use of combinations will also bring  about  greater efficiency in the use of 
traditional component materials. 

Thirdly, coàbinations give guidance to builders, where the choice 
le left to them, on the optimum numbers/sizes of components which  can  be 
used to fill given spaces. 

Combinations are, for these reasons, an important factor in the 
economics of building. 

The Table of Critical Numbers  

What is a Critical NuMber? Let us go back to the two panels. 
TheY coàbined to form 8 and every width greater than 8. 8 is therefore 
the Critical NuMber of 3 and 5. It is the nuMber at which they begin 
to fill every space - the nuMber at wbich they "spark". 

From now on I shall refer mainly to whole nuMbers but, as you 
vial have already realized, those whole numbers may be modules, miles, 
nillimetres, rods, poles or perches; it is the interrelationship of the 
nuMbers which counts. 

Mhat are the Practical Uses of the Table of Critical Numbers?  

One typical practical problemmight be this. A manufacturer has  decided to continue to make two sizes 9M and  11M (3 1  0" and 3 1  8") 
Decease of his existing plant. He would like to make a third size as 
large  as possible but yielding a Critical Number not greater than 45M 
`J-° 8  WO. What third size would he choose? A look at the Table  will 
tell us that it is 3014 (10 1  0"). (Appendix 2) 

Combjgraph and  

For architectural planning, we need to know not only that a 
Particular space can be filled by certain sizes, but by how magy of 
elnel, how mauy of size b and how many of size c. 
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The CoMbigraph tells us. It is a design tool whiéh has two 
Objects. (1) to illustrate the basic patterns and (2) to enable us to 
read off the actual coMbinations.  (For  further details see:  P. H. Dunstone: 
Coeinations of Numbers in Building (Estates Gazette Ltd., London)). 

CONCLUSION 

In conclusion may I say again wbat  I said at the beginning about 
the importance of combiliations? 

1. They help manufacturers to éhoose the right sizes. 

2. They enible architects to use components and yet retain 
freedom and flexibility of design. 

I sUbmit that architecture must move with the new methods of 
building which are emerging or be overrmi by them and I believe that 
the use of coàbinations of nuMbers can  be a big factor in its continued 

C. THE MODULAR swim  
Mbst of whet you have beard at this conference originated in some 

limy with The Modulai'  Society of London. I would like if I may to take up 
a few more minutes of your tine in telling you something  about the Society. 

It was established 15 years ago and since that tine has been 
ceaselessly engaged in carrying out its aim "to increase the efficiency 
of building by promoting the development of modular coordination and to  
improve the standard of architectural Qualities of standardized components". 

During that time it has come from being a voice crying in the 
wilderness to one which has been heard and heeded by the government, which 
has now decided that, in conjunction with the change to metric, dimensional 
coordination shall be accepted by the constructional industries as a basis 
for future  operations. 

In all that time and in the struggle that has occurred the 
strength of the Society has been in the multidisciplinary nature of its 
members. Architects, contractors, engineers, manufacturers, quality 
surveyors, sub-contractors and suppliers have provided and are continuing 
to provide a forum and centre for discussion and experiment for the 
construction industries in the whole field of standardization. 

I have taken most of my words from the foremrdbyLord Raiford 
to the 1967 No. 3 Special Issue of The Modular Quarterly Which sets out to 
review the activities of the Society at a time when, having achieved its 
primary objective, it now goes on to widen its activities. 
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One of the Objects of this series of conferences is to promote 
the acceptance of modular practice, through the dissemination of knowledge, 
as a means of increasing productivity. 

May I suggest that you think along the lines of forming a 
similar society in Canada to do just that. As a non-profit-making company 
and  with a membership drawn from all sections of the construction industry 
it would have the strength to carry out that object, which must be to the 
benefit of Canadians as a whole. I knaw I can speak for The Modular Society 
in  London when I say that we would be glad to give you any help we can in 
the formation of The Modular Society of Canada. 
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.11 

MODULAR COORDINATION AND THE INDUSTRIALIZATION OF BUILDING 

At the risk of making myself unpopular with the sponsors of 
this series of conferences, I want to shift the title of our discussion 
slightly from its official MODULAR COORDINATION AND THE INDUSTRIALIZATION 
OF BUILDING to a wider one - INDUSTRIALIZATION AND COORDINATION. There 
is a subtle difference which I hope will be clear from what I have to say 
in the next few minutes. 

I intend to make a few introductory remarks, talk about the 
Industrialization of Building as other people see it, then I shall have 
to declare what I mean by the Industrialization of Building so that we 
can communicate about it on the basis of a common understanding. I 
will postulate two notional rules about industrialization: the rule of 
"effective repetition" and the rule of "hereditary bias". I will give 
ons or two examples of what people have been actually doing in the name 
of "industrialization of building". At the end, we will speculate about 
trends for tomorrow. 

There are two things I must say, by way of preamble, about 
Industrialization: Firstly, I do not identify industrialization with 
Prefabrication; they are not necessarily  the same thing. Secondly, 
mutt' as I would like to think all industrialization is attuned to the 
great innovative capabilities of our century represented by the more 
novel forma of building, it is not necessarily no. In describing 
industrialization, I am talking about something eminently practical, 
something that us can do today without necessarily going out to the 
extremes of imagination and invention. We may think of a Fuller  dome-
house or an experimental Russian room-box made entirely of plastics or 
the folded-paper houses put up in the Sacramento Valley, California for 
Migrant farm workers. I am not implying that these are not industrialized 
but I am saying that without doing this sort of thing, we can none the 
less qualiey for the title of industrialized builders. 

In the building industry, as illustrated by this diagram, we 
are - as  we know only too well - operating in a fragmented way - as so 
Ilelibr individuals. I must ask you to pay particular attention to this 
valtgiiigasure 1); at several stages during the next few minutes, we 
will be looking at variations of this diagram and it is important to 
Memorize this one in order to identiey the variations. 

This, therefore, is the situation today: we have a bez of 
People known as the client, but as far as any one of us is actua 
concerned, there is only one client at a time. This client instructs 
the architects on a one-way, once-off basis (7.7 the word architect I 
include the engineering professions). These people then interpret the 
client's requirements to carry out a set of drawings describing what 
in tO  1 e built. 

i !. 
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The building contractor, at the end of this line, receives the instructions 
describing what is to be built and devises how to do it himself. We have, 
on one side, as it were, a group of other people: the category of 
manufacturers. They are not related to the architect. The manufacturers 
are linked to the contractor once an order for specific goods is issued; 
there is no other communication between them except perhaps through the 
mechanism of Sweet's catalogue and the sales representative. 

Within this fractioned industry of ours, it is not surprising 
that everybody nowadays who is in anyway involved with industrialized 
building defines industrialized building in a specific and personal way, 
suited to his awn specific vested interests. 

The client defines industrialized building in one way, the 
professionals in another, the contractors in a third and the manufacturers... 
in many other ways. 

To the contractor the acme of industrialized building is the 
well-organized tract where everything is pre-packed, pre-cut, delivered 
to the site in house lots. There is, in fact, a production line set up 
on the building site with the workers moving from one work station to 
another (instead of the more typical industrial method where the product 
moves from one work station to another). The timber product manufacturer 
might identiey industrialized building with pre-framed wall panels and 
pre-cut plywood sheathing - panel construction, in other words. The 
manufacturer of an ingenious cold rolled channel used for advertising 
hoardings and things of that sort, thinks that industrialized building is 
accomplished if he can penetrate into the building market with a space 
frame system using his cold rolled sections. 

Jean Prouvé - working in France for a sheet metal concern 
(actually railroad car manufacturers) came up with an extremely elegant 
house-building system, obsessively slanted, however, towards use of 
sheet metal - as ue would expect. Other people again will see the true 
industrialization in the Kozlov Rolling Mills in the Moscow region, which 
turn out ribbed concrete panels on a continuous conveyor belt. 

And, of course, the mobile home, plausibly an industrial product. 
Noboey in the building industry would admit that this is an industrialized 
method of meeting a building problem because a very large and effective 
industry quite separate from building is doing a building job for us. 

Other people, of course, have quite different attitudes to the 
industrialization of buildings. We note the activities of a plumbing 
sub-contractor working for the Balency System in Paris for whom pre-jig 
plumbing is a dream of what industrialized building should be. Not 
surprisingly, I must refer to the brick as an industrialized product; it 
is made on continuous production line principles by the million, 
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day  in and day out (the number of bricks needed for the average British 
dwelling is about 5,000 bricks representing only 60 man hours of work, 
delivered in a load to site). 

We must recognize that there is another category of person 
who has quite a different vested interest in (or feeling towards) industrial-
ized building: the union members, who often have a vested interest in the 
status quo. I do not wish to appear cynical about their concern for the 
etatus quo. We are coming face to face with a management problem of 
some sort attributable to a failure in communications. Somebody does not 
know what the other person is doing and he gets worried -- there is a 
typical lack of co-ordination. 

From what I have been saying, it is not surprising that many 
People in the building industry should have many partisan views of what 
industrialization is. I must make it clear what I understand the 
industrialization of building to be. I am not going to invent a new definition 
or industrialization (as there are far too many already). I shall quote 
frŒfl Ciribini, INDUSTRIALIZATION IS A PRODUCTIVE METHOD BASED ON 
meeRANISED AND/OR ORGANIZED PROCESSES OF A REPETITIVE CHARACTER. We are 
concerned with the  w  things are done, the dhows. The key to 
industrialization 	in the "mechanized, organized" processes, on the 
one hand and the "repetitive character", on the other. 

We can visualize the process, the way things are done, the "hou"  
ne a question of degree, ranging from the manual operation (palpably 
non-industrial) to the automated cybernetic machine, programmed to  carry 

 out a set of operations. We have the embryo of a method of ranking 
or induatri,limation. It is possible (without for a moment going into 
great deal of detail) to measure industrialization more systematically 

"han  by- reference to such and such pieces of equipment used in the 
Processes. For what it boils down to, is using mechanized and/or organized 
Processes, as a substitute  for  manual labour of the more primitive sort, 
..eing in its place machines or organized labour wmrking at a mach higher 
1-evel of sophistication and productivity. Therefore, we can measure the 
wbgree of industrialization in any process or set of operations by 
eCParing the incidence of direct labour costs (L) to the value added by 
C3  process or set of operations (T-14 where T is output price and M is 
4-nPut materials costs). I, the industrialization rating: 

1  -L  
"Pr' 

J1,1cidentally, T the total price, is made up from L (direct labour), 
toverheads), C (capital charges on plant and machinery), M (materials 

4-nPut) and P (profits). This formula I . 1 - L is valid as such in a 

eomPetitive market situation, though in certain other circumstances 
4  correction coefficient has to be introduced. 



Industrialization is a question of degree; processes can 
be less or more industrialized. To put figures to this nIn, I have made 
several surveys; for example: with traditional building as carried out 
in England, the index works out to about .25 or .3; in the field of heating 
and venting sub-ccatracting, the equivalent figure works out to .53. 
Mobile home  manufacturera in the United States have an industrialization 
index of about .65, and .7 might te the highest figure to be found in today's 
materials or components manufacture. Let us remember that this index 
applies to process sets of operations; in any production sequence there 
is a large number of operations each of which um-be at a high or low 
level of industrialization. If we consider, for example, the production 
of standard metal windows you recognize that some of the processes are 
fairly- mechanized and sane of them are still extremely manual, particularly 
the transfer operations -- mcming window sections from one work position 
to another. 

We must recognize that if we consider the whole set of 
opérations in a process, like, say, building, we can expect to see 
some processes which are highly industrialized and others that are less 
industrialized. 

Looking at the industry as if we were in the position of 
"Big  Brother" (or perhaps the Department of Industry), we might be able 
to take an unbiased statistical overall view of the building industry 
and see that, so and so is not doing very well in the industrialization 
of bis  processes, sow: could wurn him, so to speak, that in this mid-
twentieth century of ours, he is less industrialized than all the other 
people involved in the other operations in the process. Conversely, 
we could look at the statistics and see that someone else shall we say 
making bricks, is doing very well in terms of industrialization rating; 
in fact he is not likely to represent a problem. 

But the building industry does not operate in terms of 
Big Brother. The building industry, it is true, pays lip service to such 
things as the need for building or the need for greater productivity 
in the use of TM-Canadian dollar etc. TM: but if truth be known -- 
it actually reacts to immediate and real problems, to detect what we can do 
to improve our methods of operation at a much more industrialized level. 

I mentioned that there were two rules of this industrialization 
game; the game in which we replace primitive forms of labour with 
mechanized and/or organized processes. The first of these rules of the 
game concerns "Effective Repetition". 

From the evidence I have, there is no doubt whatsoever that 
where there is effective repetition, there is a good return in the fibre 
of a reduction of costs, leading to a wider margin -- a bigger slice of 
the cake -- to be split between the producer and the client. In order 
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to stress this point I want to quote from Conrad Wachsmann who has 
written: "The principle of industrialization is identical with mass 
Production. The machine or series of machines or an automatic factory 

m constitutes copletely i;rational expenditure of capital or energy.... 
in relation to a single manufactured article. Accordingly-, the 
Machine can only be understood as a tool that continuously repeats a 
Predetermined cycle of activity, becoming economical as a result. 
This self-evident fact is a source of all the consequences by which 
the industrial process is determined. 

Statistics relating to the production of flush doors in 
Sweden show that the cost per door goes down from about 43 Swedish 
kroner for an annual production of 150,000 doors to about 35kr. 
When  the annual production is 400,000. There are certain provisos 
that should be made which concern particularly the question of variety 
reduction. These economics only hold true if the number of models of 
doors (different types) being produced is kept constant at a fairly 
low figure. If the number of models of doors goes up due to an 
increase in the variety being askmd for, then the cost savings 
factor is set back considerably, though probably-not completely 
offset. 

Operations an the building site also respond to the same 
aort of economics. French statistics relating to the placing of 
large concrete panels in what are now the "traditional" large 

in 	
panel methods of prefabrication show significant savings 

4.11 time as the number of repeats increases; (beware, time saved is not 
the  same  hi  ng  as money saved). This same phenomenon incidentally, 
has  been observed an many different building sites with very similar 
eosults in each case. I must repeat, that these are times saved: 
vhether this is money saved or not depends on all sorts of things such 
as the bonus rates being paid to workers, the importance of indirect 
costs and things of that sort. 

In the hard facts of building today, these reductions in costs 
do in tact  presuppose one thing; ultimately the best of success is being 
able to use this repetition effectively and continuously so that you 
!et good utilization of whatever plant it is that you may have invested 
4n to reduce costs below traditional. There is no escaping the fact 
that the manual operations that we  bave  been using for the last two 
or three thousand years are extremely adaptable, whereas  the mechanized 
process relies an repetition. If you cannot use the repetition -- if 
the utilization of your investment is low, there is no escaping the 
tact that the ccet will up and almost certainly go above the traditional comparative costs. 
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The next rule of the gaine, if you remember, relates to this 
question of what I call "Hereditary Bias". There has to be a 
decision about what is it that we are going to repeat. The answer 
to this question of course depends on who it is asking the question. 
It would be easy to find the answer; we would repeat 707's and 727's. 
WS could afford to set up an enormous factory not only because we have 
this known market of, say, 300 aircraft, but we also know that we 
can sell each one for a price about 3000 times the price per square 
foot of the average house (with the 3000 times factor of safety it 
is possible to put up quite a big factory). In the building industry, 
things are not quite like that, and that is why I stress that the answer 
to the question, "What do we repeat", depends very much on to whom the 
question is being addressed. 

I would like now to turn our attention to one or two case 
histories, showing the answers people have produced to this very 
question in various countries in the world. Let us consider first of 
all the case history of a building contractor sponsored method of 
industrialized building. (I am thinking of some in France but it 
could equally-well be in Britain or this country or the United States.) 
Now what happens is this; the building contractor puts around himself 
a new kind of organizational network (Figure 2). He assumes the 
characteristics of manufacturer for a number - a large proportion - of 
the products that go into the building. (Admittedly, there are some 
manufactured goods left outside for I would not like to imply that the 
building contractor actually makes e.g., the electric light fittings and 
things of that sort). So far as the structure of the buildings is 
concerned, the contractor assumes the characteristics of a manufacturer. 
He also has somebody on his team to whom I have given the euphemistic 
name of Architect - he might be a production engineer, industrial designer 
of  some  sort or other, but there is somebody within this organization who 
determines what the product is going to be like as well as how it is going 
to be made. The client who may wish to purchase one of these buildings 
is left out of the organization; he may possibly retain an architect 
to advise him on value-for-money, so to speak, to advise him in a 
professional capacity that the package product being offered is or 
is not a good buy. There is quite a difference already in organization 
compared to the traditional disorganization to which I referred at 
the start. 

To look now at the actual techniques of building used by 
this sort of contractor, the aim is to avoid the problem of organization, 
problems of logistics by Which the contractor's life is bedevilled. It 
would be ideal to receive on the building site room-sized walls, and 
floors that arrive, We shall see where from in a minute) complete with 
windows in them, inner face, outer face, insulation, electric conduits, 
casting and all that sort of thing. Once these things arrive on the building 
site a team of four unskilled men and a crane driver can enclose one 
room every fifteen minutes all day long. 
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To be able to do this on the building site, ymu have to have 
a facto with a stockyard in which to accommodate the wide variety of 
walls required for this site. In the stockyard we can expect to see 
stacked up in a very precise order floor panels, floor panels with 
the notches out of them, window wall panels, internal wall panels with 
a couple of ducts, internal wall panels of another sort, internal wall 
Panels of kitchen vents, internal wall panels with a small and big door, 
etc etc.; you can easily conceive the tremendous organizational 
Problem that this represents. We shall soon see how this comes out. 

The factory that this contractor sets up for himself will 
be a large covered area with steel mould tables, steam curing; the 
actual production processes are still pretty primitive - the concrete 
ie spread by men with boots and shovels. 

This arrangement was devised by the contractor in response 
to the question *What shall I repeat, I want ready-made walls that 
I can assemble very quickly on the site". The contractor is not 
concerned about achieving a high level of industrial efficiency in 
his factory. If the market were of the extent that the production 
engineers of the Soviet Union have for themselves, with building 
sites Which stretch on for miles, it would be possible to set up a 
tactory with mooring links where wall panels could be made all 
identical to each other, following each other past each work station. 
There would be another line for producing floor panels, also all 
Identical to each other, and yet another line producing internal 
-toad-bearing walls. 

This brings up another radical failing that the contractor 
his nature was unable to overcome in asking himself "what should 
repeat" and in setting up a new kind of organization. The "ideal" 

:Jnilding to prefabricate is the large, rectangular slab-block. This 
3-8  broken down into the different kinds of panels that are required 
and  these are scheduled. 

Industrialization is only possible with a program of building 
(eP read over several individual projects); when one project is nearing 
ecMPletion, the sales representatives go out to look for new clients 

d find themselves forced to say *well look, we have got this capability 
ready set up, I wish to goodness you would order some buildings of this 
zort from us". But if the client says, *well, I just do not like your 
Cildings, I will not have this kind of building", the next suggestion 
"ea to be: "at least let us use our moulds - this one happens to be, 
leY, five metres twenty-one long - let us have some walls that are 
fPve metres twenty-one long". (I can assure you that I have seen in 
re production department of one of these contractor-sponsors, several 
gItterent projects for several different clients, where this particular 
eeasurement of five metres twenty-one occurred). 
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People have in fact been observing this sort of shortcoming, 
and have seen various other more recent approaches to the problem of 
trying to sort out dimensions to find some more natural common factors 
shown between successive projects. In the case of one system sponsored 
recently in the United Kingdom, it was appreciated that in pre-cast 
concrete technology, instead of producing identical components out of 
the mould every time, it is possible to devise telescopic moulds which 
will produce similar components, not identical ones. In this case 
the thickness is kept constant, as is the second dimension, the height 
in the case of wall panels; the length increases in a predictable way 
by means of adjusting the telescopic stop-end. In this particular 
gystem, for various reasons, the increment of length of mould was in 
multiples of four inches, (actually eight-inch increments). 

There is another stand that can be taken where the panel sizes 
are standardized, in one case in multiples of four feet. In both of 
these cases, much more sophisticated equipment can be set up in the 
factory, because it is possible to predict what it is that ie going to 
be repeated. The selling is also a great deal easier, because it is 
possible to describe to potential clients the factory capability in 
terms of the production rules. These are the rules of the game. It is 
no coincidence that the four-inch  module is the basic increment common 
to these two cases. Other groups of people have been innovating. 
The CLASP* building system stems from an initiative by a building 
clieir=actually a group of school  boards  who, recognizing the fact 
that they had a continuous demand for school buildings for years to 
come decided to pool their demand and program it so that they could 
devise some new method of building to satisfy this demand. In terms 
of organization the client employs within his own organization an 
architect acting in a kind of industrial design capacity to develop 
the components. He also employe the project architect (within the same 
office) so that there could be quite a lot of communication between 
the industrial design type of gystem-architects and the individual 
project  architecte (Figure 3). 

Some component manufacturers are involved to a certain extent 
in the co-ordinated activities by being given yearly program bids. 
The building contractor who has to put these components together is not 
brought into any new co-ordinated relationship with the client, designer 
or manufacturer. 

From the programming point of view, annual charts are 
prepared with an entry corresponding to the naine of each school, 
its national gross capital cost in pounds sterling, and the 
predicted calendar date of starting. We are clearly talking here 
about a co-ordinated program of building, the essential prerequisite 
for setting up a new method of building. 

*Consortium of Local Authorities Special Program. 
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The sponsoring team, architect-dominated as it waspset a 
high priority that schools should not  ail  be identical; they devised 
a kind of erector set with a ',hundred and one" different parts. 
Schedules of standard components, such as column heads and column 
bases are prepared, together with standard component and assembly 
drawings. In fact, all the working drawings are done before the 
Project drawings. Standard drawings show how the various assemblies 
occur with relation to grid lines. Thus, when a start is made on the 
Project drawings (after the working drawings as we saw) they can be 
eimplified considerably. Some of the project drawings start as simple 
Master sheets which can be built upon to produce not only framework 
drawings, but roof panel drawings and so on and so on, right through 
the whole building. 

There can be no doubt, however, that it is possible to 
design quite different buildings with this kit of parts - these hundred 
and one components; the project architect can obtain steps in 
building height, junctions, offsets, underpasses, overpasses, junctions 
between single-storey and two-storey buildings etc. etc., reflecting 
what he feels the particular school program requires. The manufacturer, 
ete I said a moment ago, may-well find that the component ranges still 
contain too many different types - too many for effective variety 
!ruction•  In an attempt to bring site assembly under control, it 
u_sa been necessaey to produce a network analysis - while it is time 
Teat this network is common for all buildings constructed with these 
ecmPonents, it represents a considerable complexity for each job 
ter each individual contractor. Incidentally, if we were to have 
il awg up the network analysis for the large concrete panel system 
uhat we were looking at earlier, the nnetwore would  have  been 
a straight line (perhaps the ideal from the building construction 
Point of view). 

It is found that other groupings of people have been 
?..rganized •  I refer to the SCSD program in California, where 
?le manufacturer was brought into the picture, in a really 
%liberate and considered way. The client with  hi  s program 
?visor  sent  out a big bid invitation to manufacturers, in the 
:erm of performance specifications. It was suggested that to 
leePond to this invitation, they should form themselves into groups 
L.0  tackle the program of work. 

The manufacturers as you well know, provided the systems 
ee ePonses. However, the inàividual project architects were 
re brought into the coordinated organization indeed there was very 

utle communication between the project archltect and the system-
Manufacturers (Figure 4). 

The component ranges, as you know,  for the SCSD project 
2mPr ise: structural steel frame the heaZing and ventilating system, 
re lighting and ceiling system (With the heating and lighting outlets 
4-11  it), the fixed partitioning and movable partitions. 



Other combinations are possible. For example, there is the 
example of a building system that was developed a few years ago 
in Great Britain, where we find a group of manufacturers who, on their 
own, formed a consortium together with an industrial design team, to 
devise a sort of co-ordinated meccano set for low-rise housing performances. 
There is good co-ordination between the manufacturers and the contractors 
and their design team, but they are not attached to, nor co-ordinated 
with, any specific program of building. They are not attached to the 
client (Figure 5). 

All these arrangments are showing that present day attempts 
at co-ordination - total organization co-ordination - are somewhat 
incomplete. Coming back then to our point of departure, it is 
clear that we have been discussing various deliberate systems 
responses to the question, mdhat is it I shall repeatVe. To do so, 
new organizations were set up. As I have also been implying, none 
of them have a complete co-ordination coherence. In each case, it is 
either the client or the manufacturer or the contractor who is left out 
of the organization, so that systan response is only - partially complete. 
There is another kind of industrialization which I would like to 
discuss and that is the kind of industrialization or innovation that 
does not require the systems approach of the sort that we have just 
been reviewing. An increase of efficiency can be obtained through 
ingenious ways of doing small building tasks. I refer to the kinds 
of innovation such as sprayed plaster, dry lining, nailing machines 
use of skillmsaws on the site, little fixing accessories sold with 
basic materials and all that sort of innovation. These are little 
ingenious ways and means that make building a great deal easier. 
They mainly affect the building as a product, but have a considerable 
effect on the way-it is built. 

Precisely because of the significance and efficiency 
of these small innovations many people are claiming that the way 
forward lies in recognizing that the building industry is made up 
of independent parties; we should avoid, it is stated, the systems 
response, and concentrate on the small innovations deliberately. 
We should increase its scope by-introducing into it the kind of 
rules of co-ordination typified by Modular Co-ordination. 

If the way- forward is to be through taking advantage of this 
kind of innovation in building it is absolutely indispensible to 
impose asmany rules of co-ordination as possible, to make up for the 
absence of systems disciplines. Let us get the dimensions right first 
of all, then  cane  face to face with the other equally important 
problems; jointing techniques, tolerances, assembly rules, handling 
procedures etc. We have, on the one hand, the systems approach, with 
deliberate - if incomplete - attempts to co-ordinate the organization 
as well as the techniques of building. We can have, on the other hand 
a general level of improving methods, co-ordinated only by a new 
building knowledge. Modular co-ordination is necessary for both. 
It is a first step without which it is not worth proceeding any 
further. 
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Participants in the building activity are only connected 
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BIOGRAPHICAL SKETCHES OF LECTURERS 

LENNART K. BERGVALL holds, among other appointments, those 
of Chairman of the Swedish Committee on Modular Coordination, Vice-
Chairman of the Technical Board of Standardization in Sweden, Chairman 
of the International Modular Group and Adviser to the U.N. on Modular 
Coordination. 

He obtained his  architectural  degree from the Technical 
University of Stockholm in 1934, and since 1944 has headed, with 
E. Dahlberg, the Home Building Research Cooperative, a private compaAy 
In Sweden dealing exclusively with development work in the building 
industry. 

COLIN H. DAVIDSON obtained his Bachelor's degree in 
architecture after training in Liverpool and Brussels, and took 
nie Master's degree at M.I.T. in 1954. Following work on a number of 
housing projects in Italy, Britain and the U.S.A., he studied the 
use of industrial techniques in building and set up his own office 
ea consultant in 1962. 

At present, he is teaching at Washington University, 
St. Louis, Mo., and is part-time Director of a Building Industrialization 
Research and Development Unit being built around his course. He is 
eleo engaged in a project for Building Research Station, and has a 
nuMber of other consultancies. 

PHILIP H. DUNSTONE is a member of a family that has been 
,:esociated with the building industry for six generations. Beginning 
eta career as an assistant quantity surveyor in 1938, he started his 
?1, firm in partnership with Kenneth  Monk in 1951, and has a vital 
elterest in the application of computers to the building industry. 

Of Mr. Dunstone's extensive publiihed work on computers 
and the metric system, one book, Combinations of Numbers in Building 
.tet  a pioneering work, highlighting modular coordination and 
zndustrialized building. In Britain, he is a member of several 
government and professional committees on computer and metric work, 
and is also a member of the Council of the Modular Society. 

STANLEY R. KENT received his Bachelor's degree in 
"chitecture from the University of Toronto in 1944, and a Master's 
qegree from the University of Liverpool, England in 1966. Following 

nuriber of years in private practice, he joined the National Research 
wuncil in 1950 and was appointed Principal of the Council's Division 
!f Building Research in 1956, with the part-time duties of Assistant 
4esearch Officer and Consultant in charge of the Mbdular Coordination Project. 

Professor Kent has held several academic appointments at the 
Schools of Architecture of both Toronto and Liverpool Universities. In 
eddition to pUblishing many articles on the subject of modular coordination 
he is the author of the NRC's Modular Drafting Manual, and has delivered 
e nuMber of papers on the subject to professional groups in Canada, the United States and Europe. He is a member of the Royal Architectural 
-Institute of Canada, the Mbdular Society (U.K.) and the International 
Modular Group. 
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MR. D. M. BLENKHORNE: I have a question to start the discussion: 
What training facilities and requirements are needed to assist the industry 
in adjusting to changes necessary in the adoption of the modular concept? 

MR. C. H. DAVIDSON: The compartmentalized training we are 
offering architects and the more practical training of the manufacturer 
or contractor result in not understanding each others' problems. When we 
know more about putting things together as they arrive on the site, we 
will then immediately identiey all the aspects of modular coordination 
which we have talked about today. 

MR. BLENKHORNE: How does the saving of time relate to saving 
money? 

NH.  L. BERGVALL: Time is money. You may save time all through 
the whole building process by modular standardization from the design 
function to purchasing, and until the building is delivered to the owner. 
Everything could be put in terms of time, even materials, as they have 
certain costs because of the amount of time it takes to produce them. 

MR. J. DEROME: With respect to the big demand we have for schools, 
due to the population explosion, and the increased need for housing, the 
saving of time in the production of a building is very important. I think, 
therefore, that this question of the time factor is very important. 

MR. BERGVALL: You mean, regardless of the dollars saved, time is 
often the important thing? 

MR. BLENKHORME: Yes, but frequently time is saved at considerable 
cost. 

MR. S. R. KENT: There are two additional points I would like to 
bring in here. The first is the cost of money. Most of our projects are 
done with borrowed money. Money costs money and the longer money is tied 
Up in a building project, the more expensive the project is for the owner. 
The second point ties in with industrialization and the utilization of 
labour. On the construction of the University of York, England, the project 
had to be completed by a specific date, and if the work was to be done by 
the traditional method, it would have required the whole labour force of the 
city of York and surrounding area for the duration of the project. This, 
of course, would have been completely impractical because of the intensive 
construction in that part of England. For this reason the CLASP system of 
Modular components was selected, so that labour in factories could be utilized 
to make assemblies which could be site-installed with the available work force. 

MR. BERGVALL: Often shortages, such as shortage of labour, 
buildings, or both, tend to result in innovation. When we talk about modular 
coordination, we are talking about building a foundation for the future of 
the construction industry. The distinct pattern on which we create the 
iadustry should be based on the fact that time is money and money earns 
%ley. Whatever situations we may foresee resulting from present or future 
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problems, we should recognize that modular coordination is a means of 
saving time with little expense on our side. That is very, very important. 

MR. R. E. JOHNSON: I believe most of the modularly designed 
buildings from your office, Mr. Blenkhorne, are of conventional construct-
ion. If so, will you comment on modular coordination in conventional 
building. 

MR. BLENKHORNE: I am not too sure if I know exactly what you 
mean by conventional. Do you mean masonry? 

MR. JOHNSON: That is correct. 

MR. BLENKHORNE: I do not see where there is agy difference in 
designing the building using masonry or more highly industrialized methods. 
I would like to bring out the point that a coordinating symtem is equally 
beneficial for conventional or industrialized building. 

MR. KENT: In the examples illustrated by Mr. Davidson this 
morning, where the so-called industrialized work methods were used - precast 
walls, floors, beams, etc. - you may have noticed that they  were  supplemented 
by traditional trades as well. Both were brought together efficiently 
through the modular system. 

MR. BERGVALL: As a matter of fact, very few systems of building 
are really conventional and many conventional buildings of today are well 
advanced as compared with those of yesterday. No system is fully closed. 
No one is making  hie  awn paint, pipes, boilers etc., and that is because 
these items are available for open system work. Also, most of the more 
advanced and familiar systems show the buildings in cities, which is one 
reason that only rarely are they very much cheaper than conventional methods 
employing much less skilled labour on the building site. The flats in the 
U.S.S.R. are known all over the world for their use of prefab components 
which are made in a continuous operation: concrete is poured in one end 
and finished components are produced at the other. But the interesting 
thing is that the reports from people who have travelled much and studied 
these matters, show that outside particular regions, very rarely can one 
find any place where fully prefabricated buildings are erected. Usually all 
the floors or subfloors are made of prefab slabs, and the walls are of brick, 
etc. Now these prefab components can be combined, and every company must 
have a good stock of wall-bearing components and a good stock of floor 
components. But suppose that one of these companies concentrates on floors 
and another concentrates on exterior walls, etc., you would then bring all 
your products together to achieve a previously unknown perfection. 

MR.  P.  H. DUNSTONE: I would like to give a direct and simple answer 
to this question. Let us assume we have a transformer chamber and we have 
a shelf to go into a transformer chamber. If we could design the transformer 
chamber on a four-inch modular system, and the shelves were in increments 
of four inches, me should be able to arrange the shelves without any cutting. 
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MR. MARSHALL: I understand the manufacturers of doors in Canada 
have standardized the height of doors. Will you please comment on what the 
modular height should be. 

MR. BERGVALL: The size of door leaves fitting into ordinary door 
frames was discussed at the International Standards Organization meeting in 
Brussels and it is an interesting problem. When you have a concrete floor 
and the blocks are being laid up from the rough surface of the slab, then 
coursing begins from that surface. Then if you invert to make the door 
wodular, the door frame starts from the finished floor and the top of your 
door will be just so much higher than the level of the nearest modular block. 

MR. BLENKHORNE: We have solved that problem by building up the 
rough floor under the walls to the height of the finished floor, or by 
using a six-inch block. 

MR. KENT: There is another point to be brought out and that is: 
Do we standardize door and door frame, or just the leaf? 

TIR. MARSHALL: Well, my opinion is that it is not the door which 
natters, even when the door is made in standardized sizes. To me, modular 
sizes should allow for the frame and trim. In talking about your concrete 
block, I would like to think you are working to a four-inch module, so that 
the door frame should fit within an eight-inch multiple. Don Blenkhorne 
aaid perhaps you would want to introduce the idea of building up from the 
subfloor with the finished block, but I think you are aware of some of the 
Problems that can happen. 

MR. BERGVALL: You will remember that I made the distinction 
between general coordination dimensions and modular coordination. The door 
leaf should be coordinated with the door frame, and nothing else. The door 
4eaMe is the only thing which must be modulated, but both of them must be 
atandardized p as you quite realize. 

MR. RUSSELL: I would like to ask how saleable are houses in the 
U.X• which are not given to people. In Russia, houses are given to people, 
luld they have no choice as to what they get. When it comes to the construct-
.lon of a house for private enterprise, the problem is one of sales only. 
Ae a contractor I am completely sold on modular coordination. 

MR. DUNSTONE: I do not know the proportion of houses built for 
eale, but people who can afford to, buy them. No houses, at the moment, are 
being built for sale in the better suburbs. 

MR. DAVIDSON: I think there are political overtones in this 
question, which I shall avoid. About 50 per cent of the housing is private 
enterprise in small group developments. For reasons of consumer resistance, 
le well as the result of the small size of the contracts, these houses have 
:',ew component parts, but rather plaster, water and the conventional things. 
't ie not until the last moment that items go into them that are highly 
etandardized, such as kitchen fittings. 



MR. BERGVALL: I would like to touch on a subject you mentioned: 
Is there any point in using modular coordination? That is a question that 
has been put to us many times. Sticking to the example of doors - if you 
simply standardized doors, you would have the advantage that they would 
be cheaper. When they are designed as modular components, they are just 
as standard, but also, they coordinate with everything else.  You  can 
always gain from modular coordination, and never lose anything from it. 

MR. KENT: Not  ail parts of all buildings will be modulated, 
and such is not the intention. The City Hall in Toronto certainly appears 
to be unmodulated, but on examination you will note that many parts are. 
The grade paving which surrounds the building is a positive grid, and the 
floors and ceilings are modulated. Vilgo Revell, the architect, was an 
ardent modular enthusiast in Finland. 

MR. BERGVALL: He was very early in modular coordination, dating 
back to 1943. 

MR. JOHNSON: I have another question. How could my suppliers 
and I have our draftsmen and supervisors obtain training in the necessary 
details and drafting techniques of modular coordination? 

MR. BLENKHORNE: I was hoping this question would come up. I 
understand the Department of Industry is planning clinics for this purpose 
and I would like to ask Mr. Dawson to speak about them. 

MR. J. A. DAWSON: As a subsequent endeavour to this series of 
conferences, the Department of Industry is planning a series of modular 
clinics. About 15 architects, from various parts of Canada, have met with 
Mr. Kent to become instructors, and now we hope to work closely with 
manufacturers and professional associations to organize clinics where 
there appears to be a demand. In this way the instructors should cover 
from 1,200 to 1,500 people - architects, senior draftsmen, engineers, building 
managers, manufacturers etc. This will be a continuing program to fill 
the need as required. 

MR. BLENKHORNE: I would like to have a question by a contractor. 

FLOOR: Does the federal Department of Public Works require 
modular drafting on all its projects? 

A PUBLIC WORKS DEPARTMENT REPRESENTATIVE: It is a very good 
question that many people ask. We would like to say yes, 100 per cent. 
However, letting out commissions as we do, we leave it to the commissioned 
architects to design the projects. I believe the day is not too far off 
when we shall begin to move in that direction. 

MR. BLENKHORNE: I believe I am correct in saying that buildings 
emanating from the D.P.W. office are done on a modular basis. 
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FLOOR: Yes, that is quite true. 

MR. KENT: It is fair to say that the architects' department of 
the Department of Public Works encourages the commissioned architects to 
work in modular, but does not stipulate they must. 

MR. SULLIVAN, FOUNDATION COMPANY: I gather the whole question 
of piece-work is being accepted on the Continent, and I would like to ask 
what reaction there has been in the U.K. 

MR. DUNSTONE: Yes, there has been a reaction, of course, against 
this, but the situation is that there is not enough labour to do all the 
or  available and there is no way one can get a decent plastering job done, 

toi.  example. The architects are trying to move away from these processes, 
end now the productivity of the gangs is improving. The deciding factor 
was that they found they can get fairly good money doing this. The industry 
is beginning to change over to the gang concept of building and to allow 
Piece-work on the site. 

io Sweden. 
MR. BLENKHORNE: I would be interested to hear of the reaction 

MR. BERGVALL: It is important to make clear distinction between 
reactions and opposition, which are two different things. From my own 
texPerience in building houses in the factory for the past 15 years, we have 
nad a favourable reaction. The factory workers have been organized in the 
wooden building labour organization, and yet they are doing all the elect-
eleal installation. There are so few qualifications needed for the elect-
eioal work inside the factory that there is no reason to insist on a 
Particular trade. The economy benefits, of course, but it is worth Mention-
Ing that, even though many people were absolutely convinced the labour 
nnions would not permit such work, we discussed the problem with the union 
et  a  very early stage and agreement was reached. 

14R.  DAVIDSON: We had a case in England where completely finished z' 	14R. 
of timber framing, including all the finished materials, were to be 

lei'd in an emergency housing project in the London metropolitan area. The 
`°1-1on8 made it quite clear that they would not handle the rooms until there 
lea an arrangement made that balanced the work of each trade done in the 
laotory, and was in the same proportion as the work on the site. As it 
‘isurned out, agyone who went around the factory would notice that the 
e.Lectrical lire that had to be pulled through, would be pulled by the person le.erest to it, regardless of whether he was an electician or not. Thus, 
irPite what Mr. Bergvall has just said, I think it dangerous to transpose 

experience from one country to another without asking many emotional 
;:1e- lotions. In France, where they have one industry, the fabrication of 
Ina housing blocks represents no problems whatsoever along union lin.  :7 %gland it is not so clear, and even the designer avoids putting elect-
` .&oal conduit in concrete panels. 
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MR. LAPLANTE: I would like to point out that the Department of 
Industry is considering these problems very seriously and on its Advisory 
Committee on Industrialized Building there were three representatives from 
labour organizations giving thought to the effects of industrialized 
building. In the spring of next year, there will be a conference in Ottawa 
to discuss these problems. You might as well get down to business right 
at the start in finding solutions. 

MR. BERGVALL: I agree it is dangerous to draw conclusions from 
other countries. 

MR. KENT: I would like to come back to the use of modular 
coordination on the building site. I asked a Toronto quantity surveyor 
what reaction he had received from contractors who were doing work from 
modular drawings. He said the only comment was that they claimed to take 
more time in ensuring the building was accurately laid out. I therefore 
make the point that more time will be spent establishing building dimens-
ions, but this will result in fewer adjustments as the building proceeds. 

MR. STUART CAMERON: I am speaking as a contractor. I think I 
am entitled to speak in Canada, after 30 years' experience in England. I 
have never known a man object to a job being done in the factory instead 
of on the site. Good results can be obtained by incentives and payment by 
results - it is not the same as piece-work. This problem of ease in 
working and factory work, I am sure ) is entirely a question of labour insec-
urity. 

The idea of modular coordination is most acceptable to anyone 
in the industry. The benefits to the general contractor of the greater 
use of components produced to modular sizes is that it tells him what 
problems may be anticipated in fitting things together, such as tolerances, 
seals, and joints. 

NH.  DAVIDSON: Since we have been talking about industrialized 
building, and have been implying, through it, the value of coordination, 
there is the danger of believing that when we get things all modulated, we 
will have solved all the problems. In a closed system, where the design 
group takes under its control the whole process and seeks out a pattern 
for obtaining a spectrum of answers, there are going to be a great number 
of problems for a number of years. Dimensional coordination emphasizes 
the fact that we have got to co-ordinate, in detail, a great number of 
things. We talked about tolerances of components, tolerances of erection 
and a little about jointing conventions; we could have talked about jointing 
coordination for the whole seminar. Similarily we could have talked about 
the problems of handling, packaging, etc. In traditional building we 
know how to solve these problems, as we have skills that date back a few 
thousand years. Modular coordination, if we take it in its basic form, 
is one of a long list of building problems, but once we start modular 
coordination, we can begin to solve all these other problems. The Depart-
ment of Industry has a lengthy job ahead. 
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MR. BERGVALL: Modular coordination never imposes anything new 
about tolerances, but it does offer certain directions for their 
control. 

MR. BLENKHORNE: It is interesting how closely one follows the 
other - to have good industrialization in building, one must start with 
coordination of dimensions. 

MR. KENT: In Canada, we have no standard on building tolerances, 
and I would like to refer to two European countries where standards have 
been established. There, the standards have set up a scale of tolerances 
for buildings of different types. For buildings such as factories, there 
may be coarse tolerances, and for hospitals, fine tolerances. The first 
thing we must do is look at the dimensions and ask ourselves what variat-
ions can we tolerate from these dimensions without affecting the assembly 
Process. 

MR, DUNSTONE: Close tolerances cost money and you must decide 
how close you really need these tolerances. It costs money to make them 
closer than you need. 

MR. DAVIDSON: In my office, even for drawings for traditional 
construction, when we are showing the joining of two parts that have been 
Pre-shaped, we use a small, white gap, with a little margin around the parts. 
You have to allow a little more roam between things than you think. And 
in cases where the tradesmen are getting standard wages and then receive a 
bonus for speed, you must be careful that the work does not suffer. 

FLOOR: In cases where the tradesmen receive a bonus for speed, 
does the quality of work suffer? 

MR. BERGVALL: Everything is so prefabricated in the houses we 
Manufacture, that speed of erection cannot influence the quality of the 
job very much. ActualIy, in the beginning at least, the premium they got 
*as such as to make the men go on working, even on Sunday, without an 
1;lourly wage so they could catch the premium. But perhaps that was not 

way you intended the question. 

MR. BLENKHORNE: I have a question for the British panelists. 
41  Britain is changing to the metric system, is metric being taught in all 
the schools of engineering and of architecture? 

MR, DAVIDSON: No. Not as much as it should be. 

Na.  ASHTON, DEPARTMENT OF LABOUR, NOVA SCOTIA: I am interested 
1m the application of modular to the instruction of apprentices. After 
listening to the speakers at this conference, I am left in no doubt that 
the course outlined for the instruction of apprentices is lagging behind 

You cannot change overnight from the conventional. We are still instruct-
421g in the conventional manner. It would seem to me that there are certain 

--711 
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trades today in which modular coordination and industrialization will make 
a drastic change. What to do and where to begin is the question. The 
Department of Education is taking steps in teaching new mathematics, and 
it must be very complicated for the children to understand why certain 
methods are being used. I have a little girl of nine who has just started 
the new method, one of eleven who has not been taught it and a young 
fellow who is not yet in school.  mach one will be approaching it in a 
different way. Now I would like to ask if you could give us some way an 
approach can be made to the instruction of apprentices, when you do not 
know whether or not they are going to fit into the overall picture 
tomorrow. 

MR. KENT: We have neglected the area of instruction of apprentices 
and worlanen, and also instruction in technical schools. I think the 
instruction should begin at an early stage, informing the students just 
what is meant by industrialized building. When this concept  is clear, 
then of course, modular coordination is apparent. In Ontario, we are 
preparing a new course of study for the secondary school subjects in 
building construction, and while the present course provides elementary 
instruction for traditional trades, the new course will include guidance 
instruction which will open up the whole building industry to the student. 
Instruction in the trades will carry on to a lesser degree and the new 
post-secondary school community colleges will provide trade instruction 
in depth. 

MR. BLENKHORNE: Thank you. I think we have time for two more 
questions. 

MR. FOWLER, HALIFAX ARCHITECT: One of the questions facing all 
design groups is the problem of changing  over  to modular. I would like to 
ask Mr. Blenkhorne how long he has used modular drafting, and what did his 
office need for the change to full modular coordination in design? 

MR, BLENKHORNE: We have been using modular drafting for about 
10 years. The length of time to change would depend on the size of one's 
office. To begin with, some of your staff would attend one of the 10 
modular clinics - this doesn't cost you anything, and six hours of time 
is required. The first building you do will take more time than usual; 
I would think you could expect an increase of about 10 per cent. Although 
modular is a simple concept, it takes time to re-train old dogs - they are 
always reluctant to make a change. It is most important for designers to 
have complete knowledge of modular coordination so that the building is 
designed on a modular basis from the very beginning. 

MR. KENT: When you decide to give modular a try, pick a building 
which is obviously suitable to modulate, such as a small building, simple 
in its geometrical form. After your staff has had this experience, then 
go on to larger, more complicated structures. 
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MR, COLLIER, FREDERICTON ARCHITECT: How are you able to design 
modular buildings? Do you limit yourself to modular materials, or do you 
fimd you have unlimited scope? 

MR. BLENKHORNE: Getting the manufacturer of masonry products 
to modulate was probably the greatest step. On this basis, you in Nova 
Scotia had a steal on the rest of Canada. Once brick and block became 
Modulated, we had something to work with. It is hard to say how many, 
but there are components other then tiles, etc., that  coins  within a hair 
of being modular. If they are not, there is no other choice than to make 
them fit. This does not make the building more expensive, as it is what 
is  already being done at the present time. 

MR. DAWSON: The modular program includes the publication of a 
directory of modular materials. There are, in fact, a good many materials 
that can be classified as modular, and we are just in the midst of conduct-
ing a survey so that we may list these materials and their manufacturers 
in a set form. 

MR. SHAW, CHAIRMAN: We all had high hopes and anticipations 
or the panel this afternoon, and I am sure that it has been not only 
informative but also exciting and has lived up to our expectations. I 
ask you to show your thanks to our speakers at this time. 
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MODERATOR: MR. DAVID C. AIRD 

BEAM PROGRAM 
MODULAR COORDINATION 

MR. DAVID C. AIRD'S INTRODUCTORY COMMENT: Ladies and gentlemen, it is 
a distinct pleasure to be here this afternoon, although I am not quite 
!lure that I am the right person to be moderating this panel. I think it 
fe a reflection of the genius of the Department of Industry to pick out 
he  most ignorant person on modular coordination to moderate this group. 
Cue),  be, and I am not trying to cast reflections on my counterparts in 
Ce other conferences, that this was done to set up a contrast between 
rat I can contribute and what the panel can contribute. I think from 
.Liatening to the panel they do not need any contrast to justiey their 
exietence as experts and advisers to us in presenting to us the process 
or modular coordination. 
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One of the problems one rune  into, particularly in ny new 
position, is trying to define our problems, to make sure we are on the 
right track if we try to solve them. 

Unfortunately or not, I had received from the Depextnent of 
Industry the task of Panel Moderator here today, and therefore we 
preably ought to set our own definitions and our own ground rules as 
to how to operate here. I do not want to talk very much, because I 
think you want to hear the people who have contributions to make, but 
it is quite clear at the outset that I am an outsider to the industry, 
particularly the design side of the industry, and quite ignorant of the 
prOblems involved. I am tremendously interested, but ignorant. 

However, I do have a manufacturing orientation, and do have a 
fair appreciation, based on several years' observations, of the problems 
of the contractor and the field problems of actually putting up plants; 
therefore if you conhine these two experiences it is to me entirely 
logical tfaat we side together on industrial building, with all the many 
complications this brings. 

This panel today is supposed to be talking about modular co-
ordination, and I think we would be well advised to bear in mind that 
this is the topic for discussion. 

Unfortunately, as pointed out, modular coordination is only 
one aspect of the very broad problem of industrialized building. 

This is going to,bring to the industry, and to el of us, a 
nu:11er of very severe problems. We will have to recognize them, work 
them through and resolve them. There is going to be a sestantial 
restructuring of the industry., and I have my own prediction to make 
about this,  but  I do not think the present contractors need to be 
complacent about Where their competition will be coming from. The 
construction trade unions are concerned about this, and I expect the 
professionals are concerned when their profession falls into these new 
structures. So, we have a beast that seems mealy awesome and which 
poses a tremendous threat -- and also a tremendous challenge we cannot 
grasp at the moment, and we have to try to determine how specifically 
we are going to meet this challenge. 

I would like to initiate a discussion; we need one question, 
probably, to break the ice, so I would ask the panel Whether modular 
coordination is as applicable in traditional building construction 
methods as it will be in industrialized building techniques? 

MR.  L. BERGVALL: In a vmy, I think I answered that question 
in my speech this morning, when I said that for traditional building, 
modular coordination has a nimber of advantages, and advantages could 
always be converted into money. However, for intelligent industrialized 
building it is a prerequisite. 
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I think that the people more connected with traditional 
building than I am, since I work exclusively in industrialized building, 
could better answer that question -- Professor Kent for instance. 

MR. S.R. KENT: I think we are finding it more and more 
difficult to define what is traditional building, because in magy 
instances the industry has by-passed traditional building and we are 
finding that even so-called traditional building is characterized by 
alive industrialized processes of some degree or another; so let us 
flot  talk about the many degrees of industrialized building. I think 
tt we put this in its proper context we will begin to recognize that 
we can apply the modular system to the lesser degrees as well as to 
the more complicated degrees of industrialized building. 

M.  BERGVALL: We all realize, I suppose, that if every-
thing were executed on the site, absolutely everything, manufacturing 
and assembly of components, there would be no need for modular co-
erdination for any building. In this country, however, as in most 
?:ther industrialized countries, a number of components do arrive at 
flet site in a prefabricated state even in the most so-called traditional building. 

Now the interesting thing about modular coordination is that 
tor those parts of the building project which can be obtained in modular 
5,e, all the advantages of dimensional coordination can be realized, 
mile for the remaining parts of the building there is no disadvantage 
Whatsoever. In other mrds partial modular is better than non-modular. 

MR. HAL WILKINSON (SNO.eiler Ltd., Project Engineer): Mr. 
e.regvall and Mr. Dunstone both mentioned that the degree of shop 
zabrication would be increased considerably with modular coordination, 
and I was wondering what the problems would be with regard to the unions. 

Problems of this type are very common and are well known, I 
ek sure, to all of us. I will give you one example. In an industrial 
P.-ant with which I am familiar, there was a particular piece of piping 
4wroIrring a manifold which had several special  valves made from high 
a:1133r nickel, but it looked like mild steel. When it came to the field 
le wee dismantled and reasseeled using mild steel welding  rode, and 
,..‘hed to be scrapped. The result was sixty thousand dollars extra 
-oet to the owner, and six weeks delay and waiting time for everyboey. 

This is not uncommon, and it is a serious problem in con-
metenn_tion. I was wondering if this had been encountered in England and 
"eden, and what we could look for in our industry? 

MR. AIRD: Thank you. I will ask Mr. Dunstone to reply to 
that question. 
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MR.  P. H. DUNSTONE: I think it is important to consider the 
application of modular coordination in the two generally defined types 
of building, that is in traditional building and industrialized building. 

With traditional building, of course, workmen may not be aware 
of the coordination. Superficially the material and components appear 
the same. This situation in uncoordinated structures 1111 improve with 
training, but as far as the unions are concerned, the work involved  la 
not different except that it will proceed more efficiently. 

With regard to industrialized building, major differences tend 
to arise. What happens, and I think what you were referring to is a 
draining away of the site labour into the factory. Site labour is reduced 
and factory labour and the operations performed in the factory increased. 

What is the reaction of the unions to that? I think in England 
developments of this type have not become so apparent as to attract the 
attention of the unions, so there has been very little trouble or discuss-
ion over this particular sdbject. I do expect it to come, but I suppose, 
looking at the union picture, so long as the men in the factory are 
unionized and the men on the site are unionized, there ahould be no 
argument in this day and age with the shortage of labour, as to whether 
the work is done on the site or in the factory. 

MR. BERGVALL: I would say, very generally, that whether 
or not difficulties with the unions are encountered in trying to transfer 
some operations from the site to the factory, is very closely connected 
with the situation prevailing in the building industry at that time. If 
there  exista a situation of over-employment, then much less difficulty 
arises than if there is a situation of under-employraent in the building 
industry. This is quite natural. 

Now our experience in Sweden is that the transfer is possible, 
with the pattern of negotiations between industry and labour. To reach 
an agreement, for instance, for certain types of systems, labour organized 
in the woodworking and building unions does not only direct construction, 
but all the plumbing, electrical wiring, etc. on the site. However, the 
conditions for this agreement were that everything was so prefabricated 
that no one could claim that any kind of professional skill of the labour 
force was necessary. 

Now on the other hand, a company with another system tried to 
copy this system, but was unwise enough not to make an agreement with the 
labour unions first. This company simple sent out their erectors, who 
were organized as industrial workers, from the factory to the site. Now 
in our country the situation is that construction workers are paid much 
more per hour than industrial workers, so of course, this compagy was met 
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With absolute refusal by labour. That only shows that every operation 
nest be very carefully designed with regard to the precise situation in 
the country and with the trade union system prevailing. 

I would add that it is assumed that money is gained only by 
transferring the job from site to factory, but that is not necessarily 
80. Very often the effectiveness of industrialized building is measured 
nith relation to how many man-hours are required an the site. It is no 
*wonder that sometimes the unions react against this practise being carried 
to the extreme. Labour  disputes  so precipitated may actually result in 
lAher costs in the factory operation than would have been the case had 
zee work been done on the site. 

Prefabrication  bas no purpose of its awn, but it is vmry often 
the answer to  oui  production prelems. Let me add, again, I understand 
eeriY well that it is extremely drangerous to draw agy general conclusions 
on this particular field of labour-management relations from one country 

another. I know that the situation  here is completely different from 
lee one we have in Sweden, and the one in England is different again. 

We have been asked for our experiences, and I can relate what 
eePeriences we may have had in this field but do not consider our 
exPeriences as necessarily providing answers for Canadian conditions. 

MR. KENT: Mr. Moderator, I think it appropriate to nention 
at this time that Mr. Hindson referred to the BEAM Program this morning, 
!nd that within the BEAM Program there is an Advisory Committee on 
-industrialized Building. I think this committee recognized the problems 
Which may arise from jurisdictional matters, because in industrialized 
;111-1ding one area of activity encroaches upon another. As such, the 
4tdvisory Committee does have in its membership union representatives, in 
order that this problem can be discussed freely in committee work. 

MR. AIRD: Perhaps Mr. Dawson and Mr. Hindson would like to 
add to that. 

MR. JOHN DAWSON (Department of Industry): Professor Kent has 
Pdicated that we have as another integral part of the BEAM Program, an 
ndustrial Advisory Committee an Industrialized Building Techniques and 
%tams. 

Now the membership of this Committee includes architects, 
engineers, contractors, and manufacturers. Also the Committee is 
;°gnizant of the question that Mr. Wilkinson raised, and because of that 
h",rfssentatives of the two major unions concerned with building in Canada, 
irele the C.N.T.U. and the C.L.C. are members of this Committee. 
C Committee looks forward to free and open discussion on this very matter. 

this way it is hoped that some of the pitfalls which may have occurred 4-11 other countries can be avoided in Canada. 

j,i 
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I think that Mr. Bergvall's statement that these problems are 
not really comparable in different countries is very apprepriate too, and 
recognizing that Canadian problems might be someWhat unique, it is hoped 
that solutions suitable to Canada can be found. 

MR. CLAYTON (architect, Ottawa): Wé have been talking about 
modular coordination, which is one thing, and we have aleo been talking 
of the 4-inch or 10-centimetre module. Am I not right in saying that 
there has been a lot of discussion on the choice of module, and that it 
has not been accepted by everyone that the 4-inch module is in fact the 
only module. I seem to recall that in Britain there has been fairly recent 
discussion on whether the 4-inch or the 10-centimetre module is the right 
one to use? 

MR• DUNSTONE: Certainly there was a great deal of discussion 
about the size of the module. There was a group known as the brick lobby, 
which advocated the 3-inch module. There was considerable discussion over 
this, but I think it is pretty well accepted now -- in our case the 100- 
millimetre (10-centimetre) module will be the one. I do not think there 
is any great current of opinion against this. 

MR. BERGVALL: Maybe I should just add, in my- capacity as 
chairman of the International Weller Group, that there is no country in 
the world concerned lerith modular coordination nowadays, with one exception, 
that is interested in any other basic module than ten centimetres, and, 
in the few inch countries in the world, four inches. 

The only exception is Germany, which is now carrying the burden 
of being a pioneer because Germany was the first country in Europe, 

 possibly the world, to go modular. The Germans originally adppted the 
12.5-centimetre module, and they have a problem now for conversion to the 
international 10-centimetre module. 

There was no discussion whatsoever about the size of the module 
when Germany adopted its module. An internationally werkable modular 
coordination could have been built on the 12.5-centimetre. The only 
merit the 10-centimetre-4-inch module has ie that it is internationallY 
agreed upon, but that is a great deal and it is enough. 

MR. KENT: There is an interesting story, and since the 
story of the brick people haa been brought up, and the adoption of the 
10-centimetre or 100-millimetre module in the United Kingdom, it is 
appropriate, Mr. Chairman. For a number of years the brick industry 
resisted the adoption of the 4-inch module in the British Institute 
Committee on Modular Coordination, and in the meeting in 1964 the 
brick representative said to the committee, with a little skulduggery 
in mind, "No, we will not accept the 4-inch module, because if yeu 
suggest that we should change ue would adopt the 10-centimetre module". 
So the committee put their heads together and aaid to the brick industry, 
"We will accept the 10-centimetre module". That was the first break- 
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through in the Committee, and very shortly the B.S.I. standard of 
wedular coordination was achieved with the 10-centimetre module as its 
basis. 

MR. T. BJORNSTAD (Associate Professor of Environmental Studies, 
DePartment of Design, University of Waterloo): I am an architect with 
the  University of Waterloo, and I have a great deal of respect for the 
lectures given here; I agree in principle with their content. 

I think there is a need to improve the vehicle. I still have 
e very strong feeling we are discussing wheels - horses and buggies - 
when what we need to decide is what is the reason for going into new 
eedUlar units. 

We are discussing it entirely from a construction point of 
"J-ew, and it ie like remedying a bad situation after the fact. The real 
need for modular coordination is right in the planning stage. We are 
talking about the  • tremendous amount of data and the standardization of 
data. Immediately we get into the corrélation of this data, any decision 
1Ce would have to make might involve maybe a hundred-thousand-dollar 
qecision. We have to use the interpretation for solving these problems. 

At the present time I think that the change that will dictate 
or formulate what the unit is going to be will come directly from the 
,r_thitectural group. Even today mapy plans are made from computers, and 
re problem we have now is not whether it should be four inches or six 
411ehes, but the capacity of the computing equipment. This is going to 
dictate the size of the modular unit, because every modular unit will 
call for storage epace in the computer and it will depend upon what is available. 

The computation equipment being designed today -- the compilers 
11.b.leg designed for architectural problems -- are going to be standard 
:yap:nee on the market in the next five years, and for the next ten 
'Cars. They will surely have to be interpreted, and I think that before 
InVene sits down and decides on the size of the modular unit, they should 
! ter  back to see what the plannere are going to do, whether the bricks  
441 be four inches, three inches, or two inches. 

This is a question of definition. It is possible to quote
• tt°dule and use it, but it has to fit into the mental processes. I 

wend like to ask Mr. Dunstone what  hie  thinking is on this. 

MR. DUNSTONE: Mr. Chairman, I cannot answer from a 
e .e!eign point of view; I am not allowed to be a designer. But I can .l  
'nlewer  front a computer point of view, and that is: the computer does 
1,1‘?t care. We sort out the sizes we want from any particular  stand- 

nt  we care to take, and the computer is our slave, it does what 
we want it to do. 
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Therefore, as you rightly state the crux of the matter comes 
back to design, a planning matter. I would have thought this had been 
gone through by the planning people and I am sure other members of the 
panel will come into this. but planning people have agreed upon the 
4-inch/100-millimetre  module.  Since the decision has been made all 
that is needed is to bend the computer, it being a tool, accordingly. 

MR. BJORNSTAD: To accept a 4-inch standard just because 
it is almost equal to the European 10-centimetre is certainly unaccept-
able. In my opinion, the determining reason for picking the size of a 
modular unit must be found in planning requirements, or, more specifically, 
in computer determinates. With the present and upcoming employment in 
analytical analysis and matrix notations in planning we find that, for 
Instance,  to co-ordinate into a plan a hundred activities would regenerate 
ten thousand simultaneously interdependent relationships which will affect 
and influence each planning decision. 

Such complexities can only be dealt with by use of computers. 
To manipulate all the planning factors involved in even a medium-sized 
planning effort calls for immense computer storage requirements, and 
the determining question thus becomes: what is the smallest modular 
unit we can apply and still satisfy those planning definitions on 
computer storage limitations? Thus, before a module is decided upon, 
should we not stue this aspect of its limitations in an attempt to 
minimize its usefblness? 

TIR. KENT: The question is certainly a good one, and I 
think it indicates that something needs to be done about reducing the 
number of variables in the building industry. The questioner has 
indicated that variables every four inches give too great a number of 
variables for the computers s memory. I agree this is correct, but 
perhaps the idea of a range of sizes means that components in multiples 
of the 100-millimetre (10 centimetre) module or the 4-inch may be 
considered. The complete range is not used because it is not 
necessary. 

There were ideas of introducing a 300-millimetre module 
comparable to a foot, so in general it may be found that the 300- 
millimetre module in being used as a multiple of the 100-millimetre 
module, and at times the 300-millimetre module is broken down into 
the 100-millimetre module. I am also wondering if this was what 
le. Davidson indicated as having been recommended in England wherever 
possible. 

MR. A. A. GOLDES (President, A. A. Goldes and Associates 
Limited, Consulting Engineers): I would be most interested to hear 
from our European panelists as to the steps that have been taken in 
the initial stages of industrialization to preserve the pretence or 
posture of the contractors as far as competitiveness in bidding is 
concerned. 
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Primarily, in the early stages of the introduction of 
industrialization there was a narrow spectrum of industrialized structural systems available. This, I should imagine, would produce 
a Situation where the structural system was delivered, bound hand and 
t°0te into the hands of one or two suppliers of such available systems 
without benefit of competition. 

MR. E. J. SIMPSON (Architect, Ontario Housing Corporation): 
would just like to ask this general question of the panel. I am not 

?nre who should answer it, but just what role should the Government take 
41  developing new building techniques in this country? I think the 
Government can be a catalyst and certainly encourage new methods and 

,e. chniques. Is it asking too much of industry to underwrite the necessary 
gevelopment work and research which would be required to go into develop-
ing new methods and new techniques? 

MR. DAVIDSON: Mr. Hergvall and I have been arguing about 
, 11-111 , so I had better give straight answers. I myself believe, and 
rlieve very strongly, that the best way to get innovation in the building 
fndustry now, is for the client side of the industry to put out big orders 

industry. If big orders are knocking about, big innovations will take 
Place to satisfy them. 

I suggest this is the only way -- well, the most rapid way to 
!lake progress, because the building industry is apt to be chary about 
4-11vesting in development costs, approval time, and the tooling required 
to come up with the new answers. 

MR. BERGVALL: It might be of interest for you to hear what I  being done in other countries. I do not mean particularly my own 
2nntry. Also we can disregard the Eastern European countries because 
rae have epecial methods of pursuing this modular coordination. In 
rne Western countries they have tried to use modular coordination on 
quite voluntary basis. In other countries the governments have taken 

,e2ale steps. In Denmark, for instance, where there has really been a rat  deal of success with modular coordination, the government, I 
,fk two or three years ago, issued regulations saying that  ai y 
"aidential building intended to be rented must be modular. 

They also set up a staff of modular consultants to help 
ite_ltractors, architects, etc., in the adjustment period. There has 
;rn a lot of success in Denmark with concrete prefabricated systems, 
Zroissely because they installed, as a foundation, these modular 
"guiations. 

Co 	
In France, the experience is similar in a way. In my own 

this ,tit rY the government, just before I left, issued some regulations saying 
jrz all buildings being erected for the government, or any governmental 
Zetitution should be made according to Swedish standards, which means, 
'onget other things, that they should be modular. 
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That could, of course, be coneidered as the same approach 
that Mr. Davidson talked about, the government being a large client. 
Regulations were also issued permitting those governmental institutions 
of various kinds, which in some way or another give financial support 
to school buildings, residential buildings, etc., to issue similar 
regulations. 

Personally, I believe if this approach is carefbny and wisely 
handled so that these regulations are not enforced in cases where it is 
obviously not promoting development, it could be valuable, but it takes 
a very, very wise hand to handle it the right way. 

MR. KENT: I hope that there is a sufficient number of 
government personnel here, and that they have been convinced that there 
is merit in the modular eystem. I hope further that governments will now 
use their wisdom as all government people are expected to do. 

We are, I think, attempting to use a soft-sell approach in 
Canada. Mr. Davidson did mention the consortium system for CLASP*, and 
did not mention the fact that here there were a large number of owners 
pooling their requirements in order to get a program under way. Mitch 
the same thing happened in the Southern California Schools Development. 

The first thing the research group did there was line up the 
potential clients in order that a large volume of building could be 
established. In Denmark it was essential that the government stipulate 
that over a period of five years ther would be a stipulated number of 
housing units built. When this period was over they again stipulated 
a certain nuMber of housing units would be built in a certain time. 

With this as an incentive then, manufacturers had some basis 
for changing, and involving their companies in the financial capital 
outlay which was necessary to make the change and at the same time have 
some  assurance that they would be getting their money back again. 

MR. BERGVALL: It should be added that at the saine  time 
the Danish Government clearly declared that there must be one building 
code for the whole of Denmark. Also, that whatever the reason, this 
one building code would not be subject to any change within five years, 
so that the manufacturers would know what the situation was. 

MR. AIRD: Again from my ignorance and being an outsider, it 
strikes me that a very real problem here is that the initiative, which 
I believe most people here feel should be with the architect, planner 
and designer, is going to shift to the government or to the supplier, 
these being the ones who can amass the most capital. 

* Consortium of Local Authorities School Project 
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MR. JOHN CAULFIELD SMITH (Executive Director, Canadian 
Structural Clay Association): It seems to me while talking recently 
about the housing situation that the gevernment itself, particularly 
the senior levels of government, is probably the biggest single client 
or customer of the construction industry. It might seem logical at 
first  glance to assume that the Departments of Public Works of the 
leaderal and Provincial Governments might show some leadership, quite 
apart from industrialized building, in the construction of public 
hildings - post offices, and various other institutional structures 
or that kind to modular standards. I believe something of this sort 
mey have been taking place. I wonder if Professor Kent would care to 
elleak on this briefly? 

MR. KENT: In reply to Mr. Smith's question, may I say 
the Department of Plinio Works does have a small post office building 
design, examples of which are being built in various parts of the 
country. The planning has been done on the modular basis, and I 
in _believe there has been no difficulty in any part of the country in 
'eying the work done. 

This may be subject to correction. We have a representative 
here from the Department of Public Wbrks, and I would appreciate him 
herrying on with this discussion. 

MR. D. H. MILLER (Federal Department of Public Wbrks): Mr. 
5Paith is quite right, we do have standard post offices. Actually, we 
geYe about six models. They are very small and they vary from about 
"Is thousand square feet up to two thousand square feet, and these are 
meeigmed on the modular bees. 

They vary in cost from probably thirty thousand dollars to 
:?venty thousand dollars. We have never had any complaints from any of 
"ne contractors who have bid them, or have built them. It involved some °t them in masonry, brick, stone, and as far as I know we have had no 
"rouble adhering to this modular coordination. 

I  it 	think it is a very good start for the government. Whether 
4 

m  4-8  worthwhile getting into larger construction at this time on a 
a4 ,-°,31ar coordination basis I am not convinced myself. If we take a 
Z-Ltion-dollar building and tell our consultant that he must design it 

to  e modular basis, I am sure this would probably give a great impetus 
a; thia gystem, but would it add to the cost of the building at this 
- "age, or would it make it more economical? 

I am not sure of this, and I would like to have some comments 
à, ?Lila if anybody could assure me. But  by telling our consultant 
:4-csitect that by adhering to the modular basis he would obtain certain 
1;lhxouomic advantages and would not be restricted in the aesthetics of the 

•lding, we would have a very pertinent point. 
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MR. KENT: Mr. Chairman, if I may have the panel duck this 
question, could we ask Mr. Don Blenkhorne to speak to you on this, simply 
because his office has been using modular coordination for a number of 
years with great success. 

MR. D. M. BLENKHORNE (Shore and Mbffatt and Partners): Mr. 
Chairman, I do not think it is possible to state categorically whether 
buildings designed the modular way can save money or not. However, we 
have been doing this, as stated, for ten years or more and there is 
certainly no indication that it costs more than the conventional method. 

I do not know if I can add very much to that, really. If 
there are some contractors who perhaps have been building modular 
buildings in the area, they may be able to give a better answer. 

MR. G. KAFAROWSKI (P. Eng., Artex Precast Limited): Mr. 
Chairman, with precast concrete, of course, we do lots of work with other 
trades. The modular system so far has always proven more expensive than 
the conventional method. The reason is, perhaps, that when we talk about 
modular coordination we are confusing the terms. 

I hope the panel would agree with ne that modular coordination 
is nothing but a tool, and if you give the tool to a craftsman who knows 
haw to use it he will make a work of art, but if you give the tool to a 
kid who does not know how to use it he will just finish with a mess. 
There are many brilliant designs on modular coordination right now that 
were actually designed to suit the bricklayer, and every other trade has 
to follow the brick  work  or precast concrete, which results in much 
higher costs. 

The number of drawings or designs on modular buildings is always 
greater, because inter-trade dependence is increased. Consequently the 
number of details increases, the number of specialties increases, and 
there are very few buildings built on the modular system that really prove 
economical. 

I think that if the architect uses the system,seplies it to 
one particular building, carries it through and is consistent to all the 
trades, then that building will be more economical than a building not 
based on a modular system. It is the man behind the pencil, and who 
manoeuvres the tool, who will determine the cost of the building. If we 
speak of industrialization and economy, we are talking of a goal that we 
have to reach, and to get there we all have a lot of work to do. There 
is the question of what should be done about applying modular coordination. 

Na.  AIRD: I think the challenge has just been thrown down, 
though I am not sure the panel would agree with all your remarks. Mr. 
Davidson? 
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MR. DAVIDSON: I agree with a lot of what you said, but I can 
only repeat something I was trying to say earlier on this afternoon. If 
the way of building is to be changed, a lot of other things also need to 
to be changed; who does the plans, who does the design? I am not speaking 
ct the demise of the architect, I am simply challenging him to get 
involved in other things, as it were. 

MR. KAFAROUSKI: I think that, in order to apply modular 
?oordination the role of the architect has to be much greater and he has 
.r make things simpler for the trades. In order to do so, much more 
221Esnuity and efficiency are necessary on the architect's part in the 
conception of the design as applied to the trade. The cost of shop 
cleurings is nothing compared to the cost of the building. 

NE. KENT: I have enjoyed this question very much, because I 
think the questioner already answered the question he has put to us. 

First of all, the questioner indicated that the modular system 
did not save money, yet on the other hand he did make the point that it is 
essential that an architect establish a system and carry it through. 

Now gentlemen, this is all we are trying to do, to establish a 
!stem and carry it through. However, and here is the big difference, we 
re not going to have one architect develop one system and carry it 
Ilecmcn, and the next architect develop a system and carry it through, 
:Ile intent is that all architects would work with the one system and carry 
4- -G through. 

one. 	In other words, we are simply co-ordinating all the systems into 

MR. KAFAROUSKI: I would like an answer to my question, how do ten  go about applying modular coordination? I mean, I would like to know iat ue should do to learn how to use it? 

MR. KENT: If you want to know how to use the modular system, 
le):11  are not going to find it in a meeting of two hundred people, and 
canoe of this the Department of Industry has been organizing in 

Ciunction with these conferences - which are merely to whet your appetite 
:° well as instruct you in sons of the basics of modular coordination - 
:series of clinics which you and your staff may attend and learn in 
ire detail the use of the modular system. These clinics will follow in 
"*41  New Tear. 

u 	MR. AIRD: I would like to interrupt and ask if perhaps John D ?  son of the Department of Industry would like to enlarge upon this Point of the follow-up to these conferences? 
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MR. DAWSON: I think Professor Kent answered the question very 
succinctly. It is the Department's intention, as an extension of this 
series of conferences, to organize fifty or sixty clinics of modular 
practice across Canada. Wé are hoping to start those as soon as practically 
possible after the conclusion of this series of conferences, which would be 
after November 1st. 

Now in this connection, we have already received the support of 
the Architectural Institute, and component associations in the provinces 
of Canada, and we have had some fourteen architects volunteer assistance 
to us to act as directors of the clinics. 

We  have one or two of themwith us today. Mr. Peter Popovich of 
Ryerson Institute will be one of the directors, Mr. Peter Haensli of Shore 
& Moffat & Partners, another. Professor Kent will also participate. 

There are fourteen such instructors, and we look to each of 
them to instruct at about four clinics. Wé also look to people from this 
audience. Wé look to having your input. /bu may wish to request a 
clinic in your area. If we can get sufficient support in terms of 
numbers, we will certainly see that this is done as a service to your 
profession and to your industry. 

I would like to go back, if I may, to Professor Kent's answer 
to the comment about the development of systems. I think he did that 
very well; it is a very important point which deserves  sons  emphasis. 
All that is being attempted is to order the development of one modular 
system. The building industry does not require a conglomeration or 
whole multiplicity of unrelated systems development in Canada. Rather, 
we would like to tend towards, or converge towards a universal system 
based on modular concepts which w111 in the long run, and for the short 
run, be of service to our industries and professions. 

When I think of industry, I think of it in its total concept 
from a manufacturing standpoint, from a design standpoint, and from the 
contracting standpoint. By considering all the aspects and by applying 
modular practice in each, I believe that the productivity and efficiency 
of building can be increased. 

MR. SIMPSON (F. B. Maarren Limited): I am a member of 
the so-called  "brick lobbye, as somebody remarked earlier. I would be 
curious to know the history of the choice of the 4-inch module and 
secondly, I would like to know why a 3-inch module cannot fit into a 4-inch 
modular system. 

MR. DUNSTONE: I think this was hashed over fairlywell. I 
have quite forgotten all the detailed arguments there were about this 
subject. Of course, the 3-inch and the 4-inch together have been argued 
over the combinability of the 12-inch and so on. 



I think this is  ail  fairly well documented historically. I 
Personally want to go forward instead of looking back into history, and 
it has been decided internationally that it is better to have one system 
rather than two. We do appreciate the difficulties - let us not 
ainimize these - but so long as one system works satisfactorily, then 
Xe should have only one system. 

MR. KENT: Mr. Chairman, as Ni'.  Dunstone indicated, the 
awedes have a remarkable degree of understatement because actually, Mr. 
aergvall is one of the prime leaders in the development of the 10- 
centimetre module. It was from his work in the early 1940's, leading 
to a comprehensive report, that a study was made on what would be the 
ace desirable size to give sufficient flexibility for building components. 

However, let me just mention, since the subject has  cane up, 
that in England there was a most delightfUl report that they were 
,ring to organize amongst themselves as to whether the module should 
us the 3-inch, 4-inch, or 6-inch and so on. It reminds me of the stone 
°I.  the three bears when they were testing the chairs, you know - not 
that size, not that one, but this one just fits, and this is really one 
° ' the ways in which they rationalized acceptance of the 4-inch module. 

In other words, the idea ia to cut down on the number of sizes 
ncl the number of variables, and so the question must be asked, "Does 
'lle3  3-inch module give me too many variables; does the 6-inch module 
84.ve me enough variables?" The British said "Well, four is just right". 

MR. BERGVALL: Mr. Chairman, maybe I should add some inform-
non there. It was recognized very early that the size of the basic 
'odule must be something of the kind of 3-inch, 4-inch, 5-inch, possibly 
6-I11ch. The problem was to establish which of these  was  right, and a 
1 3.1 tain experience was found already in Germany, the 5-inch (or approx-

4,tate metric equivalent of 5-inch). 

Now, a rather interesting experiment was made at that time in 
°eler to see how large the module could be without putting a strait jacket 
os the architect. 

We aeked two of our foremost architectural  firme  at that time, 
letod they gave us their facade drawings for one of their projects, a large 
211001. These facades were re-drawn on a 4-inch, 5-inch and 6-inch 

m4ar basis. 

We invited the two architects to  coins  into our office and tell 
ei "which of them they made themselves. They  were  immediately able to 

le out those which were adjusted to 6-inch, and said, MWe did not %elEn those" but as for the rest of the sets of facade drawings, they 
completely  unable to tell us which were in accordance with their 

'.1"1 design. 
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Now another remark was important. Why was there such a 
discussion, particularly in England,  of the 3-inch module versus the 
4-inch module and not in the rest of the European countries? Because 
if you have a metric country you find very quickly that a lot of your 
dimensions are alreaey in centimetres, and therefore the equivalent of 
4-inch, namely 10 centimetres, quite natural for all those countries. 
The situation was far less natural in a country like England with an 
inch-foot system together with a predominance of brick buildings. 

MR. B. BATCHELOR (Queen's University, Kingston): I am a 
professional engineer and I am wondering if Mr. Bergvall would enlighten 
me with regard to an international agreement on the adoption of the 
coordinating unit of 10 centimetres, particularly in the United States. 

On the North American continent, whatever the United States 
has done will largely affect what the other countries do, and it seems 
to me there are other members of the building industry, especially with 
respect to timber, cement and other products, who would be interested to 
know what has been the stand of the United States on this modular 
coordination. How have they progressed, and what has been the stand of 
the other North American countries? 

MR. BERGVALL: Well, as I said, there is a full international 
agreement on the 10-centimetre module as the basic module in those 
countries using the metric system and those using the inch system. 

It  le, of course, of very great importance for international 
trade that we have an agreement of this kind. I also know that there is 
a great deal of interest in modular coordination and the possibilities 
and opportunities that go with it, in the Central American countries. 
Mr. Kent and I had the privilege of taking part in a seminar some years 
ago in one of the Central American States, and I understood that they 
were thoroughly determined to go on with modular coordination. However, 
unfortunately we cannot disregard the difference between 4 inches and 
10 centimetres, 4 inches being 1.6 millimetres larger than 10 centimetres 
and that, unfortunately, has the consequence that a 4-inch modular 
component cannot slide into the apace allotted for the 10-centimetre 
modular components, whereas a 10-centimetre modular component can always 
slide into the space allotted for a 4-inch component. To the advantage 
of whom, this I leave to you, but it is an advantage. 

There was an occasion when a lot of dishwashers were exported 
to Europe from the United States. Now in most countries where they care 
about modular coordination at all they allow a space of 6 modules for 
a dishwasher. However, the American dishwashers were 2-1/2 centimetres 
out, and would not slide into the 6-module space allowed for the dish-
washers in European countries. 
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This caused a lot of problems and, worst of all, when the 
Arsericans set up factories in Europe in order to produce dishwashing 
!nachines for Europe, of course they made them in accordance with the 
oest wsy they knew about, the American way. 

Nit.  AIRD: It has been drawn to my attention that there is a 
eePresentative of the United States Standards Institute in the audience, 
and I wonder if he would speak to us. 

MR. R.  W. SMITH, JR. (National Bureau of Standards, Washington,  
12.c.): I am Secretary of the United States Standards Institute, which is 
the  Modular Committee in the United States Government. There has been a 
standard on the books of the U.S. Institute since - I believe the date 
la around the late forties, maybe the early fifties, when the 4-inch 
!Mule was adopted. The problem of the dishwashers that  was  referred 
'0  results from the fact that our kitchen cabinets and appliances are 
on a 3-inch module basis and have been for years and years. The industry 
'lees no reason to change, although there has been quite a bit of pressure 
ePPlied to move the industry from this module. I think the U.S. 4-inch 
tl?dule goes back to around 1938 when the Bernie  Foundation began this on 
flee-family housing and laid the groundwork for the whole theory. At 
at  time the masonry was a determinant as was a co-ordination with the 

;fen  two-by-four. So the U.S. masonry industry is now on a 4-inch-module ' Si,  both the block and brick industry. 

I believe that answers the gentleman's question. 

TIR.  GOLDES: The various participants in the building 
?ocess have been gently grilled here today, and I just wmdered whether 
ea might not perhaps elevate one other party to the hot plate, the 
Universities. 

I  h 	would be interested to know what initiative the universities 
e taken in Europe in developing a base of knowledge for further progress 

"4
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 industrialization. 

I would be interested to know whether the universities 
e°atemplate the establishment of a chair of industrialized building, or 
another discipline chair of a post-graduate nature. 

I would be interested to know if the Department of Industry 
oÙd contemplate endowing such a chair in a Canadian university? 

the 	MR. DAVIDSON: The answer to your question is, let us "grill" 
ot  universities; they deserve it. There is, as far as I know, one school 
c,arohitecture in the United Kingdom, which is attached to the University 

:.,Clege of London where a chair of building has been set up, building 
Ying building as a whole, all of the building processes, if you like. 

&L
Zle not necessarily slanted towards industrialization but in fact 

k atrialization, as can be expected is one of its main concerns. 
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There are one or two others in science and technology that have 
had some concern, but nothing like enough in the ordinary departments of 
the schools of architecture or even in the engineering departments or in 
the engineering schools. Engineering and architectural design are 
unfortunately taught in the usual way, as it were, with more concern 
directed at what is built, than at how it is to be built. 

In the United States there are the beginnings of moves towards 
the setting up of special courses in this field, either within the schools 
of architecture, or in one instance shared in a common department of 
engineering and architecture. 

Now in the case of the initiative in England, the idea is that 
people going through this building department can then go on to become 
architects or building managers or professionals of that sort by having 
further specialized training over and above the shared basis. On the 
other hand, in one or two of the schools I am thinking of in the United 
States, after having become an architect or an engineer in the more 
conventional sense of the word, there is no further exposure to this 
kind of disciplinary education. 

MR. BERVALL: I think we have talked too much about top-level 
education, if I may say so, when talking about the education of architecte. 

 It is important, of course, that the architects should be informed about 
modular coordination, and these people taking courses to be architects 
should have modular coordination as an integral part of their education, 
but it goes much further than that. You must have education on ail levels, 
all down through the apprentices in the various trades, and that goes both 
for those who are alrea.4y at work and those who are just starting. 

It is a two-fold task of informing those who are alrealy 
educated and have modular coordination as a part of all their training 
and also those, whatever the level or whatever the time, who have not 
had university training in architecture or engineering. I mean those at 
the working levels of the industry. 

I could add that, in my own country» do not have that wonderfia 
chair you are asking for. I know they have in some of the Eastern European 
countries, where they are concerned much more keenly with the industrial-
ization of the building industry than we are. 

MR. KENT: I think it would be of interest to know that at 
the present time the Ontario Secondary School Curriculum Committee is 
advising on the curriculum for the technical schools, and in this, thought 
will be given to the industrial process side of building, of which modular 
coordination is such an important part. 

I might say that the curriculum being replaced was established 
in 1928 to 1930, and it is, shall we say, time for a change. 
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MR. H. COCKER (McKay-Cocker Construction Limited): I do work In  the general contracting field, and I also happen to be Chairman of the 
>aiming and Education Committee for the Canadian Construction Association, 
co am very vitally interested in these comments Mr. Bergvall made 
regarding training at the various levels. However, from a general 
contractor's viewpoint we are very much concerned with the cost factor, and I 
do not think there is any general contractor present here who has not had to 
come to grips with costs in his experience. 

EVen with the modular components that exist in our industry 
',°cleY, such as in block and brick manufacturing, it seems an awfully 
gifficult task to get a design created that makes these two components 
tit , whether it is relative to the doors or the windows. 

Recently, on one of our jobs, in our masonry estimate we 
round we went about 34 per cent over cost, and I checked into this very, 
IcrY carefully. I got the bricklayer foreman and we went over it and we 
tound out that there had to be two bricklayers continually cutting to 
feci) four other bricklayers laying blocks. Because of the layout of the 
;40or and windows on this job every door jamb block and every window frame 
neck had to be sawn, whether at the jamb or at the head. If we do not 
11°  euething else at this conference but alert each and every one of us 
40  think of the inaccuracies and haw much layout affects cost, I think we Cill be well on the way to success, and my own honest opinion is that you 
rellows are on the right road. Keep it up. (Applause). 

MR. AIRD: Thank you very much, sir. You are obviously getting 
>Port. I think there was only one question posed by the last gentleman 

the audience to be answered, and this is probably a good time for me '40  ask Ni'.  Hindson of the Department of Industry for his views. 

MR. R. D. HUDSON (Department of Industry): Certain universities 
!a.:9‘e already been well enowed by the government, and it is up to the 
:?dividual university as to how they apply the endowment. I see nothing 
nrcug with industry introducing modular coordination, but I do not think t4cY need a chair endowed to teach this subject. 

However, since education is a provincial matter and not a federal 
Inctter, I will transfer this to my colleagues from Ontario. 

Wi 	MR. V. S. RISTIC (Industrial Research Institute, University of 
.usor): Although I am not implying there was arbitrary decision put 

;42to the sizes of 3, 4, or 5-inch modules, there were only two or three 
irtions of the structural members in modular coordination, and I would 
;14% to ask a double-barrelled question. One, do the sizes of aawn timber, el' Bey, represented by the Canadian Institute of Timber Construction, or 
02.  rolled steel member as represented by the American Institute of Steel 
viletructimiumoduareoereestietrif they do not, Idly not? Secondly, 

1° the 	5 

dimensions of the structural members - as we all know there is 
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nothing subject to judgment or arbitrary decision about structural meMbers - 
clash with the modular system, and if they do clash, how can we  combat  
such difficulties? 

MR. BERGVALL: I think several of your questions could be 
answered with reference to the distinction I made earlier between special 
co-ordinating dimensions and general co-ordinating dimensions. 

Now the way timber or sawn lumber is applied, in Canadian house 
construction, the most is made of the dimensions, at least of the wood 
frame special co-ordinating dimensions, and the same goes for steel 
columns. Nevertheless, the question touches on an important problem, and 
that is the question of the thicknesses of structural parts of the building. 

For example, there is a load-bearing partition wall between 
two apartments and it is known that for structural reasons and for 
acoustical reasons it is necessary to make this 14 centimetres thick 
(slightly less than 6 inches); from the modular point of view the wall 
should either have a 4-inch thickness or an 8-inch thickness. In the 
latter case, as some people actually said at our conference last week, 
there would be a little less than 3 inches of good solid concrete for 
no purpose whatsoever; my answer is, if the wall is made of a modular 
thickness in this clumsy way the loss of 3 inches of concrete is deserved, 
because if the solid concrete wall is the obvious solution to all the 
thicknesses, a little less than 6 inches, that is acceptable. But there 
are advantages in designing the wall so that the total thickness of 8 
inches is obtained. Some other type of panel might be used, for instance 
the type having a cavity, and a lot of other possibilities are open to 
any engineer with imagination. What is gained by that? Well you may 
have to pay a little more, of course. To have, for instance, the cavity 
I mentioned, but the wall of modular thickness will not cause a lot of 
trouble when other components are put into play with that wall of the 
building. These factors must be weighed against each other. 

I think this answers this rather specific question of materials, 
but I think no one necessarily expected either sawn lumber or rolled steel 
beams to be modular, because their dimensions are not usually generally 
co-ordinated dimensions. 

MR. W. N. DICKIE (Wardic Limited): I am an industrial 
designer, and I know this is a general question, but I noticed in the 
examples that were used, that all except one from the United Kingdom 
were either masonry or concrete panels of the industrialized system. 
Is this significant, that the United Kingdom and Europe are using more 
concrete and masonry than other types such as sandwich panels and various 
other materials, or was this just coincidental? 
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MR. DUNSTONE: In any substitution from traditional building 
to  any  other method of building there is a pitfall which must be avoided, 
and that is to start thinking in terms of more expensive materials. It 
eo happens for us that timber is often a dollar commodity and often 
avoided for this reason. I am sorry to say that here, but I suppose I 
must. So if the tendency is to start by changing the building materials 
from our indigenous bricks, mortar, and pulverized lime with a substitution 
of timber, sheet metals or plastics, we are getting into a domain where 
basic material costs are much greater. This is not to say that with 
considerable ingenuity the increase of basic cost cannot be offset, but 
experience shows it is a very hard fight to win. The first attempts at 
industrialization, and attempts will be going on until the market is really 
big, must involve the use of basic cheap traditional materials in new 
ways. 

MR. KENT: There have been examples in the United Kingdom where 
Pressed steel panels have been used in conjunction with structural 
members. The Oxford Regional Hospital Board has devised a system in which 
steel panels have been used. I think it rather interesting also, that the 
Pressteel Company, the company which stamped out bodies for Jaguar cars 
and mini-cars, collaborated, preferring metal panels and a metal structure 
to  saine of the other materials, but as is indicated, many of the Europeans 
are utilizing the traditional materials in new ways in industrialized 
building. 

MR. G. M. FRANKFURTER (Garcy Company of Canada Limited): I am 
tn the hardware manufacturing business, manufacturing structural wall 
Members as well. I would like to hear someone on the panel discuss the one 
aspect  of  modular construction that has not been mentioned today, and that 
le the advantages for building additions and renovationa. 

We hope the modern buildings outlast the original tenants, but 
tf the construction people and the manufacturing people are going to be 
required to supply renovation material for these buildings, it seems to 
Xe there must be some built-in advantage when it  canes  to renovating or 
adding to a building that has been built according to a set standard. 

MR. DUNSTONE: I would agree there are advantages, of 
course. If the building is dimensionally co-ordinated, it is obviously 
more convenient to reorganize the internal partitions with co-ordinated 
Materials than it would have been previously where completely chaotic 
measurements had to be dealt with. 

There wmild be less cutting to reorganize partitions in a 
Xodularly coordinated building. I do not think this is going to help - 

111br

Probably other people will argue with me on this, but I do not think 
it will be an advantage in existing buildings which are not coordinated. 
Certainly when one turns over to coordination, then maintenance or 
alterations are going to be much easier to do. 
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MR. BEROVALL: May I briefly draw your attention to the 
comparison I made to screw threads and screws and modular coordination. 
That, in a way, is a short answer to your question. 

MR. D. L. TARLTON (Canadian Institute of Steel Construction): 
I just want to make a comment first, if I may, Mr. Moderator. One of the 
questions asked earlier was concerned with whether metal was being used 
in various European countries in industrialized building. 

I have recently visited several of these countries, and I can 
assure the questioner it is being used in Europe, primarily for schools, 
factories, housing, and several other building types. One of its 
advantages, of course, is that it has a good dimensional control which 
is important in any industrialized modular system. 

I have a question I would like to ask. I have been listening 
to the discussion, and I would like to know this. It seems to me 
desirable, as I am sure all the people on the panel have said, that we 
should have a standard basic module. This has been reported to be 10 
centimetres or the 4-inch module in those countries that are using the 
inch system. 

Surely it would be better in the long run to adopt one or the 
other of these, since they do vary by a fraction. If 10 centimetres is 
the most desirable one from a worl&wide point of view, why should we 
insist on saying that a module of 4 inches is acceptable in some countries? 
Surely the basic unit is the module, and the building plans are going to 
revolve on this module and not necessarily the dimensions of feet and 
inches or centimetres. What difference does it make to us, may I ask, 
whether we have a basic module of 4 inches or 10 centimetres. Surely 
it would be better to be ueing a universal module if 10 centimetres is the 
accepted answer? 

MR. DUNSTONE: I think in a way you have answered this 
yourself, and it is of course a politically-loaded question. The change-
over to the metric system should, I feel, be expedited but this being a 
political question I will turn it around the other way. What should not 
be done is to delay the change to modular coordination while the 
politicians make up their minds whether to change to the metric system or 
not. The decision to change to timetrico could take fifteen years. Now if 
the change to the metric system is not likely to take place for a number of 
years it is better to adopt the modular coordination eystem based upon 
4 inches. This will facilitate the transition to the metric system 
when the time comes. Do not delay the change to modular coordination 
while the political estate is making up its mind whether Canada should 
go metric or not. 
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MR. BERGVALL: In a way the size of the module must not 
necessarily be so closely related to the system of measurement in the 
country, because when modular coordination is practised one of the 
advantages is that on drawings, particularly the drawings for the 
building site, nothing appears except modular numbers, but one thing 
18  sure, when modular coordination is adopted components which have 
exactly modular dimensions are not the rule, that is one thing that is 
sure. This is precisely because allowances for joints and tolerances 
have to be taken into account. 

That means that the drawings in the workshops, whatever kind 
they are - they might be for the brick factory or the window manufacturer 
or other sub-contractor - and whether the metric system or the inch 
sYstem is employed, awkward, broken dimensions would have to be shown. 
If Canada did something so bold as to adopt a 10-centimetre module when 
the country was otherwise on a foot-inch system, that in itself would 
flot  make drawings any more complicated, because they were complicated 
enough already. That is not to advocate that Canada should go that 
way, I only wish to show when modular coordination is adopted a new unit 
st measurement is introduced, the module, and that is the unit of 
Measurement on the building site from then on, and it simplifies every-
thing on the building site enormously. 

MR. DUNSTONE: I wanted to take issue with Mr. Bergvall 
earlier, and this question enables me to do so. He said, if I may put 
lt in the vernacular, a 4-inch modular component will not fit into a 
metric unit. In the reverse, if a metric unit is applied to a 4-inch 
module it will fit perhaps rather sloppily. What is not realized, is 
that the jointing materials often cost more than the components. 

MR. J. C. RANKIN (Metro Toronto School Board S.E.F., architect): 
It. Davidson gave us a very graphic demonstration of the development, as 
he sees it today, of the construction industry. Could we impose on Mm  to 
ask him for another two or three minutes to look into his crystal ball? I 
think we would all find it very interesting. 

MR. DAVIDSON: Yes, I suppose you are entitled to get your 
own back that way. If I look into my crystal ball - let me start by 
looking into somebody else's crystal ball where I do not have first-hand 
emtperience, and I can therefore make generalizations without embarrassing 
mYself. 

If we look into the meat packing industry we find that over the 
last twenty, thirty, forty, fifty years, I do not know exactly, but there 
has been quite a change from the small herder, the small village abattoir 
fuld the small local stores each serving people in their own locality on a 
8Pecialized basis, to the present-day situation with large ranches, vast 
herds, and the Safeway-type retail outlet and so on and so on. The only 
survivor of the small outlet sort of operation is the kosher butcher. 
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The moral of this, I think, is that in the convolutions and 
convulsions going on in any industry - I have taken the meat industry 
because it is far enough rammed from mysphere- people are constantly 
trying to find new roles for themselves. 

Those who succeed are those who in fact find a role which did 
not exist before, but for which there is a need, or who amalgamate several 
previously existing roles into one which they can conduct more efficiently. 
I am afraid that unless the architectural profession is careful we will 
find ourselves as "kosher" architects, if I can put it that way, and no 
doubt "kosher" contractors will be found, too. 

There is not too much more I can say, but I tend to think that 
each of us has to find new groupings of the roles to play in the 
coordinated industrial building industries I was talking about. 

FROM THE FLOOR: Very well answered. (Applause). 

MR. AIRD: I cannot think of a better reply to a better posed 
question to wind up this panel this afternoon. It would almost appear it 
was planted, but I assure you it was not. 

I think your questions indicated your great interest and concern 
about modular coordination, and in order to earn my daily bread, as it 
were, as moderator of this panel I would like to simple sum up my feelings 
by saying that the problems which we are facing in modular coordination 
are great, and not easily resolved. Obviously, it is going to take time 
to spread the gospel throughout this country. There are many approaches 
and strategies which cculd be adopted, and as individuals we will perhaps 
be in conflict in looking at the overall problem. However, in the broad 
and vast construction plan it will be reflected in the long term.  

We can take a look at the industry and examine its operation. 
We can use this, as one of the panelists pointed out this morning, as 
the track into the problem - not necessarily in itself, it is the problem 
we are interested in, or we can be very singular in our approach and. say 
that the salvation of the industry is the 4-inch/10-centimetre module, and 
that is the system we must have if we are going to improve productivity. 
There are a number of approaches we can take, and the problem now is how 
to get it inserted into industry. 

AU  this leads us to conclude that there is required a massive 
educational follow-up, both in the broadest sense and specifically, to a 
meeting of this type in order to translate our thoughts and questions at 
this point into some concrete action. 

I am glad to see the BEAM program is helping to get this spear-
headed, but suppliers, contractors and all of us interested in this problem 
have to make our contribution. 

I would like to thank, on your behalf, the four members of the 
panel specifically for their contributions, their responses to your 
questions and for a very informative day. 
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MR. J. SUGIYAMA: I should like to ask the panel what effect, in 
their experience, modular production has on the aesthetic qualities of a 
building. 

MR. L. BERGVALL: I think I can answer that question by citing a 
rather interesting experience. About 25 years ago we started discussing 
dimensional coordination in Sweden. The question was whether the module 
should be the equivalent of four inches, five inches or six inches. We 
invited two of our leading architects to submit facades of a school they 
designed, and these were redrawn to conform to modules of four, five and 
six inches. We then invited these two architects to come to our office 
and say which facade they had designed. They were able to single out 
immediately those facade drawings adjusted to as rough a degree as six 
inches, but as for the rest they were completely unable to differentiate 
between them and their original drawings. That seems to me to tell the 
story. The module is such a small  unit and permits such flexibility that 
it does not restrict the architect's freedom of design, nor does it impair 
the aesthetic qualities of the building. 

MR. C.H. DAVIDSON: I should like to put it this way -- that if 
the architect does not develop a design aesthetic compatible with modular 
coordination, then perhaps somebody else will. In other words, if the 
architect tries to put his head in the sand and say, "I can't do its', 
somebody else is going to do it. Perhaps it will be the engineer -- if I 
may say that to the architects. 

SPEAKER FROM U. OF M.: I think that the four-inch grid does not 
give enough flexibility. I say this because the four-inch grid dimension 
in a large office building, for example, might have to be increased from 
four feet, five inches to four feet, eight inches to conform to the grid. 
In this country and in the United States such an increase in size might 
mean a considerable increase in cost. This points to the need for a 
smaller module than four inches. 

MR. P.H. DUNSTONE: I would prefer the architects to answer this 
one, because this is really a planning question, but I would like to clear 
up this business of the combinations, on which you touched. The combina-
tions, of course, will work with any numbers at all. They will work with 
integers. Whether you call those integers millimetres or modules or miles, 
does not matter at  ai].. So that in this way, the combinations have nothing 
to do with the question of whether the module is email enough. I believe, 
pereonally, that the four-inch module is a sufficient gradation to deal 
with any planning situation, but I think it ought to be turned over to the 
architect members of the panel. 

A MANUFACTURER: If I may add something to this; in the manufacture 
of partitions, prices do not relate especially to minor differences in dimee" 
sion. A four-foot, eight-inch partition would probably be priced the same se 
a four-foot, five-inch partition panel. The larger one might be less if it 
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was the standard and the other a special. 

MR. DAVIDSON: It's well known that the building industry prices 
things in the most hit or miss and the most absurd way imaginable. It is 
Perfectly possible in the building industry for prices to be struck in much 
the same way as in the used  car  industry. "Special" costs apply almost 
Universally. But if standardization through the standardization of basic 
dimensions were to become something meaningful to the manufacturer, he would 
at long last be able to produce a price structure which reflected the actual 
cost of production. He could then say, "This product can be sold for so 
euch, and the price to you is a reflection of the cost to me." But at the 
Present time, because there is not very much demand for standardization in 
°tale countries, we tend to find that the relationship between special cost 
and standard cost does not reflect the actual production costs. So the sort 
or reply you had from the manufacturera  will not hold good, I would hope, 
very much longer. 

MR. S.R. KENT: Mr. Chairman, since the subject of office partitions 
has come up, I might mention that I made a study of office partitions in the 
City  of Toronto. At that time some manufacturers were concerned about the 
?revalence of five-foot office partitions. This immediately seemed to me to 
be  a particularly large module for office partitions. As I looked into the 
subject I noticed that office buildings were being divided into two major 
categories. In the first category, the company building the office building 
intended to occupy the building itself. In this case the company was quite 
happy with five-foot partitions which gave 101  x 101  offices, 10 1  x 15 1 

 °tacos, 201  x 20 1  offices and so on. This arrangement fitted nicely with 
the priority of management for the particular company. And so they worked 
only  with these very large partitions, and they were not concerned about 
whether the dimension was four feet, eleven inches; five feet, two inches; 
Or five feet, one inch. The other group of office buildings were those which 
were being erected for rental purposes. Here we found that the rental agents 
were not happy with the five-foot and not even happy with the four-foot. They 
Preferred something in the neighborhood of two feet which would give them a 
aultiple by which they could get smiller offices for secretaries and so on. 
l'he point is, however, that at no time did I find anybody splitting hairs with 
inches; they were quite happy working with multiples of feet. Rather inter- 
estingly, in Montreal one of the large office buildings was laid on a five-foot 
ecdule. The owners wanted to replan one of the floors, and so they scrapped 
all  the five-foot partitions and introduced two partition sizes; the four-foot 
led the three-foot. By combining these, they increased the number of usable 
°tfices by forty per cent. A good example of good combinations of numbers. 

MR. BERGVALL: I think it is important that people understand that 
there are always, in our times of swift changes, reasons to mistrust any such 
rbry detailed calculation of how large an office should be. Let us take an 
"fample from industrial buildings. Everyone, at least in my country, and the 
°Çher European countries, is agreed that there is not very much point in having 
ealaller increment steps for industrial buildings than six modules -- that is, 
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24 inches. Wi%y? Simply because, even if you can calculate very carefulle 
that machines and equipment take so much space -- so much for the existing 
and so much for future machinery, etc. -- and presuming these odd figures 
are precisely what are needed for optimum layout, in five years I submit 
that, because of new machinery and equipment, such a calculation is useless. 
Ae office equipment ie developing at this time, it is very likely that a 
similar situation will apply for office buildings too. There is a general 
tendency in Europe to believe that what we will produce in buildings in 
coming years will be just space. Buildings will be built in such a way 
that they will serve a lot of purposes. To expect that you could calculate 
your office to the nearest inch is not a valid expectation. Such calcu- 
lations could only be rationalized if no benefits whatever could be expected 
from standardization. 

THE FLOOR: Can the panel comment on why the companies which have 
attempted prefabrication of single family dwellings in the United States, 
have failed. 

MR. DAVIDSON: Not all have failed, but I agree with you that a 
large number have, and usually very spectacularly. I think the reason is 
a fairly simple one. They all rushed headlong into a program involving a 
considerable amount of investment without having done their homework prop-
erly. For example, General Panel Corporation approached the question of 
providing houses from a belief that standardized panels would lead to a 
particular aesthetic consequence. They believed that there was such a need 
for housing in an abstract way that the house,for all its pecnliarities,would 
be highly saleable. They did not do a proper market analysis and they failed. 
If you take the example of "all size" homes this company invested a consid-
erable amount of money in order to use aluminum metal products in which they 
were interested. They produced a range of house types, the only possible 
bnyer of which would be the multi-millionaire G.I. being demobilized with no 
possessions whatever. The house was complete even down to the wardrobe with 
the hangers in it. This company did not do its market analysis properly and 
the people in Michigan and Indiana did not bny the product. On the other hand 
there are one or two examples of firma which have succeeded, for example National 
Homes in Indiana, who are making an almost traditional house, almost traditional 
except that it is made in the factory. Why they are succeeding, I suspect, is 0  
that they have also set up a mortgage company, a management service and a es:maple 
dealership organization. They have taken a comprehensive view of building where . 
these other companies did not do so. Now there are cases where the big industrleU 
General Electric Corporation, and various others are advertising that they are  
about to build new towns, as though we did not know how to do it. I think that lie 

 can sit back in about five yearst time and have a big laugh at their expense, 
because I rather suspect that they are not asking the complete question. 

MRS. P. HUNT, MANITOBA INSTITUTE OF TECHNOLOGY: Do you have knowledge 
of any school of architecture, university or technical school that ie teaching 
modular process drafting, and if so, who did the work in preparing the 
curricula and so on, and organized the changeover, or are you interested in 
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starting that now? 

MR. KENT: That was a most penetrating question. First of ail, 
let me start at home -- the School of Architecture, Toronto. I might 
Point out immediately that in all the schools of architecture we face the 
Problem that I think I touched on rather delicately this morning in my 
talk. That was that in the schools of architecture, we are trying to train 
designers, and immediately the designers feel that they are being restricted 
se soon as any sort of control is mentioned. I might say that I think our 
Problem in the university is not how to train the students but how to train 
the staff. So at the University of Toronto, let us say, the students are 
exposed to the modular concept, which I think is the proper academic  wae in 
university. Professor Gillmore may speak about the situation in the 

University of Manitoba. I think at the University of Montreal the students 
are  exposed to nmodularn. At the University of British Columbia the students 
are  exposed to it, and I might say that it is oniy as the students mature that 
they recognize that it is essential that they employ the modular system in some 
!IV or other. Now, with regard to work in the technical schools: at Toronto a 
echnical school does instruct the students in the modular drafting system. In 
Calgary, one of our instructors for the clinics is now familiar with the modular 
elstem. With regard to the teaching in the technical schools in Ontario, the 
Curriculum is now revised for the technical courses and modular systems will be 
Introduced into a series of courses. 

MR. SUGIYAMA: I wonder if Mr. Gillmore would care to add to Mr. Kent's 
marks? 

MRS. HUNT: Where is the curriculum available? It is fine to say 
that exposure is being given. I am well aware of what it is like to train 
etaff -- that is why I am here -- but where are these things that you talk 
!%bout  being exposed. Where can you find these curricula? Who would have 
Qlowledge of how to obtain this information? 

MR. SUGIYAMA: I wonder if this would be an appropriate time for 
1,4r. Dawson to speak to the group and indicate when this information will 
seoome available. 

MR. J.A. DAWSON: It is the intention of the Department of Industry, 
as a follow up to this series of conferences, to initiate and organize a large 

Aber of clinics of modular practice across Canada. These will be organized, 
We hope, in co-operation with the various associations, especially the component 
associations  of the R.A.I.C., and others, such as construction associations and 
%suiting engineering associations. The objective of these clinics will be to 
sequaint architects, chief draftsmen, building construction site supervisors, 
nci people of that type with the best known information on modular practice. de 
Ilere, up to the present time, organized two seminars, directed by Professor Kent 
.th Toronto, and we have drawn architects from all across the country, from the 
eteaching profession and from architectural practices, to assist in the role of 
4-hstructors at these clinics. de have one or two here today -- Professor Lewis, 
ear example, of the University of Manitoba, and Mr. Ross Johnstone from Regina, 
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who will act as instructors. Their role will be to instruct people who 
will use the modular concept in their everyday work, in the best means 
of modular practice. And in this connection we have also formulated a 
bibliography of publications that will be used and distributed at these 
clinics. We hope that through the organization of these clinics a great 
many people in the country will be exposed to modular coordination and 
will become familiar with the modular concept, so that knowledge of the 
concept can be broadened in the country very rapidly and within a very 
influential group of people, namely the people at the working level of 
the professions and the industry. 

MR. SUGIYAMA: I wonder if Professor Gillmore would care to comment 
upon this matter of education as a means of furthering the concept of 
modular coordination. 

MR. R. DOUGLAS GILMORE: Could I ask Professor Lewis to answer 
that,because I think he could answer better than I could. 

MR. J. P. LEWIS: As things stand at the moment, we do not 
definitely teach it as a method; however, in view of the impetus given it 
by the Department of Industry, obviously we will teach this method. Because 
it has not been used widely in office practice, we have not stressed it 
to this point. 

MR. KENT: I think, now that industrialized building has become 
the "in" thing in the universities or in architectural thought, that modular 
coordination will very nicely drop into its proper place in the teaching 
curriculum. 

MR. BERGVALL: It is  ail  very well to instruct your professors 
and their architectural students, but I think that if you really want 
modular coordination to break through you must see to it that you get the 
proper instruction on all levels of industry, not only the top people, but 
all the way through. All echelons of the industry should be exposed to 
the modular concept, not just professional and senior executives; everyone, 
including the workers at the shop floor level. This is most important. 

MR. GREENBERG, CONSULTING ENGINEER: In actual modular practice, 
we have many materials that have a nominal size; lumber is two inches, 
but the actual measurement is only 1-5/8 inches. How do you deal with 
this when you do your work on modular detailing? 

MR. SUGIYAMA: This all stems, I think, from the question of 
tolerances. Whereas in the past we have worked on nominal sizes, just 
as you say, I think now we have to give sizes of the member, whatever 
it happens to be, and the tolerance separately. 

MR. BERGVALL: I stated in my speech today that only the general 
coordination dimensions of a component have to be modular. Now, the way 
in which you use two-by-four-inch lumber, for instance, is such that 
those dimensions rarely appear as general coordinating dimensions. The 
lumber, of course, appears in various states, from the sawmill where 
it appears as green sawn lumber, then in the dry state where the dimen- 



-  97  - 

eions are smaller, then it is planed and the dimensions become maller 
still. All this  tinte,  "two by four" is the nominal size. But these 
are not the actual coordinating dimensions, they are the general 
coordinating dimensions and this is what counts. 

THE FLOOR: Is there a standard that has been set in the U.K. 
for allowable tolerances for materials? 

ANSWER: I think there is a misunderstanding here on this 
question of nominal size in the modular sense of the word. A nominal size 
in the lumber work sense of the word, as you are aware, does not 
conform to the actual size -- a 2 X 4 is not 2 X 4 inches; it is 1-5/8" 
3-5/8". When we talk of nominal size in the modular sense of the word, 

we recognize that the components are not the sizes of general reference. 
In the modular sense of the word, the nominal dimensions deviate 
from the actual sizes by various allowable amounts. These are tolerances 
tor various purposes. Now, coming back to your point,I think I have 
Understood you correctly regarding the 3-5/8" dimension -- the thickness 
of  a stud wall, if you like; it is not critical that this dimension is 
flot four inches, because in all probability when you "set out" according 
to the "Unicorn" manual, the face of the stud will be on the grid line. 
ne  other face is not on the grid line because there is probably sheeting 
or lath and plaster applied to it. Similarly, if you have something that 
nae non-rectangular shapes, like a lavatory basin, for the sake of 
argument, the back face of the lavatory basin is a coordinating face, 
"31t1 the curves, provided they do not fall outside the expected size, say 
C  feet by 1 foot 8 inches or whatever it is, do not interfere with the 
coordination. 

MRS. HUNT: How long has dimensional modular coordination been 
e  general practice in England, and what percentage of the industry uses 
it and how long has it taken to get to this percentage of use? 

MR. DUNSTONE: That is a very good question. I cannot answer 
en the total percentage of use, and I have no figures on that. I do 
not think statistics exist. As I mentioned this morning, however, there 
lee been a long hard battle of about 15 years in Britain and in other 
countries up to 25 years, and general use has still not been achieved 
entirely. I can say that the U. K.  Government, at any rate, insists on 
aOdular coordination with regard to public building and it is linking the 
?.nange to metric with modular coordination. Now this is being brought about 
e:r the fact that British standards are being changed into metric modular 
eues rather than metric analogue sizes from the existing foot-inch 
aYetem. 

MR. DAVIDSON: I think we would be doing a great disservice to 
ewerybody in this room if we let the notion get about that modular 
1?„eordination has got anything to do with a change to the metric system. 
re had made a decision in  ngland that we would go modular before we made, 
ullt not very much before we made, the decision to go "metric". The fact 
that the decisions followed quickly after each other means that they are 
new chasing each other, and that both can be used at the same time. 
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MR. DUNSTONE: I should add again to that, as I have done else-
where, that you in Canada should not wait for a change to "metric" 
before changing to dimensional modrlar coordination. The question of 
changing to metric is an industry-rwide thing; it is a political thing. 
It cannot be judged at the moment when or whether Canada will adopt the 
metric system. All I can say is that if the change to modular coordination 
were made, it would be valuible in future changes to "metric". It would 
have been most advantageous if Britain had adopted modular coordination 
fully before changing to metric. 

MR. SUGIYAMA: I wonder if Mr. Bergvall would comment on the 
experience that he has had in switching to the modular system. Was there 
as mach problem as switching from left-hand drive to right-hand drive? 

MR. BERGVALL: The switch from left-hand to right-hand driving 
was carried out in Sweden with astonishing ease and rapidity. Now leaving 
that sdbject, I would say that about the same steps have been taken in my 
country, by-my government, to promote modular coordination as the government 
has taken in England -- without any reference, of course, to the metric 
system, because Sweden has been "metric" for many decades. The government 
has issued a regulation 'by-which all buildings built for the government, or 
with government money, should be according to Swedish standards, and that 
means, among other things, being fully modular. If not, a very good economic 
reason must be given. Secondly, all the various government agencies which 
have the right to sesidize residential buildings, school buildings, etc., 
have the right to exercise the same sort of criteria regarding the design of 
those buildings. These regulations were issued this year (1967). All 
buildings are henceforth going to be modular, unless there is a good economic 2 . 
reason for their not being so. The reason for the issue of these regulations 
precisely that the government saw no other opportunity to break that vicious 
circle I told you  about  this morning. 

MR. KENT: Mr. Chairman, may I just pick up a few points here. 
One of the major prelems in acquainting the complete building industry 
with modular coordination has been the lack of written information an 
the seject. I think I can simply say that one of the first  publications 
on nodular was that which two gentlemen prepared in 1945. This was in 
Sweden and written in Swedish, of course. The publication was then 
translated into Eeglish but I don't think any of you here have seen it. 
In other words, it did not have wide distribution outside Sweden. There 
was a publication in the U. S.  called the A-62 Guide, which did have limited 
distribution. The first major publication which stated the modular principle 
clearly was not published until 1956, by the EUropean Productivity Agency. 
A second report by the E.P.A. appeared in 1960. We have a Canadian pdblicatien 

 appearing in 1961 on the sàbject of "modular", and quite a good American 
publication in 1963. This indicates that the modular idea is relative:2;Y 
new in the building industry of North America, which goes back 300 years. 
Industrialized building goes back perhaps 100 years. Again, it was only 
in 1956 that any organization in Canada became interested in promoting 
modular coordination. That was the Division of Building Research of the 
National Research Council. 
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MR. SHACK, INTERIOR DESIGNER: I am going to throw a new note 
in. I am not familiar with a lot of the building terms that you have 
used. We have heard today a number of things that involve manufacturing 
techniques, how buildings are going to be reduced in cost by automation 
and by providing a complete and integrated unit. But I do not think 
that the study as I see it, as an interior designer, has gone far enough. 
I think the system breaks dom.  All these things such as modular 
coordination are convenient, perhaps, to architects, and are convenient 
to contractors and manufacturera and no doubt, a number of points 
are  very good and would have good results. But the one thing that has 
not been discussed the entire day is how the buildings are built for eel!. The module of four inches works fine, but unfortunately people 
ere not built in four-inch increments, or two-inch increments. People 
ere engineered individually. Now, if you take the imaginary grid which 
Was explained to us this morning, the three-dimensional four-inch grid, 
leanY Problems arise, I think, because of the inter-relationship of the 
interior with the exterior of the building. Working heights are 35 
inches. Seating heights are 18 inches. Neither works out to four-inch 
modules. Table heights are generally 29-1/2 inches. So I ask, Mr. 
Chairman, for an expression of views on these matters. 

MR. SUGIUMA: That was rather a loaded question. I think 
wc might start with Mr. Bergvall. 

MR. BERGVALL: I can only hope that you, sir, will never be 
›Iged in such narrow quarters that you feel whether the room you are 

is a multiple of four inches or a multiple of two inches. 

MR. DAVIDSON: There is no disputing whatsoever the fact that 
m human being sits on a chair of a certain height for his greater comfort. 
l'here is no disputing whatsoever that the worktop has such-and-such 
height. There is no necessity, in any modular system, that these 

eirnensions should change. The question stems, perhaps, from a 
1121eunder3tanding, or a slight over-simplification that may have occurred 
•4 the discussions -- namely that the modular space within which you 
%Ire in a modular building has this inescapable four-inch grid throughout, 
11Clich you get hung up on every time you move. This is not the case. 
'14. cloular coordination is an eminently practical matter and nothing more 
bilan that whatsoever. If, for example, we are talking about a chair, 
the eventual modular dimensions that might be concerned in the free 
!tending chair is simply the plane of the legs upon which it stands. 
Ce fact that the top of the chair, the part that you and I sit on, 
>Pens to be 17-1/2, 18 or 20 inches is something that is decided 
n' comfort reasons and has nothing whatsoever to do with fitting another 
"4-lading component into it. If, for example, the height for a kitchen slnk or worktop is 35-1/2 inches and not the nearest modular equivalent 
Irhich is 36 inches, it is perfectly possible to get out of the implied 
.c,ittficulty by having a backboard on the sink of 1/2 inch or 4-1/2 inches 
4-11  height. Then the dimensions work out for tiling or for the next set 
ee kitchen fittings from there up. I think that this sort of comment 
ww.eals a rather serious oversimplification in the understanding of the 

'nodular grid. I myself resist, as I say, the notion that space is filled with 
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the four-inch grid. This would be absolutely oppressive. Coordination 
only matters where things actually join each other. It only matters, for 
example, when setting out parquet tile floor. Considering the wall over 
there, coordination only matters when building the wall. Dado and ceiling 
heights etc. are important. It does not matter where the chairs are. 

MR. BERGVALL: The four-inch grid has been mentioned, and when I 
introduced it this morning, you may recall that I talked about the 
important dimensions which give the building its form. These are the 
important dimensions that we are dealing with. The Danes and the Swedes 
refer to them as "decisive dimensions". So I think the dimensions to 
which the question referred are not the decisive dimensions in building; 
they are not the dimensions to which other components are going to be added. 
It is really this additive process of building that we are concerned with, 
and it is ibis  additive process of building which creates many problems for 
us, especially, if the addition is not correct. 

THE FLOOR: My question is directed to  )fr.  Davidson. At the end 
of his talk he was about to speculate an the future, but he managed to escape. 
I would like to hear what he has to say about the future application of modular 
coordination in industrialized building. 

MR. DAVIDSON: I am not the person to answer a question about module 
coordination so much as the implications of industrialization in general on the 
future of the industry. I happen to be opinionated about this, but I would 
much rather that this came up at about five minutes to five so that I could 
escape qnickly- before it bounced back at ne. I happen to feel that something 
really much more alarming is taking place in the building industry than, in 
fact, we realize. I myaelf become rather concerned when questions of  arch-
itectura] education  ce up, precisely because of what I am about to say in the 
next moment or two. To illustrate this: consider any industry in a state 
of change and looking outside of it we may see that a certain number of things 
are happening. If we look for  xample at the meat business, we think back a 
few years to the time when we had the local cattle grazer, the various neighbor-
hood wholesalers, the corner retailer and various shops of that sort. Wa went 
and bought our meat conveniently at the corner store. Over the years, the 
meat business has changed completely. It has changed to being big business, 
with big ranches, freight trains carrying millions of head of cattle, central 
packing stations and super-markets. Of course, the only corner shop that has 
survived is the specialty shop, the kosher butcher for example, providing a 
specialty-service. Now, there is nothing unusual about this, because when 
agy industry changes, when agy industry starts being exposed to the kind of 
competition for capital resources and for funds, which is typical of this 
particular day and age, we find that the participants in the building industrY,  
as in agy industry, look for new ways to behave. They look for new, compre-
hensive roles to play. I am suggesting that the only way the butcher could 
survive on a small scale is by being a specialty butcher. 

Now, I am too close to the building industry to see what is going on, 
but I am afraid that the architects are going to end np by being "kosher" 
architects. I cannot comment on the role of the contractors and the man-
ufacturers. 
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MRS. HUNT: I recall that about eight years ago, when I was employed 
bye large firm of architects in Winnipeg, they brought in people to advise 
US and demonstrate how to use the modular system. There was a big flurry, 
and we did a couple of jobs the modular way. I was fortunate enough to work 
in this system and I would ask Professor Kent what made the program stumble. 
Why did it fall down? It just petered away. 

MR. KENT: Eight years ago? I am wondering if the office is one 
that I know very well. I am afraid that I cannot comment intelligently upon 
what happened, since I just have not followed up the activities of the par-
ticular office that I spoke to at that time. Perhaps some of the local 
architects would like to speak on this. It could have been, very simply, 
that they found that no sufficient modular components were available at that 
time, and so they just stopped using the system. 

MR. BERGVALL: I am a little careful about giving advice in other 
countries, but generally speaking, if you want to promote modular coordin-
ation and are not content to sit waiting until it goes completely on its 
own, you must in same way break the vicious circle. One way-is to emulate 
the Swedish in their actions of 20 years ago. Then of course, very few 
People had felt the wind of industrialization strongly enough to care much 
about modular coordination. Sweden consciously-started out to see to it 
that the policy of the Building Standardization Institute of Sweden would 
be to issue modular standards through these 20 years. During this time, 
more and more modular products have appeared on the market in Sweden, and 
oo a stock of modular components was built up. There was no excuse any longer 
tor not using them systematically, and a campaign was commenced in this 
respect. This coincided with a degree of development within the Swedish 
building industry, that made it receptive to the idea of modular coorde. 
illation. The process of industrialization and prefabrication had advanced 
tar enough to make everyone aware of the necessity to do something about it. 
The conscious promotion was in the form of seminars  ail  over the country, 
together with an industry which felt the need for change. The response on the 
Part of industry was enthusiastic and gratifying. 

THE FLOOR: Mr. Dunstone, would computer technology assist in 
Perpetuating the necessary data and so on, to encourage more and wider use 
ce modular coordination? 

Mg.  DUNSTONE: If I get on to talking about the future of computers, 
we shall be here for the rest of the afternoon, but I think there will always 
be  rom, let us put it this way, for the man who constructs the computer. 
What will happen to the rest of us I cannot say. But undoubtedly, everything 
le moving towards ccoputerization. This trend cannot be reversed. Standard. 
.1.zation, industrialization, variety limitation, all these things are moving 
41  every field in the same way. You can see it happening all around you 
'1.1 the time. I think this particular trend is inescapable. This is the world 
41  which we live and are going to live, at a much faster pace than most people 
eealize. I think modular coordination is a thing which we must grasp in 
°Mar to use the benefit of the computer as soon as we possibly can. 

THE FLOOR: Could you tell us of a few books which are, or maybe available, on the four-inch module? 
)fit.  SUOIYAMit: Many books have been written on  this  subject. Perhaps Professor Kent could elaborate further on this availability of books. 
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MR, KENT: Perhaps I should start off with the cheapest one, which 
is the Modular Drafting Manual, available from the National Research Council 
for one dollar. The next higher in price, I think, would be the one on 
Dimensional Coordination published by the R.I.B.A. A bibliography is included 
in the conference kits. 

THE FLOOR: Thank you very much. I have one other question, invaire 
the French housing. Do you recall the prefabricated wall thicknesses for this 
French housing. I think that it is something between 15 and 18 centimetres. 

MR. BERGVALL: The particular French systems had non-modular dimen-
sions throughout and what the wall thickness was, I frankly cannot remember. 
The building regulations in Great Britain are theoretically based on perform-
ance specifications. They give certain guidelines deemed to satisfy national 
specifications, as the easy way out, if you like. As for party walls in betwean 
dwellings of different occupancy, the density equivalent to seven inches of 
concrete is deemed to satisy the specification. Seven inches, of course, 
is a non-modular dimension . In the case of the concrete system that I showed 
earlier, a conscious decision was taken to make  ail the walls and all the 
floors eight inches thick because of the other advantages in terms of standard' 
ization, even though it is recognized that 15% of the concrete is not being , 
utilized. Now there are other ways and means of making walls up to the nearee 
modular thickness, say, from seven inches up to eight inches, without increasing 
their weight. Usually these ways and means involve making such things as preP' 
arations in the concrete which may or may not be more expensive depending on 
how often the process is repeated, and what kind of equipment is used. But it 
may be that in a particular building situation the wall runs right through the 
building, including right through the outer skin, or perhaps related component° 
form part of the party wall system, going right through the underside of the 
weatherproofing membrane, say, and from front to back of the dwellings. In 
that case, the modular dimensions run between the walls, probably in modular 
multiples. But if the building situation is such that, in fact, wall thicknes°  
is critical, because  some  modular component runs past the outer end of it, then 

 someone must decide to go to an eight-inch wall and find the most economical 
way of doing it. 

THE FLOOR: I was, for a moment, surprised to see this type of housie 
Architecturally you can see the same type of housing in Germany, in France, an' 
in England if it is prefabricated, and in Eastern EUropean countries, such  as  
Poland and Russia. It is interesting to see that they all have had the sanie  
type of experience. 

MR. SUGIYAMA: For those who are interested in securing books, here 
are two of many good books available .  One is by Professor S. R. Kent, the 
ModUlar Drafting Manual and the other is Mbdular Coordination and Buildings, 
put out by the European Productivity Agengy, For those interested in seeing 
what sort of content these books have, they are available here. 



- 103 - 

I would now like to say something in answer to Mrs. Hunt's 
question about the continuance of an effort towards teaching and becaming 
accustomed to modular coordination. It is true that same years ago there 
was a similar campaign in Canada; Professor Kent was involved in it•  And I 
think that because there wsre not six Professor Kents in Canada, the campaign 
seemed to peter out. 

M. DAWSON: It is not quite true that the campaign petered 
out. Professor Kent has been extremely busy in all parts of the country, 
And he has been responsible for tremendous gains in and around Toronto. In 
tact, most of Southern Ontario is acquainted with the modular concept. Now, 
I would like to say this, that given that we recognize that higher productivity 
la essential to higher standards of living in our country; and given that we 
recognize modula  coordination is one means of increasing efficiency and 
Productivity, then we as professionals, architects, engineers, manufacturers, 
contractors and teachers in short everyone concerned with the building 
industry, has an obligation to do what he can to further this concept. 

The Department of Industry is cognizant of the need for increased 
Productivity in building. The matter has been discussed widely with 
espresentatives of the industry, especially the groups I have just mentioned. 
These discussions reinforced the decision to launch the BEAM Program, about 
Which Mr. Hindson spoke to you this morning. This program is being implemented 
Ilith the assistance of Industry Advisory Committeeswhich are made up of 
architects, engineers contractors, manufacturers, Zeachers and labour union 
representatives. BEAM is a continuing program, one that will not go into 
decline unless the industry itself does not show the interest necessary to 
austain it. 

In Canada, unlike some countries, the government is not in a 
Poaition to force the thing. We are in a position, however, with your 
co-operation, to provide some leadership and to create an environment 
Which is conducive to the development of any-worthwhile concept. It is 
important that industry-agrees that it is worthwhile. A further step, which 

may consider taking in the future is to encourage the formation of a 
MOdular Society in Canada, which will, if modelled after the Modular Societies 
ct England, Ireland and Australia, enable the industry itself to guide its 
cut Melle to modular coordination. 

MR.  A. NOBLE, C.M.H.C.: Let us step ahead in time a little, and 
consider that some general recognition in the building industrybas been 
given to modular coordination. Do you believe that this coordination should 
Intimately be extended to include the overall physical environment -- roads, 
Public services, etc., rather than to remain a system to be used in the 
coneideration of the individual building, which is something of an anachronism 
.111 our increasingly- complex society. Personally, I would say that probably 
4>0 little authority- is given to the relationship between buildings, spaces 
oetween buildings, etc. Maybe this applies particularly to downtown areas. 

MR. DAVIDSCK: I must admit that I au always a bit diffident 
about promoting the idea of a modular world in which to live, particularly- if it is 
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based on a four-inch world; I think it might be a little bit embarrassing 
sometimes. Important also are the types of tolerances to which one works 
in setting out roads and drains and so on, which are probably more than 
four inches anyhow. But on the other hand this is perhaps taking an 
immotile and simplicist view of the thing because there are undoubtedly 
situations where the complexity of relationships between buildings is such 
that there would be effective reasons for making a modular relationship 
exist between them. I think that in the traditional subdivision of single 
family houses, separated by Mother Nature and a few roads and service lines, 
there probably is no need for a grid smaller than the 100-foot unit or so 
that is divided up at present on this continent. But on the other hand, I 
would accept that in downtown areas this is no longer the case. It may also 
be that, in fact, we no longer have links between them. If we start moving 
into a speculative frame of mind, which I think you asked us to do you can 
imagine that the servicing of houses is done by total energy systeMs and 
such like. These have no links between them other than electricity power 
lines. And of course, the electricity power line is not in modules of one 
foot, but in modules of 100-yard reels of cable. 

MR. BERGVALL: I could add an interesting example there, in 
connection with the switchover to right-hand traffic in my country. In my 
home town of Stockholm, a lot of the pavement tiles were made up of squares 
of concrete, happening, I would say, to be exactly three modules by three 
modules. But very often, I saw people standing there with a chisel and 
hammer in hand, adjusting one line of these tiles to be, say, half an inch 
less. Precisely, only because a man, sitting in his office, who had made 
the drawings for the pavement -- the traffic lanes -- the pavement on the 
other side had not recognized dimensional coordination. He knew only that 
a proper pavement should be such-and-such a width and a proper traffic lane 
should be a certain width. Well, it would not have changed the functions 
of that street at all if he had left the workers to make up the pavements 
in dimensions that would have used full courses of the 3 X 3 module squares. 
That is a little example of haw the mere idea of dimensional coordination, 
whether modular or not, must penetrate through the whole business of building* 
I think our whole urban environments must be more or less dimensionally coor-
dinated, but not necessarily to a four-inch module. 

THE FLOOR: I, as a contractor, ask our visitors to our country, 
what steps have been taken to develop the skills and trades necessary to 
effectively install and develop the use of modular design on site. Has 
anything been done to educate the man on the job as to the methods of using 
modular design and the advantages, so that we in turn will not only install 
modular design components but also increase demand for it? 

MR. DUNSTONE: I think that in traditional building, the worker 
does not notice modular construction. He is working to four-inch dimensione 
instead of the 1'8 3/8”, and this is easier.  If we are talking about in-
dustrialization, I think, then, that the situation I was describing this 
morning occurs, The tradesman then becomes the erector and I do agree 
entirely that training is necessary to handle this. The modular concept 
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has to be understood  ail the way down the line. I think it has to be 
understood even in traditional building; it works easier if it is. The 
use of modular coordination only simplifies the work on site; it never 
complicates it. The present setup of craftsmen knowing their work will 
be adequate to deal with modular coordination in traditional building. 
do not think this can be confused with the different materials which 

are being used and which are coming into use for another reason. I think 
the pure dimensional side of modular coordination can only be simplified 
on site, can only be more simple to handle on site. 

MR. KENT: There is a very definite need for carrying the educa-
tional process onto the building site. And I think that it has a value 
for apy architect who is proposing to erect a building using the modular 
sYstem, that he not only have his office fully aware of it. but all the 
contractors who have bid on the job and the successful contractor who is 
Coing to construct the work. I recall that on one building in Toronto 
which the architect had designed in the modular way, the contractors did 
hot bid it as a modular job. However, when the job was under construction 
the foreman looked at the plans for some time and noticed they were a little 
different, and then he came to the project architect and asked, "Bob, what's 
this modular all about? 14111 you come and tell us?" And at that time Bob 
realized that the foreman and his lead hands were going to be receptive to 
the idea. So he phoned me up and we went on the job and explained to the 
general foreman, the carpenter foreman, the lead hands and so on, just what 
was involved in the system. And so the job went ahead with all the advan-
tages of a modular project. Now with regard to working with contractors in 
general, I might say that we find that they are the most receptive to the 
modular system. First of all, it does not involve any cost to them, it just 
eliMplifies their work. They complain, if you may call it a complaint, 
that they spend a little more time on laying out the project accurately. 
There is no getting away from the fact that the modular system does involve 
accuracy. But yet, once they have laid out the building accurately, they 
have reaped the benefits of this accurate layout toward the whole project. 
Another example I remember was on a job where a cabinet was not quite 
Properly located. This involved the cutting of masonry above and below the 
cabinet. As the architect pointed this out to me, the tradesman came along 
Ind saw the architect pointing out to me, a visitor, that there was some- 
thing wrong here. He asked what was wrong, so the architect explained to him, 
that if this had not happened, if a little more care had been exercised, 
then it would not have been necessary to cut the masonry. Immediately, the 
workman realized this as a bit of challenge for him in his future work to 
make things coordinate on the job. 

MR. DAVIDSON: I would like to take up what I think ie the second 
tacet of your question, namely the union aspect, which relates more to the 
industrialization part of this whole subject. I have three comments to 
Make. Firstly, anYhody who gets into industrialization, and uses non-union 
lebour in the factory is, from my experience, doing something that is really 
not worth the trouble. The amount of money that anybody saves in a factory 
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by using non-union labour instead of union labour, is not usually critical, 
and if it is critical, it means that he has not set up his production capa-
bility properly. This notwithstanding, I realize that, particularly in the 
United States, if you take a thing from one jurisdictional area to another, 
even if it is made with union labour, certain problems can arise. I would 
then switch my discussion with you for a moment to the second aspect. That 
is, that if you look at the work done in industrialized building in one 
country, it would be extremely unwise to transpose that, cold, to another 
country. For example in France, they have two unions for ai].  workers. One 
happens to be left-wing and one happens to be religious -- I presume that 
can be called the right-wing. But anyhow, be this as it may, questions of 
demarcation do not arise. So therefore, in France, you can quite freely 
fabricate a panel which has a bit of cement finisher's operations in it, a 
bit of the electrician's work, and a bit of the steamfitter's, and so on. 
And you get no problems. 

But if you were to transpose that experience to this country, it 
would be the first problem that you would be very wise to draw one's attention 
to, And indeed the technical answer that one would come up with would 
probably be quite different in order to avoid the demarcation. Which then 
brings me to the third point, which is that I am quite sure that a great 
many union problems could be avoided by decent communications between 
management, whatever one means by management for the moment, and the unions, 
however in fact they may be represented. I would like to illustrate this bY 
quoting an experience from a seminar course I was giving in St. Louis, in the 
spring of this year. In the course of talking about these things, my students 
were constantly saying, "Ah, but you cannot do it because of the unions." And 
after they had said this to me about twenty times, I said, wde will get the 
unions in and see." We managed to get  some  people up from Carpenters' District 

 Council of St. Louis, and it was the first time that union representatives he 
ever gone into the School of Architecture in St. Louis. I am willing to take 
a bet that there are no schools of architecture even in this great country 
that have union lectures as a regular part of their curriculum. And this I 
regard as a major calamity, and something that we should really do before we 
talk about anything else, since in the end, if we make ourselves more efficient  
it is fine for us, but there are more union members involved than there are 
people in this room, and people like us. 

MR. BERGVALL: First, I would tell you that we have had rather little  
of that kind of problem in ray country. But just to show the wisdom of the mee  
that was suggested, I will tell you that 25 years ago, when building standard-
ization was starting in Sweden, we invited the labour unions to have represent' 
atives on the board of the Building Standards Institute. This was  the  first 
official institute of its kind in our country to have people from labour on , 
their board of dire. And that immediately created an atmosphere of mute). 

 confidence, as you will understand, and made it possible to go further. 

Final1y, the whole question of labour is closely tied up with the 
question of education of labour for the industrial age as a whole. I 
agree with you that you could not copy our experience; it is only quoted 
as a piece of information which may have value for you. The Association of 
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Contractors, in co-operation with the unions, has seen to it that courses 
are given for the education of building labour. They must have their 
education in the saine  way as all other people, other specialists, in our 
Country. A quite new type of building labour is now appearing, and these 
People should be educated jointly, according to this pattern, by the 
Association of Contractors and the labour unions; there is the proper place 
to teach modular coordination. 

THE FLOOR: I would say it is one of the facts of life that, when the 
workmen have a better education, they- want to have more money. I think it is 
wonderful that the man gets a better education, and that is important, but I 
think an the other hand that labour may become more expensive. 

MR. DAVIDSON: It may be rather dangerous in this country at the 
eoment to talk about something we do in France, but I would risk doing that, 
and saying, to my great shame as an Anglo-Saxon, that whenever people in 
France talk about industrialization they talk about improving the lot of the 
worker -- improving his quality as a consumer, improving his income. Now, 
whether you educate the man or not, you have got inflation on his side and 
against you. You might as well educate him so that you get proper value for 
eoney, if I can put it in these terms. 

A CONSULTING ENGINEER: I want to ask a very simple question. Haw 
Wes the figure of four inches decided upon for the basic module? Wàs it an 
arbitra  ry choice? Does it have overwhelming advantages over agy other figure, 
and  what is the metric equivalent of the basic module? 

MR. KENT: One of the requirements of industrialized building or 
the manufacturing process is to reduce the number of variables. On one hand 
Ile can reduce the number of variables so that we do not have sufficient 
flexibility. On the other hand we can state the number of variables to such 
ki extent that they become an economic disaster. So, somewhere in between, 
re  have to have sufficient flexibility, and yet on the other hand not too 
great a flexibility. I should really throw this back to Mr. Bergvall, who 
eede a comprehensive study for the Swedish Manufacturers' Association when 
th ey came up with the 10-centimetre module. This begins to introduce the 
&newer to the second part of your question. 

MR. BERGVALL: I think we could go back to the four-inch module 
first, because that was the very first module, in the modern industrial 
(sense of the word, that existed. It was invented in Boston by Alfred Bernie.  
llow the reason they chose four inches at that very early stage was probably 
JUSt the result of subjective suggestion. It must on one hand be small 
lnough to allow for flexibility, and on the other hand large enough to allow 
4or agy kind of limiting the number of variables. The example I gave you, 
nout the architects not being able to discover whether their drawings had 
°-een adjusted to four inches or not, shows that this is probably the right 
choice. Now, as for the particular choice of 10 centimetres, the equivalent 
to four inches in the "metric" countries of Europe and particularly my awn 
Country. At the beginning, I must confess, we might have adopted the then 
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existing, and possibly existing even today, German system. In a nmetricn 
country a lot of the already existing sizes will be multiples of 10 centi-
metres. Therefore the effect an costs of choosing 10 centimetres was 
definitely considered, as far as one could calculate such things. It seemed 
less if 10 centimetres was chosen than if 12 1/2 centimetres was chosen. 

I think this is the reason why the idea of a 10-centimetre module 
took on so rapidly in all umetrie countries. So that with the exception 
of Germany, there is not one "metric' ,  country in the world concerned 
about dimensional coordination which has adopted anything else but the 
basic module of 10 centimetres. Not one! Then the nearest inch-foot 
system equivalent to 10 centimetres is four inches. These are not 
identical but it is fortuitous, nevertheless, that the work on modular 
coordination, which during the war went on in Boston, U.S.A. and in 
sevsral parts of Europe, in those countries who could devote some effort 
to it, proceeded principally along the same line. We came over here in 1946 
and could compare in detail the work they had done in Boston and the A.S.A. 
62 study on modular coordination. We found that, even with the difference 
between four inches and 10 centimetres, we had independently arrived in 
nearly every detail at the saine solutions. It was most revealing and 
interesting. I think that answers your question. 

MR. BRIAN AKINS GENERAL CONTRACTOR: I have a question that has 
not been brought up so far, and it is about the adaptation of our existing 
building codes to assist in the implementation of modular coordination. I 
would like, I think, to address this to Mr. Dawson, because his department 
could perhaps put pressure on other government departments. The National 
Building Code has been used as a prototype and guide in most of our 
communities, and we have an adaptation of it here in Metro Winnipeg. Because 
it is not accepted in its entirety, difficulties are created. To take a 
simple example -- exit doors and frames. A three-foot exit door with 
rabbeted door frame is non-modular to the outside of the door frame, 
which is the important measurement an the component. Also, masonry 
veneer, on a wood frame structure requiring a minimum six-inch size, creates 
difficulties in a modular sense. Is anything being done about this situation? 

Nit.  DAWSON: We, in Canada, have a National Building Code, and we 
are very fortunate to have such a code, for not many countries are so favoured. 
However, the National Building Code has no legal status and is adopted in a 
community or municipality strictly on a voluntary basis. I hope that 
Professor Kent will carry on this discussion, because it is a most important 
one. Although I would rather give the National Building Code more credit 
for not being as restrictive on the subject of dimensional standardization 
as Mr. Akins suggests. Now, I have no doubt that the example you quoted 
is correct, and that being the case, then something of the nature of change 
must be implemented to allow the development of a modular concept. It has been 
recognized that the National Building Code may be restrictive in areas such as 
you have outlined, and in areas relating to the industrialization of building. 
For that reason, one section of the BEAM Program is addressed to an examination 
of codes and building standards; by that, I mean quality and performance standecw 
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rather than dimensional standards. 

I think it is true to say that due to pressure of other work, this aspect 
of  the BEAM Program has not developed as rapidly as the aspect of information 
stems or the part on industrialization of building or that of modular coordination. 

We do recognize, however, that there is a difficulty in this area and I think that 
this matter will be dealt with, or at least work initiated in this area in the near 
Azture.  The  formthat fUrther work would  talcs  would include the appointment of 
a fourth industrial advisory committee. The make-up of this committee would be 
much the same as the others. 

At the present time we have gone forward to the extent that certain 
MeMbers of the consulting engineering and architectural professions have asked 
to be considered for membership on that industrial advisory committee. We look 
forward to a great deal of interest from them, and a great deal of advice, so 
that if amendments are proposed to allay for adaptation to new techniques and 
eystems such as modular coordination and the development of prefabricated 
bnilding sections, such proposals will be made upon sound and factual grounds. 

MR. KENT: I am certainly very pleased to have this question put 
before us. I  must  say it is the first time that I have known of the existence 
at details of the National Building Code which have hindered modular coordination. 
1 see Stuart Frost down in the audience there, and I am reminded that when he 
as  with the National Building Code, he and I were working out one phase which 
we hoped would cover all situations. Cbviausly Stuart, this has not happened. 
80, may I suggest that if at any time you find anything in the code which is 
reetricting you in your use of modular coordination, you do inform the secretary 
or the National Building Code, so that he can bring it up before the Associate 
Committee. And I can assure ycu that the chairman and his staff will try to 
Propose a solution to the problem, and try to get it adopted by the Associate 
Committee. 

MR. BERGVALL: I might add a few words about haw these problems are 
ettacked in Europe. There is an increasing recognition of the fact that 
building codes must not only be nationally unified. They must at least be 
internationally harmonized. People are talking about the large market from 
!European point of view, and you might like to consider Canada and the United 
etates a large market in the same sense. If you do not have the same codes 
there, how big is your market? The second point I want to make is that in 
these international discussions about building codes, it has clearly appeared 
ae necessary that the building regulations be written as functional requirements' 
Performance codes. But, our knowledge of performance standards is in magy 
eeepects so piecemeal today that we can only describe this requirement in very 
R.neeral and very vague terms. This creates an opportunity for different 
ukterpretations in different local quarters which is something which must 
absolutely be avoided if industrial production is to be promoted. Therefore, 
aee way out is to formulate codes as accurately as possible, based on performance 
ePecifications. Add to that a number of examples of construction which the local 
anthorities should accept, and make it possible for anyone who  ce  up with 
nYth:bNg new and unusual to have it accepted once and for all by a central, 
eaPartial authority. 
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The third point I want to make refers to what was said this morning 
about integration of the building process and the increasing importance of 
installations of equipment etc. This means that it is not enough to see to 
it that local building authorities do not have any odd local ideas about 
spacing of studs etc.; but also that no local plumbing, electrical work, or 
other regulations exist to the detriment of the nationally accepted standard. 
This is a requirement for the industrialization of building. Of course, matte this goes rather far, but I think it is proper, when you have brought up the — 
of building regulations, to show what kind of building regulations systems are, 
needed if you really want to promote industrialization of your building induzvu .  

MR. BOWMAN, MANITOBA DMULOPMENT AUTHORITY: I am an electrical 
engineer, and as such I have no criticism of the building industry en-
deavouring to achieve some standardization. But as an individual, I would like 
to put forward a plea for some simplicity-in the language used. I can think of 

 very few more clumsy, expressions for what you are trying to achieve than 
"modular coordination", if all you really  mean is standard units. Can you 
not get a little bit closer to that type of simplicity? The very word 
"module" seems to me to have same connotation of volume, or at least area, 
when in fact you seem to be using the expression as purely linear, a single 
dimension. 

If your unit is to be used today as the brick has been used for 
hundreds of years, why not just call it the new brick? Or if you want to u$e 
the module, call it the "four-inch unit" or "sub-unit". There already 
is a four-inch unit in the language. It is used for measuring horses and it 
is called the hand. Is there not some justification for talking of a 
new brick of three or five or eight hands rather than some coordinated 
module? It has this additional advantage, that the word in French would 
allow you to use the same symbol "MM against 3M, 5M or am size. 

MR. DAVIDSON: I have every sympathy for the point you just raised, 
because since we landed on the East Coast here, we have been interviewed by 
television and radio reporters who start  ai)-  their conversations with us by 
asking "To the man who listens over his lunch pail, what is modular coordinati  
And of course, there is a ghastly  pause. 

oe  MR. DUNSTONE: I think this raises the greater problem though, that., 
nomenclature as a whole. And I think that as we move into this computer fiee. 
more and more, we are going to need a definition of terms, and these terms berv  
got to be fairly simple. I agree entirely that "modular coordination" is a 
clumsy term. It bas come down to us from somewhere. No doubt Mr. Bergvall 
could elaborate on this, but it does pinpoint the necessity to have these 
terms defined and used in their proper context. 

MR. BERGVALL: We found the necessity for exact definitions several 
years ago in international modular work, so that the term module, basic male!' 
multi-modular, modulation, etc. could mean exactly the same in France, Englior 
Germany, Russia, etc., with the proper translations. So we made up a documeom  
called the Basic Principles of Modular Coordination, which has until recentl/ 
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been the basic foundation in our work. 

At the I.M.G. Conference in Paris the week before I left for Canada, 
we made some additions to that, to catch up with the development in later years. 
And that will very soon be published in one way or other and made available to 
various sources. One channel from which it will be distributed is the Economic 
Commission for Europe of the U.N. There, for instance, the terms are defined 
end the whole concept of modular coordination described rather shortly, but 
on the whole, accurately. 

MR. KENT: Since the word module has come up, perhaps I should put 
it in its historical context. That is, in the orders of architecture, where 
the module was the diameter of a column at its base. Wb happen to have a 
column  over  there beside that window, and if we take the diameter of that 
column, this then becomes the module. In other words it is a repeated unit 
of which all other parts of the architectural order become a fraction or a 
Multiple. It can be of any dimension, depending on what scale the column 
haPpens to be. And I fully agree with the questioner that this has created 
e great deal of difficulty in our whole problem of dimensional coordination, 
because of its inflexibility of size. So we try to bring it down by calling 
it a standard module, a basic module, or something like that. I fully agree 
that perhaps a hand or something else would have been a much better term. 

MR. V. SHUDULA, CHIEF ESTIMAM% SMITH BROS. &WILSON, REGINA: It 
hes been very interesting to listen to all this discussion about modular 
coordination. I am amazed at the lack of knowledge that some people have of 
its advantages. I think half the people today do not seem to realize that they 
ere using modular coordination every time they design a building. The concrete 
block and joint is 16 inches long, and the brick and joint is eight inches. 
The members of the panel here have given us a very good discussion today. They 
are trying to educate everybotr to the fact that in designing a wall, instead 
cf making it four feet, 10 inches, it is a lot easier to have it five feet. I 
think everybody here has seen window openings at three feet five inches. It 
%Ild be a lot easier to have them three feet, four inches without having to 
cut a lot of masonry. In brick heights also, this is just as easy. As a cost 
estimator I can see nothing but decided advantages in costs in modular 
construction. 

MR. SUGIYAMA: From the foregoing discussions and the talks presented 
today, it is evident that the problem of increasing productivity and efficiency 
in the construction industry is really a complex one that will not yield a 
eimple solution. It is a big challenge to the construction team, consisting of 
architects, engineers, contractors, manufacturers, suppliers and so on. Each 
.11-11 have his awn peculiar sort of problems, and each will have to solve them 
CdividualIy, but there is very definitely a need for communication between 
‘oese various people. I think that this is the area in which we all seem to fall 
eawo• Wb know what we're doing ourselves, but we very seldom know what the 
others are doing. Much work has been done to establish a module and, as 
e'rofessor Kent put it, the four-inch module is just right. It is neither too 
?Mall nor too big, and the metric people have adopted 10 centimetres (or 
4-00 millimetres). These seem to work quite well. The Department of Industry 
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is organizing these clinics, which are open to all people interested. There 
will be a large number of these clinics conducted across the country. 

In closing, I would like to compliment the audience for showing such 
a keen interest in these discussions and providing the necessary questions. 
think the Department of Industry required this audience's participation to 
evaluate the success of the conference. I would also, on behalf of the 
audience, like to thank the members of the panel and add my own personal 
thanks for providing so much information and for providing answers to the 
questions which you put to them. 
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Mr. K. Bruce introduced the panel and then suggested that 
questions from the floor, directed to members of the panel were called 
for. 

MR. FRED MINSOS, EDMONTON: We were getting pretty close to 
prefabrication this afternoon and I was wondering how the encroachment 
of the different trades would affect your system. In Swedish magazines 
I have seen complete bathrooms with precast walls, plumbing, fixtures, 
everything included and put into place, and I was wondering what 
effect trade unions would have on savings, because with these precast 
members it would be very simple to assemble and if the trade unions 
are as particular as they are here, it might offset the saving. 

MR. S. R. KENT: The question here is one of trade union 
involvement, and I think Mr. Bergvall might be the one to answer this - 
You are referring to electricians, plumbers, etc? 

MR. L. BEROVALL: First, I think I must draw your attention to 
the fact that it is very dangerous to draw conclusions as far as 
unions are concerned fram one country under certain conditions, to 
another country under other conditions. To answer the question more 
specifically as to how this new development was influenced by the unions 
our unions have taken precisely the attitude towards industrialization 
which in my speech I have asked you to take -- that you do not try to escape 
the inevitable. We must face it and make it work. 

MR. P. H. DUNSTONE: Trade unions in Britain hardly come into 
this problem yet. I think when they do they will be looking more at the 
overall picture of union labour. Union labour would work in the factory 
and on the site. The tendency would be for craftsmen to disappear and 
become erectors, and as long as they are picking up the money the men 
themselves do not mind. I think this attitude has simply got to be 
solved by the unions in  some  way. 

MR. KENT: I think I should make some comment here -- I think 
what is going to happen here is that there will be a very large block 
placed in front of US that has to be removed initially. However, I 
think given time and a little patience, this block can be moved. Recently, 
in the United States, there were two very important decisions Made in 
the Supreme Court. One was relative to a pre-made door and one was 
relative to insulation, prefabricated insulation on the building site. 
Unions objected to this and the Supreme Court upheld the decisions. 
I think these are temporary things, but certainly as part of the systems 
approach, one has to consider this as a major item. 
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MR. C. H. DAVIDSON: I would like to add something to the 
discussion so far about the unions. I think that this is very much a 
communications problem. Many times during my seminar courses in St. Louis, 
last spring, many of the American students would say, "But you cannot do 
that here because of the union." I strongly disagreed, and said, "liele will 
get the unions in and ask them." So we got the unions, and for the 
first time in that School of Architecture, and, I am willing to bet, for 
the first time in a great many schools of architecture, people, from 
the Carpenters' District Council in St. Louis in this case, came and 
teaked to the architect students and we found that in fact the unions 
had sensible things to say, and, had it been in fact adopted as a policy 
to discuss these problems with the unions at a very early stage, we might 
arrive at solutions better than the ones we were thinking of ourselves. 
These would, moreover, have the value of being agreed to by all parties. 

MR. DUNSTONE: Because of good communication between labour 
&nd employers, agreement can be secured on these points. For instance, 
rePresentatives of the Building Labour Union have been on the Board 
of Building Standardization ever since that institution started twenty-
five years ago. 

MR. BRUCE: Since this discussion is involving industrialized 
building, I think it would be wise to just mention that in the BEAM 
Progrmnthere is an Industry Advisory Committee on Industrialized 
Bnilding and on this Committee there are representatives of both the 
eaJor unions in Canada for the very purpose of improving communications. 

MR. MICHAEL PALMER, DIAMOND, CLARK AND ASSOCIATES, EDMONTON: 
1e not the key in industrial building jointing techniques? If you have a 
number of competing companies developing different jointing techniques you 
get waste being built into the whole concept. Because of this the economic 
advantagee of industrialized building are lost. Unless you develop some 
uniform jointing techniques you eliminate some of the advantages of 
industrialization. 

MR. DAVIDSON: You are absolutely correct. I am in fact 
Involved at the moment, in England, in a project under contract for the 

Research Station to see if it is possible to produce standards. 
we have a number of school systems in England which grew up independently, 
&nd I believe I am correct in saying that the only standard interchangeable 
boMponents in these school building systems are the doormats. I am finding 

' 1'om my experience on jointing, that this is not only a technical question 
nut also one of the ways decisions are made -who makes the decisions. 
The decision on the job is usually the last of a whole lot of decisions 
otarting with manufacturers way back who decided to use certain materials 
121 certain ways and so on. I cannot say that this answers this problem. 
1  must say that I think this is where modular coordination gets 1113 tO, 
Ind we have to get on from that. 
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MR. BERGVALL: This is precisely-why international modular 
groups, having agreed upon the measurements, etc., have now taken on 
the study of international conventions on jobs. So you touched a 
very important subject. 

MR. J. SISSONS, VICE-PRESIDENT, MEDICINE HAT BRICK & TILE LTD.: 
The question was raised a few minutes ago by Mfr. Minsos with regard 
to the unions and their place in this unfolding trend, and I think it 
could also be asked regarding trade contractors. I think that they have 
similar definite interests in their present position and I would like to 
ask that  saine question but using trade contractors. What will be 
their position and what is the experience of the panel in that regard? 

MR. DAVIDSON: This is a new type of question for me, and I 
think a very  valid one. I think it is inescapable in any  nerf  method 
of building that new kinds of organizations are set up. I think it is 
inescapable that the specialists (trade contractors, sub-contractors) 
have to establish some kind of relationship with some other group of 
people in the building industry. This  may  mean that you get a consortium 
of trade contractors, not within one trade, but spreading across trade 
barriers. This, I think, might be one solution, or you may get special 
relationships between certain trade contractors and certain general 
contractors, I really do not know. I do not think it matters what the 
organization is, as long as it is more integrated than this organizational 
situation which exists at present. 

MR. DUNSTONE: I think you have two situations here, one where 
you use modular coordination in a traditional sense, and here you have 
the initial situation where your trade contractor worries about it and 
it probably goes easier. On the other hand, you have this change to 
industrialization, where the trade craft skills tend to disappear and 
the erectors take their place. This is another thing altogether; it 
is a trend of the industry, a trend in which we are all bound up. The 
only fear of change arises insofar as there would be this change from 
lots of trades putting building materials together, as they have in the 
past, to industrialization rather than modular coordination; and in 
the industrialized sense, of course, the individual trades will tend to 
disappear. 

MR. V. DELANE, CALGARY: I would like to ask Mr. Bergvall - he 
mentioned, in his talk, multi-modular scale, and in there he included 
the 15M unit in a bracket - Is there some doubt about the inclusion of 
this? 

MR BERGVALL: You obviously understand that the more flexibility 
in design required for certain types of buildings, the smaller multi-
modules must be. Now say, for instance, that certain systems for resi-
dential districts in Edmonton operate, some of them, on a 3M basis, 
and some on a 6M basis. Now it is very- important that 3M and 6m, one a 
multiple of the other, are chosen, because in that case all of the 
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components could very often be interchangeable. It is this requirement 
of interchangeability that has led us to the establishment of the fact 
that each multi-module should be a law multiple of the next lower 
multi-module. This is why you find 3,6, and 12. Now 30 and 60 again 
are not directly multiples of 12, but that does not matter because 
they are for quite another type of building than those for which 3M, 6 4  
and 12M components were foreseen. Now, in the international agreements, 
sometimes you have to make deviations from the pure scientific findings 
and be a little diplomatic. Also, the fact remains that in all European 
countries  they  make extensive use of 15M components. Therefore this 
Was accepted in the international agreement, but only in brackets, 
thereby making it understood that these should have less preference than 
the others. 

MR. R. CLIVER, EDMONTON: There has been much written and 
discussed on the changing role of the architect to be compatible 
with the demands of today's society. What change, if any, do you envisage 
in the role of the architect if modular coordination eventually becomes 
an accomplished fact? 

MR. KENT: We are assuming that we are going to be working 
with more and more standardized components. One of the problems that 
we are facing is that the architect has not concerned himself with 
the standardized components that are available to the building industry. 
I suggest there is going to be a new role for the architect when modular 
coordination becomes an established fact, as we are going to be working 
with more and more standardized components, and working directly 
with the manufacturers in developing these standard components. These 
are going to be of the desirable qualities and the type of performance 
that can be used with degrees of variety, which is really what we are 
striving for. 

MR. BRUCE: I think the question was more in terms of the role 
cf the architect within the present building organization. 

MR. BERGVALL: I must say that the mere introduction of modular 
coordination as such could not interfere with the role of the architect 
in the building industry. It would agy simplify his work if 
Modular coordination were the only change that was to take place. I do not 
think that the clients, represented by the architects, should direct 
the development of new products. Because usually they-do so 
tor specific projects, and that results in products that are only 
suitable for that project, and thus are probably to be produced on a 
comparatively small scale. I think that the manufacturers of components 
MUst copy the development of new products from other industries, 
discuss technical ideas, sort them, assess their value, assess 
What gains can be obtained from them. The next step is to put these 
things  in your drawing office or laboratory and subject them to a number 
of tests. You can finally build a house where that rroduct is integrated 
In the way it is supposed to be integrated when lt appears on the 
Market. Then you increase your production a bit, so you can get the 
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market's reaction to it, and after having done that, you have the 
various production techniques for the various stages of production, 
and then ) finally, you are ready to say yes or no. This is, in very 
short terms, the method of development of products. 

MR. BRUCE: I think the role of the architect is still in 
debate. 

MR. DAVIDSON: In any wide industrial spectrum the various 
roles that people play are constantly changing. The change can happen 
in many.  ways - same people expand their roles up to include the 
activities previously done by other people, or you can get people to 
introduce themselves into this conplete sequence because they have 
thought up some new specialty service. I tend to think that in the 
building industry, if architects go on behaving the way they used to, we will 
end up being specialists. I suspect there are a whole lot of new roles 
that the architects can play which are well worth playing, and if played, 
the architects will have a tremendous leverage in the building industry. 

MR. BERGVALL: Talking about new roles may draw our attention 
a little too much to organigrams. What use will there be for the 
architect in the future societyl What kind of work will be performed? 
In a wide sense, is the architect a specialist? We will always have 
a need for him, you can call him a landscaping architect, a building 
architect or an industrial designer. There is one trend in the 
building industry which deserves to be emphasized, which is that 
this  ne  w industrial evolution can direct the architect to create the 
things he has a specific talent for creating. Even within this new 
organization of the building industry the architect has a great opportunity 
to play a very important part. 

MR. KENT: I am thinking of a panel in which I took part a few 
months ago, on school design. In this case the problem was to standardize 
school plans or standardize components for schools. I think we all 
recognize the way in which the client becomes short-changed in the 
standardized plan. Standardized plans do not serve the purpose which 
they- might. On the other hand, where we are working with a series of 
components which are standardized and are modulated, the architect then 
has the opportunity of providing a complete range of flexible plans 
to meet the varying needs of, in this case, schools. At the saine  time, 
the owner is benefiting from a standardization of the building process. 
In this case the architect, working with a series of modulated components, 
is working with a different form of freedom than he had before and yet 
it is a different role than that to which he had been accustomed. 

MR. BUTLER, EDMONTON: My question is directed to Mr. Kent 
and Mr. Dunstone. I would be interested in knowing the status in 
England of the acceptance of the metric system and also what the present 
status here in Canada is. 
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MR. DUNSTONE: The situation of "metric" in the U. K. is that 
for manyysars the whole of British Industry has been lobbying with 
successive Governments to change to "metric". The Government yielded 
eventually to this pressure and agreed that the U. K.  should go "metric". 
The construction industry was one of the first to change and the 
British Standards Institution became the focal point of this change. 
A program has been agreed on by all sections of the construction 
industry for the change, which has already begun, and as of the end of 
1968 all contract documentation and drawings are due to begin to change 
to the metric system. They are due to be completely in metric by the end 
of 1972. The change is without the pressure of law, and most people think 
the industry will bear the cost, but of course it will not.; the taxpayer will 
The taxpayer will be paying for less revenue gathered from the 
industry as a whole and for the tax release in the form of new machines 
and this sort of thing. There will be no compensation at all to any 
eembers of the construction industry. If the implication of that 
question is: "Should Canada go metric before going modular?" the answer 
1.8 "No". By all means go modular as soon as you possibly can and 
leave the change to metric to the politicians when and where it happens 
to come uP. 

MR. KENT: This question was brought before the Department 
of Industry prior to this Conference, because we recognized that people 
would want to know why we would make two changes if we are going to 
go "metric" in the future. From the survey that was made by the 
Department it was determined that "metric" would not be introduced in 
the near future and that there would be ample time to cash in on 
the benefits, as Mr. Dunstone has said, of going modular in the immediate 
future, and then when the S.I. units come along we will introduce those. 
1 attended a meeting in Montreal recently and it was agreed there that 
metricu would only be introduced into Canada when the economic situation 
forced it. In other words, it would not be done on a voluntary basis 
simply for the ease of communication, it would be done on an 
economic basis. Many of us are thinking that this economic basis will 
not occur until there is activity in the United States. As we look at 
the activity in the United States we find that the American Society 
or  Testing ane Materials has now prepared all its standards with 

inclusion of metric units. We find that there is a U.S. Congressional 
committee with a budget of nearly $5 million to make a study on the 
introduction of metric and the A.S.T.M. is also preparing a guide an the 
change to "metric". Ford Motor Company has prepared quite elaborate 
brochures on the change to metric. So the general conclusion of the 
eeeting was that "metric" is coming and may be coming faster than we 
think. 

MR, DUNSTONE: There is a story going around 73ritain that the 
Pord Motor Company of U.S.A. has spent more on a feasibility study on the 
eetric system than the whole amont  Britain is going to spend in going 
"metric". 

MR. MCLENNAN, OTTAWA: I would like to direct this question to 
Ili'. Kent. I am curious about the schools of architecture with respect 
to teaching drafting techniques. I  knav you are taught to draft in the 
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School of Architecture in Toronto and I wonder whether training is given in 
modular drafting and if not, why not? And do the schools of engineering 
in Canada do anything about it? It seems to me that surely one of the 
most difficult things to introduce would be a knowledge of drafting 
techniques in the modular context. 

MR. KENT: To answer the easy part of that question first, I know 
of no school of engineering where the subject is being introduced. In 
the School of Architecture in Toronto - I'll begin with that one - we 
have had great difficulty - those of us who are actielly concerned with 
the building of buildings as opposed to those who design buildings, We 
recognize the need for modular, but it has not been until the 
last couple of years, when industrialized building has became the 
ninu thing for architects, that the students have recognized the need 
for coordination of the dimensions of the industrialized building. At 
the School of Architecture in Toronto, the students are instructed in 
modular drafting. In true academic fashion they are not forced to do 
modular work but I find they are coming around to accepting it as a 
recognized industrialized building process. In other schools of 
architecture they are  being instructed in the advantages of the modular 
system but as design philosophies vary in different schools of architecture 
I'm afraid the acceptance of modular systems also varies in different 
schools of architecture. Perhaps the situation will improve, as we 
are training scie of the staff members of the schools of architecture 
to assist in the follow-up programs to this series of conferences - a 
series of modular clinics. I would say that the staff members of schools 
of architecture are becoming more familiar with the subject, although the 
literature on modular has not been too readily available until two or 
three years ago. 

MR. J.A. DAWSON: I would like to follow through with the clinic 
aspect, as this question has come up at every one of these conferences. 
The Department of Industry, in co-operation with the Industry Advisory 
Committee on Modular Coordination, decided upon holding a series of 
clinics to communicate the modular concept in a way that Professor Kent 
had established and had been carrying out individually for a long period 
of time. The Industry Advisory Committee recognized  Professor Kent's 
work in this field and it was therefore proposed that we hold a 
series of clinics on modular practice. We hope to initiate these across 
Canada very soon. In this connection we have enlisted the services of 
a number of architects who are in practice and in the teaching profession 
in Canada. We have held two orientation seminars  under the direction 
of Professor Kent, to acquaint the architects with the publications on 
modular coordination and ways of instructing at the clinics - in short, so 
that they will all be speaking in the same general terms right across 
the country. The clinics will result in a broadening of the knowledge of 
the modular concept across Canada very rapidly. You people are very 
important in this program, and, given that we recognize the need for 
increasing productivity and efficiency in building, and that we 
recognize that modular coordination is one means to this end, I think 
you will wish to help us all you can. I certainly look forward to 
receiving your support and co-operation in this matter. 
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THE FLOOR: I would like to hear something an this  saine  subject 
from the United Kingdom and Sweden - what they are doing in their architectural 
schools on teaching modular coordination. 

MR. BERGVALL: First, I think it is necessary to make distinction 
here between the dissemination of information on modular coordination 
to people already educated for their proper roles in the 
building industry, and education. The latter means people who are being 
educated for various roles in the building industry. Both are equally 
iMportant, but the situation is, of course, a little different in both 
cases. What is important is that neither information nor education stop 
at that very nice level which you are talking about - architects and 
draftsmen - but should penetrate all through the building industry, right 
dawn to the people an the building site. The Swedish Organization of 
Building Standardization has started very much like you have done in 
Canada, with a number of courses and conferences where they have tried 
to bring people together and inform them. You must train properly in 
the modern way of building, and on that program the labour unions and employers 
can join together to see that labour is properly educated for industrial- 
tne buildings - and there modular coordination will came into it. 

MR. DAVIDSON: I do not think we are doing as much as we 
could in the U. K.  towards training people in modular coordination, but 
there are one or two things happening that are significant. The Modular 
Bocietyhas initiated a program of training procedures whereby a visiting 
team of people or body of information is sent around to schools of architecture 
which have requested the training program. A number of schools of 
architecture, in agy case, are dabbling in modular coordination in their 
curricula. As is often the case,  they  find themselves in this almost 
Inevitable collision between the design studio type of thing and the 
technical courses, so to speak, so that modular coordination is not 
getting the time it deserves in the schools of architecture. There is one 
thing, however, which is not absolutely relevant to modular coordination, 
but  I  think is very important, that is beginning to happen in the United 
Ungdcm. It is the use of mi&career courses on subjects such as 
building management and modular coordination for people who are in 
the prime of their professional life and who go back for a fortnight or 
«week and learn some of the things that have happened in industry 
since they- left school. 

MR. DUNSTONE: I would like to add one or two things. These 
are: First, that the Modular Society is carrying out one-day seminars 
throughout the country to deal with this question of modular coordination. 
These are drawing board exercises, where a set exercise is given and it is 
entirely a practical day. The other is that, of course, the Government 
does require that all buildings for it be modularly coordinated. This 
Means that within Government service architecte are getting a fair amount 
cf experience in modular coordination, and those outside who work for 
the Government are also becoming experienced. Therefore, we are getting 
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a body of experience going, and I believe we will see far more training 
courses all the way down the line in Britain. I believe that this will 
increase as we change to metric. The Construction Industry Training 
Board has in fact prepared a very good program of learning on metric 
in which I have suggested they-incorporate modular coordination. 

MR. E. LOCK, EDMONTON: So far, I have the distinct feeling 
that when you are speaking of modular coordInPtior and modular units. 
you are thinking in ternis of masonry and possibly prefabricated steel( 
Has anything been done to press the lumber industry to become modular, 
particularly in the domestic market and the export market? 

MR. BERGVALL: As a matter of fact, lumber is not a critical 
problem in this respect. You will remember that I drew your attention, 
in my lecture, to the fact that, for the conversion to modular coordination 
only certain dimensions had to be adjusted to modular dimensions, 
general coordinating dimensions of a certain product. Now with, say, 
a 2 X 4-inch piece of lumber, only rarely do these dimensions appear as 
general coordinating dimensions. It is usually intended to make up for 
a part of the similar structural element of the building, and that 
.totally functional element must meet the rest of the building with 
modular dimensions. The way in which ypu build up your wall should 
provide typical coordinating dimensions. Furthermore, 2 X 4-inch sawn 
lumber is just a raw material; when it is dressed and planed you might have 
other than 2 X 4 inches which are only- nominal dimensions. I think the 
same could be said for any number of other wood products. Plywood is 
still made into inch dimensions in Sweden because of our traditional 
export to England, but I hope that will change. The accuracy with which 
non-conventional building work is carried out in my country, and certainly 
in your country, is such that you will never ask them to treat these 
various products to fit, say the framework of timber that is erected 
on the building site. The difference between metric and inch dimensions 
has not caused much of a problem yet, but I can foresee the time will 
cone when such things will have to be taken care of. 

MR. DAVIDSON: You have put your finger on a problem here. The 
feeling is always, and it is a universal feeling, that the dimensional 
or modular coordination and its associated industrialization are nearly 
alwayu linked with concrete materials and components. There is no 
reason for this, and today I deliberately changed my lecture and 
talked about timber panels, fitting the windows into timber openings, 
to try and get over this situation. It does apply equally to 
prefabricated or pre-formed timber panels as it does to concrete panels. 

MR. BRUCE: The subject of the joints in building came up 
earlier and it seems it ià the joints in building we are wanting to 
coordinate. In general, a 2 X 4 and its 2 X 4-inch dimension does not 
interfere with the joints of a building, but if coordination is taking 
place, it may- be in the length of the units but not in this 2 X 4-inch 
dimension. We, of course, have the same thing in structural steel and 
to date structural steel I-beams and wide trans-sections in angle 
iron and so on have not interfered with modular systems at all because 
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these dimensions are not being added to, or being added to each other, 
neither are they being added to other components. Bear in mind 
that we are always thinking of building as an additive process. 

MR. DAVIDSON: I think it is important to remember that we 
are not talking about the world divided into little imaginary 4-inch 
cubes. A question that might have been raised would relate to, say, the 
relation between anthropametric dimensions and the 4-inch discipline. 
It might be argued, for example, that the ideal worktop height for a 
kitchen is not 36 inches but,say„35 1/4 inches or something of that 
sort and it would be quite false to jump to any conclusions that because 
the dimensions in the modular world are rounded off to the nearest 
4 inches  ail dimensions have to be rounded off to the nearest 4 inches. 
If 35 1/4 inches is the right height for a worktop, worktops must be 35 1/4 
inches even in a modular world. What you do about it is recognize that 
when a modular kitchen fitting is put into a modular kitchen, the top of 
the worktop is not a critical dimension at which  some  assembly operation 
is to take place. Possibly, for example, the back of the splash panel is 
the one  that matters,as it is going to meet the tiling of the wall. In which 
case, supposing then tnat 35 1/4 inches is the height for the worktop, 
the splash back should either be 3/4 inches or 4 3/4 inches unless there 
is some other way of getting around it. 

MR. DAWSON: I think that we are coming to the point in Mr. 
Lock's question - what he's really talking about is the development 
cr dimensional standards, not only- for single planks of lumber but for 
lumber millwork components, such as window frames, door frames, etc. I 
think the panel should address themselves to that point. I believe 
there is a Mr. Hayward in the audience and possibly- he might wish to 
Participate in this discussion. 

MR. HAYWARD: When we make windows for the normal stud wall - 
this brings out the point that you brought out - the distance, say, 
between three studs is 48 inches less 1 5/8 inches so that is the 
Module we use to arrive at a modular window size. When it cames to 
concrete blocks and brick, at the present time that is custom work for us, 
and we make custom window frames to suit the openings. Stud walls are 
more of an average production. 

MR. BERGVALL: That actually shows, I think, the need for 
kodular coordination. Your production for 16-inch-apart stud construction 
has certain standardized conditions to which you could manufacture; but, 
cf course, it is not an ideal situation that you have to produce one range 
cf windows for wooden houses and another range of windows for brick 
houses and concrete block construction, etc. Behind this whole idea 
18 the experience which could be learned from other industries, that 
if we want to rationalize our production we must provide for longer 
runs, continual production, etc. and this is what precisely can be 
done with modular coordination. 
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MR. DAVIDSON: The most interesting point that this brings up 
is that if the windows are going to be modulated onto a 4 inch module 
nominal size it might then mean that you have to change the wall construction 
as you no longer get studs always in 16-inch centres. Sometimes they are 
16-inch faces, particularly when you get doors and windows in each of 
the wells. If you are to get to a situation where the window standardized 
on the 4-inch module is going to fit indiscriminately into a stud, block, 
or brick wall, this presupposes that some conventions are drawn up by 
someone somewhere regarding a means of keeping the water out of the 
joints between the window and the wall in which it fits. This detail 
àhould be worked out once and for all on a standardized basis for either 
of the three neighbouring materials. This problem, I suggest, is 
organizational coordination as well as Just dimensional coordination. 

MR. KENT: This brings up another problem which was brought 
up earlier, and that is that the stud walls are made up of multiples of 
16-inch centres for the convenience of the carpenter, without realizing 
that  he was doing to manufacturing. The sooner we look at building as a whole 
and'see the effect of manufactured 'windows on the building and the ease 
with which we can change the centre of the stud spacing, then I think 
we are coming closer to solving the conomic problems. 

MR. BERGVALL: I only want to point out that, regarding the 
joints of the window and the wall, these are just fundamental standardization 
techniques. You will meet a number of such questions once you start 
standardizing various building problems. It requires that  yu  pay 
attention to all dimensional deviations that may occur or are allowed to 
occur. This is just plain commonsense. 

THE FLOOR: If we adopt the modular system into the building 
components and the next stage following that is complete industrialization, 
might we not end up in the country with a large chain of contractors, as 
happened in the food industry,where we have large chain stores, and in the 
car industry where the large monopolies have finally taken over all the 
smaller companies. I am just wondering if this is not putting the foot in the 
door towards future expansion of large monopolies. 

Na.  KENT: The question I think was whether in fact modular 
coordination is leading to the development of large corporations and 
putting the amall contractor out of business. 

MR. DAVIDSON: There has been quite a lot of talk in England 
along siwillsm lines. Anmmber of directions seem to be emerging. One 
is that there does seem to be an inescapable economic phenomenon leading 
towards the larger contractors doing certain kinds of jobs, but there 
is also the possibility that the middle-sized contractor can, in fact, 
handle even the largest jobs or take advantage of even the largest 
potential market situations by forming into various consortia or other kinds 
of grouping - and indeed  This  is beginning to happen in England. We can 
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see same of the typical forces to which we may be exposed and we may 
find untypical solutions to meet these forces. I do not think it is 
necessarily a foregone conclusion that you should have or that you will 
have very large contractors. The whole point of the modular business 
is to suggest that higher levels of efficiency can be attained without 
getting into, for example, a mail order, Sears Roebuck business, 
where you can get standardized buildings. This is not at all an 
inescapable consequence; there are all kinds of other sorts of consequences 
you may obtain. I think that being aware of these things now, we can 
Perhaps adopt a deliberate policy and shape the future in a more 
Positive way. 

MR. R. D. HINDSON, DEPT. OF INDUSTRY: I would like to 
refer to the question regarding the small contractor. I would like 
to begin my comment by quoting a passage from Omar Khayyam: "The 
moving finger writes and having writ moves on, nor  ail  thy piety- nor 
wit can cancel out a half a line, nor all thy tears wash out a word 
of it." I am suggesting that modular coordination will  corne in agy 
event, as well as the industrialization of building. Now, if the 
small contractor, or the practicing architect thinks he can prevent 
these things fram happening by opposing them, he will in fact be 
encouraging the establishment of the large complexes, the large firms 
that can contract throughout the country because they can, just by 
making corporate decisions, standardize and industrialize, and this is 
one of the reasons they are formed, and one of the reasons they are 
so successful. If the smaller operator can do this himself he 
might delay that happening. I feel confident that the email and 
medium-sized contractors can successfully meet the chelenge. 

MR. BRUCE: I would like to ask a question here on the relative 
value of modular coordination in traditional buildings. We seem to be 
always referring to industrialized buildings, but this may not be 
with us for some time, and we are still living with the traditional methods. 

MR. KENT: You have used this word "traditional" building, 
which I think is really a misnomer, because we are doing industrialized 
building to a degree at the present time, and what we have been talking 
about is a second or third degree development of industrialized 
building. It has been pointed out earlier that we are working with industrial 
components at the present time, perhaps much more than we realize. For 
the immediate future, all we are suggesting is simply that these industrial,- 
ized components, which are now being used, be coordinated dimensionally 
by the module. I might say this is something which we can do immediately 
with all the components we are using at the present time; then, as we 
develop our industrialized techniques further and the scale of building 
components increases, they too will become of modular dimension. 

MR. DAVIDSON: I should like to add something here; I do not 
wish to leave an impression that there is a sort of mystique about 
modular coordination. Certainly my experience is that it is really 
quite easy, and if you have any skepticism I am sure you will be cured 
in one day by attending one of the clinics. You may learn the modular 
behaviour that quickly. 
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MR. KENT: I object to being called an expert in modular 
coordination, because an expert is not needed in the application of 
modular coordination, and the more you get into it the more you will 
wonder, as I do, why it has not been adopted long ago. 

MR. CLARKE, CHAIRMAN: I feel  I must close this portion of 
the program by saying that although the expert advice we have received 
today is excellent none of it will work unless all of you here are 
determined to take an active participation in moving forward in the 
concept of modular coordination, industrialization or standard 
dimensions or whatever you wish to call it. 
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MR. D. B. SUTHERLAND: How well will the 20-inch module be 
adopted by the IRNES* project for school design in Montreal and how 
well will the 60-inch module reported adopted by the SEF* project 
in Toronto fit in with the concept of modular coordination? 

MR. L. BERGVALL: In my opinion the 4-inch module fits well 
and is a wise choice as a basic module. I do not know the reasons why 
the particular planning modules to which you refer were adopted. I 
could not say in this specific case whether they were a wise choice but 
I could certainly say that they are not in line with what the rest of 
the world would be doing in similar cases. 

MR. P. H. DUNSTONE: I would like to add something to this 
by referring to an example at the University of Cellifornia. The people 
sponsoring the performance refinements adopted a 20-inch planning 
module because they felt it gave the degree of fineness appropriate to 
university residential building space but, of course, there are likely 
to be refinements in this sort of thing as soon as further developments 
take place. For example, a nimber of the structural parts that go into 
a structure are quite likely to be 2M, and to fit such components into a 
60-inch or 20-inch space leads to all sorts of problems. There is no 
common factor between the wall thickness or column sizes referring equally 
as a multiple of 20 inches. 

MR. BERGVALL: This is in a way a question of proportion. One 
expects to have functional dimensions with a certain approximation, 
enabling one to operate with very few variations. 

MR. I. L. HAMILTON: Would you please advise us what form of 
administration was set up to coordinate modular construction between 
government, architectural and industrial bodies in Sweden (and else-
where if you have time)? This would help us understand how such an 
organization might be structured in Canada. 

MR. BERGVALL: Before I answer - I must advise that these 
things must be organized according to the existing pattern. Now, 
for instance, the architectural profession has never been so institution-
alized in my country as it is in Great Britain and to a certain extent 
in Canada. The matter of modular coordination has always from the 
beginning of 1942 been in the hands of building researchers in Sweden. 

* IRNES- Institut de Recherche et de Normalisation Economique et Scientifique, Inc ' 

* SEF - Study of Educational Facilities 
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In other words, it has often been the centre of research which has 
carried out the investigations and has been responsible for promotional 
work. For the time being the situation in my country is that everyone 
expects the building standardization organization to take a lead in this 
field. Denmark has a similar situation although there more is done through 
the Building Research Institute. In France, particularly, it is in the 
hands of the Building Research Institute. In Germany the situation is 
a little unclear because they were pioneers. They-were the first 
country to go modular but unfortunately they did it on a 5-inch basis (12.5 
centimetre) and now there is a battle going on within Germany as to 
whether they should abandon this or adopt the metric equivalent of 4 
inches (10 centimetres). 

MR. C. H. DAVIDSON: In the United Kingdom no administration 
of any kind was set up to coordinate the adoption of modular coordination. 
What really happened was that a modular society came into being in 1953. 
What then happened was that the government understood the advantages of 
the modular concept partly through the meMbers of the profession who 
were in the modular society, and eventually the government decided that 
all government buildings would have to be on a modular basis. Now, of 
course, the government has incoporated the modular idea in its change 
over to metric. In fact, the answer to this question is really that the 
Modular Society is the only central body containing representatives of 
all professions and sectors of industry and was largely responsible for 
the adoption of modular coordination in Britain. 

MR. D. W. THOMSON: Mr. Bergvall mentioned that in Sweden 
the Building Research Institute prepared a series of standards on modular 
cônventions for building components. In Canada we prepared an outline 
standard (CSA 31) which simply gives the terminology and states the 
principle of modular coordination. It was hoped that subsequent to 
this standard other standards relating to dimensions of building materials 
and components would then emerge based upon the A31 standard. This has 
flot  happened. So, in Canada we have only quality standards and we do not 
have dimensional standards for building materials. 

MR. PETER MIES: Would it not seem appropriate to wiopt 
Modular coordination in conjunction with adaptation to the metric 
sYstem; the module would then be 10 centimetres. 

MR. S.R. KENT: This question about adopting the metric 
system has come up from the beginning of our discussions on modular coordin-
ation. From the assessments we have made we cannot confirm that there will 
be any change to the metric system within perhaps the next five or 10 years 
at the earliest, although metric may be coming faster than we presently 
believe. The best plan would be to go nmodularn now and when our politicians 
have made up their minds to go ',metric", we can adopt the 10 centimetre 
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module with a minimum of adjustment. The switch to metric can only 
be made on the basis of a government decision. But our industry can 
go "modularn flow and then move to the 10-centimetre module when the 
decision on the metric system has been made. 

MR. BERGVALL: I am not trying to give you any advice on 
that point but I would like to add a few words which clarify the nature 
of the module. Whether you work to a 4-inch module or in the metric 
system to a 10 centimetre module, there will be no difference in the 
appearance of architectural drawings where these are drawings for the 
building site. Differences will only appear on detail drawings of 
components and in specifications. But there is no reason why in an 
inch country you should not be able to deal with floor components 
having a dimension equal to that of 36M as we are doing. This means 
that the dimension of the component is 36 X 10 cm and in the inch 
system it would be 36 x 4 inches. The fact that modular sizes can 
be very easily designated means that you must not necessarily abstain 
from modular coordination until the metric system is adopted. 

MR. DAVIDSON: In Britain metric has come about because 
industry lobbied successive governments to change to metric and eventually 
the government yielded to this pressure and did something positive about 
it. The construction industry is changing first, apart from the pharmac-
eutical industry, but the point really about the change to metric is that 
the whole of industry is changing. It cannot just be the construction 
industry. There is no point in just one industry changing. 

MR. J. R. SIMPSON: Wbat steps are being taken to standardize 
lumber dimensions, for example 2" ; 4" net, etc.? 

MR. BERGVALL: The question of lumber dimensions very often 
comes up in the discussion of modules. I would call your attention 
again to what I said in my lecture about distinguishing between general 
and special coordinating demensions. Now, the design of frame construc- 
tion in Canada really shows that the lumber dimensions are special coordin-
ating dimensions, the general coordinating dimensions of a wall being 
its thickness and its height. Therefore, the lumber dimensions have 
nothing directly to do with modular coordination. That, I think, is the 
case with most lumber dimensions. It brings up an erroneous image of 
modular coordination, in that a lot of us have the idea that all elements 
of a building have to be built to some module, whereas this is not the 
essence of the thing at all. The various elements that go to make up 
a component can be any dimension. 

MR, D. M. COWIN: Were any representatives of the building 
operatives invited to attend and, if not, why not? Secondly, what 
work is being done in relation to the following: (a) Tolerances and 
dimensional stability of components; (b) Modular sizes for building 
lumber? 
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MR. J. A. DAWSON: I think I should answer the first part of 
that question. A great many of the building operatives have been 
invited. Union representatives have also been invited and are present. 
The objective of having representatives of both union and management  
here is to broaden the knowledge of what modular coordination may 
mean to each. In this way some pitfalls arising from jurisdictional 
disputes may be avoided. 

MR THOMSON: Following from that, let us turn to Mr. Cowin's 
second question, Mdhat work is being done in relation to the following: 
(a) Tolerances and dimensional stability of components." 

MR. DUNSTONE: Work is to be done on tolerances and I think 
that when you have the clinics of modular practice here one of the 
things which I presume will be dealt with first and foremost is the 
whole question of the relationship between the nominal modular size of 
a building component and building, and the actual size and the actual 
position that it occupies. In various countries now there are standard 
modular guides. There is knowledge available in print on the various 
factors that go together to make the difference between the size you 
expect the element or component to have and its actual size. There is 
also knowledge relating to the likelihood of an extreme difference ever 
occuring. We are now moving into a stage of enlightenment in which 
components may no longer be adjusted and we find that we are having 
to cover a lot of ground very quickly. 

MR. CaWIN: This question was directed particularly to 
the manufacturing industry. If I ask people what 4 x 8 means they 
do not all say the same. 

MR. DUNSTONE: This very question was brought up in Modular 
Society Committee relative to the plus and minus tolerances in dimension 
column. I asked the committee chairman about it at the time. You may 
see the paragraph which has been inserted to the effect that where there 
is a possibility of dimensional errors occurring one must check with 
the supplier to make certain that all parts are the same size. 

MR. BERGVALL: I think the question also touched another 
problem - tolerances in relation to dimensional stability. This, 
of course, is most important for wood products. We have always let 
ourselves believe that a 4 foot panel is just four feet although it may 
not be. We must take into account the changes in dimensions with the 
changes in modular content. The essence of tolerances is that they 
should be kept within agreed limits. These agreed limits must then 
be related to specified moisture content and temperature. That is 
how it is done in the Swedish standard. 

IL..._ 

MR. DAVIDSON: I would add that while we are talking about 
tolerances, there is no virtue in fine tolerances per se. The question 
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of tolerances, as I mentioned, is a practical one. One of the 
consequences of this, for example, is that the person in charge of 
a closed system can decide how he is going to deal with any enquiry 
about tolerances. Another person working under a different central 
control might recognize that he is going to join his panels together 
by bolting, in which case he would then have an immediate concern in 
keeping tolerances under strict control. 

MR. BERGVALL: In certain cases some people have been very 
worried if a wall which is supposed to be 4 inches in thickness was 
insteadp say,3-15/16 inches. But, as a matter of fact, with a distance 
between two walls of 30 modules or even more these fractions of an 
inch have no practical importance. That means, you should not try to 
carry coordination on the theoretical level any further than it can 
really be handled on the practical level. The two must go hand in 
hand all the time. 

THE FLOOR: Have you any comment on modular application to 
building in schools today? I know Mr. Davidson teaches at university. 
With regard to Habitat it Expo, we have here a system of prefabrication 
and modular design which is uneconomic because it creates a fetish of 
expressing itself as modular design. I would like to hear your comments 
on this. 

MR. BERGVALL: Regarding the application of the 4-inch module 
to school design, we asked two of our leading architects in the early 
1940's, who together had designed a school, to submit drawings of that 
school to us. Then we had these drawings redrawn, one to represent 
exactly the drawings these architects actually had done and one adjusted 
to 4, 5 and 6-inch modules. We then invited them to take a look at 
the drawings and they were able to single out only one of their original 
drawings, the one redrawn to a 6-inch module. This illustrates that a 
4-inch module imposes so slight a difference that even a trained, good 
architect's eye may not recognize it. It also answers the question of 
those who want to use other systems of modules. 

The answer then is to choose what dimensions you like and then 
adjust them to the nearest 4-inch modular size. 

THE FLOOR: I am still looking for somebody to answer my 
question on Habitat. I simply took a number of careful looks at 
Habitat and asked myself, what is it that is being represented and who 
is it who asked himself the question. 

MR. KENT: Perhaps the questioner would like to know 
about the training of architects. There is the difficulty in introducing 
too many restrictions to the young student in developing a formof design. 
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As the student matures he begins to face the facts of life. He should 
then recognize that the production techniques and the materials he 
uses have to have some dimensional authenticity. How mature the 
student becomes depends on the degree with which he accepts the limit-
ations of material. I may say that in the schools of architecture 
it has been very difficult to talk on modular coordination simply because 
the students were not aware of the evolution towards industrialized 
building techniques. Now that industrialized techniques are becoming 
the "in,'  thing, students are beginning to take a much greater interest 
in modular coordination. 

MR. DUNSTONE: Not being an architect I would observe that 
with traditional materials we are to some degree already industrialized. 
This means that the architect of course is working under a disciplined 
angle with traditional materials. All he is doing is changing one for 
another on the module. I would suggest all this results in simplicity. 

MR. KENT: Being an architect by vocation, it is of course 
encouraging to see how important you think the architects are, because 
always when this question of training has been brought up it has 
always started with the question of how to train the architect, and 
that is only one little part of the whole problem. If you really 
want modular coordination to proceed successfully you must have a 
training program, not only among the architects but in all sectors of 
the industries including the building trade unions. That is very import-
ant. 

MR. DAVIDSON: In the more industrialized age of building 
in which we are now, there is close cooperation between the labour unions 
and the contractors' organizations. Those days are gone, I think, when 
you could just pick up anyone who was organized properly and use him in 
any kind of building work. The worker must be trained for the task of 
being a building labourer in the modern world, and one of the things he 
must have a knowledge of in that connection is modular coordination. It 
becomes a question of what education is available -- the education of 
people to carry out their role in the building industry; but it is also 
a question of re-education, of informing all those people who have 
already got their basic education in the building industry, but need 
to learn about industrialization and modular coordination. 

MR. J. A. DAWSON: Further to educational aspects of modular 
coordination: As you know, this is the fifth in a series of six corlferences 
that have been held across Canada. These have been designed especially for 
leaders of the industry, for policy makers and for union management. The 
objective has been to present modular coordination as a means of increasing 
productivity and efficiency in building. To increase productivity and 
efficiency is the duty of each of us here. 
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The Industry Advisory Committee to the Department of Industry 
on modular coordination has recognized the need for a series of clinics 
on modular practice as a follow-up to these conferences. These will be 
given in all parts of the country at the request of your associations 
and your institutes and so on, and also at the request of individuals. 
The object of these clinics will be to acquaint architects, engineers, 
draftsmen, building site supervisors, management people from manufact-
uring and labour with sound modular practice. In this connection we 
have enlisted the help of a number of potential instructors from the 
architecural profession across the country, on the basis of personal 
expertise and regional representation. Two from the Vancouver area are 
with us today. Further in this connection, we have had two orientation 
meetings directed by Professor Kent at the University of Toronto, with 
another scheduled for next month. These meetings are designed to orient 
the potential instructors toward using the saine  terminology in the 
instruction techniques at the clinics. Now, if we have, say, 50 of these 
clinics with an attendance of 30 at each we stand a very good chance of 
increasing the knowledge of modular coordination very quickly. I think the 
keyword is knowledge, the knowledge of modular practice. 

THE FLOOR: In this preamble on modular coordination, cutting 
costs of building construction is the target, and I think you will agree 
that here in B.C. the contractors and the design professions have had 
the finger pointed at them because of the high cost of building. I would 
like to know if, in the countries that use modular coordination techniques, 
there has been any significant reduction in the cost of industrial and 
commercial buildings? Has there been any comparison made? 

NE.  DAVIDSON: Speaking for Britain alone, there has been an 
elimination of waste. But, as far as I know no direct comparison has 
been made because in effect it cannot be made. You hardly ever do one 
building in a modular way and the same building in a non-mOdular way, 
so a direct comparison is very difficult. 

MR. DUNSTONE: I was in Washington a couple of years ago 
when this question was discussed. There was a general contractor at the 
meeting who gave an answer. He said that general contractors are in 
business to make money and when one cames across a modular design 
he is going to think how high can I put in my tender and still get this 
building? So until we get the whole industry familiar with the modular 
system and everybody is competing on the same baàis, we are not going 
to get a really meaningful answer to the question. 

MR. THOMSON: I am sure somebody-could quote  some  figures from 
the United Kingdom. 

MR. DUNSTONE: We are talking about the advantages of 
program production of buildings. I would not like there to be any- 
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one in this room who feels that all the buildings one talks about 
are necessarily modular. And, even if they are modular, the 
amount of cost advantage depends on all the things that Mr. Davidson 
mentioned, e.g., good management plus the size of the market for a 
given type of building symtem. Too often, the only thing that can be 
interchanged between many systems is, I believm, the door mats. 

However, even if we do recognize that program building produces 
savings in cost, it is then very difficult to determine how much they 
are. The very fact of introducing mechanical aids ensures an increase 
in quality in a nuMber of aspects. It is difficult to obtain an answer 
as to how much modular coordination saves but it does save quite a lot. 
Industrialization also results in significant savings. 

THE FLOOR: I would like to enquire - we are talking about 
grid dimensions and general horizontal dimensions - has the same thing 
been applied to the vertical dimensions of buildings and to landscaping 
etc.? 

MR. BERGVALL: There has always been some discussion as to 
whether modular coordination should apply to landscaping or not. I 
do not think that, so far, any particular production advantages from 
applying modular coordination to landscaping have been proved. The 
question of vertical dimensions has been discussed internationally 
and it is recognized that the most important vertical dimension is 
the floor-to-floor height. On the other hand, it is recognized that 
vertical dimensions, such as the height of a window sill, door heights 
and other dimensions which form a human point of view cannot be fixed 
using modules greater than four inches. Standards have been proposed 
for a number of limited internationally-agreed floor-to-floor heights and 
for a number of international room heights. That there must be a 
number of these heights depends on the fact that the traditions in 
different countries are so different. There has also been discussion 
about which dimension - the floor-to-ceiling height or the floor-to-floor 
height - is the most important one to be on a modular basis, as there 
are indications that you cannot have them both on this basis. Never-
theless, I can say that there is a certain clear predominance for the 
opinion that the floor-to-floor height is the height which is the 
most important one because there are so many components which are 
directly dependent upon the floor-to-floor height, 

When Sweden changed to driving on the right-hand side of 
the road, a lot of the curves had to be re-made because of the different 
patterns of traffic. However, the concrete blocks of which the pave-
ment covering was made happened to be 3 x 3 modules. At nearly every 
corner you could see people sitting measuring and chipping the blocks. 
Now, is there anyone who believes that it is of any importance if the 
curve had been so much wider and the traffic lane for the cars so 
much more. It simply showed that the people dealing with these 
things had no idea of dimensionswhatsoever. 
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MR. QUENTIN LAKE: Not one of your example organigrams 
failed to leave some one or some  minority "out in the cold". Also, 
the client was always one of these. What organization do you know 
now which leaves no one out in the cold? And, do you not believe 
that most clients can and should be knit into the organisation? 

NE.  DAVIDSON: First of all, not all of my organization 
diagrams showed the client being left out in the cold. In some 
cases it was the contractor primarily, and sometimes the manufacturer 
who was left out in the cold. Now, I do not know of any situation 
in a free Western market economy where everything is brought under 
one control. I do know of a number of examples from centrally 
planned economies. I do not think it is entirely necessary that 
everybody should be brought into a comprehensive organization 
though this might be desirable. The point is this: One must recognize 
that the building is initiated from a decision. One then has to 
recognize that technical decisions of a primary sort require some 
definitive stand to be taken on the organization that goes with 
them. This does not necessarily mean coordinating all of the people. 
It means taking some positive attitudes to the people who are not 
coordinated. 

We can speculate for a moment about the meat packing industry. 
The meat packing business, as we know, has changed from the status of 
having the local producer and wholesalers and retailers. This industry 
like many industries, has gone through evolutions and has evolved into 
large, fully integrated companies. The building industry probably will 
evolve in a similar manner, although not necessarily into single fully 
comprehensive units. 

If I may add something, comprehensiveness may not necessarily 
result in an economic advantage. In Britain where more people are 
integrated on the building organization, economies are sometimes not 
readily apparent. For example a local authority may design projects 
and hire the labour to build them. This often results in an absence of 
economy, 

MR. LAKE: After the choice of a large multi-module for 
structural elements, in which small tolerances are often very necessary, 
the provision of smaller multi-modules for other purposes could surely 
be tolerated with minus tolerances only? A set of plus elements results 
in an intolerable tolerance. In fact, is it not the case that both the 
extent and nature of tolerance on the largest multi-module will govern the 
remainder? 

MR. BERGVALL: The fact that for some components it is found 
advantageous to supply only  sonie  modular sizes instead of all modular 
sizes, which is the whole essence of multi-modules, does not imply that 
problems of tolerance for these components will be any different from 
those components made to meet other modular components. Now, the 
essence of tolerance in modular coordination could be said to be that 
the tolerance of each product should be negative with reference to 
nominal modular dimensions. 
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Otherwise problems arise when the manufacturers produce components that 
occupy a larger space than the modular space allotted to them. Generally 
speaking, components must always have negative tolerances, openings 
must always have positive tolerances. These two go very well together. 

The second rule is that you must be careful when you erect 
your components to see that each component keeps its station so that 
the dimensional devices of a nuMber of components built side by side 
do not add up to an intolerance either plus or minus. Now, this is 
not something which particularly arises with modular coordination but 
it is a problem with any type of industrial prefabrication, modular or 
non-modular. Now assume that the joint technique allows the variation 
in joint thickness to consume the dimensional deviation of the components; 
this means that the possible variations in joint thickness must be larger 
than the total plus tolerances of the adjoining components. This can, 
in most cases, be conveniently designed. But take the type of light 
wall element where the various components are side by side. There you 
have a situation where the joint widths may not be sufficient to 
absorb plus tolerances. Does that answer your question? 

MR. HOLBEK: I represent the prefabrication industry and 
I cannot sit any longer and not comment on the question regarding Habitat. 

The only thing at Habitat that was standard was the box 
size, The whole development of Habitat shows up a problem in our 
construction industry, and that is competitive bidding. As soon as 
Habitat was announced the precast industry made a representation to 
the EXPO management suggesting that it be developed on the basis 
of pooling all available knowledge. We were told that this was impossible 
because the project had to go out for competitive design. 

We have found time and time again that government jobs in 
particular have to go out for tender. There is nothing wrong with 
that but if a project were to be designed according to modular design 
it would be that much more competitive. 

I would like to ask the panel whether there are any positive 
steps which the government would take, other than what we have heard 
about from other countries, to implement modular design. 

MR., DAWSON: The Department of Public  Works in Ottawa 
now suggests the use of modular coordination but does not insist on it. 
I am sure there are people here today who, if the government, did insist 
on it, would object. I think I mentioned this morning that modular 
coordination cannot be legislated in our Canadian economy. If you wish 
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the government to do something about the situation, all you have to do is 
get together through your associations and ask the government to institute it. 

THE FLOOR: Would you comment on the mechanical systems and 
equipment going into these buildings? Will they be coordinated? 

MR. THOMSON: This is a most interesting point. Frankly 
I find it difficult to see how mechanical systems fit into the modular 
concept except in respect to the terminal units. However, possibly some 
of these gentlemen on the panel who have had considerable experience 
might know how it has been applied in other parts of the world. 

MR. BERGVALL: Let me cite an example of a building where all 
the water distribution, plumbing and sanitary installations were fully 
modular. We were quite aware that it was not sufficient for just the 
brick sizes to be modular. Of course, all these installations could 
be brought into the saine  dimensional pattern, but at that time it was 
necessary to see to it that the various parts, of which a certain 
piping system was one, should conform to the overall modular design. Now, 
when this was discussed on a wider European and world basis the manufacturers 
of such parts rejected the idea because they said that if you have a certain 
type of line which consists partly of various T - shapes, bends, etc., 
the most expensive parts are always these bends and T-shapes. The straight 
line is the cheapest part to purchase and to install. Therefore, you should 
make every component as small as possible for the sake of economy. On closer 
analysis we found that this did not necessarily hold true because if you 
think about it, the connections between these various parts are special 
coordinating dimensions which could carry the coordination. What is 
necessary is that this total system of parts does meet in a modular way so 
that it fits in a modular building and so that as large a part or section 
as possible of the system can be prefabricated. Therefore, I see no 
particular difficulty in including these mechanical systems in modular 
dimension. On the whole, I would say that mechanical appliances of various 
kinds offer an immense field for modular coordination hitherto more or less 
neglected. 

I made a study of window sizes a few years ago and I found generally 
that the top or lintel of the window was fixed relative to the ceiling. In 
the investigation I was making I found that the sill height often was 
related to the height of the radiator which was underneath the window. 
So I would suggest that where you do have this type of outlet equipment the 
height does have a determining effect on either the window sill or the 
window height. This illustrates that vertical heights of equipment, windows, 
etc. are related. In my study I found great discrepancies in these vertical 
dimensions. 

THE FLOOR: At the completion of one of ou  r previous meetings 
we had a presentation on French industrialized building methods including 
both open and closed systems. My impression, and that of others 
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attending this presentation was of the monotony of the systems. Is 
this an inherent danger of a highly industrialized building syetem? 

MR. KENT: In France, immediately after the war the 
government decided that they would not repeat tuberculosis, they 
would repeat buildings, It was imperative to have buildings, 
even if it meant taking short cuts. The fact that the buildings 
had certain characteristics which you describe as monotonous can, I 
think, be traced back to the fact that in asking the question and in 
answering it, a certain kind of person put up the answer. In France 
most of the building systems originated out of this. They did not 
have psychologists or sociologists on their staffs and French architects 
are not particularly interested in housing as a field. But a different 
country with a different housing problem with different kinds of people 
would come up with different answers. The best safeguard, in my opinion, 
to avoid or reduce the risk of monotony is in fact for architects to get 
involved in the systems coordination organization. Architects should 
have expert knowledge in dealing with this sort of thing. 

MR. BERGVALL: Very often modular coordination is blamed for 
the monotony of a lot of industrially-produced buildings which have not 
made use of modular coordination. The purpose of modular coordination 
is precisely to allow design freedom and at the same time to utilize 
industrial production methods and to avoid monotony. What you said 
about the French building systems shows what happens when there are 
industrial production methods without the application of modular coordin-
ation. 

MR. DAWSON: I would like to enlarge a little bit on 
the further aspects of the BEAM program as it relates to modular coordin-
ation. When we discussed this program at first with the Royal Architectural 
Institute of Canada, the architectural repeesentatives at that meeting said 
that they would very much like to design to modular standards but that the 
manufacturing sector could not supply modular materials. When we spoke to 
certain manufacturing organizations they said they would welcome the economies 
of dimensionally standardized components, but the architectural profession 
would not support this. In order to counter this argument the Department 
of Industry is preparing to publish a directory of modular building equip-
ment and materials currently manufactured in Canada. This will be a 
directory in the strict sense. It will include the name of the manufacturer, 
a short description of the material or component that the manufacturer 
produces and the nominal size of these. We look forward to putting 
out this directory as a service to your industry. 

I would also like to say a word about a modular society 
in Canada. This is an area in which the Federal Government cannot 
function except to create environment in which a modular society 
can be formed. It is the prerogative of your industry to inititate 
such a society. We would give it our full support. 
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I would like to refer for a moment to the Industrial 
Advisory Committee on Industrialized Building Techniques and Systems. 
This committee has supported the idea of a national conference 
which will be held, in April 1968 in Ottawa. The theme will be "A 
Systems Approach to Building". It will examine such things as land 
asseàbly, financing of structures, modular coordination and, in 
short, every aspect of providing houses, institutional and commercial 
buildings, all of which are basic to our economy. I mention this 
because it will be a very important conference, the first of its 
kind in Canada. It will prOvide a great many of you with an opportunity 
of becoming thoroughly familiar with what the systems approach to 
construction really means. 

Just one further thing that has occured to me. It arises 
from Mr. Davidson's remarks. 148 in the Department of Industry do not 
look forward to the days when architecture become a "kosher"  profession. 
We believe that the professions of Canada stand at the threshold of 
an era of unparalleled challenge and that all of our coMbined efforts 
will be needed if we are to achieve as much as is possible and 
necesaary. We look forward by means of modular coordination, by 
means of a systems approach to construction and by means of development 
of a whole range of management techniques to a broadening of the 
architect's sphere of influence in building and we hope, with all 
due respect, that the "kosher" architect will never be the rule in 
Canada. 

THE FLOOR: I would just like to add a few words 
before the meeting adjourns. There is, I think, a tremendous educational 
program to be carried out. My experience in the past year and a 
half indicates to me that the general contractor and the builder must 
be educated to think along the lines that you gentlemen have been 
telling us. My firm is at the moment proposing to use some ideas that 
were developed by a well known architect/engineer in Germany. These 
ideas will save a lot of money and time but my reception  front  our 
Canadian industry has been this: "I am making a dollar doing what 
I am doing now, so why should I change?" I think that this is where 
a great deal of the education must be given in order that these systems and 
the ideas of modular coordination can develop. 
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MR. J.H. DEROME: (Translating from French and repeating a question 
from the floor) What further steps does the Department of Industry contemp,  
late with industry in continuing this program on modular coordination? 

MR. J.A. DAWSON: /bu have asked what further steps the Depart, 
ment of Industry intends to take in co-operation with industry, to further 
this program for the acceptance of the modular concept in the building 
industry of Canada; and I rather think that, as a sort of preamble of 
answering, I should say that all of this program, this BEAM program and 
the modular coordination aspect of the BEAM Program, has been initiated 
with the specific purpose of increasing productivity and efficiency-within 
the building industry. 

Now, it has become generally recognized, (and I would say 
especially recognized among groups such as this) that increasing 
productivity and efficiency is an essential prerequisite to a higher standard 
of living in our country; therefore, it seems to me that each of us, as 
Canadians, should do what we can to increase productivity and efficiency 
within our own spheres of influence. 

The modular concept is one way of doing this. It is one means 
of achieving increased efficiency. This is the last of six conferences 
held across the country, starting in Halifax about two weeks ago, 
continuing in Toronto, Winnipeg, Edmonton, Vancouver and back to Montreal, 
where groups such as this have heard the lecturers. Thus, an improved 
knowledge of modular coordination has been disseminated within very 
influential groups of people within a very short space of time. Knowledge 
of the modular concept has therefore been increased and, we hope, more 
appreciated as a result of these conferences. 

We cannot, however, expect to let the matter rest here. The 
Department, acting upon the advice of the Advisory Committee on Modular 
Coordination, has taken steps to organize a series of Clinics of 
Modular Practice. These will also be held in all parts of Canada, begin-
ning in about a month or so. The target is to hold about 50 or 60 such 
clinics before the end of this fiscal year. In this connection, about 14 
architects from practices and from the teaching profession have agreed 
to assist with the task by directing the clinics. Professor Derome, 
moderator of this panel, is one of the people who will instruct at these 
Clinics of Modular Practice. Another architect-professor who will assist 
is Professor Z. Jarnuszkiewicz from Quebec. A third professor of 
architecture, from McGill University, Professor Stewart Wilson will also 
instruct. In preparation for these clinics, three consultation meetings 
for the 14 instructors have been held in Toronto under the direction of 
Professor S.R. Kent. 

We hope to organize these clinics in co-operation with the 
various associations representing the construction industry, and the 
architectural component associations of the R.A.I.C. in each of the 
provinces. We have talked to the provincial presidents of the 
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architectural associations across the country-and we see an indication 
of enthusiastic response. The construction associations in the provinces 
and officials of provincial governments and educational institutions 
have indicated that they will assist us in the organizing of these clinics. 
The clinics are aimed at a group of people such as junior architects, 
junior engineers, draftsmen and supervisors from manufacturing, construct-
ion and so on. We are relying greatly on your input as senior executives 
of the industry to request that such clinics be held in your area. Any-
thing that you can do to assist us and to co-operate with us will be 
greatly-appreciated. 

Further to that, there is another aspect of the program, arising 
from the discussions which took place between the executive of the Royal 
Architects' Institute of Canada and the Department of Industry during the 
early days of the formulation of the program. At that time, the represent-
atives of the architectural profession said that they- had been hoping for 
something like this for a long time, and that they-would like verymuch 
to design to modular standards, and to specifymodular materials, but they 
had difficulty- in getting manufacturers to produce the modular materials, 
but they-had difficulty-in getting manufacturers to produce the modular 
materials, especially- to manufacture them at no penalty in cost. Now, in 
to manufacturers, we heard a different story. They said that they would 
like to utilize the economies afforded bymodular standardization, but, that 
there was difficulty-in finding architects to specifymodular materials and 
components. The Industry- Advisory Committee therefore recommended that 
a directory of modular building materials be compiled, and this will be 
done by early 1968. The manufacturers in the audience will be receiving 
some survey material on this subject. The directory- will list the naines of 
the manufacturers, their modular products and the nominal dimensions of 
these products. 

Apart from that, we have been speaking of a modular society-for 
Canada in rather vague terms. Here again, the influence of the industry 
is necessaryi for without industry support very- little will be done. 

THE FLOOR: Before the module is applied here, I feel it is 
very closely- related to the 10-centimetres of the metric system. The 
conversion of the present non-metric system to the metric system may 
interest the people concerned, and at a relatively law cost in 
comparison to the tremendaus profits and savings in the end, but we have 
to look further than this. Eventually-we have to convert to metric 
in North America and England. To convert from a four-inch module to a 
10-centimetre module may- involve a conversion of rather expensive machinery. 
This seems to be a kind of double process which may- not quite warrant 
the expense. Should the metric system not be adopted first, and then the 
modular system? 

MR.DEROME: I will ask Ni'. Dunstone to reply- to this question. 
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MR. P.H. DUNSTONE: May I say, first of all, that I sympathize 
with your question very much, and I would like to reinforce that by 
telling you what is happening in the United Kingdom. There, after long 
pressure by the Confederation of British Industries, the government 
eventually gave way to the idea of going metric. Now, this is an industry- 
wide changeover, not just by the construction industry, but by all industry 
in Britain. The construction industry is  one of the first to change, after 
the pharmaceutical industry, which I think has already adopted metric 
standards, but construction is the first major industry to go over. The 
difficulty with the metric system, or the S.I. system as it should be 
properly designated, is a political one. I would turn it round the other 
way and say that the decision to go metric, whether it cames or not and 
when it comes, should not influence your decision to change over to modular 
coordination, because if we in Britain were already modularly coordinated, 
which we are not entirely, our change to metric (and I am speaking now of 
the construction industry itself) would be so much easier. I sympathize 
with your question, in that difficulties for manufacturers may be slightly 
increased, but you have got to think of the political and the industrr. 
wide problems before that question can be answered. 

MR. L. BERGVALL: Perhaps this is the right time to point out that 
the difference between the four-inch dimensions and the 10-centimetre is 
not to be disregarded. We have, for instance, met a problem with American 
dishwashers in Europe. It is a practice, both in America and Europe, to 
allot a space of six modules for the dishwasher, which is about the space 
that is necessary. Now, six American modules of four inches, unfortunately, 
are a little larger than six decimetric modules, and the consequence is 
that very often the American dishwasher on the European market cannot 
slip into that six-European-module space. The thing is made even worse by 
the fact that sometimes American manufacturers put up factories in Europe 
to serve the European market and, of course, they use inch dimensions. 
Another questioner talked about the enormous costs of the machinery. Well, 
I do not agree that they are enormous. You may think that the production 
of dishwashers, for instance, is complicated, seeing that they require 
expensive machinery and tooling; nevertheless, the manufacturers change 
their products every year to show up with a new model; they could as well, 
at a proper moment, go over from four-inch modular to metric modular. 

MR. S.R. KENT: The question of metric was considered carefully 
by the Industry Advisory Committee on Modular Coordination to the Department 
of Industry at its first meeting, and as a result of this, a survey was made 
as to the likelihood of Canada going into metric in the near future. The 
conclusion was submitted to us that there would be no economic advantage 
in going metric in the near future. 
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grounds at all. It would be done on economic grounds and so, if there 
is going to be any change to metric, it would have to be done (as Mr. 
Dunstone has indicated) by pressure from the manufacturers to the effect 
that there would be sufficient economic gain for them in changing to 
S.I. units. But there is no indication that this will happen in the 
immediate future in Canada, simply because we feel that we are tied quite 
closely to the work in the United States, and to the markets in the 
United States. 

Now, with regard to timing, we thought that a change to the 
metric system might be a long way off simply because work in the United 
States is a long way off, and we thought it was going rather slowly; but 
there is a committee in the United States, a Congressional committee which 
has been set up to investigate the process of changing to metric. The 
American Society of Testing Materials is now publishing all its standards 
with the S.I. units beside the inch units, and so really the conclusion 
is that when the S.I. units are produced, the switch to the metric system 
will seem reasonably simple. 

MR. DUNSTONE: There is an apocryphal story going around Britain 
that the Ford Motor Company of America has spent more on a feasibility 
study regarding a change to the metric system than we in Britain have 
spent on the changes 

THE FLOOR: Regarding the "foreseeable future"; as far as I 
know, in the next few years they may change it around. Also, as far as 
I know, Ford is ready to switch at any time to the metric system, and they 
will do it. I do not know when it will be, but they are ready to switch 
right now. 

MR. KENT: I am sorry that I cannot pursue this any further. 
I simply stated, from the knowledge I have through the Government of 
Canada, that there is no mass movement for the change to S.I. units, and 
even if we found that tomorrow there was a decision to be made, it would 
take at least five years, based on the British experience. We might 
say five years is an absolute minimum time in which a change to the 
metric system could be made. 

MR. BERGVALL: Whether you adopt the metric system or not is, 
as Mr. Dunstone stated, a political question, but I want to point out that 
even if you go modular, within the framework of the foot-inch system, 
that need not necessarily prevent you from designating your modular 
components in the modular way. It is a very simple modular figure. It 
means, for example, that a component 20 feet long is simply designated 
60 M, other components 36 m (12 feet), and others 72 M (24 feet) and so on, 
instead of the foot-inch dimensions. That is already a simplification 
as far as nominal dimensions are concerned. These are the dimensions 
that would go, for instance, on an erection drawing of components, but for 
the production drawings to be used in the workshops, or on the building 
site, where components are produced - for example in pouring concrete - then, 
of course, there will be broken dimensions, precisely as we in the metric 
countries use actual dimensions in such instances. 
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MR. WALKER: I am a manufacturer. Mr. Chairman, may I address 
this question to Mr. Davidson? From your comment concerning not seeing 
salesmen, you obviously have found another way of keeping up to date on 
products, product research and application and general products assistance. 
Please tell us haw you do it, especially in regard to medular coordination. 

MR. C.H. DAVIDSON: My theme, I think, is that we have to 
adopt some positive attitude to communicating with each other on problems 
large and small, and I think that the shortcomings of the present system 
are that they are not coordinated. Now, when I say they are not coordinated, 
I say so thinking of many aspects of it; firstly, that the information 
that I receive is not standard in its presentation, nor coordinated in 
its format, nor coordinated in its pre-classification. The visits that I 
receive are not coordinated with my comings and goings. It is precisely 
because of this kind of inconsistency that I put out a very strong plea 
for coordination of all sorts. I would not like to suggest that any man- 
ufacturer trying to promote any-product necessarily has to form any kind of 
consortium with me in order to get the message through. Perhaps I cannot 
add anything to what I have just said; it must somehow be coordinated so 
that the information is meaningful to me when it does arrive. 

MR. BERGVALL: A system for that type of coordination which 
you have advocated was fairly recently introduced in my country, Sweden - a 
system which we have called Declaration of Properties, by which an organ-
ization sponsored by the government, the Building Research Institute, 
assists the manufacturers in publishing data about their products in a 
coordinated manner, in a coordinated size, answering coordinated questions 
regarding that type of product, giving evidence that the figures they 
claim are really accurate, thus providing the designer with information on 
various products which is objective and comparable, the one with the 
other. This is a very simple system and has met with very great approval 
by the manufacturers. 

MR. GEORGE SALICK: I am with a firm of installation coordinators. 
May I ask a direct question? It seems to me that in Canada, this movement 
is being generated and moved by governments or by governmental agencies. 
This meeting was convened by the Federal Department of Industry. Now, we 
all know how competitive the construction industry in Canada is. It seems 
to me that the main source of money for building in Canada rests with the 
Canadien  Government; my question is this: nCould anybody from the panel or 
in the roam tell me how much the Department of Industry-is going to spend 
in the forthcoming year to promote modular coordination, and what form will 
this expenditure take?n 

MR. DROME: I would like to ask Mr. Hindson to answer that question. 

MR. R.D. HUDSON: The Department of Industry, through its 
Industry Advisory Committee, expects to spend very little an promoting 
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modular coordination. I think Mr. Bergvall has  soue pertinent figures. 
The amount of money that we plan to spend on holding a conference Iike 
this is extremely small when you consider what can result. Mr. Dawson 
mentioned the publication of a modular directory. The cost of that 
would probably be no more than three thousand dollars, including 
distribution. As to the cost of holding these conferences, I think you people 
have been around long enough to know  ho  w small that is. The cost of 
the seminars is also very, very little, and involves only the cost and 
the expenses of the instructors. 

MR. KENT: It might be of interest to you to know that about 
four years ago, the Canadian Joint Committee on Construction Materials, 
composed of representatives of the R.A.I.C., consulting engineers, 
manufacturers, contractors and the Division of Building Research, had 
the intention of promoting modular coordination throughout Canada. They 
encountered one snag - none of the associations in the Joint Committee 
was able to put up the money that was necessary in order to put on the 
program which the Joint Committee was recommending, and so it is only 
with the formation of the Department of Industry and its interest in this 
subject that modular coordination now has a chance of being accepted in 
Canada. 

MR. DAVIDSCN: I would like to add one thing to this discussion; 
I presume to add it because, although I see myself as the left wing of this 
table, you see me as the right; I must confess,  tram  my personal experience 
in England, that it is extremely unwise to rush in and do something just 
because government says one should do so. There is a very good reason 
to do something as soon as the market starts to sort itself out, so 
that it becomes worthwhile and profitable to do so. I would have 
thought that a very useful follow-up by-your industry in this country, 
which I can talk about in your ters, would be for the client's side of 
it to see that there is a great deal of coordination of all sorts, and 
modular coordination in particular, so that it then becomes worthwile for 
the industrial side of the building industry to invest in suitable responses. 

MR. REED: I am a manufacturer. I certainly think that the 
thoughts presented today were very profitable. Even arguing against it 
is like arguing against the need for religion. I think we will see, as a 
result of this conference, that there is developing a better coordination 
in our industry; but it seems to me, after travelling in Europe, that 
there is a very great difference between construction in Europe and 
construction in America, and the fundamental difference is the way in 
which we regard the use of time. Now, time really- has a dimension 
today. We have talked about low cost, the attainment of low cost, and again 
there is a little inconsistency because when you talk about cost, it means 
different things to different people. The cost of a project building 
for a government is quite different from the cost, say, of a commercial 
establishment to an owner who is always facing a problem of lost rental if 
he cannot get his project completed an time. This is a very important factor 
to be considered, and I would also like to throw in one more observation, which 
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that the lowest cost components may not necessarily be consistent with 
lowest cost of production. A lot of things have to be considered, and there 
is a whole series of equations that have to be summed up to really obtain 
the most economical method and to get the best value. I think maybe value 
is possibly what we are really striving for, rather than just low cost. 

I noticed, too, that the invclvement of government in Europe and 
the involvement of government in North America are two entirely-different 
things. It came out this morning that the greatest advancement in modular 
coordination was in Russia, where it was simply decreed that that was the 
way it wculd be. I hope that because this method has been successful there, 
we don't just assume that it will be successful here, because our conditions 
are quite different. 

I also have another observation to make. The relationship of 
architect and consulting engineer, (who was not mentioned this morning), 
general contractor, and manufacturer, is very different in America (and this 
was touched upon by one of the speakers) from that in Europe. 

We wonder, with all these differences, whether considerable care 
should not be exercised before having Government get involved in decreeing 
that modular coordination is the answer to all of our  construction problems. 
This is just an observation. 

MR. DEMIE: Thank you, Mr. Reed. I must say-that some of the 
points  you brought up have already-been descussed in the various committees 
of the BEAM Program. I will ask Mr. Dunstone to reply to your comments. 
I am very pleased that you brought up the point of time-saving. 

MR. DUNSTONE: I want to consider myself today as a constructor's 
champion, as it were. I could not agree with you more about value. I did 
make the point, I think, this morning, that the whole thing must result in 
value, firstly to the building owner, whoever he is (whether government or 
private) and this, in its train, brings value to the country-, to Canada 
in this case. 

The next point, of course, is that reduction in cost usually 
brings with it a saving in time. Most of the points Which I mentioned this 
morning, the cutting down on site layout, the elimination of waste, the 
cutting down of site labour, all these things mean time on the site. Usually 
time, as you are well aware, does mean a saving in cost, and conversely. 

If I may, on the government side of things, step in a little bit 
where angels fear to tread; it is all very easy-when one is away from one's 
own country to be an expert. An expert, as you know, is one who is over 
50 miles away-from home. Now, if I may comment upon the situation in Britain, 
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modaar coordination was begun, not by government at all; in fact, it took 
15 years to impress it on the government, and make the government realize 
that there was something in it. Now,  ail  government contracts have to be 
modularly coordinated, and in fact, as I said earlier, the metric change 
is being bound up with a mochilar coordination exercise as well. I hope 
that I have answered some of the questions, at any rate. 

MR. DERME: Mr. Bergvall would like to add something to this. 

MR. BERM/ALL- Yes. I just want to say that if it took 15 years 
in England to persuade the Government that this was something important, 
it took 25 years in Sweden; it only proves another point that I want to 
make, and that is, that in no country  cari  you expect either the industry 
or the Government to take any substantial steps towards the realization of 
modular coordination before the degree of industrialization within the 
industry is ready for it. 

Furthermore, I am much astonished to find this distinction between 
time and cost, because  tinte  is money; that is a slogan that was invented 
on this continent, I believe. If we regard modular coordination as a tool 
for industrialization, it is interesting to notice that the justification 
for the promotion in Europe of various programs of industrialization and 
prefabrication has been precisely the need to economize on labour because 
of a widespread labour shortage. 

Now, that is time, because with the overheated economy that we 
had in most countries iii-Eirope for the last 10 years or more, we could not 
allot more labour for building purposes than was available. In many of the 
European countries, one felt that too few residential buildings were erected, 
and I have a feeling that the same will begin to be felt here. 

As  for the reference that I made to the U.S.S.R., and the other 
Eastern European countries, there is no evidence whether modular coordination 
gave any economy there  or  not, because you cannot keep track of such things 
in those countries. I only mentioned this because, of course, they had no 
problem in implementing their modulation. 

Furthermore, the fact that we have another and somewhat different 
pattern in Europe from here does not mean very much, because they will have 
to change in European countries anyway once industrialization cames. 

MR. AUERBACH: Wb have been talking about modular coordination, and 
I address this question to Mr. Dunstone. It has always been part of the 
open type system, or a special prefabricated building, but in every context 
it has been part of a system. We are talking here about the application of 
modular coordination, and the situation where there is no system. This is 
an irrational industry, and I think, if ymu want to use modular coordination, 
which to me is a tool to assist in building and industrialization, we must 
start at the top and create a situation in which we need the tool. 

elk 
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There is no point in having a modular coordination system or trying to 
fabricate parts of the system where this system does not exist; and I would 
like to ask a specific question here; What are Mr. Dunstone's opinions 
on this aspect of the thing, and how do you start such a ball rolling? 

Nit.  DUNSTONE: Well, I think the open system, as such, is not 
as you described. In other words, everything fits together as it does 
now in a haphazard sort of fashion with traditional components. All 
we are doing is rationalizing or suggesting that we do. But we 
rationalize the dimensions of those components so that the fitting 
together, the meshing together is better. We know of the advantages 
that flow from that; and also that this must save time in the erection. 
Those are  some  of the advantages; I think that is all. 

MR. M. STEIN: I practice as a general contractor in Montreal. 
My question is prompted by the history of jurisdictional disputes, 
walkouts, illegal strikes and so an which in recent years have accompanied 
the development of materials and techniques in the construction  industry. 
Obviously, modular coordination will require less and less of the skills, 
the traditional crafts which organized labour has practised and jealously 
guarded for a good many-years. I want to ask the panelists from abroad 
what has been their experience along these lines. What is organized 
labour's reaction? 

MR. BERGVALL: First, of course, it is worth mentioning that it 
is very dangerous to draw conclusions as far as labour unions are concerned, 
on their behaviour from one country- to another. WIth this reservation I 
may say that there have been no difficulties an this point in Sweden, but 
it might be that it was because we took the labour organizations into 
modular coordination and building standardization right from the beginning. 
Whan building standardization started in Sweden 25 years ago we saw to it 
immediately that -they got the representatives of the building labour unions 
an the advisory-board of the institution and that was, as far as I know, the 
first time that any-worker-labour representative had been invited to a 
purély technical committee of that kind. This created, from the beginning, 
an atmosphere of mutual trust. We then saw to it that we had an opportunity 
to address ourselves directly-to the annual meetings of the Central Organ-
ization of Building Labour in my country, explaining modUlar coordination 
so that when it gradually - became a reality,  the  was nothing that they 
were not familiar with. 

The same goes, to a certain extent, for those experiences that 
we have had of more advanced systems of prefabrication. I think our unions 
recognize that industrialization is inevitable, and that it is better to 
be in on it from the beginning and make it work for you. As the labour 
unions would probably-agree, rather than try-to prevent something that 
cannot be prevented and end up with a lot of difficulties, it is better to 
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be able to steer it in a positive wee—that would be to the labour unions' 
advantage from the beginning and would not be detrimental to the labour 
movement. 

MR. DAVIDSON: I could add two or three things to this, about 
our experience in the United Kingdom. 

Firstly, the unions in the United Kingdom have often taken the 
line that provided the proportion of trades used in any-prefabricating 
enterprise is the saine as the proportion of trades that would have been used 
on the building site, then it is  ai].  right. I am thinking of a factory-where 
complete room box-type dwellings are made in the north of England out of 
tiMber products. There one can actually see electricians doing carpentry -work 
and carpenters putting wires through. It happens to be more convenient to 
work that way. But the point is that the actual balance of trades in the 
factory is the same balance as one would otherwise have had on the 
building site. 

The second thing that I wish to say  is that if  any  prefabricator 
has to use labour, non-union labour at below the union rate, he deserves to 
go bankrupt, because he cannot be using his labour very efficiently. 

The third thing I would say is that last year, when I was teaching 
at the School of Architecture of Washington University in St. Louis, 
Missouri, my students were constantly interrupting my courses by saying, 
"Ah, but we cannot do this in America because of the unions." After they 
had said that about twenty times, my response was, "Like hell; get the 
unions in and ask them." Now, this required quite a bit of organizing, but 
me-point in mentioning it now is that I discovered afterwards that this was 
the first time that union representatives had ever been in that school of 
architecture, and I am more than willing to bet that it was the first time 
that they-had been in agy school of architecture, certainly-within a few 
thousand miles of St. Louis. We discovered a great many interesting things 
during the three quarters of an hour that these union men were with us. If 
architects, even in traditional building, knew these things, I suggest that 
a great many of the potentially dangerous dispute-type situations might be 
avoided. 

MR. VANDERCRAFT: Mr. Dunstone rather briefly touched on the 
subject of coding information and the use of the computer, and yet the 
cure-all was the information he really wanted. Now, the whole point I am 
bringing up is, how do you feed into a computer? The magnificent achievement 
is there, the machine is there, except that none of us speak its language, 
certaifily not in Canada in a global way or national way. We do not have a 
classification index system that is accepted by all of us, and I understane, 
that most of the world has accepted a classification index system; I do not 
think Professor Kent quite agrees with the system, but I would like to know 
whether any system is preferable over another system, or whether Mr. Dunstone 
could elaborate on the system as such in general. 
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MR. DUNSTOME: We have no panacea in Britain for this type of thing. 
We are doing a simple, a relatively simple exercise with the computer, whereby 
we are feeding into it the details of a particular component, which might be 
a concrete wall panel, for example. This panel would have with it the bolts 
that fix it, the damp-proof membrane at the bottom, the joints at the side, 
the gasket at the top - these would all be put together on the sheet, and the 
whole lot would be fed to the computer once and only once. Then the computer 
would be triggered an subsequent occasions by the drawing number of that 
particular component, and it would, as it were, take off, measure the 
components with which it had been fed in the first place. 

That is what we are really doing now. It may sound quite advanced, 
but, believe me, we will be looking back on that in five or ten years from 
now and laughing at it. The Ministry of Public Works, as I said, is conducting 
this exercise. We have not attempted any particular, overall universal code 
at the moment, but we are looking into this situation. It looks as if we 
are going to end up with an enormous code relating to all types of building 
products, materials, facets of the industry- which will be embedded in an 
enormous computer somewhere. We will simply-milk off the facets of that code 
that we require for the purposes of a job. We, as measurers, for example, 
might not need the K factor, so we would leave it where it is, in this 
enormous number cruncher. This is the way-the computer would be used 
eventually; but there is a lot of work to do before we get to that situation, 
years of it, and we have no panacea at the moment to deal with this situation. 

MR. KENT: Well, of course, the question is, why-are we interested 
in coding? I have reached some conclusions of my own from my experience in 
England, but the important questions are: Why did I get interested in coding, 
and whymy deep interest in modular coordination? 

Well, the reason was very simple: I recognized that the building 
industry, if it is going to get into industrialized  techniques, 	going to 
have to standardize. Standardization of building components i that smaller 
way is a prerequisite to any coding system, no matter whether it is alpha, 
numerical, or whatever it may be. There have to be standardized parts, and 
then a coding system may be devised. So coding will follow once standard-
ization of building parts is accomplished. 

MR. STERMAN: In the absence of any-particular discussion on the 
market in the U.S., I have two questions directed, I think, more particularly 
to the manufacturer. Firstly, how does changing to the modular system affect 
their thinking, how does this affect the existing or potential market in the 
U.S. for their products, particularly as it appears that the U.S. is not 
moving along at the rate at which we would like them to move along. SecondlY, 
if this adversely affects their thinking (changing over to the modnlar system), 
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what role will the Government, or particularly, the public ministry play 
in respect of the U.S. Government or the bodies of the manufacturers? 

MR. DEROME: Is there anybody on the panel who would like to 
answer, to handle this question, or should I ask the floor? 

MR.  1ŒT: Ask the floor first. 

MR. DEROME: Well, is there anybody on the floor who could handle 
this question from the manufacturers end of it? Yes Mr. Hindson? 

MR. HINDSON: The person who asked the question, I believe, 
referred to a part of the industry, and I think most of you realize that 
construction products and materials are largely from domestic sources. 
Export trade in construction products, because of the freight and charges, 
is relatively small. Therefore, going modular in Canada should not affect 
our position vis-a-vis the United States to any-particular extent. The 
United States wants to go modular, the government would like to go modular, 
much of their industry, we understand, would like to go modular. It is 
not impossible that we might improve our trade with the United States, in 
construction products and materials if we go modular first. I don't 
see any problem vis-a-vis the United States. I can see only advantages. 

MR. PHILIP BEN: I do not think that we have to be sold on 
coordination from modular applications. I think we are all sold on it, 
and have been for many years. As a matter of fact, in small and large 
companies, engineers and architects, to some extent, use some kind of 
modular coordination - so the question is, how do we go about it, to 
apply for a modular system? 

Now, in our economy, which is a free economy, with all its 
advantages and its disadvantages, what determines primarily is cost, and 
we seem to be convinced here that a modular system will reduce cost, will 
reduce labour, and so on. Now, who is the one  who is going to prove it? 
Who in the industry is not prepared to supply you with anything you demand? 
Or your client, who would like to use the cheapest possible method to get 
the most out of his dollar. Obviously, while an architect or an engineer 
conceives a building and so on, he is limited by what the industry is 
prepared to give him at a certain moment. 

Therefore, either you have to start with  some  kind of a pilot 
program, or you have to find a client who is big enough, progressive 
enough, and is prepared to risk some of his capital on these things. 

I suggest, therefore, that some of the work which the Department 
of Industry could do very effectively is to sell the other Departments in 
the Government (particularly the Department of Public Works) on applying a 
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modular system on one or several or many of their buildings. We wculd 
then have a pilot program, and the industry will see to what extent we 
really saved in our present and future conditions. School commissions, 
provincial governments and other such bodies are the clients who will 
really determine whether or not these items are of advantage or are not 
of advantage in our present conditions. 

Having indirectly asked the question of the Department of 
Industry, I would like to ask the panel whether they have any ideas, 
based on their experience of Europe, and bearing in mind that the 
conditions in Europe are different from the conditions here, how to 
go about introducing a modular system. Incidentally, if my information 
is correct, it is the modular systems in Europe that have not only been 
introduced by manufacturers but, to a very great extent, by developers, 
general contractors and so on. Under the system which exists in Europe 
(let's say in France, which I am particularly familiar with, or in 
Belgium), this gives the contractor or the developer much more freedom than 
he has here. 

MR. DEROME: Thank you, Mr. Ben. 

I think that this is exactly the type of question that the 
Department of Industry had in mind when they arranged this type of 
conference. They want to know the reaction of the people, and they-want 
to be able to suggest to the various departments of government what are 
the needs of the people or what are the questions that those people, the 
professicnals will ask of them. I think that this is exactly one of the 
questions that they will really want to hear, the suggestion about the 
different ways in which they should handle the thing themselves in 
their Departments. 

Could I have somebody on the panel now? 

MR. KENT: The questioner is quite right; it does require a big 
client in order to start the ball rolling, simply because it does involve 
some capital outlay for any manufacturer to change to the modular system. 
Manufacturers have proven that they are quite willing to change if there 
is a sufficiently guaranteed market available to them. So it comes 
back, then, to the large client to indicate that there will be a 
guaranteed market. As Professor Derome has said, it is the Government, 
the Department of Public Works in particular which would enjoy, I am 
quite certain, the attitudes of the questioner here indicating that he 
would willingy accept the modular system. 

Within the Department of Public  Works, there are many architects 
and engineers who are familiar with the system. They are trying to 
encourage architects to use it, but as yet they- have not said, flibu 
must use it.” With this sort of guidance, I am quite sure they could then 
become Canada's largest client using the modular system. 

MR. ROUSSEAU: I have a question for Mr. Dunstone. 

This morning, you stressed the importance of having independent 
inspection from project management. Would you care to elaborate on how this 
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work is carried out in Europe? Is the work handed to the fabricator, the 
contractor, or independent professional groles? 

Nit.  DEROME: Mr. Dunstone, you have another question that might 
seem a bit off the beam! But I think you invited this type of question 
this morning in your talk. 

MR. DUNSTONE: The question of instructions has been very much 
stressed to me by a number of contractors who operate modular systems 
in Britain, not only their awn systems, but other buildings systems. I 
am referring mainly to closed systems where they say-that the use of the 
inspector on their own staff, the contractor's staff, very-  much cuts 
dom the amount of trouble they get into, and if they divorce this 
inspection from their site supervision (in other words, the site super- 
vision does as well as it can and then overlying this is the inspectorate), 
they get very much better results. It is just a question of checking 
from above, and (I think this is the import of your question) the 
inspector cames from within the contractor's own organization, at least 
in the examples that I know of. 

PROFESSOR BULBEISER: I am Professor Bulheiser from Sir George 
Williams University. 

Firstly, I think we should consider ourselves fortunate to 
have here a representative from Sweden. According to the Finkinton 
Report of the D.I.C., Sweden is a country whose economy- is comparable to 
that of Canada. The report suggests that we have a lot to learn from 
Sweden. 

Secondly, about the initiative; who should take the initiative 
in getting this modular system to work, I think should depend mainly on 
the Government, because no institution or business will put up the 
initial amount of money to put this into practice even though we might 
realize that it might be profitable in the long run. I am sure that 
most of the architects here are familiar with the study carried out by 
the American Government on washrooms, and the conclusion was that we are 
fifty-years behind in the design of washrooms. I saw Habitat and have 
concluded that it did not show any-improvement on the present conditions. 

I think that the modular system is not an ultimate goal in 
itself. The modular system is only-part of an overall solution. The 
buildings should have more psychology to them. For example, if we need 
a hospital and we know the needs of one particular unit, we should 
make a study-and came out with the ideal unit, and then we can mass-
produce the unit itself. 

For example, if we needed 500 units, we could assemble 500 
units and we could ship these units to under-developed countries at a 
minimum price. I have seen that most prefabricated elements have been 
made out of concrete in demonstrations. I think that sandwich construction 
which is widely- used in the aircraft industry, should be made use of in 
the building industry, and I think the universities have facilities to 
conduct valuable research along these lines. 
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Then, about the computers, I do not think that mnst people are 
familiar with the facility with which problems can be solved through the use 
of the computers - I think the Government spends a lot of money on computers, 
and most universities have very good facilities. I know that in Sir George 
Williams we have a very good computer staffed by twenty-four capable people, 
and they await the order from industry. I think it is very important for 
the building industry to contemplate the system where we could use the computer 
and save a lot of man hours. Thank you. 

MR. BERGVALL: The discussion has shown that modular coordination 
could be promoted in several different ways. As a matter of fact, one of 
the ways to do so had a rather particular resemblance to the systems that, 
as I reported this morning, we have used in Sweden - only we called it a 
regulation. We could have given it other more acceptable naines, but the 
fact was that the Government, as a large buyer of buildings, sees no reason 
in promoting modular coordination with the left hand and buying non-modular 
coordination with the right hand. 

There is one point that I think is to be emphasized, and that is 
the very important role of building standardization. The National Building 
Standardization Institute (the organization may be a little different in the 
various countries) has to come into play here, because modular coordination 
as such is a way of thinking, a method of introducing a dimension order. It 
is most necessary to build up a stock, so to speak, of modularly standardized 
components, and there is no other body to carry this out than the building 
standardization organization of your country. 

MR. DUNSTONE: May I pick two small bones over the carcass of 
that question? 

Firstly, I do not think it is a question of the government spending 
money in the sense that it lays down a bag of gold, as it were. We have a 
parallel situation in Britain, linked with modular coordination in the change 
to metric, and there I have said many times (and I am sure that it is being 
accepted anyway) that all the Government has to do is to promote  long-  tern  
and fairly large projects as normal buildings only. If it does this, and 
at the same time it says that modular coordination has to be used with these 
products, even if they are in an experimental stage, the ball will start 
rolling and will break this chicken and egg problem that we have - the 
designer is being reluctant to specify until the products are there, and the 
projects are not being made until the designer specifies them. 

The other point is that if there is a preponderance of concrete 
in the examples I showed this morning (and certain, I think, of those which 
our colleague Mr. Davidson showed), it is only because concrete is the 
material that we produce fairly happily in Britain. The aggregates and the 
cement are all there, and so we tend to use this rather than imported timber. 
You, of course, would tend to do the reverse; that is to say, you would tend 
to use timber rather than concrete. 
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MR. DAVIDSON: I want to take issue with you, in the first part 
of your exposé, because you began by saying that such and such shoed 
be done, and then you went an to ask a question. 

I take issue with you, if I may, publicly, on these two "shoulds". 
If I understood correctly, it was that we should standardize on buildings - 
I forget if you said hospitals or something like that - and we should export 
them and so on. There is no easy answer to that sort of question. I was 
extremely carefUl, several times earlier this afternoon, to stress that 
people like you and I have a question which we must, I think, ask ourselves: 
"What is it that we are going to repeat?" I suggest that before you came 
up with an answer such as mde will repeat hospitals," a certain nuMber of 
major considerations have to be taken into account first. It may not be 
that there is not a situation in which hospitals might be repeated, but you 
must not let eeself be seduced into the idea that complete buildings 
can be repeated too easily. 

The second thing that I want to take issue with you about is this 
question of heavymaterials and concrete, and I think you started to say that 
we should use foam plastics like the aircraft manufacturers, or something of 
that sort. It maybe that in certain circumstances you can use new, so-called 
sophisticated materials, but the warning that I would like to make, and to 
start making publiclyi is that the traditional building materials are far and 
away the cheapest, weight for weight and very often performance for 
performance, though not necessarily-always. 

If you are going to use a material that is a priori more expensive, 
I suggest very often that you are setting yourself more problems, even more 
problems to solve than the man who starts with the cheap traditional material. 

PROFESSOR BULHEISER: What I meant is that maybe the engineers and 
the architects working on this example hospital, might miss many points. 
Another group, say in a different city, designing a similar facility, spending 
as much time, might well complement the first group. This calls for a 
systems Approach to the problem of providing hospitals. Why not came out 
with a standard unit that has all the facilities and amenities required 
for the sick person and which might then be marketed not only to our own 
market, but the markets abroad. This is not something to be done today or 
tomorrow, but I think that it is time that it should be planned in a long-
range program. 

Now, we go to the example of schools. I have spent some three 
quarters of mylife in schools. The present classrooms are just abominable, 
because everything interesting is found in the room except what is being 
spoken about. Why not spend some time studying in these areas and come up 
with functional units? 
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This was an example; and then I mentioned this question of 
construction. I am not doing away-with concrete, but I think that there 
are more advanced materials that could do the job better than the standard ' 
materials. What I emphasize is the need for study, because I think that the 
building industry is technologically backward. It does not have to be 
tomorrow, but certainly-a survey is needed so that the proper steps may 
be taken in correct sequence. 

MR. DEROME: Thank you for this comment. I must saythat many 
of these studies that you are suggesting are being done now in different 
types of buildings. They are being done for schools, they  are being done 
for hospitals and for other types of buildings. 

I am afraid, though, that this aspect of the problem is getting 
too much "off the beam" for this afternoonls discussion; I really-wish to 
keep your suggestion on hand, that studies have to be made, and that we 
have got to start making them. 

MR. KENT: This, in a sense, relates to the problem of prefabrication. 
There is one thing that we are against in advocating the moduler  system, 
and that is that we are trying to present a complete packaged house. It 
has been suggested that any aircraft is obsolete as soon as it is produced. 
In the same way, I am quite certain that any building, no mattter how it 
was surveyed, would be obsolete by - the time that it got into production. 

What we are advocating in the moduler  system is that we provide 
raw materials and equipment which are flexible enough to meet the changing 
needs of society. Granted, research has to be done as to how it is to be 
put together. 

MR. BERGVALL: I want to say that I do not quite agree with Mr. 
Dunstone that the only- thing to do, or the most important thing to do, is 
to provide large projects. 

Industrialization  cari  be brought about in many other ways. For 
instance, the Ford Company does not have to put all its cars in one place 
in order to be able to produce them industrially. That means that the 
industrial production of components can be very-well foreseen even for 
small projects. I would rather say that one of the advantages of prefabric-
ation is precisely- that it will allow small projects to be carried out as 
easily- as large projects and that, I think, is rather important with 
a country of your distribution of population. 

I do not know if you have noticed the way in which National 
Homes of the United States used to advertise their prefabricated project, 
but it went along these lines. They demonstrated to you haw a small 
builder with a limited amount of capital could turn over his capital much 
more quickly and thereby make much more profit if he bought most of his 
package from, in that case, National Homes; but the same goes for any 
prefabricated project. 
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That is one point. Now, the other point that I want to make is 
that it is often said (and rightly so) that the type of standardization that 
you should have should be component standardization and not the other stand- 
ardization. There have been enough speeches now for component standardization; 
we can combine them into any kind of building, and that is wonderful. But if 
you studied the various types of apartments that are actually being built in 
Sweden, you would find that they are so similar to each other that it could 
with justification be said that they have all the disadvantages that they 
would have had if they-had really been standardized to a very limited 
number of types, but lack the advantages that they would have had if they had 
been standardized in a systematic way. That is a point that can apply in 
more than residential buildings, of course, and in a certain way-it 
supports the question from the floor. 

Nit. PRATT: I am an architect here in Montreal. 

We, as a firm, are invOlved outside of Canada. We are involved 
amongst the newly-emerging nations, and one comment that I would like to 
make, going back on to this question of conversion to metric, and its 
importance from the manufacturers' point of view, is that many of the newly-
emerging nations are going to be converting to metric, or are doing so now. 
There was a recent article in Fortune which stated that if the United States 
and Canada do not convert now to metric, they may find themselves, or we 
may find ourselves in the situation where markets begin to dry-up. 
Bergvall covered this point in the dishwasher example. It has been predicted 
that if the change to metric is left until 20 or 25 years from now, it could 
cost as much as twice the G.N.P. of the United States as it stands at the 
present moment. That is just one comment that I felt I should make, and 
that should be made, as far as the manufacturers are concerned, when they 
are considering both the application of modular coordination and also the country 
as a whole switching to metric. 

I have one question which I would like to address to Mr. Beruall. 
Is there, at present, any international group executing technology forecasts 
to determine guidelines for present research and development progress 
directly involved with modular coordination? That is, are we, in our current 
determinations, taking into account the technological developments which 
will be required 25 years hence, or are we following the historical precedent 
which will, hopefully, determine that technological development? 

MR. BERGVALL: There is one international organization which 
devotes its efforts exclusively to the question of modular coordination. 
That is the International Modular Group, of which I happen to be the 
Chairman. This group is connected closely both to the C.I.D., the 
International Dealers' Organization, and also to the I.S.O., the International 
Standards Organization; it is also linked closely to the United Nations, and 
Economic Commission of Europe, because most of the countries studying these 
matters are European countries. Since the I.M.G. started in 1960, we have 
been working with a program in which we must all the time foresee What might 
be going to happen. 
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We do not try to be prophets, because prophets very often make wrong 
prophecies; but we are open to the fact that the building industry  cari 

 take many ways in the future. The dimensional conventions that are made 
today may prove later on to be very important for the building industry, 
and therefore they should be made in such a way that they cover all 
possibilities. 

For this reason, for example, we have not made any decision on 
whether to promote open or closed systems, small components or large components, 
and so an, but investigate jointly which are the scientific or even purely 
geometrical conditions to achieve a full dimensional coordination in such 
a way and in such terms that we should not block the way towards the future 
in any direction whatsoever. I can say that this trend began in 1955 
when this work was started on a less than international scale through the E.T.A.  
organization, in which only a limited number of European governments took 
part. This organization now has representatives not only-from European 
countries, but also from such remote countries (from a European point of 
view) as India, Japan, Canada and the United States. One of the members from 
Canada is Professor Kent. 

MR. DUNSTONE: I cannot support the questioner, of course, in his 
plea for a change to "metricn or what I take it is a plea for a change to 
metric, because this brings me into the political and industrial field of 
Canada, about which I know nothing but I can make an observation to you about 
the length of time that it is taking us in the United Kingdom to effect a 
change to "metric ,' and that is around eight years. The thing was first put 
forward in 1965. In 1966 a questionnaire was sent out to the industry, and 
from that questionnaire came the agreed program for the change. The program 
incorporates a start to be made on contract documentation at the end of 1968, 
and the whole of contract documentation (that is, all new projects) are due 
to begin in metric - to be billed in metric, that is - by the end of 1972. 

So you can see that there is an eight-year cycle there. 

MR. BENNETT: I am a manufacturer. It seems to me that the subject 
that I want to bring up has been touched upon several times quite completely 
in this question period. I believe that the motivation for the adoption of 
modular systems already exists through the media of the state, and education-
al facilities being carried an in Montreal and Toronto at this time. Having 
looked at a few name tags around here today, I am aware that a lot of 
manufacturers that are represented here were also represented at the S.E.F. 
Orientation Studies. I understand that these people are developing performance 
specifications which really do not have too much to do with what we are 
talking about now, but they are also developing coordinated systems, and these 
systems are being developed on a modular concept. 

Now, I know that several manufacturers have already indicated 
their willingness to participate with the groups in both Toronto and Montreal in 
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their school construction programming, and these school programs could indeed 
provide the large customers which have been referred to earlier this 
afternoon, so my- question is a very simple one: Are these studies being coordinated with the BEAM program so that anything that we manufacture and we develop now can be developed and expanded into other construction? 

MR, DAVIDSON: I will not answer the question on behalf of the BEAM program because there are BEAM people here who can do it for themselves; I would venture to say, however, that coordination is something which (as I have already said this afternoon) has to cover a great many more facets than the sizes that things actually - have. I am familiar with the S.E.F. and the Montreal equivulent programs and I am also aware (and no doubt you are too) of a very large number of programs which are being talked about more or less activelyin the United States as a result of the so-called success of the S.C.S.D. initiative. 

The points that I would make are as follows: firstly, there is a 
great danger, which it might be wise to look at now (even though the 
results may not hit us for a long time) p if a large number of clients' 
bodies start to produce incompatible performance specifications. I am not 
implying that  ail the performance specifications have to be the same. 
I am implying that if there are differences, I can see very real 
industrial advantages in concentrating these differences in certain 
aspects of each range of performance characteristics so that somebody who 
produces a sub-system or range of components meeting one of the performance 
ranges may either get through completely in another case with the 
addition of same particular physical member, or by- working in conjunction with 
some other people. 

The other thing that I think it is wise to say in connection 
with these S.C.S.D, type initiatives in the field of coordination, and it is 
in the wide sense that I would like to use the word, is that they-have 
coordinated a number of parties in the building industry. If you 
remember my illustration with the organigram that preceded my comments on 
the California schools, there are still same people out in the cold, the 
public architects notably, and the building contractor, and I would like to 
think that a new generation of performance-dominated, client-dominated 
initiatives would start in which some new procedures for getting the 
public architect involved at an early stage and some preliminary selection of 
contractors, at an early stage, could be thought up. 

MR. DAWSON: We do know something about the schools studies in Montreal 
and Toronto. On the BEAM Committee on Industrialization, we have the Director 
of the Montreal Study-and the Director of the Study of Education Facilities 
in Toronto as members. 

I would like to say also, that we have representatives from the 
senior trade unions in Canada, the C.L.C., C.I.O. and the C.N.T.U. in the 
membership of the Industry Advisory Committee on Industrialized Building. 
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MR. ICENNIEtY: I am an engineer and manufacturer. 

I would like to offer a few comments on this chicken and egg 
situation, and I would like to end up with a suggestion. 

One of the speakers this morning mentioned the fact that there are 
three ways of deciding who should go modular first. It could be that the 
Federal Government could express an interest by-pointing the finger in four 
directions as to who àhould go first. I think it is obvious that where there 
is a major capital investment involved, or even a major design development 
cost involved, industrymust have  some  certainty that, if not a guaranteed 
market, there will at least be a reasonably- profitable market before the 
investment is made. 

Mr. Davidson, this morning, mentioned that out of 400 known 
so-called industrialized systems in Britain >  only ho are expected to survive, 
and I think that this illustrates the risk to the manufacturer when he goes 
into something in the hope of a market instead of some reasonable 
probability of a market. 

If we look at the systems which have been successful in Europe, 
a great many of them, if not the majority, have been aimed at a specific 
consortium of clients or owners, i.e. a class of schoOls, certain hospital 
systems and systems of public housing. Even if developed by-a manufacturer 
or a contractor, there has been a specific point or target in sight. 

Of the various organization charts that Mr. Davidson showed, 
the client would seem to be a major participant, with a major building 
program. He would seem to be the driving force in three out of four 
classes, and in the fourth class where the manufacturers appeared to be 
the driving force - well, repeating myself, there must be, if not a 
guaranteed market at least a reasonably probable market before industry 
can be expected to make major investments. 

This raises the question as to the order for certain things to 
happen. The speakers, making their remarks separately, have indicated that 
three things that I have identified  are  more or less independent. First of 
all, the modular dimensioning of architectural working drawings - Mr. Kent 
has indicated that this can be done largely independently of the method of 
construction that is actually employed in the field. 

Second, the manufactured modUlar components; here again it is 
possible with different methods of field construction, and it requires a 
larger investment. The final stage will appear to be industrialized 
construction systems using such modular forms as are developed. Taking 
Professor Kent's remarks, I am sure than modular dimension work, actual 
drawings, could take place without capital investment (other than the 
training costs inmolved), and apparently at an almost immediate saving to 
the architectural firms involved. 

The manufacture of modular components is something which 
obviously- will follow, to a greater degree, with open system components, when 
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there are jobs to be bid involving such components; and as  I say, finally, 
when there is such a large number of such components available, we will 
see systems of industrialized construction using such components. 

So to sum up, it seems to me that the most logical order is; number 
one, the modular dimensioning of architectural drawings regardless of method 
of construction; number two, the manufacture of modular components; and 
number three, the rationalization of the site labour. 

I was most interested in Mr. Bergvallts comments on the fact that 
the Swedish Government had regulated or legislated on modular coordination 
not only with regard to their awn construction for the Government, but also 
for all buildings being subsidized. 

I would like to tie this up with a suggestion that it seems to me 
that the Federal Department of Public Works is the largest single buyer of 
construction in the country, and the largest single buyer of architectural 
services in the country. It would seem quite logical that if the Federal 
Department of Public Works was to rule that architectural working drawings 
produced on their • behalf would be to mndular dimension practice - this is 
something which would not involve capital - the practice would soon spread 
to other private work of the architectural firms concerned and very soon 
manufacturers might find that there were so manymodular practice drawings 
in existence that we could not do anything else but produce modular 
components; so my suggestion is that perhaps the place to start is with 
the architectural working drawings produced with the Federal Department of 
Public Works, and by extension with the provinical school authorities. 

MR. DEROME: Thank you, Mr. Kennedy. I will ask Professor 
Kent and Mr. Dunstone to reply- to your comments. 

TIR. KENT: Mr. Kennedy has put his points very clearly. I 
will just say that modular working drawings are far simpler to prepare if 
you have some modàlar components to work with. I do know that in this 
connection we have enough modnlar components on the market to get the ball 
rolling in any case, 

MR. DEROME: Mr. Bergvall would like to say something. 

MR. BERGVALL: I might not have quite expressed myself clearly 
this morning on the point of the initiative taken by my government. 

It is true that it decided that all buildings paid for with the 
government's mnney should be modular. It entitled those governmental 
agencies subsidizing various types of building to apply the same sort of 
regulations if they found it advantageous to do so. This indicates that a 
certain flexibility in the application of the pattern in the beginning 
is foreseen. 



Finally, I want to emphasize what I said this morning: many 
of the speakers here have pointed to the fact that the conversion to 
mndular coordination could be easily carried out in a drawing office, 
but as for the industry, it would require fairly substantial capital 
outlays. That  mit  be so in some cases, but in others (and that follows 
what I said this morning), it might not be the case at all. That is 
particularly true if you coordinate your conversion with other exchanges 
of moulds and machines, which has to take place in the course of normal 
replacements of parts and in model changes. 
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EPILOGUE 

On behalf of my fellow guestspeakers and myself, I want to 
express a few words of thanks. Although, of course, on a journey like 
this one is supposed to give so ue contribution to the conferences -- 
and indeed I hope we have done so -- we also learn a great deal. This 
we certainly- did, both for ourselves and for our countries, and there-
fore we are grateful to the Department of Industry for having taken 
this initiative. 

It is, of course, also a pleasure to visit Canada, the country 
with the great future. I cannot help envying you a little bit when I 
think about all the small European countries, most of them hardly the 
size of one of your provinces, desperately struggling for same kind 
of unification, or at least for large, unified market areas. /bu 
already have a territory stretching out from the Atlantic in the east 
to the Pacific in the west, and you are to be congratulated on all of 
this territory. We have seen part of your beautifuly country in travel-
ling from Halifax to Vancouver and back. 

As an old friend of your country, having visited Canada for the 
first time back in 1948, it has been Slightly discouraging to witness how 
comparatively little Canada is known in Europe. I think I am in a better 
position  to judge that than my- British colleagues, because Britian has 
always had rather spedial relations with Canada. It has been rather 
encouraging, though, to notice that in later years your country has 
gained an international profile of its own. Maybe that is because you 
have at last become aware of the great future of your country, and this 
is possibly what creates such an inspiring atmosphere here. 

For those of us who have spent much of our time during many 
years on modular coordination it has been most encouraging to see the 
positive manner in which the Department of Industry's initiative has 
been received. However, the belief that modular coordination is son's-
thing that we have been trying to promote for its own purpose is not 
valid. We have done so only - because it is a tool, or a means for the 
industrialization of the building industry. This again is not a thing 
we are pursuing just for its own sake, but because it is the only way 
to solve the dwelling problems of the people of the world. Millions of 
people, both in Europe and on this continent are living in dwellings 
which are a shame on all of us. 

But, again on behalf of my fellow lecturers, I think that 
all of us lost a little bit of our hearts to Canada, this great country 
of yours. 

Thank you. 

L. Bergvall 
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