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METRIC DIMENSIONAL COORDINATION -

THE ISSUES AND PRECEDENT

Proceedings of Joint Conference
Washington, D. C. , June 6, 1977

Abstract : These edited proceedings are a summary of a Joint Conference of the Design

Sector and Construction Products Sector of the Construction Industries

Coordinating Committee of the American National Metric Council, which was held

in Washington, D.C., on June 6, 1977. They may be used as a general reference

document dealing with the background of and precedent in metric dimensional

coordination.

As the United States prepares to join the metric building world, both the issues

and relevant precedent in dimensional coordination become significant as a basis

for an effective and economical change. To this end, the papers presented at

the Joint Conference address the following topics:

1. Dimensional Coordination - An Industrial Management Tool , which reviews the

issues and application of dimensional coordination;

2 . Building Standards Development in Sweden and in the Metric Building World ,

which outlines issues in national and international standardization in the

context of building design, production and construction dimensions; and,

3 . Metrication - The Opportunity for an Industry-wide System of Dimensional

Coordination: Precedents and Issues , which reviews precedent in metrication

and the simultaneous change to preferred building dimensions and preferred

sizes in component production.

The questions and answers emanating from the Joint Conference reflect the con-

cerns of the United States' design and production communities at the outset of

metrication and dimensional coordination.

Key Words : Dimensional coordination in building; International standards for building;

Metrication; Preferred dimensions and sizes.
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PREFACE

S^nc2. tht MztAic ConvzHAlon Kct 0/5 7975 nta6 iZgntd into law by j^o/ime/i Pfiu-idmt Tond on
Pecembe/i 23, J 9 75, indaitAlcil, commeACA.aZ, and gov&mmmtaJt gfL0ap6 -in thz HaZion have, btgim
to a44e^4 May6 and m&an^ o^, accomp-tiAhtng a 4acce6-6|$uX and coi>t-zl{iZcXL\jii tftanittlon to
mztAic mzoAuAemznt.

In the, con^tyuictton tndiutfiteJi tt hai bzzn fnidogviiztd thaX. mztAlcatton b>iA,ng6 wtth tt the.

opponXuvhity to th.an^lefi to a compftehe.n^tvt and tndaitAy-wtdz iyitzm 0^ dimeM-Lonat coohMjia-
tion Ion. buAJ.dA,ng6 and buAZding pfioducti . It Li e.xpz(ite.d that the. VeJilgn Stcton. and the
ConitAaction Pfioducits Se.cXon. 0^ the Ame.nA.can NaJxonaZ He.tyU.c ComcJJL (AWMC) uollZ be the main
ioKce^ to bnlng about thii t/ian^ {^e.n..

The 0{j{,ice oj) Buitding Standajidi and CodeA SeAvtce^ , CznteA {^ofi BuuJtding Tzchnotogy ol the
National BuAeau 0|) Standaxdi,

,
pn.ovideA SzcA&ta/iiat and technical. a{>6U>tance to thn.ce -iiecton^

0^ the AWMC Conitnuction InduAtAyie^ Coon.dlnating Committee; namely, the Con^tn.uctA.on CodeJi

and StandaAdi Secton., the Ve^ign Secton., and the Coyntn-uction Pn.oducti Secton.. In thu
vein, the Centen. {^on. BuuLlding Technology cooperated with the design Secton. and the
Conitnuction Pn.oducti Secton. to anjiange {^on. thJj> Joint Con^en.ence.

In the metyvLc building mntd then.e ii, ample pnzcedent o{, the bene^iM, that can be achieved
iMiJh. coon.dinated dimen^ion^ (^on. design, production and coniXluction. One 0^ the majon.

bene{jiXi i6 gn.eatly improved communication, between. aJUi poAtieA connected with buildiing oi

an activity. At the intennaXional level, the concepts that undenlie dimensional coordination
are being 6et dom in a ienieA 015 international i,tandar.di, prepared by the International
Organization ^or Standardization (ISO), Technical Committee (TC) 59, on Building Construction
and especially by SubcommitXee (SC) / on "VimenAionoil Coordination." TC59/SC J held iti
{jiut meeting outride Europe in Toronto, Canada, ^rom l^ay 37 through June 2, 7977. FotloMing
this meeting, three participants, recognized ai> intematxonal experts in the {^ield o^

metrication and dimensional coordination addressed thii Joint Con{^erence on June 6 , 7977.

Thiji document contains the proceedings o{, the Joint Con{^erence, which Mas held at the
Headquarters 0|) the American Institute o\ Architects. It Mas prepared in response to

requests by many 015 the attendees to make available the Conference technical papers and
discussion on a much Mider scale..

Special acknoMledgment is given the American Motional Metric Council {^or coopenjxtion in.

arranging {^or a joint meeting of two of its sector committees; the American Institute o(^

Architects {^or mailing the facilities available; and, to the session chairman, speakens , and
all Conference participants.

The special efforts of the following people are acknowledged for their contribution to the
publication of these edited proceedings ••

Hr. Rudy Vreyer Chainman of the AIA Metftication/Dimensional Coordination Task
Torce, who taped the proceedings;

M4, Sandra Berry Building Standards and Codes Information Specialist in the
Center for Building Technology , Mational Bureau of Standards,
who transcribed, edited and coordinated these proceedings;

Mr. Hans J. UiZton Technical Consultant to the Center for Building Technology

,

national Bureau of Standards, who provided the technical
assistance in editing these proceedings; and,

Ms. Sue Vzamba Graphic Designer in the Center for Building Technology
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National Bureau of Standards, who prepared illustrations from
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James G. Gross
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WELCOMING REMARKS

GERALD PRANGE

Welcome to this joint conference of the Design Sector and the Construction Products

Sector of the Construction Industries Coordinating Committee of the American National

Metric Council.

We look forward to a lot of good discussion today under the guidance of two inter-

national authorities in the field of modular coordination and one world authority on metric

conversion in the construction field. I know that Anna Halpin , Chairperson of the Design

Sector, is very sorry that she cannot be with us today. She is a member of the American

Institute of Architects ' (AIA) Board of Directors and is attending a Board meeting out of

the city. We are very pleased, however , to have with us today the Chairman of the Con-

struction Industries Coordinating Committee (CICC) , Mr. Clark Tufts.

Much of the motivation in the construction products and labor sectors of the building

industry essentially is based on the view that metric conversion is coming--so let us

soften the impact, if possible , by preplanning and problem solving.

The Design Sector appears to be more positive in its approach, with envisioned simpli-

fication of engineering design and standardization of architectural drawings and building

components among other expected benefits . All groups, however—product manufacturers

,

building contractors , labor, and the design professions—are motivated to reanalyze the

design and construction process, and to assess the extent to which modular or dimensional

coordination presently is practiced in the United States.

Mr. Charles T. Mahaffey is the Senior Building Standards Specialist in the Center for

Building Technology at the National Bureau of Standards. He is closely acquainted with our

distinguished speakers and will make their introduction

.
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INTRODUCTION OF LENNART BERGVALL

CHARLES MAHAFFEY

Thank you. I cannot begin to tell you how much pleasure it gives me to introduce

these three experts. I have been working with them now, on and off, for the past two years,

and have found all of them to be extremely knowledgeable in their field.

The first man I would like to introduce is Mr. Lennart Bergvall . He is often looked

upon as "Mr. Dimensional Coordination" in the metric building world. He has long been

active in this field; in fact, he was a contemporary of our own Mr. Albert Bemis , who was

generally credited as being the "Father" of modular coordination

.

Mr. Bergvall was born in Sweden in 1912 and graduated as an architect from the

University of Stockholm in 1934. He was Director of the Swedish Building Center from 1938

to 1941; and was the organizer and first Director of the Swedish Building Standards

Institute . Since 1944, he has been a Vice Chairman of the Swedish Building Standards

Institute and a Director of the Swedish Housing Research Corporation . He retired from his

private Swedish manufacturing concern in March 1977. So, he has had a long experience in

the design, manufacture and sale of products to the construction industry.

Mr. Bergvall is a member of the Swedish delegation to the United Nations' project on

the international harmonization of building regulations . For 13 years, 1960 to 1973,

Mr. Bergvall was Chairman of the International Modular Group (IMG) , which is also Committee

W.24 of the International Council for Building Research Studies and Documentation (CIB)

.

This group is looked upon, particularly by the Technical Committee (TC) 59 - Building

Construction , of the International Organization for Standardization (ISO) as the research

arm in international modular activity . Mr. Bergvall has been Chairman of ISO TC59,

Subcommittee 1 (Dimensional Coordination) since 1970, and was re-elected as Chairman of

this Subcommittee at the meeting held last week in Toronto.

Please join me in welcoming Mr. Lennart Bergvall.
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DIMENSIONAL COORDINATION -

AN INDUSTRIAL MANAGEMENT TOOL

LEIMNART BERGVALL

INTRODUCTION

Let me take this opportunity to express what a great honor it is for me to be called

upon to lecture on modular coordination in this very great country of yours, where the idea

of a dimensionally-integrated house was born and for the first time clearly conceived. I

am referring, of course, to the classical pioneering work of Albert F. Bemis.

It is encouraging, too, that your country is on the threshold of metrication.

According to the Metric Conversion Act, I understand that the United States is going to be

"a nation predominantly, although not exclusively, metric." This, of course, offers an

excellent opportunity for dimensional coordination of the building industry, enabling you

to "kill two birds with one stone." But, dimensional coordination is not a matter of "now

or never," because sooner or later you have to go modular - if you do it "now" and take that

unique opportunity, it is so much easier; if you do it later, it will be at a much, much

higher cost.

Finally, let me apoligize if some of you will find my deliberation to be too elementary.

But, I have been informed that some of you may not be too familiar with current concepts of

modular coordination, which call for a "big picture" rather than detailed explanations.

If necessary I will go into more detail during question time later on.

GENERAL REMARKS

I would like to point out that there is nothing mysterious at all about this modular

coordination. As you will see, it is just plain common sense applied to the particular

situation in the building industry. Over the years, there have been tendencies to turn

modular coordination into some sort of mysterious philosophy of number series, etc. But,

you will be better off if you forget about all this and take a solid, practical view of the

obvious issues related to dimensional coordination in buildings.

HISTORICAL BACKGROUND OF MODULAR COORDINATION

A little historical background might clarify the situation. As a whole, modular

coordination as a means of rationalization of the building industry is a comparatively

recent innovation. KTiile the use of modules as a means for the aesthetical coordination of

the various dimensions of a building was already known and extensively applied in classical

Greece and Rome, it was just prior to World War II that Albert Bemis outlined the basic

idea of full dimensional coordination for the building industry. His concept was based on

the use of components with dimensions being multiples of one basic unit: the 4-inch module.

Before and during World War II, extensive work on modular coordination was also carried out

in Germany by Professor Ernst Neufert, who was the first one in Europe to have a clear

5



vision of the vital importance of modular coordination for the future industrialization of

the building industry. But, he had a rather particular approach to it. He based his

system of dimensional coordination on the "octameter" system, x^ith a basic module of 125 mm

or one-eighth of a meter. For many years, this fact delayed full German participation in

the international work on dimensional coordination. Other early studies of modular coor-

dination were carried out in France by Jean Pierre Paquet; and France, it seems, was the

first country to issue an IQO mm modular national standard.

In spite of all the battles that I have had with Professor Neufert, I must admit that

it may be quite possible to base a system of modular coordination on 125 mm as well; how-

ever, the 100 mm basic module was the only dimension on which an international agreement

could be reached.

During World War II, another study of modular coordination was carried out in Sweden

by Dahlberg and myself. Our work reviewed the consequence, for the building industry as a

whole, of full modular coordination based on a module of 100 mm, the nearest metric dimen-

sion to the 4-inch proposed by Bemis (4" = 101.6 mm). The investigation included service

installations and equipment—which distinguished it from other studies of this kind; and,

this is even more important now than when it was done because the relative cost and impor-

tance of installations in a building has grown enormously since those days. The confron-

tation of the American and Swedish work, which was made possible in 1946, when we met with

the people engaged in the A62 project of the American National Standards Institute (ANSI),

revealed that the independent work in the two countries had led to almost identical conclu-

sions on most points.

After the war, the subject of modular coordination drew attention in several other

countries, both in eastern and western Europe. In 1954, the European Productivity Agency

(EPA) of the Organization for European Economic Cooperation (OEEC) began a study of modular

coordination in which most western European countries took part. And, I am proud to be

able to say that the ink of the signatures on the Rome Treaty on the European Common Market

had hardly dried when we decided in the EPA group that, once the politicians removed the

custom barriers, different forms of national modular coordination—at least—should not be

a hindrance to international trade. When EPA closed down its activities in 1960, its work

on modular coordination was carried on by a new study group, the "International Modular

Group" (IMG) , later to become a working commission of the Conseil International du Batiment

(CIB) . Thus, the basis for the international studies of modular coordination was widened

since the members of IMG come from both eastern and western European countries, as well as

from non-European countries. There is an astonishing degree of consensus, because a few

countries started the work, and all the other countries have modeled their approaches on

this precedent.

In 1959, modular coordination was also the subject of joint studies in the eastern

European countries through the Council for Mutual Economic Aid (CMEA)—the Eastern European

equivalent to the Common Market.

6



It was quite natural that the International Organization for Standardization (ISO) felt

responsibility for the international development of modular coordination and, as far back

as in 1949, a particular subcommittee, TC 59/SC 1, was set up to start international work on

modular standards. Belgium was secretariat to this subcommittee. But, in reality, very

little was done by that subcommittee during its first 15 years, and the real burden of the

international work fell on IMG. Sweden now holds the secretariat cf SC 1 and tries very

hard to speed up work on modular coordination. The recent meeting in Toronto under the

excellent hostship of our Canadian colleagues is an example of this.

At present, the work is divided between IMG, GIB, and ISO. It is recognized that all

research work in the field should be carried out by IMG. It is the task of GIB as the spon-

sor of IMG and as an international research organization to create and provide new knowledge.

Finally, ISO should transform the GIB results into international standards.

The gradually increasing recognition of modular coordination as an important tool for

the rationalization of the building industry also led the United Nations Economic Gommission

for Europe (EGE) to be engaged in modular coordination. In 1959, an ad hoc meeting on the

subject was held in Geneva and since then modular coordination has played an important part

in all EGE seminars. The fourth EGE seminar, held in 1973 in London, had the theme

"Harmonization of regulation and standards to promote international trade in building," and

it strongly emphasized the importance of international work on modular coordination. The

Policy Statement adopted by the seminar contains the following recommendation:

"A uniform and fully developed system of dimensional coordination in building should be

adopted. It should include the establishment of uniform systems for the positioning of

components and for joints, tolerances and fits in construction."

BASIC MODULE

Dimensional coordination is achieved by making the dimensions of all building and

building components multiples of one basic dimensional unit - the basic module. This means

that for full dimensional coordination, those dimensions of all building components which

are of importance for its coordination with other components, and its coordinating dimensions,

should be multiples of the basic module. However, only these general coordinating dimensions

have to be modular. Thus, the external dimensions of a door set should be modular, because

it is not known which wall components it will have to meet. On the other hand, the coordi-

nation of dimensions of the door frame and the door leaf can easily be carried out without

being modular because the door leaf always meets just one known component, the door frame.

Likewise, the dimensions of the building, i.e., the dimensions of rooms and openings, as

well as thicknesses of walls, floors, etc., should be multiples of this basic module.

It is important to m.ake the right choice for the basic module. It must be small enough

to provide for the necessary flexibility in design of various buildings for various purposes,

but also large enough to promote simplification of the number of sizes for various components.

Finally, in order to ensure dimensional coordination at both the national and the interna-

tional levels, the basic module must be internationally acceptable.



In Sweden in the 1940' s, we conducted an experiment by preparing the drawings for a

building project - as they were, as well as adjusting them to a module of 100, 125 and

150 mm, respectively. As for the unchanged drawings and those adjusted to 100 mm, 125 mm

and 150 mm, the architects for the project were unable to determine which of them was their

original design. This is confirmed by a British investigation which shows that the toler-

ance for proportions— to a normal human eye— is about 6%. It implies that those who want

to make use of Le Corbusier's MODULAR or other proportioning systems can do so without

sacrificing modular coordination, because the necessary adjustment to 100 mm modular

dimensions would fall within that 6% limit.

As you all know, on these grounds we have had a unanimous international agreement on

the basic module of 100 mm for a long time.

But, even this agreement was not easily arrived at. One of the problems occurred with

Britain, where the possibility of a 3-inch modular system was seriously discussed. This is

not surprising. The choice of 100 mm in the metric countries was partly based on the fact

that many of the existing dimensions were already multiples of 100 mm, but no such obvious

dominance of 4-inch dimensions over 3-inch dimensions seemed to exist in an inch country

like Britain. As for the United States, the choice of a 4-inch module might have been

influenced by the fact that nearly all your house construction is dim.ensionally derived

from an almost universal wooden frame system, 16 inches between center lines.

And then, as I mentioned earlier, there was the German problem. One of the reasons

for the German choice of 125 mm as a module was that it fit in so well with the existing

German brick dimensions. Professor Neufert stated in one discussion: "Ivhen I started the

work on modular coordination before World War II, I simply took as a basis what was already

at hand in the brick dimensions." Maybe, it is not surprising that what "happened to be at

hand" in the German brick industry in the thirties, did not form the natural dimensional

basis for the building industry in the world of the sixties and seventies.

MULTIMODULES

It was recognized early on that the basic module is at times too small as a basis for

standardization, because it would lead to too many variants. It seemed very natural to use

instead, a whole multiple of the basic module as a kind of "higher" module, or what we nov7

call a multimodule . There has been much discussion as to what extent multimodules are

necessary. From the point of view of international cooperation, this was not the point -

the important point was that the choice of multimodules was internationally agreed upon,

and early enough to guide us all into the same coordinated dimensional pattern.

It would be quite disastrous if some countries pioneered values on their own. Then

their industries would make large investments and later on it would be very difficult to

coordinate, if at all. So, this is the reason that we must always try to be a little bit

more advanced than the average.

The question as to what extent multimodules are necessary was finally solved by a more

penetrating analysis of their raison d'etre. It was then agreed that the dimensional



coordination of so called "additive components" could conveniently be carried out without

multimodules , while for so called "single components" (e.g., prefabricated floor components),

a multimodule would be a valuable tool for reduction of the number of variants. This is an

important distinction in order to avoid an excessive use of multimodules which might imply

a rigidity in design alien to the whole concept of modular coordination.

As for multimodules for horizontal dimensions, the now well-established series 3 M

[30Q mm], 6 M [600 mm], 12 M [1200 mm], etc., was finally agreed upon. But in the beginning,

at the ECE ad hoc meeting in 1959, the series 2 M [200 mm] , 4 M [400 mm] , 8 M [800 mm], etc.,

also was seriously discussed and was supported by the USSR, while the other eastern European

countries advocated the 3 M series. The reason that the latter eventually won was probably

due to the considerable remaining influence of the foot system on existing dimensions, even

in metric countries. For various reasons, the U.S. did not participate in these discussions;

it would otherwise have been natural for it to strongly support the 2 M series, because of

its coordination with the 4 M (16-inch) center line system for housing. As it turned out,

the 3 M series was the only one for which general international agreement could be reached.

Multimodules for vertical dimensions were also discussed early on, and by 1961 a

vertical multimodule was provisionally adopted within IMG. But soon, various doubts were

raised about such anthropometrically determined dimensions as door heights, window sill

heights, etc., being guided by a multimodule, and it was agreed that for such dimensions

all the flexibility of the basic module was needed.

On this point there is still agreement. However, it was found later that for large

vertical dimensions, e.g. story heights, etc., for which a 1 M flexibility would not be

necessary, an agreement on a common vertical multimodule might be useful. This issue was

discussed in considerable detail at the Toronto meeting, held May 30 - June 2, 1977.

SUBMODULES

For some parts of the building and for some building components, the basic module is

too rigid; and for such purposes whole fractions of the basic module, sometimes referred

M
to as submodules, are foreseen.

Much discussion has been devoted to the question of submodules, probably due in part

to insufficient analysis of what purpose these submodules should serve. And, disagreement

usually occurs when there is a lack of sufficient background analysis. Long experience

in international work has shown that there is no such thing as one country being more

clever or more knowledgable than another—but when there is disagreement it is usually

because each is talking about the matter against its own national background, taking certain

things for granted which are not evident to the others, or vice-versa.

It is sometimes supposed that submodules are needed particularly for the coordination

of dimensions smaller than 1 M. A closer analysis of the matter, however, reveals that

the relevant criteria can be found in the need for increments smaller than 1 M [100 mm]

(e.g., for components in service installations, or for the standardization of wall or floor

thicknesses). Prefabricated service installations are likely to make extensive use of
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submodules . I can assure you of this based on my background of having started and operated

a system of prefabricated houses, which was used to erect thousands of houses fully modular

in all respects, including all the installations.

But, all the time, the basic 100 mm module must be respected as the smallest permissible

planning module for the building.

MODULAR GRIDS

To ensure that the building is designed to fit standardized modular components, the

architect may design it on a modular planning grid. The basic planning grid, thus, is a

basic modular grid, having a meshwidth (spacing of grid lines) equal to the basic module.

When multimodular components are used, the building, or that part of it which is influenced

by these components, may be designed on a multimodular grid.

From the very beginning of modular coordination, modular grids have been given consid-

erable attention as a means of facilitating the design of modular buildings in which all

modular components would be easily applicable and fit together. But, the degree to which

they have been used has varied from country to country. The IMG "Condensed Principles of

Modular Coordination" concludes that the modular grid "being a tool for the designers may,

or may not appear on the drawings."

In most countries where the use of modular grids is considered important, the grid

is normally applied in such a way that lines in the multimodular grid coincide with center

lines, for example, load-bearing walls. The very early modular recommendations (Bemis,

Bergvall and Dahlberg) foresaw a basic modular grid, in which the lines coincided nominally

with the surfaces of walls, floors, etc.

When the multimodules were introduced, some people were so impressed by the great

reduction of variants that could be achieved with them, that the 1 M [100 mm] flexibility

of the basic module was almost abandoned. That was when Europe was drenched in an avalanche

of concrete panel systems, where only the load-bearing structure counted. But, gradually

there has come a dawning realization that, with the modern requirement of flexibility and

growing importance of service installations and equipment, the basic module of 1 M [100 mm]

flexibility must be retained internally, though not necessarily for the load-bearing

structure or the external envelope.

The Dutch SAR system—originally created by Professor Habraken of the Massachusetts

Institute of Technology (MIT)— foresees, instead of a 3 M center line grid, a sort of

"tartan pattern" of 1 M [100 mm] and 2 M [200 mm] gridline distances, by reference to which

all components are positioned. The system, which derives from some interesting concepts of

modern building, could possibly be used as a tool for the reconciliation of the basic modular

and the multimodular schools of thought.

It is very important that modular coordination is not interpreted in such a way that

it imposes the rigidity of multimodules on everything in the building, as there has been

some tendency; but, I think, that there has been a daxjning realization now of the need to

retain a 1 M flexibility, particularly in residential work.
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TOLERANCES

The rules for dimensional coordination, described briefly, should ensure that the

dimensions of various components do "nominally" fit to each other and to the building.

No component can ever be manufactured or assembled with absolute precision, particularly in

the building industry; therefore, dimensional deviations must be foreseen. To ensure that

components also fit together in reality on the building site, a system of tolerances has

been worked out for manufacture as well as for assembly, based on the experience in this

field gained in other branches of industry.

It should be noted, however, that modular coordination calls for "determined" and

"known" tolerances. Modular coordination does not call for narrow tolerances; that is

entirely a matter of design.

MODULAR COORDINATION AND THE BUILDING INDUSTRY

My practical experience derives from the production of prefabricated houses, on one

hand, but also from taking part in the development of the largest group of building

materials companies that exist in Sweden. In a way, I prefer to talk about "dimensional

coordination" rather than modular coordination. Dimensional coordination is what we are

aiming at, and it is only because the module is the appropriate tool for this dimensional

coordination that we are talking about "modular coordination."

Dimensional coordination, as a concomitant of standardization, normally is considered

to be primarily an industrial tool, but I think that it is just as much an architectural

tool , and that is important. It is not just a coincidence that all the early pioneers of

modular coordination have been architects: Bemis in America, Paquet in France, Neufert in

Germany, etc. We simply saw the inevitable approach of industrialization of the building

trades with its equally inevitable complement, standardization. The question was not and is

not, on this threshold to a real industrialization, whether or not we want it, but how we

can be its masters and not its slaves. How will we be able to retain all the considerable

and important gains of industrialization - important to all in need of better and cheaper

dwellings - without sacrificing that deeply human and cultural aspects of building that is

architecture. Thus, modular coordination is one of the tools so desperately needed in our

age to make industrialization human.

INDUSTRIALIZATION

A close link remains between dimensional coordination and industrialization. I am

aware, of course, of the fact that this term "industrialization" is a rather loose one and

many more or less sophisticated attempts have been made to give it a strict definition upon

which I shall now embark.

Even if we disregard the more terminological refinements, there are a number of

features in this process which deserve our attention:
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First: There are many degrees of industrialization and, to a large extent, the

building industry as a whole is only in the initial stage of industrialization

that appropriately could be described as "paleo-industrialization .

"

Second: The entire building community is in a period of swift change with many profound

effects on the building industry as a whole, and not least on the building

materials and component industry. One of the most important changes is the

irresistible trend toward integration. As an example, around 1900 the

structure of a building represented about 85% of the total cost, while equip-

ment and service installations were about 15%. Current figures are rather

like 40% and 60%, respectively.

Third: The trend towards prefabrication - in a broad sense - is equally irresistible

in spite of some incidental setbacks. It will have the result that many of

the products now produced by the "building industry proper," (i.e., on the

building site) will be taken over by the material and component industry and

produced in factories.

If we look at the building industry in this light, it' will enable us to see much more

clearly where and why standardization and modular coordination enter the picture,

DEGREE OF STANDARDIZATION

Repetition of operations often has been referred to as a means of "ef fectivization" of

the building industry. But, it is only the very first step in an industrial evolution,

which generally proceeds in the following steps:

repeated operations

long runs

- continuous production

mass production

automation

These steps have some overlap, of course, and, as a whole, this classification does

not pretend to be a very sophisticated one. However, it describes fairly well to what

extent we are beginners in the building industry compared with several other industries.

We are now striving at the stage of "repeated operations" and, in the most advanced cases,

at the stage of "long runs." Sung in that light, you may not find the phrase "paleo-

industrialization" to be too much of an overstatement.

To enable the building industry to proceed to more advanced stages of industrialization

the next step to be taken is from "production to order for specific projects" to "production

for stock for anonymous projects." This also is probably the only way for the building

industry to overcome the very disturbing seasonal variations in demand. But, for such a

continuous production for stock, an effective standardization, based on modular coordination,

is an absolute prerequisite.
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INTEGRATION

One of the most important trends in the building industry of today—the integration of

all production activities involved in construction—will interfere very deeply with existing

practices and patterns. It also will call for a much closer cooperation between the

different experts and specialists involved. This affect particularly the design and

development of products. No longer will a material or component manufacturer be able to

afford to develop his product by considering only his oi\'n production conditions or the

manufacture of only his particular product at the least possible cost. The problem no

longer is to minimize the cost of any product, even as installed in the building, but it

is an optimization problem of designing and developing every product with regard to minimi-

zation of the total building cost. Those products which subordinate themselves to this

common purpose will be the ones to survive in this age of swift changes. This is another

point where modular coordination comes in, because its purpose is precisely to provide a

tool for the dimensioning of building materials and components, with due regard to their

interplay with other components, as well as the building as a whole.

PREFABRICATION

Prefabrication is perhaps the most obvious and striking feature of the transformation

process we are now witnessing in the building industry. For the building materials and

component industry this means that it can, and must, gradually take over more and more from

the building industry on the site. This also means that all these new so called "prefab"

products must be applicable to a great number of very different buildings, even if some

components may be intended mainly for housing, others for schools, etc. For this flexibility

in application, modular coordination again comes into the picture as an indispensable tool.

This analysis shows us what a key factor modular coordination could be for the industri-

alization of the building industry and its concomitant, standardization.

STANDARDIZATION NOW AND IN THE FUTURE

We must recognize that standardization by its nature always means an optimum compromise

between the designer's—or user's—natural inclination towards a rich assortment from which

to choose, and the manufacturer's equally natural inclination towards a limited number of

variants and the ultimate dream of just one single variant. Until now, this is how

standardization has always been approached. But in a longer perspective, beyond the horizon

of automation and computerization, we can envision a rather different, much richer and

generous choice of variants within the framework of the production program; i^je will reject

instead all kinds of "specials" due to their prohibitive costs. That will be very different

from the situation of today, where many manufacturers—with or without their knowledge—are

letting the 90% standard production heavily subsidize the 10% specials.

When we arrive at that highly-developed production technique, modular coordination will

again provide, an excellent tool for the dimensional programming of such a computerized

production process. However, such a highly-developed building industry, far beyond the
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"paleo-industrialization" of today, cannot exist within the narrow, national borders of

any one country, at least not within the borders of any one small country. And this is

what establishes such a close link between modular coordination and internationalization

of the building industry.

CONVERSION TO MODULAR COORDINATION

Finally, I want to say a few words about the problems of conversion to modular

dimensions and the implementation of modular coordination.

Normally, I point out that the problems of conversion to modular dimensions should be

approached with the fact in mind that no existing industrial equipment or tools will last

forever. On the contrary, in this age of swift changes, a good deal of equipment might be

turned obsolete by development and need to be replaced long before it is technically worn

out. This tendency normally will facilitate greatly the conversion to modular dimensions.

But, in your particular case, you have the unique opportunity to combine the conversion to

modular coordination with the conversion to the metric system. That situation is a different

one, and I think, your British, Canadian, and Australian colleagues would be much better

advisers to you than the Swedes.

In general, it is necessary in the successful implementation of modular coordination

that one single national body, with sufficient authority and confidence, be responsible for

carrying out the conversion to coordinated, modular dimensions.

Furthermore, the work of such a national body should be based on a thorough national

investigation of dimensional coordination to establish the consequences of, and suitable

methods for, a conversion of the building industry to coordinated modular and metric dimen-

sions. Such an investigation must consider the influence of modular coordination on design,

as well as on production of components. Also it should consider work on the building site.

For instance, it will be necessary to establish which building components are of the most

basic strategic importance and thus function as "key components" for the conversion. This

is important.

It will be so much easier to carry out metric conversion and implement modular coordi-

nation if you start with the key components.

Other important activities in the conversion work will be the tasks of information,

education and re-education on all levels in the building industry; from management and

professors down to apprentices and students. The aim of the education program should be,

that in future, modular coordination shall be considered by everyone to be the natural and

simple thing it really is.

Much more could be said about this problem of implementation, but that would call for

you to endure still another lecture.
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CONCLUDING REMARKS

I hope that this very condensed account of dimensional coordination has given you some

idea of what it is all about. When you consider for how many years modular coordination has

been discussed and studied, you may well ask why we have not solved all these problems long

ago, so that all the solutions are available. As a matter of fact, the development of

modular coordination has been a slow and tedious process, demanding patience. This is quite

natural. Changes that require existing, well-established patterns to be abandoned are always

slow and difficult to bring about.

Furthermore, dimensional coordination can yield its harvest only as a joint, collective

enterprise. As a whole, no one will gain individually by going modular all on his own, but

everyone will gain by everyone going modular.

There is the usual desire to have the cake and to eat it at the same time. It is often

expected that modular coordination will offer full dimensional coordination and yet leave

everything unchanged or free - at least, one's own product or practice. Modular coordination

also is expected to be internationally coordinated and yet leave all national habits,

practices - and codes - unchanged. We, who have advocated modular coordination for some

time; have never pretended that such a thing ever existed.

Finally, this prompts me to draw your attention to a difficulty, which, I believe, is

a special U.S. problem—the non-unified local building codes. It could well be that the

conversion to metric will give you an opportunity to solve that problem on which I think I

shall not dwell. But there is a close link between modular coordination, nationwide

standardization, and the need for more unified codes all over the country.

In the beginning, I referred to Professor Neufert's work on modular coordination in

Europe. As a matter of fact, it was he who opened my eyes to the importance of dimensional

coordination during a lecture in Stockholm, Sweden back in 1942. After having listened

to his lecture, I felt ashamed to belong to an industry whose task it is to put together on

the building site things produced elsewhere, but which had not undertaken a systematic

dimensional coordination at least 50 years ago. Unfortunately, now and then, I still have

to feel ashamed. I hope you, too, will feel a little bit ashamed.

Let me conclude by wishing you every success in your important work on metrication.

I think it will require all that boldness in approach that we usually consider to be

typically and truly American.
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INTRODUCTION OF HENNING ORLANDO

CHARLES MAHAFFEY

Our next speaker, Mr. Henning Orlando, is a man who is quite familiar with the whole

building standards picture. He is the Managing Director of the Building Standards

Institute in Sweden. Mr. Orlando is a distinguished member of the American Cryptogram

Association , and his hobby is developing secret communication codes. He is considered to

be one of the top twenty experts in the world in this particular subject area. That gives

you some idea of Mr. Orlando' s quick wit and his ability to grasp large problem areas and

reduce them to the essence.

Henning Orlando was born in France in 1914. After graduating as an architect from

the University of Stockholm in 1940 , he was engaged in the practice of architecture for

almost 25 years. In 1967 , he became Managing Director of the Swedish Building Standards

Insti tute

.

Mr. Orlando has been a member of the advisory council of the Swedish National Board

of Building and Urban Planning since 1969 , and a member of the International Modular Group

since 1968. Also, Mr. Orlando is Chairman of Subcommittee 11 (which deals with kitchen

equipment) of ISO Technical Committee (TC) 59. Henning also is Chairman of ISO TC59

,

Subcommittee 6, Working Group 4, which is attempting to develop international standards for

stairs and staircases ; he is the Chairman of ISO Technical Committee 10, Subcommittee 8,

whose responsibility it is to develop international standards for the building drawing

practices . The Swedish Building Standards Institute holds the Secretariat for a surpris-

ingly large number of ISO technical committees and subcommittees , and Mr. Orlando will touch

on that in his talk.

Mr. Orlando will give us a picture of building standardization in Sweden and of how

dimensional coordination fits into that particular subject area. Will you join me in

welcoming Mr. Henning Orlando.
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BUILDING STANDARDS DEVELOPMENT IN SWEDEN

AND IN THE METRIC BUILDING WORLD

HENNING ORLANDO

INTRODUCTION

Lennart Bergvall told you that he was very honored to be here with you. I am also

very honored, because this is my first visit to the United States. It is a great pleasure

for me to be in your very great and famous country.

While my fried Lennart has taken you up into the higher spheres of modular coordination,

I will try to get you down to the ground again and show you which are the practical problems

we are working with today.

STANDARDIZATION

Standardization has been defined by the International Organization for Standardization

(ISO) as follows:

"The process of formulating and applying rules for an orderly approach to

a specific activity, for a benefit, and with the cooperation of all concerned

and, in particular, for the promotion of optimum order and economy, taking

due account of functional conditions and safety requirements, based on

consolidated results of science, technology and experience, determining not

only a basis for the present but also for future development."

Well, that says quite a lot, but how does it really work in practice? After standardi-

zing in building for about 35 years in Sweden, we still are asking ourselves: "What is

standardization? Are we on the right track? How can we do better? What is going to be

done next?"

Perhaps, standardization means avoiding a situation such as shown in Figure 1.

Or, perhaps to get things around the human model more coordinated, as demonstrated in

Figure 2.

It is surely not a question of trying to get the results indicated in Figure 3.

For hundreds and thousands of years , the human body has been the outline for all

measuring, and you are likely to recognize this famous drawing by Leonardo da Vinci,

reproduced in Figure 4.

Even before da Vinci, the human body was a start for standardization and coordination.

Once, in a country somewhere, the people asked their king to give a footprint. This foot-

print was then used as a standardized size.
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Am I speaking to

the Bureau of Standards?

I have a tip!

Isn't it impractical with all

these differing

locks and keys?

Figure 1 Figure 2

Figure 3 Figure 4

20



That was the first "national" standard. But unfortunately, this method worked differently

from country to country. Figure 5 shows that the foot could vary from 279 mm in Mexico to

513 mm in Italy - and this was even before Mussolini. Incidentally, the Swiss foot happened

to be exactly modular, 300 mm or 3 M.

THE COMPLEXITY OF STANDARDIZATION

The coordination of components has to be considered one of the most important tasks in

building standardization, because components must fit together in a building. Modular

coordination, therefore, is of main importance. But, there are also many other matters which

need to be standardized. Let us, for example, choose a simple door. There are a lot of

things happening around that door which, nowadays, we are endeavouring to standardize.

Figure 6 shows some of the major aspects. Starting with the coordinating sizes 21 M

(.2100 mm) for the height and 9 M (900 mm) for the width—which are basic— a series of differ-

ent properties connected with regulations and performance specifications are internationally

interesting subjects to standardize. That simple door shows the complexity of standardiza-

tion and the need for a systematic approach to all these different issues.

THE SYSTEMATIC APPROACH

We have been trying to find out which kinds of structured approaches we need to define

what we are going to standardize. One, which has been used in Sweden, is to start out with

dimensions, quality and test methods. This is sho^<Tn diagrammatically in Figure 7.

Another way could be to base the structuring on the different kinds of components as

they are defined within buildings, as illustrated in Figure 8.

A SYSTEM OF LEVELS

But this is not enough to illustrate a complete base for structuring building standardi-

zation work as a whole.

In Sweden, we have worked out what we call a "system of levels." This system has been

tested and applied in our standardization work for many years , and now also has been

accepted by ISO Technical Division 3 as a tool to be used in international building

standardization, that is, in all ISO committees concerned with building matters, materials,

etc. The concept is summarized in Figure 9.

In building standardization, the most important aspect is modular coordination, because

that technique provides us with the framework to standardize components so that they fit

together in buildings. An example—dimensioning of windows—will show how this system is

used.

On Level 1, Fundamental Standards Dealing with General Principles - we have the basic

module, 1 M = 100 mm, the multimodules 3 M, 6 M, 12 M, etc. We also have a standardized

series of preferred modular and multimodular dimensions, from which sizes may be chosen for

special needs.
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MEXICO

NETHERLANDS

POLAND

SWEDEN

SWITZERLAND V.

RUSSIA

GREAT BRITAIN

GERMANY
DENMARK

AUSTRIA

NORWAY
FRANCE

ITALY

PIE

VOET

STOPA

POT

FUSS

FOOT

RHEINISHER FUSS

FOD

WIENER FUSS

FOD

PIED

PIEDE LIBRANDO

PAINT

ACOUSTICS

COORDINATING
SIZES

HARDWARE

TOLERANCES

ICAP Pl.^.^lHAND
REQUIREMENTS

QUALITY
REQUIREMENTS

FIRE

RESISTANCE

TEST

METHODS

DETA ILS

BURGLARY
RESISTANCE

MANUFACTURING
SIZES

FiRure 5 Figure 6

1 DIMENSIONS

2 QUALITY^ -PROPERTIES

3 TEST METHODS^ ^ FUNCTIONS

Figure 7

1 MATERIALS

2 SECTIONS

3 COMPONENTS

4 ELEMENTS

5 SPACES

6 BUILDINGS

I

I

SYSTEM OF LEVELS OF STANDARDS FOR
BUILDING AND CIVIL ENGINEERING

LEVEL

FUNDAMENTAL STANDARDS
General principles and fundamental standards for

buildings and civil engineering structures

LEVEL 2

WIDE-RANGING STANDARDS
Standards for groups of products concerning

preferred dimensions, performance requirements,

general test metfiods, etc

LEVEL 3

SPECIFIC STANDARDS
Descriptive standards tor specific building products,

materials or components concerning properties,

test methods, etc

Figure 8 Figure 9
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On Level 2, Wide-ranging Standards - the coordinating dimensions—in this case for

windows—are chosen from the series on Level 1.

Standards worked out on Level 2 will give coordinating dimensions for all kinds of

windows, no matter what materials or constructions are used.

On Level 3, Specific Standards - the standardization can be more detailed, such as

giving work sizes and tolerances for wooden windows.

The systems of levels has wide flexibility in its application on various matters of

standardization. Used for test methods, general principles for testing may be given on

Level 1, standards for test methods which are common for a group of materials or components

on Level 2, and specific methods for special properties, materials, etc., on Level 3. The

system also may be used in the arrangement of the standardization within or between committees

subcommittees, and working groups.

As already mentioned, the system of levels is a tool for standardization, where a

standard on a higher level is characterized by its higher "durability" compared to a standard

on a lower level. As a consequence, a standard on a lower level should never be established

in contradiction to existing standards on a higher level within its domain.

This provides for order in standardization and assists in steering the work in a logical

and practical way.

PATTERNS OF STRUCTURING STANDARDIZATION WORK

The three different ways of structuring the standardization work outlined earlier can

be assembled in a three-dimensional grid. On one axis, you have materials and components;

on the second, dimensions, quality and test methods; and on the third, the system of levels.

This is shown graphically in Figure 10.

It now becomes possible to use this grid in order to illustrate any subject which we

intend to standardize. If we take "Modular Coordination," it is only a question of dimensions

operating on Levels 1 and 2, indicated in Figure 11.

"Concrete beams" represent another example. This subject represents a section dealing

not only with nominal dimensions but also with work sizes and tolerances, indicated in

Figure 12.

"Windows" fall into the category "components" on Levels 2 and 3. The standards will

comprise dimensioning, quality requirements, and test methods. Using the same three-

dimensional matrix, this is shown in Figure 13.

Now you may ask: What is the use of all this? For what purpose do you need such a

system?

We have found that this is a good tool when we are discussing how to organize the work

to ensure that it is not duplicated in another sector. So, without preparing a drawing for

each subject, we have the evidence and we can easily define various subjects and what is to

be done.
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BUILDING STANDARDIZATION IN SWEDEN

The Building Standards Institute (EST) Is a Division of SIS - the Swedish Standards

Commission. The BST Is an independent organization and works with its own funding, and

so do the SIS divisions for the mechanical field, the metallic field, and the electrical

field. Special committees within SIS standardize matters which are not dealt with in the

four divisions.

In the beginning, most of the finances for building standardization came from in-

dustrial grants. These have contributed less and less of what we need. So today, about

75% of the grants come from the Council on Building Research, which gets its funds from

a special tax levied on contractors' work. The Industrial grants amount to 12%, we get

6% from the government, and the remainder—9%—is the income from sales of publications.

In all, it amounts to 4.2 million kronas or approximately 1 million U.S. dollars per

annum. This is shown in Figure 14.

THE SWEDISH APPROACH TO INTERNATIONAL STANDARDIZATION

Lennart Bergvall mentioned our work in ISO, the International Organization for stan-

dardization .

The listing shown in Figure 15 can be perceived, perhaps, as some kind of ladder

where the final goal is to get global standards.

National standardization is carried on in committees which are subdivided into

working groups. As soon as a project Is started on the Nordic level within INSTA—which

is a regional sector similar to COPANT and involves participation from Denmark, Finland,

Norway and Sweden—we principally give up the national work and have the Nordic matters

surveyed by a national reference group. The Nordic committees within INSTA have a similar

task: to survey activities going on Internationally in ISO, and CEN, which is the

European Standards Committee.

The CEN, which was set up to harmonize standards between the European EFTA and EEC

countries, more and more has become a tool for the European Common Market, sometimes

doubling up on the work in ISO—which does not make things easier. The Nordic policy,

therefore, as far as possible, is to contribute to the ISO work and to avoid starting

projects in CEN within fields already covered by ISO.

SWEDISH INVOLVEMENT IN INTERNATIONAL STANDARDIZATION

Below is a list of ISO and CEN committees and working groups for which Sweden holds

the secretariat

:
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TC 10/SC 8 Building Drawings

/WG 4 Plumbing, Heating, Ventilation, Ducting

/WG 7 Surface Symbols. Hatching

TC 59/SC 1 Dimensional and Modular Coordination

/SC 4/WG 2 Measurement Methods for Building

/SC 6/WG 4 Stairs and Stair Openings

/SC 11 Kitchen Equipment

/WG 1 Physically Handicapped

TC 77/WG 19 Abestos Cement Siding Shingles

TC 89/WG 6 Fibre Building Boards: Determination of dimensions

WG 8 Fibre Building Boards: Technological Properties

WG 11 Fibre Building Boards: Quality requirements

TC 92/WG 14 Fire Test for Ventilation Ducts

TC 151/WG; 7 Particle Boards: Dimensions

TC 162/SC: 1 Doors and Windows

TC 163 Thermal Insulation

TC 90 Climatic Zones

Without boasting, I would say that this is quite a lot for a little country like

Sweden. However, we have only taken secretariats in areas where we have a special

interest or where we think we can make a major contribution to international standardi-

zation.

Of course, Subcommittee 1 of ISO Technical Committee 59 on "Dimensional Coordina-

tion," which is chaired by Mr. Bergvall, is one of the most important committees within

the building sector.

Within TC 59 there are other subcommittees such as SC 11 on "Kitchen Equipment." This

subcommittee has issued an international standard on Level 2, stating the modular dimen-

sions of the kitchen equipment, without going into any details.

TC 162, "Doors and Windows," is a new committee. Sweden has the subcommittee for

doors, and Norway the subcommittee for windows. These subcommittees will be concerned

not only with dimensions, but with the entire performance. Within CEN, a large committee

is working on test methods for doors and windows. We will try to get this work into ISO

as soon as possible, because we believe that it is more practical to have it assembled

there than to have the secretariats in different organizations and countries.

Eighteen months ago, we started an ISO committee on thermal insulation, TC 163, which

was the first full technical committee serviced by Sweden. At the inaugural meeting in

Stockholm, delegates from 13 countries attended. Among the attendees were five delegates

from the United States and six liaison organizations. We expect that committee to

develop many important standards within the next few years.
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In his lecture, Lennart Bergvall touched on the problem of tolerances. In this

field, a Swedish contribution has been presented within ISO that is now on the way to

being accepted as an international standard.

Figure 16 is a simplified illustration on this subject.

A component placed within its modular space has to be joined to its surroundings.

This raises the need to calculate necessary tolerances on both sides of the modular grid.

The framework which has been developed in Sweden can best be illustrated in a table, shown

as Figure 17, depicting the different groups of tolerances that occur in the building

field.

In addition to the manufacturing and assembly tolerances used in the mechanical

field, the building field needs special tolerances for the setting out and erection of

components. Based on these concepts, the standard provides all formulas for the calcu-

lation of relevant tolerances in building.

The questions concerning the physically handicapped are considered highly important

in our country. When ISO/TC 59 recently set up a special working group to deal with

general questions concerning requirements for the handicapped during standardization in

building, it was quite natural that Sweden was entrusted with the secretariat. But even

before that, Swedish contributions in this area had been approved by ISO. The interna-

tional symbol for facilities for the handicapped, shown in Figure 18, was a Swedish

proposal to be inserted in ISO-standards for all lifts which permit the transport of

wheelchairs

.

We also are working with standards to avoid burglary. This work is continuing with

authorities and insurance companies. There is now a Swedish standard— the first one for

doors—which not only sets the requirements for locks and hinges, but also sets require-

ments for the installation of the door itself. In many instances there is no need to

open the door at the lock. There are other ways to get through, as illustrated in Figure

19.

SOME REFLECTIONS ON INTERNATIONAL STANDARDIZATION

ISO technical meetings seem to have their own special pattern and sequence. When all

questions of procedure and discussions concerning definitions are brought to an end, and

the main point of the meeting is the next item on the agenda, these patterns are more

clearly shown. At the same time insuperable obstacles seem to arise. A typical example

is the determination and resolution of an international set of general coordinating

dimensions in building.

One delegate (A) accepts the dimensional series proposed by the secretariat with the

addition of some dimensions which are common in his country. Another delegate (B) cannot

accept the proposed series at all, and he insists upon entirely new values. A third del-

egate (C) wants to introduce a new basic module. The fourth delegate (D) pretends to

agree with A's proposal provided that some of the values are shown in parentheses. And,

the merry-go-round has started.
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In principle, there are two possibilities of selection which can be applied in stan-

dardization. Within the algebra of sets, nowadays taught at an early stage in schools,

they are defined as the UNION and the INTERSECTION, shown graphically in Figure 20.

To choose the union in standardization means to accept all the values proposed. This

would satisfy every delegate who then could be happy knowing that, in any case, his own

values are safe within the series, even if this has been done at the cost of the same

favor for all other delegates. There are examples of such standards within ISO. But this

no longer means standardization, and still less the limitation of variants. Rather it

should be called an internationally-agreed upon catalog.

In contrast, a selection based on the principle of intersection will only comprise

those values which are common to different countries; i.e., the very limited range, which

is acceptable to everyone. Provided that such values do exist in a sufficient number to

establish a useful but limited series, the principle of intersection constitutes the per-

fect basis for international standardization.

However, the reality is generally more complicated and often results in a compromise

between these two extremes. Normally, work on the compromise solution takes place during

the teabreaks, which interrupt the meeting at regular intervals.

As far as I can judge from experience, from a technical point of view it is always

advantageous in international standardization to steer towards the intersection principle

(that is to include only those values which are common to different countries) , and to

admit as few exceptions as possible.

This is an example of obstacles that frequently face us in trying to cooperate in-

ternationally. And, most probably, we will meet them again in our future work. But, I

believe that people become aware more and more of the need to reach agreements even if

it is at the cost of a small national sacrifice.

CONCLUDING REMARKS

I would like to conclude by saying that I personally believe that with all of the

problems we see arising around the world, particularly in the building field, we will

never be able to meet the demands in the future without well-developed international

standardization. In other words, we must arrive at a common and universal technical

"language." Here in the United States you are on your way to metrication. As a conse-

quence, you will have to apply the SI units. Being an optimist, I also hope that you will

accept modular coordination.

I will finish this expose showing you that there are also optimists of another kind

like the one shown in Figure 21.
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INTRODUCTION OF HANS MILTON

CHARLES MAHAFFEY

Mr. Hans J. Milton is the Assistant Secretary for Housing Research in the Australian

Government Service, and he is on loan to us until October 1977. He is serving as a

Technical Consultant to the National Bureau of Standards on metrication and dimensional

coordination. Mr. Milton holds not only a degree in architecture , but master's degrees

in building science and in business administration. He was the Director of Metric

Conversion in the Australian Department of Construction (Works) from 1970 to 1974, and

the Chairman of the Government Construction Sector Committee of the Australian Metric

Conversion Board. He was one of the prime movers in the very successful change to a

metric building environment in Australia , which was carried out with enthusiasm and prag-

matism.

Hans Milton has written a number of books and many articles and technical papers

dealing with the issues before us. He will talk about dimensional coordination— the

precedents and issues in front of us.
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INDUSTRY-WIDE SYSTEM OF DIMENSIONAL COORDINATION:

PRECEDENT AND ISSUES

HANS MILTON

topics metrication and dimensional coordination in building,

the two most significant issues before the construction com-

that is what I believe.

In addressing the twin

we probably are dealing with

munity in our time; at least

Firstly, there is the transfer from the customary measurement system to an inter-

nationally agreed upon system of measurement - SI (the International System of Units).

This transfer involves a change of the entire technical data base of the construction com-

munity to new values and new units of measurement. But SI, a decimally-based system of

coherent units, becomes even more useful to us if it is allied with a set of preferred

numerical values. For example, it is generally much more simple to work with a number

such as 100, than it would be to use 101.6, 102, or 110.

The second issue specifically revolves around the selection of such preferred values

for the measurement of length in building design, production, and construction, and for

the coordination of preferences in a systematic approach which extends through all sectors

of the construction community. Dimensional coordination deals with "preferred dimensions"

in building design, and related "preferred sizes" for building products. The term modular

coordination is widely used to describe the discipline, because such coordination is

generally derived from selected preferences of a basic module.

DIMENSIONAL COORDINATION AS AN "OPEN SYSTEM" - AND THE ALTERNATIVES

The objective of the systematic selection and coordination of preferences is to de-

velop an "open system" in which the selected dimensions serve to coordinate the geometry

of a wide variety of building types and their elements, with a wide variety of products

and assemblies from different sources of supply.

Dimensional coordination, if properly applied, will benefit all parties in building

design, production, and construction; but, it needs to be properly understood, including

its limitations, if it is to become an effective integrating device for the construction

community. To better understand the concept of an "open system," we must understand the

extremes that lie on either side of it - the "closed system" on one hand, and the com-

pletely "free," or "random" approach on the other.

In a "closed system," the designer(s) and manufacturer (s) match precoordination with

prefabrication. The result is that the various needs that arise in a particular building
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type, such as schools, hospitals, apartment buildings, etc., can be met from a small cata-

log of parts and sizes, specifically designed and produced for the "building system."

Some traditional building systems have been very effective, because building products

could be fabricated not only with lower cost, but also with better quality derived from

repetition, and better product development as well as quality control in a smaller pro-

duct line. On-site productivity is improved as the learning curve of the site personnel

improves because the assembly processes are also repeated and can be standardized.

Against these appealing advantages, there is the problem that "closed systems" are made

to order for specific building types. This does not allow for ready interchangeability

in construction applications.

Historically, we have always had available to us the "random" or "special project"

approach, in which each building had its own individuality. In this approach, which can

hardly be called a "system," the architect selects and specifies an "independent" set of

design dimensions, requiring that building products serve the requirements of design

regardless of the cutting, fitting, special components, and waste of resources that

accompany this approach. Since each project generates its special dimensions for pro-

ducts used in the vertical plane, the lack of standardization of floor-to-floor heights

in multi-story building is a good example of the random approach.

It is only in the "famous" examples of the free design approach that we begin to

appreciate the cost factors associated with the random approach. In Australia, we found

that one can get an excellent Opera House for $125 million, while the initial cost limit

of the client - the Government of the State of New South Wales - was $7 million. This is

no mean order of difference.

Dimensional coordination is applicable to most buildings, but it works best in

building design and construction involving predominantly rectilinear structures using

rectilinear components.

Dimensional coordination represents the greatest single opportunity in the eventual

metrication program for the U.S. construction community, because it provides the tool by

which all sectors of that community can acquire a common reference framework for linear

dimensions, based on dimensional preferences. For once, all sectors will be able to talk

a common language of dimensions.

INTERNATIONAL DIMENSIONAL COORDINATION

Previous speakers have dealt in some detail with international "modular coordina-

tion," which is dimensional coordination employing the internationally-recognized basic

module of 100 mm (indicated by the symbol "M") , as the fundamental unit of size in

coordination.
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Modular coordination, based upon a 4-inch (101.6 mm) unit of size, was originally-

pioneered in the United States during the 1920 's and 1930' s; and in 1945, the American

Standards Association (now ANSI) approved the 4-inch module as an American standard

suitable for the coordination of dimensions in building. In a different approach,

Professor Neufert led Germany into a 125 mm, or octametric module.

But in the 1950' s, eleven European countries joined in efforts to establish a common

module and approach to coordination. The countries of Western Europe coalesced their

thinking into a form of multi-national coordination employing the 100 mm module. (Some

European countries refer to this unit of size as 10 cm, but the SI recommendations for

linear measurement accord the millimeter complete preference over the centimeter.) The

100 mm module, so close to but different from the 4-inch module, now has been accepted

worldwide as the basis for the standardization of dimensions and sizes in building. This

also includes the countries of Eastern Europe. In the study of European precedent in

dimensional coordination, we found that the move to modular and preferred dimensions and

sizes had to be accomplished against a background of traditional sizes and practices.

Without the catalyst of a complete change in the measurement system, such a change is

much slower and more difficult than the change now before the United States, where the

transfer from customary measures to metric (SI) measures will bring with it an entirely

new set of preferred values. Metrication facilitates dimensional coordination based on

the international module of 100 mm and selected multiples.

Thus, we can look to European precedent and approaches for the statement of theory

and principles of dimensional (or modular) coordination, because that is where they have

been developed to a very high extent. But if we come to the practical application,

particularly in conjunction with metrication, then we would be best served by studying the

precedent in those countries which have preceded the United States in metrication, and

have attached a firm commitment to dimensional coordination to the change to a metric

building environment.

INTERNATIONAL PRECEDENT IN METRIC DIMENSIONAL COORDINATION

Britain

Britain was the first country to combine metrication and dimensional coordination in

building. Many of you have heard of the British experiences; some of you, I know, have

visited Britain and have studied the approaches to and problems encountered with metric

dimensional coordination. Britain was in a difficult position in its voluntary change

to a metric building industry; on one hand, it did not want to alter traditional approaches

and requirements too drastically, and on the other it wanted to link up with the principles

and theoretical concepts that had been developed by the European nations in its immediate

market area.
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This was no easy adjustment. Traditional requirements had emphasized the foot

[305 mm]; multiples such as 3 feet [914 mm] for panel sizes, with associated subdivisions

such as 18 inches [457 mm] for stud spacing; and subdivisions of the foot, such as 3

inches [76 mm] and 6 inches [152 mm], rather than 4 inches [102 mm] and 8 inches [203 mm].

And this did not fit too well with the international precedent at that time.

So Britain departed from the international recommendations on two counts. Firstly,

it instituted a first preference dimension of 300 mm, rather than 100 mm, which was not

in line with agreed and accepted international principles. Secondly, it developed "di-

mensional coordination" rather than "modular coordination," (the latter term is not used

in Britain) , as a system for "the application of a range of related dimensions to the

sizing of building components and assemblies and the buildings incorporating them." In

that system, there is a little more room for non-modular dimensions. The British have

done some significant work in the area of coordination of dimensions, both in theory and

in practice, and there is a lot of useful precedent - both in what to do, and what not to

do. And they have prepared some excellent documents dealing with dimensional coordination,

their only failing being that there were too many of them which, in turn, frightened off

a lot of people.

South Africa

Chronologically, South Africa followed Britain with a national metrication program,

but it went a different route. South Africans followed the approach "let us metricate as

quickly as possible, and when we have achieved a metric environment, we can then start to

settle some of the other issues, such as preferred dimensions and sizes; after all, the

Europeans have done it that way." You can see why that approach is not too successful.

It meant that most of the groups associated with the building industry had to make two

changes rather than one - they had to change to metric measurement first, and then to

dimensional preferences and dimensional coordination at a later stage.

Australia

Australia's planning for a metric construction community began at the end of 1970,

and the bulk of the changes to a metric building environment were implemented between

1974 and 1976.

By nature of their geographic isolation, Australians have had to be pragmatists from

way back. So, they evolved another approach to dimensional coordination. Right at the

beginning, it was realized that it would be undesirable to have two terms - dimensional

coordination, and modular coordination - so neither was used. In Australia, the descrip-

tions "preferred dimensions (for building design)," and (related) "preferred sizes (for
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building components)," were employed. Attention was draxm to the word "preferred," because

it represented the central issue in a system of coordination.

To me, all of standardization can be summed up in one sentence and that is: "Stan-

dardization is the positive balance between what is obtained and what is given up in the

interest of a more efficient performance," Thus, if we standardize in building, what we

get must be worth more than what we give up. By drawing attention to the word "preference"

in both design and product manufacture, we suggested that both groups had to yield a little

in order to gain more. Designers had to refrain from completely random dimensional choices

if they were to play their part in the development of a system of preferred dimensions in

building that was harmonious with preferred product sizes. Product manufacturers, in turn,

had to voluntarily abandon some of the random sizes previously produced to meet real or

assumed demands which were in conflict with the concept of preference. Or else, they had

to emphasize that "specials" incurred a cost premium. When we became more deeply in-

volved in the issues, we found out that the giving-up process was not really as difficult

as it tended to look from the distance.

The most significant new ingredient in the Australian approach was in "marketing"

dimensional coordination. We realized that, if people were to be confronted with ab-

stract, technical concepts in the introduction of metric dimensional or modular coordina-

tion— such as having to learn special notation, special symbols, special techniques of

drawing, and a large glossary of special terms— then they would rather be without it.

Therefore, we developed a pragmatic approach, in which the first objective was to

create an environment for the appreciation of "preferences," especially preferred sizes.

We realized that multimodular dimensions of 600 mm and 1200 mm were important preferred

and integrating dimensions, because 600 mm integrates the 300 mm and 200 mm units of size.

We shifted the emphasis to "preferred metric sizes of building components," in the reali-

zation that such components would enable designers to work in a preferred metric environ-

ment, regardless of any superimposed system of coordination, such as a dimensional or

modular order. We instinctively felt that the availability of preferred metric components

would channel the construction community into more selective and more appropriate pre-

ferred solutions - rather than the other way round.

Secondly, we stressed that even a partial application of (the principles of) dimen-

sional coordination in design and construction would be better than no application at all.

And, by giving designers an appreciation of preferred dimensions, and producers an under-

standing of the desirability of a one-time change to preferred sizes, we chose the most

persuasive and least coercive track. Finally, we stressed that those groups in the con-

struction community that were best equipped and most capable to use the complete concept

of metric dimensional coordination, should and would do so naturally, and would use it

to great advantage.
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Canada

The United States is extremely fortunate to have a metric laboratory to the north;

that laboratory being Canada. The Canadian construction community is committed to a

metrication program with an M-Day of January 1, 1978, and the achievement of substantial

dimensional coordination is one of the objectives of that program. In the recommendations

on the subject of dimensional coordination, Canada has coalesced many of the inter-

national approaches, (primarily British and European precedent) with a fair flavoring of

Australian precedent. It is a bold assertion to state that many Canadian metric standards

for the construction community are either mothered or fathered by Australia; they seem to

have at least a 50% Australian component. But this should be naturally so; not because

Australia was any more capable than other countries, but because in its approaches it

gained the benefit of close scrutiny and harmonization of the approaches of others

beforehand, to which a good deal of pragmatism was added in order to derive harmonious

and acceptable solutions. Canada has added slightly more sophistication in some areas.

Since practices in the Canadian construction community are closely allied with those

in use in the United States, it can be expected that many relevant and useful lessons can

be learned right here in North America. This applies particularly in terms of dimensional

preferences. Canada has echoed a strong preference for 600 mm and its multiples as pre-

ferred coordinating dimensions. The National Standard of Canada, CAN3-A31.M-75 "Series

of Standards for Metric Dimensional Coordination in Building," outlines dimensional pre-

ferences for buildings and building materials. With the Canadian M-Day not too far away,

the United States will soon be in a position to monitor and assess how well the Canadian

proposals work.

METRIC DIMENSIONAL COORDINATION - SOME OF THE ISSUES THAT WILL ARISE ON THE WAY

The major question that the U.S. building community faces is: "How do we get to a

dimensionally coordinated metric building environment in the most efficient and effective

manner ?"

And to get there, it will have to simplify some of the abstract concepts in order

to make the system more palatable and acceptable to all parties. The U.S. has to show

that the coordination of dimensions is practicable in design and construction, as well as

in production. It has to mount an educational program. This has to be done by design

groups, as well as producers' associations, and it must be done during the introductory

phase of metrication and metric dimensional preferences. The U.S. has to market the con-

cept in such a way that alternatives become less acceptable than they have been. In

Australia, we paid a great deal of attention to demonstrate new concepts in a proper

perspective.
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The issues are best illustrated by way of a series of examples.

1. Preferred Dimensions and Their Recognition

In Australia, we found that designers had had considerable difficulty in visualizing

modular magnitudes in a customary 4-inch modular environment. Designers could not even

tell, straight off, how many modules there are in 5' 8", which is a most common dimension

since there are many people who are 5' 8" tall.

The first weakness in the customary system of dimensional preference is that our rec-

ognition power is reduced, because we are dealing with two different measurement units -

feet and inches - at the same time. It is not immediately apparent that 5' 8" contains

17 modular (4-inch) units. Secondly, there is no real recognition as to whether that

dimension is a better or worse dimension that 5' 4" or 6' 0".

By comparison, in the transfer to a metric building environment, any person will be

able to tell immediately that 1700 mm equals exactly 17 -units of the basic module of

100 mm. But equally significant is the fact that the multiplier 17 represents a prime

number, which is not nearly as useful in terms of divisibility as 18 or 16. We know that

1800 mm can be divided into whole multiples of 900, 600, 300 and 200; and that 1600 mm

is divisible by 800, 400 and 200. Thus, the preferred dimensions that lie on either side

of 1700 mm, namely 1800 mm and 1600 mm, immediately can be recognized as superior values.

This was one feature we concentrated on in the establishment of dimensional pre-

ferences for metric building in Australia. In the design process, as well as the con-

struction process, we principally deal with two elements - additivity (the addition of

components to make up elements and/or whole buildings) , and divisibility (the division of

the geometric dimensions of building structure into the maximum number of components in

preferred sizes to minimize wastage) . The use of preferred dimensions and preferred sizes

in a metric building environment can be mutually reinforcing, as shown in Tables 1 and 2 on

page 40. These are taken from an ' Australian paper dealing with "The Principles and Practical

Application of Coordinated Preferred Dimensions and Sizes in Building Construction," part

of which was later adopted in the National Standard of Canada CAN3-A. 31. 4M-75, "Recom-

mended Metric Coordinating Dimensions for the Sizing of Building Components."

The Tables on page 40 provide a powerful decision-making tool, as they identify quite

clearly where the most preferred and useful design dimensions can be found, vis-a-vis

those that are preferred in building product sizing. Although developed specifically for

Australia, the principles can be utilized in the establishment of preferred dimensions

for the U.S. construction community. The important aspect is that, for the first time

in the history of the building community, there will be a harmony in the dimensional
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AN APPROACH TO THE SELECTION OF PREFERRED DIMENSIONS

[Reduced size extract from a paper by H.J. Milton, entitled "THE PRINCIPLES AND PRACTICAl
APPLICATION OF COORDINATED PREFERRED DIMENSIONS AND SIZES IN BUILDING CONSTRUCTION,"
presented at the Standards Association of Australia Conference on "Preferred Dimensions
and Sizes in Building" (Melbourne, Australia, 13 March, 1973), pages 9-10].

AN APPROACH TO THE SELECTION OF PREFERRED DIMENSIONS

Preferred building dimensions given in AS 1233/34 and preferred component

sizes shown in AS 1224 have been chosen to complement each other.

In the design of building structures, building envelopes and internal spaces

certain dimensions are strongly preferred because they provide maximum flexi-

bility for the integration of preferred component sizes indicated in AS 1224

In the approach to the selection of preferred building dimensions outlined

below, components and assemblies are grouped in three categories according

to site application, and are then ranked according to dimensional preference,

as shown in Table 1

:

TABLE 1

CATEGORY

1. SMALL COMPONENTS
(under 500 mm) -

laid in situ

MEDIUM-SIZE
COMPONENTS AND
ASSEMBLIES
(under 1400 mm
in width) - handled
manual 1

y

HEAVY OR LARGE-
SIZE COMPONENTS
AND ASSEMBLIES
(over SOO mm in

width) - handled
mechanically or

by more than one
person

Examples of

Component
Assemblies

bricks, blocks,
tiles, paving
slabs

sheets, panels,
partition units,
doorsets,
windows,
slabs

precast floor or

wall units,
panels, window
assemblies, door
assembl ies

,

precast stairs

Dimensional Preference
'

"TTT

100

200

300
400

600
900

1200

1200
1800

2400

3000
3600

2nd~

50

150

450

500
700

800
1000
(see
Note)

900
1500
2100
2700
3300

(See Note)

3rd

25

75

750
1350

1000
1400
1600
2000
2200
2500
2600
2800

Note: For the purpose of rationalization, those multiples of 100 Tran above
1000 mm which are price ni:inbers should only be considered where
special requirenents exist; e.g. 1100, 1300, 1700, 1900, 2300,
2900 mm, etc., constitute a lower order of dimensional preference
for cotnponer.ts and assemblies.
For purposes of brevity, the Table takes 1st and 2nd preferences
to 3600 mm only, and 3rd preferences to 3000 mm only.

Th« range of options for the Integration of equal size components or

assemblies into preferred spaces is shown in Table 2. The Table can bt

expanded to suit particular applications.

The Table shows first and second preference dimensions from Categories

1 and 2 of Table 1, with deletion of 50 m and 100 tm which satisfy all

cases. Major preferences are Indicated by a heavy outline around coluir

TABLE 2

Design
Dimension

(rmi)

Number of equal-size Ccoonents/Assembl ies (rm')
H

I)150 200 3C0 400 450 500 700 800 900 1000 |l200

600 " 4 3 2 1

700 1

800 4 2 1

900 * 3 2 1

1000 5 2 1

1200 *
8 6 a 3 2 1

1400 7 2

1500 10 5 3

1600 4

1800 12 6 4 3 2

2000 10 5 4 2

2100 14 7 3

2200 11

2400 * 16 12 8 6 4 3 2

2500 5

2600 13

2700 18 9 6 3

2800 14 7 4

3000** 20 15 10 6 5 3

3200 16 8 4

3300 22 //

3400 17 1

3500 7 5

3600 * 24 18 12 9 8 6 4 i

3800 19

3900 26 13

4000 " 20 10 5 4

4200 ** 28 1 21 14 7 6

4400 22 11

4500 30 15 10 9 5

4500 23
4800 32 24 16 12 8 1 6 4

5000 m 1 _5_

Note: * and ** indicate superior design dimensions because a large nmnbei

of alternatives for the Incorporation of equal-size conponents exli

The Table can be used for both horizontal and vertical dimensionB,
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system for the two components that influence the built end product - the building designer

and the building materials producer.

Another advantage of metric dimensions will be appreciated far better when it comes

to divisibility - such as the division of a floor-to-floor dimension into a whole number

of stair risers of equal height. With the use of millimeters, the process of division

is changed into a simple operation which is accurate to the nearest millimeter, and far

more accurate and less time consuming than the same process in customary units involving

feet, inches, and fractions of inches. Where floor-to-floor heights are multiples of

100 mm, simple decision tables can be used to clearly point out appropriate and accurate

alternatives

.

2. The Cognition of Area in Terms of Preferred Dimensions

The conceptualization of areas, and floor areas in particular, in terms of alterna-

tive combinations of linear dimensions, always has been difficult. A designer, provided

by his client with a floor area requirement of 100 square feet for a room, could easily

conceive of room dimensions of 10 feet by 10 feet; or, of 8 feet by 12 feet 6 inches.

However, only one of these combinations provides multiples of (4-inch) modular sizes in

both directions; and then it is not necessarily the best solution, but only the most

obvious one. The question is, how many other combinations of multimodular dimensions

will satisfy the required area criterion, or come close to it; say to within plus or

minus two percent?

In Australia, to facilitate the transition to preferred metric dimensions, we de-

veloped a set of "area matrixes," in which any given area requirement in square meters

(as well as square feet) immediately could be resolved into two linear dimensions that

are multiples of 100 mm; but only into such dimensions.

Figure 1 contains an example of one of those area matrixes for combination of

dimensions ranging from 2400 mm to 4800 mm in one direction, and from 2400 mm to 7200 mm

in the other.

For example, if we use a permissible plus or minus two percent variance on an area

requirement of 9 square meters (9 7 square feet) , we can recognize at once a whole series

of combinations of preferred dimensions, all of which will satisfy the stated area require-

ment. There are even preferences within preferences, such as combinations of dimensions

that are multiples of 600 mm, 300 mm, or 200 mm. The matrix also can be used in reverse,

to determine floor areas and general areas in square meters (and square feet) for combina-

tions of linear dimensions that are multiples of 100 mm. This is useful for estimating

purposes

.
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Figure 1 EXAMPLE OF METRIC AREA MATRIX
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162

7100
1 7 04

'S9

17 75

'9'

18 46
'99

19 17

296
19 88 20 59 21 30 22 01 22 72

.V:
23 43 24 14 24 85 25 56 26 27

283
26 98
290

27 69
298

28 40
9;/6

29 11

3'

9

29 82
97/

30 53
979

31 24

996
31 95

.i44

32_ 66 33 37 34 06

7200
17 28

'66

18 00 18 72

.'i7?

19 44 20 16 20 88

229
21 60 22 32

.740

23 04

248
23 76

2'v6

24 48
264

25 20
271

25 92 26 64 27 36 28 08 28 80 29 52
"8

30 24

976
30 96

979
31 69
94/

32 40 33 12 33 84 34 66

Note: All combinations within heavy surround are within -2% of 9 m'
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The matrixes, together with the decision tables on page 40, make it possible to

trade off better solutions against inferior solutions; and we always finish with dimen-

sions that are at least multiples of the basic module of 100 mm. In customary measure-

ment we had no such aid at all, so that we did not know - prima facie - whether 10' 8" was

a better dimension that 10' 4", or than 10' 6", or whether it was worse. In Australia,

the area matrixes provided another example of advantageous marketing of preferred dimen-

sions within a metric building world, and this intrinsic advantage was emphasized to the

fullest

.

3. The Role of the Contractor

The construction community has a clearcut objective to satisfy building needs in the

most economical, functional, timely and aesthetic manner, but not necessarily in that

order of Importance. The real, ultimate end product of significance is the building - not

just drawings prepared by designers, or products manufactured by producers, because on

their own these mean very little. What really means something, is to facilitate the set-

ting out and assembly processes to obtain real buildings and, particularly, dimensionally-

preferred buildings. In Australia, we found that by standardizing our processes, prac-

tices and procedures in line with the change to metric measurement, we could accommodate

some quite new approaches. We also realized that the support of the contractor and the

construction forces was tremendously important to metrication and dimensional coordination.

A designer can only forecast a metric demand, sometimes years into the future. The

real source of demand for metric and dimensionally-coordinated products is the contractor

who places orders for "metric" and "modular" products for use in "metric" and "modular"

buildings. If he orders metric preferred-size products in line with a national timetable

for change, this reinforces and facilitates the changeover. If, on the other hand, he

orders customary size products and shapes or modifies them for use in metric buildings,

this not only will delay an orderly change by lowering metric demand and prolonging non-

metric demand, but it will jeopardize his own advantages from metric dimensional coordina-

tion. Where the building dimensions and product sizes are related to each other, the

processes of construction and assembly can be carried out in such a way that the objec-

tives of dimensional coordination are achieved with greater economy and simplicity. The

aims are to reduce waste, to simplify assembly operations, to improve accuracy and quali-

ty, and to eliminate any unnecessary and costly variety.

4. Metrication and Dimensional Coordination - The Importance of Research and Analysis

In Australia, we felt that in order to achieve a successful transition to a metric

and preferred dimensional building environment, we had to go back to a fundamental

analysis, starting from user needs and the purpose of buildings. I think this bears a

lot of food for thought. We had to research into the design process - not only as it

affected the architect as the prima donna of the design professions, but as it affected

the entire building design community in its work on different facets of the building de-

sign process. For example, we all know the importance of the mechanical component, not
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only for its steadily increasing significance in terms of costs, but also in terms of the

effect on structure and spaces. In order to have effective dimensional coordination, one

has to resolve the dimensional implications flowing from structural and mechanical systems

with those of the building envelope, internal subdivision, and detailing. In Australia, to

provide a cumulative design requirement which could be met more easily in the marketplace,

we recognized the important role of research to determine those areas where the work of

the design professions could be harmonized by dimensional coordination. While we were

limited by lack of leadtime, we still obtained a much greater understanding of dimen-

sional interactions and conflicts in the building design process.

5. Metrication and the Building Materials Producer

In conjunction with metrication and dimensional coordination, we also undertook some

very necessary studies of materials' production processes. In determining or suggesting

preferred metric sizes, we could not afford to disrupt or dislocate, to any significant

extent, the productive capacity of manufacturers, as this would have been reflected not

only in higher prices for metric products, but in great malcontent with the metric change.

Thus, we closely examined production and related matters, and discussed with manufacturers

of all kinds various aspects of production costs, manufacturing equipment costs and useful

life, adaptability, inventory control, and pricing procedures. We found, for example, a

very similar result to that mentioned earlier in this meeting, namely that 90% of the

standard product line frequently subsidizes the 10% of specials. In establishing prefer-

ences for product sizes, we pointed demand towards preferred alternatives, thus assisting

not only the purchaser but also the producer.

In some industries, long production plant life appeared as an obstacle to a change

to production in preferred metric dimensions. But after some hair-raising early estimates

by industry of the cost of changing to metric production in preferred sizes, we found in

many instances that the difficulties associated with the adjustment were not very great

at all, particularly where metric production was linked with planned obsolescence of man-

ufacturing equipment.

One major brick manufacturer, for example, changed his primary source of sizing of

clay bricks every day. The company had changed from the use of high quality extrusion

dies which needed to be replaced every three to six months (when the force of the clay

being squeezed through gradually had enlarged the extrusion opening beyond acceptable

tolerances) , to an even higher quality extrusion die with a mild steel insert in the

extrusion opening. A new insert was installed every morning after being abraded during

the preceding day's production, and in that manner the manufacturer maintained extraor-

dinary dimensional control, meeting even the most stringent standards with a dimensionally

controlled end product. With only minor changes, it was possible to utilize a different

insert to produce preferred size metric bricks with the existing plant at only a few days

notice.

It was not that simple with all other manufacturers. Many of them were reluctant to
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abandon the production of customary products which had a vast historical legacy in terms

of established sizes, quality control, technical data, and peripheral standards with almost

an aura of their own. And it is not easy to surrender all this on the altar of metrica-

tion.

But to meet the best set of objectives for an inevitable metric building world, we

had to seek out the optimum path. When I say we, I do not mean the Government of

Australia; I mean the people who were associated with the Australian Metric Conversion

Board, who were from all areas of the design/production/construction community, and among

which the private sector dominated. These people developed consensus decisions out of a

vision of and dedication to a metric building world much better than that which existed.

All of them gave their efforts freely - not for selfish reasons, or glory, or medals, or

other forms of recognition, but because they quickly found that the change to metrication

and dimensional coordination provided a reservoir of opportunity that had hitherto been

untapped.

The questions which were important were: How can we tie metrication into the replace-

ment cycle? How can we substitute an optimum product range? How often is the manu-

facturing equipment replaced or modified in normal operations? How quickly and success-

fully can the cost of a once-only change to new and preferred sizes be recouped?

Initially, we were told that the concrete block industry could not change to metric

preferred sizes, because blocks were produced in molds that had a long life, and were not

very adaptable to dimensional changes. But the concrete block manufacturing industry had

a target date for the planning of its most expedient replacement cycle for production

equipment, because the Australian construction community had established a metric time-

table, and an M-Day early on. It is interesting to note that it was this industry which

became the first sector to produce and market metric products in preferred sizes. This

was because some of the initial objections that only looked at metrication in terms of

difficulty and cost, had not stood up and had been "blocked out."

6. Cost Estimates Relating to Metrication and Dimensional Coordination

One of the great lessons from Australia is that if any group wishes to raise obstacles

to sensible changes, then it is easy to make some wild estimates of cost that serve no

real purpose but will retard efforts within the group as well as within the sector at-

large. Objections arise principally from a lack of awareness of the issues and aims in

metrication. But if one wants to make "the most" of metrication (and dimensional coordina-

tion is part of the most), then everyone has to yield or give a little, in order to

achieve the positive balance described earlier.

In Australia, we found that most cost estimates were pretty meaningless because a

lot of the costs that were assigned to metrication would have been incurred or absorbed

in the normal business cycle anyway, whether in design, or production, or construction.

To concentrate on costs alone tends to close the eyes to many of the opportunities.
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We did realize, however, that our standards-setting groups would incur some very

significant costs for some time in changing the entire data bank of standards, codes, and

other technical information from the customary measurement base to metric units. But then

these groups also were going to be rewarded handsomely. With the obsolescence of tradi-

tional data, new and up-to-date information was required all round. With a properly

managed program, the initial or investment costs were quickly recouped by sales. Indeed,

metrication provided a very lucrative avenue for the standards-setting bodies that had to

do much of the early work.

7 . Metric Trial Projects

In order to make an effective transition to a metric and preferred dimensional

building world, some effort has to be concentrated beyond design and production, and has

to address the construction process. In Australia, the Federal and State Governments

undertook trial or pilot construction projects prior to full-scale metric operation to

assess whether there were any problems in metric work, and to test some of the dimensional

hypotheses to see how well they would work.

In my opinion, it is a very necessary and proper function for the public sector to

lead the way at an appropriate time and to become a catalyst for the community at-large.

This was especially so in Australia, where it was the national objective to make the

least costly and most beneficial voluntary change to a "metric" and "preferred dimen-

sional" construction environment. And the term "voluntary" applies equally well to the

public sector, because if no one volunteers, then changes simply are not made.

Some of these trial projects were simple, small buildings, costing in the order of

20 to 200 thousand U.S. dollars; others were quite major national projects, costing up to

200 million U.S. dollars. The latter were started as metric projects because it was

realized that the time cycle to design and construct a 200 million U.S. dollar facility

extends over so many years that it would be unwise to build in customary units, and thus

create a prematurely obsolescent facility of such magnitude simply because of the strict

adherence to a timetable.

Even though construction was scheduled to commence before the M-Day, the bulk of the

work would take place in the metric period, and thus a deliberate decision was appropriate

to make it an "early" metric project. On the credit side, a large project generates

sufficient repetitive demand to encourage manufacture of metric products without penalty

cost, while simultaneously providing the producer with a good insight into the issues in

a metric project world.

The trial and early metric projects showed very distinctly that many of the imagined

problems on the construction site simply do not occur. There is strong support for metric

operations from all site labor, as soon as the simplicity of a fully decimal measurement

environment with only one unit of measurement begins to be understood—and that does not

take very long.
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8. Opportunities vs. Problems in a Metric Building World

The most significant lesson we learned during metrication in Australia - one that I

have been endeavoring to convey for the past ten months in the United States - was that

if one wants to make the most of metrication, one has to pay attention to opportunities

rather than to problems. There is one fundamental difference: problems come after you

to give you so-called "problems;" whereas, opportunities never come after you - they have

to be searched out, and willfully, diligently and methodically pursued.

Metrication can be likened to the engine in front of the train of opportunity with

carriages such as dimensional coordination, review and rationalization, variety reduction,

harmonization of practices, unification of building requirements, and better communica-

tion. In this train, the most significant unit is the establishment of a comprehensive

system of dimensional coordination for use by and linking of all constituent parts. To

be successful, such a system must spring from a concerted national exercise.

In my experience, there never has been anything quite as far reaching or quite as

successful in the history of the Australian construction community as the cooperation

that was obtained, firstly, in making the change to a metric building environment (the

easy part) and, secondly, in providing the basis for a comprehensive and lasting system

of dimensional preferences.

9 . Some Issues to Avoid

In making the change to metric, there were a few problem areas in Australia where

expediency or singlemindedness overruled rationale. The most notable failure in metri-

cation occurred in the lumber industry, and it will take a second change some time in the

future to correct the situation. Without wishing to be facetious, it appears that the

lumber industry broke into three pieces: firstly, the softwood lumber industry, which

decided to make a hard conversion (with guaranteed minimum sizes) and which abandoned

nominal sizes; secondly, the hardwood lumber industry, which decided to make no real

change, but which continued to describe lumber by rounded nominal metric sizes; and

finally, imported lumber suppliers, which marketed a third and different set of sizes.

The result for the construction community was that instead of one set of metric sizes and

one set of preferences, there were three differing sets of lumber sizes and preferences.

This makes it inordinately difficult for the designer to create detail designs in lumber

for dimensionally-coordinated buildings. But neither designers, nor contractors, nor

users, had been properly represented in the discussions and decision on lumber sizes.

The design professions now are turning to alternative structural materials to preserve

the dimensional relationships that become so necessary in a world of dimensionally-

coordinated building.

It could have been that the rapid time cycle in Australia was too ambitious to allow

for detailed debate and extensive research and analysis on all aspects of lumber sizes

and properties - there was only three years from initial metric planning to the industry
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M-Day. But, what is more significant in the U.S. context is that it is important to

have a balanced presentation of views and concerns before binding decisions are made and

implemented. Otherwise, the metric opportunity to improve the construction community will

be squandered and it will continue to work very much below the optimum. Metrication pro-

vides the best possible catalyst for discussions across all parts of the industry.

CONCLUDING REMARKS

I would like to reiterate something that my friend, Chuck Mahaffey, remarked upon

earlier. I believe that "pragmatism" is the most valuable asset we have in attacking the

transition to the metric system, and the almost equally inevitable transition to a system

of preferred dimensions and sizes. To be a metric apostle and to wish for everything in

nice, neat metric values has its place, but there are many aspects in the construction

community where it is unnecessary, if not counter-productive, to make a change just to

arrive at nice numbers. There are quite a few areas where we need not change just for

change's sake. But, in establishing a culture of preferred dimensions and sizes, and

metric dimensional coordination, it becomes necessary to insist on simple numerical

values

.

As far as pragmatism is concerned, we have to acknowledge that some dimensional

coordination is better than none, and full dimensional coordination is better than some .
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QUESTIONS AND ANSWERS

Mr. Gerald Prange

You heard this morning--if I may serve as devil's advocate—that the two gentlemen

from Europe have anti-regulatory proclivities . However, having worked in the building

materials' industry , and having been involved with building codes and standards for many

years, I am always a bit sceptical when I hear such a pronouncement. Subsequently, a Hans

Milton may propose adoption of an SI system without modification , and we then find we are

more specifically and more rigidly regulated than when operating under the old system.

Seriously, with regard to modular coordination in building design, we want to be sure

today that we are not assuming that the U.S. building industry is starting at ground "zero."

In the past, many in the U.S. building industry have been "turned-off" when the subject

of modular coordination was introduced because of the complexities associated with the term.

It is possible that some of the difficulty in introducing modular design in Europe also has

been a result of the terminology that one of the speakers this morning referred to as just

"good common sense." We, in the U.S., have quite a heritage of modular coordination, or

whatever you would like to call it, particularly in the light frame industry. Ray Harrell

of the National Lumber and Building Material Dealer's Association , who is attending this

meeting, and who is the grandfather of the LURECO system for wood frame construction , would

recognize this. This system is based upon the 4-inch module and currently is practiced by

many builders throughout the United States. About ten years later, that system was followed

by the UNICOM system, which completely organized light frame construction as a totally

modular system, again utilizing the 4-inch module.

The spacing of members in the UNICOM system coordinates with the 4 feet x 8 feet

dimension for plywood, for gypsum board, and other panel products. So, we are fairly well

modularly coordinated in light frame construction . I cannot speak with any degree of back-

ground regarding commercial and heavier types of construction, where the 5 foot module and

other systems have been used. But, so far as light frame construction is concerned, while

we do not regularly refer to it as modular coordination or modular dimensioning , most

builders , most architects and planners have been designing and building on this basis for

quite some time.

What many have come today to discuss and determine is: How far have we come in modular

planning and design of buildings? What more should we be looking forward to in adopting—
or adapting—to modular coordination, beyond the basic light frame system in use today?

The first question deals with the general attributes and benefits of modular coordina-

tion. I would like to refer to a recent project by the U.S. Department of Housing and Urban

Development (HUD) called "OPERATION BREAKTHROUGH"—a great move to industrialize the entire

building process for residential construction. This was a major governmental incentive,

and it involved participation of a number of large industries which were new in the building

business . These industries were encouraged to become builders of modular housing, (and
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Governor Romney , the then Secretary of HUD was instrumental in promoting this concept) the

idea being that if General Motors, American Motors, Chrysler Corporation, and Ford could

produce automobiles on an assembly line, it should be possible to turn out bousing in a

similar manner—particularly , if modular design and component construction were employed.

As you know, a good many of these people lost their financial shirts in this effort which

did not produce the envisioned economics of scale.

However, a housing recession that followed the "BREAKTHROUGH" effort did not help that

situation very much. But, the firms that survived and are continuing to produce housing

and doing very well today, are the smaller builders—both factory-built and "stick" or site

builders . They are using and traditionally have used the 4-inch design module and components

of lumber, plywood, gypsum board and various types of panel products , all of which coordinate

with that module. My question is: What should we be doing in the modular coordination

field that we are not doing, in order to improve the industrialized home building process?

Mr. Hans J. Milton

This meeting is an exercise of consultation and communication and I hope there will be

many more throughout the entire metrication process, because the designer on one hand, and

the producer on the other are undoubtedly the most two significant parties in bringing about

dimensional order within the construction community. And, I think they need to talk more

than any other group. But, not exclusively, they must bring the other skills into the

discussions as will become pretty clear as we get into more detail.

I have recently talked with one of the legal representatives of the department that

conceived this marvelous idea of "OPERATION BREAKTHROUGH," and I was assured that specifica-

tions in "BREAKTHROUGH" were based upon the concept of specified functional performance, but

that the geometric performance— the dimensional requirements—were left fairly open. There

were only very general prescriptions as to minimum requirements in certain situations. I

think the fact that the U.S. building community is already familiar with the concept of a

4~inch module, is a distinct advantage in changing to an even wider concept of dimensional

preference during metrication. It seems that the customary preferences involving 4 feet,

and 2 feet, 16 inches, and 4 inches have not gone far enough-—they have not been extended

throughout the total conceptual framework, including preferred building dimensions, recom-

mended functional spaces compatible with modules, tolerances and limits of fit, to mention

just a few. This is why, earlier I mentioned "partial applications." The real gains

will come from a comprehensive and coherent approach that extends through all areas of the

building community.

Mr. Prange

Mr. Milton mentioned , "Thou shall use the millimeter as the basis of preferred

dimensions ." This gives us a 1200 x 2400 mm panel for the standard plywood or gypsum sheet,

hard converted. I think that is fine and it works well. But, I have problems in deter-

mining whether and how a 1200 x 2400 mm panel, which coordinates with the 100 mm module,

is simpler than a 4 feet x 8 feet panel, which coordinates with a 4-inch module.
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Mr. Milton

Prima facie, a panel size of 1200 mm x 2400 mm is not any better than a 4 feet x

8 feet size, because each measurement should be used in its respective measurement environ-

ment.

Therefore, to have the equivalent of a 4 feet x 8 feet in a metric environment would

be against all basic principles; to have the equivalent of 1200 mm x 2400 mm in a customary

environment would be equally difficult although slightly simpler, because in most instances

it is easier to make up in size than it is to subtract. For example, you could easily use

a metric concrete block, which is slightly smaller in size than the customary concrete

block in a customary environment, because it is easier for us to make the joint a bit

larger than it is to narrow it down to nothing. The mathematics are simpler when you use

only one unit of measurement (millimeters) compared with two (feet and inches)

.

Mr. Prange

You mentioned , that in Australia you began—not necessarily in the order perhaps that

you might have preferred—with the development of preferred sizes of building components.

The question I ask is: Did this come before the effort to standardize the building module?

Mr. Milton

The module was standardized before preferred dimensions and related preferred sizes

were developed. I do not think that preferred sizes of building components came entirely

before we settled on preferred building dimensions. It was like having twins, not identi-

cal twins but a pair of siblings, where one is the "preferred sizes for the manufacturer,"

and the other one is the "preferred dimensions for the designer." However, both arrived

together and are derived from a common genetic framework, and that framework is the

100 mm module and a specific selection of preferred multiples.

Mr. Prange

Returning to the facetious , in your speech you mentioned that 5 feet 8 inches (the

average male height) comes to approximately 1700 millimeters , which, as you indicated, is

modular with 100 mm by a factor of 17. Interestingly , in the present system, 5 feet

8 inches is 68 inches, which is modular with the 4-inch module, again with a factor of 17.

So, I ask, how is the new system with two extra digits on each dimension a simpler system?

Mr. Milton

The reason why I deliberately chose 1700 mm was the fact that in the old (modular)

concept 17 modules represented 5 feet 8 inches or, as you stated, 68 inches. And that

appeared to be as good a multiple of 4 inches as any other. But, in metric dimensional

coordination or international modular coordination, there is an additional factor, because

other preferences with multipliers such as 16 or 18 have better intrinsic qualities: they

allow more divisibility or easier manipulation than the multiplier 17, which is a "prime

number." The multiplier in metric dimensional coordination is immediately visible and not
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hidden. My choice of 1700 was to illustrate a facility we have never had before. The

actual measuring units (the meter or millimeter) indicate linear measurement, but the

number (the numerical value) indicates the geometric properties. So much so, that on a

drawing in millimeters, you can leave the "mm" off and just show numbers. But such numbers

have certain qualities in terms of divisibility that become immediately apparent.

Let us take another number to get away from 17. For example, 3500 mm or 36 modules.

Can anyone here tell me what 36 modules would be in customary measurement? - well, it is

12 feet. Twelve feet can be divided into twice 6 feet, three times 4 feet, four times

3 feet, etc. And, as we go on with the mental arithmetic, we are likely to overlook a few

of the possible alternatives.

But when we take 3600, we can ascertain immediately that it represents: 2 x 1800,

3 X 900, 6 X 600, 9 x 400, 12 x 300, and 18 x 200—all of which are directly visible.

Had we taken 3500, which is the nearest dimension to 3600, we would have had the option of

splitting this up into 7 x 500 or 5 x 700, but nothing else would divide into whole

multiples of 100. And, if we had taken 3700, which has a prime number as multiplier, we

would have arrived at an even more inferior dimension. You know, some architects with good

intentions might convert 12 feet to the metric equivalent of 3658 mm, and then round to

3700 mm. A room dimension of 3700 mm cannot be made up in distinct components without

having to cut or fit.

We could just say 36 M in lieu of 3600 mm, the way the Swedes do, but then that would

not allow us to use the same unit of measurement for the more detailed tolerancing, for the

more detailed basic size, for the manufacturing deviations that we can tolerate, or for the

positional deviations on-site, because there we need to go into millimeters. To go into

anything smaller than millimeters in general building construction would be useless, because

one cannot measure it. But with one measurement unit—the millimeter—we can deal with the

smallest and the largest dimensions that are likely in production and construction.

Mr. Prange
2

Mr. Milton has mentioned a room size of 9m as a standardization for a room which

might be 100 square feet (10 feet x 10 feet or 8 feet x 12-1/2 feet, or some other rectangu-

lar configuration) . What we really find when we study interior room dimensions is that

acoustical, appearance, fire protection , or other considerations dictate a myriad of wall

thicknesses . And, try as we might to make interior room dimensions modular , the variability

in thickness of wall materials tends to make it rather difficult to establish precise

dimensions . Would you comment on that?

Mr. Milton

In choosing an area criterion, I had intended to illustrate the difficulties we get

into in trying to convert, say, 100 square feet into a range of options stated in 4 inch

multiples - such as 10 foot x 10 foot, 9 foot 8 inches x 10 foot 4 inches, 9 foot 4 inches

X 10 foot 8 inches, etc., and to appreciate what trade-offs are possible.
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My reason was not so much to compare metric measurement with customary measurement,

because it is nearly as difficult to relate an area in square meters to two preferred

dimensions as it is to relate an area in square feet to dimensions in both feet and inches.

But, by having an in-between device, an area matrix as a design aid, we can get straight

away to explicit preferences that will assist both the designer and the producer.

I agree that "actual room dimensions" often will not be in neat multiples of 100 mm -

but the "coordinating dimensions" ought to be multiples of 100 iran.

Mr. Prange

It really interested me when you mentioned the varieties of the 2" x 4" size coming

from the lumber industry . Originally , the 2x4 was rough sawn. It was also green or

unseasoned. To make it easier to handle and more stable in use, it was subsequently kiln

dried and surfaced . When you begin with the 2x4 rough dimensions and kiln dry it, it

reduces to about 1-3/4 inches x 3-3/4 inches; then you surface it to 1-5/8 inches x 3-5/8

inches, which for many years was the standard size for the 2x4. Then we began to look at

the functional purpose of a stud in a house, and this is the real reason for coming to this

kind of explanation. We have modular spacing 16 inches or 24 inches on-center , based on

the 4-inch module. What load does that 2x4 have to support? It was found that changing

the dimensions of the stud to 1-1/2 x 3-1/2 inches readily provided adequate strength and

stiffness

.

So, those are the sizes that prevail today. My reason for providing this history

is that we need to be pragmatic in metric conversion and in the modular coordination effort,

because there are other factors to be considered , factors beyond design or dimensional

simplicity . And, one of these is the engineering of the structure. That is, where you can

determine the most efficient product size to support imposed loads (wind loads, snow loads,

etc.), these should be the dimensions used regardless of whether the current or metric

system of units prevail. And, this is not so hard to rationalize . In the wood products

industry we say, "Let's standardize on the modular design of the building— the center-to-

center spacing of members (joists, studs and rafters) and then, let the actual cross-

sectional dimensions of the structural elements depend upon the engineering requirement of

the structure ."

Mr. Milton

In metrication, nothing should be sacrosanct, and I am very pleased to hear your remarks

about the 2x4. Some additional remarks can be added. In taking into account what

the sizes might be, we are engaging in a research exercise. This research exercise is

just as important to industry as it is to the designer and the community at-large.

Fortunately, we have adequate lead time to do some research. There is no one who

will need metric lumber sizes for at least the next two years, or the next three years, or

maybe even the next five years, apart from our friends in Canada. The U.S. has ample lead
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time to make sure that all the factors that lead to sizes are examined. You need to

investigate considerations such as spacing, strength grades, effective face width (to make

it possible to either fix with nails, screws, or adhesives)
, bending and warping, the

composite structure (where the outside panel acts as a stress skin upon the actual framing

member), the amount of thermal insulation you can accommodate within a laminated panel,

acoustic properties and fire resistance properties - and then, there will be a whole series

of trade-offs to make. Once the issues have been established, you can discard those that

are of lesser significance, and concentrate on those that are of greater significance, with

the ultimate goal to get better results for all. Nobody involved in metrication wants to

dislocate industry. I do not think that has been anyone's intention in Australia, in Britain,

or anywhere else. But, by the same token, the greater good of all parties should be advanced.

It may very well be that the ideal replacement of the 2x4 looks nothing like it. One

ideal replacement would be an "I" section similar to that in steel. If we could cut such a

shape in some fashion, it could be the ideal replacement for a 2 x 4; it would be just as

strong but more economical. Maybe, one day when we have laser beams that can cut a

section, such as an "I" section or any other shape, this will lead to some completely new

approaclies . But, this is unreal with present technology so we have to think in terms of

rectangular lumber sizes.

The important thing is for the manufacturing sector, the design sector and the research

capability in the country to get together and talk about the issues conjointly, rather than

separately. And, that does not just apply to lumber sizes, it applies to pretty much every-

thing. There are some obvious areas; for example, the 4x8 panel. There is not really any

other preferred metric size than the very obvious size which has already been identified in

discussion in some of the committees. No matter how hard we strain to invent some new

alternative, we are bound to come back to the obvious size (1200 x 2400 mm)

But there are other areas where the ideal size is not obvious, areas where conversion

is going to be much more difficult, and where the opimum solutions still need to be

found

.

These are some of the answers to your questions.

Mr. Prange

Professor Wandmacher has a question

.

Professor Neil Wandmacher

I think you led very well into a key point on which perhaps Mr. Bergvall would want to

talk further. This morning he mentioned the issue of applying the module to center-to-center

dimensions versus face-to- face dimensions . What has just been said leads very naturally

into this. It would be very interesting to me, from an engineering point of view, to have

Mr. Bergvall talk a little bit further about the Swedish and international experience in

using the center- to-center rather than the face-to-face dimensioning.
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Mr. Lennart Bergvall

What I said was that the general practice in most countries today is to apply multi-

modules as a guidance for the load-bearing structure, between center lines. In early modular

coordination, Albert Bemis started from the face-to-face application of the basic module.

Nowadays, when the multimodule, or basic module, is used to determine the location of the

load-bearing structure, it is very natural to do so from center lines. Some countries

maintain that they lean toward other alternatives too; but I will not go into those

complications

.

However, if one employs a load-bearing system based on a 3 M multimodule, the most

interesting feature of that is that the sizes of rooms are more likely not to be multiples

of 3 M than to be so, because the thickness of wall constructions has to be deducted. So,

it is quite natural that one will need to arrange components for internal equipment,

partitions, etc., in such a way that a popular dimension is reached. And now we have found

that one practical way to solve that problem, if it is an appropriate building type, is to

operate a 3 M, 6 M, or even 12 M multimodular grid for the positioning of the load-bearing

system between center lines. Then one can have, if required, a basic modular grid for the

positioning of all partitions and internal equipment, and that could be dislocated or

displaced from the basic modular grid so as to achieve a situation where one has the advantage

of both—a very rigid multimodular standardization of the load-bearing structure, but all

the freedom of design that is needed in the internal layout of the building.

Some people try to achieve the same type of 3 M multimodular standardization to the

structure, as well as to the internal design of the building. Thereby, they buy themselves a

high degree of reduction of variance at the price of freedom in design; and 1 am not the one

to say which is right or wrong. But, you can imagine from my remarks which I believe to be

right.

Question from the Floor

I am aware that 100 mm and 10 cm are the same. In their speeches, the Swedish experts

referred to 10 cm. It just seems to me that when you use millimeters , aren't you carrying

the connotation of a larger degree of accuracy than can be obtained in construction? I can

understand millimeters for mechanical items, tools, or screws and nails; but in talking

about dimensions in construction, isn't the millimeter an awfully small unit?

Mr. Milton

Mr. Bergvall, maybe you would like to give an answer. I can provide one answer to that.

Mr. Bergvall

Nell, I could also give an answer.

Mr. Milton

There was much debate in all of the countries that have preceded the United States in

metrication on the "centimeter" versus "millimeter" argument; that one is almost as bad as

the argument on the spelling of meter in the first place. I don't wish to get into that

because we could be here tomorrow.
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Question from the Floor
|

How do you spell it?

Mr. Milton

The most sensible spelling is probably the Russian spelling. They leave the "e" out

and spell it m—e— t— r, and, therefore, they do not get into either controversy. It also

is more efficient, because it saves you 20 percent in terms of the word length.
|

Let me return to the question. One of the reasons for the choice of the "millimeter,"

apart from the fact that it is the internationally preferred unit, was that it saves time

and is more efficient in terms of the number of spaces it takes to show construction

dimensions, as all measurement is in whole numbers. With the millimeter we do not need

decimal points, because we do not have to have decimal fractions, which would be inevitable

with centimeters, for example, in the expression of panel thickness. Consequently, cross-

walls expressed in centimeters would have to have fractional dimensions. Even if they were

rounded to the nearest 5 mm, the dimensions still would show a decimal fraction. From our

experience and tests, people cannot add a number plus a fraction as easily in their minds

as they can add a whole number. For example, you can add 128 and 265 more easily than

12.8 and 26.5.

The second reason is that, in order to improve productivity, we are bound to make

greater use of computers; and computers do not like decimal points. The decimal point

represents an additional space and a nuisance which need not be carried. So, in terms of

the logistics of showing measurements, it is better to work in millimeters.
^

A major spin-off occurs in documentation. With five digits one can show any length up

to 328 feet, and this dimension encompasses most of the general building dimensions. If all

dimensions are in millimeters, the designation of the measurement unit may be omitted from

the drawing, and one only has to deal with numbers. Three numbers suffice up to about 3 feet

3-1/3 inches; four numbers suffice up to 32 feet 8 inches; and, five numbers suffice up to
^

328 feet; just to put it into a customary context. This simplifies all processes of addition,

subtraction, division and multiplication.

Finally, there is no risk of confusion, as is bound to arise with both centimeters and

millimeters, and confusion should be avoided in the change to SI.

Question from the Floor

I was considering mainly the worker, not the engineer who has a computer. I am thinking

of the laborer out on the job who is very familiar with inches and fractions~~9-l/2" , 9-3/4",

etc .--so the fractions do not bother him in the metric system where you could have 9-1/2 cm,

10-1/2 cm, etc. There is no problem there because he is thinking in inches, and he could

just make a centimeter analogous to an inch. That would not be foreign to the worker. I am

more concerned about the worker who does not have the education; the educated people— the

engineers and architects—can adjust to anything because supposedly they do have the

education , they have the computers. But that man out there on the job--he is the one who I

am worried about.
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Mr. Milton

Well, let me tell you, we also talked an awful lot about workers in Australia, because

we felt that the actual on-site staff was going to be a great problem. But these workers

will take to any decimal measure, because a decimal system is simpler for a start. It does

not matter whether the measuring tape is in millimeters; provided, you have it clearly

identified, that is as simple as working in centimeters, or in meters, or in any other

decimal unit. I believe that one has to be consistent when trying to attempt a solution,

in order to satisfy the largest number of parties. In only one area would I be willing to

advocate use of the centimeter; namely, the lumber industry. And then to disguise milli-

meters, because then you get some nice round numbers; 4x9 (cm) would be 40 x 90 (mm),

rather than a 38 x 89 which is the direct conversion of a section or the 2x4.

Audience Interjection

Just great I

Mr. Prange

Forty by ninety (40 x 90) would be worse!

David Brackett

J do not think you have ever watched a drywall mechanical hang board with his partner,

where he measured 9 foot 6 inches and a strong "1/8" or a short "3/16." It will drive you

crazy. I have some questions for Mr. Milton.

I presume that in Australia, the hard conversion to the 1200 x 2400 mm panel size has

transpired? Are you actually in production.

Mr. Milton

Both answers are yes.

Mr. Brackett

J am faced with a dilemna from the sheet good manufacturer '

s

—panel manufacturer ' s point

of view. Their immediate reaction is that going from 4 x 8 to 1200 x 2400 represents a loss

of 1.5 percent of total production . And, we in the gypsum industry , are looking at production

figures between 12 and 15 billion square feet per year. That amounts to a lot of money.

One more step—we are also faced with retrofitting , remodeling , whatever word you care

to use, of as many as 50 million housing units. Should we go to the smaller size—the 1200

X 2400? Is this not going to create a very large economic problem in making these existing

housing units more modern, up-to-date , conform with energy standards or whatever we happen

to deal with, rather than considering sizes just on the basis of new construction.

Mr. Milton

Maybe Australia is of a different order of size - we do not even have five million

dwellings in the country.
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In Australia, we analyzed this issue very carefully and found that retrofit was no

problem. In fact, the way cladding materials or sheeting materials have been used tradi-

tionally, is that they have been cut up and shaped in order to suit the geometry of internal

spaces: over doors, under windows, around ducts and vents. With doors being placed some- 4

what arbitrarily wherever it suited the design, rather than in relation to minimizing the I
number of sheets that had to be cut, we get a lot of odd spaces. We believe that a new

sheet size in preferred metric dimensions represents no problem. In fact, we found that

much of our housing was not built with 8 feet ceiling heights, but with 8 feet and 1-1/2

inches. This was because you just cannot accommodate an 8 feet sheet or panel in an 8 feet

ceiling height, so you have to cut off a little. You will find that most of your partitions

designed for 8 feet ceiling heights will have a liberal part sliced off at the top, at the

bottom, or both, in order to fit in, and to allow for adjustment.

But, that is only one-half of an answer, because the question is a good one. I believt

that in going to a preferred dimensional environment, one must do one thing and that is

"not to look over the shoulder." The moment we look over our shoulder, we see so many

ghosts, we see so many reasons not to change, and not to modify anything, that we freeze

with concern and do not obtain the benefits of anything that is beneficial. I do not know

of any composite solution where you can have the best of two worlds. If we had this

situation, it would be marvelous because then we would have had an identical 4 -inch and

100 millimeter module in the past. But, we have not. So, in order to get maximum benefits

all around, we ought to turn our back on the past and look into the future, and that means

different sheet sizes.

In Australia, manufacturers also said, "We are going to lose 1-1/2 percent of total

production." And we replied, "How much are you going to lose in sales?" They said, "Well,

that's a different question." They did not compensate in their sales for this reduction in

size. But in effect, there was no direct increase in the cost of housing as a result.

Because, for better or for worse, through metrication our dimensions shrank ever so slightly.

Ceiling heights reduced down from 8 feet, which is 2438 mm, to 2400 mm. In the total building

context, this did not make very much of a difference. In fact, we managed to increase our

brick size modularly so that we could accommodate the floor to ceiling height with one less

course of bricks. That was a distinct advantage. But in terms of energy conservation, in

terms of heating or cooling a space, we had unwittingly gained an advantage, because in a

smaller space it is easier and costs less to get the desired climate by heating or cooling.

I cannot give you a better answer. I think that there are some instances where, in an

historical context, the present solutions are good; but, in a future context, they are not

so good. Each case requires a value judgment. If manufacturers want to continue to produce

for a replacement market, this may very well be a lucrative area for production. But, if

one wants to have genuine metric design, and genuine metric buildings, then the soft

conversion of existing products would be a distinct handicap.
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Mr. Bergvall

Industry must base its decisions on hard, matter-of-fact calculations; and so far I

agree with the previous speaker. But, there is, according to my experience, a tendency

within industry to over-estimate the importance of those factors in a calculation which are

easily quantifiable, although those, which are not possible to quantify might very well

be the decisive ones. To attach too great importance to such marginal losses of production

capacity as the previous speaker mentioned just because they are so easy to calculate can

be very misleading indeed.

As for metric lumber sizes, I must admit that although we in Sweden have lived happily

with metrics for about one hundred years, we have only recently begun to use lumber sizes

in millimeters. Until then, we successfully used the inch system of lumber sizes, simply

because all of our large export buyers wanted sizes in inches. And, in a way, this was

very practical; the 2x4, for instance, was used rather as a name - or a "number," if you

like - for a certain piece of lumber, and not as an exact size.

But one should talk about marginal losses and gains by metrication; notice that the

metric size of a 2 x 4 is 50 x 100 mm, against the existing 50.8 x 101.6 mm. And, the

slightly smaller size will beyond doubt serve the same purpose, because we have found in

Sweden that with about the same climate and snowloads as in the United States, we can use

2x4 studs 600 mm (24 inches) apart instead of your traditional 400 mm (16 inches) . That

way, you can really save lumber, provided your code system can cope with it.

Mr. Prange

We certainly are seeing a change in some of our light frame building habits as a result

of the energy conservation movement, and we are now building with 2 x 6 studs.

Mr. Bradley Field

The emphasis seems to be on statistics so let me continue a little bit.

First, with respect to the gentleman's question with regard to the sizing of the panels,

I could not find the statistics for Great Britain, Canada, or Australia , but we are talking

in the trillions and trillions of square footage of existing space in the U.S. Much of this,

which has laid to waste by the degradation of the inner cities, is going to be re-served in

the future, and I do not see how we are going to be able to live with the 1200 x 2400 mm

module unless they come with panel stretchers

.

Keeping in mind the relativity of statistics , the gross national product for the U.S.

is nearly 5-1/2 times that of Canada, Great Britain and Australia added together ; and that

applies to almost all the other statistics that you deal with, whether it is roadways

,

population, imports, exports, density or anything else. I would like to know, in some kind

of a Syndney Opera House fashion, what kind of cost we are imposing on the U.S. for metric

conversion

.

59



Mr. Milton

This seems like a good question, but I cannot give you an equally good answer. All I

can say to you is that your opportunity is also at least 5-1/2 times as large.

But let me be a little more serious because I have had to field these questions not

only here, but in Australia, in a number of other countries where I have been a consultant,

and more recently in Canada. As I see it, the greatest single cost in metrication is not

necessarily a material cost or a conversion cost, but it's a "people cost." After all, at

the very core of all of this activity we need people to think up these changes, coordinate

them, manage them, and implement them. The greatest costs, in my view, are the costs of

ignorance, which is a nasty word; the costs of lack of knowledge - of darting into metrica-

tion or taking a stand against metrication without a full knowledge of the facts; and the

costs of unwillingness to learn. I think these factors combine to a much greater cost than

any real costs of the change.

You could ask the same question of your automotive industry. How much does it cost to

change the models every couple of years?

Mr. Field

Now wait a minute here. An automobile , I think most of us realize , wears out by the

36th payment. They have a built-in replacement market. When one takes a house or a building

we may say that it has a 20 year life for the purpose of the tax books. If we take a look

at the age of most of the buildings in the U.S., it is much greater than that—the built

environment has a half life of 50 years.

Mr. Milton

I do not dispute any of these statistics, but they will not be any different for metric

buildings. Buildings will have the same life, and possibly a longer life, if what we are

talking about today is brought about. By standardizing the geometry, we get an opportunity

to standardize products, and through standardization, through elimination of some of the

unnecessary variety, we can obtain greater quality. And greater quality, ultimately, will

be reflected in the economic life of the end product.

I simply cannot give you an easy answer on the matter of metrication cost. I have

heard estimates by many people who are not qualified to make estimates, and I can tell you

that, in every instance in Australia, where we made cost estimates, we were wrong. I made

a cost estimate as to what it would cost my organization [the largest single employer in the

construction community with 10 percent of total construction in Australia] to change, and I

was wrong; my estimate was way out.

The actual cost was much less than I could have estimated. Now, I am an optimist,

because I believe that optimists are the only people who contribute something in the long

run; just as pessimists contribute very little if anything at all. But, I was even wrong

on my second estimate. After 1 revised the first estimate, I had to revise the second

estimate because it was too high. And, when we finally came to the stage where I felt that

metrication could live on its own because we had done enough, I found it very difficult to
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persuade the organization to abondon the Metric Office. I had to find a new job to kill

off the office, because we had so much money left over out of the second, reduced estimate

that people wanted to use it to sit around and talk about metric long after it was topical.

This happened in about every area. It happened in manufacture, in government departments,

in construction agencies, in design offices, and in contractor's offices.

Initially, because we did not have a good feeling for the issues in metrication, we

exaggerated two things; firstly, the time it would take to do something; and secondly, the

cost it would take to accomplish it. It was not deliberate, but we always over-estimated.

In the end, we gave up making cost estimates as a meaningless job, because it does not help

you to convert more effectively if you start making cost estimates. Even if the cost

estimate is ten times as high as it should be, you do not convert more effectively. Maybe

one converts more effectively if the cost estimate is one-tenth; then you really know what

your budget is.

Mr. Field

Yes, but isn't the question whether you "selectively convert" rather than "totally

convert"? If you come up with figures that show probably in the neighborhood of what it's

going to be?

Mr. Milton

A selective conversion was advocated by some people. I believe that a selective

conversion—living with two systems—would cost you much more in the long run than using

the metric opportunity once, and using it well. And, I think my friends from Sweden would

agree.

Mr. Bergvall

Well, it can be very misleading, indeed, to give the correct answer to the wrong

question. Did anyone believe that the metric decimal system as such would be superior on

all points over the foot/inch system? But this is not the point. The point is that in

this age of internationalization the metric system will put you into line with the rest of

the world. Unless you believe that you are so great a country that you can ignore the rest

of the world - developed and developing countries alike. And, in such a case, there are

other great nations who would not! We live in an age, which could best be described by

quoting an American, Wendall Wilkie, who already in the 40 's had the foresight to declare:

"One world or none!"

Mr. Prange

J would like to go back to Clark Tufts for a moment. Clark is a practicing architect

and I would like to ask, "Where are your major problems in applying dimensional coordina-

tion?"
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Mr. Clark Tufts

I believe our major problem will be with the building codes and regulations. Many

dimensions such as anthropometric data find their way into the code without a logical

explanation and become fixed thereafter. The code, for instance, requires a hospital I

patient room to have a minimum ceiling height of 8 feet 6 inches, while other locations in 1

the hospital range from 8 feet 0 inches to 10 feet 0 inches or more in say kitchens, I'

laundries or boiler rooms. Although we have used the 4-inch module for determining building:

vertical dimensions for some time - due probably to the "3-courses in 8 inches" for masonry

unit coursing - our use of the module, and the availability of materials, does not change

the code requirements. In my office, doors are 2 feet 8 inches, 3 feet 0 inches, 3 feet

4 inches, or 4 feet 0 inches wide based on a 4 foot module - but the codes still are in

terms of 22 inch units of exit width, and nobody in my generation knows why.

As we have discussed so often, the opportunity in changing all of the customary dimen-

sions to metric will be of greatest value if we ask each time a conversion is made, "why"

the dimension was in the code in the first place. If we find that a dimension is necessary,

we should then ask what the dimension should be - not just what it should be "rounded" to

to make a nice easy number for arithmetic purposes.

In the long run, in a free society, demand creates the product - although we speak of

the standard 4 feet x 8 feet material today - I can get drywall in 8 feet, 10 feet, and

12 feet lengths, and in some cases 5 feet widths. Dimensional coordination must satisfy

real problems of environmental conditions if it is to succeed, for it is the user/client

who establishes the ultimate demand. I for one do not believe he will accept 2400 mm as

the one and only ceiling height everywhere for all buildings - no matter how cheap it would

be to manufacture and stock one size of material. My prediction is that he will cut and

fit and waste material. True dimensional coordination will take the "cut and fit" into

account and minimize the "waste."

Question from the Floor

My question was fairly verbalized by someone else, but just to go a little further, I

wish to address Mr. Milton. You mentioned that there was no increase in housing costs in

Australia as a result of conversion . It interests me to find that out, and I imagine you

are talking about the transitional period between the use of the English system and metric

conversion . How can there not be an increase when you have firstly, the tooling up cost,

and secondly , the dual inventory problem? Or, is there no dual inventory problem, because

in seeing that metrication is coming, is there a lack or slowness in production to compen-

sate for the change? Is there any problem with that dual inventory?

Mr. Milton

We did not find the dual inventory situation to be a real problem, because when you

look at the building products that are being used in construction, you can classify a lot

of them into dimensionally critical and non-dimensional or non-significant products. For

instance, take concrete—with a change of reinforcement spacing you can utilize metric

reinforcement in lieu of traditional reinforcement. And, you can cast your concrete into

any particular geometric configuration.
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But there were certain considerations in relation to dual inventory. For instance, if

you are halfway through the construction of a 10-story building, and your reinforcement

supply gives out, you have to accommodate this. Either you have to pre-order and stock,

which means dual inventory, or else you have to have a second schedule on hand to utilize

the new metric preferred reinforcing bar sizes. There is a third option - different design.

In this particular instance, the customary sizes and the preferred metric sizes are derived

from different considerations—one from an arithmetic series and the other from a geometric

series. There are certain points where the sizes tend to coincide. So, the wise designer

will operate preferably near these points of coincidence.

This situation will apply in many areas. We will get it in lumber sizes, where there

are certain to be points of coincidence, if there is a change to a new metric range of

lumber sizes. And, if you work within these points of coincidence during the transitional

period, you minimize the dual inventory problem.

Secondly, it has been said that metrication involves tooling-up costs and educational

costs. These costs were recovered very quickly in terms of simplified and speedier operations.

In Australia, we had a stand-off on metrication - manufacturers and distributors in general

did not raise their prices as a direct result of changing to metric quantities or metric

sizes. That helped. But, in the housing community we had a high Inflation rate at the

same time. That was not an inflation in real building cost, but a demand-induced inflation

where prices in the existing (pre-owned) housing market accelerated so rapidly (and this is

the largest portion of all housing, because it accounts for 98% of all housing stock

in any one year) that it had a slip-stream effect. Builders would just say, "I'm not going

to be stupid and build a house for $50,000 if an old house next door sells for $75,000."

That is something that has got nothing to do with metrication. But we were very careful to

keep such factors apart.

In Australia, we were somewhat more fortunate than you might be, because, as part of

our design process, we have an activity called quantity surveying, which is really cost

estimating in the design environment. It is paid for by the client and is associated with

the architect or designer. In essence, it involves a series of cost estimates—preliminary

estimates, and then subsequent estimates, against which the bid and the total building

cost will be evaluated. In the U.S., cost estimating is located in the contractors' offices;

we have cost estimating in the design offices as well. Therefore, we had a very good idea

as to what costs we could tolerate vis-a-vis the costs that might arise in the market, and

we deliberately made no allowance for increased cost due to metrication.

The Royal Australian Institute of Architects tried at one stage to obtain an extra one

percent in fees charged by the architectural profession on early metric design. This pro-

posal was very quickly rebuffed, because it had been decided nationally that costs should be

absorbed where they fall. That worked well, because metrication represented a sacrifice

where nobody could say, "Well, you do not have to sacrifice anything, but I have to."

Everybody had to sacrifice something. And, in order to recover this sacrifice, people were

spending much more time wondering about where they might pick up the benefits of metrication,

rather than worrying about costs.
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You all know that in order to benefit from opportunities, you have to go after them.

If we get bogged down with costs and problems, we will miss out on the opportunities,

because we will not have time to even think about them.

This is my message to the United States. That is a message that everyone at this

meeting can take away from here. You will need to be committed. To be a pessimist on

metrication and dimensional coordination will not help anybody, least of all yourself.

Question from the Floor

Following that line of thought, you say that some of the costs involved in metrication

are basically related to the designers ' efficiency or talent. And in your example you

plainly dealt with heavier construction and multi-family construction. Did you find any

differential between the costs incurred , or a greater increase of cost incurred in heavier

construction, as opposed to "stick building"— that is, single-family building? Because,

as you know, that is not very often involved with the architect. It is more of a father-soi

type of activity , very archaic if you will. Was there any difference in the amount of cost

incurred?

Mr. Milton

In large projects, such as structural engineering projects or other engineered project!

one tends to lose cost differentials more easily, because, for a start, the materials

alternatives are so much fewer. If you build a television mast, or a bridge, or a dam, the

material alternatives are very much fewer than those encountered in a building project.

Therefore, the costs can be identified more clearly and controlled more easily. The project

magnitudes are often so large that they can generate their own demand.

I must say in relation to single-family housing, that we did not find significant cost

increases directly attributable to the metric changeover program. But, in Australia, we

lived in a climate of high inflation. The kind of inflation that the U.S. building

community has had in recent times. If we go back a few years and find that the building

cost index did go up by 10% in 1972 - 1973, (or whatever it was) and during the

metric period it did go up by 12 percent, the question is, "Is that 2% difference a

direct result of metrication or is it a result of other natural factors?" I believe 10%

is too much; inflation should be no more than the general increase in the cose of

living index. But, in the construction industry, it has been much more, here and everjwhere

else.

Mr. Prange

We have heard a number of terms today: modular coordination or modular dimensions

;

standardization; metric conversion ; the cost of metric conversion; and, we are going to have

another one—cost savings in construction. I think it would be very nice and would be a

great motivating force if we could combine all of these things together and say: When we

convert to the SI system, we are going to achieve modular coordination , standardization and

metric convervsion ; and we are going to have a minimal cost of conversion ; and we are going

to provide for cost savings in construction. Some of the points that are being made indicate

that these factors are not one and the same thing. That, first of all, we do have a high
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degree of modular coordination in the system we work in today. Secondly , we have a very

extensive building standardization program going on under the present system just as, hope-

fully, we will under the metric system. On the cost of conversion, it is one of those

"anybody's guesses ." As I mentioned, we made a major change in lumber standards about 8 to

10 years ago. We reduced softwood lumber sizes by 1/8 inch in thickness , and by up to 1/4

inch in width. That is a substantial "hard conversion" kind of change. It cost us a lot

of money to pursue that kind of change legally, and to attend hearings throughout that

period. Once the change was made and implemented in 1970, we had no problems that I could

detect; and I was kind of in the middle watching both sides of the operation , at the lumber

dealer level and at the building industry level. We still are using the same modular

designs, still the same 4-inch module, still the same spacing and so on. And, the leveling

influence of it all is still the same 4 feet x 8 feet gypsum board, or particle board, or

plywood panel. For dynamic cost saving in construction , whether we are talking about modular

coordination or metric conversion, here again, it is possible to build in a cost saving

manner by eliminating redundant pieces in either direction. One can build a beautiful

,

modularly-coordinated structure and be just as wasteful as ever in the placement of wood or

steel framing. So, we cannot tie all of these issues together . It would be great if we

could. I think it would be the greatest incentive that the construction industry could

have to say: "Let's put our shoulder to the wheel and go metric."

I do not believe that in the construction industry we are encountering the kind of

dogmatic "let ' s-not-do-this-thing or let ' s-not-go-metric attitude," just because of some

resistance to change. As a matter of fact, I have found in the Sector Committee , and in

Clark Tufts' Construction Industries Coordinating Committee that there is a general desire

to plan, because everybody feels that someday somebody is going to ring the bell at the

government level. Then we are going to be stuck if we do not have a plan that has most of

the big bugs worked out of it.

I am enheartened to realize that most of the people who we work with in the construction

industry are positive in their attitude toward metric conversion . But, they are very

pragmatic, and they want to know what they are going to gain and what they are going to lose.

And, when Dave Brackett says he is going to lose 1.5 percent of billions of feet of gypsum

board, it does not do much good to talk to him about modular coordination because his

product is the most coordinated that we have. It is the backbone of our entire light

construction industry.

Mr. Bernard Frlshman

But, he is going to charge the same price for the smaller board as he is for the bigger

board, so what difference does it make? Everything I have heard here seems to be somewhat

on the negative side. Number one, the way I look at it, we are going to have these changes

come about and, therefore, I think we should take a positive look at all of the issues.

Saying how much it is going to cost us and all that, is immaterial. What we should do, as

a group, is to go ahead with our plans and not try to fight the issue. Because right now

the automobile industry is converting. Sears' is going into the sizing of all its clothing

by 1978, or 1979, and if we do not turn around and watch ourselves, we are going to be the
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only industry left out, and then we will be really trying to catch up. My attitude is:

Let's go ahead with whatever we have to do, and let us do it with a positive point of view.

If we want to find holes in metrication, we can sit here all day long and find them. I

think we have a good committee, and I think we should go ahead in a positive manner.

Professor Wandmacher

Just one quick observation, Mr. Chairman. I realize our meeting today has been about

dimensional coordination and I think it has been a very productive meeting. Inevitably,

this leads to a discussion of, "Why go metric," and even more so, "Why go SI?" I hope that

before we leave the room, and particularly for those people who have not been into this

before, we think not only of the structural kinds of considerations, and the linear dimen-

sional kinds of considerations that we have been talking about, but the fact that we are

talking about SI—a totally new, modernized metric system—which has very important

relationships to the mechanical and electrical aspects of the building and construction

industry. There is a real pay-off in the energy area, in dealing with coherent units, such

as joules and watts. The mechanical part of buildings should not be overlooked as a part

of construction; sometimes it is the biggest money part of it. There are many great

benefits to be obtained in that part of the system of units—and SI is a new system—not

just a changeover to a different kind of linear dimension.

Mr. Prange

That is a very fine contribution . We have been talking structural all afternoon and

we have not been talking about mechanical and electrical. Mr. Bergvall , would you please

provide us with some concluding remarks?

Mr. Bergvall

We have tried very hard in the international work on modular coordination to avoid

complicated terminology, etc.; but sometimes that cannot be avoided in international

standardization.

In his speech, Mr. Orlando kindly referred to me as the inventor of the ISO scheme of

levels. As a matter of fact, many people have had similar thoughts—only mine happened to

be passed by ISO. And this was very much so because of the valuable support from Charles

Mahaffey, who from his very first appearance in IS0-TD3 (Technical Division 3: Building),

strongly pleaded for some kind of hierarchic order in ISO standards.

You have no opportunity to see how Charles Mahaffey represents the United States and

therefore, I am glad to be able to bear witness to it. He does not take the floor un-

necessarily, but when he does, what he says is very well thought out and to the point, and

this has made him respected both in ISO and in ECE work. And, in those cases where I have

acted as chairman, I have been very grateful for his interventions, which generally offer

a reasonable and practical compromise. I think, everyone finds it very satisfying that the

U.S. is thus far so well represented at our meetings.
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Mr. Prange

Thank you very much, Mr. Bergvall . Thank you ladies and gentlemen for coming to this

meeting and participating in this discussion on dimensional coordination and metric

conversion . I hope that I did not give anyone the impression that I am negative on either

of those two subjects . I think our role in the wood products industry in relation to

metrication will deny this.

Thanks especially to all speakers.

Before closing, I would like to recognize Dr. Malcolm O'Hagan, the President of the

American National Metric Council , who has joined us at the end of the meeting.
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LETTER OF INVITATION

/American National /Metric Council

Committee Correspondence
Address Reply To:

1625 Massachusetts Avenue, NW, Washington, D.C. 20036 (202) 232-4545

May 17, 1977

To: Chairmen of Sector Committees, Construction Industries Coordinating Committee

A joint meeting of the Design Sector and the Construction Products Sector is being
held at 10:00 a.m., June 6, 1977. The meeting will be in the Board of Directors' Room
at the headquarters of the American Institute of Architects, 1735 New York Avenue, N.W.

,

Washington, D. C. Your attendance and participation is urgently invited.

The purpose of this joint meeting is to hear and participate in a discussion on
dimensional coordination with foremost authorities on the subject. Mr. Henning Orlando
of the Swedish Building Standards Institute, and Mr. Lennart Bergvall, a Swedish
Industrial executive and former President of the International Modular Group, have
agreed to meet with us and to present their views on dimensional coordination as a

design and manufacturing tool. Prior to our meeting, they will be participating in

a meeting of Subcommittee 1 - Technical Committee 59 (Building Construction/
Dimensional Coordination) of the International Organization for Standardization held

in Toronto, Canada. We are indeed fortunate that they have agreed to come to

Washington, D. C. for this meeting while on our continent.

It is widely held that, of the opportunities to be achieved by the construction
industry's conversion to the metric system, the greatest benefit will come through
the development and implementation of the practice of dimensional coordination. It

occurs to us that the Design Sector and Construction Products Sector will have a

commanding role in the leadership and planning for dimensional coordination in the

American building community. This could be the most important and informative meeting
held to date with respect to benefiting from the metric conversion process.

Sincerely,

ANNA M. HALFIN, FAIA GERALD F. PRANGE
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