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LETTERS OF TRANSMITTAL

ArRiL 16, 1969.

To THE MEMBERS OF THE JOINT ECONOMIC CoMMITTEE:
Transmitted herewith for the use of the members of the Joint Eco-

nomic Committee and other Members of Congress is a staff document
prepared for the Subcommittee on Urban Affairs, entitled "Indus-
trialized Housing."

The views expressed in this document are those of the respective
authors and do not necessarily represent the views of the subcommit-
tee or individual members thereof or of the committee staff.

WRIGHT PATMAN,
Chairman, Joint Economic Committee.

APRHi 9, 1969.
Hon. WRIGHT PATrAN,
Chairman, Joint Economic Committee,
Congress of the United States, Washington, D.C.

DEAR MIR. CHAIRMAN: Transmitted herewith for the use of the Joint
Economic Committee and other members of the Congress is a com-
pendium entitled "Industrialized Housing." This collection includes
articles and materials by specialists who have studied the application
of industrialized housing techniques in the Soviet Union, Europe and
America.

The subcommittee is grateful to those experts and to their organiza-
tions who gave generously of their time and talent in the preparation
of the volume.

The study was prepared under the general supervision of James
W. Knowles, Director of Research for the Joint Economic Committee,
with the responsibility for planning, coordinating, and editing being
done by Richard F. Kaufman of the committee staff.

The views expressed in the compendium are those of the authors
and do not necessarily represent the views of the Subcommittee on
Urban Affairs or individual members thereof.

Sincerely,
RIcHARm BoLmING,

Chairman, Subcommittee on Urban Affairs.

APRIL 2, 1969.
Hon. RicHARD BOLLrNG,
Chairman, Subcommittee on Urban Affairs, Joint Economic Com-

mittee, Congress of the United States, Washington, D.C.
DEAR M. CHAIRMAN: Transmitted herewith is a compendium en-

titled "Industrialized Housing." This collection includes articles and
(III)



IV

materials by specialists who have studied the application of industrial-
ized housing techniques in the Soviet Union, Europe and America.

The compendium was designed to bring to the attention of Congress
efforts in other nations to use mass production techniques in the resi-
dential housing industry. A survey of the available literature and
reports indicates that there has been remarkable success with a variety
of industrialized housing techniques.

Most experts agree that the constraints on industrialized housing in
the United States are non-technical. That is, the technological problems
*of applying the principles of industrial production to the housing
industry have been largely solved. But important political and eco-
tomic problems remain.

The United States continues to be faced with a critical shortage
of decent housing for low-income families. Whether we are willing
to explore the possibilities of meeting this shortage, and other long-
range needs, through industrialized housing is an important public
policy question.

The committee is grateful to those experts and to their organizations
who have given generously of their time and energy. Richard F.
Kaufman, of the staff of the Joint Economic Committee, undertook
responsibility for coordinating and editing this compendium, under
the supervision of James W. Knowles, our Director of Research, in
accordance with plans developed under your direct supervision. Miss
Andrea Hoffman assisted in preparing the manuscript for publication.

The views expressed in these papers are those of individual con-
tributors and do not necessarily represent the positions of the Joint
Economic Committee, individual members, or the committee staff.

Sincerely yours,
JOEHN R. STARE,

Ex~ecuti~ve Director.



INDUSTRIALIZED HOUSING

CONTENTS

Page

Letters of transmittal- -_________________-_------------ III

Low COST HOUSING IN THE SOVIET UNION: A. Allen Bates, Office of Stand-
ards Policy, Department of Commerce-1 _

URBANIZATION AND NEW HOUSING CONSTRUCTION IN THE U.S.S.R.: Leon
M. Herman, Senior Specialist in Soviet Economics, Legislative Reference
Service, Library of Congress -22

Excerpts from REPORT OF THE NATIONAL COMMISSION ON URBAN PROB-
LEMS, Hon. Paul H. Douglas, Chairman -41

APPENDIX: Selected Data of European Experience with Industrialized
Building Systems -65

INDUSTRIALIZED BuILDING-A COMPARATIVE ANALYSIS OF EUROPEAN
EXPERIENCE: Philip F. Patman, E. Jay Howenstine, Charles Z. Szczep-
anski, Jack R. Warner; Department of Housing and Urban Development,
Division of International Affairs- 80

Annotated Bibliography -142
INDUSTRIALIZATION OF HOUSING: TODAY'S POTENTIAL: Marion Schlefer,

Analyst in Housing and Urban Affairs, Economics Division, Legislative
Reference Service, Library of Congress -145

AA endix I:
MITCHELL FRAMING SYSTEM: Neal Mitchell Associates, Inc -__ 164

Appendix II:
INDUSTRIALIZED HOUSING: HAVE WE OVERLOOKED TRUE VALUE?:

Excerpt from Journal of Housing, September 1967 -166
REALIZING THE PROMISE OF INDUSTRIALIZED HOUSING-WHY IT

HAS BEEN So DIFFICULT To APPLY PRINCIPLES OF MASS PRODUC-
TION TO BUILDING (By Gunnar Myrdal): Excerpt from Journal of
Housing, September 1967 -166

SOME NEW APPROACHES TO INDUSTRIALIZED BUILDING: Excerpt from
Journal of Housing, September 1967 -171

Appendix III:
DICKER STACK-SACK INTERNATIONAL SYSTEM: Information received

from Dennis E. Dicker, executive assistant - 181

Appendix IV:
EUROPEAN SYSTEM BUILDING: Paper by Guy G. Rothenstein of

ASPAD, Inc ------------------------------------ 182

FINAL REPORT ON THE STATE OF THE ART OF PREFABRICATION IN THE
CONSTRUCTION INDUSTRY TO THE BUILDING AND CONSTRUCTION TRADES
DEPARTMENT, to the AFL-CIO, from the Batelle Memorial Institute,
by R. B. Guy, L. H. Parmelee, R. W. Trestrail, S. E. Goldstone, J. E.
Burch b---------- 190

THi ECONOMICS OF INDUSTRIALIZED BUILDING: D. Bishop, Current Papers,
Building Research Station - 201

INDUSTRIALIZED BUILDING, DESIGN, AND PRODUCTIVITY: Overseas Building
Notes, Building Research Station- -220

APPENDIX: Factors Affecting the Productivity of Building Operations 238
BUILDING PRODUCT ANALYSIS THROUGH AGREEMENT: Joseph Eden, British

Ministry of Building and Public Works - 246

SYSTEM HOUSING-THE SHELTER INDUSTRY IN NORTHERN EUROPE:
R. E. Platts, Habitat, Volume IX, Number 3 -252

(v)



LOW COST HOUSING IN THE SOVIET UNION

by

A. ALLAN BATES*

A. INTRODtCTION

The Soviet Union is the first, and thus far, the only nation which
has solved the problem of providing acceptable low cost housing for its
masses of citizens.

Within a few years-perhaps a decade-it will probably be generally
acknowledged internationally that the best housed inhabitants of
any large country in the world are those of the U.S.S.R. The political
impact of this situation will be profound. The United States will
suffer devastating comparisons.

The impact of these statements is so great that if they can be sup-
ported they must be given urgent and effective attention by the public
leaders who shape American national policy.

In the U.S.S.R. all housing built in the last twenty years has been
deliberately designed as low cost housing. In the U.S.A. no housing
built during that period or now designed for future construction
can be characterized as "low cost housing." It is most important,
however, to understand that the nature and location of the post-war
Soviet housing projects are but one element in the far-reaching plan
for the development of the urban civilization of the future. One who
sees only the concrete and brick dwellings sees little and comprehends
nothing thereby.

The typical American suburban single family dwelling standing
detached on its own plot of ground is a beautiful culmination of
western domestic history. It is actually the last stage of the peasant
cottage of past centuries, now carried beyond recognition of its
origins. But the peasant-based rural civilizations of the past are
rapidly becoming transformed into the industrialized urban civili-
zations of the future and in the process the individual detached home
is giving way to the city apartment. The American traditional private
dwelling is not generally regarded by the rest of the world as practical
or even entirely desirable. To most of mankind it is simply a pro-
hibitively expensive luxury on which only Americans or the rich of
a few other countries would think of spending so much money. There-
fore we offer no leadership in the world process of urbanization and our
example will not be followed in the matter of housing.

Soviet political theory, on the other hand, has been consciously
directed toward the development of an industrialized (that is, urban-

* Dr. Bates is Director, Office of Standards Policy, U.S. Department of Com-
merce; was formerly Chief of the Building Research Division at NBS. He is a
past President of the American Concrete Institute (ACI), and of the American
Society for Testing and Materials (ASTM).
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ized) society. The building of cities has been the central and largest
industrial activity of the entire economy. This activity has had both
short-range objectives and long-range objectives. The short-range
objective which thus far has been dominant has been to build cities
quickly 'and on a scale never attempted before in human history. The
long-range objective has been to build the most attractive and livable
cities possible for a future urbanized society. The short-range objective
has, in general, been astoundingly well achieved in spite of devastat-
ing wars, unprecedented revolution, continual foreign interference,
lack of experience and the necessity of carrying out unexampled pio-
neering in the fields of human mass motivation and organization.
That the short-range objective has been sometimes achieved clumsily
and occasionally even with tragic by-products was inevitable.

The long-range objective, the attractive city, is beginning to come
into stronger evidence in the U.S.S.R. It has always been recognized
that what made any city great were first and foremost its communal
facilities. The Athenian Acropolis, the Roman Forum, the "grands
boulevards" and the river-side promenades of Paris, the parks of Lon-
don and the lake front of Chicago are examples of urban beauty by
which the lives of the citizens have been deeply enriched.

The Soviet urban ideal is to exalt communal life to a new level of
human experience. Conversely they believe it practical and in keeping
with their concepts of future urban living to limit family housing in
a manner compatible with health and comfort but not to include lavish
facilities for home sports, entertaining or private prestige. This bal-
ance of communal versus private facilities promises in principle and as
a matter of economics, to be the pattern which all urbanized nations
will follow. The Soviet housing policies and operations therefore con-
stitute an approach to the universal housing problem which seems to
be of international applicability.

B. TECHNOLOGY

The technology of building in the U.S.S.R. must be divided into two
parts:

The Technology of the Product
This is not unique. Buildings of basically similar design can be
seen in many countries of Western Europe. Architects and Engi-
neers of the U.S.S.R. visited repeatedly in France, Sweden, Den-
mark, England and other countries over a period of years begin-
ning about 1947. They absorbed various elements of design and
borrowed them freely with collaboration from Western European
engineers. Russian changes and developments in design are large-
ly made for the purpose of facilitating mass production.
The Technology of Production Methods
In their visits to Western Europe the Russians studied the various
factories in which prefabricated buildings were produced. They
even bought several factories, shipped them to the U.S.S.R. and
operated them there. During these operations they experimented
continuously on ways and means of improving the production
procedures.
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Of these two aspects of building technology it is the latter, the pro-
duction technology only, which presents important unique aspects in
the U.S.S.R. There and only there is it a true mass production opera-
tion. In the countries of Western Europe prefabricated buildings es-
sentially the same as those which characterize the Russian cities are
produced by industrialized methods which, however, have never been
developed on an effective mass production scale. The economics, there-
fore, of prefabricated building production in Western Europe and
in Russia are in no way comparable even though the resulting tech-
nical products may be quite similar.

I have made estimates of the costs of housing production as it is
done in the U.S.S.R. (See appendix A.) I have not depended on figures
published or given to me by Russians. My estimates are founded upon
my own extensive observations at many European and Soviet factories
and building sites over a period of years (1955-1968) during which
industrialized building technology has advanced rapidly. The costs
which I have estimated refer only to apartments recently built (1965-
1967) and constructed under favorable circumstances. My estimates
are not based upon ruble-dollar exchange rates but rather on man-hour
labor inputs at various levels of skill and on materials and equipment
requirements per unit of product. In comparison with Soviet cost
figures which have been published and those given me personally by
reliable Soviet engineers my own calculated costs are actually some-
what high. The differences however are not of significant magnitude.
Costs in the U.S.S.R., as elsewhere, vary from region to region as well
as from year to year.

The low costs of Soviet residential building arise primarily from
intelligent use of the same two practices, standardization and mass
production, which keep the costs of so many American products low.
These can and may lead to monotony but do not necessarily do so. An
infinite variety of structures can be built of standardized bricks.

A third important practice notable in Soviet building is the reduc-
tion of all designs to the utmost functional simplicity compatible with
modern civilized standards of living. As might be expected, these
emphasize and take advantage of the communal aspects of urban life.

The relationship of technology to cost is important, but should not
be over-emphasized. As will be pointed out later, the low cost of Rus-
sian housing results from many factors in addition to technology. These
factors are all so interrelated that they must be discussed collectively
in order to produce intelligible conclusions. Further discussion of costs
app ears later in this paper.

A large number of American groups and delegations have visited
the Soviet Union in recent years to inspect Soviet housing in expecta-
tion that they will thereby learn some technological tricks which can be
utilized in the United States to lower the cost of American residential
construction. More such American delegations are planned for the
future with the same objectives in mind. Most of these visits are largely
a waste of time, insofar as their stated purposes are concerned. Soviet
residential building methods cannot be used in the United States for
reasons which have nothing to do with the technology involved. Soviet
residential building is carried out for reasons and purposes which are
practically nonexistent in the United States. To compare the average
Russian apartment recently built with any home or apartment in the
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United States is as meaningless as a comparison between an average
American suburban house and a grand villa on the French Riviera.

C. Low-COST HOUSING, A DEFINITION

Discussions of "low-cost housing" which are currently so widespread
in the United States actually have nothing to do with anything that
could realistically be called low-cost housing. It will be invariably
found on careful examination that these discussions actually relate to
sub~sidized housing for occupancy by low-income groups. A workable
definition of "low-cost housing" can easily be derived and would be
useful for discussion purposes.

There are, in the United States, slightly fewer than 60 million
"howsehold wnits." These are defined by the Bureau of the Census as
groups of persons who maintain separate home facilities. Household
units vary widely in their composition. The most common is a man and
wife with one or more children. Other kinds of units are: a man and
wife without children, a man or a woman with children or other rela-
tives, a group of single persons living together, an elderly person main-
taining a home alone, etc. etc. Of the 60 million household units in the
United States, approximately 20 million have an income of less than
$5800 per year and the average income of this group is probably about
$4400. It is these people for whom the cost of adequate housing in the
United States has become painfully burdensome or even disastrous.

Among the 20 million household units which comprise this least
affluent segment of American citizens, by no means all are either badly
housed or particularly desirous of improving their housing conditions.
There are, for example, many elderly people who would have no wish
to go through the ardors of a move in view of their prospectively few
years to live. On the other hand, there are many young men and
women in the earliest stages of their careers who are quite content to
live in inexpensive one-room or efficiency apartments. In addition to
those of the 20 million least affluent who have no urge to improve their
housing, there are several million units for whom relatively little can be
done. These will include such as single families or small groups living
in the isolated backwoods hollows of Appalachia. As a first approxi-
mation, it may be reasonably estimated that about half of the 20 million
units form an urgent market for genuinely acceptable low-cost housing.
A group of this magnitude comprising some 9 or 10 million household
units and which would include upward of 50 million persons would
seem to comprise a market so large as to be immensely attractive to the
building industry in the United States. Unfortunately, this is not true.

Actually these millions who are in greatest need of housing in Amer-
ica comprise no market whatsoever for the building industries as they
are now organized in the United States or as there is any prospect of
their being organized for years to come.

It is a rule of thumb that a family can spend 20 percent of its income
on housing. This rule actually has no relevance to our 10 million least
affluent and worst-housed families. These 10 million can be assumed to
have an approximate average income of about four thousand dollars
per year. For household groups with such an income, an abnormally
high proportion of living costs is taken up by food, transportation,
clothing, medical requirements and incidentals. Probably, at most,
these units can afford 10 per cent or less of their income for housing,
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that is, four hundred dollars or less per year. There is no decent hous-
ing in the United States which approaches this cost.

Presuming that the average low income family of our concern should
have at least 700 square feet of living space available to them in their
home, such space could be conceivably carried financially at a cost of
around four hundred dollars a year if it could be made available at a
total initial cost of not over five to six dollars per square foot. This
then, I will take as my definition of lowcost housing; that is, homes
which provide all necessary amenities and space for minimal healthy
living at a total of not over five to six dollars per square foot. Ob-
viously, inflation will continuously affect this figure but, not, in general,
favorably.

D. CURRENT AND PROsPEOrrVE HOUSING IN THE SOVIET UNION

The housing programs of the Soviet Union must be examined in his-
torical perspective and in the light of the prevailing circumstances and
purposes of that nation. The Soviet Union, during the second World
War, suffered more property destruction than has any other nation
in all the wars of history. It also suffered the loss of immensely more
manpower than did any other nation in World War II. The U.S.S.R.
emerged then from this war with both a need for housing and a de-
ficiency of manpower of unprecedented proportions. It was quickly
and correctly determined that the necessary reconstruction could not
be carried out by traditional means. Therefore, the decision was made
to industrialize all building operations. There was no experience in the
Soviet Union for such an industrialization. Neither the necessary
skilled workmen or the relevant managerial element existed. Neces-
sary transport of materials was practically at a standstill. The popu-
lace was widely scattered because of the destruction of thousands of
cities, towns, and villages. In retrospect, the impediments to any no-
table Soviet accomplishment in housing in the years after the second
World War were such that no responsible person could possibly have
predicted what has, in fact, happened. Actually, within 15 years after
the close of the War there were more housing units being constructed
in the Soviet Union than in the United States or any other nation of
the world.

The American visitor touring the cities of the Soviet Union today
will almost invariably view the housing which currently exists in
the U.S.S.R. with American comparisons in mind. The comparison
on this basis inevitably leads the visitor to the conclusion that even
post-war Soviet housing is sadly inferior. To a certain extent, this
conclusion is valid. Nevertheless, it is completely superficial and dan-
gerously misleading. Most of the present urban housing in the
U.S.S.R. has been built in the last twenty years and was constructed
under extremely difficult circumstances, partly alluded to above. To
one who has visited the Soviet Union repeatedly during the last ten
years and who has observed extensively, intimately and expertly the
building work going on there, the improvements in quality during
that time are striking. The residential structures of the first post-war,
decade, erected as they were under incredibly dire pressures, were of
low quality, subject to rapid deterioration, without benefit of main-
tenance and located with no consideration for esthetic appeal. This
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housing is in large part still occupied and visible today. By American
visitors, it is frequently taken to represent post-war Russian housing.

In the period from about 1958 to the present, the quality of Soviet
housing has improved steadily. The residential structures now being
erected would be acceptable as low cost housing anywhere in the
world, including the United States. Quality is still by no means at
the high levels customary in typical high-cost American housing.
The average American visitor of 1968 on viewing even a quite new
Russian apartment would find it open to much criticism from the
American point of view. But it is precisely this point of view which
is not applicable and which leads to invalid conclusions.

It has long been a tenet of socialist theorists and leaders, including
Marx, that a socialist society should and would be a predominantly
industrialized society. But industrialized societies must be largely
urbanized. Since the Soviet Union, before the Russian Revolution,
was overwhelmingly agricultural in character, it could be said that
the central problem of the post-revolutionary regime was totally to
transform the basic nature of the Soviet Union. Essentially, this
meant that not only the thousands of destroyed cities and towns had
to be rebuilt but also that hundreds of new towns and cities had to be
constructed. These ends have been accomplished to an impressive
extent and are still being pursued on a scale and at a rate unprece-
dented in history.

The fundamental theory of Soviet city building is that people live
in communities, not in houses. The basic building unit, therefore, is
not the house or apartment but the community. The theory has not
thus far been entirely followed. Indeed, when one examines the Soviet
towns and cities, it is evident that in actual practice the theory, until
now, has been more disregarded than applied. Nevertheless, if a visitor
is aware of the theory and observes carefully the evolution of Soviet
housing as evidenced in the construction of the last decade, he will
be convinced that notable progress is being made in putting it to use.
On further reflection the American visitor may also probably come
to the conclusion that the lack of any such guiding principle in Amer-
ican housing construction has been disastrous for our cities.

Conforming to the principle that people live in communities, not
in houses, the Russian urban design has been evolving toward the
development of "microdistricts" or, as we might say, neighborhoods.
The microdistrict is conceived to be a relativelv self-contained com-
munity within the city. It may comprise some four to eight thousand
people and within its close limits will be found all the stores, schools,
community dining, medical, recreational, administrative and service
facilities needed for the daily use of the occupants. Since in such a
planned microdistrict everything ordinarily needed for family life is
within five or ten minutes walk of every inhabitant, most of the daily
transportation requirements which plague modern cities are
eliminated.

A number of such microdistricts, suitably grouped, form a city
within which are the large communal facilities needed bv urbanized
populations. Public transportation to these larger city facilities can be
relatively efective at low cost and without producing the enormously
wasteful, nerve-wracking and debilitating American rush-hour traffic.
A few microdistricts have taken form spontaneously in American
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cities and a few more have been planned. In a limited sense, Greenwich
Village in New York City is one of the older spontaneous neighbor-
hood microdistricts. It is to be noted that where such microdistricts
have taken shape they are usually regarded highly and living space in
them becomes expensive-an evidence of the demand for good neigh-
borhood living.

The slums and ghettos of contemporary cities in the U.S.A. and
Europe are among the vilest manifestations of the unplanned disorder
of our urban communities. The American tourist in the Soviet Unionr
seeing the massive prefabricated apartments of Moscow, built in the
immediate post-war years and therefore of unattractive quality, is
moved to ask, "Are these not just the Russian slums and ghettos of
the future?". Such slum-ghetto development is highly unlikely. A
slum or a ghetto is not just a collection of substandard housing. It is
much more profoundly a state of mind arising from the cultural and
economic isolation of the slum dwellers. But in the U.S.S.R. it is
virtually impossible for an individual not to participate in the econ-
omy. Except for very young or for elderly retired persons uneinploy-
ment is essentially non-existent in a socialist state-planned economy.
Thus neither the economic nor the cultural isolation which are typical
of the slum-ghetto can develop in the Soviet city. There are still areas
of old pre-Revolutionary substandard housing existent in some of the
Soviet cities but they do not constitute slum-ghettos. And they are
rapidly being demolished and replaced by moderm housing. Slums
are not profitable under the Russian form of economy.

When emphasis is on design of the community rather than on design
of the individual house, then intelligent functional design of housing
becomes possible. A conscientious efficiency expert can only be appalled
at the inefficiency with which space is used in the typical American
private dwelling. Under the community-design approach the private
residence facility is recognized as a necessary but quite limited com-
ponent in a neighborhood life system. The "systems analysis" method
so widely advocated in America today as the means of solving complex
problems is of little use in solving our urban housing problem because
the house-not the community-is erroneously regarded as the "hous-
ing problem."

The housing currently produced in the Soviet Union looks and
is, highly space-restrictive by U.S.A. standards. Less than ten square
meters (about 110 square feet) of living space is allotted per person.
This is meager by middle and upper income American standards. It
is a generous allotment, however, in comparison to most Western
European and American slubm living space. Furthermore, the present
ten square meters per person is recognized by the Russian designers as
being less than adequate. Only the overwhelming postwar demand for
home space has imposed the tight restrictions. Most housing now being
planned and some already under construction allots twelve and a half
meters of living space per person as the national standard. Even this
25so increase is to be maintained for only a short few years after which
space allowances will move up to 15 and then to 18 square meters per
person. These provisions are lavish by world standards though not by
American upper-middle-class usage. It should be noted, incidentally,
that the Soviet definition of "living space" does not include kitchens,
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bathrooms, halls, stairways, etc. These are provided as free accom-
paniments to "living space."

The interior finishing and built-in furnishings of the present Soviet
apartments are highly functional. Heating, lighting, ventilation, and
sound insulation are adequately provided for purposes of health and
comfort. Baths and kitchens are small and the fixtures in them are
simple but functionally sufficient. Hot and cold running water, steam
radiators, linoleum or hardwood parquet floors and kitchen stoves,
electrically or gas heated, etc., are all standard. But again, it must be
repeated that in the Soviet theory of urban life, human existence is
most rewarding when communal activities are optimized. Thus low-
cost community dining rooms are built into all modern apartments.
Individual home kitchens can thus be modest in size and equipment.
The private house or apartment is a place where one goes to sleep
and to carry out such private activities as reading, writing, arts and
crafts, meditation or conversation, etc. which require quiet and
concentration.

E. COSTS

The cost of housing in the U.S.S.R. cannot be compared with that
of housing in the U.S.A. because, as was pointed out earlier, different
purposes are served by housing in these two nations. Nevertheless,
it is not uninteresting to estimate what housing as built in Russia
would cost in the U.S.A. if it were possible to build in America as
the Soviets build in the U.S.S.R. The Russian technology is funda-
mentally low in cost if it is carried out on a large mass scale. Other-
wise it iS very expensive. The materials used, the capital equipment
required, the labor force needed are all inherently inexpensive in char-
acter when utilized on a large scale. Productivity under good manage-
ment can be astoundingly high.

Demand for the housing produced must be planned several years in
advance and the demand must be fixed in each local area at levels far
higher than any now contemplated in the U.S.A. The size of the na-
tional demand is of secondary interest since the housing produced can
be economically transported over only small distances, preferably less
than fifty miles. The demand must be for at least several thousand
family units a year over a period of five or more years All of these units
must be constructed from combinations of a few basic standardized
components and they must be clustered among relatively few construc-
tion projects. The actual final buildings, however, can vary widely in
appearance and accommodation.

Land in the Soviet Union is valued at widely different levels for
different purposes. Some central city land is valued very highly and
thus is used only for limited appropriate purposes. Land, howvever, has
no price or cost in the U.S.S.R. since none of it is privately owned. Thus
speculative manipulation of land prices is avoided and land costs play
no part in housing costs. This is of vital importance to low-cost hous-
ing. It should be frankly stated and recognized that land speculation
makes true low-cost housing in significant quantity nearly impossible
in the United States.

The f/nancing of housing in the U.S.S.R. reflects the socialist system
of economic enterprise and varies somewhat according to the juris-
diction under which a housing project is constructed, that is, whether
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the national government, a Republic, a municipality, an industry or a
private cooperative group undertakes the building resonsibility. In
the most important instances, construction by national government,
Republic or municipality, an annual budget for home building is set
up and is financed by general taxes, most of which are collected from
the turnover of industrial and wealth producing enterprises. The sys-
tem is somewhat analogous to that by which public schools, highways
and national defense are paid for in the U.S.A. Costs of home financing
do not appear in the costs of home building under this system. Since
every citizen in the U.S.S.R. participates through indirect taxation in
the building of all the homes and since all the homes are occupied on
a basis of approximate equality by all of the citizens, there is no ele-
ment of subsidy involved. Rents are kept so extremely low for every-
body that rental payments play an almost insignificant part in home
costs and home financing. The costs for architectural services, for
research and development, for administration, etc., are all spread over
so immense a volume of housing that they become vanishingly small
relative to any one dwelling.

What then would be the cost of constructing housing in the U.S.A.
if the current technology applied in the U.S.S.R. were in wide use
here? The answer, I am confident, is that American industry could
produce housing of required quality for 5 to 6 dollars per square foot-
or less. Even though both the question and the answer are academic
they cannot be ignored. Neither the Russian building technology nor
any other of similarly industrialized nature can be used in the U.S.A.,
as long as our ways of establishing home-building markets, of manip-
ulating land costs and of arranging financing are as they are. Nor
are these the only impediments to industrialized housing in America;
the working methods of our architects and contractors, our labor cus-
toms, our building materials manufacturer's conservativism and our
complex localized building code practices all throw up barriers against
progress toward industrially mass-produced low-cost housing-the
only true low cost housing possible.

Opposition to industrialized housing in the U.S.A. is largely based
on fallacy and misunderstanding. The American building industries
are not now producing any significant quantity of low cost housing
as defined in the earlier paragraphs in this discussion. Therefore any
industrial operation which could produce such housing would not be
seriously competing with present building industries. These industries
would still have undisturbed their markets among middle and upper
income families which are the only markets they can serve now.

The effective market for low cost housing in the U.S.A. comprises
some ten million household units which are largely located in about
a dozen metropolitan areas. The smaller of these areas could each
easily provide a demand for at least 5,000 low cost family units a year
for a period of not less than ten years. The larger areas would each
provide a similar market for at least 20,000 to 40,000 units. Markets
of these magnitudes are sufficient to support successful ventures in
totally industrialized housing. Even so, production of low cost hous-
ing at these rates would fall far short of supplying the desperately
urgrent demand.

The only alternative to genuine low cost housing is subsidized hous-
ing. From every social, moral and political viewpoint it must be evi-
dent that, in principle, good low cost housing of acceptable quality is
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superior to subsidized housing. Nevertheless, it seems apparent that
the U.S.A. is inescapably committed to the inferior practice. Yet even
on that basis no serious national program has yet been planned which
can notably improve the housing conditions of our low income citizens
during the next decade.

Meanwhile during that period the citizens of the U.S.S.R. will prob-
ably have become the best housed people of any large nation in the
world. Derogatory comparisons of the quality of postwar Russian
housing with average American housing are irrelevant. Applying the
technological principles used in building in the U.S.S.R., quality can
be as high as may be required at any time for any purpose. Both the
technology and the level of quality are continuously improving in pre-
determined stages fixed by the Soviet building research and develop-
ment program which is the largest in the world. This program has
produced tens of thousands of experimental dwellings during the last
ten years. No such tremendous program of research and development
in housing has even been conceived in the U.S.A. Nor is such a pro-
gram possible under present or foreseeable circumstances.

The magnitude of the experimental Soviet housing activity bears
a relationship to the astounding volume of housing production in the
U.S.S.R. For the last several years the number of household dwelling
units produced annually in the U.S.S.R. has been nearly twice the
number produced in the U.S.A. This number (in the U.S.S.R.) is
scheduled to increase continuously during the coming decade reachinga production of about three million units annually in the later years
of the period. On this basis by the late 1970's well over 25 million
additional new dwelling units, housing over 80 million people will
have been made available for the citizens of the Soviet Union. And
along with these tens of millions of home units there will be provided
all of the other communal facilities, services and amenities which
conduce to a culturally rich community life for Soviet men, women
and children.

There is no reason to doubt that the Soviet cities and towns of the
future as thus envisioned and promised will come to exist on schedule.
The history of Soviet building progress over the last ten years, as I
have repeatedly and personally studied it by first hand observation,
has been one of immensely bold and intelligent pioneering. Mistakes
and failures have been numerous and sometimes of catastrophic pro-
portions. But they have never been hidden or denied. Instead, they
have been publicly acknowledged and eventually corrected by research
or other means. But with all of its shortcomings the Soviet building
program has been an almost incredible success achieved on a scale and
at a speed vastly greater than any other in human history.

There is no prospect that we in the U.S.A. will be able to embark
upon a similarly meaningful building program for our cities in less
than five to ten years. And the subsidies for any such meaningful
program will have to be staggeringly greater than we have ever
thought of before. But the longer we delay the more formidable the
subsidies will become and the more dangerously unpredictable will be
the human condition in America's cities.
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APPENDIX A

General Considerationts
The costs of apartment building in the Soviet Union can not be

given in dollars by any simple ruble-dollar exchange rate. However,
if it were possible to construct low cost housing inl the U.S.A . accord-
in to the practices and principles which prevail in the U.S.S.R. the
costs in the U.S.A. of doing so, can be estimated approximately from
a knowledge of the kinds and amounts of the materials, labor and in-
vestments which are involved. The estimates which follow are of that
nature and are drawn from repeated observations and inspections
which I have made in the Soviet Union during the period 1960-1967.

Several methods for producing mass low cost housing have been
under development in the U.S.S.R. for nearly 20 years. That which
has proved most successful thus far is the "large panel" system which,
since 1960, has been displacing other procedures. In this approach
each wall, floor and ceiling of a room is designed to be factory-pro-
duced as a single prefabricated unit, a "panel." Openings such as
doors and windows are easily provided by inserts in the panel cast-
ings. An entire apartment building containing hundreds of family
units of from two to six rooms each may comprise only four or five
basic panel types. The building will require no framework or skele-
ton even though it may be up to sixteen (or more) stories in height.
Speed of erection is astounding.

Labor requirements are notably simplified by highly repetitive job
use of skills most of which are relatively simple and quickly learned.
In the example described hereafter, the terms plumber, electrician.
welder and carpenter are used but it should be understood that the
tasks required of such labor in the large panel system do not demand
the highest skills which these names imply. Following a Soviet prac-
tice I have indicated eight categories of skill in order to provide some
idea of comparative ranges of labor. Pay rates are suggested only in
terms of averages which would be roughly in accord with American
rates. Similarly, costs of materials, fixtures and equipment are indi-
cated at levels which reflect the very large quantities and the simpli-
fied, standardized designs and specifications which are encountered
in Soviet practice. The dollar values throughout are probably, on the
whole, rather generous given the basic presumptions of 1) very large
scale production, 2) standardization of products and processes, 3) con-
tinuity of all operations twelve months of each year over a series of
years.

In order to convey a concept of the subject I will discuss a basic
four-room apartment together with the means by which it may be
produced. It is to be understood that the indicated productivity is that
which can be achieved under favorable circumstances such as are now
encountered fairly widely in the U.S.S.R. This means principally a
well established and experienced organization operating in an ade-
quately large and continuing national and local market.

The case discussed is not a record of any particular project in the
U.S.S.R. It is to be understood as a simplified composite portrayal of
operations and practices now in use in various Soviet communities.
Actually there is no single, precisely prescribed or universally applied
production procedure for manufacturing large panel housing. The
method itself is in continuous evolution. The management of each

25-808---9 2
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Soviet "building combine" has total responsibility for all operations
necessary to convert raw material into finished housing. A given
combine manager may, for example, choose to do all interior decorating
either in the factory or on the building site. Or he may choose to do
most of the electrical wiring at the factory and little at the building
site-or vice versa.

Since residential and commercial building in the U.S.S.R. are largely
one and the same thing both physically and financially, the definition
and analysis of housing costs require the exercise of informed judg-
ment and knowledge of Soviet urban policy. In point of fact this
intimate commingling of housing with stores, restaurants, theatres,
offices, schools, etc. is basic to Soviet social planning. It simplifies hous-
ing and home life and eliminates much of the urban traffic problem.
It is central to the long-range program for identifying the private
citizen with the community.
Some Details

The "four-room" apartment may comprise four equal areas of about
10' x 14' each enclosed by walls with suitable openings (doors and
windows, etc.). One of the four areas is a "service center" including
kitchen facilities plus bath and toilet cabinets which may be prefabri-
cated standard units. The entire apartment is composed of only three
basic types of precast panels, (1) long wall, (2) short wall, and (3)
floor-ceiling. From fourteen to sixteen panels are required according
to design. The panels are produced in two or more coordinated fac-
tories and assembled on the building site by well drilled labor teams
all of which (factories and labor) are components of one responsible
organization.

On the basis of man-hours of labor at various skill levels and of mass
produced, standardized materials and fixtures costs will be approxi-
mately as in the given summaries. The figures are my estimates based
upon first hand study of many building enterprises and upon numer-
ous discussions with Soviet managers as well as examination of account
records and reports. All figures are rounded off for quick convenience.

NoTE.-The particular apartment considered is postulated to be one of ten
thousand built by one building combine as a single project in one annual cycle.
The project may include from fifty to two hundred buildings distributed over
one or more sites.

I. BUILDING SITE COSTS
A. Labor

To depict the type and amount of labor required I have indicated
two typical crews as I have observed them in action. These are:

(1) Structural crew
which assembles the panels to form the building;

(2) Finishing crew
which installs fixtures, decorates, etc.

In operation two Finishing Crews follow up one Structural Crew
all under supervision of a single Site Superintendent who may be re-
sponsible for construction of several apartment buildings simul-
taneously.

Following a Soviet practice I have divided laborers into several
broad skill ratings, #8 being the highest, #1 the lowest. The average
hourly pay rates which I have suggested would be roughly in line
with American practice. However since there are few job skills in U.S.
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construction operations which closely resemble those depicted here, the
skill ratings must be arbitrary and rates can only be approximates.

All crew personnel marked with an asterisk (*) are, in effect, ap-
prentices. Each "building combine" is responsible for maintaining its
own labor training activities. Hence in the factory and at the build-
ing site, apprentices are relatively plentiful and receive "in work
training".

1. Structural crew: Skill ratingI
1 panel assembler (crew chief)_------------_---------------- 6

*2 panel setters…------ ----------------------------------------- 3
1 w elder…---------------------------------------------------- 5

*1 welder's helper…-------------------- -------------------- ___ 3
1 mason---------------------------------------- ------------ 5

*1 mason helper………------------- ------------- ---------------- 2
1 crane operator…----------------------------- -…------------- 5

*2 crane slingm en…--------------------------------------------- 2
*2 ground laborers…--------------------------------------------- 1
% site superintendent-------------------------- 8

12Y2 total crew
Will erect 25-35 panels per day (including bath cabinets) =equivalent

of 2 apartments per day.
Average wage, $4 hour (8 hours)=$32 per man-dayXl2.5=$400 per

crew-day.
400=$200 per apartment, total erection cost.
2

1 Average rating, 3.5.

Noar-A structural crew works as a compact closely scheduled team. Its
operations may be subject to some weather interference.

2. Finishing crew: Skl rating
1 carpenter (crew chief)…------------------------------------- 6

*2 carpenter helpers…------------------------------------------- 3
2 plumbers…---------- ------------------------------- …------- 5

*1 plumber helper-------------------------------------------- 2
2 electricians…------------------------------------------------- 6
1 painter (usually women in U.S.S.R)----- ------------------- 4

*2 painter helpers……------------------------------------------- 2
1/4 site superindent------------------------------- ----------- 8

11/4 total crew
Will finish equivalent of 1 apartment per day.
Average wage: $4.50 per hour (8 hours)=$36 per man-dayX11.25

=$400 per crew day.
$400, total finishing labor cost per apartment.

Average rating, 4.

NoTE.-The finishing crew is usually scattered through a series of adjacent
apartments at any given time. Their work is almost entirely protected from
weather interference.

B. Materials and Fixtures (per apartment)
1. Flooring (prefabricated wood parquet or "plastic")------------------ $150
2. Electrical (fixtures, switchgear, etc.) … … ……---------------------------- 150
3. Plumbing:

Bath, toilet, lavatory---------------------- - --------------- $200
K itchen sink………------------------------------------------- 50
Kitchen stove---------------------------- - ---------------- 50

4. Cabinets and shelves--…----------------…-…------------------------- 100
5. Paints ___ _ ________________________________--… 50
6. Doors, window guard rails, etc-------------------------------------- 150

Total materials and fixtures-------------------------------------- 900
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0. Delivery
All panels, materials and fixtures to site… ________________ 150

D. Miscellaneous (per apartment)
1. Site preparation and foundations…---------------------------- 100

*2. Heating plant and distribution facilities (central for 10,000
apartments, 1st cost $2,500,000)___________________________- 250

*3. Water and sewer (project mains and connections)…----------- 200

Total-------------------------------------- 550
*1 have chosen to show these facilities as adjunct to the individual apartmentbecause their terminals are in the form of fairly expensive and necessary in-stallations internal to the apartment.

II. FACTORY COSTS

Factories to produce 10,000 apartments per year (equals 150,000
panels).
A. Building, equipment, accessories

1st cost…------------------------------------------------- $8, 000, 000

Annual costs:
1. Amortization (l0years)--------------------------- $800,000
2. Maintenance and equipment replacement----------- 300, 000
3. Operating (heat, power, light, water)-------------- 400, 000
4. Interest (10 percent), average per year_------------ 400, 000

Total per 10,000 apartments (= $190 per apart-
m ent) ---------------------------------------- 1,900,000

B. Labor
750 persons (skill rating 3.0 average).
40 hours per week at $3.50 per hour.

Total $105,000 per week labor cost at factories.
10,000

=195 apartments produced per week.
52

= $540 factory labor cost per apartment.
NoTE.-In numerous factories inspected the productivity varied in the broadrange of from about 1 man-day to 2 man-days per panel. Good practice apparentlyaverages around 1.2 to 1.5 man-days according to design of panels produced.The above figures show about 1.5 man-days per panel, equal to 22 man-days perapartment. Factory labor skills required are, in general, not very high. Numerousapprentices are employed on productive training jobs.

C. Materials (all materials bulk delivery at plant)
1. Concrete (plant mixed): 30 cubic yard per apartment at $10

per cubic yard, total concrete cost-------------------------- $3002. Steel reinforcement: 400 pounds per apartment at 20 cents per
pound, total steel cost…----------------------------------- 803. Glass, insulation, wood trim, steel inserts, etc---------------- 150

Total factory materials cost…------------------------------- 530
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III. OVERHSED [$100.00]

Including: Administration
Research and development
Architectural and engineering

Summary total os8t8 (per apartment)
I. Bulding Site

A. Labor:
1. Structural----------------------------------- $200
2. Finishing------------------------------------ 400

B. Materials and fixtures------------------------------- 900
a. Delivery -150
D. Miscellaneous- 55

$2,200
II. Factory

A. Buildings and equipment---------------------------- 190
B. Labor --------------------------------------------- 540
C. Materials-----------------------------------___ 530

1, 260
III. O verhead ----------------------------------------------------- 100

Total cost per apartment------------------------------------- 3, 560

In relation to the quality of the housing provided by the Soviet building system
this final cost of $3,560 for the apartment described is far below costs anywhere
else in the world. It Is evident that many of the above detail costs could vary by
a considerable percentage without raising total cost sulfieiently to bring it near
to Western levels. Actually such variations are encountered from region to region
in the U.S.S.R.
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APPENDIX B

1. Large panel construction. The single factory-made panel with built-in windows
constitutes the entire front wall of a flat in an apartment building.

2. Installation of a complete panel during construction of an apartment. All
floors, interior walls and ceilings are comprised of large panels.
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3. Installation of large panels on low-rise apartments on construction site.
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5. Low-rise apartment project of prefabricated panels. Note large proportion
of green space for parks, playgrounds, etc.. which is typical of Soviet
residential projects.
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C. Late construction phase of 'new town" development. Note wide streets and
wide spacing of buildings. Landscaping to follow later.
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7. Details of interior finishing in new Soviet apartment. Papered and painted
walls, hardwood parquet floor (partly covered by felt mat), hot water
radiator, prefab glassed-in balcony.

8. Details of bathroom. Cast-iron enamel tub and porcelain wash basin served by
single swing faucet providing hot and cold water to both fixtures. Porcelain
tile walls, painted concrete floor, exposed plumbing.
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9. Prefabrication of complete rooms. At left, casting and curing molds. At right,
new precast rooms just removed from molds and placed on tracks for delivery
to trucks. Windows and door frames installed at the factory.

10. Construction site of new apartment being built by stacking prefabricated
entire rooms.
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11. New hotel in Moscow totally prefabricated by a method also used in apart-
ment buildings, etc. Less than one-fourth of the hotel is shown in the
picture.
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INTRODUCTION

The process of urbanization has been advancing at a rapid pace in
the Soviet Union during the past four decades. When the Soviet Gov-
ernment took its own first census-in 1926-the results showed that 82r
percent of the population still lived in rural areas. A perceptible move-
ment of people from the villages toward the cities had been underway
in Russia for some time, namely since the process of industrialization.
began during the 1880's. However, the full effect of this movement was.
not reflected in the population structure before the end of the fourth
decade of the present century. By the time of the 1939 census, one third
of Russia's population had become city dwellers.

Since then, the percentage of the urban inhabitants has been rising
steadily. The first census taken after World War II, in 1959, indicated
that people living in rural settlements still constituted a slight major-
ity. Two years later, the percentage relationship between the two com-
ponents of the population stood at an even 50-50. By the beginning of
1,968, the Soviet Union reported that the figure for urban inhabitants
rose to 55 percent of the population as a whole.

*Senior Specialist in Soviet Economics, Legislative Reference Service, Library
of Congress.

(22)
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I. DimENsioNs OF THE INHERITED HousuNG PROBLEM

The construction of new housing ranked rather low as an investment
activity in the official Soviet scheme of things during the 25 years of
the Stalin regime. To quote the present Communist Party chief of the
U.S.S.R., Leonid Brezhnev, speaking to a conference of builders on
May 11, 1964: "It is no secret to anyone that in the years of Stalin's
personality cult housing construction was much neglected and the
housing problem became quite acute." 1 In general, most recent Soviet
leaders have agreed, in their public statements, that the dimensions of
the housing problem inherited from the Stalin period were staggering.
The state-owned urban housing fund, which had increased by 185 per-
cent between 1913 and 1950, was so severely strained during the fifties
as to compel the municipal authorities to reduce the allocation to 5
square meters* of living space per person. By way of comparison, the
officially designated minimum "norm" for urban housing in the
U.S.S.R., established as far back as 1927, had been set at 9 square
meters per person (100 square feet). As a result, most urban apart-
ments in the large, rapidly growing cities have long functioned in the
form of communal housing, requiring the occupants to share the avail-
able living space, along with the kitchen and bathroom facilities.

After the beginning of comprehensive economic planning in the
U.S.S.R. in 1928, with its primary emphasis on industrial growth, in-
vestment in housing construction declined sharply as a proportion of
the total capital outlay on the national economy. The downgrading of
this sector was reflected in a drop from a share of 22.2 percent allocated
during 1918-28 to 11.7 percent of all new investment for the period of
the first five-year plan. The relative share of housing in total domestic
capital investment remained at approximately this level throughout
the Stalin regime; both before and after World War II. For example,
during the fourth five-year plan (1946-50), covering the period of
postwar reconstruction, the investment in housing amounted to 12.6
percent of total economic investment.2

HOUSING SPACE AND URBAN POPULATION IN THE U.S.S.R.

[Data as of the end of year]

Index of
1926 1955 growth

Urban housing space (in million square meters) - 216.0 640.0 300
Urban population (in millions) -26.3 88.2 335

Sources: Narodnoe Khoziaistvo SSSR v 1956 Godu. p. 177; Narodnoe Khoziaistvo SSSR v 1965 G. p. 7.

As a result, the housing stock in the cities declined relative to the
number of inhabitants. Viewed on a per capita basis available living
space 3 was calculated at 4.67 square meters in 1950 ?4.78 in 1955), as
compared with 5.85 in 1926.4

*One MA equals 10.75 square feet.
lPravda, May 12,1964.
oT. Sosnovy. in Joint Economic Committee. U.S. Congress. Dimensions of Soviet BeC-

nomio Power, Washington, 1962 p. 329.
3 The living space of an apartment, according to Soviet usage, includes the bedrooms

and living rooms only, while total ("useful") floor space measures the whole of the
Interior of the apartment, including kitchen, bathroom, and corridors. As a rough pro-
portion, living space takes up some 65-70 percent of the total ("useful") space of an
apartment.

' Dimensiona, etc., p. 331.
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II. THE BEGINNING OF THE CURRENT BuELDING PROGRAM

During the early 1950's, the Soviet Government was still spending
only about 2 billion rubles, or 30 rubles ($33) per urban inhabitant,
yearly on the construction of new housing. With the rise of N. S. Khru-
shchev to leadership in the U.S.S.R., the situation underwent a con-
spicuous change. Four years after his accession to power, the new First
Secretary of CPSU (Communist Party of the Soviet Union) launched
a major campaign for the improvement of housing conditions in the
urban centers of the nation. In a decree, issued on July 31, 1957, the
leaders of the Communist Party and the Government committed them-
selves to a program of greatly expanded residential construction. The
objective of the program, according to the decree, was to "liquidate the
current housing shortage during the next 10-12 years."

Most immediately, the decree ordered an increase of 100 percent in
the volume of new housing to be built during the current five-year planperiod (195660), as compared with the amount completed during the
preceding five-year span. On the basis of such an acceleration in the
rate of new residential construction, the national authorities expressed
the hope that the practice of assigning families to single room occu-pancy could be abandoned in the Years ahead in favor of allocating
separate apartments to families entitled to obtain new housing.

TABLE 1.-TOTAL VOLUME OF NEW HOUSING BUILT IN THE SOVIET UNION SINCE WORLD WAR 11I
[In million square metersi

1946-50 1951-55 1956-60 1961-65 1966 1967

Volume of new housing -200.9 240. 5 474.1 490.6 102.1 103.1

I Includes housing financed by the State, cooperatives, private urban residents, and collective farms personnel.
Source: SSSR v. Tsifrakh, v. 1967 Godu. Moscow, 1968, p. 136.

The decree, furthermore, outlined some of the measures contem-
plated by the Government to bring about a systematic conversion of
existing construction methods to the new, industrial technique of
building apartment houses. These measures, explicitly, called for a far-
reaching transformation of the construction industry, including the
character of its supply base as well as the methods used in the manu-
facture of building materials. Among the benefits expected to be
gained from a conversion to industrial construction methods were
both a marked reduction in building costs and a saving in time required
to erect new dwelling facilities.,

Since 1957, the major urban centers of the Soviet Union have wit-nessed the rapid rise of large complexes (called "massives") of new
apartment houses built on cleared stretches of unoccupied land, forthe most part in the outlying areas of the city. These new urban hous-
ing complexes are built on a mass scale, with provision made for the
parallel construction of schoolhouses, preschool facilities, stores andother accommodations essential for the service of the residents. Thesesupport facilities are housed either in separate, specialized buildings
or directly on the first floor of the apartment houses.

e Zhffshchnoe Rtroitelatvo #11, 1967, p. 12.
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The new building program began to show impressive results in the
five-year period ending in 1960. During the latter quinquennium,
state-financed housing alone (the principal sector) increased by about
100 percent over the preceding five-year plan period: the actual rise
was from 113 to 224 million square meters. Individual owners of
one-family dwelling units living in urban settlements also increased
their stock of new housing, but by somewhat smaller margins.

III. T:uE MAKING OF A NEW INDUSTRY

At the beginning of the present campaign for increased residential
building, Soviet authorities reported that there were more than 100,-
000 individual construction projects underway in the various regions
of the country. These projects were under the jurisdiction of a multi-
tude of ministries and agencies. Building activity was admittedly
fragmented, with individual construction sites working in isolation
from one another. The available inventory of construction equipment
was widely scattered and all too often not fully used; construction
schedules were enforced rather loosely. Inevitably, too, overhead staffs
were excessive, and the costs of construction inordinately high.

A. BEGINNING OF MODERNIZATION PROCESS

During the late fifties the Soviet Government initiated a drastic
reorganization of the building industry, chiefly by way of ordering
the widespread adoption of the industrial method of construction.
This drive began with a series of separate measures providing for the
establishment of new productive capacities for the production of pre-
fabricated components parts, which was followed in due time by a
land-mark decree, published in 1959, calling for a shift toward the
use of "the progressive" method of construction by means of pre-
cast large panel component elements as the "main approach" to cop-
ing with the expanded official program for building urban housing
units. This initiative was followed by a parallel efort on the part
of the central construction planning agencies to begin the prep-
aration of (a) several standard architectural designs for modern
factories capable of mass producing precast concrete component parts;
and (b) a series of standard designs for apartment houses to be built
by the large panel method. In support of this new ambitious program,
furthermore, specialized equipment for the pre-fabrication of sec-
tional concrete building components also began to be designed and
produced by the machine-building plants of the country.

The productive capacity of this new industry expanded at a rapid
pace. In 1959, the U.S.S.R. already had a total of 1,851 plants engaged
in the production of sectional precast concrete elements. Moreover,
two-thirds of these plants were production units of a modest size,
capable of turning out annually an average of about 10,000 cubic
meters of finished product. By 1965, the production base of the indus-
try increased to 2,305 plants, including a sizable proportion of large
scale enterprises. As shown in the table below, plants producing be-
tween 10 and 70 thousand cubic meters of sectional components still ac-
counted for over 60 percent of total output in 1965:
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TABLE IV.-PRODUCTION OF SECTIONAL PRECAST CONCRETE COMPONENTS BY ENTERPRISE OF VARYING
CAPACITY

1959 1965
Share of Share ofNumber of total output Number of total outputAnnual volume of output (in thousand cubic meters) ' enterprises (percent) enterprises (percent)

To 10 1,215 19.1 1,201 11.9From 10.1 to 20 ------------------------------------- 289 17.1 482 17. 0From 20.1 to 40 - ------ ------------ 218 26.1 354 23. 4From 40.1 to 70 ----------------------------------- 85 16. 6 186 20. 2From 70.1 to 100 -- -- ------------------ 24 6.9 41 11.2From 100.1 to 200------------------- 18 12. 2 33 11. 7Over200 2 2.0 8 4. 6
Total -1,851 100.0 2,305 100.0

I Excluding small polygons and production at building sites.
Source: A. S. Boldyrev (editor) Promyshlennost' stroitel'nykh materialov. Moscow, 1967, p. 81.

Thus by the middle of the sixties the Soviet Union had at its disposalwell over 2,000 modern, mechanized plants for the production of pre-cast concrete components. Furthermore, new capacity continues tobe added at a lively pace, averaging some 40 new plants a year, capableof producing over 5 million cubic meters of precast concrete compon-ents. For the industry as a whole, total annual capacity reached afigure of 63 million cubic meters of concrete components in 1966.
The fixed capital of this new industry is officially placed at a valueof 3.580 million rubles.6 New investment is coming in annually at arate of some 257 million rubles. As far as employment is concerned,

the industry is reported to have a labor force of 700,000 persons,
including 65,000 employees in the engineering and technician cate-gory. Total annual production currently amounts to 3,590 million
rubles.7

In terms of its daily output of finished product, the precast concrete
industry of the USSR. turns out an average of 200,000 cubic meters of
building comlponents, ready for shipment to the construction sites ofthe country.

Economists of the industry in the Soviet Uinion have calculated thatthe use of precast concrete components is currently saving the state900 million rubles ($1 billion) a year, which is equal to 4 percent of thevalue of all the new buildings. This amount reportedly includes the
annual savings of 10 million tons of steel, 35 million cubic meters of
lumber, 9 million units of brick, 30 million square meters of dry wall,
along with other types of standard building materials.

These economies in question are sometimes illustrated in the Soviet
technical press as follows: it takes an average of 13 months to erect
a 5 -story brick building of a standard size, while the same size struc-
ture can be built of concrete panels in 9 months. As shown by one of
these calculations, the amount of labor saved by the use of the pre-
fabricated residential building method came to 23 million man-days in
1965.8

edAt the official rate of exchange, one ruble is valued at $1.11; converted at Its pur-chasing power equivalent In the construction industry in particular, one ruble is generally
valued at $2.

7 Stroitel'naia Gazeta. July 15. 1966. 1). 2.8 Ibid.
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In order to accelerate, in particular, the large-panel building
method, the Soviet Union has erected within the past dozen years some
275 specialized factories with an aggregate capacity of 17 million
square meters of finished housing space." Most of these plants are
located in Moscow, Leningrad, and the capital cities of the republics
of the union.

PRODUCTION OF CEMENT AND PRECAST CONCRETE COMPOUNDS

1955 1960 1965

Cement (in million metric tons) - 22. 5 45.5 72.4
Precast concrete components (in million cubic meters) -5.3 32.4 63.1
Including watt panels (in 1,000 cubic meters) - -954 6,325

Source: "Zhilishchnoe Stroitelstvo," No. 11, 1967. P. 16.

Within the past few years, there has come into being in the U.S.S.R.
a new type of enterprise, known as the house-building combine (DSK).
There are now 80 of these units in operation, capable of annual output
of 7.5 million square meters of living space. The typical "combine,"
which originated in Leningrad, encompasses under its jurisdiction
the prefabricating plants as well as the building sites. This means that
the "combine" produces the component parts, groups them in sets,
delivers the required materials to the place of construction and assem-
bles them into buildings and facilities. Under this method, more of
the detail and finished work can be completed, by using mechanized
processes, on the factory premises prior to their shipment to the con-
struction sites.

The house-building "combine," as a rule, does not maintain ware-
houses at the building site and, therefore, must do its assembly work,
as it were, "from the wheels." This helps to reduce the amount of load-
ing and unloading work at the site. Instead, truck services are gen-
erally required to constitute an integral part of the operation, and are
used continuously to support the activities of the builders. As shown
by the experience with this method in Leningrad, this form of "build-
ing from the wheels" makes it possible to reduce labor consumption
by 40 percent, while building time in general is reduced by 30 percent.' 0

Among other things, this new method of home-building seems to
have blurred the line of demarcation between two separate branches
of economic activity, namely the building materials industry and the
construction industry. A sizeable proportion of the work formerly
done by builders is now carried out in the factories built to prepare
complete walls, ceilings, and floors, ready for delivery to the building
site to be set in place with the aid of hoisting machines.

TABsLE III.-Production of precast concrete components: 1950-66

[In million cubic meters]

1955-5 ------------------------ - 6. 0 1964 --------------------------- 50. 0
19058 -------------- S------------ 1. 0 1965 -5______ 56. 1
1960 -___ ---- 30.2 1966 -__________ 63. S
1961 --------------------------- 35. 9 1967 --------------------------- 70. 1
1962 --------------------------- 41.9 1970 (plan)- -So. 0
1963 --------------------------- 45. 7

Source: Statistical yearbooks of the U.S.S.R.

9 Boldyrev (Editor) PromYshlennost, etc., p. 83.
10 Boldyrev, Promyshlennoot, etc., p. 83.

25-808---G9-3



28

B. RECENT IMPROVEMENTS IN DESIGN

During its early phase, the large panel method of house building
drew a good deal of criticism from the Soviet citizen as well as the
foreign observer, mainly on the grounds of the quality and design of
the finished apartment. The residents complained about both the inade-
quate size and the equipment of the kitchen, the primitive plumbing
unit, the undersized foyer and diminutive rooms. The latter features,
as currently explained by spokesmen for the Soviet industry, are not
necessarily characteristic of the large panel method of construction.
Rather, they simply represent the standard apartment design of an
earlier period, which is now obsolete, although it was used for new
dwellings built a decade ago by whatever method or material.

"At present," according to one high official of Gosstroy (State
Building Committee), "a new improved series of standard design has
been approved to replace the old one, which to a significant degree
excludes these shortcomings." 11 Soviet specialists appear to be confi-
dent that "in the long run" the opportunities for improving the quality
of construction in general, and finishing work of the interior in par-
ticular, are better in the case of the concrete panel method than in
conventional brick construction. By way of support for this proposi-
tion, they point to the fact that large panel construction has success-
fully passed out of the experimentation phase to become the accepted
method of providing new housing space for the growing population of
the Soviet cities. The figures used to illustrate the trend in that direc-
tion are as follows:

[In million square meters]

1959 1960 1961 1962 1963 1964 1965 1966

hew urban housing space, total ---------------3 53.5 55.8 56.6 59.8 61.9 58.9 63.2 65.2
Including large panel buildings -0.78 1.97 5.2 9.1 12.5 14.7 18.7 20. 5
Percent of large panel in total new housing 1. 5 3.5 9.2 15.2 20.2 25 30 31.5

In their continued search for better ways, Soviet architects have en-
countered no technical difficulties in changing their designs from the
standard five-story building to structures rising as many as 9,12 and 16
stories high. In some instances, they report, it was possible to erect these
taller, more comfortable buildings, which include elevators and gar-
bage chutes, with a capital investment on both housing and communal
facilities equal to that required to build the traditional 5-story proj-
ects.12 They do indicate, however, that for the time being, the bottle-
neck in erecting this type of structure is the inadequate current level
of deliveries to the construction industry of large tower cranes with a
lift capacity of 7-10 tons.

IV. PUBLIC INVESTMENT IN NEW URBAN HOUSING

A. HOUSING AS A CLAIMANT UPON PUBLIC FUNDS

The capital outlay of the Soviet Government on new residential con-
struction in the cities has been rising, although somewhat uncertainly,

21 Zhitiahchnoe Stroitelstvo, No. 11, 1967, p. 16.
'" Ibid.
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since the mid-fifties. Between 1956 and 1960, for example, the annual
outlay rose from 2.9 to 5.5 billion rubles. Viewed as a percent of total
capital investment by the state, this was a notable advance, namely,
from 15.4 to 18.0 percent.

Thereafter, the absolute figure for state expenditures on urban
housing continued to move upward, as shown by the recorded rise from
5.4 in 1961 to 7.1 billion rubles in 1966. But the momentum of the rise
was not very impressive, inasmuch as the share of housing in the total
economic outlayfby the state in fact declined during this 5-year period
from 17.0 percent to the 1966 figure of 15.5 percent.'3

For the current five-year plan (1966-1970) the Soviet Government
has promised to do better. Average yearly outlays are planned to run
at a rate of 15 billion rubles, and the annual share of housing in total
new investment in the economy is projected to reach 25 percent.'4

In general, it appears that the position of public housing, as a claim-
ant for appropriations, has grown more firm in recent years. Never-
theless, it still continues to fluctuate with the rise and fall of the pulling
power of the other major claimants for capital funds, namely indus-
trial investment, military expenditures, high priority scientific re-
search, and agriculture.

MAJOR STATE CAPITAL EXPENDITURES OF THE U.S.S.R.

In billion rubles

1960 1965 1966 1967

Industrial Investment -12.6 17.6 18.5 '19.4
Agricultural Investment -2.5 5.3 5.7 6. 2
Defense expenditures -9.3 12.8 13.4 14. 5
Housins construction -5. 5 6.3 7.1 ' 7.9
Scientific research I-3.3 5.7 6.8 7. 2

Total -33.2 47.7 51.5 55.2

In percent

1960 1965 1966 1967

Industrial Investment -37.9 36.9 35.9 35.1
Agricultural Investment -7.5 11.1 11.1 11. 2
Defense expenditures -28.0 26.8 26.0 26. 3
Housing construction -16.6 13.2 13.8 14.3
Scientific research -9.9 11.9 13.2 13.0

Total ------------ 100.0 100.0 100.0 100.0

I Estimated figures.
2 Including some expenditures made directly by enterprises.

Source: Statistical yearbooks of the U.S.S.R.

When the current five-year plan period comes to an end, in 1970,
the urban housing fund, public plus private, should show a gain of
480 million square meters. On a yearly average, this would come to
96 million square meters of new housing, as against 76 million per
annum added during 1961-65.

" 8trana Sovetov za 50 Let. Moscow 1967. p. 203.
" Radio Moscow. Domestic Service, Interview with I. A. Gftnichev. Presumably, this

refers to urban housing as a whole, including privately financed. To make this figure
cornarable, it should be noted that it corresponds to the recorded share of 20.9 percent
for 1961 and 17.2 percent for 1986.
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To date, expressed in terms of completed urban apartments, the
additions made during the years 1966 and 1967 amounted to 1,850,000
and 1,900,000 units, respectively.

B. THE COST OF CONSTRUCTION

As a result of the widespread use of industrial methods, the industry
has succeeded in bringing down the cost of housing construction. As
reported in the technical press, the amount of labor used at the build-
ing site in large panel residential construction comes on the average, to
35-40 percent less than in the case of building brick units of the same
size. Building time "in most cases" is reportedly reduced by between
one-third and one-half. All in all, according to official data. for the pe-
riod 1959-65, the cost per one square meter of living space by the
large panel method was generally lower than brick construction by
12-15 percent.'5

INVENTORY OF MACHINERY IN BUILDING INDUSTRY OF THE U.S.S.R.

[in 1000 units; end-of-year-figuresl

1950 1960 1965 1966 1967

Excavators -5.9 36.8 69.2 75.4 81.0Scrapers-. 3.0 12.2 20.1 21.5 22.7Balldozers -3.0 40.5 68.5 74.0 79.1Mobile cranes -5.6 55.0 83.3 90.0 96. 6

Source: "SSSR v Tsifrakh v 1967 Godu," p. 110.

From data available for the republic of Ukraine we learn, for one
thing, that the cost of construction in that republic has tended to be
lower than in a number of other constituent republics. For another,
it is reported that for the year 1966, for the Ukraine as a whole, the
average cost per square meter came to 134 rubles. In accounting for
this relatively low rate, the authorities explain that the republic has
been building chiefly 5-story dwellings (72 percent of all housing),
which are most economical. Another reason cited was the heavy reliance
on large-panel construction, in which the Ukraine achieved as average
cost of 123 rubles per square meter of housing space, "the lowest in the
country." 16

Expressed in dollars, at the ruble-dollar ratio generally used for this
industry (one ruble has the purchasing power equivalent of two
dollars), the above cost, for the large-panel method in particular, is
somewhere near $22 per square foot of housing.

One phenomenon that tends to raise the cost of building in the Soviet
Union is the continued heavy incidence of manual labor in the con-
struction industry. While many operations are highly mechanized,
about 60 percent of all wage-earners in construction work without
the aid of machinery. Manual labor tends to predominate especially
in loading and unloading of building materials, in finishing work, and
in laying bricks.-7

15 Zhilishchnoe Stroitelstvo, No. 11, 1967. p. 12.
Xl Ekonomika Sovetskoi Ukrainy. December 1967, pp. 25-26.
17 I. A. Slepov, Tekhnicheskii Progress i Orgaanzatsia Stroitelnogo Proizvodstva. (Tech-

nical Progress and the Organization of the Construction Industry), Moscow, 1965, p. 13.
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Upward creeping building costs are reported to be confronting the
authorities from another direction. It seems that while notable results
in efficiency have been attained in recent years by the increased mecha-
nization of home building, some of the economies achieved are offset
by the rising cost of machinery. "Within the last few years," accord-
ing to one recent report, "the cost of machinery delivered by industry
to the construction enterprises has increased many times." One exam-
ple cited in this account deals with an excavator having a bucket
capacity of 2 cubic meters. As originally designed and produced,
this machine was priced at 36,850 rubles. Under actual working con-
ditions the design of the excavator proved faulty. This called for a
change in design, and a new model began to come off the assembly line
(E-2005), having the same bucket capacity but bearing a price tag of
58,087 rubles.-8

On the whole, the process of mechanization has been proceeding
rather unevenly in the industry. As one example, technological prog-
ress seems to have altogether by-passed the production of bricks. This
despite the fact that, as noted recently by Pravda, "Soviet builders
will be using brick for a long time to come." Yet, this sector of pro-
duction remains neglected. Manual labor remains prevalent; working
conditions are difficult, wages are low, and labor turnover is high.
There is no valid reason, according to Pravda, for the failure thus
far to mechanize this sector: "Experience abroad has shown that it is
possible to set up small but fully mechanized and automated brick
plants in all parts of our country without a large capital outlay." If
this were done, the author argues, it would not be necessary to haul
heavy loads of precast concrete over great distances; the pressure on
available cement and metal would be reduced; and the added burden
on the country's transport facilities would be eliminated.- By all
accounts, furthermore, the building industry, like many others, is
regularly short-changed on its urgent requests for railroad cars and
trucks from the central ministries in charge of allocating these scarce
facilities.

V. TErES OF HOUSING OWNERSHIP

A. STATE-OWNED HOUSING

The bulk of the housing in the cities of the Soviet Union is owned
by the state. Agencies of the state, furthermore, continue to account
for most of the new urban dwelling units being built today, although
private individuals and, more recently, employee cooperatives are also
permitted to build and own residential structures. As a matter of ad-
ministrative practice, the actual management of state-owned housing
is entrusted to local agencies, chiefly local municipal authorities, but
also, in special cases, to industrial enterprises and other governmental
establishments.

Is Ekonomicheskaia Gazeta, No. 23, June 1966. p. 3S.
19 Pravda. November 12, 1968. See also article by I. Ganichev in Trud January 19, 1968.

The author is a high-level construction specialist who asserts that most building machinery
now being produced in the U.S.S.R. is of relatively low capacity because the production
ministries in question have an obsolete notion of what constitutes modern construction
equipment."
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TABLE 11.-URBAN HOUSING CONSTRUCTION IN THE U.S.S.R.

lin million square meters I of total useful spacel

1951-55 1956-60 1961-65 1966 1967

Built by the state -113. 0 224. 0 300.4 65.9 76.6
Built by individuals -65.1 113.8 94.0 15.9 16.8

Total - 178.1 337. 8 394.4 81.8 93.4

Private housing as percent of total -36.5 33.7 23.8 19.4 18. 0

a 1 square meter equals 10.75 square feet.
Source: "Strana Sovetov Za 50 Let," Moscow, 1957, p. 245; "SSSR v Tsifrakh v 1957 Godu," Moscow, 1958, p. 136.

By reason of its scarcity, housing has always been considered in the
Soviet Union as an important fringe benefit for industrial and other
employees of the state. Today, as much as ever, good housing continues
to be regarded as a prime factor in helping enterprises to attract and
maintain a stable labor force. Hence, important industries, but also
research organizations and administrative agencies engaged in high
priority projects, are often allocated relatively more ample building
funds in order to help them to provide a better housing standard for
their personnel.

The amount of capital to be invested in housing by the state in a
given year, as would be expected, is large enough an outlay to be under
the jurisdiction of the central authorities of the USSR. As a matter of
administrative practice, the planning of state investment in housing
and related communal facilities has been maintained since 1959 as an
independent area of activity, separate from construction of industrial
installations. Yet, the center, i.e. Moscow, becomes involved in all activ-
ities concerned with the investment of capital as well as the allocation
of building materials, wherever it originates. Thus, for example, the
State Planning Commission (Gosplan0 l regularly includes in its own
annual plan the new capital to be invested in construction by enter-
prises out of their own special "social welfare" funds. At the same
time, much to the discomfiture of plant managers, the Ministry of
Construction of the USSR alone has the right to authorize the allo-
cation of building materials to all construction sites, including those
financed directly by enterprises out of their own funds set aside for
employee benefits.20

During the early decades of the Soviet period the share of the state
in the available stock of urban housing began to rise rapidly. By 1940,
state housing accounted for 63.4 percent of all the residential space
available in the cities, as compared with 47.2 percent in 1928. In part,
it may be noted, this increase was accelerated by the housing reform of
1937, which transferred to the state sector most, but not all, of the
cooperatively owned apartment houses built during the first two
decades of the Soviet regime.

Since then, this share has remained fairly stable. In 1967, for
example, the state [including cooperatives] owned 67.2 percent of the
entire urban housing stock, with the remaining 32.8 percent belonging
to individual private owners.

20 lkonomicheakaia Gazeta, No. 14, 1968, p. 2.
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la. PRIVATE HOUSING

Private individuals in the Soviet Union are permitted to build
single-family dwelling units at their own expense, subject to the super-
vision of the municipal authorities who are responsible for the ap-
proval of the design, and the designation of the site. The form of con-
struction is also subject to certain restrictions. A privately built home,
for example, must not exceed two stories in height; must contain no
more than 5 rooms and 60 square meters of space.21 During the pre-war
years, privately owned housing contributed, on the average, some 3
million square meters of dwelling space per year, while state agencies
added annually about 11 million meters of useful housing space.

On principle, Soviet authorities tend to consider the construction of
homes by private persons more appropriate to medium and small towns
than to the larger cities. The usual explanation in this case is that "we
must not allow our cities to be transformed into overgrown villages."

For a number of years after the end of World War II, the Soviet
Government exhibited a tolerant attitude toward the practice of indi-
vidual home construction. Housing space was extremely scarce in most
parts of the country, so that additions made to the housing stock in
general, whatever the source, were publicly welcomed by the Soviet
officialdom. For a time, during the fifties, the authorities in fact sought
to encourage private building by extending credits to the prospective
home builders through the State Construction Bank, a practice that
continues to the present, although on a somewhat reduced scale. Such
credits, covering no more than 50 percent of the building costs involved,
are generally advanced for a period of 7 years. The actual disburse-
ment by the Bank is made in several stages, in accordance with the
progress of construction.

More recently, however, private construction lost favor with the
central authorities for a variety of reasons. The leadership appears
to have objected chiefly to the fact that it created a wide variety of
opportunities for multiple building activities by enterprising indi-
viduals, for resale, speculation, and unearned income. Accordingly, the
high target for private housing written into the seven-year plan
(1959-65) failed to be fulfilled: only 149 million square meters of floor
space were added by the private sector during this period, which was
57.2 percent of the original goal of 260 million square meters.22

The formal call for restraint upon private home building came in
a decree published by the Soviet Government on August 6, 1962 under
the heading "On Inaividual and Cooperative Housing Construction."
In this decree, the authorities asserted that the time had come "to
discontinue the allocation of land plots for individual housing con-
struction . . . and the issuing of credits to individual builders" in
the major cities of the country, specifically in the capital cities of the
constituent republics.23 As far as other urban settlements are concerned,
the central authorities left the issue open, passing responsibility in
this respect to the governments of the individual republics who were
to rule on such questions as where and to what extent private building
is to be permitted or banned. In those towns where individual home

2 Sputnik Profgraporga (Guide of Trade Union Group Organizer). Moscow 1960.
" Joint Economic Committee, New Directions in the Soviet Economy, 1966, p. 541.
= Pravda, August 7, 1962.
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building is to be permitted, the decree advised the republican authori-
ties to retain the established procedures for granting credits and for
allocating the necessary building material.

The effect of this decree was not slow in coming. Privately built
housing, which reached a peak of 27.2 million square meters in 1959,
declined to 20.9 in 1962, falling thereafter to 16.2 million square meters
in 1964.

Although restrictive measures against individually built housing
have been eased somewhat since the retirement of N. S. Khrushchev
in October 1964, this form of construction has not regained its former
vigor. In 1966, for example, it accounted for 20.6 percent of all new
housing built in the cities, as against 33.7 percent in 1959.24 In terms
of dwelling space, the figures for privately built homes in 1966 and
1967 were, respectively, 15.9 and 15.6 million square meters. Accord-
ing to present accounts, the principal technical difficulties encountered
by private builders are said to be a persistent shortage of building
materials as well as the fact that land offered to private builders
often happens to be located on remote and otherwise inconvenient
sites.

C. COOPERATIVE HOUSING

Personal income has risen sufficiently in the Soviet Union in recent
years to create a demand among some elements of the population for
better housing. These higher paid employees are evidently able and
willing to pay a higher monthly rent than most citizens are now pav-
ing for the housing they rent from the State. This rising trend in
income has brought considerable pressure to bear upon the Soviet
Government to help organize housing construction on a cooperative
basis, using for that purpose the private savings of the membership
rather than state funds. The appropriate government decree to this
effect finally came on June 1,1962 under the heading of "On Individual
and Cooperative Housing Construction." The decree in question pro-
vided, among other things, that members of a housing cooperative
must agree to place their organization under the supervision of exist-
ing housing administration authorities, such as that of the municipal
authorities, industrial enterprises, or other governmental establish-
ments.

From the viewpoint of the Soviet Government, the cooperative mode
of house-building has two notable advantages. In the first place, it
helps to reduce total demand for state-subsidized housing by a con-
siderable margin. Secondly, it serves to sop up substantial amounts
of purchasing power in the hands of the high-income groups of its
population. In fact, it becomes one of the tangible ways in which the
country's well-paid citizens can convert their higher ruble earnings into
a conspicuous form of consumption.

In general, the technical procedures of the house-building coopera-
tives are expected to be worked out in close coordination with the
standard designs, cost estimates, and time schedules of the regular
housing construction agencies of the state.

The process of establishing a cooperative begins with the deposit by
the membership of funds amounting to at least 40 percent of the
estimated cost of construction. This payment is to be made to the

2 4
Ekonomicheskaia Gazeta, No. 39, 1967, p. 29.
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State Construction Bank as a basis for obtaining the necessary credit
for the balance of the expenditures. The credit, usually covering 60
percent of the estimated cost of construction, is to be extended for a
period of 10 to 15 years, repayable with an interest charge of 1 to 2
percent in equal annual installments. Land for cooperative apart-
ment building must be allocated in regions equipped with roads, water
mains, sewers, and electric power lines.5 Thereafter, the building
plan of the cooperative is included in the general plan of the contract
work to be undertaken by the regular state construction units.

House building cooperatives began to add to the total urban stock
of new housing on a modest scale in 1963 providing in that year 1.8
million square meters of floor space. This Agure rose to 4.8 in 1964 and
7.0 million square meters in 1966, as shown below :26

ln million square meters]

1963 1964 1965 1966 1967 (plan)

Total (useful) space -1 .8 4. 8 6. 5 7.0 7.9
Living space ------ 1. 3 3.4 4. 5 4.9 5.4

Thus, cooperatively owned housing accounted for 13.5 percent of
all new urban apartments built in 1967, as compared with 3 percent
in 1963.27

Typically, according to one informal account, the member of a
housebuilding cooperative purchases his apartment at a rate of 100
rubles ($110 at the official rate of exchange) per square meter. For an
apartment measuring 60 square meters the full cost would thus be 6000
rubles. His down payment must cover 40 percent of the total cost,
while the rest is paid off in 10 (or 15) equal yearly installments.28

Cooperative housing currently enjoys a notable degree of popularity
with the Soviet public. The state construction agencies in the field,
however, appear to be far less enthusiastic over this new form of hous-
ing; construction and ownership. In a review of the results in this
spJere of building for the year 1967, a Pravda editorial took note of
the fact that "the construction of cooperative dwelling houses was
very poorly organized in a number of places", and proceeded to ex-
plain it on the grounds that most contracting organizations of the
Construction Ministry "look upon cooperative housing as second class
projects and do not supply them adequately with materials, equip-
ment and qualified personnel." 29

In general, many problems still continue to plague this new form
of apartment building. There are frequent delays on projects of this
category, where the enforcement of schedules is particularly difficult,
due to the lack of access by the cooperatives to prime building mate-
rials and to their own choice of contract organizations.

The task of allocating space in finished cooperative apartment
houses also falls under the authority of the housing agencies of the
local municipal councils. The latter are expected to use as the basis for

'5 Pravda, August 7. 1962.
:OV. T. Robotov, Financing and Crediting Housing Construction (In Russian) 'Moscow,

1967. p. 108.
27 D. Pudikov. Ekonom. Gaz., No. 29, 1967, p. 29.
As Washington Post, September 19, 1968, p. G12.
i Pravda, January 12, 1968.
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their decision such criteria as the nature of the work of each member
of the family, personal rights to additional space, etc. In addition, the
local authorities are responsible for enforcing some agreed upon
"norm" for living space per person in a cooperative unit, usually in
keeping with the available 'housing supply. Thus, for example, a fam-
ily of two would be assigned to an apartment having a total floor space
of, say, 24 square meters (264 square feet), which is considerably in
excess of the "norms for state housing. Under the rules of some local
authorities, a member may be allocated an apartment in accordance
with the size of his share, but the total floor space in such an apartment
must not exceed 60 square meters (660 square feet).

A new family moving into a coo erative apartment house may,
according to existing rules, leave behind some of its members who
would continue to occupy the apartment (or room) formerly occupied
by the whole family, if the space in question does not exceed the space
allotment per person prevailing in the given city.30

In practice, conflicts of interest often arise between members of
the home-building cooperatives and the municipal authorities. The
latter are usually hard pressed to find housing space for people on
their long waiting list. Accordingly, the local authorities appear to
reserve to themselves the right to issue a certificate of occupancy to
persons who are not members of the cooperative, if they can deter-
mine that a particular member is not in urgent need of new housing.
In recent fairly typical instance, the City Fathers of Chernigov (in
the Ukraine) justified their intervention on the grounds that the co-
operative member whom they prevented from moving into his new
apartment "lives in the private home of his wife's parents (4 rooms;
48.7 square meters), in which the parents occupy only two rooms. In
view of this, the executive committee refused to issue a certificate
of occupancy." 31

By all accounts, the cooperative form of apartment ownership is
still something of a new phenomenon in the Soviet Union. The
municipal authorities, working in a climate of extreme stringency of
dwelling space, still have to become accustomed to dealing with this
type of property as falling outside their jurisdiction. They are, there-
fore, regularly reminded by the official press, as well as by the courts,
to treat cooperatives as "public self-governing bodies" empowered
by the law to establish and enforce their own rules of apartment
occupancy.

During 1968, newly built cooperative housing came to a total of
6.9 million square meters, with a planned figure of 8.5 million for 1969.
The amount of credit extended by the State to housing cooperatives
during the year was reported at 410 million rubles, a figure that
was raised in the plan for 1969 by 22 percent, namely to 500 million
rubles. 32

8 Ekon. Gaz., No. 6, 1968, p. 28.
81 Izvestia, March 16, 1968, p. 2.
8 Ekonomicheelkafa Gazeta, No. 2, 1969, p. 36.
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VI. Tim SITUATION TODAY

A. ALLOCATED HOUSING AT LOW RENTS

Under present stringent conditions of supply, housing space in the
cities of the Soviet Union continues to be rationed. Tenants of new
apartments are alloted space, as a rule, on the basis of the size and
need of the family. The authorities are currently using for that pur-
pose a "housing norm," or ration, of 7 square meters of living space
per personA5 At the same time, the goal remains, as before, to provide
a room for each adult and an apartment for each family. To achieve
this goal would, according to official calculations, require a stock of
housing comfortable enough to permit a "norm" of 15 square meters
per person.

By way of compensation, however, rents are unusually low. The
established monthly rate for residential space is 0.13 rubles per square
meter. At this rate, a family of four assigned to an apartment measur-
ing 30 square meters, for example, would pay some 4 rubles per month.
Payment for utilities has to be made separately, but there is no
systematic information on such charges in Soviet sources.

flow does the monthly outlay on rent look in relation to average
earnings in industry The average monthly wage in the economy
as a whole was 103 rubles for the year 1967. Wages in industry were
somewhat higher, averaging 113 rubles per month. At the present
housing ration, therefore, rent for a small apartment for a family of
four, excluding utilities, would absorb some 3.5 percent of the average
monthly earnings of the worker in industry. Payment for utilities,
according to available framentary information, would probably con-
sume another 3.5 percent.

AVERAGE HOUSING SPACE PER URBAN INHABITANT IN THE U.S.S.R.

[Data as of end of year]

Square meters per person

Urban Housing space Gross Net
population (in million (useful (living

Year (in millions) square meters) space) pace)

1957 - . 95.6 723 7. 56 5. 29
1958 ---------- - 100. 0 832 8.32 5. 82
1959 -103.8 896 8.63 6.04
1960 --- 108.3 958 8.84 6.19
1964 ----- 121.7 1,182 9.72 6.80
1965 ------- 124. 7 1 238 9.93 6.95
1966------------------------- 128.0 1,290 10. 08 7.06
1967- -130.9 1,343 10.26 7. 18

1970' ----------- 145.0 1,556 10.73 7.51

' As calculated by V. T. Robotov, Finansirovanie I Kreditovanie Zhilishchnogo Stroitelstva, 1967, pp. 10-11.

Source: Economic yearbooks of the U.S.S.R., respective years.

The practice of subsidizing urban rents has been followed by the
Government of the U.S.S.R., as a matter of public policy, throughout
its existence. Such a policy has been officially justified on the following
two counts: (1) It is the aim of Soviet society to provide all Soviet
citizens with adequate housing, regardless of their income; (2) Under

a Molodoi Komvsunist, June 1968, p. 69.
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the present scale of wages in the U.S.S.R., some Soviet citizens wouldnot be in a position to pay the full economic rent for the housing theyoccupy. One Soviet authority, who notes that "in our country rentsare so low that apartment houses do not even pay for their mainte-nance," goes on to explain this practice as follows: "By no means allcitizens have the means to pay for this [i.e. the full cost of constructionmaintenance, and repair], and Soviet society is striving to createnormal housing conditions for all working people." 34
The extent of subsidization is not clearly indicated in official Sovietsources. On occasion, individual Soviet authors have estimated thatthe degree of subsidization is in the vicinity of 80 percents.' If the 80percent figure is correct, the full economic rent for the 30 square metersof housing space cited in the above example would come to 20 rublesper month, net of charges for utilities. For the industrial workerearning an average wage, namely 113 rubles, such an expenditurewould involve an outlay of 17.7 percent of his monthly earnings.

B. THE MICRO-DISTRICT

According to current practice in the U.S.S.R., new housing projectsare organized on the basis of a primary unit known as the micro-district. Typically, a micro-district consists of either (a) one enlargedcity block measuring some 30 hectares (75 acres); or (b) a group ofseveral blocks encompassing an area of 40-50 hectares. The populationof a micro-district tends to range around 10-12 thousand persons,or in the case of a high-rise apartment area up to 18,000 persons. Eachdistrict is planned to include, in addition to the basic dwelling units,an assortment of buildings and facilities designed to serve the needsof the residents and their children, such as stores, laundries, cleaningand repair shops, restaurants, schools, kindergartens and nurseries.The houses in such a micro-district are generally of the "free plan"type of construction. The buildings are planned to be so situated asto provide the rooms with a maximum of daylight, to allow for theproper ventilation of the area, and for the best use of the naturalslope of the land.
A great deal depends on the density of dwelling units per giventerritory, i.e. on the relationship between the total land area and theamount of residential space to be provided. The lower the residentdensity, presumably, the higher will be the city's expenditures perinhabitant on such operations as the pavement of streets, water supply,sewer system, and other utilities. By the same token, the less dwellingspace per acre of land in a given district the more land area will berequired to provide the necessary housing for a given number of urban

residents.
The residential as well as the service buildings of a given micro-district are generally located in areas adjacent to the main thorough-fares which are usually well served by urban transportation facilities.Where necessary, the micro-district itself is provided with local busservice. Under approval plans, lanes for vehicle and walks for pedes-trian are kept apart from one another, thus avoiding as far as possible,the intersection of automobile traffic and the movement of childrento and from school.

> V. Svetlbchny In Xommunist, No. 6, 1965.
35 Voprosyj Eknonomiki, No. 10, 1964,, p. 7.
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C. SOME OFMICIAL CRRmCISMS OF THE HOME-BUILDING INDUSTRY

Housing construction in the U.S.S.R., as would be expected, is at all
times under the careful scrutiny of the central authorities. Most of-
ficials concerned with this critical area of public welfare have made
it clear, over the years, that they are proud of the scale on which the
industry operates but that they are not entirely satisfied with the
degree of efficiency with which the affairs of the industry are managed.

The leaders of the industry are most frequently upbraided for fail-
ing to maintain an even flow of materials, equipment, technical dlovil-
mentation, transport facilities, and high-grade specialists to the build-
ing projects. They are criticized, furthermore, for permitting rush-
work, excessive building costs, and poorly finished work. Disorders
of this sort, according to the official press, are generally brought
about by a failure to adhere to building schedules, with the result that
many contracting organizations deliver between 40 and 50 percent
of their completed buildings during the fourth quarter of the year.

A recent editorial took the industry to task for contributing only
some 14 million square meters of dwelling space built by the large-
panel method in 1967, "when the industry is known to have a capacity
for adding yearly more than 19 million square meters of housingA6

Another point made by official critics of the industry is that "there
is a serious shortage of engineers, technicians, and workers on the
building sites"; and that, moreover, the scope and level of the train-
ing and skills of those on the job "are not in accordance with the
tasks of capital construction work."

In a special decree issued on February 16, 1968 to cope with this
problem, the Soviet Government instructed the Ministry in charge to
expand its facilities for training specialists in modern construction
techniques and, at the same time, to improve both the working and
housing conditions of its trained personnel in order to cut down on
the wasetful turnover of specialists engaged in building and assembly
operations.37

In the opinion of one well-informed public commentator, the Soviet
home-building industry had experienced its full measure of false starts
and mistakes, due to the failure to prepare in advance an adequate
pool of specialists trained to cope with the sectional method of con-
struction. During the early years, for example, the industry worked
on what he describes as "immature standard designs" which resulted
in many structural defects. Some of these defects, he pointed out, are
still being eliminated today at great expense to the state.

Among some of the more serious defects of the early models of
large-panel housing construction, which are still being cited in the
complaints of the residents, he lists the following: "In some houses
it is cold; corners freeze, as do sometimes the panels over the entire
surface of the wall as well; gaps appear at the joints of the walls,
through which the wind blows and dampness penetrates. Quite often,
window tracks freeze; in some houses the ceilings are cracked and
the floors sag." 38

Most of these defect the author ascribes to the lack of experience
reflected in the early architectural designs. He characterizes them as

- Pravda, January 12. 1968.
tM Pravda February 19, 1968.
s8 V. Svetlichny, in Kommunfit No. 68 1965.
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"the result of the premature introduction of mass construction of
standard houses not previously tested under operational conditions."

On the whole, however, he remains optimistic about the large-panel
method of building, but he warns that a great deal of work remains to
be done to establish the reputation of this method more firmly. He cites,
in particular, the need for ever better standard designs, more experi-
mental verification, equipment of higher precision at the plant level,
higher quality structural components, and a more dependable supply of
weatherproofing, heat-insulating, and sound-proofing materials.

D. TOE OUTLOOK

The current scale of new residential construction in the Soviet Union
is both large and impressive. Urban housing facilities are being aug-
mented at a rate never before experienced in that country. The alloca-
tion of state funds to the program for providing the urban population
with adequate housing has grown to a substantial annual outlay, ac-
counting for 14 percent of all new capital invested in the national
economy.

Real progress in this area of social betterment continues, however.
to be slow. If we measure this progress by the margin by which housing
space available per inhabitant has increased during the most recent
10-year period 1957-67), we find that the gain registered during this
period amounts to no more than 3 percent, namely from 5.29 to 7.18
square meters of living space, an improvement of 3.1 percent a year.
On this point, Soviet experts tend to comment soberly that "despite the
unprecedented scale of construction, the increase in housing per city
dweller is proceeding slowly." 3

The reason for this slow pace is not hard to find. The urban popula-
tion of the Soviet Union has been growing recently at the rate of 3.5
million persons per year. This means that in order to cover the needs
of the new contingent of urban residents alone, the building industry,
according to one Soviet expert, must provide an annual addition of 45
million square meters of "useful" housing space.- Then, too, allowance
has to be made for the attrition of old housing, which is now taking
place at a rate equal to 0.8 percent of the total housing stock. The
figure for attrition has been estimated by the same authority at 8 million
square meters of dwelling space.

In light of these figures, the Soviet expert concludes that by 1970
[the end of the present 5-year plan] the U.S.S.R. will have at its dis-
posal in the cities about 1,556 million square meters of useful housing
space, as against an expected urban population of 145 million persons.
Given these constraints, the inhabitants of the nation's urban settle-
ments will be entitled to a "norm" of 10.7 square meters of useful
housing space per person. Such an allocation would still be below the
official Soviet minimum "norm" for housing adopted in 1927, namely
12.85 square meters of useful space, or 9 square meters of living space.41

w Svetlichny, in Kommunist, No. 6, 1965.
40 V. T. Robotov, Financing and Crediting Housing Construction (in Russian) 1967, p. 10.

1Ibid., p. 11.
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[Part V. Chapter 2]

REDUCING CoNSrRUcTIoN COSTS

For every dollar saved in basic construction costs, there are added
savings to the ultimate consumer in reduced construction profits and
overhead, interest on loans, tax assessments, and other costs that tradi-
tionally relate to construction costs such as architects' and engineers'
fees and real estate fees. It is imperative, then, that every promising
avenue of construction cost saving be followed up to the point at which
the cost saving techniques begin to change the nature of the products
in the undesirable ways, or significantly reduce the durability, useful-
ness or level of amenity, or increase other ownership costs.

THE NATURE OF ToE BUILING INDUSTRY

Home building in the United States, in many of its aspects, is an
example of the small-scale, handicraft type industry. As industry after
industry has been industrialized,' work has become more finely sub-
divided. More capital per worker has been provided, and production
has increased for each combined unit of labor and capital. The material
standard of living has risen. While some of these changes have come
into building, more than almost any other industry it produces under
conditions similar to those common a half-century ago.

The "building industry" is a loose conglomeration of small partici-
pants who come together on a project-by-project basis. The initiator of
the construction process brings together architects, engineers, and a
general contractor for a given building development. In the past al-
most all private residential construction was initiated by a merchant
builder, who built a small number of units for sale, or by an individual
owner, ordering a single house for his own use. While this pattern
continues to predominate, more recently the building function has
sometimes been divorced from the development function-with a de-
veloper buying land, planning its development and then calling in
builders to perform the construction function.

The typical contractor still builds only a few houses each year and
farms out a large part of his work to specialized subcontractors. He
might take charge of the foundations and the shell himself, but will
have separate subcontractors for the plumbing and the electrical work.

1 As in the United States, "Industrialization" takes a variety of forms and degrees. In
general, as used in this section, it refers to the use of components, sections, panels and
modules constructed off-site.

(41)
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He hires painters and bricklayers and numerous other craftsmen to
perform specialized tasks. Sometimes he lets these jobs out on sub-
contract, while remaining responsible for the purchase and flow of
materials and for the general conduct of the work. When each partici-
pant completes his particular role, he leaves. Generally speaking the
organization is assembled for one job only.
Size of FirmVW

The building industry is composed of thousands of small firms. A
preponderant number of construction firms are under sole proprietor-
ship and employ few or no full-time employees. Workers in construc-
tion tend to establish their own businesses when opportunities are
available and to return to working for others when such opportunities
decline. It is quite common that small construction contracts are carried
out by skilled craftsmen simultaneously with regular employment.

Although firms engaged in "contract construction" are not the only
ones in the building business, an analysis of their operations illustrates
the characteristics of the industry. The statistics for this category of
work do not include the operative builders who construct on their
own account for sale or lease or investment builders who construct
buildings for rental. Those in contract construction include contrac-
tors primarily engaged in the erection of buildings, general contrac-
tors in heavy non-building construction, and special trade contractors.

In mid-March, 1966, there were 322,781 firms with one or more em-
ployees engaged in contract construction. General contractors en-
gaged in constructing buildings numbered 93,148 firms, with 937,384
employees. There were 199,917 special trade contractors, employing
1,538,150, with the largest engaged in plumbing, heating and air con-
ditioning; painting and paper hanging; electrical work; masonry,
stone work and plastering; and carpentry and wood flooring.

Most firms in the building business are quite small. In 1966, 174,356
contract construction companies, or 54 percent of the total, had one
to three employees. Only 10 percent of the total had twenty or more
employees. By contrast, 25 percent of the total number of manufac-
turing firms had one to three employees, and 36 percent had twenty
or more employees.

A 1964 survey by the National Association of Home Builders, which
claims that its membership produces 75 percent of all single-family
houses and 65 percent of all new housing, indicates that the vast
majority of its member builders maintain relatively small operations,
with an average production of forty-nine single-family units a year.
About 27 percent of the membership constructed eleven to twenty-five
units, both single-family and multi-family, while another 37 percent
produced less than ten -units a year. Thus, over 64 percent of all NAHB
members produced less than twenty-five units a year. Almost one-
fourth of the members had no full-time employees; 61 percent had
fewer than four salaried employees; only about one in nine had ten
or more employees; and only one in twenty had more than twenty.

The larger builders do contribute a disproportionate share of total
production. Thus, though only about 8 percent of NAHB members con-
structed over 100 units a year, they accounted for 52 percent of units
produced. The .8 percent of NAHB members producing over 500 units
a year accounted for 14.7 percent of all membership units constructed.
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Business Failures
The volatility of the industry is reflected in its extraordinarily high

rate of business failures. The number of failures in construction ac-,
counted for almost 19 percent of the total number of failures in all
industries in 1967. Retail trade was the only major industry that ex-
ceeded contract construction in total number of failures. Failure
among building subcontractors accounted for more than half of all
construction failures. In 1967, building subcontractors, such as paint-
ers and plumbers, reported failures of 1,243 businesses out of a total
number of 2,261 business failures for all construction contractors gen-
eral building contractors accounted for 867 failures; and "other" con-
tractors, which include heavy construction work, such as highways,
accounted for 151.
Employmnent

In 1966, there were an estimated 3,762,000 construction workers, em-
ployed in twenty separate crafts. Of course, any discussion of specific
statistics on construction labor is subject to controversy. The high rate
of entry and exit as well as seasonal fluctuations that characterize this
industry make it extremely difficult to accurately measure the labor
force. There is also a high degree of mobility in job status. An individ-
ual employee may alternate between working as a foreman and as a
journeyman. A man who works as an employee may if the opportunity
presents itself, become a contractor for a period and then return to
the labor ranks when he completes his work.

Afore attention will be given to the characteristics of the construction
labor force in Chapter 4 of this Part. For present purposes, however, a
number of important features should be borne in mind. First, the labor
force consists of skilled craftsmen. Second, the on-site nature of con-
struction makes employment subject to substantial seasonal variation
and to interruptions at almost any time due to weather conditions.
Third, the nature of the industry itself-highly fragmented and
organized on a project-by-project basis-makes for many uncertainties
as to amount and duration of employment. As a result, hourly wage
rates appear to be quite high compared to prevailing rates in many
more "industrialized" industries.

PROSPECTS FOR REDUCING HOUSING COSTS WITH EXISTING TECHNOLOOY

Efforts to hold down the cost of building materials and to tie wage
increases to increases in productivity are vital parts of any program
to restrain rising construction costs. But, in addition, there may be new
techniques, new ways of organizing and managing resources, and
wholly new technologies which may produce important cost reductions.
In this chapter we first consider the present state of the construction
industry, examining those developments of new products and tech-
niques which are now in use. In particular, we will consider (1) the
role of pre-fabrication and (2) the role of large-scale building. Later
in the chapter, we look toward the future and the prospects which
advanced technology holds for reducing costs, improving quality and
contributing to solving the nation's housing problems.

There is today a belief among many people that the greatest cost
reductions, in the first cost of construction, can come about through
in-plant technology. The particular focus here is prefabrication, a

25-80--69-
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technique which has been used widely in the housing industry for many
years. Of course, many people in the housing industry view prefabri-
cation as that technique which applies to the finished parts of the shell
of the house, not that technique which, in fact, applies as well to such
items as appliances, which are also prefabricated. In the purse sense of
the word, prehung doors, air conditioning units, roof trusses and
mobile homes are all examples of prefabrication.

However, considering just the walls, roof and floors of dwelling
units, both single-family and multi-family, the application of pre-
fabrication in the building industry has grown phenomenally in
recent years.

To date, most prefabrication in this country has been simply a matter
of moving the process of conventional on-site building, as they pertain
to the walls, roof and floors of the house, into a factory. Some of these
factories are little more than open lumber storage areas with a few big
tables for nailing together roof trusses. Others are fairly sophisticated
assembly lines with a great deal of mechanical handling, nailing and
stapling equipment.

Some attempts have been made to change the system completely
inside the plant. Machinery has been used to foam plastic between
exterior and interior skins, to create entire sandwich panel walls. A
number of complete steel wall systems have been tried. For one reason
or another, these more ambitious efforts have not generally taken hold.

Off-site assembly, encompassing primarily the "shell" elements of
dwelling units but including some mechanical elements, has taken four
basic forms:

1. Prefabricated components.-The off-site assembly of specialized
structural and mechanical components is the most widespread form of
prefabrication. Such components are shipped from the plant to the
site for use in buildings which, in other respects, are constructed by
conventional on-site operations. Today, virtually every new dwelling
unit built in this country, both high-rise and low-rise, uses some pre-
fabricated components.

2. Manufactured komes.-The off-site construction of almost all ele-
ments of the frame and shell is another form of prefabrication. Walls,
floors and roofs are constructed as sepaxate items and assembled on
the site, or complete rooms and dwelling units may be constructed off-
site in the form of modules. In this country, most of the important
activity in this field has involved frame construction. Other materials,
which have been more widely used in other countries and have been
the subject of experiments here include plastic, brick and various
forms of concrete.

3. Sectionalized homes.-These units are essentially manufactured
homes for which the walls, floors and roofs have been assembled in
the plant instead of being shipped as big components and assembled
at the site. Each house section is usually limited to a twelve-foot width
(for over-the-road hauling) and a maximum length of about sixty
feet. Two sections are usually placed together on a conventional foun-
dation (crawl-space or basement) at the site to make a finished dwell-
ing unit. Sections are placed by crane or can be rolled, with winches
and cable, from a low-bed truck right onto the finished foundation.
Almost all sectionalized houses and manufactured homes in this coun-
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try are built with exactly the same materials, used in the same way,
as in conventional building.

4. Mobile homes.-One form of sectionalized home is the mobile
home. Though the name implies temporariness, such homes have, in
fact, become permanent residences for many and have, in recent years,
become an important source of new housing starts. Because mobile
homes are generally considered a separate industry, they will be dealt
with after the discussion of other prefabrication products and
processes.

THE NATURE OF TILE HOME MANUFACTURING SECTOR

Information and official figures in this field are very difficult to ob-
tain. An advisory committee to the Commission, established by the
Home Manufacturing Industry, conducted a survey to obtain certain
basic information and obtained the following results: There are ap-
proximately 600 home manufacturers, about 1300 builder-fabricators
who construct homes and operate their own fabrication facilities, and
about 2,100 component fabricators consisting of retail and wholesale
suppliers of lumber and building materials operating their own fabri-
cation facilities. Thus a total of about 4,200 plants producing pre-
fabricated homes and preassembled components, are scattered all
around the country. A special concentration of such plants, contain-
ing more than one-quarter of the total, is found in the states of the
so-called "prefab belt"-Illinois, Indiana, Michigan, Ohio and Wis-
consin. Of the 1.3 million nonfarm family homes started in 1967,
an estimated 230,000 units, or 18.5 percent, were manufactured homes
of one type or another (not including mobile homes).

Prefabricated Comnponents
The most significant growth in prefabrication activities during the

past decade has been shown by the component fabricators, though their
activities are sometimes overlooked by construction industry critics
seeking more dramatic departures from conventional methods. Among
the most important examples of such components are the following:

1. TrUsses.-Builder throughout the nation are now using ship-
fabricated trusses to support roofs instead of assembling rafters and
ceiling joists on a piece-by-piece basis at the site. In fireproof con-
struction, steel trusses have been used for half a century. The wood
members of these trusses are now constructed with power tools and
new types of fastenings, such as split-rings and metal plates. The
most commonly used roof truss in single-family houses consists of
an assembly of thin wood members, usually 2" x 4" and 2" x 6",
which are assembled in the form of a triangle. The apex supports the
ridge of the roof. The base of the triangle rests on exterior walls.
There is usually a projection of the truss beyond the exterior wall,
which forms an overhang around the side of the house.

2. Plumbing "trees".-Instead of connecting separate pipe sections
to individual plumbing fittings and fixtures at the bathroom or kitchen
in each house, builders are now installing shop assembled sections of
plumbing systems. Standard dimensions for major plumbing sections
permit their use in all houses in a builder's construction program, re-
gardless of individual design variations.
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3. Pre-hung doors.-Until recent times, the installation of doors
followed the traditional practice of first erecting a frame around the
sides and head of each doorway, to cover the exposed sections of the
wall construction. The door was then installed by carpenters within
the frame and adjustments were made with hand saw and plane to
enable the door to open and close easily. The final step on the site
was the installation within the door and frame of the hardware, con-
sisting of hinges, door knobs and lock assembly in the door and frame.
In order to reduce installation costs, builders now purchase or produce
door assemblies that arrive at the site already installed within their
frames. The entire assembly is then installed before the wall is finished.
(Prehung and/or pre-engineered doors and their casings (doors and
bucks) of steel have been in common use in high-rise construction for
at least a generation.)

4. Molded fiber glass tubs-and-enclosures.-These one-piece, joint-
less and seamless units first appeared on the market about ten years
ago and after hundreds of code controversies are now accepted in many
parts of the country.

5. Precast concrete wall and floor panels.-In fireproof construc-
tion such components are popular today in many parts of the country.
Thomas Edison developed the first such components for use in housing
in about 1906, but they gained little market acceptance at that time.

6. Heat-pumps.-These compact units, combining both heating and
cooling functions have been used in housing for about a decade. The
heat pump extracts, or exchanges, heat from one ambient atmosphere
to another (usually via a refrigeration cycle) to either heat or cool.
The basic system of a heat pump was first used in commercial appli-
cation about World War I with the introduction of the gas-absorption
refrigerator.

Manufactured Homes
The off-site construction of entire houses is a more striking form

of prefabrication. The technique of prefabricating panels and walls
for homes has been used sporadically for generations. However. home
manufacturing came into widespread use in the period following
World War II. Home manufacturers now produce a package of pre-
cut, pre-assembled components of the shell or major structural ele-
ments. The home purchaser pays additional costs for land, site im-
provements, interior furnishings, fixtures, etc.

Home manufacturers produce a variety of housing types, including
single-family detached houses, row houses and garden apartments.
Of the home manufacturing industry's production in 1967, 70 percent
went to the construction of single-family homes and 30 percent to low-
rise garden apartments. Single-family dwellings generally range in
size from 980 to 2,000 square feet of enclosed living space.

Frame construction is the predominant form of manufactured
homes. A few firms are, however, attempting to use other materials.
For example, pre-cast, load-bearing concrete panels have been used
by firms in California, Arizona, New Mexico, Texas and Florida. Other
firms are experimenting with fabricated brick panels, extruded asbes-
tos cement panels and aluminum plastic sandwich panels.

Several manufacturers sell directly to the consumer, but the cus-
tomary practice is for the manufacturer to sell to builder-dealers at
the local market. Local builder-dealers receive supporting services
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from the manufacturer, including assistance in site design, land ac-
quisition and improvement, financing through subsidiary acceptance
corporations, and administration. Crews and equipment to perform
on-site erection of the prefabricated home package are also provided
by the manufacturer in some instances. The average franchised builder-
dealer sells from ten to twenty houses per year. Only about 4 or 5
percent of this industry's annual output is sold directly to the consumer,
particularly in small towns and rural areas.

Home manufacturers, builder fabricators and component fabricators
are generally small-scale operators as compared with many other
manufacturing concerns, but tend to be larger and have more regular
employees than conventional builders.

Apart from a few firms that market and distribute their products
across the nation, the home manufacturing industry is, for all practical
purposes, based upon regional manufacturing-distribution systems.
Most home manufacturers operate one or two plants. Their market is
generally limited to a 300-mile radius of their point of production.
Some producers have attempted to obtain national distribution, but
they are dependent upon regional plant operations.

The Costs of Prefabricated Houses and Components
Manufactured homes vary substantially in price reflecting differ-

ences in size, style, level of amenity, etc. Manufacturers of homes
generally quote prices FOB factory. Transportation and erecting fees
are added on, depending on distance and house size. The total selling
price to the consumer, of course, will also include land and site improve-
ment costs and dealer's fees. As an example of the price structure, one
manufacturer provided the following figures:

TABLE 1.-PRICE COMPONENTS OF MANUFACTURED HOMES PRODUCED BY A LEADING MANUFACTURER

Maximum Foundations
delivery and utilities

FOB factory cost I connec- Erect at Total cost
Size gross Factory price (dollars tions 2 site erected

area (square price to (dollars per per square (dollars per (dollars per (dollars per
feet) buyer square foot) foot) square foot) square foot) square foot)

Model:
A- 960 $9,274 $10.13 $0.19 $1.03 $0.35 $11.70
B-.. 1,175 9 867 8.40 .17 .95 .35 9.87
C---------- 1,435 10,610 7.39 .13 .52 .35 8.39
D- 633 14 526 8.89 .11 .89 .35 10.24
E- 2,199 17,683 8.07 .08 .74 .35 9.24

S0. 60/mile, maximum economic distance is 300 miles.
2 Estimated average.

Source: Data submitted to the Commission by the manufacturer.

Table 2 presents cost estimates for a 1,000-square foot house as-
suming various construction methods in Toledo, Ohio, which is a high
cost area. The figures assume no code restraints. The figures for con-
ventional construction are for a small-scale builder of about twelve
houses a year.

As the table indicates, site costs, including footings, foundations and
basement slabs, are identical for the three houses. Major differences
arise, as expected, in construction costs. Considering shell and frame,
mechanicals and appliances as a group, conventional construction costs
$9,855, partial fabrication $9,367, and total fabrication $8,237. Only
$530 is required for on-site work (erecting the sections and connecting
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the plumbing and heating systems) in the total prefabrication process.
Other savings on the totally manufactured home are a result of
eliminating interim financing and reducing the construction and site
costs on which other charges-such as sales commissions, points, closing
costs, and profits-are based. Thus, in the case of the sectionalized
house, a $1,618 reduction in construction costs, combined with a major
saving of time, results in a $3,333 reduction in sales price, or a saving of

TABLE 2.-ESTIMATED DEVELOPMENT COSTS FOR COMPARABLE SINGLE-FAMILY HOUSES OF CONVENTIONAL
CONSTRUCTION, PARTIAL FABRICATION, AND TOTAL FABRICATION

Total
Conventional Partial fabrication
construction fabrication I (sectionalized) 2

Cost components

Land, acquisition

Lot preparation and excavation
Sewer line to street
Concrete garage, porch, walks, drives, steps
Finish grading -------------------
Landscaping

Subtotal, preparation

Subtotal, land costs ------ -----------

Footings -

Subtotal

Framing material or package -------------
Field carpentry ----------
Roofing -------------------------------
SidingSu

Subtotal

$2,300 $2, 300 $2,300

289 289 289
90 90 90

560 560 560
50 50 50
75 75 75

1,064 1,064 1,064

3,364 3,364 3, 364

192 192
704 704
360 360

1,256 1,256

3, 100 5,245
1, 560 675

228 228 (3)
338 (a) (3)

192
704
360

1,256

7,707
260

5,226 6,148 7,967
Floor and underlayment ------------ 530 530 (a)Drywall- 571 571 (')Pating --- 600 600 (2)
Ceramic tile around tub --------- 108 108 (3)

Subtotal - 1,809 1,809 (3)

Heating -------------------------------
Electrical work and fixtures -----
Plumbing (I bath)

580
530

1,050

Subtotals
Kitchen cahbinetso - - - - - - - - - - - -- - - - - - - - - - - - -
Appliancesn - - - - - - - - - - - - - - - - - - - - - - - - - - -

580
530

8 300

2,160 1,410
500 (5)
160 (5)

95
(3)

175

(5)
(3)

270

Preliminary costs -230 230 230
Contingency ----------- 100 100 100Supervision and overhead -250 250 250Interim financing -800 780 (4)Sales commission n--------- . 1, 000 975 850Mortgage points --- 1,000 975 580Closing canto---------------------------- 500 488 425
Builders profit -1,800 1, 755 1, 530

Subtotal -5,680 5,553 3, 965
Sales price -20, 155 19, 540 16, 822Savings versus conventional -615 3, 333Percentage -3. 1 16. 5

1 Partial fabrication differs from conventional construction In its use of preassembled wall panels.
2 Total fabrication consists of factory production of entire housing sections.
' This item, or part of this item is included in "Framing material or package."
I Total fabrication permits preclosing. No Interim financing needed.
Source: Data submitted by the manufacturer.
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The Commission has also collected cost data from other industrial-
ized housing manufacturers. They indicate that in the upper Midwest,
an all-weather, single-family dwelling unit of approximately 1,000
square feet can be built and delivered to the site for approximately
$4,000, about $1,000 of which represents the margin to the manufacturer
for profit, overhead, and selling cost. Freight is approximately $100.00.
The costs at the site for foundation, painting, finish, carpentry, site
improvements, electrical and plumbing subcontracts, permits, crane
rental, etc., add about $3,500. The local builder representative adds
about another $4,000 to the selling price for advertising, other sales
costs, closing costs, points, interest, and profit, making a total sales
price of about $11,500, exclusive of land.
Cost Ad/vantages

Reductions in costs through off-site construction techniques are at-
tributable to a number of factors. First, labor costs per unit of output
are reduced. In strong trade union areas, switching from traditional
craft workers to industrial workers generally results in lower hourly
wage rates. Further, on-site construction requires a complete trade skill
and, correspondingly, a high hourly wage, especially when union labor
is involved. When the bulk of the work is done in the factory, skills
can be more finely divided and a lower average rate results. Where
craft workers are not unionized, as is the case in many non-central
city areas, the switch from craft to industrial workers may actually
result in higher hourly rates. Even in this situation, however, labor
costs per unit of output can be reduced, since prefabrication provides
many possibilities for man-hour reduction through the use of power
driven machinery, greater specialization, and repetitive operations.

Second, since a much larger proportion of the work is done under
cover, less time is lost and less cost incurred because of bad weather.
Delays add directly to the costs of interim financing. Uncertainties
caused by the vagaries of the weather reduce the ability to make accu-
rate judgments about the proper timing of material shipments. in-
crease rehandling, and causes standby time. Labor productivity is
reduced where workmen must perform in wet or cold weather. More-
over, the wage rates of the construction industry now reflect the like-
lihood of interruptions due to weather conditions. If this likelihood
is eliminated by moving the work indoors, future wage rates can begin
to reflect added job security.

Third, and in addition to the time saved by eliminating interrup-
tions due to weather, the prefabrication process itself can save a great
deal of time. Building a single family house by conventional methods,
for example, may take from three to six months; building by prefab-
rication can be a matter of weeks or even days. The prefabricated house
still requires a certain amount of on-site work. A foundation must be
prepared; water, sewer and electrical connections must be made, and
the house components must be assembled. Standardized procedures,
however, simplify on-site assembly; and a small crew can easily as-
semble many such structures in one or two days. On-site erection fees
can thus be held to a minimum.
Obstacles to the Use of Prefabrication

Despite the apparent advantages of prefabrication techniques, com-
panies engaged in home manufacturing and off-site construction of
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components face a number of important problems, most of which are
unrelated to any technological weaknesses. The most important are the
following:

First, home manufacturers report major marketing problems. Pre-
fabrication is seen by many as a "gimmick." Many potential buyers also
believe manufactured homes are aesthetically undesirable or structur-
ally unsound, even when this is clearly not the case. The picture of a
group of standardized dwelling units comprising a monotonous com-
munity is understandably abhorrent to home buyers; and this is the
picture which many Americans associate with prefabricated houses.

The unsavory image which many have of prefabricated homes has
been proved erroneous where care has been taken in house and site
design. Lafayette, Indiana, a city of 55,000 where the main plant and
home office of one major producer is located, is a good illustration.
Over the years, some 4,000 prefabricated homes have been built and
erected in this city and now house approximately one-quarter of the
population. The general appearance of Lafayette is superior to that of
the average small American city. Its residential sections are pleasing
and harmonious, and provide living proof that prefabricated housing
need not mean deadening uniformity.

The working class town of Romeoville, a few miles northeast of
Joliet, Illinois, also illustrates that industrialized housing can be equal
to or superior in aesthetic quality to conventional housing. The houses
there are virtually all prefabricated and within a fairly close price
range. They are not only pleasant and convenient to live in, but afford
accommodations which cannot be matched locally at the prices
charged. The community as a whole makes a better appearance than
most other towns in the state.

Second, problems of building codes and other necessary product
approvals plague both the home manufacturers and the makers of
preassembled components. In far too many jurisdictions, various pre-
assemblies are rejected outright. In others, inspection methods effec-
tively exclude them. If electrical connections are installed inside pre-
assembled panels, for example, they are subject to the possible demand
of building inspectors, who often represent either local craft or build-
ing interests, that they be taken out and locally installed or that a
panel be removed to permit inspection at the site. Costly delays and
alterations can result.

These problems are by no means unique to prefabricated products.
Even where the most high-minded men and motives are involved, ap-
proval for new products and processes is a grueling affair. The only
special problem posed by off-site assembly appears to be the need for
inspection at the time assembly takes place rather than at the time the
component is installed at the site. In some jurisdictions procedures
have been established which allow inspection at the place of assembly.
Approval is then evidenced by a stamp which later can be accepted by
the on-site inspector. But the exclusion of preassembled components re-
mains a serious problem in many localities.

Perhaps even more significant, though not precisely measurable, is
the deterrent effect of existing code restraints on the development of
new preassembled components and houses. Investors are understand-
ably reluctant to expend large amounts on research and development
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when they fear that even technically successful innovations will not
be allowed to reach the potential market.

Third, there is the problem of transportation costs for heavy or
bulky items. Where construction takes place off-site, assemblies must
be transported to the site for erection. Where the parts are heavy and
the distance great, this cost can be crushing. Transportation costs have
been a major obstacle to the use of prefabricated concrete construction,
an otherwise promising technological advance. In frame construction,
the problems are much less burdensome, but they have the effect of lim-
iting the geographical market which a factory can economically serve.
Generally speaking, home manufacturers do not find it advisable to
extend their sales area beyond 300 miles from the factory. If other
problems of marketability could be overcome, such a limit would not
appear to be a major obstacle to a profitable scale of production. With
limited marketability, it is.

One major effect of all of these obstacles is to severely limit the
scale at which prefabricators must operate. The advantages and pros-
pects of large-scale housing production-on and off-site-are con-
sidered later. Here, however, it should be noted that, in the view of
many, the future success of prefabrication-with existing technology
and with technologies yet to be developed-depends on a high volume
of production and sales. The major advantages of industrialization
require that capital costs be spread over a large number of units of
output and that production be sufficiently large and constant to allow
workers to operate on a production line basis.

If production and sales are low, the overhead cost per unit will be
high. And it is upon this rock that so many prefabricated housing
ventures have floundered. If only a few scattered sales are obtained,
machinery stands idle most of the time. workers lack steady jobs and
tend to leave, and unit costs are high. With building so decentralized
between tens of thousands of contractors and sub-contractors, it is
at present almost impossible to obtain the volume of orders necessary
to reduce costs, improve quality, and encourage additional research and
development.
The Industry Record

To date, the profit record of U.S. home manufacturers has not been
inspiring. One of the largest companies in the industry, for example
had sales of 23,000 units in 1959; last year's sales -were 15,000 units, a
decline of almost one-third. Earnings on sales in 1967 were only one-
tenth of one percent on investment. Many other companies, usually
much smaller, have experienced similar or worse profit margins, and
many have gone under. Those companies which have stayed in busi-
ness, including the very largest, are often able to do so only because of
profits on land and home financing.

The limitations appear to be less those involved in production and
technology than those concerning site location, design, local zoning
or code restrictions, marketing, and sales.
The Future

Prefabricated components, such as roof trusses and plumbing trees,
have been an important factor in the industry in recent years, and
additional advances in the technology of such components are to be
expected. Conventional builders recognize their value and are among
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their leading advocates. Unfortunately, local building code officialshave not given them their wholehearted support and continue to blocktheir use in far too many places.
Prefabricated or industrialized houses have been less enthusiasticallyreceived, though they have achieved important cost reductions. Theycontinue to encounter major problems of marketability and institu-tional resistance. Early and, in some cases, continuing lack of attentionto the importance of design-both in the structure itself and in sitelayout-has plagued the industry. For a variety of reasons communi-ties and building officials often resist the introduction of such struc-tures. In addition, marketing activities, vital to the success of theindustry, have suffered either from being left in the hands of theproducers, who have had little experience in the industry, or from beingplaced in the hands of alleged experts in home building who in realityhave been no more expert than the producers.
The City of Chicago is now involved in a dramatic program to usemanufactured homes for moderate-income families. During the sum-mer of 1968, the city negotiated an agreement with a major home man-ufacturer to factory prefabricate homes at an expected rate of 2,000 ayear, employing an estimated 165 men on a full-year basis. Certainbuilding code provisions were waived. Union cooperation was ob-tained through the company's agreement that the Chicago factorywould be a union shop and that erection would be supervised by unionmen who would also train neighborhood labor. The unions, for theirpart, agreed to be more flexible on jurisdictional claims and workpractices. In addition, six leading building trade unions agreed ini-tially to contribute one-third of the cost of constructing the new plant,which was estimatesd at a total of $2 million. A number of industriespledged another third, and a group of insurance companies theremainder.
The houses are to sell at a price ranging from $11,500 to $14,500,thus opening up the market to those in the $4500-$5500-a-year incomebracket. Down payments are expected to range from $200 for a two-bedroom house to $400 for one with four-bedrooms. Stoves, refrizera-tors, furniture and even carpeting are included in the price.

Mobile Homes
One form of prefabricated dwelling unit which has achieved amaz-ing success in recent years is the mobile home. It has emerged as amajor source of housing within a single generation.
More than 4,650,000 people now live in mobile homes, 80 percent ofwhich are located in mobile home parks. There are now over 13,500such parks in the United States, each containing an average of sixtyto seventy-five home sites. New parks are being developed at an esti-mated rate of more than 1,000 a year. These newer areas normally areplanned for more than 100 mobile homes.
In the post-War period, about 2.5 million mobile homes have beenproduced. According to the Mobile Home Manufacturers Association,production in recent years has grown rapidly, with annual productionin 1967 of slightly over 240,000 units, four times that of 1947.2 Table 3shows figures on annual production for 1962-1967.

2 Unfortunately the Department of Commerce does not collect data on mobile home pro-duction and no offilcial government statistics are available.
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TABLE 3.-Annual production of mobile homes in the United States, 1962-67

Approzximte
number produced

Year: (thousands)

1962 ------------------------------------------------------------ ___ 120.5

1963 -______________ 153.9
1964 ------------------------------------------------------------ _195.9

1965 -_______________ 222.0
1966 -________________ 222.7
1967 ----------------------------------------------------------- _240.04

Source: Mobile Homes Manufacturers Association.

In 1967 mobile home production equalled 23 percent of all single-
family, nonfarm housing starts.

The importance of mobile homes in the overall housing picture is
suggested not merely by their growing numbers but also by the market
they serve. While they are still bought by many people as second
homes or vacation homes, they are today an important source of
prinary residences. The largest market for mobile homes, account-
ing for 43 percent of the total, is among the under-34 age group. The
largest portion of this group consists of newly married couples who
have limited space needs and find that the average monthly payment
of $150 or less is within their budget, especially when additional pay-
ments are not needed for furniture. Another important segment of the
market is for old people who do not want the cares of a conventional
home and whose children have grown up and are living elsewhere.
Wrhen all this can be combined with retirement in a warm or moderate
climate, it can be especiaJly attractive.

Mobile homes grew out of the earlier "trailers"-small, simple bed-
rooms-on-wheels which could be attached to an ordinary automobile.
Trailers -were truly mobile and were used primarily by vacationers on
long distance drives to avoid dependence on hotels. As they grew in
popularity, "camps" were developed in vacation and tourist spots for
the temporary quartering of these trailers. Minimum services, such
as water and sanitary facilities, were provided, but little else.

After World War II, builders of trailers began to recognize the
potential of their product in helping to meet the nation's large back-
log of housing needs. The "trailer" became a permanent abode; and
with the change came a new name-"mobile home." Even this name is
a misnomer, for it has been estimated that more than 60 percent of
all mobile home owners have never moved the unit they currently oc-
cupy. The Mobile Home Manufacturers Association reports that the
average stay in one location by mobile home owners is fifty-eight
months, which is about the same as for owners of conventional housing.
About 70 percent of the more than 2 million mobile homes produced
since World War II have been used as permanent dwellings.

The mobile home of today is far different from its predecessor travel
trailer. From their original 30x8 foot dimensions, new mobile homes
were built in much larger sizes. Generally limited to twelve feet in
width by state highway regulations, trailers have been substantially
lengthened, so that in 1967, 84 percent of all units produced measured
at least 12x60. Moreover, a number of manufacturers have begun pro-
ducing units which can be joined with another unit, or can be otherwise
expanded at the site, thus allowing sizes of up to nearly 1,500 square
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feet. And more imaginative use of space has resulted in increased
living areas within a given size unit.

Changes have also taken place in mobile home parks. In addition to
water and waste disposal facilities, the modern park provides under-
ground electrical connections, landscaping, paved streets and side-
walks and, in some cases, recreational facilities of various kinds.
Investors have found that mobile home parks can not only produce
satisfactory returns from current rentals, but can also provide means
of speculating in land. Since permanent above-ground facilities are
minimal, land can be readily converted to more intensive development
when the market permits.

While perhaps still not the vine-clad, rose-embowered cottages of
which the returning World War II G.I. dreamed, mobile homes can
provide decent shelter with some privacy and many or most of the
amenities which people associate only with conventional houses.

The production of mobile homes is achieved entirely off-site. The
construction consists of a wood wall, floor and roof members, resting on
a steel frame which is supported at one end by wheels and at the other
by a trailer hitch assembly that can rest on the ground. Most units are
covered on the outside with aluminum. Interior walls are usually
covered with natural finished wood panels.

Some of the advantages of prefabrication-lowered unit labor
costs, elimination of vandalism and bad weather interruptions, etc.-
are available to mobile home manufacturers. Partly for this reason,
some manufacturers are able to arrive at construction costs as low as
$6-$7 a square foot, where costs include complete furnishings. Some
of their savings over much conventional construction, however, are
attributable to the shorter life for which structures are designed.
While the life of a mobile home can vary substantially depending
on make and model, climate and the care taken by its occupants, some
indication of its expected life is suggested by the typical financing
period of seven years, as compared to twenty to thirty-five years for
conventional construction. And unlike many houses, the mobile home
loses almost all its resale value at the end of a relatively short
period.

The cost of the average 12 x 60 foot unit is $5,700, fully furnished
and equipped. Some unfurnished units can be purchased for $4,000.
The larger units of more than 1,000 square feet in floor area range
from $8,000 to $12,000.

The buyer of a mobile home can finance it as he would his auto-
mobile. Although a third of the purchasers pay cash, the majority
of the purchases are financed with down payments ranging from
20 to 30 percent of sales price. The usual length of financing is seven
years, with some taking as long as ten years. This short term, as com-
pared with the much longer term for conventional home mortgages,
and the need to pay rent on the site, means that monthly costs are
not significantly cheaper than those for conventional housing. Table
4 shows a typical monthly cost breakdown for the mobile home owner,
as supplied by the Mobile Home Manufacturers Association.
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TABLE 4.-Bstimated monthly cost of atoning and occupying the average mobile
home

Debt service (principal and interest) --------------------------- $76.00
Rent (site)--------------------------------------------------- $3;> $40.00
Utilities -$---------------------------------------------------- $20- $30.00
Maintenance ------------------------------------------------- $5- °
Garbage collection.-$------------------------------------ $2- $4. 00
Taxes ------------------- ------------------------------------ $3 $4.15

Total (rounded out)_-----------------------------------$ 140-$160. 00
Source: Mobile Home Manufacturers Association.

In 1966, 220 firms were producing mobile homes in 354 plants
throughout the country. Ten companies, reporting sales of over $20
million, are now publically held corporations. About 30 percent of
total production is concentrated in the "Prefab Belt" discussed earlier.
There are about 7,000 retail outlets selling mobile homes throughout
the nation.

The Future
Major obstacles are still encountered by the industry in overcom-

ing the old "trailer" image and meeting demands of building in-
spectors. Perhaps even more important than building codes in limit-
ing the use of mobile homes are zoning ordinances, which either
exclude such dwellings entirely or force them to locate in industrial
areas.

While mobile homes in their present form will not become the
standard American dwelling unit, it seems likely that the market
will continue to expand and that they will grow in importance both
as second homes and as primary residences. To date, this growth
has been so rapid that some companies have been unable to keep up
with demand. As a result, many companies have not had the time nor
felt the need to invest in basic research and development to im-
prove substantially on existing production techniques. Thus, while
they have been able to achieve certain economies associated with pre-
fabrication, their techniques remain less efficient than might be ex-
pected. The production line approach has only begun to be adopted,
and many mobile home "factories" are in reality more like handicraft
shops.

New uses for mobile homes and extensions of mobile home tech-
nology are only now being explored. One important aspect now being
examined is the vexing problem of relocation. As noted elsewhere in
this Report, temporary housing is in urgent demand during large-
scale urban renewal and neighborhood rehabilitation efforts, as well
as during highway construction and other public works projects.
Vigorous housing code enforcement can also lead to temporary dis-
placement of households where adequate replacement housing does
not yet exist. Even where demolition or rehabilitation is accompanied
by plans to relocate displaced households in the same location once
new housing is built or rehabilitation is completed, long intervals
are required before such a return is possible; and past experience
suggests that only rarely do those forced to move come back.

Atlanta is now using mobile homes as temporary quarters for fam-
ilies displaced by urban renewal. Once the project is completed, the
families would be able to move back into new low-income housing
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built on the site of their former residences. The mobile homes can
then be used in connection with another project requiring temporary
relocation.

Other important potentials for mobile home technology are being
explored. Much of the progress in the past has been directed toward
improving the use of limited space in the mobile home and finding
ways of increasing its size. More recent experiments have been con-
cerned with use of mobile homes as multi-family structures, primar-
ily through various "stacking" techniques. Two-story row houses,
for example, have been built by stacking. Another logical extension
of mobile home technology, of course, is the construction of "non-
mobile" sectional houses; and some mobile home manufacturers have
been experimenting with such houses, which are factory built and
factory assembled and then transported to the site on flat-bed trailers.
Large-Scale Production

Whether construction be by conventional on-site processes or by
prefabrication, there is much evidence to suggest that a crucial deter-
minant of costs is the scale at which building takes place. We have
already noted the importance attached to a minimum volume of pro-
duction by potential and actual experimenters with new construction
techniques. The substitution of capital for labor, and particularly
the use of large power tools and equipment, requires some minimum
scale of operations. Unlike many workers in the construction trades,
equipment cannot be employed for one job and then dismissed. The
use of more equipment means greater fixed costs, which must be
spread over a sufficiently large number of units of output in order to
make for economic production.

There are many other important opportunities for cost savings which
large-scale production makes possible. First, large-scale production
permits savings on material costs through volume purchases. The large
buyer can break through the outer ring of retail prices and buy di-
rectly from wholesalers or manufacturers, and can obtain quantity
discounts. Such savings can amount to 15 to 25 percent of the cost of
materials purchased. Moreover, large-scale builders are often in a posi-
tion to buy at the most propitious moment in view of market condi-
tions. Savings are possible on services as well as materials. Title and
mortgage companies, lawyers and others are more likely to give favor-
able terms to the large builder, who is able to provide them with a
large volume of business arising out of a particular project or projects.

Second, the large builder is in a better bargaining position vis-a-vis
unions and government officials. By being in a position to offer a large
volume of continuous work, he is far more able than a smaller builder
to negotiate a project agreement which includes more efficient work
practices. Similarly, both as a result of added knowledge and of his
importance in the overall construction picture, he can often cut through
the bureaucratic and political red tape which plagues the industry.

Third, the large builder can enjoy the benefits of an ongoing, inte-
grated organization, providing its own specialized services on a salary
basis rather than on a basis of fees. The costs of services of lawyers,
designers, accountants, architects and engineers can therefore be sig-
nificantly reduced.

FourtA, the firm producing on a larger scale can accommodate
greater specialization among its employees and greater standardization
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of materials and work practices. Up to an optimum size, the larger the
work force, the more the work can be subdivided. Men can specialize
in those things which they do best, and can perform their repetetive
tasks more quickly and with greater skill.
A Large-Scale DeveZopme'nt

As the facts presented earlier show, few builders of conventional
single-family housing operate at a scale exceeding even 100 units per
year. Only a handful produce more than 500 units per year. The ex-
perience of the few large-scale builders indicates, however, that sub-
stantial cost reductions are being achieved. The very largest builders
of conventional houses have been able to bring direct costs for the
structure down to as low as $6 a square foot in some cases. Table 1 in
the preceding Chapter shows structure costs of $6.24 per square foot
and "construction" costs (selling price less site costs) of $10.20 for a
project of one large-scale builder. Similar cost savings can be realized
by builders of multi-family structures. The large-scale builder, whether
of single-family or multi-family units, uses a system of mass produc-
tion at the site. Great management skill is applied to scheduling and
organizing work into a continuous, highly specialized construction
process.

In the case of single-family homes, the building unit is not the single
house but a cluster of similar houses ranging from seven to a dozen.
These are substantially in the same price range but with a sufficient
variety in design so that there is no monotony of appearance. Harsh
rectangles are avoided in the laying out of streets. The effort through-
out is to decrease the amount of traffic which goes by the houses.

The first step in actual construction is the laying of a concrete slab
which serves as the foundation. Full basements are avoided, but partial
ones for storage are often included. Connections are made with the
water and sewer pipes which serve as units in the respective distribut-
ing and collecting functions and which can be located either in the
front or rear of the homes. Wherever possible, the basic slabs contain
some of the basic electrical connections.

While this is going on at the site, important changes in scheduling
and distributing the needed material are taking place in the local ad-
ministrative offices, and in the warehouses and assembly yards. A
master list has been prepared for each house which identifies each
building piece to be used, the number of units required of each, and
the sequence in which they are to be used. Then a truck is loaded in
the warehouse with the total number of units of Piece 1 in Sequence
A. An assembly crew is set up for each house in the cluster and is as-
signed a station around a circular assembly line away from the site.
The truck drops at each station the number of units of Piece 1 that
are required by that type of house. This is followed by another truck
which does a similar job for Piece 2, and so on. At the end, the assem-
bly crew at each station has the required number of units of each piece
within the required sequence. This becomes the "package" of prepared
frame materials for the first house in the cluster, which is then trans-
ported to the site of the house by truck. The "packages" are deposited
near each of the prepared slabs. The carpenter crew then begins the
erection of the frame with baseboards, studs, ridge poles, trusses, etc.
After the carpenters have finished this work with the first house, they
move on to the nearby second house where they repeat the same process
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with similar but somewhat differing combinations of pieces. The crew
of carpenters then moves house by house down the line.

In their wake comes the crew which installs the pre-cut and pre-
hung doors and windows, each generally containing the needed glass.
They also move in sequence behind, and press fast upon, the carpen-
ters. Then comes a crew which puts in the side walls, generally in the
form of a "hardwall" often composed of gypsum or masonite. This
crew does its work and then moves on, treading fast upon the heels
of the previous crew. Close behind come the painters, working with
spray-guns, broad brushes with long handles, etc. The plumbers in-
stall a previously assembled plumbing or bathroom "tree." They are
followed by those who lay floors of the bathroom and other rooms.
Then come the electricians (although they sometimes precede the
plumbers) who lay the wiring and make the connections. The heating
apparatus is put im and, where air conditioning is used, those facili-
ties are installed as well. The stove and the refrigerator are installed.
If wall-to-wall carpeting is included in the final house to be delivered,
that is put down.

The land in the cluster is also developed. Grass is sown and watered.
Shade trees and shrubs are planted in front of each house, and fruit
trees in the rear. The house owners can, of course, add to this on their
own according to these tastes and income.

In the process, as the community grows, general community facili-
ties can be started and enlarged. In this way each year's installment
of families can be served while large investments in presently unneeded
facilities are avoided. A shopping center including a grocery and a
drug store is started first. Specialty stores can be added as the com-
munity grows. It is a good practice to have a generous mall or open-
space and dignified surroundings for the shopping center, for this
necessarily becomes the social center for the community. In addition
the community will need elementary schools and playgrounds, includ-
ing swimming pools, tennis courts and ultimately a golf course. A
library can be added as the need develops, and space should be reserved
for a local park. In some cases, especially in the early period, these
are donated by the builders. Later, as the community gets on its feet
and acquires a tax base, the facilities are sold at cost, with the devel-
oper merely charging his original purchase price for land without
taking any increase in land values.

The principle behind all this is obviously that of applying the
moving assembly line to the peculiar nature of building. Instead of
the factory system where men are placed at stationary points along
the assembly line with parts and materials flowing by them for
assembly in sequence, the house is, of necessity, stationary. The various
groups of specialists do their work and then move on to repeat the
same process elsewhere. Men are in motion, while the materials and
parts to be assembled are relatively stationary once they have been
deposited on the sites.
Large-Scale Multifamily Dwellings

The advantages of large-scale are not, of course, limited to builders
of single-family houses. Substantial cost savings have been effected
by producers of large, multi-family projects. An important example
is the work of the United Housing Foundation in building coopera-
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tive housing in New York City.' Roehdale Village, a project of the
Foundation, is the largest completed cooperative apartment develop-
ment ever built in this country.4 Located in Queens, Rochdale Village
contains 5,860 cooperative units in 20 buildings, with a total cost of
$100.2 million under the New York Limited Profit Housing Law.

The excellent cost results obtained by the Foundation may be seen
in Table 5, which compares the costs of Rochdale Village with costs of
management cooperatives built under the FHA 213 program.

TABLE 5.-COST COMPONENTS OF SELECTED FHA 213 PROJECTS AND ROCHDALE VILLAGE

FHA 213
Rochdale

Component High Median Low Village

Total development/unit -$41,269 $27,129 $15,073 $17,098
Structures/unit, residence, other -31,391 21,031 9,604 12,678
Area/unit, square feet -2,004 1 376 1,202 1 290
Residential building cost/square feet -$16.58 $1. 07 $10.71 hb. 78
Site costfunit -$4,318 $2,796 $2, 375 $1 334
Construction dates -() (2) (5) 1961_6
Location-() (-) (3) (9)

' These figures include the costs of constructing a powerplant and shopping and community centers to serve Rochdale
Village. The powerplant includes generating equipment and provides 100 percent central air-conditioning throughout
all buildings in this development. The estimated cost savings on electricity alone is $220,000 per year. Income from the
shopping centers is used to offset part of the operating costs and to hold down the carrying charges for each apartment
The cost breakdown for these additional facilities is shown in the following table:

SELECTED COST ITEMS FOR ROCHDALE VILLAGE

Cost per Cost per
Item apartment rental room Percent

Land --------------- $1----------- --------------- $S,334 $295 7.8
Residential buildings -12, 678 2,805 74.2
Powerplant -2,030 449 11. 9
Shopping centers -707 156 4.1
Community center -349 77 2. 0

Total -17,098 3,782 100.0

' Fiscal years 196246.
3 New York City, Miami, San Francisco, Los Angeles.
i Queens, N.Y.

At $9.78 per square foot of residential construction, the project is
impressive. It should be kept in mind that the buildings are all
fourteen story high-rises located in a high construction cost area.

Part of the cost saving story of Rochdale Village is based on the
nonprofit nature of the builder sponsor. The National Housing Foun-
dation charged fees of less than 2 percent of total development cost,
only one-tenth of the amount permissibe under the law. The fees on
the FHA 213 projects represented in Table 5, on the other hand,
ranged from a low of 9.8 percent to a high of 16.9 percent. In addition,
it is generally recognized that the Foundation personnel directing
the project are highly dedicated and competent. But, clearly there
were substantial cost reductions due to the very large scale of the
project. The builders, for example, attribute significant savings to
quantity purchasing. Moreover, the repetitive nature of much of the
work helped reduce construction costs and fees. Each of the twenty

3 For a more complete descriptton of the make-up and activities of the United Housing
Foundation. see Part II, Chapter 4 and the Commission hearings, Vol. IV.

'Co-op City, which in now under construction tn the Bronx, also built by the Founda-
tton and costing an estimated $293 million, will be the largest cooperative when completed.

25-808--69-
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buildings is identical. While this may be questioned by some on
aesthetic grounds, it does permit costs to be reduced in a large-scale
project. Furthermore, the tri-core building design is a relatively low-
cost form of high-rise construction.

The large-scale of the project, combined with the civic importance
of the Foundation, also enabled savings to be realized in labor and
other costs. With its close union ties,5 the Foundation was able to
negotiate a project agreement which included efficient work practices
with the craft unions involved in construction. Time and monev were
saved when the requirement of a performance bond was waived; and
government red tape was slashed throughout the construction proces'-
The Future

Diverse code standards and finance practices within a market area,
problems of land assembly, resistance to large-scale developments by
focal communities, and the uncertainties of the market continue to be
serious impediments to undertaking large-scale, long-term projects.
Nevertheless, it seems highly probable that the scale at which build-
ing takes place will grow. As the nation begins to appreciate the
dimensions of the task before it in fulfilling national housing goals,
an atmosphere far more conducive to undertaking large-scale projects
than the present one should develop among present builders and
companies not now willing to enter the market. Improvement in
codes and assistance and encouragement for large-scale develop-
ments will be important. Equally or more important, however, are
the creation of a stable mortgage market and the adoption of public
policies to allow long-term planning and commitments for housing
programs.

POTENTIAL COST REDUCTIONS THROUGH ADVANCED TECHNOLOGY

Thus far in this chapter we have been discussing the cost savings
attributable to various existing construction products and processes.
There are many who believe that more ambitious departures from
present patterns and major technological breakthroughs are the wave
of the not-very-distant future. Engineering and architectural jour-
nals are filled with new ideas for revolutionizing the construction
process and for applying advanced systems approaches to the prob-
lems of meeting the nation's housing needs.

A vision of the future is necessarily speculative, and many judg-
ments about the potential savings and advantages of the construction
technology of tomorrow remain acts of faith. Talk of major tech-
nological breakthroughs is not new; it has been part of the just-around-
the-corner school for forty years. This is not to say that progress has
not been made in construction technology. The growing use of pre-
fabricated components continues to be significant. While much has
been done to industrialize both the product and the process, the revolu-
.ionary transformation of construction has, in fact, not occurred.

The Problems
The cost of research and development, tooling, production, and

marketing is so great that it is difficult to expect companies to under-

0 See Part II, Chapter 4.



61

take major programs of innovation purely on a basis of speculation.
This is particularly true in an industry where each project has been
regarded as a custom situation. For example, the peculiar nature of
the competitive bidding process in this industry has made it difficult,
if not impossible, to use innovations effectively. New ideas have had
to be available from at least two other manufacturers before they
could legitimately be incorporated into design. This procedure makes
it very difficult to bring a major innovation to the market.

Another major obstacle to the introduction of new products has been
the relatively small size of traditional individual building programs.
The learning process makes for increased costs. Unless one has sub-
stantial markets for the amortization of these learning costs, initial
projects tend to cost more than the eventual use of a system would
require. However, it is difficult to find the people willing to pay more
for a given project on the basis that future projects will be cheaper.
Industry is reluctant to pay these costs, because there is no assurance
that future designs will use the products which have been developed.
Because of these and other constraints on volume production, it is
important to develop a systematic approach which provides for re-
search, development, tooling, production, and construction of buildings
in an organized way. An effective method must be provided for the
delivery of the new technology. The technology lag in construction
is due primarily to the lack of significant markets and mechanisms for
proper introduction of the work. This has resulted in the financial fail-
ures of many new approaches, which in turn has reduced the interest
of companies in making further investments.

Problems of codes and restrictive building practices also contribute
to the difficulties. Potential innovators are understandably reluctant
to undertake major research when they fear that technically successful
results will be unmarketable or of only limited marketability because
of such institutional factors.

In some areas codes are being upgraded. Developments towards
performance specifications, as opposed to material specifications, are
becomng more evident. The four basic national codes are extending
their areas of influence and it is hoped that in this respect, the Com-
mission's recommendations for more objective standards and greater
uniformity will provide the means for mass production methods to
function. The basic codes do permit opportunities to deviate from
specific material requirements if appropriate testing can be done, al-
though localities have inordinate power to veto nationally accepted
changes. The creation of markets which permit large-scale develop-
ment programs on a feasible financial basis should afford the oppor-
tunity to finance these testing programs. The Model Cities program,
for example, should provide an opportunity to rationalize code re-
quirements within a variety of cities as a prerequisite for Federal
funding and support for specific Housing projects.

Organized labor has cooperated effectively with a number of build-
ing systems programs, and it appears that such cooperation can be
continued and expanded in the future. There are two essential require-
ments for this cooperation: (1) that participation begin at the time
that a program's objectives are understood, and (2) that the level of
construction volume continue to increase, resulting in greater labor
stability.



62

Foreign Eaperien'ce With Industrialized Building System~s
Many experts in this country cite various European building opera-

tions as evidence of the success of industrialized techniques. Problems
arise in attempting to compare European and American costs and
quality and in attempting to assess the transferability of foreign
processes and procedures into the American institutional setting.
Nevertheless, it is clear that much useful information can be gained
from foreign experiences, and that such information can be impor-
tant in attempting to develop cost-reducing construction techniques in
this country.

Certain generalizations about European activity in "industrialized"
building should help to place the subject in perspective:

First, it is clear that European experience with various prefabrica-
tion processes has been far more extensive and varied than our own.
Approximately forty effective industrial building systems are oper-
ating in Europe. Denmark alone, with a population of 4,750,000, pres-
ently builds 40,000 low-cost flats per year using industrialized tech-
niques. In the United States, the equivalent production would be
1,600,000 units per year.

At the close of World War II, Europe's housing needs were even
greater than our own. The pre-War depression and the war itself
drastically curtailed production of housing. Moreover, many homes
were destroyed in the war. The "industrialization" of building, which
took place after the war, reflects not only this great need for new
housinp but also a recognition by the governments of the various na-
tions of their major responsibility for closing the Cap. Their massive
intervention in the construction process-whether through direct pub-
lic construction, as in Eastern Europe, or through large and continu-
ing subsidies for privately-built housing-opened the way for basic
research and large-scale experiments with new building techniques.

Second, major efforts have been made in Europe to develop pre-
fabrication techniques for multi-family dwellings, and concrete has
been used extensively as a basic building material. Concrete construc-
tion generally takes one of two forms: (a) panel construction, in
which load-bearing concrete walls are used along with pre-cast or
poured concrete floors and (b) modular construction, using pre-cast
concrete boxes.

Third, in the effort to catch up on the backlog of housing needs, many
European countries have given little or no weight to aesthetic con-
siderations and to amenities. Repetitive and simple designs have al-
lowed rapid and efficient production, but the product has often been
drab and uninviting. More recently, efforts have been made to introduce
variations in shape, color, and texture. In panel construction, for
example, a variety of shapes and sizes can be produced by modifying
the ways in which the panels are ultimately assembled on the site,
without changing the factory process itself.

Fourth, as in the United States, institutional obstacles in Western
Europe have been significant in slowing down the introduction of
industrialized techniques. Union practices and building codes have
been especially troublesome in a number of countries.

Fifth, while progress has been made toward producing lighter forms
of concrete and other materials, transportation limits remain signifi-
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cant. On-site factories have been employed successfully in a number of
countries.

European industrialized techniques have developed in a variety of
ways-organizationally, for example. There are client-specific and
manufacturer-controlled component systems, capital-intensive de-
signed for both factory and site fabrication. Three examples are
noted below.

The CoIgnet system is a French industrialized building system
fabricated in highly sophisticated factories which utilize expensive
precision casting machinery and techniques. The system consists of
high-precision pre-cast concrete floor, wall and exterior panels.

SECTTRA is a French industrialized building system involving a
sophisticated on-site construction process, as well as the use of pre-
fabricated components. Demountable site formwork units with integral
hot-water curing and aligning mechanisms are used for floor slabs and
exterior walls, while interior partitions, staircases, ductwork and
plumbing are prefabricated.

The 531 low-rise housing system is a derivative of the CLASP
schools system, which utilizes factory-made components, developed as
a package and site-assembled. The system includes steel columns and
joists, wood infill panels, and a variety of claddings.

Evaluating the cost savings of these experience is extremely difficult.
Even where relatively comparable systems exist for collecting data
and assigning costs, enormous problems are encountered in evaluating
levels of amenity and durability. What evidence we have suggests
that certain European systems, -lwhen operating at sufficient scale, have
realized significant cost reductions as compared with non-industrial-
ized construction in a particular country. Whether these systems would
have produced such results in this country, given differences in on-site
labor productivity, for example, is not clear.

CoNcrTusIONs

There can be little doubt that prefabrication techniques and large-
scale production (on- and off-site) have produced cost savings in
the past and should continue to do so in the future. Such savings are
not merely theoretical; they have been proved. At the same time, no
dramatic, industrial "break-through" has occurred in this country.

The production of new products for the construction industry,
experimentation with new materials and new production techniques,
and exploration of advanced systems approaches to building, should be
encouraged. Every effort must be made to eliminate roadblocks con-
sistent with protecting health and safety. In the short run the greatest
savings will be realized through increased scale and the use of existing
prefabrication techniques at large-scale. In the long run, wholly new
systematized approaches may be forthcoming.

In view of the fragmented nature of the present building industry
and the institutional restraints on innovation, it is important that the
government and public-spirited private organizations take action to
encourage and promote research and experimentation. In the past such
action has largely been lacking.

There is some evidence that a growing recognition of the nation's
staggering housing needs is producing a new attitude. Section 108 of
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the Housing and Urban Development Act of 1968, the Proxmire
Amendment, first proposed by the Chairman of this Commission in
testimony on the Act, directs the Secretary of HUID to undertake a
program aimed at encouraging and testing new technologies in hous-
ing construction. The program provides for the Secretary to approve
up to five plans, submitted by private or public bodies, which use new
housing technologies and are appropriately designed. Recognizing the
importance of experiments conducted at a scale sufficiently large to
promote interest and to enable a fair evaluation of cost savings, the
Act provides that each plan be tested by the production of at least 1,000
units a year for five years. These tests are to be conducted on Federal
land, or other land on which local building regulations will not hinder
the use of new technologies. The Secretary is to report to the Congress
the results of such experiments at the earliest practicable date.

The Proxmire program is responsible the long-standing claims of
potential innovators that they must have a guaranteed market of 1,000
units a year to test their systems properly. It represents not only a pro-
gram for testing five systems, but a clear expression of Congress's con-
cern with construction technology. Unfortunately, HUD was not
favorable to this provision of the bill, and its enthusiasm for the Act
is less than complete.

The Act directs, not merely authorizes, the Secretary to carry out
this program. The Commission urges the Secretary to act with all due
speed on this. It also urges private companies to submit plans and take
vigorous roles in the competition. Here at last is the opportunity that
so many organizations have sought, and their actions can now reflect
their past statements of concern and ability.

Other encouraging signs have also appeared in recent months.
HUD's "In-Cities" program is an attempt to employ new building
techniques in some twenty cities participating in the Model Cities pro-
gram. The Department of Defense 'has also exhibited an interest in
experiments with new technologies in the military family housing pro-
gram. Public officials, at all levels of government, have made state-
ments expressing their interest and concern in the technological ad-
vancement of the building industry. This new atmosphere should help
to encourage renewed efforts to explore and test the potential contribu-
tion of technological innovation to solving the nation's housing crisis.

[Appendix follows]
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APPENDIX

SELEcTED DATA OF EUROPEAN EXPERIENCE WITH INDUSTRIALIZED
BUILDING SYSTEMS

Much has been said about the benefits of industrialized building in
Europe, but few figures are available to judge actual performance.
Differences in general price levels, accounting systems, and data collec-
tion and compilation make international comparisons extremely diffi-
cult.

The National Building Agency provided the Commission with a
detailed report of its experience 'with industrialized housing and fur-
nished additional material requested by the Commission. The material
gathered by NBA was based on data assembled by government agencies
concerning publicly-owned or sponsored housing.

The .NLBA provided the Commission with a detailed report of housing
innovations in the United Kingdom, describing advances in technology
and government programs. It reported that 40 percent of construction
in the public sector used industrialized construction techniques as com-
pared with 20 percent in 1964. The cost benefits of such construction
techniques were found to be concentrated in housing of more than four
stories.

Tables 1 and 2, provided by the NBA, give cost comparisons between
industrialized building systems and traditional building practices.
Table 4 is a comparison between the costs of conventional and indus-
trial types of building in Great Britain between 1964 and in the first
half of 1967. It should be noted that there are large fluctuations in the
percentage of savings from time to time. Savings reached their peak
when the use of industrialized building systems produced an average
cost per square foot which was 9.5 percent cheaper than the construc-
tion costs of building projects using traditional techniques.

Table 2 compares the cost data of four projects in the Manchester
area, two of which were built traditional methods and the other two by
industrialized techniques. Scheme A, a project of 210 apartments using
traditional methods, was built at an average cost per square foot of 121
shillings, 10 pence, excluding land, for an average dwelling of 499
square feet. This is $14 to $15 a square foot. A project built in the same
year containing 428 apartments and using the Jespersen system, which
originated in Scandinavia, produced a dwelling unit of 550 square feet
at a cost of 91 shillings and 8 pence or about $11 or about twenty-five
percent.

A project containing 53 houses of two stories each, shown as tradi-
tional Scheme C, was constructed at a cost of $66 shillings and 8 pence
per square foot. But another development of comparable size and
characteristics, using industrialized building systems, was constructed
at a cost of 61 shillings, 11 pence or a reduction of seven percent.

One of the most significant cost benefits attributed to the industrial-
ized building systems was the reduction in construction time. The NBA
made a comparison of the savings in financing for land and construc-
tion loans and found that a reduction in interest costs of 36 percent,
which would mean a savings of 2.08 percent could be produced in the
construction of a 50 unit project by reducing construction time 6
months, as shown in the following detailed example contained in the
NBA's report:
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Example:
Scheme of 50 units of accommodation.
Land purchase 600 per unit.
Construction, fees, legal and other costs, 3,400 per unit.
Interest rates: land 77/8 percent; building 7% percent.

(a) Calculation of capitalized interest for average scheme:
Land purchase 30,000 at 77%/ per annum for 21 months

equals -_________________________________________ 4, 134
Building work-halt remainder 85,000 at 7% per annum

for 15 months equals--------------------------------- 8,101

12, 235

(b) Calculation of capitalized interest if construction time reduced
by 6 months:

Land purchase 30,000 at 77/s per annum for 15 months
equals --------------------------------------------- 2, 953

Building work half remainder 85,000 per annum at 7%/8 per-
cent for 9 months equals----------------------------- 4, 861

7, 814

Saving in interest--------------------------------------------- 4,421
Scheme cost as (a)-------------------------------------------- 200,000
Interest ------------------------------------------------------ 12, 235

Total -------------------------------------------------- 212, 235
Therefore saving represents

4,421- = 2.08 percent.

The foregoing example assumes:
(i) that the pre-contract work takes the same length of time in

(a) and (b).
(ii) that the construction time for 50 units can be reduced by

six months.
(iii) that the overall building and fees costs are equal.
iv) that there is a demand for the dwellings by the earlier date.

iv) that it is physically possible to arrange the letting of tenan-
cies immediately upon handover by the building contractor.

The following is an extract from the NBA material which indicates
that additional cost benefits may be obtained through early occupancy
of projects resulting from faster construction time with industrialized
building systems:

EXAMPLE OF SAVINGS FROM EARLY OCCUPANCY

Rent income through early occupancy
A recent example in which potential savings were possible, concerned

an NBA development project for Harlow New Town. Whilst the
tender period of 340 single and two story dwellings was stipulated as
24 months the second lowest tenderer offer a 22 month contract. Sub-
ject to the dwellings handed over during the shorter contract period
being occupied at a rent of £4 a week the client could obtain an in-
creased rent income of about 10,000 when compared with the stipulated
contract period. The potential saving in interest charges on payments
for work carried out but not completed could amount to between £500-
£750 depending on actual rate of handover achieved. These sums rep-
resent about 1.0 percent and .05 percent respectively of the contract
value. The difference between the lowest and the next tender was in
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fact greater than the potential savings offered and for this reason the
lowest tender was accepted.

In this case the potential time saving between tenderers for system
building was about 8 percent. When compared with traditional build-
ing, savings of up to 50 percent of a contract period are possible.

Another NBA project designed with speed of erection particularly
in mind has a contract period of 18 months for 400 two-story houses.
The first handovers are due to take place after four months with a
'planned rate of handover of 10 houses a week thereafter. It is
estimated that to have built this project by traditional means would
take 3Y2 years with a rate of handover of 21/2-3 houses a week.

The surveys conducted by Mr. Rothenstein* for the Commission
found that industrialized building systems produced higher cost sav-
ings in countries on the European continent than in the United King-
dom. Two building systems companies, Jespersen and Sectra, oper-
ating both on the Continent and in the United Kingdom, reported
savings that were two to three times greater on the Continent than in
the United Kingdom. Table 3, page 54, gives the average number of
man hours for construction of 1000 square feet of dwelling and indi-
cates that more man hours are required to produce housing in England
than in the continent or in the U.S.

On the basis of a comparison of industrialized building operations
in Italy, the United Kingdom, Denmark, France, Germany and
Sweden with conventional construction methods, as reported by build-
ing contractors, a direct building cost savings of up to 12.5 percent in
England and 16 percent on the European continent were claimed.
These companies reported that construction time had been reduced in
countries on the European continent by 20 to 35 percent for projects
between 200 and 500 units. The United Kingdom has reported that
construction time was reduced by 17 to 50 percent in projects contain-
ing 200 to 2000 units.

The difference in savings between the United Kingdom and countries
on the continent was attributed to the relatively short experience with
new systems building and lower labor productivity in the United
Kingdom. In some instances, only 20 percent of the total contract is
built with industrialized construction techniques whereas some systems
on the continent reported that 80 percent of the total work on a given
project used industrialized techniques.

In order to determine cost benefits of using European industrialized
building systems in the U.S., Mr. Rothenstein supplied cost studies
on two specific projects. One study compared the cost of a "system-
built" structure with one using conventional construction techniques
for garden apartments in Rochester, New York. Another study com-
pared costs for a 16 story apartment house in New Haven. Both
studies were prepared by the talency-MBM Associated Construction
Company of Milan, Italy.

As shown in Table 4, it was found that an industrialized building
system for a low-rise apartment house in Rochester could produce a
cost savings of 19 percent for the building shell and a 7 percent savings
in total direct project construction costs. Table 5 indicates even higher
savings in construction costs by using the industrialized building
system in a high-rise apartment structure. It was estimated that the

*B'Investigation of Potential Savings in Total Building Cost of Multi-Family Housing
Built by Industrialized Building Systems."
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cost of the building shell could be reduced by 38 percent with the
industrialized building system and the total direct cost of construction
of the building could be reduced by 16 percent.

As shown earlier in Table 3, industrialized building systems on the
European continent require an average of 762 manhours per 1000
square foot of multi-family dwelling. The total average time requiredfor the same amount of housing in the U.S., as reported by the Depart-
ment of Labor and the New York City Housing Authority, is anaverage of 1314 manhours. The total number of manhours required
for industrialized building systems used in the United Kingdom are
higher than those in Europe and conventional systems in the U.S.
The average of 2062 manhours required for comparable multi-family
dwellings probably accounts for the lower cost savings reported from
the United Kingdom.

The total construction time for projects built with industrialized
building systems on the continent is below the average for projects ofcomparable size in the U.S. As shown in Table 6, it takes an average
of 17 months to construct 1000 units on the continent as compared to 22months in the U.S., a savings of 23 percent. The experience of Euro-
pean building systems indicates an average construction time for proj-
ects with 2000 units would take 25 months, as compared to 31 months
required to construct the same number of units in the U.S. Here again,
reports from the United Kingdom indicated longer construction time
for projects built in the United Kingdom.

The conclusions from an investigation of the cost of housing built
in the U.S. by conventional methods and a comparison of the major
cost factors in the U.S. with European industrialized system building
are given below. The summation indicates a potential savings ranging
between twenty-three and twenty-seven percent if building systems
were constructed in the U.S.

The results can be summarized in the following tabulation of poten-
tial savings through industrialized system building: Percent

(1) Net labor savings for all trades…------------------------------- 11. 0Material savings in shell----------------------------------------- 5. 0Shortening of construction time: Potential of 6 months at % percent
per month---------------------------------------------------- 4. 5Architect-engineer cost ---------------------------------------- 1. 0Overhead, profit, contingency, capital turnover---------------------- 1.5

Total --------------------------------------------------------- 23. 0(2) Using the findings of analyzing a fully enclosed and partitioned shelltable 11-3 indicates net labor savings of-------------------------- 7.0Material savings in shell ____________----------------------- 5. 0Mechanical and electric work:
Plumbing -___________________________ 4. 8IHeating/Ventilating ----------------------------------- 2. 0
Electric ----------------------------------------------- 2. 3

9.1Deduction for industrial expenses (tooling and royalties)_---- 1. 1
S. 0Shortening of construction time. Potential of 6 months at 34% per

month -------------------------------------------------------- 4. 5Architect-engineer cost… -1. 0Overhead, profit- contingency, capital turnover----------------------- 1. 5
Total --------------------------------------------------------- 27. 0

NOTE.-The average potential savings Is 25 percent.
Source: Rothenstein, Ibid.
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Additional details and comparisons from the Rothenstein study are
given in Tables 7 and 8.

The most dramatic example of the use of industrialized techniques
in building is found in the Soviet Union. With institutional impedi-
ments at a minimum and an incredibly large backlog of housing needs
at the end of the war, the opportunit and desire for mass produc-
tion techniques in the Soviet Union has been unparalleled. In the
period 1959-65, 15,000,000 units of new housing were produced. One
plant in Moscow produced 30,000 units per year.

Dr. A. H. Bates of the National Bureau of Standards gave the
Commission the benefit of his extensive knowledge of Soviet con-
struction. Taking a basic four-room apartment with a total of 560
square feet and using from 14 to 16 pre-cast panels to an apartment,
he estimates that a crew of 121/2 will erect in Russia two apartments
a day. Giving skill and wage differentials ranging from $1 for the
laborers to $6 for the crew chief he arrives at an average American
wage of $4 an hour, or $32 a day and $400 for a crew dav. This would
bring the costs of erection at Russian efficiency to $200 per apartment,
or a little more than 40 cents a square foot. The finishing crew of
111,4, it is estimated, can do one apartment a day at a total cost of
$400. Capital cost at the factories producing the panels was fixed at
$190 per apartment and factory labor cost at $540. This was con-
tingent, however, upon the factory operating at a rate of 10,000 apart-
ments and 750,000 panels a year. Adding material costs both on the
site and in the factory at $1430, $630 for miscellaneous items and over-
head, plus $150 for transportation and delivery costs would entail a
total cost of $3560, or $6.40 a square foot. The wage for common labor
was based at only about $1.35 an hour which is much below that what
the American scale is and should be. Probably some of the other dif-
ferentials could be reduced in the United States. Dr. Bates believes,
moreover, that still further reductions in cost are in process and will
be released.

It should be noted again that most cost comparisons fail to take
into account even very basic differences in quality. It is clear, for ex-
ample, that the Soviet construction program has aimed for a simple
but safe housing unit, with no frills. Quality in design and amenties
have yielded to cost considerations. By middle class American stand-
ards, much of this housing would be totally unacceptable. Neverthe-
less, cost figures help to provide some idea about the impact of indus-
trialization techniques and to suggest the significance of particular
cost-reducing techniques.
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TABLE 1.-COMPARISON OF INDUSTRIALISED AND TRADITIONAL BUILDING-FLATS IN 5 OR MORE STOREYS

Percentage
industrialised

Industrialised Traditional building
(Average per (Average cost cheaper than

Annual returns square foot) per square foot) traditional

s. d. s. d.

1964 - 94 4 96 8½ 2. 5
1965----------------------------- 99 3½ 104 4½ 4.9
1966 -106 109 114 3.6

Quarterly returns:
1966:

Ist quarter - 98 6 108 10 9. 5
2d quarter -105 2½4 110 9 5. 0
3d quarter -107 7 109 6½ 1.8
4th quarter -107 11 111 1 3.6

Average -------- 106 % 109 11½

1967:
1st quarter -99 11 105 8 5.4
2d quarter -107 2 110 2½ 2. 8

Source: Table 20, "Housing Statistics, Great Britian."

TABLE 2.-EXAMPLES OF COST SAVINGS WHEN USING INDUSTRIALISED BUILDING (COMPARISON OF 4 SCHEMES
IN THE MANCHESTER AREA)

Traditional scheme A I.B. (Jesperson system) scheme B

Contract sum -£637,968 -£1,759,084.
Tender date January 1967 - May 1967.
Contractor -Direct LabourGroup Manchesfer Corp.. John Laing.
Number of dwellings -210 flats in 9-storey blocks -428 flats and maisonettes in blocks of

3, 4. and 6 stureys.
Average dwelling size -499 square feet - 789 square feet.
Average occupancy -2.04 persons per dwelling -4.12 persons per dwelling.

1 bedroom,
Overall 2-person flats
scheme only, 550 square

feet

Average cost per square toot:
Superstructure .
Substructure .-- --------
Silteworks .

Total _-

s. d.

109 5
9 8
2 9

121 10

S. d.

87 8
6 8
4 11

99 3

S. d.

82 8
4 4
4 8

91 8

Traditional scheme C LB. (Simms CDA) scheme D

Contract sum. £162,241 £161,568.
Tender date October 1966 November 1966.
Contractor Partington Simms Son & Cooke (West Pennine

Group).
Number of dwellings 53 houses 54 houses.
Number of storeys 2 2.
Average dwelling size -899 -920.
Average occupancy -4.3 -4.5.

Average cost per foot:
Superstructure. ........
Substructure.-- - -
Siteworks ---- --- ---- ---...

Total. .

S. d.

51 3
5 4

10 1

66 8

s. d.

46 4
5 2

10 5

61 11
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TABLE 3.-APPROXIMATE MAN-HOURS PER THOUSAND SQUARE FEET OF MULTIFAMILY DWELLING

Western Europe Industrialized

U.S. conventional England Continent

Low High Average Low High Average Low High Average

Onsite 850 1,480 1,165 11,525 11,850 '1,687 '325 '600 t462
Offsite 128 170 149 375 375 375 200 400 300

Total -- 978 1,650 1,314 1,900 2,225 2.062 525 1,000 762

'includes transportation of offsite produced assemblies to site.
Note: Average man-hours for industrialized building on European continent are 170 percent below English average

and 72 percent below U.S. average for conventional construction.
Source: Commission Research Report by Guy Rothenstein.
Sources systems, United States: New York City Housing Authority, U.S. Department of Labor; England: Bison, Easiform

Jespersen, Sectra; Continent: Balency, Jespersen, Larsen & Nielsen, Omnium.

TABLE 4.-"LOW RISE" ROCHESTER APARTMENTS-2 STORIES, 840 SQ. FT./D.

Cost per square foot of building

Labor Material Total Total direct
cost, shell cost, shell cost, shell cost building

Conventionally built -' . $2. 55 2 $2. 35 3 $4.90 $14.00
Industrially built - 242. 29 1. 71 4.00 13. 10
Difference -. 26 .64 .90 .90

Savings (percent) -10 27 19 a 7

1 Man hours per square foot of shell are: 0.33.
2 Includes labor cost for mixing concrete.
3 At the average labor rates, the number of man hours (factory and site) per square foot of shell are: 0.37.
4 Cost breakdown per square foot as per appendix "2" is as follows:

Square foot Percent

Engineering - $0.05 2
Factory work -1.00 44
Site work- 1. 24 54

Total- 2.29 100

a Labor 2 percent; materials 5 percent

Note: Comparison of conventional precast and prestressed concrete construction, with drywall partitions and, indus-
trialized construction with precast walls and partitions and site-cast slabs. Labor cost average: Factory, $3.80 per hour,
site $7.80 per hour.

Source: Commission Research Report by Guy Rothenstein.

TABLE 5.-"HIGH RISE" NEW HAVEN APARTMENTS-16 STORIES, 915 SQ. FT./d

Cost per square foot of building

Labor Material Total Total direct
cost, shell cost, shell cost shell cost building

Conventionally built (average 2 New York projects) '.- 3 67 $2.40 $6. 07 $14. 07
Industrially built- a2 02 1.76 3.78 11. 7
Difference -1.65 .64 2. 29 2.29

Saving (percent) -45 27 38 4 16

X As the cost breakdown for the conventionally built New Haven shell was not available, average figures of projects of
similar New York construction were used. Man hours per sq. ft of shell are: 0.51.

' Includes labor cost for mixing concrete.
a Usig the ratio of factory to site labor and the above average labor rates, the number of man hours per sq. ft of shell

is 0.34 M/H.
* Labor 11 percent materials 5 percent
Note: Comparison of conventional concrete frame construction using masonry and drywall partitions and industrialized

construction using precast walls and partitions and site cast slabs. Labor Cost Average: Faclory $3.75 per hour, site $7.15
per hour.
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TABLE 6.-CONSTRUCTION TIME FOR PROJECTS OF VARIOUS SIZES (IN MONTHS)

U.S. conventional Western Europe industrialized

England Continent
Number of units 500 1,000 2,000 500 1,000 2, 000 500 1,000 2,000

Low -8 18 20 16 20 24 8 11 12High -18 24 36 24 30 36 16 24 36
Average -15 22 31 25 27 32 13 17 25

NOTES
England's average is in every instance above U.S. average.
Continent's average for 500 units is 13 percent below U.S. average.
Continent's average for 1,000 units is 23 percent below U.S. average.
Continent's average for 2,000 units is 19 percent below U.S. average.
Sources systems, United States: New York City Housing Authority, HUD, FHA; England: Bison, Easiform, Jespersen.

Sectra; Continent: Balency, Jespersen, Larsen & Nielsen, Omnium, Sertra, Skarne.

TABLE 7.-RANGE OF COST PER SQUARE FOOT OF MULTIFAMILY HOUSING,

QE-1 (Europe)

Housing of comparable QU-1 (United States)-
Housing built by rating built Housing built

industrialized systems co nventionally conventionally

Walkup apartments - $5.20 to $9.90- -- -- 6.30 to $11.50 - $7.90 to $9.32.Elevator apartments $5.00 to $9.90 -- $ 6.60 to $11.50 - $11.77 to $19.21.

* Based on exchange rate of May 1968 for projects in United Kingdom, Denmark, Sweden, France, Italy, and theFHIA, New York City Housing Authority, New York City Housing and Redevelopment Board, and New York State Division
of Housing in the United States.

TABLE &-RANGE OF AVERAGE NUMBER OF MAN-HOURS FOR CONSTRUCTION OF 1,000 SQUARE FEET OF
DWELLING

QE-2 (Europe)

Housing of comparable QU-2 (United States)-
Housing built by rating built Housing built

industrialized systems conventionally conventionally

Walkup apartments:
Offsite -200 to 450
Onsite -350 to 2,100' ---- 1,750 to 2,600-

Elevator apartments:
Offsite … 200 to 350
Onsite … 300 to 1,850'1 - 1,750 to 2,9001 850 to 1,486.

I High figures are reported from Great Britain.

* * * * * * *

Use of Industrialized Housing
Savings in housing costs can be made by moving to more efficient

methods of production.
An important way of saving time (and thus money) is to use the

PERT or Critical Path Method. In essence this is a system of working
backward on a time scale from the completion date, so that all activities
which must be performed fall in place in the proper order and with the
minimum of lost time. By charting out all operations, it becomes
possible to track out items that are off schedule and put on pressure
soon enough to avoid delay to the whole project.

In addition, even the smallest conventional builder uses many prod-
ucts and processes that are factory-produced. This is now done in
varying degrees and with varying results.
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The production of panels or larger parts in the factory and their
assembly on the site can provide a degree of additional efficiency,
depending upon the amount of fabrication done in the plant.

Beyond that, factory production methods are used on the site itself.
This is essentially what a large-scale, mass builder does.

The production of entire flousing units within a factory takes at
least two forms. One of these, in the case of mobile homes, uses more
or less conventional methods of construction but performs them in the
factory. Some savings come about as a result of the specialization of
workers. Carpenters, for example, move from one mobile home to
another, much as carpenters at the construction site of the largest
merchant builders move from one house to the next and repeatedly
perform the same operation. The savings result largely from special-
ized production performed the year-round. These savings may be offset
by transportation costs, however. Savings may be as great at the site
itself.

A further refinement is the use of machines and the substitution of
capital for labor in the actual production of the parts, whether they
be panels assembled later at the site or parts assembled in the factory,
but produced by machines, not by men.

One finds various combinations of these methods of industrialized
production.

The following is a list of the advantages which can result from
some or all of these methods of larger scale or mechanized production:

Reduction in hours of labor needed. One factory-mechanized pro-
duction company estimates that it can produce units in a factory
with half the hours of labor as are needed on the site.
Substitution of industrial for craft labor. In metropolitan areas
where housing is to be erected in the central city, savings should
result from the substitution of industrial labor in the factory
for craft labor at the site. The differences in hourly costs range
from industrial labor at $2.90 to $3.00 per hour to craft labor
at a minimum of $5.00, but often at $6.00 or $7.00 and sometimes
as high as $10.00. Industrialization should require fewer hours
at lower hourly rates. The capital and overhead costs of moving
labor inside a plant would reduce the amount of these hourly
differentials. The savings come from the greater specialization in
the use of labor.
Work independent of weather. Work inside the factory would be
independent of the weather and not interrupted by snow, rain, or
extreme cold.
Quantity purchases. Large-scale factory production means sav-
ings on material costs, both through discounts for quantity pur-
chases and through direct purchase from producers and the elim-
ination of middlemen. These savings could also be made by large-
scale conventional builders.
Savings in interim financing. Because of the savings in time, there
is a reduction in the cost of interim financing. The time savings
can range anywhere from three to six months, depending upon
the type and volume of construction. Present carrying charges
range from 4 to 5 percent, and some of these could be reduced.
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Lower builder and professional fees. A reduction in other ele-
ments of construction costs will normally result in lower charges
for fees, which are tied to construction costs. In addition, the
creation of a high volume, stable level of production will elim-
inate some of the risks and uncertainties reflected in the present
level of fees and profits. The use of industrialized building tech-
niques, and particularly production at a large scale, will allow
for spreading these costs over a large number of units and for
the more efficient use of professional services.
Savings on vandalism. A major cost of conventional site construc-
tion is vandalism during the period of building. This is greatly
reduced under factory construction methods.
Absence of extras. Industrialized housing does not permit the
numerous last-minute changes which bring increased costs.
No delay because of lack of materials. With factory production,
delays at the site caused by the lack of some specific item or
material, are eliminated.
Reduction in some maintenance costs. Because of the nature of
the materials, there may be some reduction in maintenance costs
as a result of factory production.
Conclusions. Not all of the potential savings listed here flow from
factory production. They result from large-scale and more efficient
production brought about through a variety of methods. But
their application over a wide scale can bring savings.

Large-Scale Produaction
In the past, industrialized housing production has lacked a mass

market because of code, zoning, and marketing limitations, or other
restrictions. It is important that the Proxmire amendment in the 1968
Housing Act, calling for the production of 1,000 units a year for five
years of five different well-designed housing prototype, be carried out.
This should demonstrate whether costs can be reduced, and by how
much. The successful housing units could be used in the large-scale
public programs authorized in the Act to provide 500,000 housing units
a year for low- and moderate-income families.
Improvement of Work Practices

The Commission has suggested a number of important approaches to
the problems of uncertain labor conditions which result in restrictive
work practices and high hourly wage rates. We have recommended
government efforts to reduce seasonability in employment by awarding
contracts and scheduling construction work during lull periods. Our
recommendation to allow HUD to enter long-term contracts with
qualified local housing agencies should help to assure more continuous
work for local labor. More broadly, our recommendation concerning
the volume of housing needed over the next decade, the various means
for achieving that volume, and the reduction of major cyclical varia-
tions in construction through national fiscal and monetary policies,
all point toward a more assured position for construction labor. Reduc-
ing uncertainties will help to assure that increases in wage rates are
geared to increases in productiviy 1and will eliminate the resistance of
labor to new forms of construction which may appear to threaten jobs
in the short run.
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Financing Costs
The cost of financing-permanent and interim financing and closing

costs-is one of the major elements of the price of housing. Moreover,
the availability and cost of money have broad effects on the stability
and level of activity in the building industry, and therefore, on the
costs of labor, entrepreneurial services and other cost elements and on
the attractiveness of investment in new materials and processes which
might result in reduced costs. The Commission has suggested the fol-
lowing approaches to reducing and stabilizing financing costs:

Opening up new sources of capital for the mortgage market. The
Commission believes that the authority of the Federal Home Loan
Bank Board to issue long-term bonds with the proceeds going to
expand the lending activities of the home loan banks is important.
More generally, negotiable bonds issued by financial institutions
and backed by government-insured mortgages are needed instru-
ments. Both will attract mortgage funds from sources that have
hitherto been reluctant to invest in them because of the time
and complexity involved in managing the investment. One partic-
ular source, which to date has been largely untapped, is pension
funds, for which such bonds might prove most attractive.
Expanding the flow of mortgage funds from all sources. The
Commission has urged throughout this report that housing must
no longer be relegated to afterthought status in the formation
of national economic policy and that strong efforts be made to
reduce the general level of interest rates. The establishment of
a national housing goal, stated in terms of actual numbers of
units to be constructed, and the requirement of an annual housing
message by the President should help to improve the situation
and attract mortgage funds from widespread sources. We have
also recommended action to modernize state usury laws to bring
them into line with the realities of modern interest rates and allow
the mortgage market to attract needed funds. Revision of cumber-
some foreclosure law provisions which deter investment in home
mortgages, to the extent that it can be done without infringing on
important safeguards for occupants, should also help.

Improving local record-keeping relevant to title searches. The
Commission has recommended, as the most important step in re-
ducing closing costs, the improvement of local land record sys-
tems. Better indexing and filing can be important. This is an area
where the nature of the problem is such that it lends itself to the
use of computers.

Cooperatives

Many of the savings available to members of housing cooperatives
are not unique to cooperatives as such. The deduction of interest and
property taxes from the Federal income tax of the resident, savings
due to the initial production of a large number of units, savings on
closing costs or legal fees which the cooperative receives by acting on
behalf of a number of people, etc., are savings which others receive
or which result from production on a large scale and not merely from
the cooperative form of ownership. However, these savings would not
be received by those in cooperatives except for the fact that they or-
ganized together in this form of endeavor.

25-808-69-6
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If they rented, they would not get interest and tax deductions. Sav-
ings from large-scale production would go to the original owner or
landlord instead of the tenant. Thus, the cooperative form of organiza-
tion can provide housing at less cost to those who take part in it than
would otherwise be available.

Extension of this form of ownership could, therefore, bring a re-
duction in housing costs.
Other Costs

The Commission's major concerns 'have been with the cost items
just discussed. This focus should not suggest, however, that we con-
sider other items of cost either unimportant or not susceptible to re-
duction. Every effort should be made to reduce costs of maintenance
and repair, insurance, heat, electricity, furniture, and other items
which are essential parts of the cost of a dwelling unit.

We are also aware of the costs involved in municipal services, the
costs and benefits to be derived from jobs, health, and education, and
numerous other areas related to housing and the urban environment.
These, however, were not under our direct jurisdiction and we have
not, therefore, addressed them in the same manner as the numerous
and detailed items summarized in this chapter.



[Part V. Section 6)

RE0OM3MENDATIONS

In addition to the many proposals to reduce costs made throughout
the Report, many of whlielh are summarized in Chapter 5, the Com-
mission makes the following recommendations with respect to the sub-
jects discussed in this part of the report.

BUILDING PRACTICE RECOMMENDATIONS

The Commission believes that an increase of manpower and the
wider use of prefabricated approaches to construction can be accom-
plished by relating them to the opportunities for increased housing
construction. This increased total volume should provide a basis for
new agreements encompassing more efficient work rules and building
practices from both management and labor in return for contractual
arrangements which provide for continuous employment of workers
and volume production by builders.

The essence of what we propose is a trade-off, with society finding
ways through public policy to assure abundant and steady work in
return for the relaxation or elimination of rules that obstruct the ad-
vance of technology.
RECOMMENDATION No. 1: Reducing Seasonality in the Constrnction

Industry
The Commission recommends that Federal, state and local gov-

ernments undertake programs to reduce the seasonal fluctuations
affecting the construction industry by (a) awarding contracts
and scheduling work during that part of the year in which con-
struction is at a low level in order to spread construction work
and to achieve the maximum stability of building activities, and
(b) providing incentives for winter operations by basing schedule
and work progress on alternate bids.

Seasonality of building activity is one of the significant contribut-
ing factors to contractual arrangements which limit some otherwise
desirable practices because of job security. By providing construction
work wherever possible over the entire year, an increase of work
could raise employment for the average construction worker from
1,400 hours to 2,000 hours annually. It is hoped that the assurance of
year-round work would provide the climate for changes in practices
based on previous insecurity of employment.
RECOMMENDATION No. 2: Reduction in Restrictive 'Work PractiCes

The Commission recommends amendment of the National Hous-
ing Act to provide that state and local agencies applying for or
receiving Federal assistance for the construction of housing or
community facilities be authorized to promulgate, between con-
struction managment and labor, specialized agreements covering
specific large projects or multiple smaller projects and approve
such agreements for inclusion in the construction contracts to be
awarded. These agreements would be of a type to insure efficient,
economical and safe work practices and conditions, allow and
encourage new technology and foster adequate training of me-
chanics, apprentices and residents of the area. Should such pro-

(77)
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cedure fail to arrive at an agreement to exclude from the work
specifications of construction contracts for such housing or facili-
ties such labor and work practices, then the Secretary of Housing
and Urban Development, after consultation with the Secretary
of Labor and following public hearings and subject to judicial
review, shall exclude work practices considered to be unnecessary
and undesirable additions to the cost of such housing and
facilities.

With the enactment of the Demonstration Cities and Metropolitan
Development Act of 1966, the Congress for the first time decided to
employ the leverage of a Federal grant program to secure concessionsin local labor and work practices on behalf of the long-range objective
of urban rehabilitation. Under its provisions, the Secretary of HUD
and the Secretary of Labor have negotiated with trade unions regard-
ing certain phases of the Model Cities program. This recommendation
would extend the same approach to the general problem of housing
costs.
RECOMMENDATION No. 3: Prompt Initiation of Special Technology

Demnonstration Program
The Commission recommends that HUD promptly carry out the

Congressional authority to construct 25,000 dwelling units in a
special technology demonstration program which this Commission
recommended and which its chairman proposed to the Congress.
Under the Proxmire Amendment the Secretary of Housing and
Urban Development is directed to contract for the construction
over a five-year period, at a scale of 1000 units a year, of a limited
number of different housing construction systems which would
promote construction techniques to seek substantial reductions in
construction costs of desirable design quality. If successful, the
cost reductions found possible should be applied to public hous-
ing, to low-interest-rate programs, and to other programs author-
ized by the 1968 Act.

The primary objectives of this program is to stimulate technological
innovation. Contracts would be awarded on the basis of proposals that
aim to achieve economies through mass-production without sacrificing
the goal of well-designed, quality housing. The choice of areas for such
projects would be based upon the readiness of communities and com-
munity groups to waive restrictive building regulations and current
work rules in those instances where the proposed technological innova-
tions otherwise would be inhibited.

A necessary part of this experimental approach would be to provide
for a committee of impartial appraisers to make design and cost com-
parisons between the various experiments and between the experiments
and conventional construction.
RECOMMENDATION No. 4: Long-term Housing Programs in Exchange

for Mlore Efficent Building Practices
The Commission recommends that Congress amend the Housing

Act to authorize the Secretary of Housing and Urban Develop-
ment to enter into long-term commitments (up to a cumulative
ceiling over a ten-year period) with local public housing agencies
where there is agreement, to eliminate local building practices that
increase construction costs, to use new labor-saving methods and



79

materials, and to provide employment opportunities to residents
of slum areas. Under this program, the Secretary of Housing and
Urban Development would be authorized to arrange with state
and local housing authorities, or groups of local housing authori-
ties, or metropolitan housing authorities, for long-term large-scale
housing to stabilize housing construction, reduce costs, and pro-
vide greater employment opportunities by minimizing seasonal
and cyclical fluctuations and by assuring private enterprise of a
continuous, receptive market over long periods.

Selection of the urban areas that would take part in such a program
could be based upon findings by the Secretary of Housing and Urban
Development that there is a severe local housing shortage for low-
income families, that local construction costs exceed the national aver-
ages, that there is high unemployment of residents in local blighted
areas, that local governments are ready to waive restrictive provisions
of codes and regulations that cause excessive costs, and that repre-
sentatives of local building industry are willing to enter into project
agreements to waive practices causing excessive costs, or that prohibit
the use of new labor-saving methods and materials, or deny employ-
ment opportunities to residents of local slum areas.

Under this program, it would be possible for a local housing author-
ity, or a group of authorities, to contract with one or more successful
low bidders for construction over long periods, to a maximum of ten
years, under appropriate conditions such as an adjustment of costs in
later years on the basis of an accepted building cost index, or other
local cost yardsticks, incentives to builders to achieve cost reductions,
arbitration mechanism for resolving work practice rules causing ex-
cessive costs, and agreement by local officials to accept new methods and
materials approved by the NTational Institute of Building Sciences.
The unique feature of this program is that a single contractor, or a
joint venture, would be assured of continuous work under the above-
described conditions. Inasmuch as the work force would also be as-
sured of long-term employment, present costly building practices
could be eliminated.

Furthermore, those types of housing construction which were suc-
cessful under the provisions of Section 108 of the 1968 Act-the Prox-
mire Amendment-could be used extensively in such a long-term pro-
gram as proposed here.

* *
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INTRODUCTION

A long standing problem of increasing urgency has been how to
provide low-income groups with decent permanent housing. Since the
beginning of the century, many have regarded industrialized building
methods as the most promising means of solving this problem if mass
production techniques applied so successfully to automobiles could be
applied to residential building. It is only since World War II, how-
ever, that programs have been undertaken in Europe on a sufficient
scale and for a sufficient period of time that some practical evaluation
of these methods can be attempted.

Actually, European building methods have been becoming
industrialized for a long time. The broad scope of what is commonly
understood by industrialization of building is suggested by the United
Kingdom Ministry of Housing's definition which includes:
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"* * * all measures needed to enable the industry to work more
like a factory industry. For the industry this means not only new
materials and construction techniques, the use of dry processes,
increased mechanization of site processes, and the manufacture
of large components under factory conditions of production and
quality control; but also improved management techniques, the
correlation of design and production, improved control of the
selection and delivery of materials, and better organization of
operations on site . . . . For this purpose, industrialized building,
can include schemes using fully rationalized traditional
methods." 1

A leading Hungarian housing expert suggests that industrialized
building methods include some or all of the following characteristics:

1. Large-scale use of machines;
2. Large-scale use of factory-produced standardized building

components;
3. Large-scale projects constructed by repetitive processes;
4. Coordination of management leading to efficient planning,

programming, and control of projects;
5. Continuous research in design and production systems. 2

In practice, therefore, while industrialized building is diametrically
opposed to traditional building employing only handicraft methods, it
is not altogether different from rationalized conventional methods.

It may also be useful to regard contemporary European building
systems as falling into four main categories, all of which are industri-
alized to some degree: (1) rationalized conventional; (2) modern
in situ;- (3) partial prefabrication; and (4) total prefabrication. 3

Rationalized conventional systems, while relying mainly on the tra-
ditional skilled building trades, incorporate various industrialized
techniques, such as on-site mechanization, improved work-site organi-
zation. and use of small prefabricated elements. In situ building
systems refer to the casting of reinforced concrete buildings on the
site utilizing sophisticated multi-use forms, powerful mechanical aids,
and work programming. Prefabrication systems involve the transfer of
building operations to an on-site or off-site factory, where continuous
production processes may be employed. The extent to which assembly,
erection and finishing operations remain to be performed on the site
distinguishes partial from complete prefabrication.

Although rationalized conventional building is commonly regarded
as being industrialized, the central concern of this report is with
the systematic application of industrial technology to the building
industry. Therefore, the term "industrialized building systems" will
be used hereafter to refer only to advanced prefabrication and in situ
systems, thus excluding rationalized conventional construction.

The fact that industrialized building methods are defined in so
many different ways obviously poses difficulties. Not only are detailed

' United Kingdom, Ministry of Housing and Local Government, Industrialised Building
(London: H.M.S.O.. 1965), p. 1.

2 G. Sebestyen, "Future Alms and Present Stages of Industrialization", Towards Indus-
trialized Building, 3rd Congress of International Council of Building Research, Studies
and Documentation, Copenhagen, 1965 (New York: lFsevier, 1966) p. 37.

sNational Building Research Institute, Bibliography of Industriaiized Building (Pre-
toria, South Africa, 1966), p. 1.
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data on various aspects of industrialization hard to obtain, but the
lack of uniform definitions and units of measurement makes compara-
tive statistical analysis highly tenuous.' Nevertheless, the report does
attempt to give a meaningful interpretation to the available data,
fragmentary and inconsistent though it sometimes may be.

A word should be said about the source materials used in preparing
the report, the most important of which are mentioned in the Annotated
Bibliography. We do not consider that sufficient economic data is
presently available in the United States to make a reliable cost analysis
of any European industrialized building system. Indeed, such data is
often lacking in Europe as well. For example, a leading European
building company has been unable to obtain strictly comparable cost
data on the operations of ten plants in countries other than it own that
it has licensed to produce its components.5 Consequently, though
conclusions regarding the economies achieved by various European
systems are based on both the best data immediately available and on
judgments of experts on European building, they should be regarded
as tentative.

The first chapter of this report provides a description of European
experience with industrialized building techniques and a survey of the
current state of activity. Successive chapters analyze these techniques
from teclmological, economic, design, political and social points of
view, including an attempt to define the concept of optimum operations.
The final chapter states the conclusions of the study.

I. A SURVEY or EUROPEAN EXERIENcE

The impetus behind large-scale innovation in industrialized build-
ing techniques in postwar Europe came from three major factors: the
grave shortage of shelter after World W"ar II, particularly for low-
income groups; the shortage of skilled building workers; and the
belief that industrialization of building could bring about a significant
decrease in the traditional high cost of construction.

A. THE GENERAL POSMON OF INDUSTRIALIZED BUILDING

The rate and type of development of industrialized systems has
varied greatly among the European countries. As might be expected,
they have tended to develop most rapidly in highly industrialized
urban areas and in countries with a planned economy or a strong
social housing policy.

The most advanced development is found in East European coun-
tries (Table 1). After a slow start during the 1950's, by 1966 in-
dustrialized building had risen to a position of preeminence in total
national housing construction of the relatively highly industrialized
countries of Czechoslovakia and East Germany. It is still relatively
less important in Bulgaria, Hungary, Poland, Rumania and Yugo-
slavia, though it appears to be expanding rapidly in the urban housing
sector in Hungary and Poland.

'United Nations, Annual Bulletin of Housing and Building Statistics for Europe, 1966
(New York. 1967). pp. 12-76.

5 Statement of Sepp Firnkas. President, Techerete Company, Cambridge, Massachusetts.
See also United Nations, Economic Commission for Europe, Cost, Repetition, Mainte-

nance: Related Aspects of Building Prices (ST/ECE/HOU 17) (New York, 1963), p. 19.



TABLE 1. INDUSTRIALIZED BUILDING AS A PROPORTION OF NATIONAL HOUSING OUTPUT OR OF OTHER RELATED DATA IN SELECTED EAST EUROPEAN COUNTRIES, 1956-66 ACCORDING TO
VARIOUS SOURCES

[in percentl

Country 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966

1. Bulgaria: Medium size panels I------------ - (2) (2)
2. Czechoslovakia:

Medium size panels and room-sized panels as
percent of multidwelling houses I (2) (2)

Blocks of panels; panelss .---
.

-I
Large panel ... ) ------------------ ()

3. East Germany:
Concrete blocks up to 750 kilos I . . (n) (0)
Story high concrete blocks; concrete blocks up

to 5,000 kilos I --- - - - -
Large psol'. 24. Hungary: Lightweight concrete large blocks and

room-size panels as percent of multidwelling
houses l - .. (2) (2)

5. Poland:
Panels - . () ()
Industrialized housing as percent of urban

housing I--------------------- ----------- 3.0 (2)
6. Rumania: Large panel as percent of state-financed

construction7 .......................... ....... (2) (2)
7. U.S.S.R.:

Large panel -- -- - ....... (2) (2)
Do i------------------ - (2) (u)

8. Ukranian S.S.R.:
Prefabricated housing t_--------------------- (2) (2)
Large panel as percent of total state and co-

operative construction 13 ……............... (2' (2)
Prefabrication ---------.--.-.. (u (2

9. Yugoslavia: Nontraditional I ......-............... (2

(2) (2) (2) 1.2 2.3 2.9 6.7 10.2 14.7

7.6 9.6 26.2 39.5 46.9 47.3 71.2 72.9 76.70.1 14.9 18.8 26.1 2 39.5 46.2 (2) () 59. 0 (a)
(2) () (2) ( 5) 53.0 (a) (2) (2) (2)

(2) (a) (a) (2)

(u) (2) (2)
(2) (2) (u)

(a) 50.6 52.0 48.4 43.4

(s) 25.6 35. 3 46. 181. 0 (2) (5) (2)'
53. 0

(2)

(2) (5) (2) 6.8 14.2 20.9 27.9 32.9

.It (2)

(2) (5)

(2) (2) (2

35.0

3.0 (a) (2) 11.0 (2) (2) (2)

11. 5 (2) 24. 4 28. 0 (5) 38. 0 (2)

(2) (2) 13.0 13.0 (2) (2)

(2) (a) (2) (2) 4 835. 0 (2) 9 14. 4 (2) (20)
(2) (2) (2) (2) 8. 0 (2) (2) (a) (()

35.0 (5) (2) (5) 80. 0 (2) (2) (2) (2)

(29) 02) 3. 2 9. 8 17.3 (2) (5) 0 (5)2) 2) (2) (2)1 .) (5)1 ) (2)
2 (1) ~~~(2) (5) (5) 1.4 3. 8 ( 13. 0 22.9 ( 5. 6

X United Nations, Economic Commission for Europe, Annual Bulletin of Housing and Building 0 United Nations Industrialization of Building(E/C.6/70,add. 1, annex I)(New York, 1967), pp 101tatistics for Europe: 1966 (New York, 1967), table 6. 104. The 14.4 percent has been derived by dividing the national housing output of 2,300.000 by the 19s4U Nite NvationIdstilztinobled.(/. ,(e Yr,167,p 9 large panel production of 330,000.
of United Nations, Industrialization of Building (E/C.6170), (New York, 1967), p. 19. 0 Not available, but (same source s footnote 9)450,000 units were planned.4 United Nations, Industrialization of Building (EC.6/70/add. ) (eYo, 1967), p. 11. Analytical Report of G. Blachere, Prague Seminar, vol. I, p. 223.0 Edwar uie, " Changes in the Output of the Building Industry asna Factor in the Development 12 Monograph of Ukranian S.S.R., ibid., vol. III, p. 644. Ibid., p. 645.Of Home Building" in A. A. Nevitt, (ed.), The Economic Prohlems of Housing (London: Macmillan, is Ibid., p. 645.1967), . 32 Note: Figures above that are from different sources are hased en different, often overlappingMunugraph of Poland, Prague Seminar, vol. It, p. 536. categorizations of building processes. The yearly percentages far each country are therefore son-7Un ited Nations, Industrialization of Building, (E/C.6/70/add.1 )op. cit., annex I, p. 8S. comparable, nonadditive, and in some instances conflicting.A 200,000u sits,
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Information on the U.S.S.R. is scanty and rather conflicting. While
it is reported that large panel construction constituted only 17.3 per-
cent of total state and cooperative housing in the Ukrainian U.S.S.R. in
1962, at the same time 80 percent of all housing was reported as being
prefabricated (Table 1). In the U.S.S.R. as a whole, large panel con-
struction with an absolute volume of 200,000 units was reported as
being 35 percent of total housing production in 1962. It was also
reported that in 1964 330,000 dwelling units out of a total national
housing output of 2,300,000 were produced by largre-panel methods.
The 35 percent for 1962 may therefore have actuaily been of urban,
rather than total, housing. In 1966 the U.S.S.R. housing plan called
for the production of 450,000 dwelling units which in quantitative
terms is the largest industrialized building program in the world
(Table 1) .

Among West European countries, there is an even greater conflict
in existing data, which at best are fragmentary (Table 2). Industriali-
zation of the building industry would appear to have proceeded
farthest in Denmark, France, and the United Kingdom. In other
West European countries, while prefabricated components are used
widely in conventional construction, complete prefabrication systems
remain of secondary importance in national housing production.



TABLE 2.-INDUSTRIALIZED BUILDING AS A PROPORTION OF NATIONAL HOUSING OUTPUT OR OF OTHER RELATED DATA IN SELECTED WEST EUROPEAN COUNTRIES 1956-66 ACCORDING TO
VARIOUS SOURCES

[Percentages and other relevant data]

Country 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966

1. Belgium: Prefabricated dwelling' .-- ) (-) (8) (-) (,) ('- (.) 1.8 (') ('9 (')
2. Denmark:

Large panel2 (') (-) (') (') ('. (') 21.4 ('4 (-) ('9 (-)
Prefabrications (*) (3- -(-) ('- (-- ('- (*) ('- ('- ('- 33.0

3. Finland:
Prefabrication as percent of collective housing 4--- (-) ('-(- ('- (-) ('9 10.0 (') (- ) ('9 ('9

(1961-62)Mainly prefabricated elements as percent of all apartment buildinga (') ('9 ('9 ('9 ('9 ('9 ('9 ('9 ('9 ('9 25.0
4. France:

Large panel terra cotta in situ concrete a --- -- - -- - (') (') (') ( ( (') 25.0 (') ('9 ('9 ('9
Units (100 000 1961462)
Concrete panel (- - ('- ('- -- ) ('- ('- 3. 1 5.1 4.7 8.0 (')Large panels (') (') (') (') (') (') 5.8 (') ('9 ('9 (-)
Units M -- ------------ (25,000)
Principal large panel systems -- (9--) (-*-) (- - - -- ('9 (' - ('9 ('9 (*) () 4. 0 (- - ----

5. Italy:
Concrete frame or panel prefabrication 8 ('9 ('9 (') ('9 ('9 ('9 (') ('9 ('9 ('- 1. 2
Capacity of prefabrication plants, 1966 10,000 a (-) ('9 ('9 ('9 (' (' (-) (' (*) - ---

6. Netherlands: With aid of prefabrication methods -
- - - ) 7.0 11 0 I. 0 13.0 11.0 10.0 10.0 13.0 15.0 17.0



7. Norway: Share of prefabrication"-() (e) (-) C') (') (') 2.0 4.0 () () ()
S. Sweden:

Element construction .(*) (-) 7.4 () () 4. 2 3.2 2 074)
Units ---------------------------- (1,434) (2,204) (3,340) (2,885) (2,8823) (2,257) (1, 738) (2,074) .-. -------
Large panel- - ------------------- (*) (3.0 )
Share of prefabrication- .) 1* -) --- (---) (3. °°°)---
Units (av erge ------------------ ' (3) ..) 8..0

9. Switzerland:Share of prefabrication1
4-

- - i.'- -�) I.- , -
10. United Kingdom:

industrialized?-.... .(.)...).. ..... .)...).... ... (.)...).....26. 0
ndu M ~~~~~~~~~~~~~~~~~~~~~2~~) 36 (()0

Industralized aystems as percent of public housing sector" -. . 5 5...5)....
11. West Germany:

Large sized building elements'-t') (') (') (') (') (' (' ( () 3.7 4.7
Prefabrication as percent of residential building licenses, January-October
1966 " ------ (-) (-) (-) (-) (4) (4) (4) (-) (-) ( ) 4. 2

' Monograph of Belgium, International Federation of Building and Public Works (IFBPW), "Social 9 Monograph of Italy IFBPW op. cit., 1.
Aspects of Prefabrication in the Construction Industry" (Paris, 1967), p. 2. '5 Monograph of Netberiands, ibid., p.

X United Nations "Industrialization of Building" (E/C.6/70, add. 1)(New York, 1967), p. 112. it Monograph of Norway, ibid., p. 1.
a Monograph of 6enmark IFBPW, op. cit., p. 1. 12 Monograph of Sweden, Prague seminar, vol. III, pp. 632, 634.
4 Analytical report of G. glachere, Prague seminar, vol. I, p. 222. "3 Monograph of Sweden, IFBPW, op. cit., p. 1.
0 Monograph of Finland, IFBPW, op. cit., p. 1. 4 Monograph of Switzerland, Ibid., p. 1.

e Analytical report of G. Blachere, op. cit; United Nations Economic Commission for Europe "Euro- "s Monograph of United Kingdom, ibid., p. 1.
peon Housing Trends and Policies in 1961 and 1962" (New York, 1963), ST/ECE/HOU/11, p. 54; '5 Monograph of West Germany, ibid., p. 1.
monograph of France IFBPW, op. cit., p. 2. 'Not available.

7 Airlram A-1716, from Amrerican Embassy, Paris, March 3,1966. Note: Figures above that are from different sources are based on different, often overlapping
B United Nations, Economic Commission for Europe, "Annual Bulletin of Housing and Building categorizations of building processes. The yearly percentages for each country are herefore ijoncom-

Statistics for Europe: 1966" (New York, 1967), table 6. parable, nonadditive, and in some instances conflicting.
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With respect to the future, most East European countries are plan-
ning continued increases in industrialized building. In Czechoslovakia,
the volume of prefabricated construction is expected to double the 1962
level by 1970, and to be almost four times as high in 1980.6 The planned
development in Poland is less ambitious, with the proportion of in-
dustrialized construction expected to rise from 34.6 per cent of the
total national housing production in the 1966-70 period to 45.2 per
cent during 1971-75, and to reach 50 per cent during 1976-80.7 East
Germany and the U.S.S.R. would appear to be fully committed to
industrialized building in the urban area.

Among West European countries, there is a general expectation that
industrialized methods will continue to expand, though at a less rapid
rate. The United Kingdom is perhaps typical of many of the highly
industrialized countries struggling against the ceiling of physical
resources, with its 1970 program calling for construction of 500,000
houses per year. At the present level of productivity, the Ministry of
Housing and Local Government estimates that this would involve
bringing 100,000 more workers into the home building industry. Since
this manpower is not expected to be available, the only recourse is to
increase productivity greatly. The projection, therefore, is that ap-
proximately 40 per cent of the public housing sector will need to be
industrialized by 1970.8

Another significant indication of trends is to be found in the 1966
report of the Neue Heimat, which is one of the largest home building
organizations in West Germany. The percentage of dwelling units
that it has built from prefabricated components rose from 11.7 in
1964 to 27.8 in 1965 and 41.8 in 1966.9

The only major divergence from the general trend toward continued
expansion of industrialized building is perhaps to be found in Sweden.
Here prefabrication rose steadily until 1958 when it reached 7.4 per
cent of the national housing output, after which it declined to 3.2 per
cent in 1962. The trend was again reversed in 1963, but no more recent
information is available (Table 2). The fact that Sweden is the only
highly developed West European country that has not provided special
assistance to industrialized housing systems may be a partial explana-
tion for this fluctuating trend.'0 On the other hand, a government
investigation has concluded that prefabrication capacity will rise to
13,500 apartments in 1970, giving prefabricators a capability for
producing some 12 per cent of total housing output. The same report
projects a further increase in capacity to 35,000 apartments in 1975,
or 25 per cent of total output."

More than fifty industrialized building systems are currently in use
in Western Europe,12 of which sixteen have been selected as repre-
sentative (Table 3 and Appendix, pp. 1-48). From Eastern Europe
we shall discuss five major systems (Table 4 and Appendix, pp. 49-67).

9 United Nations, Economic Commission for Europe, National Monograph of Czecho-
slovakia, Proceedings of the Seminar on Changes in the Structure of the Building Industry
Necessary to Improve its Efficiency and to Increase its Output, Prague, April i964
(ST/ECE/HOU 13) (New York, 1964), Vol. II, p. 293. Proceedings cited hereafter asPrague Seminar.

7 Monograph of Poland. Prague Seminar, Vol. III, p. 537.
8United Kingdom. Ministry of Housing and Local Government, Industrialised Building

(London, HAMSO. 1965), Circular No. 76/65. pp. 1-2.
9 "aNee Heimat's Report on Anno 1960", International Housing Bulletin (International

Federation of Building and Woodworkers, Copenhagen), October 1967, p. 271.
Analytical Report by G. Blachere, Prague Seminar, Vol. I, p. 227.

Monograph of 'Sweden, International Federation of Building and Public Works, The
Social Aspects of Prefabrication in the Construction Industry (Paris, 1967), p. 1.

R. MI. E. Diamant, Industrialised Building (London: Illffe Books, 1964), Vol. I, p. 14.



TABLE 3.-SUMMARY OF MAJOR STRUCTURAL FEATURES OF 16 SELECTED WEST EUROPEAN BUILDING SYSTEMS t

[On-site=On-site factory; Off-site=Off-site factory; In situ=ln place.]

Name of system, country, and major material 2

Structural system Where cast Where finished Mechanicals installed

Facade Cross Floor Wall Floor Wall Floor Wall
wall load wall load
bearing bearing On- Off- In On- Off- In On- Off- In On- Off- In On- Off- In On- Off- In

site site situ site site situ site site situ site site situ site site situ site site situ

Bakelite (plastic): United Kingdom - X X X - -- X - -- ---------- XXX
Balency: France -X X -- X ;X----X .. X-- . X
Barets: France -X X X -- X ----- -. )- - -X
BMB: Netherlands -X --- X--X---X------ ()---()
Cemus: France- X -X --- X --- --- X
Costamagna: France -X X - --- X X X ------ X
Estiot: France -X X X --- X ------- x
Heart-Skansa: Sweden -X X X--- X------------ X
Jesperson: Denmark - -X X--------X --- X
Larsen-Neilsen: Denmark - -X X ---- X - - X---- --- X
Nenk (Steel): United Kingdom- (3) --- X X - --- X X X---- -X
OhIson Skarne Sweden -- X X --- X X --- X---X
Reema: United Kingdom- X -- X --- X---- X X X X
Sectra: France- - X -- X --- X --- X---X---X
Tracoba: France - -X X ---- X --- -()---X
Truscon: United Kingdom - - X X --- X ---- X -- X XX

I R. M. E. Diamant, "Industrialised Building" (London: lliffe Books, 1964), vols. I and II.
2 All systems concrete unless otherwise noted.

3 Load bearing columns.

CO0



TABLE 4-SUMMARY OF MAJOR STRUCTURAL FEATURES OF 7 SELECTED EAST EUROPEAN CONCRETE BUILDING SYSTEMS

[Onsite=onsite factory; oflsite=offsite factory; in situ=in placel

Structural system Where cast Where finished Mechanicals installed

Country and name of system Facade Cross Floor Wall Floor Wall Floor Wall
wall load wall load --- - - -- -- ---- …--- ----

bearing bearing On- Off- In On- Off- In On- Off- In On- Off- In On- Off- In On- Off- In
site site situ site site situ site site situ site site situ site site situ site site situ

East Germany:l Panel flats - -X X-- X - -- X -- X -- X X
Czechoslovakia: 2 TOB and T06B (panel systems) - - X X- - X -X - - X - - X -X
U.S.S.R.: 3

Lugatenko - -(?) X- X- (?)- (?) - (?) -()
Heayroom-size box - X X X-- X - X -- X -- X - X
Monolithic upturned box -X X X-- X - X -- X -- X -X
Lightweightox -(4) (4) X-- X - X -: X -- X -X

I R. M. E. Diamant, op. cit., vol. I, p. 119. 3 Diamant, op. cit., vol. I., p. 124, vol. 11, p. 45.
2Jiri Franek, "Housing in Czechoslovakia" (Prague: Research Institute for Building & Architec- 4 Concrete load bearing columns.

tare, 1967), p. 24.

Co
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The following features of these systems will be considered: func-
tional and structural design; standards of comfort; production plan-
ning; production organization and operations; and erection
procedures.

B. STRUCTURAL AND FUNCTIONAL DESIGN

Designing a house that can be satisfactorily produced by an industri-
alized mbuilding system presents complex problems. In addition to
satisfying the client, the structure needs to lend itself well to mass
production and to simplified erection procedures. Attempts to solve
these problems are more than half a century old and originated with
architects in many countries-e.g., Gropius in Germany, Parret in
France, and Le Corbusier in Switzerland. 13 Today the idea of con-
structing a building composed of standard products produced by in-
.dustrialized methods in gaining wide acceptance in European housing
practice.

The development of prefabricated systems has followed somewhat
different courses in Western and Eastern Europe. In France, for ex-
ample, the approach has been materials and technique oriented. The
civil engineer mentality has dominated development of the systems,
often as a result of the fact that the engineer was the owner of the
enterprise. The limited flexibility of design resulting from this ap-
proach, however, significantly slowed consumer acceptance of the
product. Swedish and Danish prefabrication systems, originating in
national traditions of excellent cooperation between architects and
engineers, have achieved greater variety in design and are generally
more appealing to the consumer. Likewise in the United Kingdom
the design of industrialized publicly financed housing, which has been
mainly in the hands of balanced professional teams, has received gen-
eral consumer acceptance.

In Eastern Europe industrialized building designs have been pre-
pared by national design institutes. In the early stages, emphasis was
placed on construction of wholly standardized buildings, but in recent
years the approach has become more flexible. Greater use of component
technology now permits freer design of individual apartment elements
and groupings.14 Russian housing design, however, continues the
early emphasis on standardized buildings and consequently retains a
relatively high degree of inflexibility.

The process of design may be divided into two main phases, the
structural system and the supplementary systems for mechanical and
sanitary utilities. Several different structural systems have been
worked out.

Eastern Europe has employed large panel building systems based on
interior transverse load-bearing concrete walls and concrete pre-
stressed floor panels. The self-supporting or suspended exterior walls
provide only thermal insulation (Table 4). The maximum weight of
individual elements approaches four tons, and the maximum span of
floor panels is approximately twenty feet. Early Russian panel sys-
tems encountered a number of problems, particularly with jointing.
When grout proved unsatisfactory in sealing panel joints, reliance

13 Nichbias Pevsner, An Outline of European Architecture (New York: Penguin, 1963),
9p. 899 401, 414.

'J. Vranek, Housing in Czechoslovakia (Prague: Research Institute for Building and
Architecture, i967), p. 21.

25-808-69-7
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was placed on caulking. Caulking, however, has been found to be
either of poor quality or excessively expensive.

Gradually, the Russian large panel systems evolved into box designs
by the assembly of panels into box shapes. When the new system also
developed jointing problems, factories began to cast two-room flats as a
unit. Since these two-room boxes weighed 13 tons, heavy gantry cranes
were required for on-site handling. To reduce crane size, room-size box
units were developed weighing no more than five tons each. The
latest box design provides for a concrete slab floor and a cement as-
bestos wall and ceiling stretched over concrete ribs. The inside of
rooms so constructed has somewhat the effect of a large covered
wagon.15

Of the West European systems analyzed, four use load-bearing walls
only for the facade, with all interior walls being non-load bearing. Six
use only load-bearing cross walls, while five can use either exterior or
interior load-bearing walls (Table 3). When interior load-bearing
walls are used, the facade panel can be non-structural and thus less
costly. Such a system tends, however, to break the building into a
series of pigeon holes, thereby limiting flexibility in functional use of
space. On the other hand, making the facade wall load-bearing allows
more flexible floor plans for individual flats but results in a heavier,
more costly facade. Systems that can use either type of load-bearing
wall interchangeably permit the architect to choose the optimum
balance between flexibility and cost advantage.

While use of industrialized methods to construct the structural
framework of a building is basic to an industrialized building system,
the opportunities for cost reduction presented in this part of the
building operation are limited. The structure is comparatively simple
from a design point of view, and uses relatively little skilled labor in
the construction process.

As regards mechanical and sanitary utilities, it is common practice
in Eastern Europe to design many parts, such as kitchen and bathroom
facilities, as separate core units without reference to a particular
project. Cores are then carried in catalogs, ready for order. West
European systems have not followed a uniform practice in this respect.
Fewer than half of the selected systems provide for complete pre-
fabrication of mechanical and sanitary cores (Table 3). Although
the weight, size, and complexity of such cores militate against their
complete prefabrication, a few systems, e.g., the Swedish Skansa and
the French Camus, do use them. Ten West European systems install
only pipes and conduits in prefabricated walls and floors, leaving
fixtures to be installed on-site by conventional methods.

Two major approaches have been adopted in design of industri-
alized buildings: the "model" approach and the "component" ap-
proach."6 The model approach consists in the design, production and
erection of the whole structure as an end product. It offers a compara-
tively limited choice in design at any one time, since the emphasis is
on achieving mass production of those models regarded as most
important. The principal exponent of this approach has been the
U.S.S.R.

'5See pictures and detailed exposition, Appendix. pp. 63-67.
' R. Walters, General Prneincples for Industrially Made Building Components, paper for

United Nations, Economic Commission for Europe, Second Seminar on the Building-
Industry, held in Paris, April-May 1967 (HOU/INDUSTRY/B. 13) (Geneva, 1966), p. 5_
This Seminar will be cited hereafter as Paris Seminar.
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The model approach is based on a design technique called "typifi-
cation". Typification involves first the preparation of standard plans
for various types of buildings, and second the preparation of stand-
ardized structural units and building products which are in turn in-
corporated to the greatest extent possible in the typical building
designs."7 By concentration on type rather than on individual designs,
a close collaboration is achieved between client (developer), designer,
manufacturer of building materials and building organization.'s By
fixing design for a definite period of timne, the economies of large-scale
production can more fully be achieved.

The component approach to industrialized building consists in
standardizing the design and production of construction components,
leaving to the ultimate user the decision how these are to be combined
in a complete structure. Component systems may be open or closed.

Open systems are characterized by acceptance of a common set of
standards, particularly in regard to coordination of dimensions and
joints. In such systems the functions of building design and con-
struction are handled separately. Architects may use either the pre-
designed components or custom materials to design different kinds of
buildings. Thus, interchangeability of components is the key feature
of open systems. Of the systems selected, the British Nenk and French
Camus most closely approach being open.

In closed component systems, much like in the model approach, the
functions of design and construction are combined in an integrated
operation. The components of one system are unique to that system and
are not used with any other system. Moreover, each system has its own
method of joining components. Thus, basic cost competition is among
systems, not among designers. Typical of systems, which may be com-
pared to making buildings in kit form, are Estiot and Tracoba in
France and Reema in England.

Most component systems in Western Europe are closed and are of the
panel, rather than the box, shape. Several, e.g., the Dutch BMB, employ
large panel units weighing more than two and one-half tons, while
others, e.g., the Danish Jespersen, use smaller panels weighing less
than two tons. Increasing component size theoretically makes it
possible to eliminate more on-site operations and, consequently, to
achieve greater economies from mass production. Decreasing the size
of units tends to increase design flexibility but also to increase cost.
The Jespersen system has been particularly effective in using small
panels without incurring unacceptably higher costs (See Appendix,
pp. 28-33).

It is increasingly apparent that in order to obtain the full ad-
vantages of industrialization there must be increased interchange-
ability among different open systems."' The French Government, an
early pioneer in promoting industrialized building, is now encouraging
the movement from closed to open systems. 20

17 National Monograph of Czechoslovakia, Prague Seminar, Vol. II, p. 293.is J. Bogusz, Rapporteur from Poland. ibid, Vol. I, p. 43.
'a V. Cervenka, The Use of Industrially Made Building Components, HOU/BUILD/27/Add. 3, Paris Seminar, pp. 52-5a.
2° National Monograph of France, Prague Seminar, Vol. II, 379.
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0. STANDARDS OF COMFORT

Minimum space standards for housing tend to vary inversely with
the gravity of the national housing situation and directly with the
general level of economic development in the country concerned. Post-
war European trends in the average useful floor space per dwelling
are shown in Figure 1. In ~Western Europe the average useful floor
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space per dwelling has been greater than in Eastern Europe, with the
highest level being in The Netherlands and the lowest being in the
UR.S.R. Denmark has shown the most rapid rate of increase.

The U.S.S.R. presents a special case. Timothy Sosnovy has calcu-
lated that the U.S.S.R. urban population increased from 21.6 million
in 1923 to 74.5 million in 1950, while over the same period the stock of
urban dwelling space rose from 139 to 297 million square meters and
space per capita fell from 6.4 to 4.0 square meters. While war damage
and the interruption of construction occasioned by the war were
obviously major factors in explaining this decline, another major
factor is to be found in the generally low priority which housing
occupied in the national investment program. On this basis Gregory
Grossman in a foreword to the Sosnovy study suggests that in effect
the Russian Government was able to obtain two years of industrial
investment by permitting a reduction of some 40 per cent in the
housing standards of urban workers.2 ' This background helps to ex-
plain the importance which the U.S.S.R. has attached to its national
housing program during the late 1950's and the 1960's and in par-
ticular the vigor it has applied to the industrialization of the building
industry.

D. PRODUCTION PLANNING

Production planning is an extremely important factor in ensuring
the success of industrialized building. If planning is poor or inade-
quate in a conventionally produced project, any economic loss is
minimal, since such projects generally involve only a small number of
units. But in a mass-produced system, the economic loss can be serious
because of the substantial investment required in prefabrication plant
and in large scale projects often involving many thousands of units.

In Czechoslovakia there is a 10 year cycle for development and
exploitation of a single model. Five years are devoted to research,
testing, and overall planning; the other five years are devoted to
production. During the second half of one cycle, the development of
new models for the next cycle is undertaken.22 The U.S.S.R. follows a
similar pattern.

In the centrally planned economies, production planning of indus-
trialized building systems also has a second and broader aspect as an
element in national economic planning. For example, the industriali-
zation of construction in Czechoslovakia is being carried out in two
phases. The first phase during 1962-1970 is characterized by the
mechanization of all building operations and the introduction of
partial automation. The second phase during 1970-1980 will be devoted
to extension of automation and program control and evaluation
throughout the construction industry.23

Because of their different economic approach, coupled with the
absence of government-sponsored typification programs West Euro-
pean housing ministries have generally not become involved in pro-
duction planning. One exception is the United Kingdom, where the
Ministry of Public Building and Works has developed an open build-

2t Timothy Sosnovy, The Housing Problem in the Soviet Union (New York, Research
Program on the USSR, 1954). Foreword.

22 National Monograph of Czechoslovakia, Prague Seminar, Vol. II, p. 287.
23Ibid., p. 297.
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ing system, the Nenk. This system is founded on modular coordination
which is the fundamental basis for an optimum industrialized building
operation. The 5M CLASP system, developed by the British Ministry
of Housing and Local Government is an open low-rise system avail-
able for use by private developers. It is particularly interesting because
the government charges private bodies 0.25 per cent of the construction
cost in order to recoup development expenditures. 2 4 Other West Euro-
pean Governments have offered financial incentives to promote private
long-range production planning.

E. PRODUCTION ORGANIZATION AND OPERATIONS

The process of industrialization of European building methods
has been promoted by organizational concentration and increased
scale of operation.

In the centrally planned economies, the principal means of achiev-
ing unity of operations has been the setting up of "combines" that
carry out the functions of both the prefabricated component factory
and the building organization which assembles and finishes the struc-
ture. The amalgamation of all these functions into a. single construction
combine ensures continuity of the production process from the manu-
facture of the components right up to the moment when the occupant
takes possession.25 It also provides for an effective feedback of short-
comings in building methods that can be corrected, a feature that is
not as well developed in West European systems. Recent Czech experi-
ence demonstrates that there are, however, limits to the efficient size
of these combines.2 6

In Eastern Europe there has been a far-reaching reorganization of
the construction industry toward larger firms.27 Individual national
enterprises employ as many as 15,000 persons, while the labor force
in factories producing components varies according to the type of
product.28 In Hungary, during 1951-1961 the number of national
undertakings was reduced by more than 50 precent (from 324 to 153),
while the average number of persons employed per firm almost doubled
(from 573 to 1,000). During 1961-1963, the number of independent
building firms was again reduced from 152 to 129, with accompanying
increases in the staff employed.2 9

The trend toward concentration is also evident among industrialized
building firms in West European countries. It has not advanced as
far, however, because the instability and the uncertainty of the market
have tended to limit the size of firms and factories below the optimum
(see Chapter V).

While industrialization has promoted a vertical concentration in the
building industry, it has also stimulated greater specialization in
order to achieve precision in the prefabrication of all types of compo-
nents. In Czechoslovakia, narrowly specialized factories are being built
completely independent of the construction industry to produce a wide

24 W. L. Hooper, "Mission Report" (Washington, D.C.: Office of Science and Technology,
1967), manuscript, p. 18.

2 National Monograph of the U.S.S.R.. Prague Seminar, Vol. III, p. 661.
2 V. Cervenka. "Organizational Measures Ensuring Industrialisation of Building In

Czeehoslovakia" in Towards Industrialised Building, op. cit., pp. 15-16.
27 Prague Seminar. Vol. I. P. 248.
2S National Monograph of Czochoslovnkla, Prague Seminar. Vol. II, p. 279.
2D National Monograph of Hungary, ibid., Vol. II, p. 410.
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range of prefabricated components, such as plumbing cores and wall
panels. These components are generally made of fuTly finished ma-
terials that can be transported economically over rather long
distances.30

A similar trend toward specialization in the fabrication of com-
ponents exists in Western Europe. Some panel manufacturers (e.g.,
Larsen and Nielsen) have used their idle capacity to produce com-
ponents for sale to other firms. One of the significant results of
specialization in the production of building components has been the
increasingly large market possibilities for international trade in these
items. Growing international agreement on dimensional coordination
based on the 10 centimeter module will further encourage both special-
ization of production and trade.

There is considerable flexibility in the type and size of prefabrica-
tion factories as shown in Tables 10 & 11. In urban areas most off-site
plants tend to be highly mechanized and automated. Their cost gen-
erally runs between $500,000 and $1,000,000, depending on the sophisti-
cation of equipment such as use of steam-heated molds or pneumatic
lifting devices. A Larsen and Nielsen factory with an annual capacity
of 1500 flats costs $896,000.31 Seven on-site and off-site factories are
described in the Appendix.

In the U.S.S.R. centrally located factories are larger and involve a
proportionately greater outlay of capital. A typical block box plant
produces some 3500 flats per years. In less densely populated areas, thc
Soviets use smaller portable plants located at the building site in order
to avoid the prohibitive cost of long-distance transport. The equipment
cost of a Russian on-site plant producing 600 flats per year is reported
to be $84,000.32

West European systems, such as the French Costamagna, Barets and
Tracoba, also use relocatable on-site plants to fabricate wall and floor
panels. A Costamagna on-site plant costing $62,000 produces sufficient
panels for at least 500 flats each years.33 On-site plants are generally
less mechanized than centrally located factories. The most significant
difference, however, is that central factories, unlike on-site plants, can
produce sophisticated kitchen/sanitary cores as well as wall and floor
panels.

Factory crews in a highly mechanized and automated central pre-
fabrication plant tend to be small. In a typical mechanized Russian
panel plant there are two shifts of sixteen men each, as compared to a
fifteen-man crew in a highly automated Danish Jespersen plant and a
twenty-six man crew in the less mechanized British Truscon plant.54

F. ERECTION PROCEDURES

Probably the most promising opportunities for cost reduction are in
streamlining and reducing on-site operations. Consequently, indus-
trialized systems have stressed the development of new plans for work
programming and organization that can complement the efficiency of
the factory assembly line.

8° Natlonal Monograph of Czechoslovakia, ibid., Vol. II, p. 289.
1 Dlamant. op. cit.. Vol. I, p. 79.

Ibid., Vol. I. p. 125.
wIbid., Vol. DI, p. 18.
31 Ibid., Vol. II, pp. 13-15, 40-41.
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The first major innovation has been in developing the "flow-line'=
method. In this method, construction is divided into a series of opera-
tions, each of which is undertaken by a separate team at a specific
work station.35 Insofar as possible, the performance time at each work
station (or spot on the construction site) is made as nearly as possible
the same for all teams. In the simplest case, therefore, after the first
team has completed its job at the first work station the second team
begins at the first work station and the first team moves on to begin
work at the second work station. The teams thus operate in a continu-
ous fashion, with an interval between starting times being equal to the
constant performance time, that is, cycle time per station. The method
is being widely followed throughout Europe.

A second major change has been the greatly increased use of mechani-
cal power on the work-site. While this trend is also associated with
rationalized traditional construction, it has been suggested by one
European expert that perhaps the increase in mechanical power is the
best practical measure of industrialization of the work-site. 36

A major index of mechanization is the utilization of tower cranes.
Table 5 shows the increase in the number of tower cranes from 1955 to
1962 in selected European countries. A tower crane is generally either
mounted on a rail track so that it can traverse the building site or
mounted in a stationary fashion within the building. It is then referred
to as a "climbing crane" since it goes up with the building.

TABLE 5.-NUMBER OF TOWER CRANES IN USE IN SELECTED COUNTRIES, 1955-62 1

Tower cranes per
Number of units in thousand units in-

Number of tower multidwelling multidwellinsg
cranes in use structures completed structures completedCountry and year

Bulgaria:
1955 5
1961 -- - - - - - - - - - - - - - - - - - -

Czechoslovakia:
1955 -- - - - - - - - - - - - - - - - - - -
1962

East Germany:
1955,
1960,

Finland:
1955 -- - - - - - - - - - - - - - - - - - -
1962

France: 1962
Hungary:

19 54,
1961 -- - - - - - - - - - - - - - - - - - -

Poland:
1956 -- - - - - - - - - - - - - - - - - - -
1961,-- - - - - - - - -- - - - - - - - - -

Sweden:
1955,-- - - - - - - - - - - - - - - - - -
1962

U.S.S.R.:
1955 5
1962

West Germany:
1955 5
1961,

19-
31 14,688 2

2 527
3,908

33,902
58, 089

75.
67

168 ,
1,257 80,500 16

35 -
550 23 562 16-

12,000 194,607 62

93 2 38,400-
123 267,500

818
1,895

280
1, 200

28, 900
67, 000

4,441
15, 547

62 652
90,846

40,896
50,317

619,920
1,528,100

301, 336
277, 134

21

7
24-

47
44

15
55,

i United Nations, Economic Commission for Europe, Prague Seminar, vol. 1, p. 112.
2 Represent total dwelling units.

s P. Bredsdorif'. Production and Aseembling of Industrially Made Building Components,
Paris Seminar (HOU/INDUSTRY/B.15), (Geneva. 1967), pp. 18-23.

se G. Blachere, Prague Seminar, Vol. I, p. 54.
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Use of modern cranes and hoists allows an increase in component
size. Loads of two tons in Western Europe and 4 tons in Eastern Eu-
rope are generally considered to be most economical.3 ' To handle
heavier components requires use of costly gantry cranes traveling on
specially laid tracks.

Utilization of crane equipment is also important. In Bulgaria, stud-
ies show that crane utilization time must reach 60 per cent to cover
costs.3 8 In Russia, blocks of flats constructed of heavy boxes are erected
back to back to allow for more efficient crane use.39 The Swedish Ohl-
son and Skarne project at Nasbydal is composed of eight buildings
located around the rim of an elipse, so that a traveling crane on a
track forming the rim may move from site to site. (See Appendix, p.
40.)

A third important change has been the institution of schemes for
training on-site workers to apply industrialized methods. Practically
all of the highly developed countries have set up training schemes for
assemblers, who tend to be multi-skilled workers capable of taking on
highly specialized, though lower-skilled, work. Accelerated training
courses for machine operators, supervisory staff, and technicians are
also increasingly common. 40

The rationalization of on-site operations has, as might be expected,
greatly speeded up erection time. Some known erection times are as
follows: 2 weeks for 136 flats in the Russian block box system; one
week for 12 flats in the French Barets system; one and one-half weeks
for 16 flats in the British Truscon system; one month for 100 flats in
the French Estiot system: and 35 days for 63 flats in the French
Sectra system. Data are not available concerning either the relative
sizes of the work forces on these projects or the time required for fin-
ishing once the erection is completed.

G. EVOLUTION IN POSTWAR BUILDING PRACTICES

In broad terms, it may be said that prefabrication is passing through
a three-stage evolutionary process.4 1 During the first stage in the early
1950s, prefabricated building often cost more than conventional con-
struction. Nevertheless, it was believed necessary and desirable to push
ahead with industrialized methods, not only to supplement traditional
methods but also to reach a level of technology and a scale of produc-
tion that would bring about the hoped for reduction in total costs.
During this period, national and local authorities intervened in the
building process, not only to assure continuity in demand but also to
backstop programs of research and production in a wide variety of
ways-for example, by loans, interest subsidies, capital subsidies spe-
cial forms of contracts (such as serial contracts and negotiated con-
tracts), fiscal exemptions, and establishment of reserved sectors for
public housing.

The second stage, during the late 1950s and early 1960s, was charac-
terized by a weeding out of many systems that were found to be non-

37 Diamont, Vol. II, p. 39, and J. Franek. op. cit., p. 24.
3 G. Ganev, Rational Coefficients in the Use of Ereeting Mechanisms with Respect to

Their Housing Capacity", in Towards Industrialised Building, op. cit., p. 250.
G3 Diamant. op. cit., Vol. II. p. 126.
45 International Labor Office. The Social Aspects of Prefabrication in the Construction

Industry (Geneva, i96Sl. Ch. TX.
"1United Nations, Industrialization of Building (E/C.6/36) (New York, 1965), pp. 29-31.
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competitive and not accepted by consumers. At the same time, those
that proved successful were consolidated and given further support.

In the third stage, the late 1960s, concerted efforts are being made
to apply scientific methods to the engineering design, production, dis-
tribution, and erection of prefabricated structures, with the goal of
bringing total industrialized building costs to a level significantly
lower than conventional building costs.

II. TECHNOLOGICAL CONSIDERATIONS

As engineers, architects, planners and production managers set about
in postwar Europe to industrialize the building industry, they were
confronted with a number of technological questions. Is an industrial
technology really applicable to building? In striving to apply such a
technology, is building construction really attempting the impossible
by trying to emulate the production techniques of the automobile in-
dustry? Do conventional methods have a survival value because they
are most efficient in meeting the special locational problems of the
building process that other .types of industry do not have to meet?
European experience provides some provisional answers to these
questions.

Technological problems fall into two main categories: product tech-
nology and building systems technology. This chapter is divided
accordingly.

A. PRODUCT TECHNOLOGY

There are a number of unresolved issues regarding the choice of
materials suitable for industrialized building. Wood is scarce in
Europe, and Europeans do not consider it suitable for structural use
in multistory urban construction. Currently, silicate and clay-based
materials-chiefly concrete, but including structural clay products-
occupy a dominant position in European industrialized building sys-
tems. The question arises: to what extent is it desirable to shift to
components based on metal and plastics that may have less weight,
more efficient insulating properties, better surfaces, and greater possi-
bilities for mass production? 42 Concrete has demonstrated consumer
acceptability; it compares well with traditional thick stone walls and
further is fire-resistant. Metals and plastics, being higher priced and in
greater demand by other industries, have yet to be widely used as a
principal material in European building systems.

In European research and development on building materials, con-
crete has received the most attention. It is easily formed into different
shapes. The chemical process of curing has been speeded up by addi-
tives and special heating techniques so that components can be taken
out of molds within short time-intervals. Innovations in prestressing
techniques, while not yet widely used in panel construction, have
yielded a great increase in tensile strength, with sharp reductions in
concrete mass. Successful development of light weight concrete has
both facilitated the transportation of pre-formed elements and in-
creased their workability on the job site. Thus, although much re-
search remains to be done, it can reasonably be concluded that prob-
lems in concrete technologov no longer pose fundamental difficulties for
the industrialization of building methods.

2 V. Cervenka, Prague Seminar. Vol. I, p. 18.
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B. BUILDING SYSTE1S TECHNOLOGY

Once the problems of product technology have basically been mas-
tered, the second stage in the evolution of industrialized building
processes involves the development of a building systems technology
that promotes industrialization. In the past, three central features of
the traditional organization of the building process have tended to
discourage industrialization: (1) proliferation in building parts and
supplies: (2) limited materials-handling capacity of hand tools; and
(3) individualized site-operation schedules. The postwar world has,
however, witnessed a lessening of these obstacles-even within the
conventional sector.

The extreme proliferation in traditional building materials and
equipment is well known. For example, it is estimated in France that
there are several hundred different types of piles and bricks, 200
models of doors, 60 models of bath tubs, 1,000 models of faucets, and
52 different types of flap seats for toilets.43 In the United Kingdom,
a study has shown that there are about 200 separate dimensions for
existing standard components between the intervals of 0 and 100
inches. Generally, there is a lack of dimensional order among different
groups of components, both in the actual sizes used and in the rela-
tionships between the siZes.44 Clearly, the lack of standardization in
building supplies is a deficiency that admits of a ready remedy,
namely dimensional coordination. 45

Dimensional coordination is a system that reduces the dimensions
of all building components, and of buildings themselves, to multiples
of one basic dimensional unit-the basic module. The module must
be small enough to provide the necessary flexibility in design. but
large enough to promote simplification in the number of sizes for
various components. Dimensional coordination based on a module of
10 centimeters has been widely promoted in Western Europe through
the European Productivity Agency and the International Organiza-
tion for Standardization, in Eastern Europe by the Permanent Com-
mittee on Building of the Council for Mutual Economic Aid, and for
all of Europe through the Committee on Housing, Building and
Planning of the United Nations Economic Commission for Europe
and the International Council for Building Research, Studies and
Documentation (CIB). While international agreement on all details
has not yet been reached, the 10 centimeter module is already widely
used throughout Europe. The development of dimensional coordina-
tion has provided the industry with a system that facilitates indus-
trialization and moreover provides the basis for interchangeability
among various component systems. It is also an important factor in
promoting international trade in building materials and components.

The second non-industrial feature of traditional building. the
limited materials-handling capacity of hand tools, has been completely
altered by postwar developments. Not only have trucks been developed
that can easily transport large, box-sized components from the factory
to the worksite (see Appendix pp. 13, 36 and 67) but, as indicated in
Chapter I, tower and rail cranes with a lifting capacity of 100 foot-

43 American Embassy, Paris. Airgram A-1716. March v. 1966.
' European Productivity Agency, Modular Coordination in Building (Parts: Organization

for European Economic Cooperation. 1956), p. 54.
Uc Lennart Bergvall, Modular Coordination in Building (ST/SOA/62) (New York: United

Nations, 1966).
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tons are commonplace on worksite throughout Europe (see Appendix,
pp. 10, 12, 23, 40 and 62).

Finally, individualized site operations schedules in traditional build-
ing have been an impediment to the development of a modern building
systems technology. If introduction of prefabricated components ac-
tually increases the complexity of the conventional building system,
or if work gangs cannot be efficiently organized on the building site to

-assemble components without adjustments, then the economies of in-
dustrialized production of the components may be cancelled out by
the inefficiencies of non-industrialized techniques on the building site.
Means are available, however, to avoid such inefficiencies. The twen-
tieth century managerial revolution that has swept the industrial world
in general lhas, during the postwar period in Europe, also penetrated
'onsite operations in the building industry through the use of, among
others, the critical path and flow-line construction methods.

Following the flow-line method, management has, as discussed in
Chapter I, divided construction into a series of operations, each of
which is undertaken by a separate team. 46 Eventually perhaps a basic
principle in modular design will be to develop operational alternatives
that are compatible with and facilitate the division of the construction
process into equivalent work contents. In this way, the optimum allo-
cation and use of production resources can be assured.

*While postwar technological and managerial developments have
combined to promote adoption of industrialized building methods,
there is still one outstanding unresolved technological problem, namely
that of joints. For any given function, a variety of components of
different design systems and of different materials should be available,
each perhaps with different tolerances and safety margins. But in or-
der to bring such elements together successfully, methods of on-site
jointing need to be developed that will serve the same function as
mortar in traditional building. Such methods will allow the designer
to bring together the components of his choice without having to make
special arrangements with the manufacturer, and the manufacturer
in turn will be free to develop new types of components without being
tied to the limitations of a particular building system.4 7

In the absence of satisfactory low-cost dry jointing techniques, most
European concrete building systems still use wet joints, that is, grout.4 8

These joints pose two principal difficulties: first, they slow up erection,
particularly in damp and cold weather, in waiting for the joint to
gain structural strength; and second, subsequent moisture penetration
creates difficult maintenance problems, particularly in the case of com-
ponents with wide tolerances. Consequently, a fully satisfactory build-
ing systems technology awaits the development of an effective and
economical means for dry jointina. 'thile comparatively little research
has as yet been done on dry joints, the United Kingdom in particular
is planning to concentrate future efforts on their development.

Experience would seem to demonstrate, therefore, that except for
jointing the main problems of developing a building systems tech-
nology have been resolved. The development of this technology, both

4e See sbove. p. 29.
47 R. Walters. Prague Seminar. Vnl. I. p. 2R.
is Some typical concrete wall joints are illustrated in the Appendix for the Costamagna,

Jesperson, and U.S.S.R. Light Weight Box Systems.
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in the factory and on the work site, is most advanced in Eastern Eur-
ope. In Western Europe, the large number of competing closed build-
ing systems has made it. possible to test readily a wide range of tech-
nological alternatives. The rationalization that is an essential condition
for interchangeability of components among open building systems
has not yet taken place.

III. SPECIAL DESIGN PROBLEMS

Having seen in the previous chapter that there are no fundamental
technological constraints on the expansion of industrialized building,
an examination will now be made of the special design problems
created by use of industralized building systems and the possible solu-
tions that have been worked out or are emerging. There are four ma-
jor design objectives to consider: (1) achieving harmony within
housing projects; (2) ensuring compatibility of housing projects with
nature and adjoining neighborhoods; (3) ensuring that the projects
make a significant contribution to the cityscape; and (4) creating well
integrated new towns.

While urban construction utilizing conventional methods has by no
means always been successful in realizing these four objectives, it is
nevertheless largely free from some of the design constraints that are
implicit in the ue of industrial technology. The greater the number
of buildings using the same construction system, the larger the size
of components, and the fewer the alternative components in terms of
texture and material, the more difficult is the design problem. Design
of existing industrialized housing projects has often fallen short of
overcoming these constraints.

A. HARMONY WITHIN HOUSING PROJECTS

Experience in designing industrialized projects has shown that sev-
eral major principles govern the degree of harmony that is achieved
within a project. The first is that variety is essential in the design of
a single industrialized building. It can be accomplished in various
ways. Changing one of the dimensions of the standard elements gives
variation in shape. Variation in texture can be obtained by introduc-
ing regular or irregular patterns into the mold facing, and variety of
color can be achieved by simple addition of color to the concrete or by
inserting a new material into the forms at the time of casting.

Second, disturbing repetition must be avoided in the grouping of
buildings contained within one urban space. It is necessary to achieve
a certain coherence within a variety of building volumes and forms.
That is, everything should be subordinated to one central organizing
theme, so as to give the impression of correlated movement. From this
coordination each building and group of buildings derive a personality.

Third, the development of special areas such as courtyards, gardens,
squares, alleys, walks, and greenbelts is essential. Not only do they re-
lieve the relative barrenness of man-made materials, but they perform
a necessary function in helping to integrate the various segments of
the project into a harmonious whole.

Finally, there is a counterbalancing principle of avoidance of too
much variety in shapes and masses. Excessive contrasts between shadow
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and light, between various colors, and between large and small shapes
lead to confusion and chaos that produce visual fatigue.

During the early stages of development, industrialized housing
projects often suffered from great rigidity in design .4 Examples of
such rigidity are the multi-family projects at Behren and Farebers-
ville, France, constructed with the Camus system. These projects,
composed of 5,200 units in four story blocks, were begun in 1954. While
the design of their master plan followed an interesting two-dimen-
sional pattern, its failure to take into account the third dimension
resulted in an overall monotony. 5 0 In Eastern Europe, industrialized
housing projects constructed in the early rigid forms of typifica-
tion displayed a drabness that has been widelv criticized not only in
foreign circles but also within the U.S.S.R., Hungary, and Czecho-
slovakia.5 ' A conspicuous example is the series of 10-story blocks in
Plazen, Slovby, Czechoslovakia.52

More recently, large-scale industrialized projects in Invalidovna,
Czechoslovakia; Salgotarjan, Hungary; Nowe Tychy, Poland; Val-
ling by Sweden; and Ghiorgiu-Dej, Rumania, and smaller scale, less
industrialized projects in the Netherlands and the United Kingdom
have succeeded in achieving a greater degree of harmony within the
project.

B. COMPATIBILITY WITH NATURE AND ADJOINING NEIGHBORHOODS

Another major criterion of good urban design is that the project
must be compatible with nature and the existing neighborhood. Indus-
trialized building presents substantial problems in this respect for
two major reasons. Since industrialized projects tend to be much
larger than conventionally built projects, the sheer size of the mass
magnifies the problem. Also, the size of elements and the kind of
materials used in large panel construction tend to diverge from those
found in neighboring communities built according to conventional
methods. Therefore, special attention needs to be paid to several basic
principles.

First, compatibility may be provided by continuing into the fringes
of the new project the materials used in the existing community. For
example, if brick predominates in the existing community, the use of
brick facing in the panel construction helps to integrate the two. Then
as one moves into the heart of the new project these materials can be
dispensed with.

Second, effective transition from the existing to the new community
can be achieved by varying the scale of the elements. If in the existing
community small elements dominate, then some similar elements might
be introduced into the industrialized construction in the area of con-
tact between the two developments. In the interior of the project the
quantity of these elements can be reduced.

Third, landscaping is an important factor in facilitating the transi-
tion from the existing community to the new project. Open spaces,

49 Guy Oddie, "The Future-Can We Face It?", The Architectural Review, November
1966, p. 322.

6° France, Ministere de la Construction, "Behren and Farebersville", Urbanisme en
France (Paris, undated).

5' M. D. Chagin, "The Use of Industrially Made Building Components", paper for Paris
Seminar, Document 49, pp. 3-4; National Monograph of Hungary, Prague Seminar, Vol. II,
p. 414: National Monograph of Czechoslovakia, ibid., pp. 290-1.

52 Jiri Franek, op. cit., p. 55.
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continuity of greenery, and utilization of the same types of tree or
shrubbery planting are useful means of achieving compatibility.

Finally, particular attention needs to be given to the transition in
function. If the project is large, inclusion of social amenities such as
shopping facilities, schools, and community centers may be useful in
helping to integrate it with the adjoining community. Placing such
facilities on the border between the new and old areas may tend to
establish an artificial line of demarcation, whereas placing them just
inside the new project gives them an integrating role in community
life.

Special problems, the solutions of 'which require highly skilled
designers, are presented when contemporary projects are rocated close
to historically important sectors of a city.53 Two successful examples
of wedding the new with the old are to be found in Florence, Italy,
near the church of Santa Croce and in Nowe Tychy, Poland, at the
square in front of an 18th century church.

C. THE CONTRIBUTION OF HOUSING PROJECTS TO THE CITYSCAPE

Residential areas constructed by conventional methods tend to grow
in a piecemeal manner and often produce a chaotic and exaggerated
variety in design. On the other hand, there is the danger that, because
of their size, large-scale industrialized housing projects will produce
monotony in the cityscape. This danger has become particularly acute
in some East European countries where industrialized housing projects
completely dominate city skylines. The application of certain princi-
ples is particularly important, therefore, to help insure that design of
industrialized housing projects contributes to rather than detracts
from the skyline.

First, design of a new project should help to develop urban spaces
around existing focal points. Focal points may exist in the natural
topography, such as hills, rivers, lakes and ravines; or they may be
man-made, such as cathedrals, public buildings, monuments, comner-
cial centers, and squares. One of the secrets of the architectural great-
ness of almost all old European cities is that they grew up in accord-
ance with this principle.54 Thus, if special care is not taken, large-scale,
high-rise industrialized construction may physically overwhelm and
destroy existing special features of the city.

Second, large industrialized housing projects may themselves create
new central points of interest in a city. When a project involves more
than 1,000 dwelling units, it has reached the scale where this poten-
tial can be realized. A skillful application of this design principle may
be found in the "la Defense" project in Paris, developed at the exten-
sion of the axis of the Louvre and the Champs Elysees, which in-
cludes accent towers and the dome of the Industrial Exhibition
pavillion.5 5 Another successful application is in the satellite town of
Lormont-Cenon-Floriac near Bordeaux, which is developing on
the hills across the river from the metropolitan center and is composed
of five clusters of residential towers.56

w See United Kingdom, Ministry of Housing and Local Government, Historic Towne,
Preservation and Change (London: HMSO, 1967), passirn.

m4 United Kingdom, Ministry of Housing and Local Government, op. cit., p. 29.
1s France, Ministere de la Construction, "La Defense", Urbanisme en France (Paris,

undated).

5 France, Ministere de la Construction, "Lormont-Cenon-Floirac", Urbanisme en
France (Paris, undated).
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D. NEW TOWNS

To cope with the rapid processes of urbanization, many govern-
ments have, concurrently with the restructuring of existing cities,
adopted a national policy aimed at the development of new towns. As
a result, new towns have often become a testing ground for planned
urban growth and the use of industrialized building systems. In these
towns the problems of urban design become very complex and different
from those presented by the addition of one new neighborhood to an
existing city constructed by traditional methods. The central question
in new town design is how to avoid monotony in the urban character
when all buildings use the same gray concrete as the basic material
and often use repetitive plans.

In Western Europe, the British new towns policy adopted after
World War II represents a significant advance in this field. The pro-
gramming, planning, design, and construction of the British new towns
constitute a completely new pattern of urban growth. Nevertheless, a
continuity with the character of old English settlements has been
maintained, with low height, low densities, and openess of design
composition. Furthermore, greenbelts, protected by legislation, help
to maintain the traditional English relationship between residence and
country. Some defects, such as the frequent drabness of the industrial
sectors and the far-from-satisfying character of the tall building, may
reflect the reluctance of local governments to assert their authority
over esthetic development.

Postwar new town developments have been less successful in France
where, following the government decision in 1950 to decentralize urban
growth, many housing projects of several thousand units each have
been undertaken in various parts of the country. While the economic
rationale of such projects was sound and interesting, and large com-
plexes of industrialized housing were built, the frequently mechanis-
tic character of their design created dissatisfaction, and the projects
seldom developed the social organization of a town. Moreover, the
rigidity of the square urban pattern used in their construction tended
to create a cold atmosphere, and the integration of the new communi-
ties with their natural surroundings has generally been regarded
as inadequate.

Among East European countries, the U.S.S.R. has built a number
of its new towns almost entirely by industrialized methods. While
Russian planners have succeeded in providing basic social facilities
in a well-integrated community plan, they have not as yet worked out
an altogether creative architectural solution to the special problems of
new towns. Contrary to their early contentions that communist society
would take a more appealing form than capitalist society, and to their
more recent professions that new towns should fit local conditions
from tundra to desert, Russian planners have made extensive use of
unimaginative standard layouts and standard buildings. Typification
has been extended to cover the bulk of new construction. Planners are
now planning cities for 500,000 people which will present even greater
problems. For example, Togliatti, the new town to accommodate the
Fiat plant scheduled to open in 1971, will be expanded from its 1966
population of 150,000 to 500,000.5'

w7 Ada Louise Huxtable, "Building the Soviet Society", Architectural Forum, November
1967, p. 38.
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Another type of architectural problem has arisen in the urban design
of the new towsn in Poland, Nowe Tychy. Here there has been too much
change in design principles between the initiation of the project in the
early 1950s and its completion during the 1960s. In the early stages,
architects relied on the classical forms of Stalinist Historicism, prob-
ably contrary to their own convictions, while in the later stages they
adopted the most advanced contemporary style."8 Even though variety
is desirable in individual structures, it is necessary to provide an over-
all urban design scheme in order to achieve a close interrelationship
among all parts of a new town.

Experience with industrialized housing has shown clearly the dan-
gers of excessive repetition in design. Generally, such repetition, par-
ticularly in Eastern Europe, stems from an overriding insistence on
achieving the largest total output and the lowest unit cost. On the.
other hand, the greatest measure of success has been achieved in design
when broadly educated, well-balanced professional teams are charged
with the design of buildings and town planning. Another key factor
has been to have administrators at national, provincial and local gov-
ernment levels who possess a deep understanding of the social and
physical aspects of urban growth.

IV. EcoNoMIc CoNsImERitTIONs

This chapter analyzes the major economic factors that determine the
relative cost structure of various European building systems. It ex-
amines the following seven major factors: the building system; the
level of technology; the density of the housing market; the scale of
plant; the structure of the building industry; the organization of the
work site; and working conditions. It then reviews and weighs the
postwar performance in these respects of both conventional and indus-
trialized systems.

A. MAJOR FACTORS DETERMINING BU1LDING COSTS

(1) The Building System
The building system plays a strategic role in determining costs in

many different ways. An important distinction was drawn in Chapter
I between "open" and "closed" systems. The principal advantage of
a closed system is that reliance on a single, exclusive design method
promotes unified management control over costs. By contrast, since
open systems provide for interchangeability of components in order
to introduce greater architectural flexibility, they tend to involve
some sacrifice in unified management control.

The number of models in an industrialized system is an important
cost factor. Some systems, particularly East European ones, have util-
ized comparatively few building models. Typification has, as indicated
in Chapter I, been rigorously applied in Eastern Europe in order to
maximize physical output at the lowest unit cost.

On the other hand, since West European systems must appeal to
consumers in competition with conventional construction systems,
most have tended to build a large number of relatively dissimilar

5SH. Adamezewska, Maistroprojekt Nowe TVchy 1955-196S (Hatowice, Poland, 196.5),
1paaaim.

25-808-69-8--
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buildings (composed, however, of standard individual apartment
models). The multiplicity of systems in Western Europe increases
greatly the variety of residential building types on the market as com-
pared to East European countries. For example, in France there are
at least eight major industrialized building systems, each having a
number of different apartment models. Since West European markets
have been relatively limited in size, the multiplicity of systems has
made it difficult to achieve the lowest possible dwelling unit cost and
still produce a wide variety of residential building.

The frequency and degree of change in models is a further factor
affecting costs. In Eastern Europe, it has been a common policy to
freeze models for periods of five years, while in West European sys-
tems, design changes have been more frequent. Not only are small
improvements constantly being introduced, but frequently systems
will be adjusted to a single large project. Since design change in-
volves an increase in overhead costs, the more frequent the change the
higher the unit cost. On the other hand, certain design changes in
new materials or a more efficient structural system may introduce
economies that will offset in whole or part the additional costs involved
in making the change.

Another important cost factor is the size and type of building
components utilized by a particular building system. For example,
if small-sized floor panels are replaced by larger units, a more
efficient use of molds and curing chambers can be achieved, with pro-
duction increasing by perhaps as much as 25 per cent. While materials
costs would rise in proportion to element size, overhead costs and
wages remain roughly constant.59 Similarly, changes in the facing
material, such as from concrete to ceramic tile, tend to increase costs.

The size and costs of production runs differ from one family of
components to another. In some production lines, e.g., automated con-
crete floor-panel factories, the set-up cost and delay time associated
with switching the line from one component to another are not
substantial. In other production lines using general purpose machinery,
e.g., window, door and curtain wall factories, the costs and delays
between production runs may be considerable.60

The design principles of the building system are a relevant cost
variable in still another way. Decisions concerning components and
jointing, for example, have a direct effect in developing the flow-line
work method on the building site, as discussed later in this chapter.
In fact, future designers of buildings based on assembly of components
may be obliged to take as one of their objectives the development of a
system that will facilitate the organization and control by production
engineers of operations on the building site.61 The development of
more complicated components which eliminate certain traditional
shaping and finishing operations onsite, such as plastering and paint-
ing, will reduce on-site labor requirements substantially.

60 P. Bredsdorff, Establishment of Component Factories and Design Production Systemsfor Assembly On-Site, Paper for United Nations, Economic Commission for Latin America.Seminar on Prefabrication of Houses for Latin America, Copenhagen (New York; UnitedNations, 1967), Working Paper No. 3, p. 9. Seminar cited hereafter as ECLA Seminar.60 Ibid., p. 9.
6' Ibid., p. 16.
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(2) Technology
The state of technology is a second important factor determining

costs; the more advanced the applied technology, the lower are the
unit costs. This principle has long been applied in the production of
many building materials, such as cement. But the special locational
aspects of the-building process have tended to thwart its application
to the remainder of that process.

In general, the more highly capital-intensive the technology, the
higher the level of output required to reach the break-even point. That
is, to pay off the rising investment costs of a centrally located factory
it is necessary to have a larger number of units to which an allocation
of overhead costs can be made. On the other hand, with higher sophisti-
cation in technology more compact and efficient machinery can per-
haps be developed, which will make it technically and economically
feasible to move factories from site to site in accordance with the
geographical character of the market.

The development of new technologies, such as extensive use of elec-
trically powered equipment, new vibrating techniques, the introduction
of fire-retardant plastics, and the use of chemical compounds as addi-
tives to other materials, may also assist in producing more complicated
and serviceable components at little or no increase in cost. More com-
plex technological innovations are difficult to implement, however; for
example, in Czechoslovakia, the prefabrication model BA using pre-
stressed concrete has been abandoned.e2 while the much publicized
Russian lightweight Ribbed box system with its special pouring
techniques for making thin elements is still in the experimental stage
after five years.63 Revolutionary technological innovations may be
longer in achieving success than most enthusiasts have maintained.

the development of computer controls will have far-reaching cost
implications for industrialized building. In several highly con-
centrated industries computer controls have been developed at all
stages of production. Resulting economies, such as achieved in the
cement industry, have been substantial. Raw materials costs have been
reduced power and fuel utilized more effectively, and the quality of
the final product held at exactly the specified level. Danish experience
suggests that it may be possible by means of an automated control
system in a large prefabrication plant, to produce and handle a large
range of components at low cost for substantial production runs.64

(3) Density of the Urban Market
Because of the large size, heavy weight and low value of most build-

ing components, transportation costs act as a greater market constraint
in the building industry than in probably any other industry. Ex-
perience in West European countries suggests that the maximum mar-
ket radius for a centrally located plant ranges between 20 and 65
miles. In Denmark, at existing levels of technology, heavy precast
systems are not competitive at a distance beyond 50 to 65 miles,65

C! Franek. op. cit., pp. 2.4-5.
53 Charles C. Zolliman, Study of Convrete Construction in the Soviet Union for Residential

and Commercial Buildings, June 1965. A Report by Zollman as Member of the American
Delegation on Concrete Construction (Washington, D.C.), p. 12.

I- Bredsdlorff. on. cit., p. 12.
Ca Denmark. 'Ministry of Housing, The Role of Government and Semi-Official Organiza-

tions in the Field of 1,,dustrialiSed Building (New York, 1967), ST/ECLA/CON-F. 27/L.2,
p. 13.
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while in France the competitive market radius for prefabrication
systems is roughly 30 miles.6e In the United Kingdom, the maximum.
efficient transportation distance appears to be 20 miles.e7 Increased
congestion on European highways will obviously reduce the geo-
graphicaT scope of the market for a prefabrication plant. If water
transportation is available, however, the distance may be extended up
to as much as 200 miles. The cost of transport per dwelling for a
journey of 100 miles in the United Kingdom is reported to be $280
for the Reema system, or about 5 per cent of total costs. Moreover, that.
system's experience suggests that the transport cost depends less o01
is capable of making.' 6

As regards the efficient marketing radius of centrally located plants
in East European countries, in Czechoslovakia it is 25 miles. The
country is supplied .by 36 principal factories.69 Thirty-seven per cent
of precast production is transported more than 60 miles, 22 per cent a
distance of between 30 and 60 miles, 15 per cent between 12 and 30
miles, and 26 per cent less than 12 miles.70 Transportation costs in
brick-and-cement construction for distances of 30 miles constitute
8.9 per cent of total housing costs, but for completely assembled pre-
fabricated construction they represent 10.7 per cent.71

The character and extent of urban settlement is, therefore, a crucial
factor in determining the market and production potentials for
industrialized building. If the size of the urban market for large-

panel concrete systems is large enough, the establishment of a centrally
located factory, such as found in the Danish Jespersen and French
Balency systems, may be practicable. If, on the other hand, the urban
market is not of a sufficient size and duration to justify the erection
of a centrally located factory, then industrialized building systems
may have to rely on demountable on-site prefabrication plants.

As new and better (and often lighter weight) materials become avail-
able and as the demand in affluent societies grows for higher quality,
higher value housing, the market possibilities for trade in building com-
ponents are substantially increased. In many cases, including Austria,
Belgium, Denmark, Finland, France, Italy, and Sweden, a steadily ex-
panding trade in construction components is developing among neigh-
boring countries. For example, the Heart Unit, composed of a com-
pletely prefabricated bathroom and kitchen unit, produced at Malmo,
Sweden, is occasionally shipped as far as 200 miles. In some countries,
such as Austria, Finland, France, Italy and Sweden, there is in addition
a small overseas demand.72 In Finland one firm alone has a capacity
of 10,000 wood dwelling units per year, of which only about 600 units
were produced for the domestic market in 1964.73

es Monograph of the National Building Federation of France, International Federationof Building and Public Works, The Social Aspects of Prefabrication in thte ConstructionIndustry (Paris, 1967), p. 3.
e7 D. V. Donnison, op. cit., p. 297.
s P. A. Stone, Building Economy: Design, Production and Organization (London: Per-gamon Press, 1966), P. 78.

'* 3. Franek, op. cit., p. 28. Assuming each serves a more or less equal number of people,there would be one factory per 400,000 people.
To Monograph of Czechoslovakia, Prague Seminar, Vol. II, p. 303.

71 V. Cervenka, op. cit., Annex, p. 4.
'2 Fragmentary data concerning international trade in prefabricated components is avail-able in United Nations, Economic Commission for Europe, Dimensional Coordination in

Building: Current Trends in ECE Countries (Geneva. 1966) see also United Nations Eco-nomic Commission for Europe, Proceedings of the Ad Hoc Meeting on Standardization and
Modular Co-ordination in Building (Geneva, 1959), E/ECE/361, pp. 96-119.7

3 Monograph of Finland, Prague Seminar, Vol. II, p. 369.
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A second form of trading relationship is the licensing of prefabri-
cation systems in foreign countries. Systems developed in Denmark,
France and Sweden are being applied under license in a number of
countries including Austria, Belgium, West Germany, Italy, Spain and
the United Kingdom.74 One Danish firm has licenses in seventeen
countries.75 Still a third type of international trade is the export of
complete prefabrication factories. For example, France, Poland, the
U.S.S.R. and perhaps other countries have exported such factories.
(4) Scale of Plant

One of the recent sigificant advances in the building industry
both in the industrialized and conventional sectors has been an increase
in the scale of production. This trend has been reflected in many
ways, such as the increase in the number of employees and in the
amount of investment per worker of construction firms, the increasing
specialization of building materials production, the movement to-
ward greater integration and coordination of management in all the
processes involved in construction, the establishment of continuous-
process prefabrication plants, and the undertaking of large-scale hous-
ing developments with integrated community facilities.

Scale of plant is a crucial factor in reducing unit dwelling costs
(Tables 6 and 7). In the Ukrainian Soviet Socialist Republic, doubling
the capacity of precast concrete component factories resulted in a

13 per cent reduction in cost, while a five-fold increase yielded a
25 percent reduction. In Czechoslovakia, a 66 per cent increase in
door-making capacity reduced costs by 15 per cent, a 150 per cent
increase in window-producing capacity yielded a 6 per cent cost sav-
ing, whereas a 10-fold increase in concrete floor panel construction
capacity achieved a 25 percent cost reduction. Studies of a more
limited character from certain 'West European countries indicate
similar trends.70

TABLE 6.-EFFECT ON UNIT COSTS OF CHANGES IN CAPACITY OF PRE-CAST CONCRETE COMPONENT FACTORIES
IN THE UKRANIAN SSRI

Annual capacity in cubic meters

Indicators 20,000 40,000 60,000 100,000

Cost of basic equipment -100 147 184.0 204
Number of workers -100 138 181.0 225
Output per worker -100 145 166. 0 196
Cost per cubic meter of output -100 87 82. 5 75

t United Nations, Economic Commission for Europe, "Cost. Repetition, Maintenance: Related Aspects of Building
Prices" (Geneva, 1963), p. 32.

A4 Analytical Report by G. Blachere, Prague Seminar, Vol. I, p. 224. See also Appendix.
t5M. Hartung Nielsen, "Htousing-Via Shortage to Exports", Danish Foreign Office

Journal, December 1964, p. 13.
6 TUnited Nations. Economic Commission for Europe. Cost, Repetition, Maintenance:

Related Aspects of Building Prices (Geneva, 1965), pp. 140-151.
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TABLE 7.-EFFECT OF SCALE OF PRODUCTION ON UNIT COST OF BUILDING COMPONENTS
IN CZECHOSLOVAKIA 1

Index of average unit costs for-

Sanitary core Concrete
floorSize of plant 2 Doors Windows I model 5 models panels

10 -(3) (a) 118 145 (3)50- ---------------------------------- (3) 106 (3) (3) (3)
121 (3) (a) (3) (3)100 -100 100 100 113 100166 -85 (3) (3) (3) (a)200------------------ (3) (a) (a) (0) 90240 -() 94 3) ) (3)400 ---------------------------------- (' (a) 94 107 (0)500 -(- (a) (8) (3) 821,000 -------------------------------- (3) (5) (3) (75100 corresponds to - 90, 000 0120, 000 610,000 715,000

IUnited Nations, Economic Commission for Europe, "Cost, Repetition, Maintenance: Related Aspects of BuildingPrices" (Geneva, 1963), P. 32.
2 Measured by index of annual output at full utilization of plant.
a Not available.
4 Doors.
&Square meters of windows.
aSanitary cores.
I Cubic meters of floor panels.

(5) Structure of the Industry
Even though in principle it may be deemed desirable to invest in ad-

vanced technologies, there Thay nevertheless be formidable obstacles in
the structure of the industry to the development of an efficient indus-
trialized building system. One requirement for achieving a low cost
product with a highly industrialized technology is unity of organiza-
tional control over all the relevant processes. Prior to the advent of
industrialization, this unity was conspicuously absent in the building
industry.

The traditional capriciousness of the market has been a major factor
not only in fixing a predominantly small-scale character on the Euro-
pean building industry, but also in leading to a fragmentation of
functions-design, building materials and equipment production, and
building operations-among separate entities. The test of survival
has in fact forced the construction sector to develop an adaptability
that is probably unique among major industries. Not only can conl-
ventional contractors escape the necessity of making large investments
in factories, as do employers in other industries, but in -many coun-
tries they are able to rent all or most of their on-site equipment. Fur-
thermore, in most European countries the principal contractor, or the
supervising engineer or architect as the case may be, is able to call
on the managerial and capital resources of many sub-contractors.
Consequently, entry into the construction industry has been relatively
easy in most countries, at the same time that the mortality rate of
firms has been among the highest of all industries.

The crucial point is, however, that while this adaptability has given
the industrial structure a certain strength and survival value, it has
lead to a fundamental weakness. Because of the industry's amorphous
structure, there is insufficient time normally to take full advantage of
innovation, development, and management-all of which then tend to
play a marginal rather than decisive role in efficiency of operation.77

77D. Bishop, The Economics of Indn8vtrialised Buildins (London: Building Research Sta-tion, Ministry of Technology, 1966), reprinted from Chartered Surveyor, 1066, Vol. 99,No. 4, p. 197.
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Furthermore, experience suggests strongly that good organization
and management are key factors in the success of industrialized build-
mg. Some contractors have succeeded with systems that have differed
but little from systems which other contractors have been most unsuc-
cessful in using.7 8 In fact some contractors maintain that the success
of industrialized systems is dependent more on organization than on
the method of prefabrication.79

As indicated in Chapter I, since World War II there has been a sig-
nificant restructuring of the European building industry, particularly
in East European countries. Larger capital investment, larger build-
ing enterprises, larger construction projects-all have contributed
toward more effective coordination within the construction industry
so as to achieve a greater unity of management. In Western Europe,
this development is less advanced, although efficient large-scale enter-
prises are now to be found in most countries.

This restructuring is most readily achieved under closed prefabrica-
tion systems, one of the chief features of which is the vertical integra-
tion of building functions. East European countries are well advanced
in this direction.

Under open systems, where integration is dependent on collaboration
of many different firms, successful restructuring of the industry is more
difficult. While wide-spread adoption of dimensional coordination,
as noted in Chapter III, will promote interchangeability of component
parts, various problems such as jointing and the availability of essen-
tial component parts may not be satisfactorily handled without con-
certed attempts, perhaps even under government auspices, to achieve
more coordination within the industry.

(6) Organization of the Work Site
The ultimate objective of an industrial technology in the building

industry is fairly simple to define in the light of experience with
highly sophisticated technology in industry generally.5 0 The objective
is to transfer all possible production from the work site to the factory
so as to eliminate most, if not all, processes of shaping, forming,
machining, surfacing and other finishing. On-site operations would
then consist of mechanically aided transnort and positioning of com-
ponents, and their assembly without need for on-site finishing.

The flow-line method of on-site construction is based on the division
of the production process into specific and simple tasks which are
carried out by specialized workers. This has been described by the
U.S.S.R. as follows:

"As a result of the large-scale use of completely prefabricated
standard dwellings, the most favourable conditions have been
created for organising building by the flow-line method. The con-
struction site becomes the assembly shop of the house-building
combine. The two operate together as a single continuous produc-
tion line. Specialised vehicles transport components to the assem-
bly site, working in co-ordinated rhythm with production and
assembly. Building production takes on the characteristics of in-
dustry to the greatest possible extent." 1

78 P. A. Stone, Op. cit., p. 73.
ROK. M. Wood. "ndustrialized Building". The Builder, May 24. 1963.

sO Per Bredsdorff. op. cit., p. 12. This section has drawn heavily on this paper.
In National Monograph of the Ukrainian Soviet Socialist Republic, Prague Seminar Vol.

LII, p. 649.
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In practice, however, certain traditional on-site functions will be
likely to remain. Excavation and other foundation work are forming
operations that will be difficult to eliminate completely. Furthermore,
handling and assembling may be expected to give rise to a certain
amount of damage to finished components. According to the experience
of the French Estiot system, 30 per cent of the wall panels have cast-
ing defects or are damaged in handling.8 2 This damage then either
requires final on-site refinishing or suggests delaying altogether certain
finshing operations until after on-site assembly, so as to avoid expendi-
tures on costly protective measures and repairs.

A systematic application of industrialized building techniques will,
therefore, involve a far-reaching change in the composition of the
on-site building labor force.88 But the inevitable decline in the number
of traditional building craftsmen has not meant a drastic dilution of
the over all skill-mix of the industry. In the first place, industrializa-
tion has increased greatly the demand for engineers, technicians, and
supervisory workers. In France the proportion of structural engineers
and supervisory workers rose from 7.8 per cent of the construction
labor force in 1954 to 10.2 per cent in 1962.84 In Poland it is projected
that the proportion of engineers and technicians will increase from 9.5
.per cent in 1960 to 14.5 per cent in 1980.8s

Prefabrication has also increased substantially the number of spe-
cialist laborers. While the level of skill is much lower, the higher
degree of specialization has in effect resulted in an important up-grad-
ing of the unskilled worker. Another important change in labor skills
is the growing demand for machine operators. In Sweden the number
of tower cranes rose from 50 in 1950 to 1,500 in 1963, yielding a ratio
of one crane for every 36 workers. Thus, some skills have profited at the
expense of others. In fact a new type of "multi-skill" worker has de-
veloped. In the U.S.S.R. it has been found necessary for a. worker to
learn the basic elements of a second or even a third trade if he is to be
capable of replacing other members of his team on the work site.86

As observed in Chapter I, the flow-line method of production has
been widely adopted in on-site erection, particularly in East European
countries. Such a system attempts to establish first, an optimal divi-
sion of labor among workers within a crew, and second, an optimal
division of labor among crews of workers.

In the flow-line method, the size of each crew is determined in such
a way that performance time per work station is as nearly as possible
the same for all crews. The work is usually planned as follows:

"(a) all the separate tasks, to be given to distinct operative-
teams or to different contractors. are listed ;

"(b) among the operations listed a key operation is selected,
i.e., the work for which a regular recurrence seems to be of pri-
mary importance (for example, the pouring of concrete walls and
floors into large forms), and the corresponding cycle time is fixed;

"(c) the whole planning of the different operations is then built
S2 See Apoendix, p. 20.
sa International Labor Office, Social Aspects of Prefabrication in the Construction In-

dstryl (Geneva. 1968). chapter VII.
s4 National Monograph of France, Prague Seminar, Vol. II, p. 387.
85 National Monograph of Poland. ibid. Vol. III, p. 535.
Be N. Pron and M. Drylov, "Osvoenie vtoryh Professij", Professional 'No-Techniceskfe

(Moscow), Vol. 20, No. 1, January 1963, p. 27.
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up around the rhythlin calculated, all the other operations being
arranged by sizing the teams concerned so as to enable them to
follow the same sequence." 87

Ideally, the size of the structural crew, that is the crew responsible
for assembly of load-bearing components, is fixed so that the materials-
handling equipment employed for vertical and horizontal transporta-
tion and positioning is utilized at near full capacity. Different
combinations of equipment and different degrees of its technical
sophistication must be considered.

A. Allan Bates suggests that a typical structural crew in the
U.S.S.R. is composed as follows: 1 panel assembler (crew chief), 2
panel setters, 1 welder, 1 welder's helper, 1 mason, 1 mason's helper, 1
crane operator, 2 crane slingmen, 2 ground laborers, ½2 site superin-
tendent, making a total crew of the equivalent of 12½, persons. A typi-
cal U.S.S.R. finishing crew is composed as follows: 1 carpenter (crew
chief), 2 carpenter's helpers, 2 plumbers, 1 plumber's helper, 2 elec-
tricians, 1 painter (usually a woman), 2 painter's helper, 1/4 site super-
intendent. making a total crew equivalent to 11%/4 persons. The normal
structural crew in the U.S.S.R. works as a compact, closely scheduled
team, while the finishing crew is usually scattered through a series of
adjacent apartments at any given time.88 A typical erection crew on
large panel construction in Bulgaria consists of four assemblers, two
concrete men, two machine operators, and one welder.8 "

The most efficient number of crews depends on the size and finish
of the components. If components are box size, fully finished and
equipped, then two crews may be most efficient. In the case of less com-
plex components demanding more specialized assembling operations,
the number of crews will be much higher.Y0 In normal U.S.S.R. prac-
tice, two finishing crews follow up one structural crew, all under the
supervision of a single site superintendent, who may be responsible for
simultaneous construction of several apartment. buildings.9 '

Assuming that the rhythm of work is not fixed by the output of
machinery or equipment a major management problem is to establish
a flowline that takes into full account the improvement curves of work
crews, that is curves which show the rate of production per unit of
time. Two phases may be distinguished-first, the operation-learning
phase during which workers acquire familiarity with the task and
when labor productivity increases rapidly; and second, the routine-ac-
quiring phase during which only gradual improvement of labor pro-
ductivity is attained through small changes in work methods and or-

ganization.92 Studies show that operational time is always greatly re-
duced in the early stages of the introduction of the flow-line method.

The problem is then how best to set up work schedules so as to take
into account the successive improvement of labor productivity result-
ing from repetition. Either the number of workers on a given team
may be held constant while the time for each unit of work is gradually

S7 United Nations, Economic Commission for Europe. Effect of Repetition on Building
Operations and Processes on Site (New York, 1965), p. 114.

ssA. Allen Bates. Low-Cost Housing in the Soviet Union. Typed Memorandum. 1967,
p.7-s.
SO B. Obretenov. "Improving the Oreanization of Assembly of Industrialized House Build-

Ing . In Towards Industrialised Building, op. cit., p. 2o0.
9 Bredqdorff. op. cit., p. 21.
9 Bates. on. cit., p. 6.

Il United Nations. Economic Commslsion for Europe. Effect of Repetition on Building
Operations and Processes On-Site, op. rit.. p. 10.
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decreased, or the time period may be held constant while the number
of persons on each team is reduced. While both procedures have been
used, the first is generally considered to be superior. A change in mem-
bership of the work team breaks the work rhythm and may actually
lower productivity. Furthermore, work breaks of any length of time,
arising for example from bad weather or delays in delivery of ma-
terials, also result in a significant loss of productivity.93

The improvement process is dependent on the nature of the opera-
tion. In simple operations with a minimum number of instructions,
there is a rapid increase in labor productivity and a stable operational
level is achieved comparatively quickly. As the complexity of opera-
tions assigned to a team increases, the improvement rate is slower. The
size of the work team and their experience in working together also
affect the rate of improvement. The smaller the team and the longer
the time the team has worked together, the more quickly the team will
reach a stable work rhythm.-

The reduction in building costs attributable to repetition has been
considerably greater in industrialized than in traditional construction.
A United Kingdom study of the effect of repetition shows a 33 per cent
improvement in productivity on industrialized building, compared to
an 8 to 12 per cent improvement on traditional construction.95

It is generally agreed that the keys to maximum productivity in on-
site operation are thorough pre-planning, careful organization, and
scrupulous maintenance of continuity of work.96

(7) Working Conditions
In all European countries, rain is an intermittent obstacle, and in

many countries winter is a seasonal deterrent to continuous, efficient
production on the site. Consequently, by transferring operations from
the building site to the factory, sheltered, organized working condi-
tions have become a major factor in promoting higher productivity.97
Furthermore, the rapid erection of the building shell and the conse-
quent earlier protection against the weather made possible by indus-
trialized systems have tended to reduce the disruptions in remaining
on-site operations that are attributable to the vagaries of weather.

B. COMPARATIVE PERFORMANCE OF EUROPEAN INDUSTRIALIZED AND CON-
VENTIONAL BUILDING SYSTEMS

The relative economic performance of conventional and industrial-
ized systems can be measured in five different respects: completion
time for on-site operations; on-site man-hour requirements; total on-
site and off-site man-hour requirements; total building cost per dwell-
ing unit; and general allocation of national manpower resources to
the building sector.
(1) Completion Time for On-Site Operations

As might be expected, the transfer of functions from the building
site to the factory has resulted in significant reductions in the duration

Pa Ibid., pp. 100-115.
"Ibid., p. 11.
1
5

Ibid., p. 31.
95 Ibid., p. 6.
97 National Monograph of Denmark, Prague Seminar, Vol. II, p. 321. It should be notedthat traditional builders in Denmark are erecting tents and other covers over on-site con-struction, gaining much of the advantage of sheltered, working conditions. This Innovation,coupled with other management practices, has sometimes resulted in labor savings as sig-niicant as those of industrialized building systems, without plant investment.



117

of on-site operations. The most drastic have been reported in East
European countries. In the U.S.S.R. a large panel flat can be con-
structed in half as much time as a traditional brick unit DS; in Bulgaria
large panel systems have also reduced building time by almost one-
half,99 while in Czechoslovakia construction time has been cut by
practically 75 per cent.°10 Smaller savings in the neighborhood of one-
third have been reported in Rumania.",'

Any important reduction in on-site building time yields certain
direct benefits. First, it reduces capital costs during the construction
period at the same time that it is shortening the waiting period for
the realization of real income or money income from the building in
question. Second, cutting the construction time in half or more reduces
substantially the financial costs and personal hardships involved in
family relocation that may be required by slum clearance programs.

(2) On-Site Man-Hours
As operations have been transferred from site to factory, indus-

trialized systems have achieved a substantial reduction in on-site labor
requirements (Table 8). In Czechoslovakia and Poland, on-site man-
hours have been reduced practically by half. In the United Kingdom,
they have been half or less of those in small-scale conventional meth-
ods, and similar results have been achieved in Denmark. The on-site
man-hour requirements of various methods for a cubic meter of con-
struction in Finland in 1962 were as follows: conventional brick con-
struction-5.8; concrete cast in situ-4.5; and prefabrication-3.9.101
In Hamburg, West Germany, a large panel system required only 50 to
F55 per cent of the on-site man-hours used in building comparable
masonry construction.'03

Ps Analytical Report by the U.S.S.R. Delegation, Prague Seminar. Vol. I, p. 239.
v9 National Monograph of Bulgaria. ibid., Vol. II, p. 277.
'" V. Cervenka, The Use of Industrially Made Building Components, op. cit., p. 2.
( United Nations, Industrialization of Building (New York, 1967), E/C.6/70/Add. 1,

Annex I. p. 57.
'2 National Monograph of Finland, Prague Seminar, Vol. II, p. 368.

: National Monograph of the Federal Republic of Germany, ibid., Vol. II, p. 357.
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TABLE 8.-VARIOUS TRENDS IN THE REDUCTION OF ONSITE MANPOWER REQUIREMENTS IN HOUSEBUILDING IN

SELECTED COUNTRIES

[Man-hours per dwelling unitl

Conventional construction

Utilizing Large panel
Specialized prefabricated and related

Small site Large site conventional components systems

1. Czechoslovakia I - - - (2) 31,130 (2) (2) 6312. Denmark'4 -..--.. -..----- - ---- -- 1, 500 (2) (2) 800.3. France:0
1950 - - - - 3, 000 (2) (2) (2)1964 -------------------- - - 051, 500 (2) (2) (2)4. Netherlands7- - - 1,100-1,400 700-900 (2) (2) (2)

5. Poland --- (9) (2) (2) (2) (1l)(a) Hours of work per cubic
meter: I

1961 --- 7.2 ---- 5. 41965----------------- - '56. 8 3. 26. United Kingdom2 - - - 2,400 1,300-1,800 800-1,300 700 700-1,300(a) Reema system 13------------ (2) (2) (2) (2) 1,0907. U.S.S.R."2 ------- - - (2)(2 (2) (2) (16)8 West Germany: 06
1953 ----------------------------- - ---------- "5 17 2, 235 ---1962 ----- 2,080

XV. Cervenka, "The Use of Industrially Made Building Components," Paper for Paris Seminar (HOU/INDUSTRY/B.16,.Annex) (Geneva, 1966), p. 2.
2 Not available.
3 Bricks and cement block method.
'Svend Hogsbro, "The Building Team," Paper for ECLA SeminarST/ECLA/CONF. 27, Working Paper No. 4 (New York,.1967), p. 2.
0 Includes both small and large sites.
6 American Embassy, Paris, Airgram A-1716, March 3,1966.
7 Analytical Report of G. Blachere, Prague Seminar, vol. 1, p. 221.
e Edward Kuminek, "Changes in the Output of the Building Industry as a Factor in the Development of Home-Building,"in A. A. Nevitt, "The Economic Problems of Housing" (London: MacMillan, 1967), p. 233.Ratio: 100.
10 Ratio: 52.
1' Monograph of Poland, Prague Seminar, vol. II1, p. 545.
12 D. Bishop, "The Economies of I ndustrialised Building," Design Series 54 (London: Building Research Station Ministrvyof Technology, 1966), p. 201.
S3 R. M. E. Diamant, "Industrialised Building" (London: Iliffe Books, 1964), vol. I, p. 14."4 Analytical Report of U.S.S.R. Delegation, Prague Seminar, vol. 1, p. 239.'5 35-40 percent less than brick building.
uo Monograph of Federal Republic of Germany, ibid., nol. 11, p. 361."7 Average size 56 square meters.
Is Average size 75 square meters.

On ithe other hand, British experience has also shown that rational-
ized conventional systems using some prefabricated elements have been
able to match industrialized systems' achievement of 700 man-hours
per dwelling (Table 8). Similarly, in Denmark rationalized tradi-
tional builders have, through better planning and organization and
with the advantage of repetitive work, reduced on-site man-hours 'by
30 to 40 per cent over ordinary conventional methods.104

How much further industrialization can reduce on-site labor time
remains to be seen. Some suggestion of the ultimate reduction may be
indicated by experiments in the U.S.S.R. which show that precast box
units finished at the factory can reduce on-site labor requirements to
one-third of that now required for large panel systems.105

(3) Total On-Site and Off-Site Alan-Hours
The effects of industrialization on total man-hour requirements

differ widely. In Eastern Europe rather spectacular reductions in
total labor inputs have been reported. Savings of labor time of 35 to
40 percent have been recorded in the U.S.S.R. on a whole range of

104 National Monograph of Denmark, Pragne Seminar, Vol. II, p. 32.115 V. A. Nazarevsky, "Some Economic Problems of Housing in the USSR", in A, A. Nevitt(Ed.), The Economic Problems of Houenig (London: MacMillan. 1967), p. 238.
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large panel buildings utilizing prefabricated reinforced components
for the roof, staircases, balconies and other elements.100 In Czechoslo-
vakia, total average labor requirements for prefabricated housing
have been 30 percent below those built by brick and concrete block
construction.107 The Rumanian Government reports that, as compared
to residential building utilizing brick and prefabricated flooring, large
panel house construction has cut manpower inputs by 30 percent. 103

Large panel housing in Bulgaria has reduced labor costs by 35
percent.'" 9

Less information is immediately available regarding experience in
Western Europe. In the Netherlands a study has shown that prefabri-
cated systems have reduced on-site labor requirements, mainly of a
skilled character, by 10 percent, but roughly 30 percent more labor
was required in the factory. Hence, in the aggregate there was no net
saving in man-hours required per dwelling unit.' 10

(4) Total Building Costs
While the performance of industrialized building systems has shown

spectacular results in regard to certain aspects of the building process,
the overall savings in money costs per dwelling unit that industrial-
ized systems have registered over conventional systems have been much
more modest. This is attributable partly to the fact that certain addi-
tional costs are incurred in the shift to an industrial technology.

First, the transportation of large elements from the factory to the
site necessitates extra capital and manpower. Moreover, depending on
the location of the building site and that of raw materials such as sand,
gravel, cement and steel, additional transport may be required. For
example, instead of one trip direct from the quarry to the building
site in conventional construction, under industrialized construction
two trips may be required, one from the quarry to the factory and
another from the factory to the building site.

Second, if the technology and the factory assembly line do not
permit direct loading from the factory to a means of transport, extra
handling costs cannot be avoided. Furthermore, stockpiling of com-
ponents immediately entails additional capital costs.

Third, prefabricated components, particularly large and heavy ele-
ments, are subject to a certain amount of damage in transport, han-
dling and assembly, often requiring expensive skilled labor for repairs.

Fourth, highly finished, high priced, and occasionally fragile com-
ponents require expensive packaging for adequate protection. For
example, the packaging costs for prefabricated door units may amount
to as much as one fourth or more of the total price of the door.

Finally, the shift from a handicraft to an industrial technology may
require the use of more costly materials. Low dimensional accuracy,
arising for example from shrinking and warping, is easily dealt with
in traditional construction. In contrast, while most prefabrication
systems admit reasonable margins of tolerance, they also demand a
higher degree of dimensional accuracy and materials which remain

ls United Nations, Reply by the Rapporteur from the U.S.S.R. IndtsetriUzation of
Building: Annex I, Part F (E/C.6/36/Add. 6) (New York, 1965), p. 5.

m V. Cervenka: op. cit., Annex, p. 3.
ls United Nations, Reply by the Rapporteur from Rumania, Indu8trialization of Bujid-

eng: Annex 1, Part E (E/C/6/36/Add. 5) (New York, 1965), p. 8.
' National Monograph of Bulgaria, Prague Seminar, Vol. II, p. 277.
1IO Information from personal Interview.
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free from distortion. Thus, a study in the United Kingdom in the late
1950s found that the cost of prefabricated components was substan-
tially higher than that of the traditional materials they replaced and
that savings in on-site labor arising from the prefabrication system
were insufficient to offset this cost differential."' British experience
in this respect does not, however, appear to be typical of other Euro-
pean systems.

It might be expected that during the early stages of industrializa-
tion of building, average costs per dwelling unit built with industrial-
ized methods would differ from country to country. While West Euro-
pean experience has shown wide diversity in these costs, they have
tended to be much more uniform in Eastern Europe.

In the U.S.S.R., average total costs per dwelling unit constructed
by industrial methods are 14 to 15 per cent below those of conven-
tional brick construction,112 while in Czechoslovakia they are 15 per
cent lower.113 A recent Polish study has revealed some striking con-
clusions concerning cost differentials in the construction of five-story
buildings among four major types of regions.114 In predominantly-
industrial areas large panel systems were the most efficient, showing0
a saving of from 10 to 17 per cent as compared to conventional con-struction. In large administrative centers with a relatively small in-
dustrial labor force, however, such as Warsaw, Krakow, and Wroclaw.
large block systems were most economical with savings ranging from
6 to 16 per cent. In provinces characterized by traditions of high stand-
ards of workmanship, e.g., Poznan and Gdansk, poured concrete con-
struction requiring large numbers of skilled concrete form workers
proved superior, showing savings of 11 to 14 per cent. In predonii-
nantly rural areas, traditional construction remained least expensive.
With regard to eleven-story 'buildings, however, while certain regional
variations remained, the large panel system showed average nation-
wide savings of 14 per cent as compared with poured concrete systems.

The general conclusion is therefore that among industrialized meth-
ods large panel systems show the greatest uniformity in costs through-
out the country. By contrast costs of the large block system varied
widely, with the lowest ones occurring in areas having an abundance
of craftsmen and professional staff.

Among market economies, experience in some countries has demon-
strated a superiority for industrialized systems. In 1967 the cost of
a complete dwelling unit built by industriailized methods in Denmark
was 15 per cent less than for a traditionally built apartment unit.115

In British experience, the height of the -building has proved to be
an important factor in comparative costs. Industrially built housing
is now cheaper than traditional construction for structures over six
stories, about the same for structures from three to six stories, but
more expensive for structures of one to three stories.lle

~ United Kingdom. Building Research Station, A Study of Alternative Methods ofCOnstruction, Special Report No. 30 (London: HIMSO, 1959), p. 55.
12 Compare Monograph ot' the U.S.S.R., Prague Seminar, Vol. III, p. 660 and UnitedNations, Insdustrializa~tion of Butldsng (E/C.6/70/Add. 1), op. cit., Annex I, p. 11S.=3 V: Cervenka, op. cit., Annex, p. 1.
2' J. Sanecki, Ceny bud ynkow mieszkalnych o roznej technologii z~wykonania, BiuletynInstytutu Budowonictsca Mfieszkeniowcego, Warsaw, July 1966, pp. 7-S.
116p. E. Mnlmstrom and Joh. F. Munch-Petersen, Philosophy of Design and Adaptationto Production in Industriaiied Housing paper for ECLA Seminar (ST/ECLA/CONF.

United Kingdom, Response Paper No. 1, Paris Seminar, p. 8; D. V. Donnison, op. cit.,p. 25.



121

In West Germany in the early 1960s, total costs of large component
prefabrication construction and rationalized conventional buildings
were roughly the same."17

However, more recent experience in Hamburg has shown that in
buildings of up to nine stories industrialized construction costs are
five percent below conventional costs, while in much taller buildings
the savings may go as high as 12 percent.""' With respect to the coun-
try as a whole, industrialized construction is reported in 1968 as hav-
ing upwards of a 10 per cent cost advantage over conventional con-
struction." 89

Experience in other market economy countries does not evidence a
clear advantage in favor of industrialized methods. In France, while
net savings of 10 percent have been reported in some industrialized
housing projects, in general, conventional construction remains com-
petitive.' 2 0 Similarly, both Norwegian and Swedish contractors report
that there is no significant difference in cost between the two methods.12l

After surveying experience with industrialized building a 1967
United Nations study reached the general conclusion that in coun-
tries "which have amassed some experience with industrial methods
of production and assembly of prefabricated components, the overall
cost of prefabricated buildings is lower than that of conventional
buildings by about 10 to 15 percent." -

It should be pointed out, however, that industrialized systems have
been able to obtain other substantial advantages even when they may
not have shown a significant cost advantage. Thus, West Germany has
emphasized that the main achievements of industrialized buildings
have been in "expanding the performance capacity of the building in-
dustry regionally, increasing precision of measurements and a more
uniform quality of building." 123 Also, the United Kingdom Ministry
of Housing and Local Government stresses the value of industrialized
systems releasing scarce professional staff to concentrate on improving
the quality of community layouts.124
(5) General Allocation of Manpower Resources to the Building Sector

Practically all European governments have been confronted with
critical construction backlogs during the postwar period. While strenu-
ous efforts have been made to expand the output of the conventional
construction sector, including in Western Europe the encouragement of
the immigration of large numbers of workers from Southern Europe,
the desired rate of expansion in construction output has not been gen-
erally obtained for several major reasons: the slow rate of growth in
on-site technology; the increasing difficulty of recruiting young
workers for on-site employment; and objections from building trades
unions to lowering apprenticeship requirements and increasing the
number of apprentices.

'"National Monograph of the Federal Republic of Germany, Prague Seminar, Vol. II,
P. 358.

us' Information received by HUD Mission to Germany, October 1967.
no Letter from W. Triebel, Director, Institut fur Bauforschung, Hannover, Germany,

February 6, 1968.
2= National Monograph of France, Prague Seminar, Vol. II, p. 378.
C = International Federation of Building and Public Works. op. cit., reply of Norwegian

Construction Employers Association, p. 1; and reply of the Federation of Swedish Building
Employers and the Federation of Swedish Civil Engineering Employers, p. 1.

i United Nations. Industrialization of Building (E/C.6/70) (New York, 1967), p. 24.
= Monograph of Federal Republic of Germany, Prague Seminar, Vol. II, p. 358.
"A United Kingdom, Ministry of Housing and Local Government, Industrialised Building

(Circular No. 76/65) (London: HMSO, 1965), p. 2.
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One of the most significant achievements of industrialized building
systems in European economies has been, therefore, their capacity to
circumvent the foregoing barriers to expansion of the conventional
building industry.12 5 Since industrialized building systems have dem-
onstrated their ability to utilize unskilled and semi-skilled manpower
with comparatively limited training, they offer the possibility of sub-
stantially increasing national construction output with only modest
increase in the total on-site labor force.

C. WEIGHING THE EVIDENCE

Certain specific conclusions concerning the relative performance of
industrialized and conventional building systems emerge from the
foregoing review of the available statistics-fragmentary, non-com-
parable, and often contradictory as they are. As building operations
are transferred from the work site to the factory and as off-site man-
hour and capital requirements are increased thereby, on-site labor input
decreases markedly, and the completion time per dwelling unit tends
to decline proportionately. In Eastern Europe, large panel systems
have shown a strikingly high saving in total manpower required and a
smaller, though nevertheless substantial, superiority in total costs as
compared to conventional building. In Western Europe on the other
hand, it is equally clear that industrialized building has not uniformly
demonstrated the same superiority. In some West European countries,
under certain conditions total costs of industrialized building have
been significantly below those of conventional building, but in other
countries no overall cost advantage has been registered over rational-
ized conventional building.

While the direction of development in Eastern Europe is definitely
toward an ever wider application of large element systems, the trend
is less clear in Western Europe. The European building industry will
certainly continue to be industrialized in the broad sense of the term,
but it is not yet certain whether the main emphasis will be on rational-
ization of conventional construction or on prefabrication.

Can a general conclusion now be drawn from these specific findings?
Does European experience as a whole demonstrate conclusively the
superiority of industrialized building over rationalized conventional
construction? A number of major considerations cast serious doubt on
the possibility of arriving at any definitive conclusions at the present
stage in the evolution of industrial building technology.

First, while there has now been more than a decade of intensive
experimentation with and application of industrialized building sys-
tems, it is probably fair to say that the period has been much too
short to give a solid basis for determining what the ultimate results
will be. gecond, with the exception of a few countries, such as Poland
in Eastern Europe and possibly Denmark and France in Western
Europe, it is highly doubtful that European countries have placed
equal emphasis on the developiment of industrialized and rationalized
conventional systems. It would appear that in most West European
market economy countries relatively more efforts and resources have
been invested in promoting the rationalization of conventional build-
ing; whereas in East European planned economies relatively more ef-

a: P. A. Stone, op. cit., pp. 86-87.
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forts and resources have been devoted to promoting fully indus-
trialized building systems. Consequently, the essential conditions for
a meaningful comparison between the two types of building systems
have not yet obtained in most European countries.

As regards East European experience, quite aside from any al-
lowanices that might be made for the "adjustment" of data for political
purposes, available cost data may be legitimately questioned in respect
to the price placed on capital employed in industrialized building sys-
tems. If all capital costs, including interest, are not recognized, the
substitution of capital for labor in industrialized building may proceed
far beyond the least cost point, without the planning authorities ever
becoming aware of it. As a consequence, real production costs may
become distorted and comparisons with conventional construction
costs may be misleading. Uneconomic allocation of capital in the
Soviet Union is strongly suggested by the findings of the United
States delegation that studied the U.S.S.R. building industry in 1965.

"Soviet industrial engineers went all out in the planning of
machinery, tools and equipment of all kinds which would be
necessary for a speedy and economical flow of raw materials and
of products. . . . The degree of mechanization they have now
achieved is truly impressive. Perhaps in some plants such automa-
tion has been a bit overdone. 'Push button' operations are com-
mon rather than unusual, automatic -welding machines are to be
seen everywhere, tools and jigs of all types and sizes have been
developed.... The capital investment in each of the plants
the deleg ation visited must have been enormous. Such an invest-
ment would be inconceivable and without justification in a free
society, where construction is everything but standard. In a soci-
ety where the individual has the freedom of expression and the
developer must satisfy the 'whims' of the buyer, housing devel-
opments are as varied as possible, and such extreme mechaniza-
tion as is found in the USSR would be of no value. From a
strictly technical point of view, however, the Soviet achievements
in plant machinery are remarkable. Labor forces are continuously
being reduced as automation is increased." 126

On the other hand, even though there may have been a short-run
uneconomic substitution of capital for labor in U.S.S.R. prefabrica-
tion systems, and a consequent uneconomic discrimination against
conventional systems during the period of transition, the net effect
has been to accelerate the rate of technological and economic change.
By this means it might then be contended that industrialized build-
ing technology would come of age much more quickly and the whole
society would thereby benefit much sooner.

In East European countries, the large panel component method
'has begun to realize not only some of the economies of large-scale pro-
duction but also substantial external economies. Research and devel-
opment expenditures have been concentrated on one technique, and a
greater degree of specialization has been possible in the production
of machinery for prefabrication plants. Large vocational training
programs for prefabrication workers have been developed. Finally,
a large feedback of information concerning experience in production,
distribution, transportation, and erection has become available, en-

> Charles C. Zollman, op. cit., pp. 26-27.
25-M8-69-9
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abling further improvements to be made in these areas. The East Eu-
ropean countries may in fact be on the verge of realizing further large
reductions in cost as their technology becomes more sophisticated
and as they apply more comprehensively the principles of industrial
production to the whole building process.12 7

Similarly, mn the market economies, the inconclusive results con-
cerning the application of many prefabricated systems are not neces-
sarily a reliable indication of the systems" future prospects. In some in-
stances, prefabricated components have replaced only certain parts
of conventional building, with the result that the number of tasks
required to complete the work on the site and the complexity of the
process as a whole may actually have increased as compared to con-
ventional building. Such unfavorable results may be expected in the
early stages of the development of industrialization, when it is not
clearly understood that components must be designed in such a way
that substantial advantages are obtained in two different production
processes, the production of components in the factory and the as-
sembly without adjustment of components on the construction site.

A large and stable demand is essential for optimal cost performance.
Unless some agency comes into the market in some way to guarantee
or underwrite long-term demand for the output of a prefabrication
factory, it may be difficult-if not impossible-for industrialized sys-
tems to become well established. Not only is an untested, highly un-
stable market an important deterrent to new investment in indus-
trialization, but unstable demand may also be a major factor con-
tributing to the bankruptcy of such investments, once they are made.
With the possible exception of Demnark and France, it cannot be said
that the necessary conditions for a vigorous development of industrial-
ization have really obtained in Western Europe.

Even though a large and stable market has been guaranteed in some
West European countries for a single factory utilizing the large panel
system, such an undertaking is still not an adequate test of the full
cost-reduction potential of this method. A single plant cannot begin
to realize the large external economies achieved in East European
economies; moreover, it still has to contend with the costs involved in
the various types of resistances to the introduction and application
of an industrial technology that are discussed in Chapter VI.

Even assuming that the full development of industrialized building
in the free market economies results in greater increases in efficiency,
it would be a mistake to assume also that conventional building meth-
ods will not experience similar progress. British experience, for exam-
ple, suggests that:

"It should be possible to halve the average labor content in tra-
ditional local authority housing without using any new com-
ponents or prefabricated elements. As industrialized techniques
develop, they will force traditional methods to become more effi-
cient. The two methods will exist side by side for many years." 128

Somewhat similar trends are evident in Poland where rationalization
of conventional building is being actively promoted along with a
rapid expansion of industrialized systems. Traditional building, which
constituted over 50 per cent of total Polish urban housing in 1963, is

V. Cervenka, Paris Seminar, p. 3.
United Kingdom, Response Paper No. 1, Paris Seminar, p. 6.
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being rationalized by greater on-site mechanization, increased use of
prefabricated components, and the introduction of new and more effi-
cient materials.' 29

In the long-run, it is somewhat doubtful whether either industrial-
ized large element or rationalized conventional systems will be able to
demonstrate a significant overall cost superiority in the European
building industry. Comparative building costs probably can never be
completely divorced from the influence of regional and local differ-
ences in regard to such factors as building materials, manpower avail-
abilities, management and professional skills, and architectural tradi-
tions. Moreover, the system that may ultimately dominate the urban
low-cost housing sector may not at all dominate the rural low-cost
housing sector or the middle and upper income housing sector.
As regards building maintenance and repairs, however, there is
little question but that it will remain the almost exclusive province of
conventional building systems. In the absence of a strong national
policy giving a preferential position to one system over the other, the
probabilities are that both industrialized and rationalized conven-
tional systems will continue to develop for a long time to come.

V. THE SEARCH FOR O'rIM1Jium OPERATIoN

Underlying the use of industrialized building systems is the as-
sumption that such systems will lower housing costs below those achiev-
able by conventional systems and thus make a significant contribution
to the solution of Europe's housing problems. Naturally, builders em-
ploying industrialized methods seek to achieve an optimum level of
production. This chapter will review the various contemparary Euro-
pean concepts of "optimum" and the difficulties that have been en-
countered in realizing it.

A. DEFINITIONS OF THE ccOPTI3M1"

Given the framework of the situation in which they do business,
practically all building firms aspire to achieve an optimum opera-
tion. This is merely another way of stating the basic economic prin-
ciple that each firm attempts to achieve that combination of its re-
sources yielding lowest costs and thus to maximize its total profit.

In the past when building was exclusively a handicraft operation
and when it was customary to build only one house on a single building
site, construction operations proceeded more or less on the constant
cost principle. That is, the scale of operation played little or no role
in fixing costs of a particular house. Each construction site was unique.
Design and production planning tended to be individualized.

Even in traditional construction systems there were important op-
portunities for cost reduction through repetition. Consequently, in
the first four decades of this century there were already significant
trends toward increasing the scale of building operations in order to
obtaii economies of repetition. It is only during the post World War
II period, however, that the movement to industrialized building
has grown to major proportions, both through the rationalization of
traditional construction methods and through the development of a
new prefabrication industry.

"' National Monograph of Poland, Prague Seminar, Vol. III, pp. 540-43.
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The success of industrialization-as applied to all lines of manu-
facturing-consists in the fact that unit costs are a function of the
scale of production. Up to a certain point called the optimum, the
larger the scale of production, the lower is the unit cost. It is for this
reason that proponents of prefabrication have for many decades main-
tained that industrialization of the building industry will solve the
problem of large-scale housing for low-income workers.

The concept of the optimum as applied to the building process
has been considered from many different frames of reference. These
diverse points of view make it exceedingly complex in its application.

In the first place, the concept may be viewed as a project optimum
having essentially an on-site orientation: How many dwelling units
of a given quality must be constructed in a single housing project
in order to insure optimum production? While this approach is a
good first step, it is clearly deficient, since in many urban areas avail-
able building sites may be well below optimum size. Moreover, it tends
to ignore off-site considerations and the possibility that a local hous-
ing program may be able to achieve an optimum off-site level of pro-
duction by undertaking simultaneously operations on many small and
medium-sized sites.

A second approach has been to define the optimum scale of produc-
tion in terms of a single prefabrication plant: At what level of house
production of a given quality is the optimum reached? This concep-
tion is clearly more useful than the first, since fundamentally indus-
trialization consists in the application of mass production methods, a
process best facilitated by transferring functions from the building
site to the factory. But this concept is likewise incomplete.

Industrialized building has concentrated principally on prefabrica-
tion of components comprising the structural framework, thereby sub-
stantially reducing completion time. But establishment of an optimum
sized factory for the production of large concrete structural com-
ponents involves only one important phase of the industrialized build-
ing process, since such components constitute only 25 to 30 percent of
total building costs. The production of mechanical and utilities equip-
ment and finishing components also needs to be industrialized, and
each of these has its own optimum scale of production. Industrializa-
tion of mechanical and utilities equipment, which require relatively
expensive materials and large amounts of skilled labor, may become as
important in cost reduction as industrialization of the structural sys-
tem, which requires lower cost materials and semi-skilled labor. Thus,
while an optimum partial prefabrication system may be more efficient
than no prefabrication at all, it is certainly no substitute for an opti-
mum total prefabrication system.

The above considerations have given rise to a third approach looking
toward the establishment of an optim-um network of prefabrication
plants producing not only the basic structural system but also all of
the components required for the finished house. This concept is supe-
rior to the second concept, since a network of factories yields the most
efficient combination of internal economies in house building. It should
be observed that optimal efficiency of a particular subsystem may in
a narrow sense and in the short-run appear to be incompatible with
the overall efficiency of a network of productive facilities devoted to
an industrialization of the building process. Moreover, a single net-
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work of factories geared to a local five-year housing program, for
example in one major metropolitan area or province, is clearly inferior
to a series of networks covering all metropolitan areas or provinces in
the country for some 20 to 40 years-or until the national housing,
shortage has been overcome.

The fourth-and most complete-concept of optimum, therefore,
envisages a series of optimum networks of factories which will em-
brace not only the internal, but also the external, economies that can
be realized in a comprehensive, long-term national housing program.
External economies. as noted in the previous chapter, refer to bene-
fits accruing to an individual firm not as a result of its own efforts but
as a consequence of the efforts of other firms in the industry and of
other related industries. Such economies may often be realized slowly
and indirectly, but their ultimate cumulative impact in reducing hous-
ing costs may be substantial.

A complete concept of optimum must make some provision for the
indirect social costs of production, since little account is taken of these
in normal market processes. Significant differences may exist in the
social costs of industrialized and conventional building systems. Thus,
no examination of optimum operation by industrialized systems is fully
satisfactory without viewing the concept in its largest sense.

B. APPROXIM3ATION'S TO OPTIIUM LEVELS

The optimum production capacity of a national industrialized build-
ing program depends upon a large number of factors. For instance
the wide range of possibilities in the realm of concrete technology is
indicated by the various lengths of production cycles involved in
different methods of casting (Table 9).

TABLE 9.-IMPACT OF PRODUCTION METHOD ON SCALE OF OUTPUTa

Relative scale
Method Length of production cycle of output

1. Site casting - - I week -
2. Temporary factory - -I day- 5
3. Permanent factorv:

(a) Steam curing -8 hours -15
(b) Continuous In -4 hours - 30
(c) Continuous casting -2.5 hours -48
(d) Pressing -10 minutes -720

l D. Bishop, "The Economics of Industrialised Building" (London: Building Research Station, Ministry of Technology,
1966), reprinted from Chartered Surveyor, design series 54, p. 198.

As a general principle the optimum scale of production varies
directly with the degree of sophistication in technology. Consequently,
with the evolution of building technology there is a tendency toward
larger capacity plants. Wflhile an analysis of the problem of determin-
ing the optimum levels is beyond the scope of the present report, some
indication of the probable magnitude of optimum sizes may be given
by a review of available European data (Table 10).

In the early 1960s the annual capacity of three typical types of
prefabrication factories in the U.S.S.R. were approximately 535,
1070, and 2140 dwelling units, respectively. In the middle 1960s, the
plants visited by a United States mission to the U.S.S.R. had a capacity
of 5,000 and 6,000 dwelling units respectively. While there may be
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some error in reporting, according to the Moscow Scientific Research
Institute of Standard and Experimental Design there was in 1967 one
Moscow prefabrication factory producing 30,000 apartments per year
and another producing 15,000 apartments per year. 13 0

In Czechoslovakia, prefabrication factories, depending upon the
type of production and the degree of mechanization, have a wide range
of capacities. Centrally located factories account for 63 percent of total
production, with 10 percent being produced in factories of a capacity
between 600 and 1,200 dwelling units per year, 44 percent in factories
of a capacity between 1,200 and 2,400, and 9 percent in factories with
a capacity of between 2,400 and 3,600.131 With the extension of indus-
trialization to embrace nonresidential, as well as residential, building,
it is expected that future capacity of factories will be increased to the
equivalent of between 4,800 and 6,000 dwelling units per year.

TABLE 1O.-EXISTING AND PROPOSED CAPACITY OF CENTRALLY LOCATED PREFABRICATION PLANTS IN
SELECTED COUNTRIES

[Dwelling units annually!

Capacity of Proposed
Country existing plants capacity

1. Czechoslovakia:'
A. Types (early 1960's):

1----600-1, 200 (2)
2- ------------------------------ - 1,200 2,400 (2)
3- --- 2,400 3,600 (2)

B. Future plans - --------------------- (2) 4,800-6,000
2 Denmark-Larsen & Neilsen 3___ _. .. . .. . . . .. .. . .. .1, 500 (2)
3. France:

A. Balency system 4- - - - - 2, 00 (2)
B. Camus system 5 ---- --- 2,000 (2)
C. Unspecified French study - - - - - - (2) 1,000

4. Netherlands-BMB system 7 - ----- 550 (2)
5. Spain 8 -_ ___-_- _-_-_- __-- - - (2) 4,000-5,000
6. United Kingdom 9--------------------------------------------------- (2) 2,000
7. U.S.S.R.:

A. Types (early 1960's): 10
---- 535 (2)

2. (external wall panel) - 1,070 (2)
3. (main production building) - - - 2,140 (2)

B. Types (middle 1960's): "
1. ---- 5000 (5)
2- --- 6000 (5)

C. Moscow area (1967): 12
1. (See text, p. 93) -- - 30, 000 (2)
2. (See text, p. 93) ------------------ 15, 000 (2)

8. Battelle study '3
-

_
-

---------- _-_-_ _(2)--4 1, 000

I Monograph of Czechoslovakia, Prague Seminar, vol. 11, pp. 302-3.
2 Not available.

R. M. E. Diamant, "Industrialised Building" (London: life Books, 1964), vol. 1, p. 79.
4 Ibid., vol. II, p. 23.
5Ibid., vol. I, p. 49.
o United Nations, "Industrialization of Building," (E/C.6/70/Add.1) (New York, 1967), p. 114.

Diamant, op. cit., vol. I, p. 94.
* J. Nadal and F. Aguirre, Prague Seminar, vol. I, p. 215.

D . V. Donnison, "The Government of Housing" (Middlesex: Renguin Books, 1967), p. 298.
t U.S.S.R., "Industrialized Techniques in Housing" (Moscow, 1963), pp. 34-5 and annes. In converting the capacity

of the 3 typical sized plants from floor space into dwelling units, that is, 35,000 square meters, 70,000 square meters and
140,000 square meters, it has been assumed that a typical Russian dwelling unit had 65 square meters of total floor space.

i' Charles C. Zollman, op. cit., p. 18.
12 Ada Louise Huxtable, Soviet Has Mastered Industrialized Technology of Low Cost Mass Building, "New York Times",

Oct. 20, 1967, p. 7.
13 Estimated minimum annual production for economic use of building systems based on European experience. R. B.

Guy and Associates, "The State of the Art of Prefabrication in the Construction Industry" (Columbus: Batelle Memorial
Institute, 1967), p. 99.

'4 Per year, years.

1 Quoted in Ada Louise Huxtable. "Soviet Has Mastered Industrialized Technology of
Low Cost Mass Building", New York Times, October 20, 1967, p. 7.

131 Monograph of Czechoslovakia, Prague Seninar, Vol. II, pp. 303-304.
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In Western Europe, Larsen & Neilsen in Denmark have a plant with
a 1,500 dwelling unit capacity. In France, the Balency and Camus
systems have plants with an annual capacity of 2,000 units, and French
studies are reported to show that centrally produced prefabrication
systems are uneconomic below a level of 1,000 dwelling units per year.
Two Spanish experts have put the minimum practicable scale of plant
at 4,000 to 5,000 dwelling units per year, while a British expert has
concluded that in the United Kingdom the minimum size plant pro-
ducing large concrete components of the type produced on the Con-
tinent is around 2,000 dwelling units per year. The smallest centrally
located plant appears to be the Dutch BM1B with a capacity of 500
(Table 10).

As the density of the urban market decreases and as the transport
distance lengthens, a radius is finally reached at which a centrally
located plant no longer has a cost advantage over temporary demount-
ble on-site factories or rationalized conventional construction. Thus in
Czechoslovakia, which has established a nationwide network of pre-
fabrication factories, 37 per cent of total industrialized building com-
ponents are produced in small factories with a capacity of less than
600 units per year.132 On-site plants with a capacity of 500 and 600
units respectively are also found in East Germany and the U.S.S.R.
(Table 11).

TABLE 11-EXISTING AND PROPOSED CAPACITY OF DEMOUNTABLE PREFABRICATION PLANTS IN SELECTED
COUNTRIES

[Dwelling units annuallyl

Capacity of Proposed
Country existing plants capacity

1. Czechoslovakia I -- 600 (a)
2. East Germany 3 -- 500 <2)
3 France

A. Balency 4------------------------------------ 400-500 (2)
B. Barets - --- 1 )------------------------------ 110
C. Costamagna --500 (2)
D. Unspecified French study 7 -(2) 250-1,000

4. United Kingdom 8 -150-250 (2)
5. U.S.S.R. -- 600 (2)

t Monograph of Czechoslovakia, Prague seminar, vol. II, p. 303.
2Not available.
8 R. M. E. Diamant, "Industrialised Building" (London: Ilifde Books, 1964), cal. II, p. 119.
4 Ibid., vol. II, p. 22.
aIbid., vol. I, p. 37.
° Ibid., vol. II, p. 16
7 United Nations, "Industrialization of Building" (E/C.6/70/Add.1) (New York, 1967), p. 114.

D. Bishop, "System Building in Europe," design series 59 (London: Building Research Station, Ministry of Technology,
1966), P. 36.

aDiamant, op. cit., vol. II, p. 18.

In Western Europe on-site factories appear to have a wide range
of capacities. A United Nations publication reports a French study,
without giving the source which concludes that if the market is less
than 250 dwelling units per year, the application of prefabrication
is not recommended at all. For an annual market of between 250 and
1,000 dwelling units on-site casting is most efficient and above 1,000
units a centrally located factory becomes most advantageous."3 3 As

50 Monograph of Czechoslovakia, Prague Seminar, Vol. II, p. 303.
2n United Nations, Indnastrialization of Buildin7g (New York, 1967) E/C.6/70/Add. 1,

p. 114.
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regards three French systems, Costamagna has an on-site plant with
500 dwelling units capacity, Barets employs a small 110-unit plant,
and Balency has plants with capacities ranging from 400 to 500 units.
In the United Kingdom, on-site plants with an annual capacity of 150
to 250 units are normally competitive with rationalized conventional
construction (Table 11).

Determining the most efficient size of a single factory producing
large panels does not end the search for the optimum. Such a factory
is, in effect, only one of several sub-systems that must be coordinated
into an optimum network. In Czechoslovakia the following assortment
of precast units is utilized:

Per cent

Floor slabs and panels - ----------------------------------------- 2S. 0
Wall and partition panels - ------------------------------------- 20. 5
Outside wall panels and block panels -- 16. 5
Roof slabs and panels -6. 0
Columns and beams -5. 0
Roof trusses - 2. 0
Stair components ----------------------------------------- 1. 7
Bridge structures 1. 3
Miscellaneous items and individual products …19. 0

'lVaclav Kasalicky, "Production of Industrialized Building Systems" in Europrefab Con-
ference Papers (London, 1967), p. 23.

It is apparent therefore that in some urban areas it may be difficult
to avoid small quantity production for components which constitute a
relatively small per cent of the total building requirements. A Czech
housing expert suggests that, while all pre-casting plants may prag-
matically have to take on small lots at above optimum cost, overall
optimal efficiency requires that mass produced elements constitute at
least 70 per cent of total production.134

On the other hand, in most urban areas demands for prefabricated
components from other types of building will supplement, at least to
some extent, those from industrialized residential building. There is,
for example, an increasing tendency for the conventional residential
construction sector to utilize such components, as well as a steady
demand from public works and industrial and commercial construc-
tion. Also, demands of the growing rehabilitation and repair market
are shifting more and more to prefabricated components. As a result,
the total demand for a number of components may be swelled to the
point where production in a particular plant can reach the optimum
or near optimum level.

C. PROBLEM1S IN REALIZING THE OPTIT1MAlt

Even though it may be possible to postulate the approximate dimen-
sions of an optimum network of production facilities, the realization
of this optimum in practice, particularly in market economies, faces
formidable obstacles.

(1) Emastern E urope
One of the great advantages of centrally planned economies in the

field of industrialized building is that governments guarantee a market
for a given number of dwelling units for a given number of years, not
only on a national but also on a local basis. Moreover, in economies that

'4 Vaclav Kasalicky, op. cit., p. 23.
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have embarked on a policy of progressive industrialization of the
building industry, technology has a built-in growth factor.

As a consequence, economic planners in the building industry can be
relatively unfettered in approaching the problem of optimum opera-
tion. They can concentrate directly on defining and applying the fun-
damental technical and economic criteria for achieving the most effi-
cient level of operation. In principle, therefore, East European expe-
rience might seem to provide reliable technical and economic guidance
for optimum operation. But as observed in the preceding chapter the
cost accounting system employed in centrally planned economies, based
on the labor theory of value, impairs the usefulness of that experience
as an economic guide for optimum operations in market economies.

(2) Weestern Europe
In the absence of long-term government guarantees of one kind or

another, industrialized building in free market countries has an even
greater vulnerability than conventional building historically has had.
The large investment required in prefabrication plant sharply reduces
the flexibility of operations that the contractor has traditionally en-
joyed in the building industry and jeopardizes the industrialized build-
er's capacity to survive in an unstable market.

The prefabricator has two general options. neither one of which has
proved altogether satisfactory. The first, the conservative investment
approach, is to adopt a sub-optimum policy, for example by invest-
ment in small scale plant. When plant investments are made only on a
small scale, the opportunity of using highly sophisticated technologies
is immediately limited, the unit cost is higher, and the potential price
appeal to clients is consequently diminished. Thus, in foregoing the
opportunity of optimum operation, the firm may from the very begin-
ning be precluded from making a. superior showing in comparison with
rationalized conventional construction.

Another type of sub-optimum approach has been to confine indus-
trialization to only part of the building process. such as the structural
system. In limiting prefabrication, often to that part of the building
process which involves a relatively small opportunity for economizing
in the use of expensive materials and highly skilled labor, the firm may
again be unable to make an impressive showing in competition with
conventional systems.

As a matter of fact, in the transistional stage of partial application
of industrial methods, total building costs may actually be more than
those of conventional systems. The unskillful use of prefabricated com-
ponents in conventional construction has often only replaced part of
the operation. so that the number of the operations, their starting and
stopping, and the whole complexity of the process may actually have
been increased. If prefabrication is to be successful. therefore, it is
necessary to eliminate entire traditional processes, so that there are
cost advantages not only of industrial production in the factory but
also of assembly of components on-site without adjustment.

The second principal option is to invest in what has been deter-
mined to be the optimum size of productive facilities. As long as
the enterprise is able to market its output at full capacity, the plant
optimum is realized. But should demand decline, this optimum is
threatened.



132

A prefabrication firm confronted with declining demand has the
choice of utilizing surplus capacity for stockpiling or of leaving a
part of the existing capacity idle. Production for stockpile quickly
encounters practical limitations. Since prefabricated concrete compo-
nents are generally bulky, available storage space is rapidly filled
up. At the same time, capital costs involved in carrying a larger
inventory mount steadily and at some point become prohibitive. Fur-
thermore, the materials handling costs and the increasing risks of
damage to components also increase. Two essential stages in an effi-
cient technology are to be able to transfer prefabricated products
from the factory directly onto a means of transport and transfer
components from a means of transport directly into their ultimate
positions on the site'135 Intermediate storage reduces some of the
cost advantages of industrialization.

On the other hand, high overhead costs associated with idle capacity
rather quickly cancel out cost advantages that industrialized systems
might have over conventional methods.

In France, heavy prefabrication systems are reported to have an
annual capacity of around 60,000 dwelling units but a demand of
less than 40,000; in Germany they have a capacity of about 30u000
and a demand of some 20,000; while in the United Kingdom the
capacity is reported to be 40,000 compared to a demand of roughly
20,000.136

It is clear, therefore, that practical realization of an optimum
operation-or even a sub-optimum operation which may still be sub-
stantially below the costs of conventional construction-is more diffi-
cult to achieve in building than in probably any other major industry.
In the automobile industry with which building has frequently been
compared, it is not possible for traditional handicraft methods to
co-exist with mass production systems, except in the high-priced,
custom market. The market is so large, the technology so sophisti-
cated, the capital requirements so high, and mass production so effi-
cient, that low capital-intensive methods just cannot compete, even
though the overhead costs of idle capacity or of stockpiling auto-
mobiles may become significant.

In the building industry, however, it has been possible for tradi-
tional construction systems to exist side by side with industrialized
systems, and not only in the high-price, custom market. Because of
its locational aspect, the geographical extent of the building market
is circumscribed. As observed in the preceding chapter, to cope with
such a limited market, which is in addition the most unstable market
among all major industries,137 building has been forced to develop
a highly amorphous and dispersed structure with a great capacity
for adaptability.

The more sophisticated the technology and the higher the capital
requirements, however, the less viable are prefabrication firms in
competing with conventional construction systems. Often, even though
a low capital-intensive technology in the building industry cannot
undersell a. high capital-intensive technology, it may actually have a
superior survival value because of the nature of the market.

'w Vaclav Kasalicky, op. cit., p. 23.
136 R. B. Guy and Associates. op. cit., p. 59.
137 International Labour Office, Practical Measures for the Regularization of Employment

in the Construction Industry (Geneva, 1964), Chapter I.
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Only by changing the traditional nature of the building market,
theirefore, is it possible for an industrial technology to prosper. In place
of instability there must be continuity; in place of sub-optimum scale
there must be optimum operations: in place of a single optimum firm
there must be an optimum network of facilities applying an industrial
technology. So crucial is the factor of stability, that the Battelle
Memorial Institute probably rightly concludes that continuity is even
more important than volume in assuring the success of prefabrica-
tion.13' It is unlikely that the full optimum can ever be achieved unless
the social interest is taken explicitly into account through some form
of long-term public intervention in the building market.

These considerations are of little practical consequence for middle
and high income group housing. High prices for custom built housing
are not a fundamental deterrent to new construction. But for lows in-
come group housing, which in various European countries constitutes
fromn one third to two thirds of the total housing market, these con-
siderations do become vital.

VI. POLITICAL CONSIDERATIONS

As observed in the preceding chapter, the key to testing the full
potential of industrialized building is the creation of a large and stable
market. To supply this market, a number of governments palticlu-
larly those with centrally planned economies, have launched compre-
hensive national housing programs. This chapter will first review the
broad outlines of these national programs and second, examine the
resistances that similar programs have encountered in free market
countries.

A. GOVERNMENT ACTION TO CREATE A GUARANTEED LONG-TEPRM HOUSING
MARKET

The most important pioneer in developing a guaranteed housing
market has been, of course, the U.S.S.R. After a long development
period following the end of the war, in 1959 the Soviet government
announced its seven year program for the construction of 650 to 660
million square meters of housing, or about 15 million dwelling units,
during the period 1959-1965. Other East European countries have
had similar programs as a part of their general economic planning.

In Hungary, three types of economic plans may be distinguished.
A 20-year program for 1961-1980 has been drawn up for the build-
ing industry based on the growth envisaged in the other sectors of the
national economy and on the expected improvements in the social
and cultural life of the people. Within this program a five-year plan
then formulates targets on the basis of priorities in the national eco-
nomic plan and of resources which will be available for further ex-
pansion. Special attention is given to co-ordinating the manufacture
of prefabricated components with on-site construction programs. Fi-
nally, detailed annual building plans are prepared. It is through these
annual plans that the economic planining agency, the ultimate client
of the building industry, ensures effective co-ordination of the activi-
ties of all members of the "construction team".139

I38 R. B. Guy and Associates, op. cit., p. 60.
I" National Monograph of Hungary, Prague Seminar, Vol. II, pp. 406-8, also comments

of J. Bogusz, ibid., Vol. I, pp. 161-3.
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Among free market countries, the French Government embarked
on one of the most successful postwar prefabrication programs. In
1953 a long-term "industrialized sector" housing program was
adopted, providing for 25,000 additional dwelling units to be con-
structed by a score of different industrial process.' 4 0 With this initial
government support, a number of prefabrication systems became es-
tablished during the years between 1956 and 1963, but have been
unable to make much further progress without greater public sup-
port. Thus, even though roughly 100,000 houses were constructed in
1965 with various prefabricated components, the prefabricated con-
crete panel systems accounted for only eight percent of total house
construction 141 (Table 1).

In 1966, the Danish Government embarked on a long-term program
involving the annual construction of 7.000 dwellings utilizing indus-
trial techniques. These dwellings constituted 18 percent of total con-
struction, or about 30 percent of annual house building for rental
markets. This policy envisaged a five-year rolling program revised
annually. When a project is placed in the program, it is guaranteed
that a starting permit will be issued at an agreed date within the
coming five years. To be eligible for this government program, proj-
ects must be based on advanced, industrialized methods, but no restric-
tions are imposed on the type of system, choice of materials, etc.142

Still another approach to developing a large and stable market has
been followed in the United Kingdom, where special efforts have been
made to promote the continued development of a wide range of in-
dustrialized systems that are currently in use. Since 1964 the National
Building Agency has attempted to persuade the nearly 1,400 local
authorities to form ordering consortia in letting contracts for public
housing. By July 1966, 400 local authorities had banded together to
achieve large-scale ordering and some basic standardization of build-
ing dimensions and components.'4 3

B. LONG-TERMI PHYSICAL PLANNING

To obtain the full benefits of industrialized building systems, it is
essential that housing be conceived and built as a part of an integrated
community. Not only does such an approach yield higher productivity
in enlarging the scope for industrialized building, but it also promotes
greater efficiency in the community that eventually emerges.

One of the distinctive features of the U.S.S.R. housing program is
that it is carried out in conjunction with the building of schools, shops,
cultural and other community facilities. An overall coordination of
construction activity with the national investment program is in fact
achieved through central economic planning. While in practice con-
siderable sectors of private and cooperative housing have remained
in the U.S.S.R., their importance seems to have declined. In principle
the Soviet government is apparently committed to creating an indus-
trial, urban society, primarily housed in multi-family, multi-story

40 National Monograph of France, ibid., Vol. II, pp. 37&-9.
141 United Nations, Annual Bulletin of Housing and Building Statistics for Elurope

(New York, 1966), p. 51.
Airgram A-1716, March 3, 1966, from Embassy Paris states that principal large-panel

French systems accounted for only 15,000 units in 1965 or less than 4 percent of the total.
12 Denmark, Ministry of Housing, op. cit., pp. 6-7.
143 Statist, "Backing the Systems to Beat the Housing Problem", June 29, 1966, p. SOS.
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dwellings constructed mainly of precast components. Approaching the
housing problem in this manner, the government has been able to maxi-
mize building economies not only by expanding existing towns and
cities but also by creating new towns.

Amonr West European economies, the principle of advance planning
of the physical environment through town and regional planning is
generally accepted. France has reached the most advanced stage in
regional planning in its fifth Plan, whereby the government has at-
tempted to achieve a close integration of regional and inter-sectoral
planning within the national plan. In most West European countries,
governments have also embarked on regional programs to develop
growth centers in depressed areas.144 Nevertheless, the implementation
of physical planning principles has often fallen short of expectations.
Partly this arises from lack of a basic legislative authority as well as
a shortage of professional planning personnel, but mainly it is at-
tributable to failure to commit sufficient financial resources for the
necessary planning preparations.14- As a consequence, therefore, it has
not yet been possible in Western Europe to realize the full building
economies that can be achieved through integrated long-term physical
planning at the local, regional and national levels.

C. RESISTANCE TO INDUSTRIALIZED BUILDING SYSTEMS

Among centrally planned economies there was probably little
opposition within the building industry to the adoption and wide-
spread application of industrialized methods. In fact, on the return of
peace after World War II the resources of the building industry were
so badly depleted, and so great an expansion was needed to meet
postwar requirements, that reorganization of the industry along new
lines seems to have been carried out without resistance.

In market economies, however, resistance to the introduction of
industrialized building methods has developed on several fronts. Some
architects have resisted the introduction of standardized industrialized
building. In France, for example, professional architectural associa-
tions have strongly opposed nation-wide competitions which tended to
promote the establishment of teams of architects and contractors for
designing prefabricated housing.146

In many countries a certain amount of opposition to industrialized
methods, particularly prefabrication. was initially demonstrated by
the traditional skilled construction trade unions. In the United King-
dom in fact, the opposition at one time took the form of strikes and
boycotts against builders handling prefabricated components.147

Conventional builders' responses to industrialized building systems
have varied widely. Their initial reaction has tended to be hostile, but,
as observed in the preceding chapter, they have generally responded
to competition from industrialized systems by improving and ration-
al izing their conventional methods.

2"L. H. Klassen, Area Economic and Social Redevelopment (Paris: Organisation forEconomic Cooperation and Development, 1965); L. H. Klassen. Methods of Selecting
Industries for Depressed Areas (Paris: Organization for Economic Cooperation and De.

vlmet1967).
USE. Hay Eowienetine Compensatory Employment Programmes, An International Com-

parison of Their Role in Economic Stabilization and Growth (Paris: Organisation for
Economic Cooperation and Development, 1968), Chapter XV.

'0 National Monograph of France, Prague Seminar, Vol. II, pp. 381-83.
"' R. B. White, Prefabrication: A PHistory of its Development in Great Britain (London:

Ministry of Technology, Building Research Station, LHM.S.O., 1965), pp. 108-149.
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Mortgaroge banks and insurance companies have also tended to block
the expansion of industrialized housing. For example, in France, even
when new prefabricated materials were officially approved by the
Government, they were still viewed with suspicion by insurance com-
palnies that had to cover the ten year liability of builders.148

Many of the resisting groups in the building industry have been
directlv or indirectly responsible for the retention of outdated build-
ing codes, which have often been a brake on the development of indus-
trialized housing. Local building codes are frequently written in terms
of specifications rather than performance, thereby excluding the intro-
duction of new prefabricated materials. In Austria prefabrication has
encountered difficulties from the fact that provincial building regula-
tions, of which there are fifteen, permit the use of prefabrication only
under certain conditions.1 4 9 Building codes in France have been less
of a problem since the substitution in 1955 of a national building code
for various sets of local regulations.150

In conclusion, while political problems have been troublesome in
some market economy countries, they have not been severe enough to
prevent the introduction of industrialized building systems. Indeed,
as these systems become more widespread, the political problems ap-
pear to diminish.

VII. SOCIAL CONSIDERATIONS

Whether or not the consumer has a choice as regards the nature, type
and location of his housing, all accommodation-at least in theory-
is designed to service best the ultimate user. In examining the role of
social considerations in determining choices among European building
systems, it is useful to examine four major factors: the existing housing
stock; the cultural heritage; user requirements; and consumer choice.

A. THE ROLE OF THE EXISTING HOUSING STOCK

In the early postwar period, most European governments were con-
fronted with exceedingly critical housing shortages as a result of war
damages and a low rate of construction both during the war and in the
pre-war depression period. As a result, housing standards in new con-
struction were reduced to a bare minimum. Standardization was ac-
ceptable for new construction if it promoted greater productivity; the
principal objective was simply rapid production of additional space.
In a country confronted with serious overcrowding, the doubling of
the quantity of space per person naturally has a much higher social
value, as compared with qualitative improvement in the same space
per person, than it does in a country not confronted with such over-
crowding. In this situation, industrialized housing emerged as one of
the most promising means of alleviating the housing shortage.

In the U.S.S.R., large panel construction gradually assumed ascend-
ancy in the building industry, and it has grown steadily in importance
in other East European countries as well. With so great a backlog of
housing demand, overcoming the quantitative shortage took precedence
over qualitative improvement. By the middle 1960s, however, as the

148 National Monograph of France, Prague Seminar, Vol. II, p. 380.
149 National Monograph of Austria, Prague Seminar, Vol. II, p. 261.
'50 National Monograph of France, ibid., p. 382.
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pressure of physical overcrowding diminished, a greater concern for
user requirements and for qualitative improvements became manifest.

In West European countries as wvell, strict limitations were imposed
on standards during the early postwar period, as efforts were coneell-
trated on overcoming quantitative deficiencies. While large ainel con-
struction was develop-ng slowly and in comparatively fewl places,
various forms and degrees of mechanization and rationalization -were
being wnidely introduced into conventional construction. By the late
1950s, however, emphasis in most market economies had begun to shift
to quatitative improvements in new construction.

It is clear that as critical space shortages disappear, increasing im-
portance will be attached to qualitative improvement in housing ac-
co-mmodation, and there will be greater pressure for diversity in choice
of accommodation.

B. THE CULTURAL HERITAGE

A 'great challenge for industrialization of building has been achiev-
ing harmony with the European cultural heritage. Major elements
that have influenced the European attitude and practice with regard
to industrialized building systems are the following: an appreciation
for quality in architecture; a respect for the human scale; an attach-
nent to open space and nature: and a feeling of community.

One of the characteristics of traditional European building is its
high quality-not only in the material sense but also in esthetic appear-
ance. In practically all European cities there are houses and other
private and public buildings many hundreds of years old-partly
because masonry bears age well. In many towns, even beautiful old
wood houses still exist in a good state of repair. In modern times in
both Eastern and Western Europe, university faculties in architecture,
planning and engineering have maintained a continuity in this build-
ing tradition. They have been distinguished by the achievement of a
balance between scientific excellence and the practical building arts.
At the same time the long-standing popular respect for professional
quality has created a receptive climate for good design. On the whole
professional and administrative staff responsible for design and ap-
proval of housing projects have been able to wvork together in a creative
atimosphere.

Second, most European cities were designed long before the advent
of machines and motor vehicles. The treasured part of these cities is
the "old town", typically with winding cobblestone streets, gabled tile
roofs, and distinguished wrought iron fittings. Designed for the pedes-
trian. the cities Rave retained their human scale. Industrialized hous-
ing, hiowe-ver, has yet to strike a balance between retaining a human
scale and the need to accommodate itself to modern urban require-
ments.

Third, although European urban dwellers are long accustomed to
city life, they nevertheless retain a great respect for open spaces, trees,
flowers, and greenery. Living in concentrated masonry structures has
heightened the populace's appreciation of and their need for contact
with nature, both within and outside of the urban environment. By
comparison, recently created cities, spawned in a highly materialistic,
industrialized milieu, often contain a certain barrenness.

Within the European cultural background there is also a strong
sense of community, born of centuries of experience in common de-
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fense against fire, invader, and flood. Cooperation has become an estab-
lished element in the European way of life.

It is readily apparent that much of the animus and discipline of in-
dustrial technology diverges from the spirit and mentality of European
tradition. It is not surprising, therefore, that as observed in Chapter
III the early products of many industrialized building systems did not
blend well with the urban environment. Monotony and bleakness were
much in evidence. It is only in more recent years that, in response to
social demands rooted in this cultural heritage, architects have suc-
ceeded in harmonizing with traditional values the forms created by
the new technology of industrialized building.

C. USMER REQUIREMENTS

In Europe housing policies and the structure of the building indus-
try have been such that the ultimate consumer, particularly among low
income groups, has played a comparatively small role in determining
the kind of housing that is available to him. Urban housing has been
mainly multi-family masonry construction. It has been rented, not
owner-occupied. In the past 50 years there has been an increasingly
large social housing sector, which public authorities have owned and
rented at subsidized levels. Except in housing for upper and high
middle income groups, there has been until recently little systematic
effort to determine and build according to consumer preferences.

In East European countries there has been an increasing awareness
of user requirements. Czechoslovakia has taken the lead in this re-
spect,'5' followed in particular by Hungary and Poland. The Research
Institute for Building and Architecture in Czechoslovakia has under-
taken a broad program of social as well as technical research on user
requirements, utilizing all types of analytical methods, including com-
puter techniques.152 As a part of the Czechoslovakian program, in 1962
a nation-wide discussion was initiated with a series of model exhibi-
tions in the ten largest towns. Some 425,000 people saw the exhibi-
tions; 34,000 persons filled out questionnaires regarding the advantages
and drawbacks of the various models; and 14,000 persons offered sug-
gestions for improved housing design and arrangements. The purpose
of this Czechoslovakian program is to develop a scientific basis for in-
troducing eventually a greater flexibility into the design of industrial-
ized housing, and thus to overcome the insufficient attention that has
been paid to tenant requirements.

In Western Europe research on the social aspects of user require-
ments has lagged somewhat behind technical research. There is, how-
ever, a general recognition of the need to introduce greater flexibility
into the design of industrialized housing, and a number of studies are
now vunderway in various countries. The Swedish Institute of Build-
ing Research has offered its services to the International Council for
Building Research, Studies and Documentation (CIB) in coordi-
nating international research relating to sociological aspects of housing
design.153

161 Jirt Musil, "The Sociological Approach to Planning Workers' Housing; the Experience
of Czechoslovakia, International Labor Review, December 1962, pp. 548-549.

162 V. Cervenka, op. cit., p. 6.
'53 United Nations, Economic and Social Council, Committee on Housing, Building and

Planning, Report of Fifth Session (E/C.6/85, Supp. No. 7) (New York, 1968), p. 28.
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It is clear that a great deal of work remains to be done on deter-
mining user requirements.

D. THE ROLE OF CONSUM1ER CHOICE

Postwar awareness on the part of the common man that the process
of national economic growth can mean forever higher disposable in-
come is beginning to have afar-reaching impact on the housing market.
In the face of absolute space shortage, the occupant with only meager
accommodation tends to count himself fortunate. As that situation
eases1 the occupant demands more, yet nevertheless is satisfied with
relatively modest accommodation. But, as the occupant's income rises,
he demands higher standards of housing and more attractive surround-
ings in his physical environment.

In East European economies, it will take some time before the con-
sumer will be able to express his choice directly in the housing market.
Not only is there a critical shortage of space to overcome, but also the
central planning apparatus tends to obstruct expression of consumer
choice. Nevertheless, as observed in the case of Czechoslovakia, hous-
ing policy has already shown a responsiveness to the view that con-
sumer preferences should be considered in determining housing design.

By contrast, in Western Europe expressions of consumer choice have
been a major factor holding back the development of prefabrication.
In part consumer resistance has been a reaction to early prefabricated
structures that were bleak and unimaginative in design. In other cases,
such as Austria 154 and Finland 155 resistance has arisen from preju-
dices against standardization and a preference for individualism in
one's own home.

While the promises for significant teclmical breakthroughs in pre-
fabrication remain bright, thus far performance has fallen consider-
ably short of expectations. Partial prefabrication (prefabrication of
components such as doors or windows) has grown steadily in impor-
tance; in fact it has been increasingly utilized by rationalized con-
ventional construction. But with few exceptions, total prefabrication
systems have prospered and expanded only where they have had
some form of assistance, guarantee, or underwriting by a public or
cooperative body. Given a choice, therefore, consumers as a whole
have not opted for total prefabricated systems. Dwelling units built
by many such systems have cost more and have been of lower quality
than structures built by rationalized conventional methods. Moreover,
the cost advantages that some prefabrication systems have been able to
achieve have tended to be offset by a lack of individuality.

The question of consumer choice goes to the heart of one of the
central problems of industrialized building, the difference of approach
of the designer and the manufacturer.156 The construction designer
has two main tasks. First, he must determine user requirements for
the end product, such as requirements for space, circulation, loading,
heating, lighting, ventilation-in fact all the physical and psycho-
logical conditions which a building has to satisfy in itself and in rela-
tion to the climate in which it is built. Second, he must enhance the

2" National Monograph of Austria. Prague Seminar, Vol. II, p. 260.
'5 National Monograph of Finland, ibid., p. 374.
"1 R. Walters, op. cit., pp. 3-4 V. Cervenka, op. cit., pp. 4-5.
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lives of those who will live and work in and around the structure; in
other words, he must create good architecture. The work of the de-
sig-ner should reflect the fact that the activities, needs, and tastes of
people are constantly changing. The prefabrication manufacturer, on
the other hand, has quite a different approach. For him, efficiency in
production is all-important; this requires standardization and mass
production of whatever type of prefabrication system is decided upon.
By these means he can achieve automation in the production process
and obtain the best quality consistent with commitment of a minimum
of resources.

A great deal of attention has been given to the problem of har-
monizing the differing approaches of producer and consumer, of strik-
ing a good balance between flexibility and standardization in design.
It may well be that automation and computer control can provide a
low-cost reconciliation of these two requirements.

V7III. CONCLUSIONS

Taking account of the shortcomings of available data described
in the Introduction, the major findings of the study are as follows:

1. At this stage in the evolution of housing policy and practice,
large-scale application of industrialized building systems fundamen-
tally is not limited by technological, design or cost factors, but only
by institutional constraints.

2. East European countries report that large panel prefabricated
building systems enjoy a cost superiority of some 15 per cent over
conventional construction in such countries. These industrialized sys-
tems occupy a predominant position in the housing market of Czecho-
slovakia, East Germany and the U.S.S.R. In all of Eastern Europe,
the share of industrialized building in national housing production is
increasing at a significant rate.

3. In Western Europe industrialized systems have demonstrated
cost superiority over conventional building in some countries, notably
Denmark and West Germany, approximately equal costs in other coun-
tries, and even in certain instances cost inferiority to rationalized con-
ventional methods. In no West European country does industrialized
building occupy a predominate position in national housing produc-
tion, though its share of the market is steadily increasing in most
countries.

4. No overall generalization can be made concerning the relative
efficiency in Europe between industrialized and rationalized conven-
tional building systems. In Eastern Europe the neglect of capital costs
in accounting systems limits the usefulness of cost data for comparison
with free market economies. In Western Europe industrialized systems
have not yet been developed on a scale and with a continuity that will
permit an adequate test of their cost reduction potential. Moreover,
since rationalized conventional systems have probably been developed
more intensively in WIvestern Europe, they would be expected to be
relatively more competitive with industrialized systems there than in
Eastern Europe.

5. Under certain circumstances, European experience does justify
conclusions with respect to current relative efficiencies of the two
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building methods. For low-cost housing in economically developed
urban areas with trained industrial and professional -manpower and
an adequate supply of available capital, industrialized building is in
general relatively more efficient, providing it is able to obtain the
requisite scale and continuity of production. For rural housing, middle
and upper-income group urban housing, and maintenance, repair and
renovation of the existing housing stock, rationalized conventional
building is in general relatively more efficient. In the absence of a
strong national policy giving a preferential position to one method,
the probabilities are that both industrialized and rationalized conlveti-
tional svstems will continue to develop competitively for the foresee-
able future.

6. The possible development of compact, efficient on-site prefabrica-
tion plants may significantly affect the relative efficiency of indus-
trialized building and extend its market beyond highly -concentrated
urban areas.

7. Industrialized building has demonstrated other advantages-in-
cluding quality control? reductions in on-site labor requirements and
completion time, and circumvention of the recruitment and training
difficulties that many European countries have encountered in expand-
ing their on-site construction labor force.

8. In addition to immediate direct economies from mass production,
continuous large-scale industrialized building introduces the possibil-
itv of obtaining substantial indirect, long-run external economies.
Such external economies arise from concentration of research and de-
velopment expenditures, specialization in factories producing pre-
fabrication machinery, establishment of vocational training programs
in prefabrication skills, and more effective use of information feedback
from experence in production, distribution, transportation and
erection.

9. In its developmental phase, the design of European industrialized
building systems has been deficient in two principal respects: excessive
standardization to achieve lowest unit cost and largest total output,
particularly in Eastern Europe, resulting in a tendency to neglect con-
sumer preferences; and in some systems, particularly in France, engi-
neer domination of the architect with respect to project design. More
recently, industrialized systems have achieved a higher quality both in
building design and in integrating housing with the existing environ-
ment.

10. Efficient use of industrial technology requires substantial
changes in the traditional relationships among designers, building
components producers and contractors so as to achieve unified man-
agerial coordination of the building process.

11. Efforts to protect traditional building methods have not substan-
tially impeded development of industrialized building systems, except
to the extent that they have been expressed in the maintenance of
scientifically lagging building codes.

12. Industrialization is significantly changing the skill-mix of the
buildino labor force by eliminating many of the traditional on-site
craft skills; by increasing demands for engineers, technicians, and
supervisory staff; and by creating new demands for multi-skilled
workers, machine operators, and assemblers.
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13. The development of sophisticated manufacturing technologies
and the growing international agreement on dimensional coordination
based on the ten centimeter module have greatly increased the practica-
bility of developing supranational open industrialized building sys-
tems and of expanding international trade in building components.
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INDUTSTR1ALIZATION OF HOUTSIN6r: TODAY'S
POTENTIAL

by

MARION SCHLEFER*

I. FRAMEWORK

In recent years the housing industry has been producing nearly
one-and-a-lhalf million non-farm dwelling units per year. Estimates
by Senator Abraham Ribicoff call for a production of two million
units per year to meet immediate needs; the AFL-CIO calls for two-
and-a-half million units. In 1960, nearly one-fifth of all housing units
were classified bv the Bureau of the Census as either dilapidated or
in need of immediate repair. If needs for replacement for dilapidated
and- run, down housing are considered, the need for new construction
is estimated to be as hig1h as three million per year.'

Expressed in another way, the problem is apparent in the gap
between the need for decent housing on the part of low-income persons
and the inability of the industry to produce dwelling units at minimum
standards which come within the range of effective demand by the
low-income group. In other words, as presently organized using con-
ventional technology, the industry has proved unable to supply hous-
ing to low-income without subsidy.

Furthermore, when low-cost ho'using is supplied through subsidy
programs, the effort to hold down cost usually results in a dwelling
unit which has no chance to be upgraded or altered. For this reason
as income rises, the tenant looks for new housing in other areas, thus
denying the community his leadership ability and tending to main-
tain the neighborhood as an exclusively low-income area.

The amount of reduction in the cost of housing to the consumer
which can be achieved by industrialization is limited by the propor-
tion of total cost attributable to construction2 A significant amount
of total cost to the consumer is attributable to the costs of filancing
(interest, title, transfer costs, and taxes) and to the cost of land. Of
the total amount attributable to construction the National Association
of Home Builders estimate that 70-75 percent is in materials and
2.5-30 percent in labor. Others consider that the proportion of labor
is higher.

*Analyst in Housing and Urban Affairs, Economics Division. Legislative
Reference Service, Library of Congress, Washington, D.C.

IHooper, William L. Office of Science and Technology. Executive Office of the President.
Innovation in Housing: Will Pipedreams Become Practical Reality ? (Address) September 9,
19 67. p. 3.

-The term industrialization includes mass production either off-site or on-site of whole
units or standardized component parts ranging from simple window frames to complete
structural systems.
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One important fact to bear in mind, however, is that these costs to the
consumer are not independent of each other. For instance, if the cost
of construction can be reduced, both interest charges and taxes come
down proportionately. If the construction period can be reduced or
construction costs carried in part by the factory, then the period of
interim financing can be reduced. In this case the fabricator rather
than the consumer is carrying this cost, which will in turn be charged
to the consumer in higher prices or may be offset by technological ad-
vances. Furthermore, the cost of land directly affects the possibility of
producing housing to meet the low- and moderate-income markets.
Urban renewal write-downs and local tax abatement are often essential
to the effective operation of moderate-income programs at today's
urban land prices. In addition, the size of the market directly affects
the price of industrialized housing. In short, it is legitimate to isolate
the cost of construction for analysis of the benefits of industrialization,
if it is understood that the various costs are not independent and that
industrialization might well transform all aspects of the industry.

II. WHAT MIGHT BE ACCOMPLISHED WITH INIDUSTRIALIZATION

Gunnar Myrdal has pointed out that the industry divides easily into
two parts, namely, "the manufacturing of building materials and com-
ponents, on the one hand, and their assembly on the building site, on
the other." 3 In recent years the building industry within the United
States has been prefabricating parts of buildings. windows, roof
trusses, siding with prefinished coats and so forth. However, the em-
phasis in improvements in home construction has been on on-site as-
sembly. Our system excels in the rationalization of the process of site
assembly. The coordination between the arrival of materials and the
programmed use of construction teams is the traditional strength of
our construction industry. There have been certain exceptions. most
notably the mobile home industry which represents complete prefabri-
cation. Last year the mobile home industrv statistics claimed that
mobile homes accounted for 20 percent of homes sold. Neither prefab-
rication of parts nor even prefabrication of complete units necessarily
involves the use of new materials nor the application of a systems
approach to building.

A year ago the Journal of Housing took a dim view of the poten-
tialities of industrialization. ". . . the conclusion still seems unavoid-
able that pre-fab construction techniques, as we know them today, can
have only negligible impact on the critical and large-scale American
problem of how to provide, in quantity, housing that meets defensible
modern standards at costs within the reach of low-income families." 4

Today, the editors of this Journal take a more optimistic stand. Sev-
eral new approaches to industrialization of construction show promise
and account for their more optimistic view. Some schemes use the
mobile home unit as a basic component to be stacked: others emphasize
the prefabrication of boxes which utilize materials and technologies
new to the housing industry; still others apply systems planning to
the housing industry defining goals, and workingou wt coordinated sub-
svstem components which will then be organized according to the
demands of the particular situation for assembly on site.

3 MTvrdal. Gonnar. Ir. Proceedings of the Third CIB Congress, Towards Industrialized
Building. Copenhagen. 1963.

4Journal of Housing, No. 8, September 1966. p. 435.
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MOBILE HOME INDUSTRY

Mobile units which are not permanently affixed to the ground and
carry license plates do not come under the usual building and housing
codes. HUID considers that the mobile home industry has potential as
a producer of low-cost housing and is sponsoring on an experimental
basis several different mobile home projects which will become part
of the real estate. Specifically, HUED is working with Magnolia Mobile
Homes Sales Corporation. on projects of stacked units for town
houses. The first project at Vicksburg, Mississippi, uses two mobile
units stacked to make one dwelling unit. Altog-,ther there will be 2S
dwelling units. The cost of these units is expectet ito be about $10 per
square foot including land or $7.50 on foundation exclusive of land.5

This compares with a square foot estimate for a District of Columbia
Public Housing Project about to go out to bids of $9.15 per square
foot. Cheap conventional construction would come in under this figure
but such cost comparisons do not take into account quality comparison,
nor do they indicate what costs might be achieved with volume pro-
duction of mobile units.

The plan at Vicksburg and at Amherst, Massachusetts, where the
next Magnolia project will be built, is to evolve a way of putting units
together which would work for dense housing in the city and at the
same time to display no trace of their mobile origin. The Amherst
project will consist of 104 dwelling units. Each of these projects wvill
be insured under Section 221(d) (3) and Section 233 of the Federal
Housing Authority insurance program. Section 233 exempts projects
from the usual minimum FHA standards for experimental -work with
new materials and methods. Square foot cost, however, is not expected
to be reduced below conventional building costs on these two demon-
strations.

HUD is also sponsoring a mobile home industry Low-Income Hous-
ing Demonstration at Reston, Vircrinia. An initial grant of $200,000
for a 50-unit pilot program will be expanded to 200 units. The proj-
ect may be insured under FHA Mortgage Insurance under Section
9.33. pursuant to 221 (d) (3). However, Reston Experimental Housing
expects to be able to reach the level of income equivalent to 221 (d) (3)
in Washington, D.C. without a 221(d) (3) subsidy. It has been de-
termined that the units thev need can be built in a mobile plant at a
cost of between $5 and $6 per square foot or an on-site cost of approx-
imately $7.50 without land. Because of the community amenities and
master plan which Reston offers, its land prices are relatively high.
However, the land use plan offers the advantage that these units will
be in groups in close proximity to single family houses and multi-fain-
ilv buildings for higher income groups.

The mobile home industry depends on mass production and neither
of the experimental mobile home projects described is able to offer
even a sizeable market, thus they can test methods of design but can-
not test true cost reduction. To produce the Reston units certain
retooling of the factory w-ill be necessary which requires a capital ex-
pense for relatively few units. The Reston units will be substantially
three bedroom units although partitions for children's bedrooms do
not reach the ceiling in order to bring extra light and air into the play-

6 Hooper, op. cit., p. 5.
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room beyond. Each will include two mobile units but differ in floor
area according to their placement in the three story structure. They
will vary from 880 square feet for third floor units to 1008 square feet
f or the ground floor and second floor units.

The Architectural Forum reports that architect Paul Rudolph, of
Yale University, has proposed schemes for a "vertical core with mobile-
home boxes 'plugged-in' :. These boxes might be suspended from an
overhead truss or slipped into a structural grid of steel or concrete.
A similar scheme is proposed by Seaside, California in its model cities
application. This scheme was developed by the Los Angeles archi-
tectural firm of John F. O'Grady and Walter K. Zell. These architects
suggest that such a core structure could be placed on an air-rights plat-
form and needs little land base.

The mobile home industry has been slow to respond to suggestions
for new experiments because it is prospering as is. However, Boise
Cascade, a lumber company, owner of Kingsbury Homes, a successful
company selling pre-fab homes of conventional design has recently
decided to acquire a mobile home company.7

BOXES ANTD TIlE HABITAT CONCEPT

Conrad Engineers, a New York firm which developed the core for
"Instant Rebabilitation", the 5th Street Project in New York City,
has made a study of technologies applicable to construction and ai-
ready in use in other manufacturing processes. Conrad Engineers has
developed a light weight concrete box based on an expansive concrete
which prestresses its steel reinforcing shell as it dries. Prestressing
in three dimensions allows Conrad Engineers to construct a light
weight box of only 20 tons as opposed to Habitat's 90 tons. Such a sys-
tem allows very thin strong walls (2" thick except for those between
units which are 8"). The objection has been raised that boxes strong
enough to withstand lifting and trucking to the site are then unneces-
sarily strong for building construction which does not require such
strength in place. However, it is the opinion of Conrad Engineers
that box structural techniques are not now being applied but could be
applied in such a way that full strength can be used by grouping loads
which are transferred from one unit to another, each unit helping to
hold up the whole.

Conrad Engineers is currently building a six story conventionally
stacked building for moderate income housing to be financed under
FHA Section 233. This building is located in Richmond, California
and will total 24 dwelling units of two boxes each. To meet code regula-
tions in Richmond it was necessary to strengthen the structure at each
corner with a column.

Habitat '67 presents an innovative assembly of box units in such a
way that the architect becomes involved in creating a total living en-
vironment giving each unit a sense of place or identity within a com-
mninity of dwellings. Moshe Safdie, the architect, worked out coordi-
nated svsteems for automobile and pedestrian traffic, indoor and outdoor
space, privacy and communal amenity. Although he presented an in-

6 Architectural Forum, May 1967 : page 44.
7Further information is available from: Mr. John Odegaarde, Kingsbury Homes, 5096Peach Tree Road, Chamblee. Georgia.
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spiring notion for the construction of housing at high density with
high amenity, he did not work with advanced technology. The weight
of the concrete boxes necessitated exceedingly expensive cranes for
lifting the ulnits into place and resulted in an average cost of $100,000
per unit.

There is now a proposal under study by HUD for a Low-Income
Demonstration Grant which would combine the light weight strong
box developed by Conrad Engineers with the advanced design of Moshe
Safdie for an American Habitat '68. The Architectural Forum for
October 1967, suggests that this structure is under consideration for the
National Training School Site in northeast Washington, D.C. The
Forum sums up box building in these words: "In short, the tecimical
means exist-and have existed for some time-to make the Habitat
concept economical as well as beautiful. All that is necessary is to go
outside the narrow confines of the traditional building industry,
and to use resources in other, possibly more advanced fields of
manufacturing." 8

COMNPONEENT SYSTEM1S

Realizing that the value/weight relationship is usually too low to
transport large boxes long distances, others have proposed schemes
which seek to workout component systems by systematic social and
structual analysis to be assembled at the site.

Neal Mitchell Associates of Cambridge, Massachusetts, 9 has worked
out a unique approach to component building based on the experience
of various members of this group in South America. Mitchell Asso-
ciates studied the squatter settlement to see what could be learned from
such a completely flexible system where even demolition and recon-
struction is rapidly accomplished. In collaboration with his associate
Ian Donald Terner,'0 Neal Mitchell evaluated the priorities of the
urban in-migrant. They found that the priorities of the migrant vary
with his fortunes. The newly arrived migrant values location most
highly; the squatter places emphasis on security in land tenure; and
as his status becomes more secure, the avenity of his house becomes
dominant and he places a value commitment in the structure itself.'

In order to meet these varying priorities, Mitchell Associates de-
veloped a system which emphasized flexibility through upgradability
and expandability and was sensitive to cultural and 'physical envi-
ronment providing for the use of indigenous materials in combina-
tion with the structural system. "The project started as a systems based
analysis of the failure to provide adequate housing in the currently
underdeveloped world. The strategy was to bring the latest in science
and technology to bear in the controlled manufacturing of a structural
system, yielding an inexpensive, durable and foolproof product that
could be erected quickly and easily in the field by totally untrained
people without construction equipment." 12

Architectural Forum, May 1967, op. cit.
See appendix I.

1O Neal B. Mitchell. Jr. and Ian Donald Terner. Squatter Housing: Criteria for Develop-
ment, Directions for Policy, 1967.

U' Most publically sponsored programs are aimed at that segment of the population for
whom amenity is dominant. In the United States, there are many persons who never have
a chance to be accepted by Public Eousing because their incomes are too low or their social
behavior not acceptable. Nor is provision made for consciously putting aside housing
amenity in an effort to combine resources in an income-producing project at the temporary
expense of housing. Further, public housing is inflexible at the upper end of the scale
because it provides no means of upgrading housing or retaining the tenant with the rising
income.

1' Appendix I.
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Sixteen footings are dug in a grid pattern either by hand or with
a drilling rig mounted on a tractor (the only step requiring trained
labor). Digging of footings can be accomplished without disturbing
the earth's surface by stripping of topsoil or vegetation. The system
consists of four precast, lightweight, cellular, reinforced concrete com-
ponents: columns, cantilever frame beams, tie beams, and a roof/floor
slab system which are erected on the concrete footings to form the
structural bays. If a single bay dwelling is constructed, the family
may continue to farm or garden without injuring the remaining 12
footings which serve as incentive and reminder that the house can
be expanded. Materials for expansion may be stockpiled in the neigh-
borhood. Such a dwelling constructed in South America would cost
between $200 and $400 and is strong enough to rise to three stories
or to expand horizontally in the direction of the existing footings.
Wall panels are available in a variety of materials or indigenous ma-
terials may be used. Utility cores, electrical and mechanical systems
are also available. Expandability allows not only for enlargement of
the dwelling but for addition of a shop or a second unit for temporary
housing of a relative or for rental housing to augment income.

Mitchell Associates have revised the system to meet U.S. tastes and
standards while retaining the original emphasis on flexibility and
interchangeability of parts. On April 29, 1967, the Archdiocese of
Detroit received a HUID 207 Low-Income Demonstration Grant of
$203,000 to cover research costs for applying the Mitchell system
to a moderate income project in Detroit. The actual cost of research
to Mitchell has been closer to $300.000. The project will include 17
units, 13 in a complex and 4 individual homes and is expected to cost
between $8 and $12 a square foot. The square foot cost goal is $7.00
but this goal could be achieved only through volume production. Like
the original system, this system consists of light weight sub-systems
of columns and beams into which various panels can be fitted. It is
simple to construct with no part weighing more than 150 pounds and
can be built with self help. Upon completion, the project -will be trans-
ferred to the FRA Section 233 insuring program and eventually to
Section 221(d) (3) wvhen (and if) provision for home ownership in
multiple units is passed. Home ownership is particularly important for
the Mitchell systems because of the provision for future expandability.

Mitchell Associates' system now comprises about 15 or 20 sub-
systems in addition to the four original systems. These additional sub-
systems include plumbing, electrical, interior panel development, etc.
Some of the sub-systems are applicable to existing housing as well as
to new housing. Parts are interchangeable so that the house can be
rehabilitated simply by easy replacement of subsystems. Emphasis
was put on the development of existing technologies which have not
been used in building. for example, a chemically treated light weight
cement and plastic pipe. Sub-systems were kept in small units to
facilitate construction and replacement. Mitchell Associates have ex-
perienced difficulty in interesting manufacturers in making the neces-
sary investment to design sub-systems. This is in part attributable to
lack of a guaranteed volume market. The panel sub-system, for ex-
ample, was sent to several hundred companies of whom only seven re-
sponded and only one to the point. Many manufacturers are interested
primarily in a market for their own products and would like to
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market an aluminum house, a steel house, an electric heating and ap-
pliance house, chemical house, etc.

Mitchell Associates demonstrates the monthly costs of housing with
a 30-year mortgage at 6 percent with a 40-year mortgage at 3 percent,
in a chart (Appendix I). As part of the usual cost of housing, Mitchell
proposes the establishment of a reserve contingency fund which would
serve as an insurance against inability to keep up mortgage payments
or tax payments during short periods of up to three months.

The Washington area will have a chance to see the Mitchell self-help
system tested in Toby Town, Maryland where the Toby Town Rede-
velopment Corporation, a non-profit group established by the County
Government to guide the community's renewal, has approved the con-
struction of 27 units to house 93 residents. The housing will probably
be built under a "Turnkey" provision by the Redevelopment Corpora-
tion using residents as workers who will be paid in "sweat equity" to-
ward the purchase of their homes. The Montgomery County Council
has agreed to make exceptions to various parts of the zoning, subdi-
vision, road and building code ordinances.

TECHCRETE

The Techcrete component system builds with large scale components
of precast concrete. Techerete has completed a moderate income hous-
ing project in the Roxbury Section of Boston, financed under FHA
Mortgage Insurance under section 221 (d) (3).

Components are trucked to the site and assembled by crane. Devel-
oped by Carl Koch of MIT, this system of heavier and larger com-
ponents also emphasizes flexibility in multi-family construction. It
avoids restrictions on planning exterior treatment. Units can be
stacked to any number of stories up to 32 or use horizontally in a
number of forms for row houses or walkups.

The system consists of 3 bearing wall panels erected first which sup-
port a 32 foot pretensioned precast plank, 40 inches in width. Floors
are "clamped" to walls by post tensioned steel rods. The remaining
wall area can be enclosed with nonload bearing materials. The objec-
tive of the Techerete system is to bridge the gap between a "over gen-
eralized" American construction industry and the "over specific" Eu-
ropean system. The editors of the Architectural Record define Koch's
system as, "A design method to lower first and continuing cost and
increase quality: a flexible design method to permit the widest possible
range of uses and appearance to meet variations in site, density, local
preference, a process which offers the greatest possible opportunity for
speeding up and simplifying the process of building from first reali-
zation of need to occupancy (a large factor in reducing cost) ." 13

The System relies on interchangeable parts with a wide variety of
component choices. It becomes the function of the architect to co-
ordinate the building process to make a whole of disparate pieces
contributed by architect, developer, manufacturer and building
authority.

Square foot costs were approximately $12 to $14, too high to pro-
duce moderate income housing without subsidy.

U2 Finally: a low-cost component system for housing that really works. Architectural
Record, March 1967, pp. 187-195.
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The Techcrete Foundation has been established to carry on studies
to produce improvement in design, construction and erection of their
components, to program development of new components, to, work
with labor unions and government officials on code provisions, and to
help to nrovide a market for The Techcrete System by providing
information to sponsors and architects, and finally to provide a source
of R. & D. for the housing industry in the area of component
construction.

"NOVOA SYsTEM'" PRECAST CONCRETE HOUSES

This project insured under FHA Mortgage Insurance under Sec-
tion 233, Experimental Housing, pursuant to Section 203 was con-
structed in Puerto Rico. Like the Mitchell System it can be as-
sembled by unskilled labor using relatively light-weight components
(250 pounds, instead of 150 pounds maximum weight of individual
components). A prefabrication plant was located at the site to pro-
duce concrete H columns and panels. It is classified as experimental
because the characteristics of the panels do not meet the American
Concrete Institute Code. A modular house was produced which can
be easily expanded and which was made to sell for between $14,000
and $16,000. The panels are dropped into the H columns. The floor is
tile and the roof poured concrete with no further finish. These houses
are reported to be aesthetically and functionally successful.

SCHOOL CONSTRUCTION SYSTEMS DEVELOPMENT (SCST))

One of the most interesting of the recent approaches to construc-
tion has been privately subsidized by the Ford Foundation's Educa-
tional Facilities Laboratory. The SCSD under Ezra Ehrenkrantz,
a project manager, who has had architectural experience in England
and in this country, has developed a school construction system rele-
vant to this study for its systems approach to a particular construction
problem.

A task force of educators and designers was set up to analyze edu-
cational needs and requirements which were converted into perform-
ance specifications against which a number of manufacturers were
invited to prepare proposals for a prototype design. Bidding was done
by a team of manufacturers for a compatible combination of systems.
The sub-systems which accounted for about 50 percent of the total
cost were structural steel, ceiling and lighting, air-conditioning, in-
terior partitions, cabinets and lockers. It was specified that the manu-
facturer would be fully responsible for development through produc-
tion, installation and maintenance.

All of this systems analysis and bidding preceded design ofc a
particular building by a particular architect. The objective has been
to achieve a greater flexibility in two ways; namely, greater freedom
of architectural design within the system and the achievement of
rapid change of interior architecture and interchangeability of parts.
Such flexibility is particularly important for schools where teaching
methods are rapidly changing. Specifically, this would mean that the
size of classrooms and the arrangement of partitions can be inex-
pensively and rapidly altered and lighting and. air conditioning
systems can be immediately rearranged by shifting ceiling panels to
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meet the new situation. Exterior panels were omitted from the system;
this has enabled individual architects to express differences in facade
treatment as well as structural form. What really has been done is
to give the architects, "a catalogue of new, ingenious, and economical
components, all of which are designed from the outset to fit
together." 14

SCSD would not have been able to achieve support of manufacturers
in the form of the capital investment necessary to offer innovattive
component sub-systems without a guaranteed market. This was
achieved with the participation of a group of California school dis-
tricts which got together to work out a market large enough to
justify expenditure by the manufacturer. Costs on the one s hool
completed were about 10 cents per square foot higher than a com-
parable conventional school but many amenities were included which
were not possible under conventional construction.

It is worth noting that several manufacturing companies who de-
veloped systems which were not chosen by SCSD were, nevertheless,
able to use the systems they had developed in the formation of new
companies, e.g., Compatible Design Systems. This development. is
right in line with the ultimate objective of SCSD namely, "to bring
about a situation in which any individual school project may obtain
genuinely competitive bidding of system against system without the
necessarily clumsy administrative arrangements required by the
original development program." 1

SCSD holds forth the real possibility of interchangeability of parts.
*Would not the home, school, or any building benefit from change
as needs change within it? Perhaps, certain subsystems should even
become personal property rather than real estate. For SCSD, at least,
the educational test will determine the space utilization rather than
vice versa.

Mr. William K. Wittausch "I makes a similar point. He postulates
that the house should be thought of as three elements: environment,
enclosure, and equipment, or, in other words, the site, the shell, and
the core components. These elements vary in durability and if taken
as separate aspects of a house (which are easily replaceable) may be
easily exchanged for rapid rehabilitation. "It is in the replacement
aspect of housing that the introduction of new concepts can help the
housing industry. The industry could begin to design such new
housing that incorporates easily maintainable and interchangeable
features."

Mr. John Eberhard of the National Bureau of Standards describes
SCSD as an outstanding example of a new organization which has
created an aggregate market for market of new systems. "The genius
of the SCSD system is that it solved an old problem in a new and more
svstematic way.'' 1

14 Educational Facilities Laboratories. SCSD: The Project and the Schools. May 1967.
IS Op. cit., page 31.
1 e Wittausch, William K. Housing as a consumer product: an emerging new industry,
167.
'ITEberhard, Jfohn P. Technology for the city. Science and technology, September 1966.
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HOUSING BY CORPORATIONS

Many corporations including International Telephone and Tele-
graph, which has bought out Levitt and Sons, Reynolds Metals Com-
pany, General Electric, and Westinghouse, have done a good deal of
talking about producing particular housing models which will incor-
porate a new market for their particular products. At this time, in-
vasion of the construction industry by corporations has not material-
ized. Such a possibility exists as a potential and is felt by the housing
industry as a threat.

Futuristic suggestions have been made for disposable housing and
for construction by a process called "filament winding" which has been
used for fabricating nose cones for space vehicles."8

A far cry from such advanced teclmological innovation as has been
just suggested, a system has been devised by Mr. Edward T. Dicker
called the Stack-Sack International which has reduced square foot
cost to $5.50 including central heating and air conditioning-exclusive
of land cost.1 9

FOREIGN EXPERIENCE

Although many precast systems are used in Eastern Europe and in
Israel, the effects of scale are most notable in Russia where prefabrica-
tion has become routine. However, its experience is not generally
applicable here. "The high rise apartments built for Russian middle
class families would not meet the space, design, or construction quality
demands of the average American, but, available evidence indicates
that construction costs, calculated by using equivalent U.S. wage rates
and material prices, are well below any existing or anticipated U.S.
experience and may be as low as four or five thousand dollars per
unit." 20

Paul I. Niebanck, Department of City and Regional Planning,
University of Pennsylvania, Philadelphia, recently reviewed a book
by Marian Bowley on the British Housing Industry.21 Miss Bowley
states that, "American readers may find comfort in the fact that cer-
tain experiments in the building industry here (in the U.S.) have
had their counterparts in England. For example, it has been the
British experiences that prefabrication is hardly a panacea for the
problem-laden industry. So-called "non-traditional" homes, of pre-
fabricated components or new materials, have resulted both in savings
and unanticipated costs. Most of the bright new ideas have withered
on the vine because of cost factors, insufficient scale of operation, and
negative consumer response among others; and the ideas that did
catch hold were rarely genuine innovations." She adds that, "Hopes
for the cost reduction, greater production, more consumer choice and
other goals all seem to rest largely on the form of organization and
management of the industry, rather than on marginal reforms or
greater direct participation of the government."

Mr. Guy G. Rothenstein of Associated System Planners and De-
signers (ASPAD) takes a much more optimistic view of the progress

9 See appendix II, Journal of H~ousing, September 1967.
19 See appendix III.
29 l~ooper, William L. op. cit., page 9.
21 Bowley, Marian. The British building industry: four studies in response and resistence

to change. New York, Cambridge University Press, 1966; reviewed by the Journal of the
American Institute of Planners, January 1967, p. 61.
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and applicability of European 4precast systems to the United States.
Mr. Rothenstein states, that, "in France today, 60% of all multi-
family housing is system built by more than 200 plants with a produc-
tion capacity of 500 dwellings per day.-' 22

MIr. Rothenstein defines system building in an industrialized society
as "the complete integration of all sub-systems (structural, mechani-
cal, walls etc.), assemblies, components and parts into one overall
systemn making full use of industrialized production, transportation
and assembly." He adds that, "The basic elements of industrialization
are MEClAANIZATION and the PROGRAMMI3JNG of the process of building."
Systems can be of two types, "open" or "closed". "Open" systems, which
Air. Rothenstein says are widely used in Eastern Europe, are based
on modular standardization of plants all over the country. These com-
ponents are catalogued and stocked and architects can pick compatible
parts. The "closed" systems used in Western Europe depend on con-
tractor-owned tooling permitting industrialized design within one sys-
tem.

ASPAD has two systems which are currently available in the United
States-the Sentra System and the Balency System.23 Rothenstein be-
lieves that these systems have potential for tie United States to im-
prove quality, speed construction, and lower cost. Mr. Rothenstein esti-
mates that under his system total labor cost is reduced by 20 to 30
percent assuming labor as 50 percent of total construction cost.24 He
also estimates that there would be a material cost savings.

He further suggests that portable factories could be set up in model
cities neighborhoods thus fulfilling the social objective of employment
as well as providing housing.

Mr. Rothenstein discusses the need for an assured market and sug-
gests that the system building plan, including plant operation, should
be under the jurisdiction of a general contractor to assure integration
of the complete process.25

Precast housing systems, such as those just discussed, are inflexible
and do not allow for changes in interior architecture or variability of
size. Built on a large scale, costs could be reduced. Such systems might
be used in the interim which will be needed to bring technological
sophistication to the point where industrialized housing of a more
flexible kind, similar to the SDSC approach, might be available. Such
an interval has been variously estimated as between four and at least
ten years. European design tends to be more standardized than design
in this country. "No real industrialization is possible without stand-
ardization and-in the building industry-no standardization is pos-
sible without systematic dimensional coordination." 26 It seems un-
realistic to think that we will have countrywide dimensional coordina-
tion or even code coordination in a country where the housing industry

21 See appendix IV.
3 See appendix IV.
24 The National Association of Home Builders estimates that labor is 25 percent of

construction cost.
2 Further information can be obtained from: (1) Mr. Toni Potter of Taylor-Woodrow-

Blitman, Inc., 101 Park Ave., N.Y.-The English parent company Taylor-Woodrow has
extensive experience in system building; (2) Mr. George Santry, Schokbeton Products Cor-
poration, 35 Mason Street, Greenwich, Connecticut. The Engineering New Record is pre-
paring an article about Thamesmead, England, a community for 60,000, entirely built by
industrialized construction methods.

t United Nations. Modular co-ordination in building Asia, Europe and the Americas
(ST/SOA/62). New York, 1966, p. 1.

25-808---69- 11
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is traditionally localized, small scale, and competitive and where
climatic conditions vary so greatly. An "open" system might bring
about a situation in which the architect no longer laments the lack of
components but the restricted choice of dimensions. 2 7

III. THE CONSTRUCTION INDUSTRY AND RESEARCH

The organization of the construction industry is such that most
research currently being undertaken is undertaken on the part of an
individual manufacturer in the area, for example, chemicals or plas-
tics, and is listed as research in that particular area rather than in
construction. For this reason, it is impossible to judge the total amount
of research that is currently being undertaken that affects housing.
However, we do know that there are few persons or organizations
undertaking research or development projects which concern the
whole process of construction.

The National Home Builders Research Foundation in Rockville,
Maryland, established by the National Association of Home Builders,
has been engaged in various phases of research for some time. Dr.
Ralph J. Johnson, its Staff Vice President, stresses that there have
been many innovations and new materials put into use in the housing
industry in recent years. He believes that many prefabrication ideas
fail simply because they can't compete from a cost point of view.
Innovation, he believes, will bring very modest cost reductions. He
further states that construction time on conventional building has
been reduced to 30 days and that prefabrication as currently prac-
ticed (roof trusses, prehung doors, etc.) characterizes the entire proc-
ess. Furthermore, he points out that volume buying doesn't reduce
costs significantly. He claims that most builders of 50 dwelling units
and up a year can buy materials at almost the same price as those who
build 1,000 houses. (Levitt & Sons builds about 1,200 houses a year
in their metropolitan Washington development.) The Foundation
conducts research in three areas: (1) the design and development of
experimental homes and systems, (2) laboratory studies to lower en-
gineering cost of materials and components, and (3) industrial engi-
neer to increase productivity of labor and to use materials more
efficiently.

The Building Research Advisory Board, with headquarters in Wash-
ington, vill do research for government on contract-but has no
testing laboratory. It also represents the building industry. It points
out that the genius of the American system has been on-site organiza-
tion. For years BRAB has been trying to get the Federal government
to direct the Federal Building agencies-Corps of Engineers, Veter-
ans Administration, Bureau of Reclamation, National Aeronautics
and Space Administration, Public Buildings Service and others to
set aside at least .5 percent of their budget for research and develop-
ment. BRAB has recently created a Building Industries and Manu-
facturers Research Council. It also sponsors a Federal Construction
Council which includes the Bureau of Standards. However, it operates
on a budget of only $117,000 a year.

2 See Oddie, Guy. The future-can we face it? The architectural Implications of indus-
trialized building. Architectural Review (London), November 1966, p. 323. For additional
information on European housing see 1) United Nations, New York. Modular Coordinationin building Asia, Europe and the Americas; 2) International Council for Building Research.
Studies and Documentation. Towards Industrialized Building. Proceedings of the third
CIR Congress, Copenhagen, 1965, New York Elsevier Publishing Co., 1966.



157

BRAB questions the existence of a market for industrialized hous-
ing in this country at this time. This, it is thought, is the real problem
which industrialization faces. It also believes that contractors and
manufacturers will hold their R & D at an minimum so long as the na-
tional government uses the housing industry as a fiscal tool for achiev-
ing a monetary objective. A high interest rate and slow building dis-
courages the manufacturer from long term research. It is concerned
about the antitrust attitude which frowns on combinations of small in-
dustries but allows diversification of production within large corpora-
tions such as the aerospace industry. Mr. Robert Dillon, of BRAB,
suggests the following as major areas of construction which need
further research: power distribution (limits flexibility of the dwelling
unit), waste disposal (certain companies are studying cyclical systems
which would allow reuse or conversion into fuels of wastes), and foum-
dations (to find ways of keeping them from being so deeply rooted in
the ground and inflexible). Mr. Dillon also emphasized the need for
destructive testin. The Ford Foundation funded a New York test
in which one stee, one concrete and one composite building were de-
destroyed to determine strength and resistence. General AMotors does
this sort of testing on automobiles all the time but it is most difficult
to finance within the construction industry.

The Building Research Institute is an independent organization
with headquarters in Washington, D.C. They publish the Building
Science Directory and a bi-monlthly journal, Building Research. They
also hold conferences to further research in building science.

Outside the construction industry itself, private research is producing
many products which have already found some degree of acceptance
within the construction industry or which hold potential for the future.
Recently, the Antitrust and Monopoly Subcommittee of the Committee
on the Judiciary held hearings on new technologies and industrial con-
centration. Dr. Stephen W. Tsai of Washington University, St. Louis,
described how the use of lumber can be made more efficient when a glass-
epoxy composite is bonded to the wood. "The stiffness of a wood beam
can be increased by 700 percent of thin layers of glass composite with a
thickness only 10% of the depth of the beam are added to its top and
bottom. If carbon composites are used to reinforce the beam, instead of
glass composites, the composite beam will be stiffer by 1,900 percent,
nearly a 20 fold increase. A (nominal) 2X4 beam reinforced with car-
bon composites is almost as stiff as a (nominal) 2X 12. * * * The use of
composites with lumber has the added advantage of preserving the
wood, and maintaining structural integrity. The number of sizes of
lumber can also be reduced. Instead of having many sizes, one can,
in principle, reduce construction lumber for homes to one nominal
size, say 2X4. Not only can the use of lumber be extended, it also
makes the framing of homes considerably easier." 2S

During the same hearings, Mr. Alvin M. MIarks, President of Marks
Polarized Corporation described an aerosol heat-electric powver gen-
rator which " (to somewhat simplify) converts heat directly to elec-
tricity. It makes use of the forces of nature by 'bottling a thunider-
storm' in that, like lightning, it draws electricity from minute droplets

21 Tsai, Stephen W. High performance composites. Presented at Henrings on new tech-
nologies and concentration. Senate Antitrust and Monopoly Subcommittee, Committee on
the Judiciary. washington, D.C., September 20, 1967.
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of water." 29 Mr. Marks also describes the electro-optic window and wall
panel (VARAD). This is a panel which changes its light transmission
and reflection characteristics under electrical control. It can be con-
trolled manually or "by sunlight using a photoelectric cell and an elec-
tric circuit." 30 Mr. Marks stated in his introductory remarks that,
"Although these developments are different inventions, they are closely
related in their technical and economic implications. They will pro-
vide solutions to urgent needs for low cost, decentralized production of
electricity, cleaner air, control of light and heat, and decreased fuel
and electric power consumption in buildings. A healthier, more com-
fortable environment, at lower cost, will result. The development of a
small electric power generator, requiring little capital investment,
would decentralize the production of electric power, and will have a
tremendous economic impact on the United States, and on the newly
developing nations of the world." 31 Such technologies are currently
available, but Mir. Marks believes that they languish from lack of
support. "These new technologies could provide solutions to many of
our critical problems and provide a better life for all." 32

Mr. Robert S. Morrison, President of the Molded Fiber Glass Com-
panies, Ashtabula, Ohio, described fiber glass panels which have been
used in England for multi-story buildings for the Greater London
Council. He believes that such a system could be used in this country
but states that, "it is unlikely that any private contractor would take on
the costs of tooling to make these panels, the engineering of the build-ing and its other special components, and the erection of large buildings
for low cost apartments." 33

Testimony was also given by representatives from the Prestressed
Concrete Institute and the Society of the Plastics Industry which dis-
cuss the further applications of these materials to the building indus-
try. Considerable progress has already been made in the use of these
two materias2,

The National Bureau of Standards Building Research Division
develops knowledge and tests methods for writing of standards, works
with FHA on minimum standards and has moved, in the last three
years, in the direction of building components testing. It is concerned
with the following major facets of building science and technology:
internal environment systems; strength and safety in structures;
weathering of building systems and sub-systems; exploratory re-
search; consultative and advisory services: operation of standard
reference laboratories; retrieval and dissemination of technical in-
formation; and building codes and standards. This makes the Bureau
of Standards one of the few organizations to consider the whole proc-
ess of construction. However, even here there is no assurance that
research will be carried on within context of social goals.

D Marks, Alvin M. Economic implications of charged aerosol and dipole technology;
presented at Hearings on new technologies and concentration, Senate Antitrust and
Monopoly Subcommittee, Committee on the Judiciary, October 3, 1967.

at Ibid.
as Ibid.
S Morrison, Robert S. Effect of fiber glass reinforced plastic on the creation of new busi-

ness enterprises, etc.; presented at Hearings on new technologies and concentration, Senate
Antitrust and Monopoly Subcommittee, Committee on the Judiciary; Washington, D.C.,
Fall 1967.

24 1Ior example, see Conrad Engineers and Mitchell Associates.
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It is left to the Department of Housing and Urban Development
to carry on research on innovation in construction as a part of its
broader view of urban problems. Sections 110 and 111 of the Housing
Act of 1966 have been consolidated into the newly formed Office of
Urban Technology and Research which brings together grants under
Section 701 (b) (Urban Planning Research and Development), Section
314 (Demonstration Grant Program for Urban Renewal Areas), and
Section 207 (Low-Income Demonstration Program). This office is
headed by Thomas F. Rogers, a former Deputy Director of Defense
Research and Engineering in the Department of Defense. Air. Rogers
will work closely with the Fl-A which administers the Section 233
insuring program for experimental housing. The President requested
$20 million for this office for fiscal 1968. The House and the Senate
agreed on $10 million.

Through the direct role which the government plays in housing-
the real estate it owns, the housing it builds for military personnel
built on bases which are exempt from local codes, the mortgages it
insures, the direct housing programs it administers, the influence it
exerts over metropolitan planning, and the taxing power controls, it
is possible for the Federal Government to exert great influence oii
building practices.

Mr. William L. looper, Office of Science and Technology, Execu-
tive Office of the President, emphasizes the importance of applying
techniques developed in the Department of Defense in procurement
and use of advanced systems. "New procurement concepts could be
applied to either military housing or public housing. These might
include:

-large scale procurement, with a single bid covering all housing
units to be built in a given geographic area;

-multi-year procurement or an option to purchase additional units
at specified prices in subsequent years;

-selection of contractor on a cost effectiveness basis, not simply on
low bid grounds;

-assignment of detailed design responsibility to the housing sys-
tem contractor and the substitution of performance requirements
and good engineering judgement for detailed construction spec-
ifications;

-introduction of maintenance cost considerations into design and
construction by incorporating life-cycle procurement." s"

Air. Hooper also points out that tax policy and regulations have a
direct impact on construction and housing. Policy on the Federal,
State and local level should be examined.

Finally, the work of special commissions and committees to examine
various aspects of the urban problem should furnish insight on aspects
of industrialization of housing. The President's Committee on Urban
Housing, chaired by Edgar F. Kaiser has established a series of task
forces to study the existing housing programs, problems in finance,
problems in manpower, housing goals, research and development,
and new program proposals that would involve private industry in
housing construction. The National Commission on Urban Problems,
chaired by former Senator Paul H. Douglas, is looking at the overall
urban problem with special emphasis on a comprehensive study of

25 Hooper, William L., op. cit., page 10.
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housing and building codes, zoning, tax policies and development
standards required under Section 301 (a) of the Housing and Urban
Development Act of 1965.

Urban America pulls together many diverse aspects of research and
policy determination for metropolitan America. Established under
a grant from the Taconic Foundation in February 1965, it merged
the goals of Mir. Stephen R. Currier with the goals of the American
Planning and Civic Association. In December 1965, Urban America
merged with Action Council for Better Cities. It now operates in five
areas of activity: an Urban Design Center (which publishes the
Architectural Forum) a Business and Development Center to involve
the private sector in urban development, an Urban Policy Center,
a Nonprofit Housing Center and an Urban Information Center (which
publishes Giy).

IV. OBSTACLES FACING INDUSTRIALIZATION OF HOUSINM

Foremost among the obstacles to industrialization would appear
to be the lack of markets sufficient to justify entrance or capital cost.
A lack of general acknowledgment of the importance of comprehen-
sive research is also a major obstacle. There are many other short
term problems such as building codes, zoning regulations, local union
work rules, building inspection practice, and tax structures. Many
of these difficulties are local in nature. Given an effective market and
needed transitional programs such as adequate retraining for workers
displaced by technological progress, it can be assumed that a point
vould be reached were traditional restrictions would crumble.

MIr. John P. Eberhard suggests the need for creating market op-
portunities to justify the entrance price. Such markets might be
achieved, he notes, in three ways: by building new towns (such as
Reston or Columbia), by the creation of new organizations "which
have as their purpose the aggregation of the requirements of a large
group of customers into a significant market opportunity (School
Construction Systems Development) . . . (or the) use (of) govern-
ment to provide a. focus and financial support for getting at programs
for rebuilding existing cities or supporting new ones." 36

The question arises as to how large the market must be to justify
the entrance price. Several authorities place the figure as high as
50.000 dwelling units a year. It seems most likely that the Federal
government, rather than the local governments, must facilitate the
organization of larger guaranteed markets. However, direct govern-
ment subsidy or entry into the housing market, even in the form of
research, raises some problems. If, for instance, the government were
to hold a patent on a particular component system, the entrepreneur
knows that there is no restriction on the use of this component sys-
tem and this will limit the profit potential. Various ways out of this
dilemma have been suggested. For example, an approach similar to
the approach used in the manufacture of weapons can be used. In
this situation the government develops performance standards and
offers a guaranteed market by bid to the contractor who meets the
specifications. Such a system might be applied to government build-
ing. The Communications Satellite comsat model has also been sug-

t Eberhard, John P., op. cit.
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gested for the formation of a non-profit organization to stand between
the government and private industry. Such a nonprofit corporation
might be formed to coordinate the industry. On a small scale, such
a corporate conglomerate has been formed in Pittsburgh including
a number of large companies to provide seed money for rehabilitation
of housing. The Kaiser Committee will probably consider such new
approaches to government and industry.

The relationship between government and private enterprise is
further complicated by the fact that any subsidy for technological
innovation to achieve low-cost housing would also build middle-in-
come housing which would threaten existing housing markets.

An approach such as that of the Rent Supplements Program is
particularly good because it does not interfere with the operation of
market factors nor does it distort or hide the true cost of building.

The organization of the building industry itself could prove to be
an obstacle if the power structure as evidenced in the competitive
building industry and the land ownership patterns with associated
banking and real estate interests do not encourage large scale develop.
nient. Manufacturers can also slow down the process of industrializa-
tion. Rigidity in channels of marketing and investment in distribution
and sales systems at times makes it difficult to get the manufacturer to
bid on a new product.

The leadership of the AFL-CIO is sympathetic to new building
systems. They realize that in the long-run innovations may create more
jobs and transfer some jobs to a full year as opposed to a good weather
schedule. However, in the short-run, there are problems with job pres-
ervation disputes between on-site workers and off-site workers. The
National Wood'work AManufacturers Association v. National Labor Re-
lations Board, 35 U.S.L. Week 4349 (U.S. April 17, 1967) is such a case.
In this case. the literal reading of the statute would have prevented the
union from negotiating with the contractors to prohibit the purchase
of prehung doors from another company. However, in a five to four
decision the Supreme Court decided that it was not the intention of
the statute to void work preservation agreements but to void secondary
boveotts in which the union had no direct economic interest. The Na-
tional Association of Home Builders and other groups are drawing
up a bill to clarify the point. It is their contention that there is a point
beyond which you cannot go in negotiating work preservation clauses
without acting contrary to public policy. Mr. John J. Riley, labor
lawyer at the NHB, believes that except for this decision there are no
real legal obstacles to industrialization. There are, however, local
code problems and local union agreements which must be negotiated.

The "Instant Rehabilitation" 5th Street project in New York City
presents an example of the difficulties which can be caused by code and
union regulations. In this project, the FI-A wanted to use a single gas
stack for a six story building, a procedure which the American Gas
Association had adopted as adequate but was prevented from doino so
by the code which required six stacks for a six story building. Further,
one core system developed for the "Instant Rehabilitation" project
could not be used because the unions would not allow a pre-fab part
brought into the city. Problems were also encountered in requirements
for particular plumbing fixtures and materials. If emphasis is placed
on true performance standard codes, many of the code problems will
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be avoided. This rehabilitation project is generally considered to have
been a cost failure, largely because it was a research project; it cannot
therefore be judged on the same basis as a volume production project.

A further obstacle to the industrialization of housing is the cost of
money and the fluctuating interest rate. Industry representatives be-
lieve that the building industry is used by the Federal government to
regulate the economy.

From the point of view of the consumer, a high interest rate substan-
tially increases the cost of housing. Various processes associated with
transfer of title and title insurance also are cumbersome and expen-
sive. If the policy of the Federal government is to encourage home
ownership, then encouragement should be given to allowing mortgage
payments in lieu of rent allowance in welfare allotments. The Mitchell
Associates propose a cost of home ownership insurance fund to insure
against short periods of inability to pay mortgage payments or taxes.

An all-risk insurance arrangement might be explored to encourage
low-income housing construction within certain designated areas in
this country.

V. CONCLUSION

Knowledge of technological innovation and technologies in use
in other fields but relevant and applicable to the construction industry
show exciting potential. However, the technological sophistication of
the industry is not such that much of this new technology can be used
widely or immediately. This lack of technological sophistication starts
with a lack of good designers and architects who understand com-
ponent systems and extends to the consumer who believes that stand-
ardization necessarily eliminates variation.

The greatest obstacle to production of industrialized housing for the
mass of people who lack housing appears to be the gap which exists
between what the low-income person can buy and what low-cost sys-
tems can produce at present volumes of production. This gap cannot
be closed until a large guaranteed market becomes available of suf-
ficient size so that the enormous design and tooling or capital costs can
be justified by the entrepreneur.

The Eastern European systems are generally rigid and have lower
quality and space standards than those to which we adhere. This is
true to a lesser degree also of Western European systems. Were such
systems developed to our standards, or were we to change our stand-
ards, they would still not have the design or social flexibility which
we look for. Such systems do not ordinarily provide a sense of place
nor allow for any interior architectural variation, future additions or
changes. Nor does such a system allow for individual architectural
expression. Most important, such a system does not allow for varying
social goals which should be incorporated into performance require-
ments at the outset.

The more successful American approaches have applied a systems
analysis working out program objectives and setting requirements
for component sub-systems which lend themselves to standardization
without limiting architectural expression or future flexibility or inter-
changeability of parts. The systems approach sees the dwelling not
as a single unit with a given life but as a combination of systems. for
instance, site, shell and core. This approach allows long-term main-
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tenance responsibility, and interchangeability which allows new divi-
sions between rental and private property and new concepts of re-
sponsibility by the manufacturer for his product.

The job to be done requires that the need for housing for low-in-
come persons be translated into an effective market organized on stul
a scale that necessary research and capital expenditure will be justi ieid
from a business point of view.

(Appendixes follow:)
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APPENDIX I

MITCHELL FRAMING SYSTEM: NEAL MITCHELL ASSO-
CIATES, INCORPORATED*

RESEARCH, DESIGN, DEVELOPMENT, CONSULTING

Neal Mitchell Associates, Incorporated, has developed a prefabri-
cated system of light-weight structural components that can be rapidly
erected into the frame of a single or multi-story building. The system
is based on four factory-produced components: a column, a cantilever
beam, a tie beam, and a slab. All are made from precast, reinforced
cellular concrete. The components can be erected at a building site by
people who have no prior construction experience. No construction
machinery is required since all components weigh less than 150 pounds
and can thus be set in place by two men. The system is designed so
that a one-room building can be expanded incrementally into a multi-
bay four-story structure. It is therefore possible to construct a wide
range of building types-from small homes to apartments, offices and
stores.

Since the structural integrity of the system is consolidated in the
frame, the architectural treatment of the exterior walls and interior
partitions can be sensitively adapted to local climatic and environ-
mental conditions, as well as to cost.. This permits the use of a non-
bearing wall material that functions merely as a climatic barrier, and
provides the required privacy and security. Within the modular di-
mensions set by the framing system, the wall can be also mass-pro-
duced under plant conditions, and then attached to the frame at the
job site. The walls may be used as a skin that completely masks the
frame; or as infill, utilizing the precast concrete frame as a visual and
architectural asset.

The Mitchell Framing System reduces the cost of housing construc-
tion without sacrificing any of the attributes of conventional construc-
tion. This is possible because building components are mass-produced
from low-cost raw materials, and the frame is easily erected at the job
site with a minimum of labor and time and equipment. In addition,
the frame allows designers and builders to choose any locally-available
and culturally appropriate material for low-cost walls, without regard
to structural and load-bearing properties.

Architectural plans and studies have confirmed that the system s
modular structural frame can be used to build a $300 single-cell
dwelling in impoverished areas of developing countries, or four-story
luxury apartments in the United States.

Under study at present are prefabricated kitchen and bathroom
packages, and a study by Lennox Industries of a series of custom
developed heating/air conditioning units. Also under development are
a series of prefabricated modular wall panels utilizing a wide range of
materials and finishes.

In summary, the project started as a systems-based analysis of the
failure to provide adequate housing in the currently underdeveloped
world. The strategy was to bring the latest in science and technology

*Cambridge, Massachusetts.
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to bear in the controlled manufacturing of a structural system, yield-
ing an inexpensive, durable and foo proof product that could be
erected quickly and easily in the field by totally untrained people with-
out any construction equipment. Interest centered on developing a
light-weight fireproof system, so safe as to withstand heavy wind and
seismic loads. TVe goal was a self-help "expandable" house that had
provisions for future expansion and could grow with the needs and
financial resources of the occupant.

While this, and more, has been achieved in the underdeveloped con-
text, the system and component products developed have already dem-
onstrated that they are strongly competitive in the domestic market,
particularly where erection speed and low-cost are essential.

MONTHLY COSTS OF HOMEOWNERSHIP

Mortgage Manage-
payment Operating meh leea Reserve(princiral Taxes on expenses Mainte- (at 3 per- contin- Total(prmco house e

plus house (utilities nance cent of gency Insur- monthly
Unit interest) and land and heat) I costs I mortgage) fund ance cost 2

(A)3-BRdet - $39.60 $14.60 $25.00 $7.50 $1.19 $1 $5 $93.89
(B) 4-BRdup -- 42.92 21.11 30.00 7.50 1.29 1 5 108.82
(C) 5-BRdup -50.65 24.57 35.00 8.50 1.52 1 5 126. 24
(D) 5-BRdup- 49.55 24.09 35.00 8.50 1.49 1 5 124.63
(E) -BRtwn -17.95 9.95 20.00 6.50 .54 1 5 60.94
(F) 3-BRtwn -38.25 19.02 30.00 7.50 1.15 1 5 101. 92
(G) 5-BRtwn -50.65 24.57 35.00 8.50 1.52 1 5 126.24
(H) 1-BRtwn ------- 17.95 9.95 20. 00 6. 50 .54 1 5 60.94
(I) 3-BRdop- 39.63 19.64 30.00 7.50 1.19 1 5 103.96
(i)4-BRdup -42.43 20.90 30.00 7.50 1.27 1 5 108.10
(K) 4-BRdet -59.94 21.11 30.00 8.50 1.80 1 5 127.35
(L) I-BRapt -12.89 7.68 20.00 6.50 .39 1 5 53.46
(M) 3-BRapt -27.55 14.24 20.00 6.50 .82 1 5 75.11
(N) 2-BRapt -25.13 13.16 20.00 6.50 .75 1 5 71. 54
(0) 2-BRapt -25 13 13.16 20.00 6.50 .75 1 5 71.54
(P) 2-BRapt -25 13 13.16 20.00 6. 50 .75 1 5 71.54
(Q) 2-BRapt -25.13 13.16 20.00 6.50 .75 1 5 71.54

Total -590.48 284.07 440.00 123.50 17.71 17 85 1,557. 76
Average -34.73 16.71 25.88 7.27 1.04 1 5 91.63

Percentage 38 18 29 8 1 1 5 100

I Prorated (roughly) according to type and size of unit.
2 A single additional payment must be made for closing costs when house is bought (equals approximately $300 for

a $10,000 house).
3 Units (A) and (K) are detached houses with mortgages for 30 years at 6 percent; all other houses have 40-year, 3-

percent mortgages.

Note: BRdet, bedroom detached; BRdup, bedroom duplex; BRtwn, bedroom townhouse; BRapt, bedroom apartment.
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APPENDIX II

INDUSTRIALIZED HOUSING: HAVE WE OVERLOOKED
TRUE VALUE?*

A year ago, an editorial in the Journal said that "the conclusion
still seems unavoidable that pre-fab construction techniques, as we
know them today, can have only negligible impact on the critical and
large-scale American problem of how to provide, in quantity, housing
that meets defensible modern standards-at costs within reach of low-
income families" (see No. 8 1966 Joarnal, page 435).

Although it is still true that no one has yet found a "system" or
industrialized approach that can significantly reduce the cost of hous-
ing below that built with conventional methods, it is probably a mis-
take to judge the effectiveness of any new technological innovation
strictly in terms of cost reduction. As Under Secretary Robert C.
Wood of the Department of Housing and Urban Development says in
one of the following articles ". . . any pure cost-benefit approach to
urban programs will be doomed by its inevitable inconsistency." In
terms of the larger urban values that Dr. Wood refers to, industrial-
ized housing appears to have a great deal to offer. For example, if we
are soon going to have a serious shortage of decent urban housing, then
an industrialized or systems approach to building can be extremely
useful in giving us housing more quickly-if not more cheaply-than
conventional methods. And, if it is true that we are facing a serious
shortage of labor skills, then any system than can "simplify' the skills
that go into building a house is going to be extremely useful.

We should also think in terms of political and social changes and
where new building technology will fit into this new framework.

Thus, we as a nation, must accept as inevitable the fact that any kind
of decent housing for low-income groups will require some kind of
subsidy. A systems approach to satisfying low-income need can vield
good quality housing, quickly and efficiently, but not cheaply.

REALIZING THE PROMISE OF INDUSTRIALIZEDI)
HOUSING**

-why ia.s it been so difficult to apply principles of mass production to
building?

**By GUNNAR MYRDAL, Professor of Economics, Institute for International
Economics Studies, Stockholm, Sweden. The following article is excerpted
from a paper which Dr. Afyrdal presented at the Third Congress of the In-
ternational Council for Building Research, Studies and Documentation
(CIB) in 1965 at Copenhagen, Denmark. The paper forms part of the com-
plete proceedings of the Third CIB Congress "Towards Industrialized Build-
ing." which has been published on behalf of CIB by the Elsevier Publishing
Company. Amsterdam.

Why has it been-and why is it still-so difficult to apply principles
of industrial production to building? Mass production-to be eco-
nomic and thus able to match the resources available to the majority
of the consumers-calls for the adoption of certain principles that
have so far been rather neglected in many countries.

*Excerpt from Journal of Housing. No. S. September 1967 (reprinted with per-
mission).
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First, of all, continuity of operation is required if the building in-
dustry is to amortize any great increase in capital investment. The in-
dustry cannot be expected to take the risk of employing highly capital-
intensive methods of production as long as governments keep using
housing construction as a regulator of the national economy. This
point has been made before but is worth repeating. There are few
sectors of the economy less suited for economic balancing than housing
production-unless, happily, if it is lifted to industrialized building.
If construction activity has to be used for economic balancing purposes
-which may occasionally be necessary, though less so with wiser eco-
nomic policies applied by the governments-the projects for periodic
retrenchment should be searched for in other sectors than housing: in
urban renewal projects, public works, and other demands of a once-
for-all type. The most important incentive towards industrialized
building would be a guarantee on the part of the government that mass
construction of residential buildings will not be interferred with but
everything done in order to make possible a steady, rising level of hous-
ing construction.

STANDARDIZATION: STARTING POINT

But continuity of demand is not enough to ensure the adoption of in-
dustrialized methods of production. Variations in the composition of
demand must also be decreased as far as possible in order to make
standardization possible. Buildings are complex products. They have
to satisfy different needs; they must be adapted to differences in out-
side conditions (climate, ground conditions, earthquake hazards, etc.).
And tastes are different. But this does not justify unlimited variations
of the product, and in particular not of its components. Indeed more
discipline is necessary on this point; no other mass industry has de-
veloped without standardization of the products.

Investigations into the composition of actual output of the building
industry have revealed tremendous variations of the building product.
And most of these variations could not at all be motivated by differ-
ences in functional requirements or preferences of the consumers. Oil
the contrary, the requirements-in particular in residential construc-
tion-have been found to vary rather little and the tastes to be con-
ventional and traditional.

The samples made of produced houses, show a number of alinwst
identical types of product: millions of almost identical living rooms,
bedrooms, kitchens, bathrooms, etc., are produced. But the small vari-
ations in measurements and arrangement prevent effectively the adop-
tion of industrial methods of mass production. And all these differ-
ences are not-in the majority of cases-specifically asked for by the
actual consumers but are prescribed by the impulses of desiglers, in-
vestors, or client organizations.

Market research, which forms an important and integral part of any
industrial production, has so far been more or less neglected in build-
ing production. Too little effort has so far been devoted to the task
of finding out, in a scientific way, which are the preferences of the
consumers and which variations in design could be justified from the
functional point of view.
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MASS PRODUCTION-OF WHAT?

As in other branches of industry, a distinction should be made be-
tween the products suitable for mass production under industrialized
conditions and intended for the great majority of consumers, on the
one hand, and the comparatively very limited amount of tailor-made
handicraft work for those who can afford to pay for it, on the other.
This distinction is not very clear in building today. In fact, it seems
to me that the building industry today is often trying to mass produce
tailor-made products-but without first taking measurements for size
and form. It is clear that such a confusing situation cannot be very
advantageous either for the industry or the consumer. * * *

There are, no doubt, some very specific characteristics of building
production that are not common to any other industry. The first fact
that strikes an outsider is the division of the production process into
two fairly distinct stages, namely, the manufacturing of building
materials and components, on the one hand, and their assembly on the
building site, on the other. In fact, two industries-or even many more,
if one separates all the different branches of industry delivering all
kinds of materials and equipment necessary to make up a building-
are involved in the production process leading to the end products:
homes. As a matter of fact, today the greater part of actual produc-
tion in the more developed countries takes place outside the buildino
industry proper. The work on the building site no longer contributes
so much to the production of the building but rather constitutes a
service of assembling parts and components, which thus become 9
finished building. This is clearly illustrated by the fact that today
normally 50 to 60 percent of the production value of a building-in
some cases up to 70 percent or more-represents outlays for building
materials, components, and equipment delivered to the building site
bv other industries.

There are natural reasons for this division of the building produc-
tion process. As a rule, the building is too heavy and bulky to be com-
pleted in a factory; moreover, the low value/weight ratio of the fin-
ished building economically prevents transporting it over too long
distances. Apart from exceptional cases, the constituent parts of the
buildings are therefore manufactured and transported to the site
separately.

PROFIT MOTIVE

There is, of course, great danger involved in breaking up the pro-
duction process into too many independent units. Bearing in mind that
the building industry is internationally not very competitive, such a
proliferation of the production process could lead to a laissez-faire
policy, implying that nobody cares about the quality and price of the
end product, while everyone concentrates on making his own little part
of the production process most effective and profitable. The natural
consequence is that the different manufacturers of building materials
and components, the suppliers of equipment, and the building contrac-
tors all tend to accept prevailing preconditions for their activity, di-
verting most of their interest to maximizing their own profit within
this given framework. The gap between demand and supply in an in-
ternationally non-competitive industry means also that the contractors
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regularly operate in a sellers' market, which implies that he has less
incentive to rationalize his production in order to cut his costs.

The split pattern of the production process is further aggravated
bv the division of responsibilities for the final building between the
client, the designer, the quantity surveyor, and other specialized
experts taking part in the projecting of various aspects of the build-
inlgs. Each participant in this collective work may do his best-seen
from his own narrow angle-but without caring much about what lies
outside his own profession. There is apparently a risk that not enough
efforts and thought are given to planning the end-product, taken as a
whole, and to the maximum efficiency of the overall production process.

Despite these disadvantages, however, I believe we, should be very
hesitant to abandon the organization and division of work tradition-
ally applied in building production. Naturally, it is much easier to
solve problems of coordination, management, and control if we inte-
grate within one single enterprise all the different stages of the pro-
duction process. And this solution has indeed been tried, if I am cor-
rectly informed. But isn't that, so to say, to "throw out the baby with
the bath water"? Doesnt the original division of work provide the
best possibilities of specialization and hence standardization and mass
production, not of identical buildings, but of identical components,
which can be combined into a great variety of buildings and thus
satisfy a whole range of functional and aesthetic requirements?

But specialization calls for coordination. Indeed, to obtain real eco-
nomic gain, a specialized production process, divided into a large
number of independent sub-processes, calls for more special efforts for
coordination than a process integrated within the framework of one
single organization or company. There is otherwise an obvious risk for
"suboptimization."

In industrial production, best partial solutions must give way to the
best total solution that can be economically realized and thus come
within the reach of the majority of the consumers. Decisions on
quality, appearance, price, and other basic characteristics of the build-
ing should not be decided upon separately and independently bv all
the different participants taking part in the production process, but
by a strong directing enterprise, directly responsible to the consumers
for the end result. I may illustrate this by a comparison with the auto-
mobile industry, which is really highly industrialized. Which car
manufacturer would stand the competition for a long time if he let the
motor specialist decide upon the design of the motor, the structural
engineer on the chassis, the designer on the appearance, and the equip-
ment specialists on the layout and fittings? The result might be a
wonderful car, but it would be impossible to sell at a price the custo-
mer would pay.

Another important function that must not be forgotten in a highly
specialized production process is research and development. I am not
thinking of specialized research into new building materials, better
technologies, mechaniation, and other important but restricted aspects
of building production. This kind of research and development will
undoubtedly be taken care of by the different specialists and buildin-
materials manufacturers taking part in the building production iDro-
cess. I am thinking of interdisciplinary research, with the aid of find-
incg the best compromise solutions of the final building in terms of
fuclltional, technical, economic, aesthetic, sociological, and other
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requirements. And I am not thinking merely of interdisciplinary
research into the building itself only, but into the environment of the
building as well.

In other branches of the economy, we confidently leave most of the
problems of organization, coordination, research, and development to
private enterprise as guided by the market. The competition between
different production enterprises, each integrating within one single
body all the different stages of production-from market research
through research and development and finally to production and sale-
ensures that good products at reasonable prices are offered to the
consumer.

In building production, however, 'the specific nature of the product,
which in turn calls for a split pattern of production, combined with
the lack of international competition and, to a certain extent, inelastic
demand and a permanent sellers' market, limit our possibilities of just
leaving the whole problem of building production to the forces of the
market. Comparisons with other industries in this respect are mislead-
ing. Nevertheless, those responsible for building production have cer-
tainly much to learn from other branches of the economy in terms of
planning, organization, cost and quality control, and management.
The fact that the-building production process is divided into a number
of sub-processes should not make us forget the main function of the
producer of the final product: the leadership.

Who provides the leadership may be of less importance. In the case
of detached single-family houses, where production is designed to
satisfy the demand of the individual consumers, the main coordinating
responsibility may stay with the building contractor. This system has
proved efficient, in particular in countries with highly competitive
economies and where building firms may operate rather freely and
independently of restrictions, as in the United States.

As to buiding for collective demand, the natural coordinator is the
group of clients or the investor. In this case there is no direct contact
between the individual consumer and the producer of the building.
This is a danger, of course, but should, at the same time provide un-
usually good opportunities for a rational industrialized production.
But have these opportunities been utilized so far? Have the investors
and the client organization fully appreciated their responsibilities as
representatives of the ultimate consumers? Have the technical possi-
bilities for mass production been exploited?

The answer is both yes and no. In the socialist countries of Eastern
Europe, standardization of measurements and qualities of building
components, functional units, and of whole buildings, has, in indi-
vidual cases, gone very far and methods of mass production have been
adopted, with substantial savings as a result. Some experts argue-
and this is in fact beginning to be recognized in these countries as
well-that standardization has in some cases even been driven too far,
so that functional requirements and the characteristics of the products
do not harmonize. It has also led to monotony in architecture. A more
flexible approach is now searched for in these countries.

On the other hand, in the market economies of Western Europe-
and the United States-comparatively little has so far been done to
restrict the number of product types and thus make way for indus-
trialization. In all countries it is now becoming realized that radical
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measures must be taken to speed up production. This, and the different
experiences that have been recorded up till now, would seem to suggest
that there is considerable scope for international collaboration between
all countries in this field....

CONCLUSION

I have spoken very little about specific technical means and indus-
trial methods of building production as such. This is not only because
I feel incompetent to talk about these matters; it is also because I
believe-indeed I am convinced-that some of the, major obstacles on
the road towards industrialized building are not of a technical but
rather economic, organizational, and political character.

SOME NEW APPROACHES TO INDUSTRIALIZED
BUILDING*

a new surge of interest by homebuilders, large corporations, and gov-
ernment, coupled with some far-out research ideas, mark current
efforts to develop a technological answer to housing problems

Since the Journal of Housing last featured the subject of industrial-
ized housing (see No. 8 1966 Journal, page 435), signs have begun to
appear indicating some-if only slight-movement towards solutions
to the problems mentioned by Gunnar Myrdal in the preceding article.
The two groups most capable of overcoming the economic and organi-
zational hurdles-big business and government-are showing an in-
creasing interest in developing "systems" approaches to home build-
ing. Furthermore, a growing research effort sparked, in part, by the
aerospace industry, may bring the kind of technological breakthrough
that could conceivably change the financial and political patterns that
have traditionally regulated the home building industry.

In the meantime, the building industry, which has been accused of
complacency and even of obstructing the development of innovative
approaches to home building, has been reassessing its role in the urban
housing market, where the need for innovation appears most critical.

In a speech before one segment of the building industry-the Mo-
bile Home Manufacturers Association-William L. Hooper, a techni-
cal assistant to President Johnson's adviser on science and technology,
warned the industry to pay more attention to innovation if it wanted
to remain in the urban housing market. "Innovation in housing will
come by one of three routes," he said. "Either the traditional housing
industry will meet the challenge . . . or the second possibility is the
mobile home sectionalized housing industry will apply its talents to
manufacture of fixed-site urban housing, or the third possibility is
that firms not now in the housing field, and perhaps not now in exist-
ence, will be attracted into the field to exploit the housing market
which is not now being satisfied."

This last possibility Mr. Hooper characterized as "innovation by
invasion"; he warned his audience that "if you don't want a huge ur-

*Journal of Housing, No. 8, September 1967 (reprinted with permission).

25-80s---69 12
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ban housing market to be suddenly usurped by outsiders from who
knows-the auto industry, the aerospace industry * * * you had
better find ways to demonstrate what you can do in manufactured
townhouses, high-rise sectionalized buildings, all of the rest."

NAHB BUILDS A PROTOTYPE

The challenge to the traditional housing industry has already been
recognized-if only in a limited way-by the National Association of
Home Builders, which acts as a spokesman for most of the nation's
home builders. Rather than seeking an organizational change in an in-
dustry characterized by relatively small firms, the association, through
its subsidiarv-the NAHB Research Foundation-is trying to develop
an innovative systems approach that can be used by almost any size
builder to tap the urban housing market.

On August 2, NAHB signed a contract with the Redevelopment
Land Agency of Washington, D.C. to construct six experimental town-
houses, as pictured on page 432, on an urban renewal site almost within
the shadow of the Capitol. The project, which is under joint sponsor-
ship with the Portland Cement Association, will feature the use of
pre-stressed lightweight aggregate concrete panels. A local Washing-
ton builder will put up the six moderately priced structures using a
system developed by William J. Mouton of New Orleans, who has been
hired as consulting engineer for the project. Ranging in interior size
from 1300 to 1700 square feet and in price to accommodate sale to fami-
lies within the moderate-income limits defined by Section 221(d) (3)
of the National Housing Act, the six townhouses are to serve, hope-
fully, as a prototype for inner city building.

The Mouton system was chosen for several reasons but primarily
because it seems well suited to the present capabilities of most home
building firms. "Our primary objective," says Leon Weiner, NAHIB
president, "is to develop a building system * * * that will enable
home builders to contribute to housing lower-income families in the
urban redevelopment market."

The panels used in the Mouton system are all 6 inches thick but can
be molded in lengths of up to 20 feet-as against a maximumn of only
6 feet in some of the European pre-cast systems. They can be used for
both exterior and interior walls, as well as for roofing. In addition,
they can be pre-stressed and molded on-site and, because they are rela-
tively light, they require no special equipment such as heavy lift
cranes or travel lifts to put them in place. The designer estimates that
the cost of equipment for using his system represents about one one-
hundredth of the capital investment involved in building with such
systems as the Balency system or the cellular system used in the con-
struction of Habitat 67 (see No. 8 1966 JOURNAL, page 439).

The Mouton system being used by NAHB is said to have certain
other advantages that may be even more important than low capital
costs. In most pre-cast systems, joining has to be done by welding,
requiring close tolerances and skilled craftsmanship. Mouton, how-
ever, has perfected a method of "keying" his panels so that they dove-
tail; dowels and grout are used for sealing the joints. The panels,
themselves, have been tested in NAHB's research foundation labora-
tory at Rockville, Maryland and been found to have exceptional heat,
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sound, weather, and fire resistant qualities. The experimental town-
houses, therefore, will require no insulation and no roof topping, rep-
resenting a savings in time, as well as money.

As efficient as the MNouton system appears to be, it is not expected to
save a significant amount of money in terms of the full purchase price
of a home; it does not affect the cost of site acquisition, financing, and
equipping a house with plumbing, electrical, and heating fixtures-or
about 75 percent of the total price of acquiring a home. It does offer,
nevertheless, a possible solution to two critical problems in urban
home building-the skilled labor shortage and the slowness of present
construction methods. By eliminating several steps in the construction
process and simplifying others, it requires less than half the skilled
laborers used in traditional building methods; the use of pre-cast
panels and the elimination of interior finishing means a savings in
construction time. Mr. Mouton says that a Louisiana builder who used
his system was able to finish a three-story office building in less than
three months.

"We're not sure that pre-cast panels are the answer, but we want to
test them," says NAHB President Weiner. "Our urban housing needs
are too urgent for us to continue building at the pace we have been."

MOBILE HOME DEVELOPMENTS

The closest thing this country probably has to on industrialized
home building is the mobile home industry. A synthesis of the auto-
mobile and the fixed-site dwelling, the mobile home accounts for one
of every five new homes sold today, according to industry spokesmen.
Its relatively low cost, short-term financing, and light upkeep make
the mobile home popular with moderate- to low-income families, espe-
cially retired persons who no longer want to be burdened with the
maintenance of a fixed-site home. But its relatively small size even
the largest custom built ones don't exceed two bedrooms-limits its
potential for the family of two or more children. Zoning ordinances
and scarcity of cheap land also make it difficult to establish low-density
"trailer parks" or mobile home sites in the central city.

Like the rest of the home building industry, mobile home production
is characterized by a number of relatively small, low capital enterprises
competing in a rapidly growing market. Despite their current pros-
perity, a number of mobile home manufacturers are beginning to
realize that their future prosperity is not so much out of the high'way
but in the big, tough urban housing program.

A number of plans are coming out of the industry and from other
sources for using the techniques of mobile home manufacture in fixed-
site, high-density development. Most of these plans revolve around
the concept of the "vertical trailer park" or stacking of units.

The City of Seaside, California, in its model cities application,
proposes to test the feasibility of a system for stacking mobile home-
type units that has been developed by the Los Angeles architectural
firm of John F. O'Grady and Walter K. Zell. In the O'Grady-Zell
system, mobile home units without their rolling undercarriage would
be literally plugged into a core (see photo). The core, itself, could be
located on low-cost or no-cost land (utilizing air rights over public
highways). Combined with the mass production savings of the units,
such siting, according to Seaside renewal officials, "could furnish



174

attractive standard housing at rentals and purchase costs substantially
below the current market."

Magnolia Mobile Homes Sales Corporation, a division of Gurdon
Industries, is actually testing the feasibility of stacking factory
assembled units in a 221(d) (3) low-income housing project under
construction near the Magnolia factory at Vicksburg, Mississippi.
Magnolia Homes offers the mobile home industry what HUD officials
believe is the best opportunity yet to show what it can do to produce
good quality low-cost housing.

The Vicksburg project, which is being sponsored by the Dabney
Foundation, will produce 28 two-story townhouses. Each townhouse
is composed of a first-floor unit consisting of a living room, dining
room, kitchen, and stairway to the upper unit or module. The upper
unit contains bedrooms and a bathroom. Both units are manufactured
in the factory and hauled to the site. Because each unit has its own
structural integrity, the only on-site preparation required is the laying
of a foundation on which to set the ground floor unit.

"We are purposely not complicating the project for this demonstration," says
David Wolff, director of operations. "We are interested, however, in something
like the O'Grady-Zell system for future demonstration purposes." Be points
out that, with 20 plants located in various sections of the country, Magnolia
could supply factory-produced units for any project or demonstration in prac-
tically any major metropolitan area in the country. "We regard ourselves
essentially as a parts supplier," he says.

Finally, Mr. Wolff foresees a great savings in time, as well as costs, is using
mobile home manufacturing techniques for building in-place housing. "It never
rains, sleets, or snows in our factories," he notes.

INNOVATION BY INVASION

There are many persons, including Gunnar Myrdal who believe
the home building industry, as presently constituted, is incapable
of either developing or utilizing any significant innovation. A truly
industrialized housing approach, they argue, requires the kind of
corporation that not only can afford to risk experimentation but also
can afford to experiment on a large scale. The home building industry,
they note, is still characterized by a predominance of relatively small,
underfinanced firms that seldom operate outside their home base area.
A workable systems approach, they say, will not come from any of the
firms presently in the business but from one or more of the nation's
giant industrial corporations.

Although the "innovation by invasion" route referred to earlier in
this article does not appear imminent, there are signs of a growing big
business interest in home building. Many of the corporations showing
this interest are already indirectly involved in home building as major
suppliers of materials; others have had no previous connection with
home building.

One of the latter firms is International Telephone and Telegraph
Corp. This July, ITT announced the purchase of Levitt & Sons, one of
the few home building firms that operates on a national scale and has
operations abroad. Although ITT announced that Levitt & Sons would
operate an an "autonomous" subsidiary under the continued direction
of its founder, William J. Levitt, the merger still has the potential to
produce a new concept in housing.



175

For one thing, the marriage of ITT and Levitt was not one of neces-
sity but of desire; despite a tight money market, Levitt's profits in-
creased by 23 percent last year. The reason for the merger, according to
Levitt, was to acquire the financial muscle needed to speed up its plans
for developing and creating cities.

On its part, ITT looks upon its acquisition of the firm that pioneered
in large-scale home building as providing an "ideal vehicle" for partic-
ipating "in the revolution in housing which will take place in the next
decade." Neither ITT nor Levitt has specified what form they expect
this revolution to take but one can assume that it will heavily involve
some kind or kinds of systems approach.

Perhaps more significant than the ITT-Levitt merger have been
announcements by the nation's two largest manufacturers of electrical
equipment that they were exploring a systems approach to the plan-
ning and building of new towns. The General Electric Company an-
nounced its intention more than a year ago (see No. S 1966 Journal,
p. 443) but has yet to release any details of its plans. Meanwhile West-
inghouse Electric Corporation has stolen a march on its rival not only
by announcing its intentions to establish "an urban laboratory" to test
new building systems but also by acquiring a site and builder to de-
velop its plans.

Westinghouse will develop its experimental city on a 10,400-acre site
northwest of Fort Lauderdale, Florida in the planned city of Coral
Springs. It acquired the site when it purchased Coral Ridge Prop-
erties, one of the largest of a burgeoning number of Florida-based
development companies. The entire project will be under the direction
of Westinghouse Vice-President E. H. Seim, who foresees the emer-
gence of a new kind of developer, one "whose plans and foresight will
affect thousands of acres of land and hundreds of thousands of people."
In order to encourage and reach these large developers, Westinghouse
has set up a corps of construction representatives to offer its entire
product line to developers and a back-up crew of city planners, sys-
temns engineers, and market planners.

"While we believe there are existing prospects for the new cities
being built from scratch on the undeveloped countryside, we believe
there is equal challenge and promise in rebuilding the great old Ameri-
can cities," says Mr. Seim. Who the new giant developers will be or
where they will come from he does not say but the guess is that among
them will be corporations such as GE, *Westinghouse, ITT, or their
subsidiaries.

Another guess is at the kind of systems they will develop. It is
obvious that a producer of some basic building material would try to
utilize his own product as much as possible in any system he intro-
duced. For example, Reynolds Metals Company is introducing a
so-called "City Shape/21" system for expanding the central core of
cities over waterways (see illustration) that will require large quanti-
ties of aluminum and other lightweight materials.

Actually, City Shape/21 goes beyond housing. Its designer, Chicago
architect Stanley Tigerman, says he is trying to introduce a "unique
third dimension to the conventional flat grids of existing cities." He
seems to be following Buckminster Fuller when he talks of providing
in his system a. "tota environment," including residential, commercial,
industrial, and transportation functions. The entire complex would rest
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on pontoons and could more than double the size of a downtown area
such as Chicago's Loop.

Reynolds itself does not seem to be interested in building City
Shape/21 but is apparently looking for an existing developer to tackle
such a project. It offers a possible solution not merely to the problem of
home building systems but to the problem of what is regarded as
probably the most complicated system of all-the city.

GOVERNMENT ENCOURAGEMENT

Unlike what has happened in some European countries, the govern-
ment in this country has, until recently, offered little encouragement
to industrialized housing. A new attitude seems to be emerging in the
Department of Housing and Urban Development. An indication of
this new attitude was the creation within HUD of a new office of urban
technology and the appointment of former Pentagon analyst Thomas
F. Rogers as director of the new office (see No. 4 JOURNAL, page 195).
The new office is expected to work closely with its Federal Housing
Administration co-partner in HUD, and with private interests, to
encourage the development of workable systems approaches.

What is seen as another hopeful sign is the new emphasis on building
systems in HUD's Section 207 and 314 demonstration grant programs
and in FHA's Section 233 experimental housing insurance program.

The change in the Section 233 program has been little publicized-as
has the whole 233 program. The reason may be that Section 233 is not
an insurance program, as such. It does, however, make it possible for
builders to test new materials or techniques by waiving the minimum
property standards on the "experimental" portion of a project that
would otherwise be eligible for mortgage insurance under any of
FHA's mortgage programs. Thus, for example, the sponsor of a 221
(d) (3) low-income housing project could, because of Section 233,
specify use of experimental materials or construction techniques not
presently authorized by FHA minimum property standards-if the
use of such materials or techniques promised to lower building or
maintenance costs or provide certain other benefits. If the "experiment"
should prove successful, in the opinion of FHA, the new product or
technique would then become acceptable in any FITA-insured
construction.

The purpose of Section 233, obviously, is to encourage innovation in
home building. Until now, the emphasis in the program has been on
new product development, such as plastic pipe and foam and paper
sandwich lathing, rather than on systems development. Even this
modest application of the law, however, has been considered disap-
pointing in that Section 2'33 has failed to produce any great time or
cost saving innovations.

James R. Simpson, director of building technology in the new office
of urban research, explains why the 233 program, which he once
headed, has not been very successful: "Manufacturers don't want a
product they are trying to market to be labelled 'experimental'," he
says. "They want their potential customer to believe that any product
thev have for sale has already been proven."

The new emphasis in Section 233, according to Mr. Simpson, will be
on a total systems approach to housing innovation. For example, the
vertical stacking of mobile homes in Vicksburg, Mississippi's 221 (d)
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(3) project mentioned earlier is one of seven experimental systems
projects being insured by FHA. All of these projects have Section 233
waivers. HUD hopes to encourage the use of still more systems ap-
proaches through the 207 and 314 programs and through its own urban
research and technology program, once it is funded (see No. 4 Journal,
page 194).

Two CATEGORIES OF SYSTEMS

All of the building systems receiving government encouragement in
one form or another fall into two fairly distinct categories: (a) pre-
fabricated boxes, or parts of boxes, which can serve as a single-family
home or be stacked for multi-family housing and (b) prefabricated
pieces and parts that can be arranged in various ways. The vertical
trailer park is an example of what can be done with the first type of
system; the Mouton system, as described on page 431, encompasses the
pieces-and-parts concept. Each system is recognized to have its ad-
vantages: the box system is more complete, since each box can be
a finished living unit; the pieces-and-parts approach is more flexible.
permitting the builder to arrange the same components in an endless
variety of shapes and sizes.

Perhaps the outstanding example of what can be done with a box
svstem in Montreal's Habitat 67 (see No. 8 1966 JOURNAL, page 444).
Because of the imaginative stacking of the units and the use of enclosed
walkways at the different levels, Habitat is able to combine the ameni-
ties of the single-family home in the suburbs with the practicality of
the in-town apartment.

In constructing Habitat, however, its architect, Moshe Safdie, ran
into engineering problems that he never fully solved. The major prob-
lem involved bringing the units to the site and putting them into
place. Because the average unit weighs some 90 tons, Safdie had to
erect a factory as close to the building site as possible. He also had to
employ specially designed lift trucks and cranes to move the units from
the factory and put them in place. All of this required a heavy capital
investment, resulting in an average cost of $100,000 per apartment
unit. Even if he had been able to do a much bigger project, Safdie ad-
mits that he could not have reduced the cost per unit below $40,000.

Nevertheless, officials in the office of urban technology have been im-
pressed with Habitat. And they also believe they have found an ansxver
to Safdie's weight problem in an Oakland. California project that is
being insured under the FHA Section 233 program. In Oakland, a
six-story, low-income apartment building is being erected using a box
system developed by CONRAD Engineers, the same firm that worked
out the system used in New York City's "instant rehab" project (see
No. 4 JOURNAL, page 214). Called UNIMENT, the system involves the
vertical stacking of boxes, or volume modules, prefabricated out of
chemically pre-stressed concrete, a material never before used in
building construction but becoming increasingly common in highway
construction.

Because chemically pre-stressed concrete has exceptional strength
characteristics, a load-bearing wall built of this material can be rela-
tively thin and lightweight. For example, UlNNIMENT modules have
load-bearing surfaces only 2 inches thick (as against 6 inches or more
in other pre-cast concrete construction) and wveigh only 20 tons (as
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against 90 tons for a comparable sized Habitat unit) . The UNIMENT
modules can thus be transported to the building site on regular flat bed
trucks and lifted into place with conventional equipment.

In the Oakland project, the UNIMEINT modules are being arranged
side-by-side, one atop the other, resulting in a finished product that
resembles any conventional apartment building: seen as an unfortunate
contrast with Habitat. The esthetic potential appear to have been
neglected almost entirely.

In order to exploit more fully the potential of both Habitat and
UNIMENT, HUDs office of urban technology has been trying to ar-
range a meeting between Safdie and Edward K. Rice, the engineer
who developed UNIMENT, to discuss a future project that would
utilize the architectural brillance of the former 'with the engineering
sophistication of the latter. What HUD hopes will emerge is a system
for building low-cost, functional, and esthetically exciting housing.

In the meantime, HUD is not neglecting the potential of the pieces-
and-parts approach. A recent $203,000 Section 207 low-income housing
demonstration grant to the Catholic Archdiocese of Detroit (see No. 5
,TOUTRNAL, page 277) will test the cost reduction potential of a compo-
nents system developed by Mitchell Associates of Cambridge, Massa-
chusetts. Already successfully demonstrated in South America, the
Mitchell system is designed for, among other things, maximum use of
self-help in home building.

The system utilizes a set of lightweight, fireproof structural compo-
nents made of precast, reinforced cellular concrete that can be rapidly
erected as the load-bearing frame of a single- or multi-story building.
No component weighs more than 150 pounds and the structure can be
erected by as few as two people with no prior construction experience
and with no construction machinery, according to the designers. A
one-room or single-cell structure can be put up for as little as $400. It
could later be expanded inexpensively by adding components.

The greatest potential in the Mitchell system, however, is seen to lie
in its flexibility. It incorporates much of the same concept that goes
into the production of automobiles; that is, a basic frame or chassis to
which the manufacturer can add on any number of accessories depend-
ing upon the financial capability of his intended customers or the use
to which they intend to put the vehicle. These accessories can either be
attached during the original construction or added at some later date.
In addition, the Mitchell system incorporates the idea of interchange-
able parts; in case of damage or excessive wear due to age or climatic
conditions, the owner merely removes one of the components and
replaces it with a matching one.

Because the architectural integrity of the Mitchell system is incorpo-
rated in the frame, it permits the use of any nonbearing wall material
for insulation and privacy. Within the modular dimensions set by the
framing system, this in-fill material can also be mass produced and
installed at the job site.

In choosing accessories, the Mitchell firm is going even one step
further than many prefabricators. For example, it has developed a
one-pipe, polyvinyl chloride bathroom package that can be easily in-
stalled. Other accessories may include such luxury features as air con-
ditioning and built-in hi fi. Even the outer walls may be covered with
a new "skin" to add a richer or more decorative appearance.
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The designers of the Mitchell system, then, are thinking not nlerelv
of the immediate housing need of the low-income person but antici-
pating his long-range need. As his income rises, he can add on to his
existing house the features he would want, rather than having to seek
these features in another, more costly home. In this sense the housing
prefabricator has gone beyond the automobile industry by eliminating
the need to "trade up" to a more expensive model in keeping with the
customer's rising status.

FAR- OFTJ IDEA S

What appear to be exciting potentialities of current building systems
are criticized as not carrying the idea of industrialization far enough,
in the opinion of some thinkers. In fact, these critics say, none of these
systems even begins to utilize the technology already developed in such
frontier fields as the aerospace and computer industries.

Professor C. Theodore Larson of the University of Michigan's archi-
tectural research laboratory is one such critic. The basic flaw that
Professor Larson sees in most of the current efforts to develop a, widely
applicable systems approach is the designers' adherence to the idea
of building permanent structures. Permanence, he feels, puts even the
most innovative building systems closer to the pyramids, technologi-
cally, than they are to a modern vehicle.

What Professor Larson and some of his colleagues are working to-
ward can most accurately be called a disposable house. The cost of their
ideal structural system would be so low that, rather than trying to
maintain the house, the owner would simply replace it when it began
to deteriorate. Carried a step further, a section of a city, or the entire
city itself, could be made of disposable buildings that could be replaced
before they wore out. A disposable city is seen as a futuristic solution
to the slunm prevention problem-and to a host of other urban ills.

Professor Larson's primary concern, however, is not with slum
prevention; it is with utilizing technological advances. "Why should
buildings have fixed life spans," be asks, "when modern technology
is going to make them obsolete within a few years?" Expecting build-
ings to last 40 years or more, he says, only hampers the incentive for
technological progress.

A conversion from permanent to disposable housing is seen as bring-
ing many beneficial social and economic effects. For example, it would
free housing from the restraints of long-term mortgage financing,
enabling many low-income families to purchase housing much as they
can purchase consumer items on short-term credit. Indeed, housing,
itself, would become a consumer rather than investment item. Dis-
posable housing is seen, also, as a probable encouragement to more
flexible and rational land uses by replacing current purchase arrange-
ments with short-term leasing. In this sense, a piece of land could be
freed from its current use every five years or so for some different, per-
haps more rational use.

This kind of thinking apparently seems too futuristic to have any
application to today's housing needs. Nevertheless, prototypes of
disposable houses have already been developed. All of them have cer-
tain common characteristics: they are constructed of extremely liglht-
weight, inexpensive materials; they can be constructed quickly, often
in a matter of hours, with a minimal labor force; and, of course, they
are cheap to produce. However, none yet goes beyond the building of
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an outer core or shell. They are all what space scientists would call
"first generation" buildings.

The use of various foam plastics, which have a density of less than
two pounds per cubic foot, has produced several buildings at the Uni-
versity of Michigan architectural research laboratory. In one experi-
ment, two men were able to erect a 45-foot diameter dome, complete
with window and door openings, in only 12 hours. The experiment was
carried on in collaboration with Dow Chemical Company, using the
company's polystyrene foam boards and "spiral generation" process.
As explained by Professor S. C. Paraskevopoulos, the process involves
the use of a specially designed machine, which bends, places, and
fastens together the 4-inch thick plastic foam boards in a predeter-
mined shape, layer upon layer, into a rising structure spiral. In erect-
ing the dome, the two workmen had to dig a shallow trench corre-
sponding to the diameter of the dome. They then inserted 2 x 4-inch
wood blocks to serve as supports for a base ring. A starter strip of poly-
styrene foanm was attached to the ring and the spiral generation process
was begun. The completed dome was then lowered into the trench,
which wvas backfilled with earth. Openings were marked, cut, and
reinforced around the edges with fiberglass tape and epoxy resin. A
cement floor slab was poured and its edge anchored to the dome. The
surface was then coated with a mixture of latex paint and vermniculite
(to protect it from the sun's ultraviolet rays, which will cause poly-
styrene to deteriorate rapidly). Partitions were installed in the open-
ings and a flexible polyethelene gasket used to create the joints between
the dome and the glass fenestration.

This particular dome was designed to last for up to three years. or
even longer if a new- mixture of latex and vermiculite were applied.
Although1 Dow Chemical does not plan to produce any more domes
for the time being, the original one is still in use as a temporary club-
house for a local country club.

The University of Michigan architectural research laboratory has
another "first generation" building, which demonstrates a process that
Professor Larson thinks has "tremendous potential." The process is
"filament winding," which has been used successfully in fabricating
nose cones for space vehicles. Developed by Hercules Powder Com-
pany, a DuPont subsidiary, it involves spinning a hollow shell out of
fiberglass and resin. The advantage of using fiberglass is that it has
the strength of some steels combined with the lightness of some plastics.
The machine used to do the spinning can be hooked to a computer.
which, in turn, can be programmed to produce a structure of any
shape. The computer can also be programmed to leave space for win-
dow and door openings.

The building that demonstrates this process has rectangular di-
mensions of 8 feet by 12 feet by 20 feet. It cost only $1000 to build but
another $500 was needed to ship it to Ann Arbor, Michigan from the
Hercules plant in New Jersey. The research laboratory is now working
on a "mobile factory," which would eliminate the cost of shipping
finished shells in quantity.

It may be decades, of course, before a synthesis occurs between the
aerospace industries and the homebuilding industry but the ideas
emanating from the architectural research laboratory at Ann Arbor
and from other research programs give an indication of the potential
of such a merger.
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APPENDIX III

DICKER STACK-SACK INTERNATIONAL SYSTEM

In response to an inquiry concernili- the Dicker Stack-Sack Inter-
national, the followxing information wvas received from Dennis E.
l)icker, Executive-Assistant, as to what might be accomplished using
the Dicker Stack-Sack International system, please be informed that
lising this system this house can be built for less than $5.50 per square
foot which includes centrally heating and air conditioning.

As to the economical and technological obstacles that prevent or limit
the use of my system please be advised that presently we encounter no
obstacles.

To explain the system to you the following methodology and tech-
nology is used: Burlap sacks six (6) inches in diameter and twenty-
four (24) to twentv-seven (27) inches in length are filled with a dry
mix consisting of sand, gravel, and cement. The quantities used are
commonly known as a five (5) sack mix. A foundation is poured ten
(10) inches wide and reinforced with four (4) half (½/_) inch rods.
The foundation is poured to ground level, and then three-eighths (3/s)
inch reinforcing rods are placed in the concrete foundation protrud-
ing upward. These rods are spaced on twelve (12) inch centers. The
sacks are then placed on the foundation and are pierced by the rods
in the foundation thus tying the bottom coarse of sacks to the founda-
tion. As the sacks are laid in place they are wetted with water coarse
by coarse. Also as the sacks are laid on the foundation they create a
form for the slab, thus doing away with any type of conventional
forming. Each sack is pierced with two (2) three-eighths (3/8) inch
reinforcing rods seven (7) inches long that in effect tie each sack to
the sacks above and below giving a complete network of steel rein-
forcing through all the sacks. After the wall is in place a "tack-coat,"
which is pumped on consisting of four (4) parts sand and one (1) part
cement is applied insuring further stability and bonding. After the
"tack-coat" is applied a "finish coat" consisting of the same materials
as in the "tack-coat," is applied to an average thickness of one (1)
inch interior and exterior. The finish can be either smooth or rough, the
smooth being more costly than the rough finish.

The house which we have built in the rear of my office, 2600 Fair-
mount, is available to be seen at any time your office desires.

Presently Mr. Shupee, who is the head of the architectural depart-
ment at the University of Texas at Arlington, Texas, is doing both
engineering and architectural studies for the Dicker Stack-Sack
International method which in turn will give me all of the necessary
testing data.
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APPENDIX IV

PAPER ON EUROPEAN SYsTEM BUILDING PRESENTED BY Guy G. RoTi-
ENSTEIN OF ASPAD, INC. AT THE INTERAGENCY DISCUSSION ON
ADVANCED HOUSING HELD MARCH 21, 1967, AT THE EXECUTIVE
OFFICE OF THE PRESIDENT-OFFICE OF SCIENCE AND TECHNOLOGY,
WASHINGTON, D.C.

I welcome the opportunity to discuss my favorite subject "System,
or industrialized building".

ASPAID stands for: Associated System Planners and Designers. We
are an independent professional organization, or group practice of
planners, designers, architects, structural engineers and mechanical
engineers, specializing in the new field of system building. We treat
all these disciplines on an equal level-not subordinated one to any
other.

OUR PHILOSOPHY: We are very research and development minded
like any organization working in a new field-but we stress the point,
that system building is fully developed in Europe, with actually
20 years of practical experience, which certainly is enough time to
perfect systems and take out unavoidable "bugs".

The extent of use of system building in Europe, specially in housing
is considerable: in France today, 60% of all multi-family housing is
system built by more than 200 plants with a production capacity of
over 500 dwellings per day.

In England 25% of all multi-family housing was system built in
1966. The figure for 1967 is expected to be 40%. Russia, which started
only in 1956, is building presently 85%o of its housing by industrialized
methods. The city of Moscow alone is assembling 300 apartments per
day, while New York City's projected building rate for all multi-
family housing for 1967 is less than 80 units per day.

The housing requirements of Western Europe are very much similar
to those of the U.S. and the new technology developed there since 1947
at tremendous cost, is to a large extent applicable to our problems,
permitting to save years of research and experimentation and millions
of dollars in cost.

DEFINITION: System building in an industrialized society is the com-
plete integration of all sub systems (structural, mechanical, walls,
etc.), assemblies, components and parts into one overall system making
full use of industrialized production, transportation and assembly.

The term "building system" is presently greatly misused for im-
provements of building materials, combinations of materials or struc-
tural concepts which, at best, might classify as "sub systems".

There is also confusion about what "industrialization" is-it is often
confounded with technology or prefabrication-neither "per se" mean
industrialization. Prefabrication is often a first step towards indus-
trialization but not always, as for instance, the precasting of architec-
tural concrete in the U.S., which is strictly a "craft".

The basic elements of industrialization are Mechanization and com-
plete Programnming of the process of building. This is rarely under-
stood by our "craft oriented" building industry. Here is an example
of what programming means in a European building system using
mnultifunctional precast concrete panels: exterior wall panel no. 218
which includes windows, insulation, finishes and electric work is pro-
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grammed to be produced during the 3rd daily cycle of casting machine
no. V on a given day. 10 days later at 10:15 a.m. this panel is pro-
grammed tob loaded into the second rack of trailer "F", to be trans-
ported to site crane no. 4. This crane, as part of it's daily program of
80 lifts, is scheduled to lift panel #218 in it's position in the building
at 11:24 a.m.

In general terms, this program was conceived during the design
phase of the project and it is carried out with a maximum variation
of plus or minus 10%, which means that projects of many hundreds
of apartments are completed on schedule or within the estimated
budget cost with very minor variations.

MATERIALS: System building is possible with practically all basic
building materials. In Europe concrete is the most widely used and
at present the technology of its use is the most advanced. The reasons
for this are that concrete is readily available everywhere. It is rela-
tively inexpensive, has good structural qualities, is fire and sound
resistant and can be easily molded into multifunctional assemblies
incorporating windows, doors, insulation, fmishes, electrical and
mechanical work.

TrPES OF CONCRETE SYSTEMS: There are "open" and "closed" systems.
Open systems widely used in Eastern Europe are based on modular
standardized assemblies produced by different plants all over the
country. These are catalogued and stocked and architects are directed
to use these for certain types of buildings. This approach hardly fits
in our concept of building.

However, the "closed" systems used in Western Europe are predi-
cated on contractor owned tooling permitting industrialized produc-
tion of architect "custom" designed buildings.

These systems use off-site production, on-site production, or combi-
nations of these. There are systems using large panels (length and
height of a room), small panels like our office partition panels, and
"box" systems such as "Habitat 67" in Montreal.

TYPES OF HOUSING WHICH CAN BE BuLT BY CoNcRiTE SYsTEms:

Anything from one family houses to 30 story apartment houses. Our
cost studies indicate that it is most advantageous to be used for medium
and high rise apartment buildings from 3 to 25 stories. It can be used
for low income, middle income and luxury housing, housing for the
elderly, college housing and nursing homes and other health facilities.

I shall now show two films on systems which are well representative
of the many systems used in Europe today. These were selected be-
cause my firm and myself investigated these carefully in our con-
sultant capacity and we are in a good position to report on these sys-
tems and answer questions which you may have.

(1) The Sectra system, available in the U.S. through Schokbeton
Products Corporation, is a system of on-site, cast-in-place reinforced
concrete, using industrialized methods. Structural and electric sub
systems are fully integrated-other sub systems are highly compatible.
Tooling design for U.S. use is presently being developed.

(2) The Balency system is available in the U.S. through Balency-
MBM Associated. It is a combination of highly mechanized factory
production of loadbearing exterior and interior multifunctional wall
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panels with industrially site cast floor slabs. All sub systems are fully
integrated.

The high degree of mechanization permits the use of unskilled labor
organized in crews, repeating the same task several times each day.
Several plants for the Ii.S. are in an early planning stage.

These films make building look very easy. What we have seen is
nothing experimental. It is happening just a few hours from here all
over Europe day in, day out at the rate of thousands of dwellings
per day.

It happens in countries with which we have friendly relations and
active exchanges of technical information in many areas other than
building.

POTENTIAL FOR U.S. HOusING: System building has 3 basic ad-
vantages: quality-speed-cost.

(1) Quality.-The machine sets the standards of workmanship at
a much higher level than those of craft production. On projects wvith
economical limitations there is a much greater architectural and de-
sign freedom than in conventionally built housing. It should be under-
stood that the discipline of system building affects the method of
construction but not necessarily the visual aspect of a building. There
is great freedom in choice of form, module, proportion, texture and
color and no need for standardization of these.

(2) Speed of Construction.-Spectacular cases of performance are
on record: In France a fireproof 5 story, 40 family apartment house
was assembled in 9 working days after completion of the foundations
and tenant occupied another 15 days later.

This is something which should make the proponents of "instant
rehabilitation" jealous. The average time of completion for large
projects is 6 to 8 months which is about half the time of corresponding
U.S. developments.

(3) Cost.-The general rule of industry applies: rrhe greater the
mechanization, the lower the cost. Savings are three fold:

1. Initial Cost.-Site labor is often reduced by 50%, total labor
by 20%o to 35%o. Man hour averages per 1000 sq. ft. of dwelling
are in Europe 900-1100. U.S. averages 1200 to 1600 man hours.
Since labor cost is about half of total cost, the potential of labor
savings amount to at least 10% of project cost. There is also a
potential of material cost savings of possibly 5% of project cost,
by using a single material "concrete" for structure, walls and
partitions. It is cheaper to buy a single raw material and convert
it in a factory without waste into a finished product, than our
combination of a multitude of materials such as brick, block,
gypsum products, etc., which have to be fitted on the job with
great waste.

2. Savings Through Shorter Construction Timne.-It is estimated
that the combined savings of interest, tax, overhead, capital turn-
over and earlier occupancy, amount to 1% to 11/2% of project
cost per month saved. 6 months of time saved may mean 6%o to 9%7o
of project cost.

3. Savings in 2aintenance.-Performance records show definite
savings over conventional plaster finished buildings.

The total savings over the life of a building, while difficult to com-
pute, are very substantial and should amount to more than 20%o of
project cost. This may well be the answer to the so far unsolved
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project cost. This may wvell be the answer to the so far unsolved
problem of keeping rents down in low and middle income housing.

RELATION TO M1ODEL CITIES PRoc-iii: Besides the physical and
direct economical aspects of system building, there is a broader eco-
nomic aspect in regard to the Demonstration Cities Program: Portable
.'house factories" may be located in project areas and give area resi-
dents new job opportunities. Since a high proportion of unskilled labor
can be used in the factory and oln the building site and no physical
strength is required for this work2 this will stimulate employmient for
the young, elderly and even physically handicapped workers. On-job
training is easy and system building continues year round. Permanent
plants located in industrially zoned areas can contribute to the sound
development of the entire city and the spectacular speed of building
vith community participation may become a great moral factor.

WHAT ARE TIE CONSTRAINTS2 Everybody worries immediately about
"labor" and "codes." The films presented here were viewed by Presi-
dent Haggerty of The Building and Construction Trades Department
of AF of L-CIO and he expressed the opinion that the use of these
systems can certainly be negotiated with the union locals.

The general advantages of system building for labor are year round
employment, easier work, safer working conditions, shorter training
periods, better opportunities for young and elderly workers. Con-
tractors opinions on labor reaction vary greatly, depending on the
locality and the type of system considered. Generally, large well
established firms with good labor relations, think that European sys-
tem building, with certain modifications, is' well usable here.

In respect to codes, there are no structural problems for systems
using reinforced concrete. AC1 section 318-63 is applicable. Since
"closed" system buildings are always individually designed, local
code requirements for mechanical sub systems can be easily followed.

The biggest obstacle to introduce system building in the U.S. is the
ftiancing of the plant equipment. U.S. building is so fragmented
through sub contracting practices, that even the biggest firms are small
when it comes to invest in tooling for industrialized production. This
situation is well highlighted by the fact that in our urban renewal or
new town projects millions are spent for "land" and not a dlime on
industrial tooling for building. Things are different inl Europe. In
larger developments the first thing done to produce housitig is the
planning of a "house" factory. The Greater London Counicil has
been planning a 60,000 inhabitants new community, Woolwhichl-Erith
(now called 'Thamesmead") for several years. Based on successful
previous experience, it was decided that this project should be indus-
trially built. Bids were taken from 3 systems builders for 4,000 dwell-
ings, including an on site production plant with a yearly capacity
of 1500 dwellings. The contract was awarded to the Balency system
licensee for about $26,800,000 plus a variable fee of about 2%o. At
completion of this first contract new bids for operating the plant and
building additional units will be taken.

If we wvant to get industrialized building started here we have to
face the basic truth that industrialized building is not possible with-
out industrial tooling. Same as it is impossible to produce an auto-
mobile body economically without a stamping press-it is impossible
to produce a concrete building panel economically without a casting
machine. Too much time and money is spent on attempts to bypass
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this truth-ingenuity and technology are wasted by government,
and private industry to save pennies where proper tooling would
save dollars.

Today, the building industry is in respect to tooling for industrial-
ized building, in the same position as the aircraft industry in respect
to tooling for the supersonic airliner. Both need government help
to get started and will then become self supporting. U.S. industry
is always quick to follow the path of success.

WHAT Is THEN THE BEST APPROACH? There appear to be two possi-
bilities:

(1) Tie method used by the Greater London Council, to get
a single contract big enough to include full amortization of the
tooling.

(2) To make the investment a partial risk by creating a size-
able guaranteed market, provide loan assistance for tooling and
use a cost plus contract for the site labor of the first contract only,
to avoid that the contractor may bid a higher price than for con-
ventional work.

It is also important that system building, including the plant op-
eration, be in the hands of a general contractor or builder developer
to assure complete integration of programniming, planning, design,
engineering and execution. Subcontracting as practiced at present in
the precast concrete industry, is not workable for system building.

WHAT RESEARCH AND DEVELOPMENT Is REQUIRED FOR Tins PRO-
GRAM? Not very much. One essential project is a study on the inte-
gration of mechanical sub systems using standard U.S. approved
components and parts. Major savings are reported from Europe by
integrating structural and mechanical sub systems-as much as 50%
on electrical contracts and 20%o to 25% on heating and plumbing coil-
tracts. While structural savings alone are considerable, we should also
take advantage of these major mechanical savings.

Another project which is important and for which we have sub-
mitted an application for a technical studies program grant to F.H.A.,
concerns system building and its relation to F.H.A. Minimum Prop-
erty Standards. Technical and procedural revisions and additions will
be necessary to permit the use of system building for F.H.A. mortgage
insured projects.

A similar study should be made concerning the standards of Housing
Assistance projects.

A third study project which we would like to suggest concerns the
feasibility of locating industrialized housing plants in model city
areas to create employment opportunity for local residents. This study
should cover the physical, social and economic aspects, and can be
oriented toward general needs or specific city programs.

We stand to gain a lot by adapting proven European building
systems to U.S. housing construction.
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COMMENTS ON CHART ILLUSThATIONS BY MR. R1'rIIENST}'IN

III.4: 18%o of U.S. housing represent mostly prefab. homes, using
rationalized, rather than industrial methods.

III.5: Of particular significance is the fact that material handling
and shipping of conventionally built U.S. housing requires more
time than the factory production and shipping to the site of a
complete dwelling in European system building.

III.6: Figures of potential labor and material savings are based on
European man hour and material requirements figured at average
U.S. cost.

The potential initial savings of 23%o and 28%o represent savings
of square foot cost for fireproof multifamily housing of possibly
$2.00 in low cost areas and $4.00 in high cost areas.



FINAL REPORT ON THE STATE OF THE ART OF PRE-
FABRICATION IN THE CONSTRUCTION INDUSTRY

TO

THE BUILDING AND CONSTRUCTION TRADES DEPARTMENT, AFL-CIO,
FROM BATrELLE MEMORIAL INSTITUTE: COLUMBUS LABORATORIES*

INTRODUCTION

In October, 1966, the Construction Economics Research Group of
Battelle Memorial Institute was asked by the Building and Con-
struction Trades Department of the AFL-CIO to undertake a research
program on "The State of the Art of Prefabrication in the Con-
struction Industry". This study was concerned primarily with esti-
mating the amount of construction that may be transferred from the
job site to the factory or otherwise changed in character as a result
of prefabrication. An analysis was made, representing Battelle's best
effort within the constraint of time and cost, of the residential, non-
residential, and nonbuilding segments of the construction industry
in the United States. An additional cursory investigation was given to
estimating the effects of other technical innovations (not necessarily
related to prefabrication) that will require a reallocation of manpower
and skills at the job site.

The intent of this study was to provide the Building and Construc-
tion Trades Department with a long-range planning tool to aid in
future decisions related to (1) skill requirements, (2) manpower
requirements, and (3) new training programs.

Battelle's findings and conclusions were presented orally on Sep-
tember 21, 1967, to the Executive Council of the Building and Con-
struction Trades Department. This report confirms that presentation
and summarizes Battelle's work in fulfillment of the research
agreement.

Prefabrication was first introduced into this coun-try in 1624 when
the English brought a panelized wooden house to Cape Ann. Although
the word "prefabrication" has been used frequently since then, there
is little agreement as to its meaning. Much of this confusion exists
because prefabrication is a generic term used to describe a manufac-
turing process through which a building, structure, house, shell, com-
ponent, or piece is produced. The process includes certain integral
operations, such as precutting, preassembly, and prefininshing, and
all companies that participate mn this process-regardless of their
degree of involvement-can be called prefabricators.

*Sept. 29,1967: by R. B. Guy; L. H. Parmelee; R. W. Trestrail; S. E Goldstone;
J. E. Burch.

(190)
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Thousands of companies are involved in prefabrication in the United
States. These include mobile-home manufacturers, sectionalized-
home manufacturers, home manufacturers, traditional builders using
some preassembled components, on-site fabricators, component manu-
facturers, and building-material suppliers. Most of these companies
either make or use preassembled components-except the mobile-lhome
manufacturers, who produce totally prefabricated units, and the
building-material suppliers who market precut pieces.

Currently, most of the buildings in the United States that are being
assembled on site from factory-made components are in the low-rise
category. They include single-family dwelling units, town houses,garden-type apartments, dormitories, nursing homes, branch banks,
office buildings, and industrial buildings.

In most instances, the end result of prefabrication of low-rise
buildings is the rapid erection of the basic shell of the structure, which
accounts for only about 30 percent of the total cost of the structure.

In the high-rise building sector, prefabrication is capable of playing
a much greater role during the building process than most people in
this country realize. For instance, using existing teclmology and prod-
ucts, a building can be erected entirely Wrom preassembled components.
After the shell is erected, various components and subsystems also can
be used to virtually finish the interior space.

Prefabrication is making significant inroads in Europe through
industrialized building methods. These methods are responsible for
about 25 percent of all construction currently put into place, but
the Europeans are very confident of a rapid increase in industrialized
building during the next decade.

To achieve industrialization of building, the Europeans have
developed building systems which lend themselves to mechanization
and automation. A frequently used definition for a building system
is "The application of modern management techniques to coordinate
design, manufacturing, site operations, and overall financial and
managerial administration into a disciplined method of building."
These systems may be either "open" or "closed", and are initiated byany of four typesof organizations: (1) contractors, (2) engineers, (3)
clients, and (4) manufacturers.

There are currently hundreds of building systems available through-
out Europe. Most of them use heavy, precast concrete components
and are designed primarily for the construction of high-rise, high-
density housing. The components can be produced in either a large
central manufacturing facility or an on-site plant. The central manu-
facturing facility is by far the most popular.

A number of factors appear to be required for the success of aEuropean "systems sponsor". These include (1) strong internal busi-
ness organizations, (2) large volume (a thousand units per year), (3)
concentration of volume (within a 25-mile radius), (4) continuity of
production (3 to 5 years), and (5) strong, active government support.
The last factor is achieved readily in most of Europe, since the public
housing sector of the market usually exceeds 50 percent.

Some changes will occur in the United States during the next decade
in the field of prefabrication. The magnitude and extent of these
changes wvil be influenced greatly by (1) the construction envi-ronment,
(2) technological advances in construction methods, equipment. ma-
terials, and design, and (3) various constraining factors.
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A projection of the U.S. "construction environment" in 1975 indi-
cates that wages, land prices, and construction activity are all expected
to increase at a fairly rapid rate, which should enhance prefabrication
opportunities.

Changes in construction methods are expected to occur as attempts
are made to introduce European building systems into this country.
There are at least four major European building firms that are actively
seeking licensees in the United States, and others are considering this
move. The advantages of these industrialized systems are that they
reduce skill content, accelerate the erection procedure, and centralize
the control and responsibility for the construction process. However,
there are a number of potential problems, such as building codes,
bidding procedures, and royalty fees, that miust be overcome before
these systems can be successful. Consequently, the probability of suc-
cess for the European-sponsored building system in the United States
before 1975 appears quite low.

By 1975, a few U.S. firms will initiate some high-rise building
systems that will represent modifications of the European systems. A
few of these attempts are expected to be fairly successful. However,
in order to gain acceptance, the initiating companies probably will
have to relinq~uish some of their control over the construction process,
thus diminishing the value of the building system.

Other expected changes in construction methods are (1) the in-
creased use of large interior subsystems that offer sufficient flexibility
to satisfy a wide variety of individual needs and (2) the increased
popularity of lift-slab and tilt-up construction techniques, curtain wall
systems, and preassembled bridge sections.

Construction equipment will continue to become larger in an attempt
to offset rising labor costs. However, as equipment size increases, the
equipment will become more specialized and the markets more limited.
The crane appears to have a greater potential than any other piece of
equipment currently serving the construction industry.

No radical changes in materials and/or products can be visualized
in the next 10 years. Although a number of companies are currently
conducting extensive research and development programs, the results
will not make any sizable impact on the construction market by 1975.
Most of these programs are directed toward new markets and new
applications for existing materials rather than the development of new
materials and/or products. The most rapid gains are expected to be
made by plastics, which currently account for only 2 to 3 percent of
the total dollars spent for construction materials. Under these condi-
tions, the plastics industry can make large advances in this market
with relatively little effect upon the suppliers of other construction
materials.

Architectural design is in a constant state of evolution; however,
design innovations have been and probably will continue to be subtle
in nature. Buildings constructed in 1975 will look much like the build-
ings being constructed today, but the materials used, their application
and assembly, and the organization of the building process will be
changed to some degree.

The principal constraints to the growth of prefabrication between
now and 1975 will be building codes, zoning regulations, architects,
unions, transportation, capital requirements, tradition, and the basic
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structure of the construction industry. It currently appears that the
latter two constraints will be the most difficult to overcome.

Prefabrication will definitely grow during the next decade; however,
the growth will be evolutionary in nature-not revolutionary. Much of
this growth will be based on the increased acceptance of existing
methods and techniques of prefabrication by members of the construc-
tion industry, rather than the development of new prefabrication
methods. There will be more opportunities for advances in prefabrica-
tion in the nonresidential segment of the industry than in any of the
other segments.

As a part of this study, an "impact analysis" technique was de-
veloped in order to determine the effects of the anticipated advances
in technology and prefabrication on each of the affiliated unions. The
basis for this analysis is 249 "items" or events that are expected to occur
or change during the next 10 years. The estimated impact of these
items on the affiliates reveals that (1) prefabrication will offer the
Operating Engineers the greatest opportunities for growth whereas
it will ofler the Painters, Decorators, and Paper Hangers the least,
(2) the Operating Engineers will have the greatest need for new skills
because of the anticipated changes, and (3) the United Association
will be affected the most by reallocation of work from the job site to
the factory.
Conclusions

The following conclusions are derived from this research program.
For convenience they are presented by five broad categories (1) gen-
eral, (2) residential-low-rise, (3) nonresidential-including high-
rise apartments, (4) nonbuilding, and (5) effects on the affiliates.

GENERAL

(1) The current state of the art of prefabrication is much more
advanced than most people realize. Virtually all of the dwelling units
and buildings being erected today are using some prefabricated
components.

(2) Currently, the majority of the nation's builders, contractors,
and building-material manufacturers are involved to some degree in
the prefabrication industry.

(3) To date, the reductions in initial building costs derived from
prefabrication have not generally met expectations. The probability
of a further reduction occuring by 1975 is small unless other cost
factors are considered concurrently with prefabrication techniques.

(4) There will be no revolution in the field of prefabrication by
1975. The advances will be slow and evolutionary in nature.

(5) The two largest constraints to the rapid advancement of pre-
fabrication are (a) lack of public acceptance based on tradition and
(b) the existing "structure of the industry". Both are nontechnical.

(6) Technology is not lagging in this field, as it currently has the
capability of producing almost anything the market demands. In
fact, technical advances are probably 10 years ahead of the industry.

RESM)ENTIAL-LOW-RIE

(1) The growth rate of prefabrication will continue at a fairly
constant rate. However, much of this growth will result from more
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builders accepting existing methods, applications, and materials-not
from the development of new ones.

(2) More builders will start to use "industrialized" schemes similar
to those the home manufacturers are currently using. This can be at-
tributed to (a) builders will be larger, better capitalized, and have
more efficient organizations and (b) demand for dwelling units will
be greater and the builders will want to take advantage of economies
of scale.

(3) Home manufacturers will become increasingly involved as de-
v elopers. Consequently, decentralization of facilities will prevail, re-
sulting in a sharp increase in the use of on-site prefabricating plants.
This move will accomplish better control and reduce transportation
costs.

(4) Dwelling units will change very little in overall appearance
or shape. There will probably be a slow evolution in materials used,
but wood will still be dominant.

(5) Totally factory produced and assembled dwelling units (other
than the mobile home) will not be feasible by 1975. Its principal con-
straint will be the lack of an economical mode of transportation.

(6) Currently the home manufacturer is responsible for "putting
into place" 25 to 30 percent of the total cost of a dwelling unit. By
1975 this figure -will probably increase to 45 percent.

(7) By 1975 the typical dwelling unit will still require a substantial
amount of on-site labor hours during the building process. These re-
quirements will be necessary for the following tasks: site preparation,
foundation, mechanical, erection, and finishing.

NONRESIDENTIAL-INCLUDING HIGH-RISE APARTMENTS

(1) There will be more opportunities for new prefabrication ad-
vances and developments in this segment than in residential. Reasons
include:

Constraints are not quite as strong. For instance, "consumer
acceptance" is a more dominant factor in the residential market.

Results of government research programs will indicate needs
for the manufacturers to pursue.

(2) More architects will start to take advantage of the opportunities
afforded to them by the preassembled and prefinished building
components.

(3) High-rise building systems similar to those used in Europe
will be introduced in the United States between now and 1975. They
will make little impact on the marketplace.

(4) Subsystems, such as those currently being used for integrated
ceilings, will continue to make rapid inroads. They will comprise
larger and more complex components and will be capable of fulfilling
more complete building functions.

(5) The use of prefabricated components for high-rise building
applications will increase considerably by 1975. These components will
enable the contractors to attain (a) a rapid erection of the basic shell
and (b) an efficient, finished arrangement of the building's interior.

(6) The probability of prefabrication reducing on-site mechanical
and finishing labor hours is much greater in nonresidential than in
residential-type buildings.
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(7) Rehabilitation projects will provide manufacturers with num-
erous opportunities to experiment with various types of unit prefab-
rication. As a result of these experiments some progress will be made
in the area of unitized kitchen and bathroom units by 1975.

(8) there will be a continued trend toward the use of the "package
builder" during the next decade. The package builder has his own
architectural and engineering staff and offers a fairly complete pack-
age to the client. His method of operation is similar to that of the
European "system sponsor" except that he is not limited to a particular
system nor does he have manufacturing facilities. The growth of the
package builder will enhance prefabrication opportunities in the
future.

NONBUILDING

(1) This segment will continue to be a leader with respect to overall
efficiency in construction.

(2) Nonbuilding will continue to lead other segments in the rate of
acceptance of prefabrication because of the limited influence of the
following major constraints: building codes, tradition, and architects.

(3) The only constraint on component size will be transportation
feasibility.

(4) Many prefabricated bridges will be in use by 1975.
(5) Rising labor costs will force equipment manufacturers to de-

velop larger and more efficient equipment in an attempt to increase
productivity.

EFFECTS ON THE AFFILIATES

(1) The anticipated advances in prefabrication and technology dur-
ing the next decade appear to offer "opportunities" to half of the af-
filiates and "threats" to the other half.

(2) The Operating Engineers and Electrical Workers will have the
greatest opportunities for growth while the Painters, Decorators, and
Paper Hangers will have the least.

(3) The Operating Engineers will encounter the greatest need for
increased skills by 1975 due to prefabrication and other advances in
technology.

(4) The majority of the affiliates will experience movement in their
work locations-but none will move from factory to job site because
of prefabrication.

(5) The United Association, Carpenters, and Electrical Workers
will be the affiliates affected the most by the reallocation of work from
job site to factory due to prefabrication.

METHOD OF CONDUCTING THE STUDY

A brief summary of the way this study was conducted is shown in
Figure 1. At the outset, preliminary information on the subject of
prefabrication was obtained from an extensive literature search, dis-
cussions with Battelle staff members, and other miscellaneous sources.
This information was then analyzed and categorized by (1) current
applications for prefabrication, and (2) potential applications for
prefabrication.
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Field discussions, domestic and foreign, were then conducted with
home manufacturers, component manufacturers, builders, contractors,
architects, university personnel, consultants, associations, and others
knowledgeable in this field. The objectives of these discussions were:
(t1) To augment and validate the information gathered at the outset of
the study, (2) to obtain information pertaining to potential techno-
logical advances, and (3) to seek information about various technical,
economic, social, or political constraints that might affect the future
state of the art of prefabrication. A total of 77 interviews were con-
ducted in the United States and 21 in Europe. Appendix A lists the
names and locations of the organizations interviewed during this
study.

To aid in estimating the amount and in characterizing the type of
construction expected in 1975, Battelle used an analytical technique
called a "network analysis". The purpose of this network was to assist
in analyzing and weighing the relative importance (either positive
or negative) of the technical and economic factors currently influenc-
ing prefabrication. Various screening criteria were applied to these
factors in order to determine their significance and rank them in
order of importance. It was assumed that the important factors in
1967 will also be significant in 1975. With this basic premise in mind,
these basic factors were projected to 1975 and served as a basis for
estimates concerning the overall construction environment in that year.

The estimated construction environment was adjusted to compen-
sate for the anticipated technological advancements in materials, meth-
ods, equipment, and design, plus the various constraints expected to
impede the progress of the industry.

All the previous information was then analyzed to derive (1) the
current state of the art of prefabrication, and (2) the estimated future
state of the art of prefabrication. The estimated future state of the art
was then used as a base for developing an "impact analysis" which
shows the anticipated effects of the advances in prefabrication and
technology on the various affiliates.

WHAT IS PREFABRICATION?

The term "prefabrication" is commonly used throughout the con-
struction industry-yet there is little agreement on the meaning of the
word. To some people it means that a structure has been preassembled
off site in a factory. For others, a house is considered to be prefabri-
cated if at least two of the large structural components are preassem-
bled at a factory and transported to site for erection. Some consider
on-site fabrication of components to be prefabrication, others not.
Furthermore, many companies are called "prefabricators" if they spe-
cialize in the manufacture of one or more components that are used in
the building process.

Wthy is the term so ambiguous? Much of this confusion exists because
prefabrication is a generic term used to describe a manufacturing
process through which a building, structure, house, shell, component,
or piece is produced. Inherent in this process are certain integral oper-
ations such as precutting, preassembly, prefinishing, and final as-
sembly. Hence, all companies that participate in this process-regard-
less of the degree of involvement-can be called 'prefabricators".
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The problem of semantics is further substantiated when an attempt
is made to differentiate between prefabrication, pre-engineered, pre-
constructed, industrialized building, building systems, and many other
terms starting to be used within the industry. These terms are almost
synonymous and imply that an industrialized procedure has been ap-
plied to the building process. The use of these additional terms also
represents an attempt by the industry to do away with the term pre-
fabrication and its connotations of "cheapness" that became associated
with the word immediately following World War II.

It is obvious from this discussion that prefabrication has no precise
definition that is applicable throughout the construction industry. For
the purposes of this report, prefabrication will be used as a general
term to denote either (1) a structure that has been assembled in total
or in part from factory-made components or (2) a component that has
been preassembled before final placement.

TIHE HISTORY OF PREFA.Iu1cCATION1

Prefabrication is not a new development in this country. As early
as 1624, the English brought a panelized house of wood to Cape Ann
for use by a fishing fleet and the house was subsequently disassembled,
moved, and reassembled many times. Throughout the earlier years of
our history, new settlements provided a market for early prefabri-
cators-the California Gold Rush of 1849 was a particularly lucrative
market. Also, the Union Army in the Civil War used many prefabri-
cated houses in its camps. In fact, railroad freight rates for wooden,
portable houses date from around 1870.

Early in this century, the "mail-order house" became popular on the
frontiers. Sears, Roebuck Company claims it sold 110,000 houses in 40
years. This was usually a precut house, but the production of these
houses was important since it pioneered techniques for the production
lines, standardization, and price packaging in the home manufacturing
industry.

Concurrent with this development were experiments being carried
out with materials other than wood. In 1905 Grosvenor Atterbury, a
New York architect, conceived the idea of building a house using pre-
cast concrete panels. This system resulted in several hundred homes
being built of precast hollow-core panels from 1910 to 1918.

In 1908, Thomas Edison proposed to pour an entire two or three-
story house of concrete, but this was found impractical and the idea
was abandoned.

Many other systems and methods were tried during the first two
decades of this century. Some were successful, many were not, but all
of them contributed to the knowledge of this industry.

The industry actually began developing its present-day character-
istics around 1930. With the establishment of FHA, it became possible
to market homes in a mass volume in normal peace time. Buyers were
able to buy homes on terms they could afford, and the "industrializa-
tion of housing" became a challenge to our economy. Also, the influ-
ence of Frederic Taylor and his principles of scientific management
were undoubtedly instrumental in these developments.

IA Fact Book on Home Manufacturing, The Home Manufacturers Association, Washing-ton, D.C., pp. 4-5.
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American Homes, Inc., one of the leading prefabricators of that
time, stated that millions of dollars were spent in an attempt to mass
produce and distribute factory-built structures. T'he goal was to create
a vast new industry which, like the automobile industry, would turn
out standard models that the public was expected to buy. However, after
years of intensive study, the leaders of the prefabrication industry
concluded that the way to reduce construction costs was to deliver to
the building site parts of the structure which fit and could be assem-
bled without cutting or alteration.

During this same period, others approached the problem of reducing.
construction costs. Probably the most exhaustive study of the subject
was made by Albeit Bemis and Associates of Boston Massachusetts.
The results of this study were prevented in Volume III of the "Evolv-
ing House" published during the 3-year period of 1933 to 1936. In this
volume, entitled ' Rationaal Resign", Bemis suggests a typical module
as the basis for design and develops a method for establishing standard
assembly details and a simplified drafting technique in w~hich all
dimensions are referred to a modular grid. Regarding housing, Bemis:
states "the reorganization that housing needs-and the redesign of
structure here presented-is not a change of process. It does not sug-
gest merely transferring to the shop what was previously done in the
field. The parts of the house must be given the new forms and features
required for versatility of design, economical mass production and
ready-field erection". Albert Bemis died in 1936 and his heirs, w5rishing
to see his work continued, organized the Modular Service Association
to continue research in the field of modular standards. As a result of
this effort, the American Standards Association initiated a project for
the coordination of dimensions of building materials and equipment.
This was a definite benchmark in the evolution toward prefabrication.

By 1940, there were about 30 firms manufacturing and selling pre-
fabricated homes with approximately 10,000 units being produced
between 1935 and 1940.

During World War II, home manufacturing met its severest test.
The home manufacturers were faced with the difficult task of provid-
ing emergency war housing that would meet three requirements: speed,
demountability, and the reduction of on-site labor. This provided the
prefabrication industry with a great opportunity-but as a result of
this effort, prefabrication gained a reputation as being "cheap"
construction.

At the end of the war when there was a national demand for per-
manent, private housing, the prefabrication industry had to work
diligently to overcome the public's concept of a "prefab", which was
based on what they had seen during the war.

Around 1950, other types of prefabrication started to make notice-
able inroads-such as the pre-engineered metal building and various
preassembled components for nonresidential use.

Within the past decade, the prefabrication industry has been grow-
ing at a rapid rate, both in the United States and abroad. For instance,
the sales of pre-engineered buildings have tripled; the mobile home
industry is currently producing about 250,000 units annually; thou-
sands of manufacturers are producing components for the industry
and according to the Home Manufacturers Association, approximately
25 percent of all single-family dwelling units are prefabricated.
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The growth of prefabrication in Europe has also been rapid since
about 1955. France is probably the furthest advanced in prefabrica-
tion, as 15 to 20 percent of all housing developments are industrialized.
It is also reported that around 25 percent of the houses built in the
Soviet Union are using industrialized procedures. Furthermore, there
are currently over 400 industrialized building systems available for
licensing throughout Europe. These systems all use aspects of pre-
fabrication.



THE ECONOMICS OF INDUSTRIALISED BUILDING

by

D. BISHOP

"In this paper, presented at the Chartered Surveyors Annual Con-
ference 1966, Mr. Bishop contrasts the operating characteristics of
traditional building and industrialised building and discusses the
impact of the changes that industrialised building will have on the
work carried out by quantity surveyors. Mr. Bishop is Head of the
Building Operations and Economics Division of the Building Re-
search Station, and this paper deals with the work forming part of
a research programme.

INTRODUCTION

Much of the attention focused on industrialised building has been
concerned with technical developments and their likely impact on
particular building types and on the built environment. Less attention
has been paid to the economic consequences of industrialisation on an
industry which has developed to serve the market created by the de-
mand for buildings from both public and private clients. It is argued
in this paper that these changes will have an important effect on the
character of the industry and on the operating characteristics of firms
and, hence, on the analysis of cost. This is important to quantity sur-
veyors because cost is one measure of the use of the industry's resources,
and quantity surveyors are much concerned with estimating costs in the
course of advising clients whether they are obtaining value for money.

From the outset, the paper will assume that what is meant by the
term 'industrialised building' is common ground; although what the
author considers industrialised building to be will emerge as the paper
develops. It is necessary, however, to distinguish between the direct and
indirect costs of production because much of the argument hinges on
this point. Direct costs (Cd) are those which are proportional to out-
put, and indirect cost (Ci) those which must be met whatever the
fluctuation in output, at least in the short term. In the first category
are included the cost of materials, of labour directly engaged in pro-
duction (whether employed directly or by sub-contractors) and of its
immediate supervisors, the capital cost of plant which can be readily
employed on other tasks and consumable stores. In the second are the
cost of directors, supervisors, technicians, clerical staff, skilled workers
and the cost of plant (including buildings) which cannot be readily
deployed on other tasks and the outgoings associated with that plant
(including repairs, insurances and rates). The importance of the dis-
tinction is that the balance between indirect and direct costs is altered
by industrialisation.

The paper will commence by contrasting the operating characteris-
tics of traditional building and industrialised building, from which
will emerge the central theme of the paper, the economics of indus-
trialised building. In conclusion, the impact of these changes on quan-
tity surveyors' work will be discussed.

(201)
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OPERATING CHARACTERISTICS OF TRADITIONAL BUILDING

Building requires both the design and construction of buildings in
response to a particular client's (or consortia of clients) requirements
and the production of a wide variety of materials and components to
serve a general, rather than a particular market.

Demand for many building materials is sensibly uniform in volume
and the technical requirements for many materials are consolidated in
British Standards, or similarly recognised. Such materials are gen-
erally mass-produced, often by continuous processes amenable to auto-
mnation and other techniques leading to higher productivity. The fact
that the index for building material prices (in real terms, with inflation
discounted) has fallen in the past decade (figure 1) confirms this point
because commodities that are mass-produced tend to have this charac-
teristic in common, since increases in productivity obtained by new
techniques offset, or more than offset, increased cost in other directions,
e.g., wages, shorter working hours, additional social benefits and the
like. Included in this group are the majority of conventional building
materials; cement, aggregates, much of tile and brick production,
sanitary ware, electrical cables and fittings, steelwork, glass and plastics
manufacture and many others. To this extent-amounting to perhaps
40 percent of the cost of building-the industry is industrialised al-
ready. Extension of mass-production techniques to materials not now
mass-produced is one obvious way of industrialising the industry: but
this is a continuing process, perhaps exemplified by development in
brick, tile and blockmaking, in which the current target labour require-
ments for brickinaking are now about one half of the norm accepted
in 1947.

In contrast the demand for building, besides being dispersed on
sites, is variable in volume, bespoke in character and uncertain in tim-
ing, and these characteristics in part dictate the structure of the indus-
try which has developed to satisfy this market.

In any sub-region the building workload will fluctuate with the
fortuitous conjunction of orders for major works; and roadworks,
electricity generating stations, new hospitals and the like have been
known to disrupt local -work. Building is bespoke in character, nartly
because of the obvious need to satisfy a client's requirements and to fit
buildings to their physical environment, but partly because there is no
marked cost penalty incurred through particularity; that is simplicity
of design and the use of standard components often yields no appreci-
able advantage by way of low tenders. Uncertainty in timinor implicit
in the procedures for obtaining planning consent, by-law approval,
financial sanction, quite apart from the capriciousness of clients, pres-
ent contractors with probable commitments subject to indefinite de-
lays. In the face of this market, characterised by uncertainty in volume,
in technical characteristics and timing, an industrial structure has
evolved which provides adaptability and ensures that its available
resources are resonably fully employed.

Let us, therefore, consider the characteristics of the industry's
resources commencing with building operations on site.
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FIGURE 1. Relationship between indices of the cost of materials, earnings and
tender prices. Trend line 'A' is produced by combining the indices for materials
and labour in the relative proportions found in building, and is one index of the
probable movement of tender prices if market forces and changes in pro-
ductivity are discounted.

The majority of building work involves comparatively simple tech-
niques which are widely understood by the industry at large. In general
there are few building techniques which must be operated on a large
scale for technical reasons, also the productivity of craft-based opera-
tions does not appear to be significantly affected by the size of the
enterprise for which operatives work. Moreover, any contractor may
choose to hire any or all of the plant and equipment needed to build
and thus reduce the need for fixed assets. Absence of fixed work-places
and modest requirements for capital makes possible the employment
of many sub-contractors, a practice which enables specialisation to an
extent not -warranted by the size of many individual sites, because each
specialist is able to find employment on all sites within daily travelling
distance.

As a consequence of the ability to hire equipment and of the ex-
tensive practice of sub-contracting, building firms have few resources
committed to the construction of any buildipng type or any method of
construction. Commitment of resources is. as it were, spread through-
out the industry with every enterprise at each level of specialization
seeking work on all available sites. Building firms, viewed in this light
are merely organisations capable of building and entry to a particular
market is often conditioned bv an ability to finance and manage work
rather than by technical considerations.

Hence, the resources of the conventional building industry are
widely dispersed and not deeply committed to construction of any-
thing anywhere: the industry has an amorphous rather than a crystal-
line structure. There is both strength and weakness in this situation.
Strength in the lack of commitment and the ability of the resources
to be redeployed without mortal damage on the work available, an
attribute not to be lightly dismissed if clients and their advisers vwish
to maintain the present characteristics of the market. Weakness stems
also from this lack of commitment in that operational units have an

25-808-69 14
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ephemeral nature and there is insufficient time to take advantage ofimprovement, innovation, development, management, all of whichthen have marginal rather than decisive returns.
Therefore the majority of the costs of traditional building are directcosts because many of the available resources are dispersed through-out the industry, and are dedicated to no particular ends. Operative

labour typically seeks work on the available sites, so that the distri-bution of the labour force is matched to current demand. Much plantis on hire, and major projects are often undertaken by plant owned byseveral contractors, both practices increasing overall utilisation. Thegeneral practice of building slowly reduces demands on management.
Finally, marketing costs are low-mostly confined to estimating-
because there are few products, as such, to sell.

OPERATING CHARACTERISTICS OF INDUSTRIALISED BULDING

In industrialised building the processes already described are modi-fied in some or all of the following ways: by substitution of new forconventional materials, by prefabrication of components now assem-bled in situ, by reorganisation of the on-site processes. These will beconsidered.
(i) SUBSTITUTION OF NEW MATERIALS

From the standpoint of substitution, materials may be divided intotwo groups: the fabric of the building and the fittings and servicesincluding joinery, engineering services and decoration. Whilst ma-terials in the first group may be influenced by the method of systembuilding adopted, it is these materials that are essentially cheap, sothere would appear little scope for saving on this count except whenconventional work is omitted; for example, when accurately-made
concrete panels do not require plastering or screeding. Such savingsmay be substantial and are important because they are independent
of other factors. However, most conventional materials are cheap interms of their performance because, as has been explained above, theirmanufacture is already industrialised. Therefore, since the cost ofmaterials makes a major contribution to the cost of building, the useof expensive materials should be always viewed with suspicion andquestioned in terms of the advantages actually gained.

Comparisons at an elemental level are possible only when the ele-ments have similar functions, for example, external walls, internalloadbearing walls and partitions. The basic prices written into Table Iwere taken from published lists and make no allowance for discountallowed for bulk or serial purchasing although these may be signifi-cant, particularly with new types of materials obtained directly frommanufacturers. Also, no allowance is made for any effect of the choiceof material on the production process.
The comparatively low cost of conventional materials will be atonce noticed, together with the important, almost critical effect ofdifferences in specification of newer forms of construction with thesame apparent performance. For instance, the cost of brick load-bearing and external walls is of the same order as that of large con-crete panels, except for external walls of sandwich construction inwhich the insulation, reinforcement and applied facings increase thecost of the panels. Similarly the cost of materials in timber-framed
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construction is of the same order as brick construction, except when
more novel f acing materials are specified.

TABLE 1.-ELEMENTAL COMPARISON OF THE COSTS OF MATERIALS

[First item in each case taken as 1001

External walls Cost

Cavity, brickwork, plastered both sides - 100)(115125 with other facings).
Cavity, brickwork, plastered both sides, but dry lined -. 115 (130-140 with other lacings).
4K in. dense concrete, lightly reinforced and dry lined internally... 90 (210-310 if faced with mosaics).
Sandwich construction with 3-in. outer and 6-in. inner concrete 190(310430 if faced with mosaics).

leaves, and polystyrene Insulation.
Timber framed walls with vapor barrier covered on the inside with 140-160 (175-250 with other boarding and treat-

plasterboard and externally with vee-jointed softwood boarding. ments).
painted.

Co site wall board of I In. polystyrene sandwiched between >i-in. 280.
asbestos wallboard, primed 1 side and with special paint texture
finish the other.

There is scope and prospect for reductions in the cost of materials
in the second group, that is of fittings and services. In some cases
severe variety reduction could create a demand on a scale which may
make the introduction of new production techniques economically
viable. But this must never be taken as the general rule because many
production processes show small returns to scale, and the minimum
scale of operation of others is very high indeed. The production
economics of each group of materials and components must be
examined on their own merits. Alternatively a sufficient volume of
demand may justify the re-organisation of production and marketing
so that sets of equipment may be obtained "off -the-shelf", e.g., the
demand for domestic central heating has led to the marketings of cen-
tral heating boilers, complete with accelerators, controls and motorized
valves. But it will be noticed that most or all of such materials and
components can be used indifferently in conventional and system build-
ing Therefore any reductions in cost will be to the advantage of the
buiding industry as a whole and not peculiar to system building.

(ii) PREFABRICATION

Prefabricated components usually combine several functions into
one component, e.g., timber-framed cladding panels incorporate load-
carrying functions with cladding, insulation and internal linings, and
prefabrication is chosen on the assumption that it leads necessarily to
lower labour requirements, or costs, or both. The extent to which these
intentions are realised depends upon whether the operations involved
in prefabrication are technically different from those carried out when
a component is built in situ in stages in the ordinary way. Sometimes
this is the case, e.g., gang-nailing in timber prefabrication or continu-
ous casting in concrete production. Often, however, the actual opera-
tions involved in making components may not be much affected by
transfer of the work from in situ construction to fabrication else-
where and large gains in productivity cannot be expected, although
some advantages may stem from better working conditions and, per-
ha~ps, from the possibility of more effective management when work
is carried out at fixed workplaces.
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TABLE 2.-SCALE OF ACTIVITY

Method Cycle Scale

Site casting weekly ----- ITemporary factory -daily -- 5Permanent factory:
Steam curing -0-- ----------------------------- 8 hours -15
Continuous kiln -4 hours -30Continuous casting- 2 hours- 48Pressing - 10 mins -720

Sometimes, of course, prefabrication opens the way to the use of new
materials and new processes, leading to simpler components. One such
example would be the traditional rooflight with a timber-framed
surround and pitched roof, now almost always replaced by plastics
rooflights supported on metal or concrete upstands formed in the
structural roof. Changes in techniques are often accompanied by
greatly increased minimum scales of operation, because more sophisti-
cated processes are characterised by fast operating cycles and hence
large outputs. Increased scales of production may more than offset
increased capital expenditure, but the output obtained may force
changes in management structure in order to cope with the supply,
control and marketing problems implicit in the new volume of pro-
duction. For example, the weekly output obtained from the more
sophisticated methods now available for the production of concrete
panels (Table 2), in which the methods of casting are listed in the
order of increasing sophistication, must be matched by vigorous mar-
keting methods, or by other administrative action.

(iii) ORGANISATION OF ON-SITE PROCESSES

Conventional building, it will be recalled, relied largely on gangs
often organised on a trade basis and each undertaking one or more
operations. In general the work of these gangs is not closely super-
vised, and low non-productive time is ensured by the provision of
many more work-places than there are gangs to occupy them. This
solution avoids the severe management problems implicit in the orga-
nisation of many gangs each tackling operations which are not techni-
cally independent of the work of other gangs. Industrialised building
seeks to provide an alternative solution, one in which management
makes a positive rather than a permissive contribution. To do this an
attempt is made to reduce both the volume and complexity of on-site
work either by the substitution of prefabricated components for in situ
work, or by the more effective use of mechanisation, or by designs
which produce simple operations which are technically independent
and may be tackled by a specialised gang, or by a combination of all
three.

In practice this intention is difficult to realise. Factory-made com-
ponents often replace only part of the corresponding conventional
operations, so that the number of operations required to complete the
work, and the whole complexity of the process, are increased. Moreover,
when prefabricated components are limited to a few basic kinds, some
of the difficult and awkward parts of the work involved in construc-
tion are left to traditional processes. Experience has shown that the
labour cost for this work is high and is a substantial proportion of ,i
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total which would have been required had the whole of the job been
undertaken in the ordinary way. Hence, great care should be taken in
design so that factory-components replace the whole of the traditional
operation rather than leave a small part of it to be completed at a
relatively high cost, and the aim should be to reduce the total num-
ber of operations as well.

Mechanism often affects only part of an operation and the work
remaining may require the attention of a normally constituted gang.
In these circumstances the only possible gain is an increased tempo
of work, and this is frequently dictated by progress elsewhere on the
site. Similarly, advantage can be taken of independent operations only
when good management ensures that the gangs and the materials arl
at hand when required, and that which is intended to be done, is done at
each stage of construction.

These difficulties are not estoppels. Given the necessary knowledge
and drive on the part of designers and supervisors, the intention to
manage work in an industrial sense can be realised and appreciable
reductions in labour requirements and increased building speed
obtained. In practice considerable time is needed for designers to
obtain the necessary skills (which can stem only from a real appreci-
ation of the practical problems involved) and for management to
establish effective control. Therefore work must be directed to particu-
lar rather than general ends, and there is a commitment in time in a
way that does not occur in conventional building.

INCREASED PROPORTION OF DIRECT COSTS IN INDUSTRIALIZED BUILDING

Many factors in industrialised building operate to decrease the pro-
portion of the total cost which can be counted as direct costs of pro-
duction. There is, of course, increased capital investment and the con-
sequent increase in capital charges and process costs. Also there is the
necessity to market products, to match the volume obtained from new
techniques with efficient buying, stockholding, maintenance, training,
supervision and inspection, all of which increase the demands made on
management and add to the indirect costs of production. Moreover,
operatives trained to operate a particular process cannot be dismissed
immediately there is insufficient work to keep them fully employed.
Should this be done, there will be an inevitable hiatus after additional
work is obtained whilst operatives are recruited and trained and
improvement, consequent on experience, takes place. Hence a sub-
stantial proportion of the operative labour-whether or not skilled-
must be considered as indirect costs, as least in the short term.

DIREur AND INDIRECT CosTS

The distinction between direct (Cd) and indirect (Ci) costs of pro-
duction was made in the introduction of this paper, and it is now nec-
essary to consider the consequences of altering the proportion between
them.

The charge for indirect costs, per unit produced, is inversely pro-
portional to the ratio of the quantity actually produced to that in-
tended, that is to the overall uti:isation (U).

In other words the actual cost:



208

1.4 0
ACTUAL COST 1 3
COST IF FULLY 0'6 UTILISATION
UTILISED. 1;2 0'7

0*9
1.0 1.0

0 01 02 0 3 04
INDIRECT COSTS
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Ca.= Cd+ 1Ci(O< UC 1)- _ _ _ _ _-(1)
U

FIGuRE 2. Effect of utilisation on costs.

These circumstances are shown at Figure 2 from which it will be seen
that the ratio of actual cost (Ca) to cost (C) at full utilisation is in-
creased if the ratio of indirect to total costs is increased; that is owner-
ship of special purpose plant, the employment of a higher propor-
tion of permanent staff leads to increased actual costs unless offset by
the operating advantages obtained-higher productivity, better utili-
sation, etc.

For reasons already discussed, the overall utilisation of firms which
build conventionally is likely to be relatively high. Utilisation with
system building will often be lower, sometimes much lower than that
intended, because many internal and external factors reduce output,
and compensating periods during which work proceeds at a faster
tempo than that intended seldom occur. Productivity is low when a
new process or system is first commissioned and improvement con-
tinues for a protracted period before the target output is reached.
Other factors which reduce output include the time lost when a con-
tract is delayed by clients for financial or other, reasons, intervals whilst
production equipment is modified, perhaps to produce a new type of
dwelling, and hiatuses on sites when erection is prevented through
bad weather or delayed whilst cranes move from one building to an-
other, or from one site to the next. Some external factors may also re-
strict production; these include the effect of labour disputes, delayed
deliveries of materials, and inability to obtain orders. Whatever the
causes, the consequences are the same-the ratio of the actual to the
intended output is reduced or utilisation is lowered, and actual costs
increased.

For the purpose of this discussion, costs will be expressed as per
unit per day capacity, that is the actual costs will be scaled to a sys-
tem-open or closed-producing 245 units (i.e., 5 x 49 weeks) a year.
This enables comparison to be made between systems operating at dif-
ferent scales. The selection of the unit is arbitrary, it may be dwellings,
or 1000 sq ft floor panels, or classrooms: the unit considered in this
paper will be a two-bedroomed local authority flat.
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Direct costs will be considered to be the total of:

(i) materials (in);
(ii) the cost of specialist sub-contractors' work (I );
(iii) directly employed labour (IdEd, where Gd is the average daily

earnings of directly employed operatives and Id is the directly
employed labour requirements per dwelling including non-
specalhst sub-contractors; in man-days; 9-hour day, 5-day week
assumed); (for simplicity it has been assumed that no equip-
ment is hired because equipment on hire is a substitute for the
directly employed operatives);

(iv) consumable stores will be ignored (see process on-costs (vii)
below);

and indirect costs the total of:

(v) indirect labour costs; typically skilled operatives, administra-
tive, technical and clerical workers-all more or less perman-
ently employed (ijf);

(vi) capital charges due to amortisation, maintenance and interest.
These are discussed in the Appendix, in which it is shown that
the daily capital charge per dwelling per day capacity at the
intended output is:

Cc= c0 ( W + 0.041r)

Where c. is the total investment in development and fixed as-
sets in £1OOOs per unit per day installed capacity; W the daily
charge due to amortisation and maintenance for different com-
position of assets and varying economic lives (Appendix Table

1), 0.041 the daily charge arising from a 1 percent rate of
interest and r the rate of interest;

(vii) process on-costs and other outgoings (f), e.g., rates, telephone
charges, publicity and process charges-heating, steam and
lighting;

(viii) cost of working capital (0.33C) is the daily charge arising from
an 8-percent interest rate on c the working capital of 1000s per
dwelling per day capacity.
That is:

Ca=m+l1c+ldWd+±(lfwi+co(W+0.04lr) +1) +0*33c- -2)
U

The effect of industrialization on each of these factors will be discussed:
(i) Materials: cost probably increased, see above.
(ii) Specialist subcontractors' work. A distinction is made between

specialist subcontractors on the one hand and general subcon-
tractors on the other. The former fix materials, components, or
equipment (often specified by the client) and the cost of this
work is almost wholly predetermined and only influenced to a
small extent by industrialised building, as such: hence this
work can be considered as part of the cost of materials, and will
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be omitted from the remainder of this discussion together with
the cost of materials since both are not part of the value added
by the production process. In other words, it is assumed that in-
dustrialisation does not involve increased costs of materials
(possibly an optimistic assumption!). But general subcontrac-
tors (whether nominated by the client or selected by the main
contractor) merely replace directly employed labour and will
be considered as such.

(iii) Directly employed labour (ldtd). This includes three elements,
hourly paid labour (including on-costs directly associated with
the employment of labour, bonus, statutory insurances, holi-
days with pay. Selective Employment Tax, etc., currently
amounting to approximately 65 percent) of basic wage rates,
subcontractors, and plant hired to assist (and by implication to
replace) directly-employed labour. This assumes that contrac-
tors select the combination which is most convenient but that
costs are not much thereby affected. All operative labour ex-
cluding that employed by specialist subcontractors is consid-
ered as directly employed labour.

(iv) Sometimes the transfer of work from site to factory may alter
wage rates, hence earnings, and hence costs. Operatives in the
building industry in some countries are highly paid in compari-
son to those in other industries, and a substantial financial ad-
vantage is gained by the mere transfer of work from sites to
factories. In the United States construction industry, for exam-
ple, the wages of skilled workers are almost 90 percent higher
and of unskilled workers roughly 30 percent higher than opera-
tives in manufacturing industries. In the United Kingdom the
wtage rates in the construction industry are slightly below those
in manufacturing industries, therefore, the transfer of work
from site to factory in this country is less financially attractive
than in others.

(v) Indirect labour costs (14w4 ) are affected by the demand by in-
dustrialised building for management skills, for technical ex-
pertise, and for operatives skilled in particular processes, which
may increase the proportion of indirect employees (p) from
roughly 1 to 8 in conventional building to, perhaps, 1 in 3 or
higher (for the industry as a whole the proportions are roughly
1 in 5). The ratio of the earnings of administrative technical
and clerical staff to operatives' earnings (q) appears to be asso-
ciated with the size of the firm, with values of about 1.12 for
large and small firms and with higher values for medium size
firms. The product of the two ratios (pq) is a measure of indi-
rect labour costs relative to direct labour costs. For the industry
as a whole this is in the range of 0.15 to 0.35. It will be assumed
that the higher values of (pq) are associated with system build-
ing. Also, as has been explained above, as building becomes
more industrialised, the proportion of operatives (s) who must
be considered as indirect costs is increased.
That is labour cost:

1 1
CL= ivdld(l -s) + (wdds+Tvtf)=Wdld[(l -s) +:U(s+pq)]-- - (3)
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(vi) Capital costs (co (IV+0.041r)) are also likely to be increased by
industrialised building in any or all of the following three
ways: the amount of capital invested, the incidence of amortisa-
tion, the rate of interest charged.

The investment per unit capacity is nearly always increased
by industrialisation although not to the extent often expected,
because cycle times become shorter as equipment becomes more
sophisticated. Hence, a high investment may be offset by greater
output because more is produced in a given time; also shift
work may be possible. In conventional building the investment
per dwelling per day capacity may be of the order of £50-60,000
and the investment in system building-large panel construc-
tion, for example-may vary from roughly this amount to
twice as much.

Amortisation costs are likely to be increased since investors
may expect a shorter economic life from their assets invested in
industrialised building because of particularity and threat of
early obsolescence. Reference to the Appendix Table 1 shows
that three categories of life are distinguished-short, medium,
and long-and it will be at once appreciated that these are
merely convenient labels. Short economic life is based on a
3-year life for all assets, and the medium and long lives on 7 and
15 years (on average), respectively, and Table 1A gives the life
and maintenance costs assumed for the different assets. It -will
be seen that the daily charges per £1,000 invested range from
roughly £0.80 to £1.80 for system building (the higher part of
the range being the more likely) and from roughly £0.90 to
£1.15 for conventional building (the lower part of the range
being the more likely).

Interest charges may also be higher for industrialised build-
ing, owing to the need to attract risk capital in the face of an
uncertain market. A 20 per cent rate of interest has been assumed
to be required when a short economic life is expected, and 15
per cent and 10 percent rates for medium and long economic
lives respectively.

(vii) Other outgoings (f); many of these costs must be incurred
whatever the utilisation, including general expenses (such as
rates or telephone charges), process on-costs (such as lighting
and heating) and publicity on sales. Little is known about the
extent of the costs which are possibly proportional to the degree
of industrialisation, and thence to capital investment (that is
f=cog). For the purposes of this paper these costs will be
assumed to be £0 25 per £1000 per unit capacity or £25 per
dwelling built by a* system with relatively high capital invest-
ment.

(viii) Worki n capital (0 * 33c) is difficult to define because the amount
required is influenced by many considerations including the
speed of building, the intervals between interim payments, the
relationship between the payments incurred and the actual
costs of the work done (a relationship which may change for
different stages of the work), and the credit rating of the
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contractor. A rate of return of 8 per cent has been assumed on
working capital, a rate in excess of bank rate, since this 'capital'
will be often in the form of an overdraft. The amount required
is independent of utilisation, because if these funds are not
required, they can be invested. Finally, the amount required
will not differ greatly between conventional and system build-
ing, unless system builders find it necessary to stockpile com-
ponents, in which case requirements for working capital will
be sharply increased. Therefore, because this paper is con-
cerned with differences in process costs, rather than total costs,
working capital will be henceforth ignored.

That is the process cost

GP=1diV.[(1-8) u(s+pq)]+ c_[W+0.041r+g] (4)
in which
Id the requirements for operative labour per unit (all operative

labour including non-specialist sub-contractors, and the
'labour' equivalent of hired plant);

ivd operative earnings, including on-costs;
s the proportion of operative labour which must be considered

as indirect costs;
pq the relative cost of AT( labour: (liw, = (pq)ld1d)
U overall utilisation of the system;
c, capital investment per unit/day capacity;
W amortisation and maintenance charges;
0.041r daily charge for 1 per cent interest rate;
g on-costs/£1000 capital (X=W+0.041r+g)

PROCESS COSTS COMPARED

It is clear from the discussion above that industrialisation nearly
always involves increased capital investment and other indirect
costs and often results in decreased utilization because of
particularity. Hence, if industrialisation is to be economically worth-
while, these costs must be offset by reduced labour costs (i.e., by in-
creased labour productivity).

It is often assumed that conventional building necessarily leads to
high labour requirements and that industrialisation results in marked-
ly lower labour requirements. But this is not the case. It appears that
a labour requirement of about 2400 manhours per dwelling (including
siteworks but excluding roads and main sewers) may be assumed when
building is just allowed to happen; of between 1300 to 1800 manhours
when contractors experienced in house-building operate on larger sites;
800 to 1300 manhours when work is undertaken by contractors who
specialize in conventional house construction; and terraced houses,
embodying some prefabricated elements, are built with a labour ex-
penditure of about 700 manhours by contractors specializing in this
form of construction. The present evidence suggests that the average
labour requirement is about 1800 manhours per dwelling.

There is a similar variability in performance of industrialised build-
ing both between systems,* as would be expected, and when one system

*see footnote to Table 3.
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is built by different contractors on different sites. Current evidence
shows that the systems now available often have a site labour require-
ment in the range of 700 to 1300 manhours. That is, it is yet to be shown
that there is a significant difference between the labour requirements for
building two-story dwellings by 'conventional' and by 'system' build-
ing, when both are built by contractors of ability, adequately financed
and who have their organisation and resources under their control. The
differences between the labour requirements for conventional and
system building is likely to increase in tall buildings because these are
inherently more complicated and the work involved is more amenable
to industrialisation.

Although the labour requirements of conventional and system build-
ing may not differ much when both are tackled by contractors of
ability, the average labour requirements for system building might be
expected to be lower than the average labour requirements for con-
ventional construction. This is important, because the national output
is determined by the average labour requirement rather than by the
relatively few examples of low labour requirements. Therefore the
important comparison is between the process cost of conventional
building on average and system building brought to that stage of
development where it can be undertaken by a contractor of average
ability, perhaps working in association with an established system
builder or component producer.

Suppose that a building system of this kind extended to the super-
structure and the finishings of two-storey dwellings and had some in-
fluence on foundations. The work directly affected by industrialisation
would be about 70 percent of the total at the most, the remainder
being site works, foundations and part of the work of specialists.
(Incidentally, there seems little point in a system which does not
extend beyond the structure because the savings realised in the finish-
ings are proportionally greater that those obtained in the structure.)
What then are the comparative process costs of this and conventional
construction built with a labour requirement in the range 1400-1800
manhours?

PROCESS COSTS EXAMINED

The assumptions written into a comparison made between the proc-
ess costs for conventional construction and some form of industrial-
ised building are set out in Table 3.

Change in the variables, labour requirements, capital investment,
amortisation and interest charges, and the utilisation achieved produce
considerable variations in the process cost, hence a direct unique com-
parison is impossible. The process cost of the conventional system is
affected by three variables and it will be seen that the effect of changes
in one variable is dependent on the values of the others. For example,
in the conventional system a variation of 100 manhours produces a
change of £55-57 in the process cost dependent on the value of f'; a
variation of o r0 produces a change of £24-40 in the process cost
dependent on the labour requirements and the economic life assumed.
These variations are greater in the industrialised system, in which four
variables are considered; for example, a variation of 100 manhours
produces a change of £64-80 and a change of o -i produces a change of
£39-68 and £75-120 at capital investments of £50 000 to £100 000 dwell-
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ing/day respectively depending on the labour requirements and eco-nomic life.
These relationships are most easily shown on a series of carpetgraphs, Figure 3, in which the quantitative effect of changes in thevarious variables can be seen at a glance. The vertical sea-le of thisfigure is the process cost per dwelling. Each carpet graph representsthe range of process cost at a given level of capital investment, thegraph on the left representing conventional building; the three on theright industrialised building with capital investment of £50 000,£100 000 and £150 000 per dwelling per day capacity respectively.For example, the process cost of an industrialised system obtaininga utilisation of 0-7 and with a labour requirement of 700 manhours anda £250 000 investment dwelling/day capacity assumed at a short eco-nomic life would be £715 (point A) and this could be reduced to £645(point B) if a medium economic life was assumed. At a mediumeconomic life an increase utilisation from 0 7 to 0-8 reduces the proc-ess cost by £50 and a decrease of utilisation from 0-7 to 0-6 increasesit by £60 and so on. The process cost at intermediate levels of invest-ment may be obtained by direct interpolation; for example, point 'C'gives the process cost of 2777 for a labour requirement of 800 man-hours, an investment of 280 000 (unit/day) at a medium economiclife, and a utilisation of 0-8.

TABLE 3.-Process cost comparison: assumptions made.

Factor Conventional System I

Overall average labor requirements (man- 1,800-1,400 - 900-630.hours) (Id).

Earnings i (jed) (9-hour day) -4.25 -4.25.Proportion of Id considered as indirect costs 0- 0.3.
Administrative, technical, and clerical labor 0.15 -0.30.

costs as proportion of idjd(pq).
Capital invested -50 000 £50,100. £100,000, and
Utilization- 0.9-0.7 -0.9-0.6.Capital and interest charges- Long life- Medium life.10 percent interest- 15 percent interest.(X=1.54) -(X=1.95).

Medium life- Short life.15 percent interest- 20 percent interest.(X=2.01) -(X=2.86).

I System in the sense of'. . continuity of production; standardization: integration of the different stagesof the production process; high degree of organization of work; mechanization to replace manual labor
That is

conventional C,=4.25£ld (1+2- '+50 -'k

(Id, a, X variable)

system Cp-4.251d (d0.7+ 6

(Id, co, ii, Xvariable)

Figure 3 clearly illustrates the known fact that firms with obviouslydifferent characteristics can compete in the same market. The range ofprocess cost depends both on the efficieney of the process and on marketfactors, neither of which are made apparent in the conventional
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approach to estimating. This is not to deny the usefulness of cost
comparisons, but only to emphasise the penumbra of uncertainty im-
plicit in all economic activity. If selection is to be made, if development
s to be effectively directed, if clients are to be properly advised,

methods of cost comparison must reflect the interplay of these factors
shown to have an important effect on cost.

I.NDuSTrIALISATION AND TIHE WORK OF QUANTITY SURVEYORS

The environment, the previous experience of the developer, the
scale of operation and the technical design of the building, all influence
the development and economy of systems of construction and every
solution has an individual character that cannot be separated from its
circumstances. Therefore the building process must be considered as
a whole, since one sequence of work inevitably affects and is affected
by others. This inter-action between operations cannot be distinguished
by conventional methods of estimating, which specify average and
not particular conditions.

As an alternative a comparison can be carried out on paper and
some of the advantages of an experimental situation retained without
incurring the cost of field work. Such "quasi-experimental" techniques
have the advantage that the assumptions on which the comparison
rests are made explicit and the effect of departure from the assump-
tions can be examined. The method aims at reproducing, as far as
possible, an experimental situation giving a direct comparison be-
tween alternative methods of construction.
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The steps* required are:
(1) A statement is prepared of the environment in which the com-

parison is assumed to be made: this includes the size of the contracts,
number and disposition of sites, rate of progress and the general level
of the labour and material costs.

(2) Buildings are designed in which the same plan is employed
for the different methods of construction.

(3) For each form of construction a schedule is prepared setting
out the work to be done to construct the building. A separate schedule
is prepared for materials and for plant and transport.

(4) Following the necessary c.p.m. analysis and resource leveling
a programme is made for the work of both factory and site which
states the composition of gangs, elapsed time and the appropriate
plant.

(5) This information is used to calculate the cost of labour and
plant including amortisation, interest charges and the cost of con-
sumable stores. The cost of setting up the site and the factory is cal-
culated separately.

(6) The four components of cost (materials, labour, overheads in-
cluding plant, and preliminary site work) are distributed first to build-
ing operations and then to elements.

(7) The effect on the comparison of varying the basic assumptions
is explored.

This approach to cost comparison entails a marked departure from
quantity surveying practice as conventionally understood. These
evolved at a time when the work of the industry was based on craft
processes, in which the tasks of handling, fabrication and assembly
are often combined in a single operation undertaken by individuals
or gangs working independently and assisted only to a small extent
by mechanical plant. In the circumstances it is reasonable to suppose
that the total cost will approximate to the cost of the separate opera-
tions, considered individually: that is the assumption implicit in bills
of quantities is that synthesis produces acceptable results. Different
circumstances prevail in industrialised building and analysis is more
appropriate than synthesis, because cost is determined by the func-
tioning of the whole process, rather than by various individual op-
erations, each considered on its own merits.

For the purpose of this paper, the method outlined will be labelled
"production analysis", although this term has a slightly different con-
notation in other industries. In these, production analysis attempts to
represent the functioning of manufacturing systems and calls for an
understanding of the production techniques involved, including their
manning and operation. Also required is a knowledge of industrial
costing and of the way in which firms operate. As important, is the
acceptance of uncertainty as a fact of life, concealed by the conven-
tional approach to pricing but displayed by production analysis. The
advantage gained is that analysis distinguishes more clearly the effect
on cost of standardisation, of a requirement for specials, of delays in
timing, of continuity of operation, of improvement in performance
through development and experience, of the market. These are impor-

*This approach to cost comparison was more fully described In Construction of multi-
etoreyt flats-the economics of large panel method. by W. J. Relners and D. Bishop. The
Builder, 27 April 1962.
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tant factors, of interest to clients and contractors alike, and it is im-
portant that their effect on cost is known if the resources now com-
mited to industrialization are to be effectively deployed.

Adoption of these methods would make two immediate demands.
Firstly, reorientation of the education of quantity surveyors to include
the analysis of manufacturing systems and to emphasise the techniques
of construction. Secondly, a combined effort by the industry as a whole
to provide information about the demand for resources by different
techniques, information essential if the costs of industrialisations are
to be properly analysed.
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APPENDIX
Capital charges

The capital invested in any building method must meet the develop-
ment costs specific to the method, the cost of fixed assets, and provide
sufficient working capital to bridge the interval between outgoings
and receipts.

Development includes design and testing of both the system and the
production process, if this is novel. In addition there is the cost of
construction of prototypes, an essential stage in any novel construction.
Fixed assets include, in addition to the cost of factory buildings, fac-
tory and site equipment, vehicles and the like, the cost of services on
site or in factories, and fencing, roads and other irrecoverable items.
Account must also be taken of the actual or potential reduction of the
demand for capital through the use of hired equipment. Finally, suf-
ficient working capital is required to finance work and to bridge the
interval between receipt and payments to labour and to creditors. This
amount is clearly proportional to the output, and published compari-
sons suggests this is between 2 per cent and 3 per cent of turnover, or
about £10 000 to 215 000 per dwelling per day capacity.

A measure of the capital invested in different methods of building
is given by the investment per unit capacity, the total investment di-
vided by the output, where the daily output is the number of dwellings
the system is able to produce daily when all stages of fabrication and
construction are in balance.

The cost of the capital invested must be recovered by charges suf-
ficient to amortize the investment and to meet the rate of interest
necessary to attract capital. Amortization can be calculated in the ordi-
nary way 1 on an actuarial basis and frequently includes the cost of
maintenance. Their incidence is determined by the composition of the
assets and by the expected economic life of the assets. Since develop-
ment of a system must be followed by redevelopment, if any indus-
trialised process is to remain in the van, development costs should be
recovered continuously as other capital. Capital invested in the build-
ings may be amortised over a relatively long life, thus reflecting resale
value. Similarly, general production equipment, which can be used

I Survey of the annual co8t of contractors' mechanical plant. The Contract Journal 1956,
vol. 77 (4004), pp. 1018-1023.
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indifferently for building, may be amortised over a longer life than
plant specific to a, special purpose.

Consider large concrete panels production (factory and site equip-
ment) in which the investment might be 25 per cent in buildings and
other permanent work, 25 per cent in general equipment (such as
cranes, concrete batching plant and steamnraising boilers), 30 per cent
in the actual production equipment and 20 per cent in vehicles. In con-
ventional building the investment might be divided in the proportions
of 15, 35, 15 and 35 per cent respectively. Neither the proportions nor
the life assumed are important and other values may be inserted with-
out seriously disturbing the calculated charges. Table IA shows the
resulting amortization and maintenance costs reduced to the daily cost
per £1000 invested.

TABLE I-A.-AMORTIZATION AND MAINTENANCE COSTS

Life, assumed years Cast per day I
per £ 1,000

Process plant invested (W)
Assumption Buildings General plant or vehicles

System:
Short life £1-- - -- - --- ---- -- -- -- 333S .79
Medium life ------------------- 10 7 5 £1. 08
Long life--------------------- 30 15 7 £0. 81

Conventmual
Medium life ------------------- 10 7 5 £1. 14
Long life--------------------- 30 15 7 £0. 88

1 On the basis of 245 days work a year.

Assumed annual maintenance costs: Buildings 5 per cent (includ-
ing heating) ; Process plant 15 per cent; General plant 10 per cent;
Vehicles 20 per cent (including tyres).

The second component of the capital charge, the expected return on
the investment (r' per cent per year) reflects confidence. With new enter-
prises, high rates, probably in the order of 20 per cent, will be required
to attract risk capital. As systems become established interest rates will
presumably fall to the general level obtained in other industries. It is
also convenient to express these as a daily charge, thus, a 1 per cent
interest rate produces a daily charge of £0.041 per day per £1000
invested.

Hence the capital charges per unit of output at optimum utilisation:

Cc0= 1[1 31C,+ WC2+0.041r(Cs+ C2)1±O.041rc ---- (Al)

in which n,, is the target output, C1, C~ the investment in development
and in fixed assets (in LiOQO's) and TV is the daily cost of amortization
and maintenance per £1000 invested : r is the current rate of interest and
c the working capital per day capacity.

If investment in development and in the fixed assets per unit capacity
are considered as one (ce,), and a fixed rate of interest (S per cent) Is
assumed on the working capital, which might well be in the form of
an overdraft (Al) simplifies to:

Ccn,=o(W+0-04T)±+0.33c---------(A2)

in which co is the total investment per unit capacity, excluding the
working capital.

25-.808--69-15



INDUSTRIALISED BUILDING, DESIGN AN I)
PRODUCTIVITY*

United Kingdom and European experience in this field will clearly
interest those in developing countries who may be thinking of the
introduction of industrialised building techniques. Since the essence
of such techniques is the production of long runs of standardised
components or the assembly of prefabricated units on mass-production
lines, only a small number of systems can exist in any one country,
since a building programme can offer only a limited capacity to a few
manufacturers. Technically the trend is towards the design of com-
ponents which are interchangeable between systems, a trend which will
be encouraged by the forthcoming metrication of the British building
industry.

The following Notes are based on papers by Donald Bishop, Director
of Quantity Surveying Development and Chief Quantity Surveyor
of the Ministry of Public Building and Works, and formerly of the
Building Research Station. The papers in turn draw upon the work
of many colleagues in the Production Division of the Station.

I. SYsTEM BUILDING AND PRODUCHIVITY

Continuing our examination of system building, this Note deals with
experience in three European countries, Sweden, France and Russia. The
course of development in each case is peculiar to the country and is a
compromise between the various demands of social and industrial needs
and the resources available, labour, materials, and capital.

In each country, the development of industrialised building has been
caused rather by the demand for more accommodation than by the need
to build more cheaply. The development of building systems has
influenced the traditional building industries, which have taken up many
features of industrialised building, such as more integration of design
and production, standardisation, more effective supervision and control
to improve productivity.

There is surprisingly little reliable and compatible information on
the extent and success of industrialised building in various European
countries. This is partly because of difficulties encountered in collecting
information of this kind. For example, the very term industrialisation
admits of many definitions. The treatment is therefore partial and to
some extent subjective.

Throughout Europe the conventional dwelling type is the block of
walk-up flats, a building with three four or five store3ys demanding
good sound insulation and adequate fire resistance, requirements that
are satisfied at low cost by masonry or reinforced concrete construction.
For this, amongst other reasons, large panel construction forms a
large part of industrialised building, and is discussed in -this Note.

Sweden.-Although Sweden escaped war damage and had no legacy
of slums, there was in the immediate post-war years, serious over-

*NoTITo. 123, Overseas Building Notes, February 1968. Overseas Division,
Building Research Station, Garston Watford Herts, England.
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crowding. As a consequence of this, and stimulated by grants and
subsidies and by the increasing affluence of the economy, there has been
a continuous demand for greater output of dwellings. In the main this
has been met by greater productivity, arising from many factors,
including the rationalisation of traditional methods of construction,
the use of aerated concrete products, the training of site supervisors,
and the widespread acceptance of standardisation for components and
functional parts of buildings. In addition, several systems of large
panel construction distinguished by their high standard of fabrication
and finish have become established.

There are few permanent factories, because only a few areas have
the potential demand for dwellings to warrant investment in fixed
equipment. Some contractors place moulds alongside the buildings
under construction to avoid double handling; other establish temporary
factories.

Tw o factors in Sweden could be expected to favour non-traditional
methods of building. First, the predictably long winters are less
likely to delay construction when building components are prefabri-
cated and construction involves little in situ work. Second, the method
of incentive payments on a uniform system of piece-work throughout
the industry, has produced wage rates especially favourable to build-
ing craftsmen, who are amongst the highest-paid operatives in Sweden.

The wage differentials between building craftsmen and building
labourers on the one hand and between the building industries and the
manufacturing industries on the other favour those building methods
which demand less on-site labour, particularly craftsmen.

Despite this, systems of large panel construction have been found to
have an average advantage, in terms of labour requirements, of only
16 per cent and 2 per cent for the construction of high and low rise
buildings respectively advantages small in comparison with variations
in productivity.

The comparatively small scale of operation, inevitable where popu-
lation is scattered, may have thwarted the continued development of
systems already established. It is more likely, however, that many
features of industrialisation have been adopted in conventional
construction, e.g. standard designs for functional parts of buildings,
incorporation of many standard fittings, bulk purchasing, more effec-
tive organisation, improved methods of winter building; that is, that
conventional construction has become more systematised.

The part played by housing associations is also important, because
the design groups employed by the larger housing associations have
some continuing experience and scope to develop rationalised designs.
Also the associations place serial contracts for the supply of fittings
and fixtures, of standard design and very high quality, which may ac-
count for 20 per cent of the total cost of construction. These fittings
and fixtures are used in conventional and system building alike.

France.-Between the wars, rent control in France made housing
unattractive as an investment, and the rate of construction did not
match current needs. These factors were aggravated during the last
war when more than one million dwellings were destroyed. Although
economic reconstruction gave priority to transport and industry, a
four-fold increase in output of dwellings has been attained since the
early fifties. Local authorities in France do not themselves build or
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own houses but operate through housing associations known collec-
tively as the Offices des HLM (Moderate Rental Housing Association)
which are required to provide dwellings at controlled rents for several
categories of tenants. The HLM legislation also governs the provision
of social housing by private individuals by way of State subsidies and
by mortgages, the latter administered through Credit Foncier.

Loans and subsidies are available providing the designs prepared
satisfy specifications which include the minimum area and ceiling
price for buildings of defined standards as laid down by the Secre-
tariat for Housing~ The net effect of this policy has been to promote
standardisation of components and building types and designs, and to
encourage the development of larger sites, all measures known to
increase productivity.

At first the introduction of better building methods was stimulated
by the development of an industrialised sector which involved a pro-
gramme using special contract procedures and making use of standard
components. Later a special craft sector of the house building indus-
try was established. Contractors were invited to submit details of build-
ing systems expected to improve productivity. Contractors admitted
to the scheme after technical examination are placed on an approved
list from which HLM officers may choose the scheme they prefer. Thus
encouraged, many systems of prefabrication were developed during
the middle fifties.

Development then took place on the basis of permanent factories, or
of temporary factories. In both cases intermittent casting in fixed
moulds was used, rather than continuous casting, presumably because
the volume of production did not demand a high degree of mechanisa-
tion and the market required an ability to change at least some of the
moulds from contract to contract. Most of the systems use some form
of sandwich construction for the external walls, and comparatively
large concrete panels for the internal walls and floors.

By 1959 several systems had been used for a fairly wide range of
dwelling types, and were considered as firmly established. They ap-
peared to compete with one another, and to be able to build success-
fully at or below the ceiling prices set by HLM. Total prefabrication
methods accounted for about 15-20 per cent of the market and the sys-
tems then established were competitive with, but not decisively cheaper
than, the rationalised construction methods stimulated by the craft
sector.

In the following years two technical devices were developed to meet
administrative problems created by the changes taking place in the
French building industry. One, the Agrement system, enabled new
materials ;and techniques to obtain the insurance cover necessary to
meet a legal liability for major defects over ten years, and at the same
time provided potential users with much useful technical information.
The other provided a means of comparing design of construction
schemes priced at or close to the official ceiling, but offering different
accommodation and advantages to the user.

When in 1963, the annual housing target raised from 300,000 to
500,000 dwellings interest was stimulated in the further development
of industrialised building, interest also sharpened by a rapid rise in
wage rates and by a lack of skilled operatives. It is now expected that
industrialised building will account for 200,000 of the 500,000 dwell-
ings to be built, that is two-thirds of all multi-story dwellings.
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The Secretariat for Housing have many administrative devices to
encourage the development of industrialized building. In the first
place the housing programme is controlled by the Offices des HLM,
which can effective ly improve both performance and technical stand-
ards. There is also the reservation policy by which a portion of the
housing programme is open only to those firms able to undertake size-
able schemes of industrialised building. Continuity of work is used to
induce firms to offer schemes of acceptable performance standards at
a price ten per cent less than the official ceiling. The prize is consider-
able; five year contracts for as many as 1,000 dwellings a year. Finally
there is a move to encourage the production of components.

Russia.-For many years the building industry in the USSR has
been dominated by demand for more construction of every kind to
make good the ravages of war and to meet the needs of an expanding
society. Although the available statistical information is difficult to
interpret, it seems certain that the number of dwellings constructed
annually has increased three-fold since the early fifties. The contribu-
tion made by industrialised building is concentrated on a few urban
areas. What is more certain is the direction of technical development.

In the immediate post-war years much prominence was given to the
achievement of higher output by organising working teams in which
one craftsman was served by several labourers, with tasks arranged so
that the craftsman dealt only with that part of the job demanding
actual skill. In the early fifties the introduction of large block construc-
tion, in which precast concrete building blocks weighing between 1-3
tons are built as masonry, continued this drive to make better use of
the skilled labour available. At the same time type-design for com-
ponents and whole buildings were developed.

This, and the development of new cranes, opened the way to large
panel construction, a development that has been energetically pursued
and is now the dominant method of industrialised building
construction.

Designs for large panel buildings were initially based on Russian
experience in masonry and brick construction, land massive panels were
used, especially for loadbearing and external walls. More recently
waffle panels, that is panels with thin webs stiffened by ribs, were
developed; pairs of panels are ranged together in different ways form-
ing floors, or loadbearing walls, or external walls, thermal or acousti-
cal insulation being placed in the cavities as required. Although the
concept of a universal panel is attractive, experience has shown eco-
nomic and practical disadvantages, for example, uneconomic amounts
of reinforcement, difficult assembly, and questionable durability. The
present trend of design follows that evolved in Western Europe, and
much greater attention is now being paid to variety of layout and to
the appearance of buildings.

In the USSR the available effort in research and development can
be concentrated on specific issues. In the building industry, the
issues given the highest priority appear to be the development of new
production processes, including the development and application of
new building materials. Because of this, progress in the building
industry has taken a different course from elsewhere in Europe,
where the emphasis has been on the built environment rather than on
production engineering. The results of this process in the Soviet Union
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are to be found in the creation of a new process-dependent industry.
Some of the equipment is highly sophisticated, involving semi-
automatic processes and short cycle times. Together with an emphasis
on improving amenity and environment this new industry should
be able to fulfill the dominant role allocated to it.

*The progress of industrialised building in Western European coun-
tries has been remarkably consistent, especially in view of differences
in climate, the availability of materials (e.g. some countries have
cheap and abundant bricks) and the differing scales of activity. In
each country industrialisation of the building industry has been
brought about by the need for additional capacity rather than by a
desire for lower costs. Encouraged by favourable conditions, (perhaps
created by governmental intervention) the first phase has been the
energetic development of many building systems. (Systems in the
sense of "* * * continuity of production; standardisation; integration
of the different stages of the production process; high degree of orga-
nisation of work; mechanisation to replace manual labour . .. )
These systems demand a measure of standardisation, an attempt to
integrate the different stages of the whole production process, and
more effective organisation of work. In addition, new construction
methods have been introduced, although these have often affected only
a relatively small part of the whole building process, and have usually
involved only 'a modest amount of process development.

The traditional building industry has responded to this challenge by
adopting the non-process features of industrialised systems, better
integration of design and production, standardisation, and more
effective supervision, and has thereby increased its own productivity.
Consequently non-traditional low-rise dwellings have not been sig-
nificantly cheaper to build than those built by traditional methods, but
have been able to use resources (materials and labour) not otherwise
used in dwelling construction, for example the substitution of con-
crete for brickwork, the participation of civil engineering contractors,
the employment of semi-skilled operatives in place of craftsmen.
In high-rise dwelling in particular non-traditional construction may
lead to lower labour requirements and, possibly, to lower costs.

In Sweden and France the development of industrialised building
has been furthered by the activities of outside official or semi-official
bodies. Designers and system developers have been brought together,
creating working relationships differeing from those obtaining else-
where in their industries. Two issues are important. Firstly, the stan-
dardisation of performance requirements, of components and, in
some instances, of technical details. As far -as is known these standards
which must be narrowly drawn if they are effectively to promote
"industrialised" building or component production have always been
imposed from without rather than arisen from within the industry,
a surprising fact in view of the need for standardisation of industrial-
ised building (open or closed) is to flourish. Secondly, the creation
of circumstances likely to encourage firms to invest money, skill and
effort in systematic, long-term development. In the absence of these
circumstances the development of systems has stopped when each
system was shown to be technically sound and economically viable.
However, when development has continued to ensure that the de-
sign, the production process and work on site are efficient and com-
patible, such systems (the minority) have continued to improve their
performance.
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There is some evidence that systematic development is an important
and characteristic feature of any industrialised production; for ex-
ample, in the aircraft industry (an assembly process, analogous to
building) the labour requirements for aircraft construction'are reduced
by roughly 20 per cent each time the batch size is doubled, and this
improvement continues for many years. There is also the scale of
investment necessary to bring modern industrial processes to fruition.
In the absence of a competitive market in the USSR, the response
of the traditional industry to the challenge of industrialisation is
apparently less marked. Much of the potential advantage which could
be gained by an improvement in productivity of the traditional in-
dustry is probably lost. What is gained, however, is an ability to in-
vest in process development on a large scale. Whilst the present out-
come, in terms of buildings and the built environment, leaves room
for improvement, a process-dependent industry has been quickly de-
veloped with an improved productivity in relation to that obtained
in conventional building.

Finally modern industrial processes often work with short cycle
times, or continuous shifts, or both; and these features set the economic
scale of operation at a high level. This, with conventional building, may
be only a few dwellings a year, but in the case of large panel construc-
tion an output of roughly 150 to 250 dwellings a year is required when
the system is site cast, and much greater outputs are necessary with
more sophisticated systems, a fact which has been recognised by the
introduction of the "sector" in France. Hence investment in process
development cannot be viewed as a technical activity only because the
processes developed will be economically viable only when the capacity
created is usefully employed. This pre-supposes a predictable demand
for dwellings, very different from the piecemeal demand created by
many independent clients, each insisting on arbitrary standards of
performance, size and style.
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2. DESIGN AND PRODUcTIvITY

This Note considers the interaction between architectural design and
building productivity. It is argued that design and architectural prac-
tice should take account of production processes and the environment they
demand. Many issues are left to one side because their outcome does not
affect relationships between design and building productivity. Other
issues are accepted as common ground, including the necessity to uphold
and improve building and environmental standards.

Circumstances dictate the contribution designers can make to pro-
ductivity. Designers of individual buildings, by considering the way
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each stage of construction can be tackled, can produce designs that
are easy to build. Designers who concentrate on a particular building
type or always employ similar construction techniques have an oppor-
tunity to encourage, and sometimes promote, the introduction of new
techniques and new components. Finally there is scope in industrialised
building for innovation and for the integration of design and
production.

At a tactical level a designer may be concerned with the simplification
of site operations. Obviously awkward work can be eliminated, perhaps
by the introduction of components, and the rest should then fall
into well-defined tasks which can be tackled by a man or gang without
interruption or attendance by other men or gangs. This enables a satis-
factory balance to be struck between the tempo of work on the one
hand and the incidence of non-productive time of men and equipment
on the other, without making undue demands for operational control
in order to achieve the intended rate of progress. This requires both
a knowledge of and a sympathy for construction, including the tech-
niques involved and the organisation of work.

At a strategic level wider issues are involved. The building industry
at present is amorphous in character in that its resources are widely
dispersed. It is an industry which must be adaptable, so that its re-
sources can be deployed on whatever work is available, wherever this
is. The employment of sub-contractors, the availability of plant on
hire, the presence of a casual labour force, all contribute to flexibility
but create production units which have short life. There is little incen-
tive for building firms to invest heavily either in forward planning or
in development, because there is no certainty that the work in hand will
be required again, at least in the short term, or that specially trained
operatives can be found permanent employment.

Investment of capital and management and technical skills is worth
while only when there is reasonable certainty that the type of work to
which a firm is committed can be sold at a reasonable price. Perhaps
for these reasons improvement in productivity occurs relatively slowly,
often by chance, and frequently as a result of innovations in other in-
dustries, especially in the building materials industry.

The improvement in performance observed on many building sites
arises in part from the higher incidence of non-productive time at the
beginning and end of construction, caused by an imbalance between the
number of gangs and the available workplaces. The remaining gain in
productivity is often a matter of chance and is masked by other factors
which may advance or retard progress.

In conventional construction the man hours for any operation usually
reach a fairly steady average after the first few dwellings have been
completed; the difference between the average labour requirements for
work early in construction and when a steady tempo is reached has been
found to be about 8 percent (Fig. 1). This difference rises to about 12
percent for houses of unconventional construction, and to about 33 per-
cent for the new operations involved in this construction.
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Fig 1. Improvement curves for Identical traditional houses on five sites

For house-building there has been a steady reduction in average
labour requirement during the past fifteen years, from about 2650
manhours to about 1800 manhours per dwelling, or an improvement
of about 21/2 percent per annum. In the same period the lowest labour
requirement has fallen more rapidly from aboutl300 manhours to 700
manhours per dwelling, or an improvement of about 41/4 percent per
annum. The first rate of improvement compares unfavourably with
the second which is more like that achieved in other industries, where
firms invest in systematic development. (It must be remembered, how-
ever, that the pattern of building has changed over the years and some
of the newer types of layouts involve considerable labour on site works
and sub-structures.)

In contrast, substantial improvement of performance with repetition
has been encountered in other industries. On long production-runs,
productivity increases as operatives become more expert, as manage-
ment solves organizational problems, and as engineers successively
improve the design and the production methods and equipment avail-
able. As an example, in the aircraft industry, similar to the building
industry in that it is concerned with the assembly of components
bought in, during the production of the B-17 the manhour require-
ments fell by a factor of 10 during production which extended for
almost 20 years, or an improvement over 12 percent per annum (Fig.
2). At first it was though that improvement occurred only when pro-
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duction involved a considerable amount of operative work, but later
studies have shown that similar results are obtained when the produc-
tion method is almost entirely plant-dependent; for example in the
petro-chemical industry the throughputs of catalytic cracking plants
were continuously extended as management and production engineers
saw opportunities to remove bottlenecks.

Is the environment in which the building industry operates likely
to lead to long-term improvement, which alone may have a decisive
effect on productivity?
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As alreadv stated, detailed design can aim to simplify work, or at
least to eliminate work that is obviously difficult, and to yield work
which can be tackled by a gang without interruption by other gangs.
For instance by simplification, e.g. arranging brickwork in long runs
between quoins; by ensuring continuity, e.g. using joists hangers so
that bricklayers' work is not interrupted whilst carpenters set joists; or
arranging pre-cast concrete stair flights to be self-supporting from one

floor to another rather than by building-in half-landings; by sepa-
rating the work of gangs, e.g. detailing claddings so that joints and
flashings can be completed independently of the erection gang and in
one operation; by reducing the number of separate operations, e.g.
by detailing reinforcement and construction joints so that concrete
floors and walls may be cast in one operation; and by making mechani-
zation feasible, e.g. specifying flooring of uniform thickness so that the
screeds may be finished at one level using power floats, and so on.

Such refinements demand an intimate knowledge of building opera-
tions and a feel for the manipulation of materials (including form-
work) in a way which is almost akin to craft work. Although a build-
ing thus designed will be easy to build, this may not be immediately
apparent to contractors' estimators pricing bills of quantities. Hence
it is important that tendering documents should enable estimators to
identify quickly the implications of a design from the standpoint of
construction. If this is not so, contractors may not be able to differen-
tiate between buildings which are cheap to construct and those which
are not, and there will be little encouragement for designers to develop
building types, system or conventional, that are easy to build.

Many designers will wish to adopt new techniques in the hope of
obtaining faster construction or lower prices, or both. In so doing they
will create new circumstances which will affect both the work to be
done by a gang, and the relationship between the gang directly
involved and the rest of the work on site.

Such new circumstances were encountered in a study of the effect of
introducing spray applied plastering, a comparatively modest in-
novation in which the backing coat (and wet screeds if required) is
pumped from the mixer to the point of delivery and applied by an air-
assisted spray. In view of the shortage of labour, several plastering
contractors were operating spray-application pumps with the intention
of reducing purely manual work, and a study of these pumps has been
made by the Building Research Station in collaboration with the Na-
tional Federation of Plastering Contractors.

A comparison of the productivity achieved using hand-applied
plastering and spray-applied plastering showed there was little differ-
ence, on average, between them. About 20-25 manhours per 100 yd 2

(84 m 2) were required for hand applied and about 20 manhours per
100 yd 2 (84 m 2) for spray applied backing coats, although one gang
had a labour requirement as low as 12 manhours. In a detailed case
study of the effect of introducing one very co-operative gang to spray
applied plastering, it was found that the gang, which had a high level
of productivity on hand applied plastering, had its work disrupted
when first introduced to spray applied plastering. This was because of
acquiring new skills in spray application to obtain a relatively plane
surface in one pass, of the use of derby floats rather than rules and of
the adjustment of the mix to obtain pumpable mortars. There was the
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time taken whilst the gang in general, and the plant operator in par-
ticular, learned to maintain the new equipment. Finally there were the
problems faced by the individual plasterers who, instead of working
as individuals assisted by labours, had to work as a coherent gang with
each operative specializing on a particular task, at least between work
breaks. By the end of the experiment the gang had achieved a level of
productivity with the pump equal to that when working by hand. Their
non-productive time had increased dramatically from about 4 percent
when working by hand to about 40 per cent when working by machine
although 30 per cent of the available time must be spent on attending
the machine. Therefore no direct advantage was obtained from the use
of ptimps although, had the firm been able to find other work for the
gang, the experience gained might have led to higher productivity on
the next job. There were two further complications. Firstly, main con-
tractors, who release work to a normal plastering gang at a daily rate of
about 120yd 2 (lOOm 2) must release work at a rate of about 700yd2

(5SOm 2) per day to a spray-plastering gang. Secondly, the cost of
training the gang amounted to about £500 in wages alone; but plaster-
ers typically movse from firm to firm, so that there is little assurance
that money invested in training on one site will assist higher produc-
tivity on future sites.

But all of these difficulties may be overcome. Technical problems can
be solved; job training can be given; new bonus rates can be agreed.
But the effort in money and time must be -worth while before a new
technique can be adopted. Architects wishing to introduce new tech-
niques must therefore design in a way that makes use of the technique
feasible, and persist in this practice for a considerable time.

Design and prefabricated components.-Many current developments
involve the substitution of factory-made components for the work of
several trades now built in-situ, with the intention of simplifying site
operations and obtaining cheaper costs. Whether these intentions are
realized is determined by the interplay of many factors, which deter-
mine the effect of a component on site work. There is also the cost of
prefabrication. The use of a component frequently cuts across the work
of several trades removing from each some, but not all, of its work.
This may decrease productivity for the conventional work remaining,
partly because the remaining work may be more awkward, and partly
because the non-productive elements, setting up, clearing away, will
not be reduced in proportion to the work omitted. Moreover the work
of each trade is composed of the main operations, which account for
the bulk of the work done, and a large number of incidental jobs.
Bricklayers, for instance, work about 70 per cent of their time laying
bricks, and the rest on a large number of incidental tasks, many in
preparation for a following trade, tasks often fitted in to the normal
work sequence. Such incidental tasks are unlikely to be eliminated by
complete substitution of part of a trade's work.

A classic example was encountered in the "Alternative Method of
House Construction" experiment published some six years ago, but
still valid and important to all concerned with innovation and develop-
ment. In this experiment 440 houses of four different types were built
on five sites. Type one house was conventional with brick/brick ex-
ternal walls; type two had the inner leaf of the internal walls built
of plaster panels. For structural and other reasons the party wall and
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the flues were built in brickwork. The intention was to reduce brick-
layers' hours on the one hand and to eliminate the bulk of plastering
on the other.

In the bricklaying work, the outer wall normally required eight op-
erations for erection from damp-proof course to roof plate, whereas
sixteen separate operations were involved in the new form of construc-
tion. Every change of operation resulted in some non-productive time.
There was little difference in overall rates of bricklaying between the
two house types on two sites. On one site each house type had a diffier-
ent gang, and this accounted for some of the difference in productivity.
For like work (the party wall) the differences between house types
were not considerable; productivity for the brickwork remaining in
the type two houses was sharply reduced.

A similar story emerged from a study of the plasterer's work. The
plastering remaining in the type two house was to party walls and
chimney breast. The party wall was identical with that in the tradi-
tional house, except that it connected with plaster panels at junctions
with other walls. There was a substantial increase in man-hours in the
type two houses, attributable partly to the smaller quantity of plaster-
ing in this house type and partly to the lack of continuity. Similar
results were seen in the rates for plastering the chimney breast and the
spine wall. In the type one house the spine wall and chimney breast
were in brick and were finished in two-coat plaster work, whereas in
the type two house the chimnev breast only was dealt with in this way,
the spine wall being in plaster panels. Here besides the smaller quan-
tity of work and the lack of continuity in the type two house the work
that remained was more difficult than that eliminated.

Therefore the introduction of a new component will demand inves-
tigation to determine:

(i) the effect on work preceding it-must this work be com-
pleted in any but the normal sequence of construction?-the re-
quirement for accuracy-the requirement for special fixings, an-
chorages, etc.

(ii) the work requirement of the component-its effect on the
operations of the trade(s) affected by its introduction-the work
involved in handling and assembly-whether there is need for,
and does the amount of work on site warrant, the employment of
a specialist gang?

(iii) the effect of the component on subsequent work-a greater
requirement for making good-special finishes (for example,
when concrete panels decorated with a textured paper to conceal
the imperfections form part of a room together with plasterboard
partitioning, which may be decorated directly with emulsion
paint, both surfaces are usually decorated with the more expen-
sive paper).

Ideally a component should replace the whole of a conventional
group of operations without special treatment. Many such components
already developed will play a major part in obtaining higher produc-
tivity by rationalizing traditional construction.

It is not alwavs easy to discern the effect of introducing a compo-
nent even when designers make a thorough analysis: field experience
and observation is necessary and systematic development essential.
Again, this is a situation demanding time: time for a, component to
be developed, appraised and re(le%-eloped, and time for contractors and
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operatives to appreciate the work requirements of the component and
integrate them with normal building operations.

Whether the use of a component is justified is also determined by the
cost of production. Sometimes prefabrication makes possible new tech-
niques, which are inherently more productive than site processes. For
example production of concrete floor panels by extrusion casting or
by long-line prestressing needs less reinforcement and less labour
than the use of normally reinforced concrete. But few components are
produced in ways that are radically different from site processes, and
this necessarily limits the possible savings on direct production costs.
Factory prefabrication also incurs considerable indirect production
costs or overheads not encountered on site. Also the range of compo-
nents will be limited so that overall utilization is likely to be lowver than
that in conventional building in which firms are adaptable and can
undertake a wide range of work. These two factors, higher incidence
of indirect costs and lower utilization, demand a considerable increase
in productivity (or decrease in direct production costs) to offset them.

General rules may be said to include:
(i) Reduction of cost of materials.-This is normally difficult,

because conventional materials are cheap in relation to their per-
formance. Sometimes opportunities occur to lower the cost of ma-
terials (e.g. prestressed concrete reduced reinforcement costs) ; in
other cases it may be possible to change the form of a component
and therefore lower material costs by eliminating parts necessary
to the conventional design. Often, however, standardization is at
a disadvantage because each component must be capable of meet-
ing the most severe conditions encountered in any of its uses.

(ii) Employing cheap labour.-In the United Kingdom this
means using female labour on non-shift work. In other countries
factory labour is paid less than site labour, and this alone offers
a considerable inducement to transfer work from site to factory.

(iii) Improving production methods.-Processes usable on site
are nearly always cheaper when used on site. Other processes not
adapted to site use, including most continuously operated proc-
esses with a short cycle time, can be operated economically only
at a large volume of production. Therefore this aspect must be
considered, together with the question of standardization to re-
duce variety.

(iv) Combining several elements into one component-to in-
crease complexity. A good example is the roof deck developed for
the California Schools Project. This component includes the
structure, the deck, weatherings, soffits, air-conditioning equip-
ment and electrical services.

Design and industrkiaized building.-In an industrialized building
the themes already discussed merge together; craft processes are modi-
fied, new materials may combine the properties of several conventional
materials, prefabrication eliminates some operations, simplifies others;
finally the use of prefabricated components may make better manage-
ment of on-site processes possible.

Materials as used in building may be divided into two groups; the
fabric of the buildings and the fittings and services including joinery,
engineering services and decoration. Whilst materials in the first group
may be influenced by the method of building adopted, conventional
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materials are cheap, so there would appear to be little scope for saving
on this count except when conventional work is omitted (for example
accurately made concrete panels do not require plastering or screed-
ing). There is some scope and prospect for reductions in the cost of
fittings and services. In some cases reduction of variety could create
a demand on a scale which might make new production techniques
economically viable. But this is not a general rule, because many pro-
duction processes operate only on a small scale, while the minimum
scale of operation of others is very high. Alternatively sufficient de-
mand justify the re-organization of production and marketing, so
that sets of equipment may be obtained 'off-the-shelf', e.g. the demand
for domestic central heating has led to the marketing of central heat-
ing boilers, complete with accelerators, controls and motorized valves.
But most or all of such materials and components may be used alike
in conventional and industrialized building. Therefore any reductions
in cost will be to the advantage of the building industry as a whole
and not to industrialized building in particular.

The same considerations apply to prefabrication, or the substitution
of components for in-situ work. When an industrialized building
method is component-based, it is necessary to ensure that the joining
methods are compatible and that in-situ work is not required to join,
to weatherproof, to complete the awkward parts, to form fire stops,
etc., because such work is always expensive. Better management of
on-site processes is always an important (and often the decisive) fea-
ture of industrialized building. Conventional building, it will be re-
called, relies largely on gangs organized on a trade basis, each
undertaking one or more operation. In general the work of these gangs
is not closely supervised, and low non-productive time is ensured by
providing many more workplaces than there are gangs to occupy
them. Industrialized building seeks to provide an alternative solution
which management makes a positive rather than a permissive con-
tribution. To do this an attempt is made to reduce both the volume
and complexity of on-site work by substituting prefabricated compon-
ents, or by the more effective use of mechanization, or by designs which
produce simple technically independent operations to be tackled by
a specialized gang, or by a combination of all three methods.

In practice this intention is difficult to realize. Factory-made com-
ponents, as 'has been explained already, often replace only part of the
corresponding conventional operations, so that the number of opera-
tions required to complete the work, and the whole complexity of the
process, is increased. Mechanization often affects only part of an oper-
ation and the work remaining may require the attention of a normally
constituted gang. In these circumstances the only possible gain is an
increased tempo of work, but this may be dictated by proo-ress else-
where on the site. Similarly, advantages can be taken of independent
operations only when good management ensures that the gangs and
the materials are at hand when required, and that which is intended
to be done is done, at each stage of construction.

These difficulties may be surmounted given the necessary knowledge
and drive on the part of designers and supervisors. The intention to
manage work in an industrial sense can be realised and appreciable
reductions in labour requirements and increased building speed ob-
tained. In practice considerable time is needed for designers to de-
velop a system and for management to establish effective control and
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production resources. Thus every attempt to improve productivity
entails systematic development and effective control. Both are neces-
sary conditions.

Developinent.-Production development (Fig. 3) involves several
stages before the main phase of the development begins and continues.
First there is the innovation which often stems from past experience.
This is followed by a phase of experimental development in which
design, mock-ups, production development, experiments to settle tech-
nical features of the building and the production method, proceed
until an acceptable solution is found. An essential feature of this phase
is an appraisal of the development from the standpoints of technical
performance, production methods and cost. Only when this last has
been determined is it likely that the necessary capital will be made
available.

Development now enters the prototype phase involving design, pro-
duction, more experimental development and appraisal. Fewer options
are now open. This phase is likely to be expensive, even when the proto-
type can be built as part of a project already required. One important
feature, frequently overlooked, is to observe production (of special
components) and construction in the field. Direct observation by well
established activity-sampling methods is essential if production costs
are to be correctly allocated and the operational consequences of de-
sign and management recognized. This information is vital for the re-
development of the system, if system it is, in the most promising
directions. With this phase completed, it should be possible to estimate
the economic viability of the system and, if favourable, to secure cap-
ital and proceed to the first production cycle.
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At this stage the development should be redesigned in the light of
information already obtained, and the necessary production facilities
be provided. Thus, possibly four years after conception, the innovation
will be ready for the first production run. The main part of this will be
part of the ordinary commercial operations of the organization con-
cerned, with sufficient cost feed-back necessary to establish effective
control. Another part of the programme, to be completed reasonably
quickly, must be regarded as an extension of the development process
and appraised, as was the prototype-phase. This time, however, the
appraisal will also include the longer term performance of the proto-
type buildings, as a first indication of durability. Associated with this
phase will be further experimental development, suggested by ideas
and problems stemming in part from the design for this phase of pro-
duction and in part from the experience gained in production.

This cycle of production, appraisal, experimental development and
redesign is a continuous and continuing activity which is one impor-
tant characteristic of industrialized processes. Important because it
alone is likely to realize the substantial improvement in productivity
recorded in other industries. It will be noticed that development is
not technique-dependent. Rather it requires the will and ability to
invest money, technical and management skills and time, an invest-
ment which is not likely to be made unless the investors have confi-
dence in the future of the market and in their ability to control the
required resources. It is this latter point which is our last concern.

Effective Control.-Resources in the conventional building industry,
it will be remembered, are widely dispersed and not deeply committed.
There is both strength and weakness in this situation. Strength in the
lack of commitment and the ability to deploy the resources without
mortal damage on the work available, an attribute not to be lightly dis-
missed particularly if clients and their advisors wish to maintain the
present characteristics of the market. Weakness arises also from this
lack of commitment in that operational units are short-lived and there
is insufficient time to take advantage of improvement, innovation, de-
velopment, management, all of which they have marginal rather than
decisive effects. Effective control has been shown to underlie all suc-
cessful attempts to improve productivity of individual operations, to
introduce components and to develop industrialized building. For
example, to be successful, spray-applied plastering demands on-the-
job training, the organization of individual plasterers to work as co-
herent gangs, some restatement of industrial relations, the co-operation
of main and sub-contractors and the design of the buildings to yield
continuous work. Similarly a new component demands systematic de-
velopment, and may often upset the balance of work between trades
and increase the cost of the work remaining, unless these consequences
are countered by improved organization. With industrialization, the
integration of site operations demands the certain availability of
trained operatives and of plant and materials, in addition to systeintic
development. Therefore steps to increse productivity entail improved
control of the resources involved and an investment which can be re-
covered only in the course of time.
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APPENDIX

FAcTORS AFFECTING THE PRODUCTIVITY OF BUILDING OPERATIONS

VARIABILTY OF PERFORMANCE

Considerable variations in performance are encountered whenever
comparisons are made between individuals, groups or firms. This is
particularly so in the absence of agreed targets or norms, because it
appears that output is influenced as much by the targets set as by the
rewards offered (i) and the existence of norms. however set and at
whatever level established, may be expected to reduce variability. In
the building industry in the United Kingdom there is comparatively
little information about the relative performance of operatives in
terms of labour requirements for specific operations, or of firms in
terms of either return on capitol or other economic indices. Therefore
considerable variability might be expected and is, in fact, encountered.
This is not surprising because quite small variations in the gang
strengths and the time to complete a job produce noticeable differences
in productivity; for example, a variation of plus/minus 10 per cent in
both the manning rate and the tempo of work produces a range of 1.5 :1
in productivity and, similarly, a variation of plus/minus 20 per cent a
range of 2.3 :1; and variations of this order are encountered in all
types of construction.

The labour requirements for any repetitive operation on any site
will, under normal circumstances, be in the range of roughly 1:4 and
variations of the order of 1:10 are not uncommon. (Because of this,
spot checks on labour requirements have little meaning and it is always
necessary to relate these to observations made over long periods.)
When the large number of operations comprising a building are com-
bined, the level of variability is naturally reduced but remains
considerable (2, 3).

PRODUCTIVITY AND INDIVIDUAL OPERATIONS

Work involved in construction may be broken down into a number,
sometimes a large number, of operations each of which can be tackled
by a man or by a gang without interruption by other men or gangs.
Some craft operations may involve only a man or a small gang of men
without a requirement for assistance from other men or plant, for
example tilers on traditional housing: other operations may involve
gangs which must arrange their work to fit in with other gangs, for
example, bricklayers build in stages to allow joists to be pitched by car-
penters or concrete floor panels to be placed by crane. In craft opera-
tions the speed of work is mainly dictated by the ability and drive of
operatives, by the availability of work and materials and, to a lesser
extent, by the design of the building. The productivity of non-craft
operations is influenced by this and by other factors in that the design
of the building, the detailed design of the equipment used and the
general sequences of construction all considerably affect the progress
and the manning strength of gangs; shuttering is one example of this
type of operation, deep excavation another.

Little is known in detail about the factors which affect the produc-
tivity of operatives and for the majority of tasks there is no accepted
way of deciding what is a fair day's pay for a fair day's work. Pro-
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ductivity varies considerably even for identical work; for example,
in one study (4) involving the construction of 170 three-bedroomed,
two-storey, semi-detached houses on five sites by five different contrac-
tors, the manhour requirement for plastering a house varied from
140 to 350 manhours on the five sites, and there was considerable vari-
ability on some sites especially those on which several gangs were
employed (Fig. LA). This variability exists at an operational level,
for example the manhour requirements for the application of backing
coats have been observed to vary from 7 manhours to 30 manhours per
100 yd 2

.

Incentives loom large in any discussion of productivity, and are fre-
quently mentioned as the sure way of ensuring high productivity. The
available evidence is not conclusive. Surveys (5) of productivity in
house-building showed that in 1948-49 the manhours per house were
about 20 per cent lower on contracts with target bonus schemes than
on contracts with standard wages only. At that time target bonus
schemes were operated on about one quarter of all contracts which
could have been expected to attract the more able operatives. Since
then, two events have changed the picture; a general and sometimes
acute, shortage of operatives and a growth of labour-only subcontract-
ing, particularly in house building.

But even contractors are not so sorely pressed for labour and when
the counter attraction of labour-only work does not exist, it is far
from certain that incentives, per se, are effective. A detailed study (1)
showed that the outputs of bricklayers were related to the targets set
so that if bonus payments were, in turn, related to targets, operatives
with widely differing outputs would have received similar bonuses.
The targets set reflected the past performance of the firms concerned.
Also shown was the need for flexibility in operating the scheme and
for well-defined channels of communication within firms (between
estimating, planning, production and surveying departments). There-
fore the effect of incentives cannot be isolated from the firm concerned,
and an effective incentive scheme is likely to be found when there
is good management, and all that goes with it, including high
productivity!

Some of the differences observed stem from techniques. Detailed
studies of the work of bricklayers (6) has shown that one important
factor is whether bricklayers take advantage of the opportunity pro-
vided by long walls to lay many bricks in one operation. Some opera-
tives build long walls as short walls and spread a mortar bed sufficient
for about a dozen bricks; others spread a bed for roughly 70 bricks in
one operation and productivity appears to be correlated with this. At
present there is little or no systematic operative training in produc-
tion techniques (in contrast to craft practice). The former are mainly
taught on site where the instruction received depends upon the inclina-
tion and the skill of the craftsmen to whom an apprentice is attached.
Although increased productivity may result from direct monetary
incentives, it is probable that more could be gained by systematic train-
ing, by good organisation, and by successful human relations.

Operations may be divided into three phases; setting-up, working,
clearing away. Setting-up includes receiving instructions, appraising
the job, obtaining materials, preparing the workplace, organising the
gang; in some tasks this is done afresh at each workplace, in others
the amount at each workplace is small compared with the work in-
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volved on arrival on site-for example, specialist plumbers may set up
a small yard to prefabricate pipework. There is also an element of
secondary setting-up whenever work commences at a workplace, or
after an interval, (new day, tea break, etc.). Work then ensues (unless
interrupted) until the end of a working period when, depending upon
the craft involved, there is some work entailed in collecting tools, clear-
ing up, sweeping out. It therefore follows that productivity is to some
extent affected by the amount of work to be done at each workplace,
because the time spent in setting up and in clearing away will be
sensibly constant.

Consider, for example, plasterers who will normally complete the
rendering coat to a single house as a continuous operation. Supposing
the work to be done is successively reduced by the use of prefabricated
partition and self-finished wall panels. In these circumstances pro-
ductivity for the plastering remaining gradually diminished so that
if three-quarters of the work is omitted the remaining quarter takes
rather more than half the original manhours. Hence as much work as
possible should be done at each workplace; alternatively small opera-
tions should be tackled by specialist sub-gangs able to move rapidly
from workplace to workplace, in effect treating all workplaces as a
single workplace. Bitty building must result in low productivity unless
the site is sufficiently large to permit a considerable degree of gang
specialisation.

Finally there is the situation in which a gang serves a plant domi-
nated operation, such as the several gangs involved in in-situ concrete
construction. In these circumstances the number of men in each sub-
gang is determined in part by the amount of work to be done, and in
part by the physical requirements of a task-for example, large areas
of formwork may require a minimum gang of, say, 6 in order to secure
the formwork. The tempo of work is usually determined by a critical
operation and often it will not be possible to arrange the balance of
work and the number of men so that the gangs, other than the gang
employed on the critical operation, are fully employed: in concrete
construction, for example, the time required to assemble the formwork
for the stair and lift well in multi-storey structures often determines
the tempo of work for the remainder of construction, and attempts to
accelerate the work of other operations may merely increase idle time.
Also of importance, if formwork and concrete are to be crane handled,
is the number of gangs served by a crane, because if several gangs are
to be served by a crane on the assumption that it must be fully utilised,
it is inevitable that some gangs will have idle time. In these circum-
stances, therefore, the several gangs operate as one gang, and their
work must be appraised as a whole.

Thus far it has been assumed that an operative or gang is working in-
dependently and that progress is not hampered by interference by
other operations or from other causes. This is, of course, not the case
and progress is frequently delayed for a number of reasons. Observable
non-productive time on building sites is typically low, seldom ex-
ceeding 15 per cent and on average about 10 per cent of paid manhours.
In practice it is difficult to determine what is non-productive time,
partly because it is not always evident whether an operative is or is
not working, e.g. walking to collect essential stores, collecting informa-
tion, moving to a new workplace, and partly because there is no re-
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liable method of assessing the normal tempo of work. Actual delays
are not always evident as non-productive time; Parkinson's Law oper-
ates and delays may be anticipated by extending the task in hand
(probably unconsciously) to fill the time available; therefore the actual
incidence of non-productive time is probably higher unless effective
control is maintained.

PRODUOrIVITY AND SrrE ORGANISATION

The previous section concentrated on the work of individuals and
gangs, the organisation of these gangs on a site will be now con-
sidered. It will be remembered that the work in construction can be
broken down into a number of operations, with each operation being
tackled by identifiable gangs with or without the assistance of plant.
Because of the dispersed nature of building, each operation is normally
carried out at a number, sometimes a large number, of workplaces,
e.g. contracts consist of a number of dwellings in low-rise construction,
a number of storeys each with a number of flats or maisonettes in high-
rise construction, or a number of classrooms of ancillary assembly
areas in schools, etc. Therefore a gang tackling an operation will move
from workplace to workplace to be followed by gangs tackling sub-
sequent operations. In these circumstances a queuing situation arises
in which the available workplaces may be considered as customers
awaiting service by the next gang in the sequence of construction
(7,8).

Consider the situation shown in Fig. 2A, in which the vertical axis
represents workplaces numbered 1, 2, 3 ....... and the horizontal axis
the time scale in whatever unit is appropriate. Gang I, starts an opera-
tion at interval 1 with an average elapsed time of, say, 1/2 time
units at each workplace. This gang is followed by gang II tackling the
next operation, whatever that might be, an operation which may be
done in the same elapsed time as the previous operation (gang II),
more slowly (gang III) or more quickly (gang IV). In fact the elapsed
time for each operation will vary about its mean, therefore the prob-
lem arises as to the interval which should be left between gangs tackling
successive operations, to ensure that gangs are not delayed or threat-
ened by delays by the preceding gangs.

In practice the situation is normally more complicted because some
gangs may tackle several operations, dependent on their trade, with
intervening operations being tackled by other gangs.

The situation is further complicated by the employment of specialists
subcontractors, many of whom tackle comparatively limited opera-
tions and, for their own organisational purposes, expect to have a
substantial proportion of their work available each time they enter a
site. Such a situation is shown in Fig. 2A and it will be seen that gang
V leaves the site when it overruns the preceding gang. Although this
may appear to be inefficient as far as any particular site is concerned,
this practice leads to comparatively high utilisation of operatives in
the industry.

If there is no particular necessity to build quickly, the diflfcult or-
ganisational problems implicit in this situation may be solved by
creating a large number of possible workplaces for every gang, so that
each gang will be able to find a job somewhere on the site on completion
of a task. The extreme solution is for each gang to complete one opera-
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tion throughout the whole site before the next gang commences work,
leading to an inordinately long building time; therefore a balance
must be struck between building speed on one hand and the headway
between gangs on the other. Building slowly makes fewer demands
on management and nearly always leads to lower non-productive time
but increases overheads and funding costs; building quickly probably
increases non-productive time (unless the contractor achieves good
control over the required resources-labour, plant, materials) but
reduces overhead costs to contractors; also early completion obtains
a more rapid return on the client's investment.

It must be emphasised that the circumstances described are ideal.
All too often a shortage of labour, a rapid turnover of the operatives
available, technical hitches, delayed delivery of materials and-sotto
voce here-lack of instruction, or too many instructions, or inadequate
instructions by the architect, all combine to make mockery of planning
and day-to-day control an esoteric art (Fig. 3a).

Only passing reference will be made to mechanisation because the
broad principles governing its employment are the same as those
already discussed. The general issues have been discussed elsewhere
(9, 10) and are too extensive to summarize here. One ground for
mechanisation, a shortage of labour, often results in the substitution
of plant for men and may affect only the operation directly involved.
More frequently, however, mechanisation results in a quickening in the
tempo of work and its consequences and cost must be appraised with
respect to the whole job. Again it is important to avoid queuing situ-
ations which arise when one item of plant-a tower crane perhaps-
serves several gangs and when only a small amount of work is to be
done at each workplace. It will be seen, therefore, that the principles of
production control described above apply with equal force to manual
and mechanised operations.
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10. Mechanization and building processes-D. Bishop. Structural Concrete, Vol. 1,No. 2 Mar/Apr. 1962.
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GRAPH OF PROGRESS

wig. 3A. This graph is for a group of 28 semi-detached houses. The
structure of the houses was of concrete poured round an
interior of factory-mnade panels which needed a minimum of
finishing on site.

The graph shows that the panels and concrete were placed
at a steady rate of about 2 houses per week, except for two
periods when the crane broke down. The advantage of this

was lost because the finishing stage took 6 to 8 months.
The foundations were built unnecessarily quickly;
consequently the last houses waited at the ground floor slab
stage for 4 months in midwinter.

There were many delays, shown by horizontal lines, and
the reasons for some of them are indicated.

SECe,.D
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INFvORMATION FROM THE BuILDINa RESEARCH STATION

The Building Research Station is active in nearly all areas of building tech-
nology and civil and structural engineering. Its Research Programme (2), pub-
lished for the first time in 1966, lists all the current research projects, and the
annual report Building Research (1) gives a more discursive account of the Sta-
tion's activities. Results of the Station's work normally appear first in the
technical or scientific press, being afterwards reprinted separately as Current
Papers (2). These appear in four series, of which the Design, Construction
and Engineering Series can be mailed regularly to any address, free of charge.
The Research Series is normally mailed regularly only to research organiza-
tions and libraries, but individual papers can be made available. There are also
a number of Miscellaneou1s Papers. More extensive reports of the Station's work
are published by the Stationery Office in individual form or as series, such as the
National Building Studies (1), Factory Building Studies (1) and Tropical
Building Studies (1). The Station has also produced a number of textbooks,
notably Principles of Modern. Building (1), and others on thermal insulations,
lighting, and building operatives work. These are likewise published by the Sta-
tionery Office.

(1) Obtainable from Her Majesty's Stationery Office, PO Box 569, London
S.E.I.

(2) Obtainable from the Building Research Station, Garston Watford Herts.
England.

OVERSEAS BUILDING NOTES

No. 119. Two lectures on building (D. Oakley).
No. 120. Durability of bush materials.

Housing for aborigines in Australia.
Maintenance and repair of building; a bibliography.

No. 121. Building on difficult soils.
No. 122. Building systems, sponsorship and discipline.



BUILDING PRODUCT ANALYSIS THROUGH AGREMENT*

by

JosEPH EDEN

The following article on Agrement, a system of testing and certify-
ing building materials, was taken from a lecture given by Joseph
Eden, Director of Agrement for the British Ministry of Building
and Public Works, as part of the Division of International Affairs
Seminar Series.

It was Bernard Shaw who said that every man was an anarchist-
that he believed in government of other people, but not of himself.
Nevertheless, in civilized countries we accept controls which are neces-
sary to protect our own environment and, in building, a degree of
control is necessary to protect the safety and health of the community
and to ensure that amenities do not deteriorate. In addition, the build-
ing owner or tenant himself should get the environment he expects
and it should last for as long as he expects.

For these reasons most countries have adopted some form of build-
ing regulations or obligatory codes, either local or national. Where
such controls are weak or ineffective, it is perhaps inevitable that other
forms of control have taken their place-a refusal to lend money for
building unless arbitarily determined requirements are met, difficult
insurance conditions, and planning restrictions on speculative private
enterprise estates, for example.

While no one would say that all controls should be swept away, and
few will insist that they should be centrally rather than locally ad-
ministered and by public rather than private sources, the fact remains
that in many countries both the rigidity and the variety of require-
ments greatly inhibit innovative developments in building methods.
The problem is to encourage innovation in building while protecting
the community.

In the United Kingdom, we operate to some degree under several
types of control. Until a few years ago, each local authority framed
and operated its own codes or by-laws. The first steps towards uni-
fication was obtained by the central issue of a non-obligatory set of
'Model By-laws' that in time came to be accepted in part or in whole
by most local authorities. An additional step was taken in 1965 when
the local by-laws were eliminated and the central Building Regula-
tions were enacted for Scotland and England and Wales. In Northern
Ireland the Building Regulations are still being framed.

Although the Building Regulations have been centrally framed,
they are locally operated and enforced. Each local authority has the
power to waive a clause but cannot frame a new one without reference
to the central authority.

*Reprinted with permission.
(246)



247

Although the new regulations attempt to specify the performance
required from building components in measurable scientific terms
rather than insisting upon standard design details, there is no doubt
that they still present a considerable hurdle for a component manu-
facturer with a new product. Not only do the regulations refer to the
British Standards which rapidly become out of date, but they are
locally interpreted, which can lead to difficulties for a manufacturer
with nationwide scope.

There is, of course, the debate over whether building regulations
should be centrally or locally operated. It is my position that, except
in very small countries, complete centralisation is very cumbersome
and undesirable from the point of view of the local community. In
a country the size of the United States it is, of course, impossible.
Nevertheless, no local authority can be expected to have the expertise
to protect itself completely against the difficulties which arise from
the misuse of materials and poor design, while on the other hand, there
may be expert local knowledge about some aspects, e.g., soil conditions
and climate, that are not readily available centrally.

While building regulations, whether centrally or locally admin-
istered, may adequately protect the community, there is no doubt that
they restrict innovation. As Kipling said in a rather bad poem:

"How very little since things were made
Things have altered in the building trade."

MHost present day innovations occur in the development of compo-
nents and many of these are developed outside the building industry
itself. Thus it is component manufacturers who suffer most from the
rigidity and variety of interpretation of building regulations and who
would benefit most from unification. If we are to modernize the in-
dustry, we must make it possible for good innovations to be accepted
without too much difficulty.

THE AGREMENT SYSTEM

The Agrement System, which operates in slightly different forms in
France, Belgium, Holland, Italy, Portugal, Spain, and the U.K., has
been described as an approval system and is compared with other
rubber stamping systems which have led to rigidity. These comparisons
are, I think, unfair, because the Agrement certificate is not to much a
rubber stamp as an expression of informed opinion about the probable
performance of a material or component under specified conditions.

The Agrement Board in the U.K. was set up as a result of the work
of a government committee of enquiry to look into the Agrement sys-
tem as operated in France and to consider the need for a similar system
of certification in the U.K. The Board Dwas set up as an independent
government-sponsored organization, with members appointed by the
government but drawn from the various sectors of industry.

The Board has been in business for nearly 3 years and has issued
about 20 certificates, with another 10 likely to be issued before the end
of 1968. It is hoped that it will be operating at the level of approx-
imately 100 certificates per year before the end of 1969. The Board has
used the Building Research Station almost exclusively as its agent for
carrying out the necessary investigations, enquiries, and tests and
forming the assessments.
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OPERATION OF THE AGREMENT SYSTEMnI IN U.K.

The systems in the U.K. operates as follows. Any manufacturer can
approach the Agrement Board for a confidential investigation of
his new building product at his own expense. He must state the appli-
cation or applications for his product in building and the Board, as-
sisted by the Building Research Station (BRS), will outline the pro-
gramme of assessment that it intends to follow. The costs are figured.
the manufacturer signs a contract with the Board, and pays in advance.
In the event of an early failure or other difficulty, the investigation
can be halted, and any unused sums of money returned. The manufac-
turer always gets a ful and confidential report of the investigation.
In approved cases, he will also get a certificate, usually a four page
document, giving the Board's opinion of the suitability of the product
for particular uses under the following five general headings:

1. Safety. This category covers structural stability, deforma-
tions, fire resistance, combustibility, spread of flame, toxicity of
the material or fumes; behavior against impacts, and other rough
usage; other accident hazards; other health hazards.

2. Habitability. Includes performance in normal usage, includ-
ing such matters as thermal and accoustic insulation, light and
ventilation, resistance to the elements, etc.

3. Durability. Resistance to wear, weathering, or other disinte-
grating influences, permanence of appearance, etc.

4. Quality control. Whether the firm is capable of maintaining
its standards in production.

The above general headings are used by all Agrement Commissions
in Europe, and in cases of export there are some arrangements for the
transference of certificates from one country to another. In the United
Kingdom the Agrement Board conducts investigations under two ad-
ditional headings:

6. Practicability. Transport, storage requirements, handling
methods, any special techniques needed for installation or erec-
tion.

7. Maintenance. Scheduledmaintenanceinstruction.
A typical assessment of a new product is as follows:
1. Visits to the factory or factories are usually undertaken first

in order to determine whether the product is in production or under
development. In the latter case it must be decided whether to delay the
investigation or to undertake a preliminary investigation. These visits
are also made to inspect the quality control procedure, to select rep-
resentative samples for testing and further examination, and generally
to fnrm an opinion about the firm's capabilities.

If an article is manufactured abroad it is necessary to visit the for-
eign factory, arrange for a reputable foreign organization to make
the insuection, or concentrate upon the quality control methods em-
ploved by the importer.

2. Visits to sites are undertaken for two nurposes. First, to see how
the products arrive, inspect tle process f installatfon, anid not any
practical difficulties in use. Second, visits are made to the earliest
known example of use of the product to assess its durability. This is
invariably the most difficult part of any assessment of a new product.

A suggested rule is that the life of a component should be the period
during which the cost of maintenance accumulates to equal the first
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cost, presumably including installation and replacement. This works
quite well for low maintenance high initial cost components, but not
so well, for example, for a sheet of window glass which may cost more
to replace than its first cost.

We now believe that it is reasonable to expect different life dura-
tions for different components, and that in asessing a required life,
one must take into account the expected life of existing components
with a similar purpose, the first cost and the cost of maintenance.

The actual assessment of probable life of a new product is a difficult
process and it is necessary to have access to expert opinion about the
nature of failures in similar materials, information on aspects of de-
Sigl likely to increase durability, what happens to existing components,
climate, conditions to be expected and above all, previous experience
in the use of the new product in practice. Unless related by research
to actual practice, accelerated weathering tests can do more than verify
expert opinion. A positive result may be informative, a negative result
relatively useless.

3. Tests are carried out when necessary to verify special clains, or
to give further evidence of the behaviour of the product under special
conditions. These are usually empirical and rarely simulate exactly
what actually occurs in practice. A test failure, therefore, does not
necessarily mean the refusal of a certificate.

4. A review is made of all evidence provided by the firm and collected
during the investigation by an experienced person and consultation
among experts in various relevant fields takes place. The report is
prepared and recommendations about certification are made.

5. These recommendations are discussed with any public bodies-
such as the Building Regulations Sub-Committee-which have a
legitimate interest in the proposals.

A certificate is valid for up to three years, but may be renewed after
a second investigation aimed at noting differences which have occured
in design and manufacture. Copies of certificates are printed in large
numbers so that a manufacturer may purchase any quantity for ad-
vertising purposes, but he may not reproduce the certificate himself
though he may quote from it. Copies are also sent automatically to a
list of subscribers, which includes most local authorities. The Ministry
of Housing, which lends money to local authorities for public house-
building, supports the Agrement Scheme and ciruclates information
and certificates to local authorities. It often happens that points arise
during an Agrement investigation that are relevant to the Building
Regulations. There may be a question of interpretation of the regu-
lations, or it may appear that a clause is contravened but should be
waived. The Agrement Board has no power to interpret the law (a
judicial function) or to waive clause of the regulations (only allowed
by individual local authorities). In such cases, however, the certificate
often gives an opinion as to what should be done, normally after con-
sultation with the Building Regulations Sub-committee (the people
who draft the regulations).

Certificates thus issued are proving very helpful to local authorities,
architects, and builders in interpreting the usefulness of a new product,
and also to manufacturers in getting new products launched.
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EXPEmmENcE WITH THE SYSTEM

Having been closely concerned with operation of the Agrement
system in the U.K. since its inception, a few notes about our experience
maybe of interest:

1. The cost of an Agrement investigation appears high to many
manufacturers ($2,500-$7,500). There are a number of reasons for
this:

(a) The cost of administering the system is higher than was expected.
Initial discussions with would-be clients are much more protracted
than expected. Many clients do not foresee the possible application of
their product, so that much time is spent on what amounts to a free
consultative service. It has also been found that negotiations after the
completion of the investigations and before the issue of a certificate
both with the client, who often wants to change the product, and with
authorities such as the Building Regulations Sub-committee, the
Water Boards and so forth are most time consuming.

(b) It was first thought that the majority of assessments could be
made using existing knowledge and testing equipment to be found
at BRS and in private testing establishments. This has not proved to
be the case. It has been necessary to spend large sums on the develop-
ment of new test methods.

(c) Continual publicity has been necessary to get the new certifica-
tion system widely known.

2. The process of assessing a new product requires that someone
conceive of a testing program. When methods are worked out, it is
worth recording them for future use, and if they are of sufficient gen-
eral interest, to publish them as a guide to manufacturers. A number
of these Methods of Assessment and Tests (MOATs) have been pub-
lished by the Agrement Board, some based on 'Directives Communes'
which have already been internationally agreed upon by the European
Union of Agrement, and some original developed in the U.K. which
are being offered to this organization.

The publication of these MOATs by the Agrement Board has
come at a time when the attention of architects, particularly in the pub-
lic sector, is being increasingly directed towards defining specifications
of building components of all types in terms of performance, rather
than in terms of specific construction. The British Standards Institu-
tion, a private body of long standing, operating with private and pub-
lic funds, which produces hundreds of specifications of all types every
year, is also moving in this direction. It has always been thought that
Agrement certification could be the first step towards the issue of a
British Standard.

This process seems to be working very much faster than expected.
The mere knowledge that the Agrement Board is examining a par-
ticular class of product, that it is about to issue a MOAT, or that test-
ing rigs are being built at BRS, is often enough to start manufacturers
agitating for a standard based on performance, and to cause them to
design and build their own test rigs to determine the performance of
their own products. For example, the industry's whole attitude to win-
dows has been changed as a result of the issue of an Agrement Board
MOAT.
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Although the process sometimes causes friction I think it is a very
healthy one for the industry. If an Agreinent Board MOAT sets tar-
gets which are too high in practice, a subsequent British Stanidard can
lower them to a more practical level.

3. In order to publicize its work the Agrement Board has started a
list of subscribers, who, for an annual fee, receive copies of all new
certificates, information sheets summarizing current 'MOATSs, and
news letters.

4. A somewhat controversial problem which faces the Board is
deciding when a new product is an innovation and when it is not. Cur-
rent thiking is influenced by certain members of the architectural
p rofession who are refusing to use products unless they are certified
by the Agrement Board or comply with a British Standard. Person-
nally, I do not approve of this definition, which encourages the Board
to undertake the certification of many proved building products that
are not innovations. To my mind the certification of such products
does not perform a public service, but merely increases cost. On the
other hand it seems to be legitimate to invade the field of products
for which there are British Standards, if the new product make a
significant advance in performance. To my mind it is not admissable,
although this has been considered on occasion, to investigate a product
in an attempt to lower a British Standard. Such investigations, if
necessary, are better carried out by the British Standards Institution
itself. The guiding principle should be whether the certification per-
forms a public service.

CONCLUSION

In conclusion, it may be said that the Agrement Board in England
is performing a public service in controlling and improving quality.
While it has been rather slow in gaining acceptance among manu-
facturers, those holding certificates have no doubt about the improved
sales which result. The Board is refining its administrative procedures
and rapidly increasing the amount of work undertaken.

In most other Agrement organizations, the State contributes finan-
cially to the cost of the certification. In France, where the system is
most advanced and covers the broadest field, the State contribution is
on the order of 50 percent. In Great Britain, however, the Government
expects the Agrement Board to be self-supporting within the next
few years, drawing its entire expenses from industry.

In the absence of a State Testing House, such as is provided in most
European countries, with freedom to spend state money where neces-
sary on the development of testing methods and equipment, it seems
doubtful that complete economic independence can be maintained. It is
possible that in future the Agrement Board's functions may be ex-
tended to undertake development testing and the drafting of perform-
ance specifications, and may receive as a consequence some permanent
state grant.



SYSTEM HOUSING-THE SHELTER INDUSTRY IN
NORTHERN EUROPE*

by

R. E. PLATTS

INTRODUCTION

The manifest successes in the system production of housing in North-
ern Europe are becoming more appreciated in Canada, or at least less
easily depreciated. Some recognition is granted to the relevance of the
leading system schemes to our own production of urban housing. Less
well understood is the industry structure that has spawned the healthy
system ventures-the total structure, encompassing producers, labour,
the design and control professions, and the State itself. Certainly this
deeper picture of vertical integration produces extremes of reaction
here; uneasy disparagement from some, acclamation from others.

In the light of the surge in multi-family housing in Canada and
the interest of some large producers in full systems, the Division of
Building Research arranged a field and factory study with leading
system contractors in Northern Europe, September 1966 to September
1967. Eight systems were given fairly complete study on large projects
usually in full output, while field reviews of less depth were carried
out on eight others. Quite apart from the study's purpose of assessing
the realities of production and design of the advanced systems, the flow
of projects yielded tacit insight into the strength of the integrated
industry. The technical realities are summarized below with confi-
dence; some inter-relationships of the industry structure are then
sketched knowing that lessons are there.

THE NEw STATE-OF-THE-ART

The sampling of system housing in the 1-year field study was broader
than the narrow selection of main studies would suggest. In several
cases a single system was observed in two countries on varied projects,
sometimes subject to such extremes as excellent job management on one
project as opposed to little at all on another, and fragmented markets
with scores of small systems enterprises in one country as against
grouped markets and co-ordinated large enterprises in another. The
secondary studies allowed selective sampling of a further variety of
evolving systems and subsystems. From all of this a composite picture
of the best of system housing can be given. Remarkably, a few single
system ventures exhibit many similar attributes.

The intent of such planning for market continuity is to increase
productivity in the housing sector-the only way to get new housing

*Habitat, Volume XI, Number 3, Sept. 14, 1968 (reprinted with permission).
(252)
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into more hands without cutting back on other needs or desires. Sub-
sidization is not a large factor in the areas that have shown the total
system advances. Rental subsidies for families with children appear
to be of the same order in Scandinavia as the Family Allowance in
Canada. The building financing facilities may make no distinction
between system and traditional approaches but may demand a qualify-
ing level of productivity. Equally important is the tying of State credit
funds to long-term planning: in some areas financing is available in
blocks of 2 to 5 years if the company can show a program committed
to clients for that period of time. This of course favours the larger
companies who use vertically integrated systems to win such a market
with predictable price and quality.

Among the largest contractors the controversy between full system
building and improved traditional building is largely over-the de-
cision has been taken, the systems machinery developed and set in mo-
tion. Central plants are operating two shifts a day and the sites are
geared to the plants to form a true assembly line extension of the
plant, no matter how far the one is from the other. The full systems
of relatively few large finished parts and few site trades promote good
order and fast flow, and in fact demand them, to make economic use of
equipment and stock. A single crane and crew of seven will maintain a
surprisingly steady pace of 120 and even 150 lifts a day to erect 2 to
31/2 dwellings a day, or two or more floors a week on high-rise blocks.

The large-panel concrete systems now include in precast form all
crosswalls and gables, floors, elevator shafts, stairs, landings, lobbies,
refuse chutes and ducts, sometimes unit bathrooms and partial kitchens
and even precast foundations and basements. The panels are erected
ready for direct painting or wallpapering after minimal patching.
The interiors and services-which together involve 2/3 the cost of a
building-are now advanced subsystems: precise light partitions,
doors, cabinetry, trim and closet-walls prefinished in vinyl film or
baked enamels, and cast-in-panel services and trim raceways together
with the unit cores. All of this is quickly placed and joined within the
precise structure with negligible handling damage. The same interior
subsystems are now being adopted within steel frame systems. These
are evolving toward the use of performed covers between floor and
suspended ceiling planes as fire protection to attain the large-part sim-
plicity of the precast buildings.

Such total systems allow completion of large projects-low-rise
complexes or high point blocks-within half a year. Thus, fast turn-
over and the attendant savings in construction financing have become
as important in the systems picture as reliable cost control, quality
control, and direct cost savings. In comparison with traditional jobs,
full system contractors speak of direct savings of 10%o and even 20%
with a further 5%o gained through shortened construction financing.
Starting with sand and gravel (but not including cabinetry manufac-
ture) these contractors use about 800 man-hours to produce a three-
bedroom dwelling unit with flexibility of design; some require as little
as 500 man-hours, more or less evenly divided between factory and
site. (Site labour alone for apartments in North America is reported
to be typically 1100-1400 manhours.) Furthermore, it must be stated
that in Scandinavia such systems are expected to, and do, produce a
higher level of design and quality than is normal here. Amenities are
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comparable; hardware, openings, cabinetry and finishes are generally
better, and so are the technical points of sound, thermal and weather
control, precision, interchangeability-and simplicity. All this is not
an average picture in any country: it is the state-of-the-art recently
attained by the leading contractors after years of development.

PRODUCTION REQUIRES MARKET CONTINITY

First let it be stated that the housing task in much of Northern
Europe is not significantly different from our own. Particularly in
Scandinavia, the population is grouped in relatively isolated, mush-
rooming pockets, and all want high quality cold-climate housing. The
proportion of multi-family housing is now also comparable, housing
projects are about the size of our larger ones, and private contractors
produce them. The identity of the client is the point of departure from
our familiar picture. The housing client in Northern Europe s often a
large, independent non-profit society or co-operative, or the State itself
in its municipal or other form. Alternatively, the State may choose to
set policy as if it were the final client, in its simple mandate that peo-
ple be well housed. The effect, strengthened in the last few years, is
the fostering of a market continuity and reliability not prevalent here.

The company can aspire to compete for projects anywhere, free from
locally-imposed diversity. The building regulations are increasingly
performance codes and are uniform in actual adoption and use. Mu-
nicipal approval itself is most often in the hands of a technical man,
while the central authority is there as the final arbiter if needed. The
contractor can comport himself as a true manufacturer for an im-
portant mass market, a national, reputable, permanent enterprise with
access to capitalization befitting the job.

It can be argued that the cause-and-effect picture given above is too
cleancut and favourable. Examination of the rather different situation
elsewhere, however, supports the same interpretation of the interde-
pendence of the industry and its politico-economic environment. De-
spite the attention long given to housing problems and system innova-
tion in the United Kingdom, the market there remains very frag-
mented and the industry largely so. In municipalities small and large,
"lay committees" must authorize all projects and construction methods.
Companies must sit before each public authority to discuss possible
access to a job that is usually small or discontinuous. When large con-
tracts are won, the local authority may not comprehend the projected
system, speed and seldom assembles, clears and releases the land in
time: thus many system jobs are delayed. The much-discussed "con-
sortia" grouping of municipalities has rarely been put into effective
practice-the recent scheme of the Yorkshire Development Group is
one laudable exception. Several such large package jobs are allowing
full-flow production with techniques approaching total systems, with
control of all supply inputs, to very good effect. Otherwise, the scores
of partial systems that have sprung from builders and architects are
vying for scattered small projects, with their shops running at half
capacity or less.
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PRODUCTION REQURES PRODUCERS

The successful total system building ventures in Northern Europe
are generally the creation of heavy engineering contractors, not of
normal builders or architects and seldom of materials groups. They
have come from large concerns who can contribute the management,
capital, planning and technical forces required for the mammoth job
of housing pro ction. Having little intimacy with the local, frag-
mented building world of authorities, distribution chains, crafts, de-
sign professions and the legal mystiques of land, they tend to see the
business as a simple matter of: "Housing for the millions means hous-
ing by the millions".

These ventures reflect a philosophy that may still be surprising in
the building business but is a first principle in any serious mass produc-
tion industry: one interest-the producer-must control all input to
create the desired finished product. In Scandinavia the producer fits
comfortably into the scale of the other forces behind housing: the large
client, along with the state's interest and controls; the comprehensive
consulting organization, which sometimes is united with or is the
producer; and the comprehensive industrial union. Quite often the
most exemplary jobs are executed as "Totalkontract" schemes, which
are something akin to "package deals". The producer assembles and de-
velops the land and produces the housing complexes offering the client
the desired program of design, place, time, quality and price.

The scale of these enterprises is not altogether alien to Canadian con-
tracting. A factory producing over 1,000 units a year, 2,000 if on
double shift, costs in the order of $1,200,000. Site equipment to match
the factory's double shift, erecting on site on one shift, would cost
about the same, so that the investment is over $3,000,000. The road-
builders -and dambuilders of Canada often have more than this invest-
ment in plant.

The producer owns the concrete factory and offers the complete
building structure as a fairly flexible closed or semiclosed system, as
described earlier. Design freedom is quite broad, especially on large
projects. The producer may also make all services and the modular
prefinished "interior systems". More often he will co-ordinate and buy
such interior systems from the several advanced manufacturers who
now serve most of Scandinavia. These offer "open" or "catalogue" kits
of remarkable quality, finish and precision. The producer is free to
form flexible layouts confident that their precision matches the struc-
ture's accuracy: tight runs of 40 ft. of combination partitions and
cabinetry were seen to fit against precast crosswalks within an end
tolerance of several millimeters. This is not academic, it is done.

Such control can be traced back with the interior systems them-
selves to certain small-house prefabrication ventures in Scandinavia
begun two decades ago. These established that wood house components
can be precise and prefinished with revealed joints and no on-site
cover-up, whether the components form final structure or quality
cabinetry. Such developments have extended through the interiors
of multi-family housing blocks and now include complete exterior
wall systems as well. As the large producers are free to choose any
materials, on a cost/performance basis within a rational building
code milieu, it is now common to find prefinished wood frame walls
(incorporating various noncombustible skins) enclosing system build-
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ings low and high. The component suppliers offer such choices with
assurance of tight control of quality and delivery scheduling; the
producer pulls all these capabilities into the total system.

ALL MEN IN ALL SEASONS

Four attributes can now be seen in many fast-paced total system
projects that together give a healthy tone to the building process:
(1) most of the men are reasonably free to work at a wide range of

tasks and receive quick training to fit man and task; (2) the working-
conditions, safety aspects and amenities are very good; (3) system
"close-in" and protective measures can keep both materials and men
in comfortable order in all seasons; (4) the morale and pride of labour
reflects the foregoing-and results in more houses, well produced..

The first attribute is one of the significant by-products of the accom-
modation between organized labour and equally-organized industry
in Scandinavia. Comprehensive industrial-type unions can cover the
total system building scene, factory and field, with nothing to gain
(and much to lose) from fighting for narrow definition or protection of
"craft" interest. Furthermore, the very simplicity of the precise, dry,

large-part systems encourages the rational use of men. No electrician
can argue that his skills are necessary to set in place a 5-ton floor-
panel because it contains one ceiling outlet. The on-site trades are be-
coming "assemblers" or general "cmonteurs."

Because the building as an end product is the interest and responsi-
bility of the one party, the producer, the interaction of all job factors
is seen and understood. Management as much as labour knows the
benefits of good site offices, cafeterias, locker rooms and facilities, and
even clothing design The comprehensive union sits down with manage-
ment in the project planning stages and helps professionally with the
feasibility assessments, incentive and piece-rate schemes, and even
the project schedule and the "learning curve" allowances.

Job roads are completed and preventive maintenance schedules set
up so that delays or equipment breakdowns are no longer a critical
part of the scene. The large-panel systems now close in quickly and in
the winter the heating lines and radiators can be hooked up as each
floor is erected. Each storey can then be heated to allow grouting or
patching to go ahead. Oil fired construction heaters feature flexible ex-
haust and intake ducts so that the interior air remains harmless to
man and mortar. Except for the interference of high winds with panel
"montage" (and this is being resolved) the work runs smoothly in
most weather conditions. More than half the labour is done in the
heated factories and shops in any case, and this fits the tacit policy
assumption found in Northern Europe: the preference and evolution of
labour is toward indoor working conditions.

AND IN CANADA

The mounting need for urban housing will continue to encour-
age the trend to multi-family complexes. At the same time, some of the
European pattern of political-economic encouragement of low-cost
housing, rational land assembly and production continuity is begin-
ning to appear here. Still well ahead of such forces is the industry's
increasing correction of its fragmentation: the leading housing and
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office complexes downtown or in suburbs or "New Towns" are quite
normally creations of single interests, the developer-builder-owners.
Certainly among these active groups there is no aversion to the
"package" philosophy: the advantages of the "totalkontract" approach
are fully appreciated. The coordination of all inputs-including de-
sign-is the basis of any true industry.

'Well pleased with the year-round effectiveness of patrial factory
systems in single family housing, such larger forces across Canada are
now assessing the multi-family system successes in Northern Europe.
Organized labour is also becoming conversant with the need for indus-
trial union coverage of the evolving building industry. Already such
comprehensive factory-field arrangements have been set up with pre-
cast concrete producers. Evident too is a stronger appreciation of the
need for unifomity of building codes to allow the evolution of healthy
national or at least regional enterprises. While still obscured by the
traditional local, fragmented interactions between clients, builders,
suppliers, crafts, design professions and land and legal interests,
the potential inherent in the total system approach is better perceived
and the industry is responding.
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