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PREFACE 

Many architects who have thought about architecture seriously, 

have paid great attention to, and made great effort toward pre- 

fabrication of houses, since the new technology has been realising 

now and better ways of production in every field; among them are 

Gropius, Neutra, Le Corbusier and Wright. 1 The modern factories 

are producing very elaborate and useful products at very low prices. 

Housing is one of the largest industries in any country. 2 Thus, 

architects and architectural engineers naturally debate whether 

they can employ the new technology for housing in order to design 

better houses or not! In today’s housing, people can find that most 

houses are constructed by very primitive methods. Lumbar and 

bricks which already existed thousands of years ago, are usually 

put together in houses on the site, today. However, there are 

many factory-made modern facilities in the kitchen, a tele vision 

in the living room, and cars in the garage. It is a really strange 

fact that containers (houses) are still old style, notwithstanding 

that contents (television, refrigerator, etc. ) are rapidly changing 

to a new style. There is a reason. Architects are usually inde¬ 

pendent from builders, and manufacturers of bqilding materials. 

1 '‘Here is how Frank Lloyd Wright designs for prefabrication" 
House and Home (Dec. 1956) Voi. 10 pp. 103-121 

2.Housing is perhaps the second largest industry in the United 
States, after food and food processing. 
cited from Burnham Kelley, "Design and the Production of 

* Houses" (New York? McGrow-Hlll 1959) pp. 7-8 
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They should co-operate and investigate to create new standards. 

This movement should be made nation wide activity. Thereby, 

housing can be more industrialised, and better and cheaper build¬ 

ing parts can be produced by modern technology. 

One hundred years ago, the prefabricated house was a make¬ 

shift. Modern technology caused a development in every industry. 

Doubtless, it cannot be that the only exception is in housing. Modern 

technology and industrialisation should foe fully employed. A. machine 

has a potential to produce a richer variety than a tool. In other words, 

machine-made parts, namely prefabricated parts, can be assembled 

into houses with richer variety than formerly. However, the way to 

achieve an ideal stage in prefabricated houses is not easy. The blue 

prints for an airplane which are made for its construction, weigh the 

same as the airplane itself. I Prefabricated houses should be in¬ 

vestigated as much as airplanes. After that, functional and beautiful 

building parts can be produced at low prices. 

Since a house is one of the largest factors which influence man's 

happiness, the government should give it more attention and help. 

The development of the production of cars, for instance, has always 

bean helped by effort of the government which has constructed many 

new highways. 

1 Richard Neutra, "Prefabrication" Art ind Architecture 
(June 1950) Yol. 67 p. 37 



I hope that the time will come soon when architects can design 

using new building parts which have perfect functional qualities, and 

have new possibilities. 

Houston, Texas 

May I960 Eiji Hirai 
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INTRODUCTION 

Definition 

Almost all natural materials which are called raw materials, 

are not suitable for building materials until they are made into 

standardised materials by chemical and physical processes. How¬ 

ever, such standardised building materials cannot be called pre¬ 

fabricated parts, because they have to be cut, shaped, bent, mixed, 

composed, treated, finished, etc., at the time of construction. As 

shown in Fig. 1, shoot metal, lumber, plastic sheets, cement- 

asbestos sheets, bricks, etc., are building materials, but not 

prefabricated parts. They are not assembled into buildings, but 

are fabricated and composed at the site. Panels, metal frames, 

etc., are assembled into buildings at the site. We call them pre¬ 

fabricated parts. We call such a method prefabrication. Though 

there were already many definitions, * the following definition may 

be enough to know what profabrication is. 

1 Cf. the following four references 

Prefabricated Homos, Commercial Standard C$125 - 47, 2nd ecu 
prefabricated Home Manufacturers* Institute and U.S. Dept, of 
Commerce. (Washington: 1947) p. 1 

R, K. Graff, R, A. Matern, and H. JL* Williams, "Prefabricated 
House" 1947 

Howard T. Fisher "Prefabrication. What Does It mean to the 
Architect?" Hournal of the A. DA. (Nov. 1948) Vol. 10 p. 220 

Robert I. Davidson, "Progress in Prefabrication" Journal ©f 
the A. I. A. Voi. 1 (May 1944) p. 234 



Prefabricafcion Is the method {or the technique) of construction 

in which building materials are already fabricated into component.t 

parts at the site, Erection is done by the assembling method. 

The Important Problems 

The principal aim of prefabrication is industrialisation of con¬ 

struction process, by which people intend to build better houses, 

and reduce labor cost and construction time. Modern industry can 

produce elaborate parts which cannot be produced by man's hands. 

However, buildings are not only machi&es which help people to 

work efficiently, but also can. create .an esthetic atmosphere, . Thus,; 

prefabrication should not only be effective industrialization, but also 

create now beauty. The problems are in making industrialisation 

and architectural beauty compatible. These problems are examined 

under the following four subjects. 

1. Mass production and pro fabrication 

. 2. Ready-made products and architecture 

3. Standards and design 

4, Metal frame and p ■. ®fabrication 

Thee© four subjects are very important problems for pre¬ 

fabrication and they include most questions in them. 

Purpose and Scope 

Though prof&brication of houses has been investigated by many 

institutions, the problem of architectural beauty is apt to be 



disregarded*-. Small houses and economical houses are usually 

objectives of-their researches. However* industrialisation or 

mass production oi' housing is inevitable in our industrial age, 

Thus, the importance o£ the prefabrication is how to guide such 

trend of industrialisation in a right direction in which industri¬ 

alisation and architectural beauty, are compatible. Thus, in 

this thesis, contribution to visual improvement of prefabrication 

ia the main purpose- For this purpose, the four important sub¬ 

jects of prefabrication are explained and then some original 

demonstrations based on such studio© arc shown on the drawings. 

Though those drawings arc still not enough to Show the perfect 

prefabricate.» of houses, they can ©how principal ideas of this 

study. For this study, the knowledge of the historical background, 

existing situation and that of other countries are necessary. Thus, 

brief description and criticism of them are written at the beginning. 
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Fig.3. Westbury Palisades, just south of San Francisco 

to make plots for houses closely ranked $14,000 

to $23,000, House and Home, Feb. 1958, p.103 

\ 



•» 

THE DEVELOPMENT OF PR ^FABRICATION 

General 

The title of this thesis is the Prefabrication of Bouses. How¬ 

ever, since the studios of history and the existing situation is 

pr a fabrication of aoa-rasidenti&I buildings, arc helpful for this 

study as reference, not only pr©fabrication of houses but also 

prefab? tea tion of non-residential buildings is written, in this 

chapter. In fact, the most serious problem in prefabrication is 

that of houses. Prefab?ication of non-residential .buildings are 

usually designed, carefully by architects. Houses, on the other 

hand; are being built la.very, poor situations, as shown in Fig. 2 

and Figi 3. These residential neighborhoods usually are not 

■ . 

designed by labile architects. It is hard to find human touch in 

them. ' 

Gropius says the following: 

I observed, recently that prefabrication todyy has al¬ 
ready penetrated further into skyscraper buildings 
than into residential buildings.--, 

Take a building like a Laver House in New York; 85 
to 98% of the building consists of component parts 
made in factories, brought to the site and assembled 
there. Prefabrication Is a slow but continuous pro¬ 
cess. When you open Sweet's Catalog, you will find 
that.a great many component parts are already available 
from industries. The architect, however, has not been 
active enough in this development. He had left it to the 
engineer and the scientist to design such component parts. 
He should go into industry and design them himself. * 

i John Peter "Aluminum in Modern Architecture'1 Voi. 1 (New York 
He inhold 1956)p. 289 

-7- 



He points out rcaily very important problems. People should 

not ignore tm prefab?iciitlon of houses. The worst examples can 

be seen in new suburban residential projects wtwora the repeating 

of a type of houses and o£ an arrangement of houses, create endless 

monotony. Furthermore* there' is a possibility of the present trend 

of design in .housing becoming worse. The principal reason is the 

£a.st that, in any enterprise, the Lion’s share of tine manufacturing 

business •will go to fewer and stronger companies. The same thing 

can be seen in the housing business. Developers*, builders’ and 

pr s fabricator a* businesses are going to be concentrated into fewer 

and larger companies, and then they are going to construct very huge 

residential areas, To build many uniform houses through the use of 

prefabrication is the most economical way for them. The result is 

ahepvn in Fig. 2 and Fig. 3. In fact, there are many builders who 

have switched to pr efa.br icationl in order to reduce construction 

time, labor cost, managing cost and to increase the number of 

houses constructed in a unit period. Though one niagasiae reported2 

that IS per cent of ail prefabricated houses can have variations, it is 

..doubtful-that builders achieve such a variety. At any rate the re¬ 

sultant aspect ahowa tis vary poor situation of prefabricated houses 

as compared with prefabricated non-residential buildings. 

1 "These builders tried prefabs and like them" House and Home Vol. 
3 (Dec 1933) p. 130. "I switched to prefabs" House ana Home Vol. 
10 (Dec. 1956£jp. 133. 
"Design to save time.,. And you will save money, too" House and 
Home Vol. 14 (Sept. 1953) p. 96 

2. "Presabhcrs are pushing variety and style" House and Homo Vol. 
12 (Dec. 195?) pp. 76-77. 
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A new method or technique should create new beauty. In 

skyscraper, there is a new style of a building which is caused 

by prefabrication. The design of houses, on the other hand* are 

still following the conventional style. The reason is clear. The 

character of a non*residential building is active, but that of a house 

is conservative. The Manufacturers Trust Co., New York, for 

instance* was designed by the owner’» special requirements in ■ i.- 

which he- asked the architects to design unusual, -appealing and invifc- 

lag form for it. * At any rate,none residential buildings usually have 

soma active purposes in their designs* to attract people or appeal 

to people in order to acomplish the. businesses more affectively. 

Houses.,: on the other hand, do not-need any exciting feeling. People 

want to have very quiet and happy Uvea in their homes. Therefore, 

people are apt to be very conservative in the designs of their homes. 

Sometimes,, they are too conservative to recognise the,v now construct¬ 

ion technique and new beauty of prefabricated houses. Thus, 

development of the prefabricated house is .very slow, though “pro- 

fabrication will fee the future in Architecture. ^ 

1 Building lie sear ch Institute, ’‘Window and Glass in the 
Exterior of the Buildings5', ('Washington: .National Academy 
of Science 195?), pp, lOS-110, 

2 John Peter, op. cit. Gropius’ words, p. 229* 
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The time will come, sooner or later, when most houses are 

built by prefabrication which can create a new beauty in a house. 

The following description is a very brief history of prefabri¬ 

cation. Since the-real development of prefabrication started thirty 

years ago, the very recent facts are principally written. For the 

convenience of the study from a visual point of view as many as 

possible ace shown. 

The Early American Prefabrication 

The attempt of pr a fabrication of houses had already been made 
0 

in the sixteenth century. 1 However, this attempt was not success¬ 

ful because the prefabrication parts which were made in England, 

were lost in fighting ice on the way to the United States. A later 

attempt succeeded on the Massachusetts coast in 1624. w 

In Hawaii and New England, there were a few schemes of 

prefabricated houses. 

Meanwhile, because of the discovery of gold mine in California 

prefabricated houses were increasing their number explosively in 

the nineteenth century. 3 Gold mines in California imported pre¬ 

fabricated houses from the United States, England, Franco, Germany, 

Belgium, and even China, New Zealand and Tasmania. In the New 

York area alone, five thousand prefabricated houses were produced 

1 Charles E. Peterson '‘Early American Prefabrication" Gazette 
des Beaux-art Vol. 33 (Jan. 1948) p. 3?. 

2 Ibid 

3 Ibid pp. 42-43 
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Pig.4. House and Warehouse prefabricated in England 
for California 1850 Gazette des Beaux- arts 
Vol. 33 (Jan. 1948) p. 42 

Pig.5. Prefabricated Chapel by Skillings and Plint, 
lumber dealer of Boston and New York, 1861 
Ibid p. 43 



by the beginning of 1861. * Fig, 4, and 5, show the pi* a fabrication 

in fcbis period. At that time, almost all prefabricated houses and 

building's were in the same stage as these examples. 

The Civil War caused the same situation as that of the Gold 

Hush. These developments of pr<2fabrication were fundamentally 

based upon abnormal demands for buildings. Such prefabricated 

houses, chapels, etc., were rough makeshifts which were far from 

Architecture* These historical facts which happened on these very 

abnormal occasions gave people the idea that “Prefab*ic&tlon is a 

. way to build makeshiftsM. However, these facts show what people 

felt was logical to industrialize in buildings. The start of industrial- 

iaation of a building was not so far behind others industries. However 

these efforts were forgotten or overlooked when the normal sit¬ 

uation came again. In this stage of development, the effort to 

create beautiful buildings by prefabrication, hardly can be found. 

Prefabrication should lead to the production of better buildings and 

not be merely the way to build makeshifts. 

New Materials for Frefabrication after the Industrial Revolution 

New materials for buildings have been discovered and been 

maos produced since the Industrial Revolution. 

1 Ibid. p. 44 
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The first use of iron in architecture was at the end of the 

eighteenth, centruy. 1 However, the real development of the 

iron industry started after Sir Henry Bessemer Invented a new 

method of making steal in quantity in too nineteenth century. 

■ Reinforced concrete started to bo used for structure in 

^ *$ 
iiS2. Precast concrete buildings have boon arectad since 

the beginning of twentieth century. 3 . 

Aluminum is also a new and suitable material for pr ©fabri¬ 

cation. It was discovered in 1825,^ and used on toe Washington 

Monument ia 1884* * 

Although the history of glass date®, back to tea thousand’ 

years B. C» * ^ it was not until toe nineteenth century that ■ 

glass became one of toe popular building materials. 

The first Laminated wood industry in this country was 

7 
established in 1934. 

i. Iron beams of toe Marble Palace (i?6d«* 1772), Iron column® 
of toe St. Annas (i??0-i?72), cited from Henry Hitche:ock, 
"Architecture Nineteenth and Twentieth Century" p. 116. 

2. Ibid. p. 309 

3. Charles D. Watson, "Factory*made Concrete",' national. 
Association of Cement Users, Proceeding Vol. *1 (Jan. 1908) 
p. 105. ~ 

4. C. K. -Mathew son, "Modern Usee of Nonfurrouo Metal* V- 
(Hew York: Seely W. Mudd 193?), p. 16. 

5. Henry Hitchocock, loc, eit. 

6. C. J. Phillips, "Giaac, The' Miracle Maker", (New York; 
Pitman Pub. 1948) 

7. Robert E., £*by» "BeYCippmentedu 
Construction »A. S* i*M. Social 

-12- 
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The plasties industry* of course, started in this' coatury. 

These materials are really so new that each of them is con¬ 

tinually being improved. Sven very popular steel structure 

is going to change its structural theory because of recent study 

namely the plastic design. Thus, architects should always be 

sensitive to such developments of these materials because new 

materials have a large influence on the development of pre- 

fabrication. 

At any rate, the discovery of how to mass produce metal, 

was the most important fact for industrialization of any production* 

In architecture, metal has changed the style to a new one wnieh 

has never been seen before, and created new beauty. However, 

people are usually overlooking the fact that metal is changing the 

construction method towards prefabrication. 

Stable Step to Development 

Though there had been already some commercial development 

of prefabrication of houses which were of lumber, steel, and 

concrete, prefabrication has attained the status of a movement 

since 1930. 

The housing Research Division of the Pierce Foundation was 

founded in 1931. Purdue University's Housing Research was in¬ 

stituted in 1935.^ 

1. L, S. Beedle, ‘'Plastic Design of Steel Structure", (New York: 
Willey 1958) pp. 1-22. 

2. Burnham Kelly, "Prefabrication of the House", (New York: John 
Wiley and Sons, 1931), pp. 31-32. 
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Fig. 6. U.S. Forest Product Laboratory 
Plywood panel house, 1935, 

The first stressed skin panel house, 
Architectural Forum Vol. 63, Dec. 1935 

p«555 

* 



They have researched economical houses and prefabrication 

of them. 

The United States Foest Products Laboratory has studied 

the utilisation of the forest resouces, and built the first stressed 

©kin plywood house in 1935. * This laboratory continues to study 

prefabrication of buildings. 

National Bureau of Standard has worked on testing of pre¬ 

fabricated parts# and making the simplified Practice Recom¬ 

mendations, Commercial Standards; and the Building Code for 

2 prefabrication. 

F. B. A. came to approve the prefabricated houses. 3 

'is very important# because the matter of the rise and fait of 

prefabricated houses relies, to a considerable extent, on F.H. A. 

mortgages for homo financing. 

In 193b, the Far we 11 Bemis Foundation was established for 

housing research at M. I. T. and has been studying prefabricated 

houses. Some other research organisations ware established; 

the Building Research Advisory Board and Building Research 

Institute {branches of National Academy of Sciences(, the Small 

House Council of the University of Illinois, and the Housing Re¬ 

search Center of Cornell University. ** 

1. J. Andre Fouiihoux, •'Prefabrication''# Architectural Forum 
Vol. 63 {Dec, 1925) p. 555. 

2. Kelley, "Design and the Production of Houses", op. cit. p, 244. 

3* Ibid. p. 245 

4. Ibid. p. 247 
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Pig. 7« American House Inc., Steel frame house* 

Cambridge, Mass., 1935 
Kraal l8Xm» Vol. 63, (Deo. 1935) 

P*545 



To the development of profabrication, those organiaations 

have been. contributing effectively. These are very notable 

facta, because pr ©fabrication has been recognised as a very 

serious problem in this country. Unless the fundamental re- 

search is .prepared, the ideal prefabrication cannot be attained. 

Meanwhile, the large commercial pr'efaforicators started 

.to build prefabricated houses in 1932; General House. 1932, 

American House Inc. 1933, and Bouse Inc. (Motohome) 1934. * 

Many other prefabricators began their enterprises since 1934. 

The prefabricated houses which were designed by prefabricators, 

were permanent houses rather than temporary ones. Thus, the 

prefabricated house—-not as a makeshift is still in a very early 

stage. 

Development of Three Typo© of A Prefabricated Bouse 

A prefabricated house can be classified to three types. 

1. The first type is a prefabricated house which has 

the appearance of the usual house. 

2. The second type is a prefabricated house with the 

novel appearance. 

3. The third type is a trailer house. 

A trailer house is the ultimate prefabricated house. Although 

it is already assembled in a factory and has wheels instead of a 

foundation, it is still a prefabricated house in the sense of the 

1, Kelley, . 5tPrc£abric&iioa of the. Bouse” op.'cit.''pp^39-42. 
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Fig. 8. The first type of a prefabricated house, 

Scholtz's House, 

House and Hone, Vol. 17, Jan. 1960, p.40. 



Pig.10, Richard Neutra, Prefabrication, 
Kokusai-kentiku, "Richard Heutra", 
(Tokyo: Bi^utsu-shuppan, 1953) P*127 
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Fig. 12. Today*s prefabrication 

ior panel cladding and finishing details on 

3. Aluminum clad house, Xbid. 4.Steel house, 

The Prefabrication of Houses 
B. Kelly. 

1. Precast concrete house, 

House and Home, Vol.14, 1958. 
2. Aluminum panel house, 

Ibid. 



5.Prefabrication of plumbing 

House and Home, 1958, Vol. 

.Prefabrication of brick wall 

Ibid. 

7•Prefabrication of kitchen cabinet 
Ibid. 



Lustron Corporation 

National Homes Corporation 

Pig. 13. Factories of pre- 
fabrication 

"Prefabrieation of 
•Houses”, Illustration 
No.39, 40.&41 



industrialisation of house. Since a trailer house tocjay plays 
' ••• .V • . 

an important role in housing, I will take it as a prefabricated 

house here. 

The-fir at type is, in appearance, the same as the usual house, 

as shown in Fig. 8. There are many architects %vho have designed 

prefabricated houses; George Fred Keck, Sero Saarinen, LeCorbusier, 

Walter Gropius, Carl Koch', Craig Sliwood,; efcm. 

The prefabricated houses shown in Fig. 9 and Fig. 10, com¬ 

paratively new type, but not so hovel as the second type. Fig. 11, 

shows the number of people who have accepted prefabricated houses 

for residences. During the war, between 1940 and 1945, about 

200, 000 units were produced. After the war, 87, 000 were sold 

in 1946 and 1947, and 30,000 were sold in 1948. 1 

In recent years, the factories of prefabricated houses matalled 

large machines. One company has invested 15 million dollars, for 

its establishment, and accomplished the complete assembly line 

though it was not1 2 3 so successful. 8 

Today's largest prefabricator is National Homes Ihc., which 

sold about 40, 000 units last year. 3 

1. ' Kelley, "Prefabrication of the House", op. cit. p. 73. 

2. Ibid. p. 80. 

3. "Aluminum", House and Home, Vol. 16, (Sept. 1959) p. 128. 
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Though, today, the prefabricated wooden house is more popular 

than the steel, aluminum* or plastics house, there is a remark¬ 

able tread in the use of aluminum. National Homes Inc., 

announced that 56 par cent of 1959 sales ware aluminum- 

skinned models, and this will reach 10 per cant in 1960. 

Among many schemes, Craig JSBvvood's design is on® of the 

best examples. Be employed the paael-and frame method. It 

indicates the right direction of pr©fabrication of houses. The 

house has very simple form, large glass windows, a nice garden, 

and very refined spaces for the rooms. 

Exciting form can be seen in the second type. 

Buckm mister Fuller Is really the leading man in this field. 

He designed B yam scion in 192 h * and then he continued to study 

indus»triiltsd• houses. The pictured which are shown in Fig. 14, 

are a few o.; his works. Mis designs are always based on very 

new idea and functional thoughts. Though new technique should 

create now beauty, uis designs can hardly he called perfect from 

the esthetic viewpoint. Especially his early designs, a grain bin 

house, and Dymasdon, seem to be machines for living rathar than 

architecture. 

Thera are the other designs of the second type. Eduard 

1. Buckmimste? Fuller, “A House lor Mass Production’1, 
Architectural Forum, Voi, 51, (July 1929), pp. 103-104. 
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Fig# 14, Bucknlnleter Puller*B designs 

1* Dyaaxion 2* Grain bln house 
Architectural Forum Vol. 51* Kelley, "The Prefabrl- 
(July 1929)* p* 103 cation of houses" 111. No*11 

3. Plastic bubbles 
House and Home, Vol. 17 
(Jan* 1960), p* 164 

t 



Fig. 15. Today's Trailers 



Catalano's thin-she it wood root* Wallace Neff's "Airform 

House”, Frederick J. Kieeicr's oggiiku "Saoieos Mduse", 

SHvOt/tJoyeJ|^la^Uc“bouse, Hamilton Goody's "Monsanto 

Ho'uo^'Vi G^rge Nelson and Gor don Chadwick’s "Segmbntal 

•3 

b Space House”. ‘ 

These new attempts, however, could not get out an 

‘ experimental's^ajgt*. and consequently have never been masi 

produced vet. 

The t’yira type, a trailer home, started to be produced 

* t j . 
leas than thirty years ago. In 1930, 1,300 trailers were, 

made in the United States with a retail value of 1. 3 million 
1 i , i '•■- 

2 
dollars. However, the first mass produced trailers appeared 

in 1933. ^i^Ucitl World War H» tragic, •e were not considered 

as houses. The federal government gave trailers their first 

real recognition as housing during the v/ar when it bought 

38,000 25-footer a for-workers in war-production.*® 

Today about 3 million people are living in trailers. 5 

It is remarkable that the number of trailers sold has been 
« ‘‘ 

1. Kelley, ’’Design and the’Production o Kernses", op. cit. 
p. 116 

2. Norris WHiatt, "Homes on Wheels", Barron's, National 
Business and Financial 'Weekly, (Feb. 29, I960), p. 3 

m 

3. Frank Forgafcy, "Trailer Parks", Architectural Forum, 
Voi. Ill, (July 19S9), p. 12? 

4. Ibid. 

S. Ibid 
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Table 1. Sales of Trailer Homes 

Sales in year, Percentage Sales in Percentage 
millions of change in number change in 
dollars dollar vol-. of units unit sales 

ume from frompre- 
previous vious year 
..year vC-: ' 

1951 248.3 +15 67,335 
1952 319.9 +29 83,054 +23 
1954 324.0 76,899: 
1955 435.0 +34 101,000 +31 
1956 501.0 +15 121,000 +20 
1957 579.0 +16 140,000 +16 
1959 690.8 +11 ,148,600 

Sources Pigures for trailer sales,for 1951-1952 are 
from Andrew-W. Shearer, "Trailer Coach Industry Becomes 
Big Business". Automotive Industry.Tol.109. Bo.3, Aug. 1, 
1953# pp* 52-59j for 1954» Borris Willatt, "Trailer Parks: 
They Mushroom into a Thriving Business Across the Bation", 
Barron1 s». Vol. 35. Bo. 39. Sept, 26, 1955, PP. 15-16? for 
•1955-1956, Jerry Zokosky,"Mobile Homes Gat Boomer, Less 
Mobile, but Gain Sales Mileage'*, Wall Street Journal. March 
8, 1957# p.1? for 1957.House and Home. Tel, 13, Bo.3, March 
1958, p. 45r for 1959, Borris Willatt, "Homes on Wheels", 
Barron's. Vol. XL, Bo. 9 Peb. 29 I960 • • 



larger thaxi that of prefabricated houses since 1955. In 

1959* the industry sold 114,400 units, with a retail value 

of over 629 million dollars. It also turned out 34* 200 so- 

called travel trailer&, which brought in 61.5 million.dollars• 

The overall total was 690.0 million dollars. * . 

Since 1952, . the average length has grown f rom 33ft. to 

50,ft. The width is limited to 10ft. by law. Such a large 

trailer it? no longer carried by si passenger car. ^ 

Some statistics reported that 19 out o£ every 20 purchasers 

content themselves with mobile-homs-lives. 5 

However, why has a mobile home been rapidly dev©loped? 

The difference between a mobile home and a geodesic-shaped 

home fthe'second type), lies in the freedom from bondage to 

a site. Through this freedom, a trailer has some advantages; 

ease of moving and ’possibility of trade-ms. 

People have never appreciated the second type home, but 

soma of them have been satisfied by the machine-like home 

which the trailer is. Although trailers have completely different 

characteristics. They are still a kind of house. They do not 

need to follow the conventional types of houses, but they should 
« 

overcome the existing machine-like appearance and attain more 

1. Morris Wiii&tt, op. cifc. p. 3 

2. Frank Forgarty, op. cit. 

3. ‘'Homes for the Mobile. Population’*, Mobile Homes Manufactur 
era Association, Chicago, 1955 
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refinement. One attempt is that of folding fences in order to 

keep privacy, and allow larger windows to be installed there¬ 

by. Trailers can become more modern and lighter in appearance 

by such innovations. 

Prefabrication in Foreign Countries 

European countries manufactured prefabricated houses as 

early as the sixteenth century, 1 and exported them to this 

country. 

Walter Gropius is the most eager advocate of prefabri¬ 

cation. At the beginning of this century, he stressed the 

importance of prefabrication in Germany. However, the 

country in which prefabrication is most popularised today 

is Russia. 

In Russia, precast component parts have become the pop¬ 

ular building material. So far as is possible, the standardi¬ 

sation of materials and parts has been made nation wide, 

but scientific research institutions and other organizations 

concerned with the design of buildings---in particular the 

Moscow Building Construction Designing Office* the Special 

Architectural and Construction Bureau and City Construction . 

Designing Office---are working on the further development 

of standard building construction, and the improvement of 

1. See p. 9 
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Jig. 16. Russian Prefabrication 

1. Moscow University 
Civil Engineering and Public Works Review 
Vol. 49, No..576, June 1954, p. 601 

2. Welding steel bars in joint 
Engineering News Record 
Vol.163-1, Oct. 22, 1959, p.25 

3. Lifting slab system 
with precast concrete 
Ibid. 

walls 



4. Concrete panel building 
Engineering News Reoord 
Vol.163-1, Sept. 24 
1959 

Factory of concrete 
parts 
Civil Engineering and 
Public Works Review 
op. olt. 



existing design, i Over VO per cent of the residential and 

other domestic buildings now under the construction are being 

built from these standardised units* which are readily adapt¬ 

able for buildings of any number of stories. ^ Sven a building with 

a very special use, such as the Moscow University, was erect¬ 

ed from precast parts. A factory which i» shown in; Fig. 16 is 

producing over 2, 000 tons precast parts every 24 hours. ** 

Although, mout countries in the world suffered from the 

house shortage caused by the war, housing of a kind such as the 

Russian one seems a too easy way. Since the govern©meat of a 

socialistic country can do anything it attempts, the government 

should investigate and produce not only an economically stand¬ 

ardised residential buildings, but ones with rich variety which 

is satisfactory from the human point of view. 

In England, after the World War I, between 1918 and 1925 

a large number of partially prefabricated houses were built. ^ 

However, the English people preferred brick houses to prefabricated 

houses. Thus, they did not taka notice of prefabricated houses 

1. "Building Construction in the U. S. $. R. ", Civil Engineer¬ 
ing and Public Works Review, Vol. 49, No. 576, June 1954, 
p. 601 

2. Foid. 

5. Ibid. 

4. Kelley, -"The Prefabrication of Houses*1, op. cit. p. 15 
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Fig, 17. English prefabrication 

1. Punt house, 
Architectural review, Vol. 114, Aug. 1953, p.131 

» 

% • , 
4 * ' ,4 

1. exterior of Arron t/iree-hnlrooin /ionnr. 

2. Acron house, Ibid. 

N 

i' v 



Pig. 18. German Prefabrication 

1. Eeosnt precast concrete apartment hou.Be 
Ernst Balser,*Ein Baumeister Unserer Zeit 
(Hunchen, P. Bruckmann 1953)# p.156 

   i 

2. Pyramid house 
Interbuilt, Jan. 1959 

O-J 



any longer, when the normal economical ccmoUion came back. 

After the World War H, England found the way to export pre¬ 

fabricated housed, * And then it became one of Her major 

industries; from total earning of 80,000-pound* in 1949 to 

7,000,000 pounds in 195?*. They are being eaiported to more 

than fifty different countries,, The famous companies are 

Arena Ho use a with sheet metal and pipes, Biley-Newsum 

Houses with timber panel©, of 3*-4." module, 'Merdrum'e 

Precut Houses, Punt System1 2 3© Houses- for export, Hawksley 

for all kinds of a single story building, K, D. Houses with 

load-bearing walls framed with metal, B, M. £>. ■© Aluminum. 

Houses aad.Reema System Houses with precast ^concrete panels. 

In Germany, Christoph and Unmack Co. has been producing 

timber houses since 1882, and has exported them ail over the 

world. <• Steel and concrete prefabricated houses wore also 

produced at the beginning of this century, However, there 

is not a special feature in German pre&bric&tion. The pyramid 

House was'produced in 1959. $' Though idea is full of originality, 

it reminds people of & soldiers* camp. 

1. "Prefgbr Ication", Architectural Review, Vol. 114, (Aug. 1953), 
,pp. 128-132 ' ' 

2. Kelley, "The Prefabrlcatinn o£ Houses", op. cit. pp. 9-10 

3. "Invention*', Iaterbuilt, (Jan. 1959) 
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Fig. 19• French Prefabrlcatlon 

1• Precast concrete apartment house 
L*architecture P*au3ourd*hui, Ho.64 
(Mars. 1956), p.99 

2. Jean Prouve's aluminum house 
L'architecture D*au3ourd'hui, Ho.45 
(Nov. 1952), p.48 



Xii France, the Housing Exhibition. was hold in Paris, 1928. 

At that time, many prefabricated Sinuses ware exhibited. Jean 
/ 

Prouve who designed ’‘French Pavilion" in the^Intar national 

Fair, Br'ttssols, 1958, designed several aluminum prefabri¬ 

cated houses. One of the largest companies of prefabrication : 

is existing near the Seine. * lt»ws 7, 000 s. xn. and the site 

is 5 hectares. One of the panels weighs. 6 tons which is erected 

by cranes, 

I can hardly say that there is a remarkable development 

of pro fabrication in Japan. : However, -many mater Hals of 

housing are wall standardised; Tafeami floor mat, door, window, 

ceiling board, etc. Today, so mb public corporations are build¬ 

ing a great many houses with government funds. These cor¬ 

porations have several kinds of standardised types of houses. 

Therefore, it is possible to build such standardised houses by 

the method of precut. Japanese houses usually have plaster 

walls which are the most Inexpensive materials, because they 

consist of aoii and bamboo mu ah. .Low labor'cost and earthquake 

are the principal obstacles of prefabrication. Many concrete 

apartment houses are built by the public corporations, butathey 

are not prefabricated. 

According to recent news, however, Sokisui Chemical Co., ’’ 
* ? 

has some scheme to produce factory-made houses. a It is one 

1. ''Structure", Uarcliitoctu e JD'sittjaurd*hui* No. 64, (March 1956) 
p, 99 f 

2. "Sekisui Chemical Co., has the blueprint feS produce pre- 
■ fabrication", Nihon Kaissai Newoi .B®c, 14,. 1959, Mon, p. 2 
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of the la.rgost plastics production companies in Japan. At 

the beginning. Sekisui will produce particular / small houses, 

about 40 s. m. Tn® monthly output is oapectod l, 000 houses In 

I960, 2,000 in 1961» and 10,000 in 1965. When it is realised, 

it will be the first iai'gtsi .v'Compa.ny of pref&brleatioa in Japan. 

An experimental prefabricated house, vac ehovm in the 

exhibition of ’‘Architecture and L»if®'S Tokyo, 1959, * This 

house is 9* by 12* and the price is about 300 dollars* it seems 

suitable for a children's room. 

In most countries in the world, the development o£ pre¬ 

fabrication is very slow. 

The International Federation for Housing and Town Plan¬ 

ning reported a good example of such slow development of 

prefabrication. 2 It described that prefabricated houses have 

never been developed in the Netherland in spite of government 

aid. 

The reasons are the followings: 

1. Traditional house construction uses cheap 
materials. 

2. The coat of materials is higher than that 
of site labor. 

3. New methods of construction, aiming at the 
reduction of site labor, will generally need 
higher quality materials, which tends to be 
more expensive, 

1. Assembled Bouse'*, Shukaii Myojo, Nov. 29, 1959, p. 69 

2. Prefabrication and New Building Technique for Housing, 
Amsterdam, International Congress for Housing and Town 
Planning, 1950 
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Pig, 20, Miscellaneous prefabrication of foreign countries 

1.Australian prefabrication 
Australia, 1956, Vol.10 
No. 1 

Swiss prefabrication 
House and Home, Vol.15 
Peb. 1959, p.104 



4.1 Is is very difficult to co«i|i@aaats higher 
cost of materials by a reduction of site labor. 

As a result, it is‘reported Ihai'prefabricated bouses e&mxofc 

be developed in a country where labor coat is cheap and quality 

of building materials is not high. 



CHAPTER III 



THE FOUR SUBJECTS IN PR ^FABRICATION 

M&&& Production ana Prefabrication 

la our civiliaait-ion, facilities which are very eiabe- 

rate and functional, are usually mass produced la factories; 

watches, refrigerators, cars* typewriter®, etc* The labor 

cost of such products is too much to fee produced by man's 

hands. Buildings, especially residences, on the other hand, 

are very roughly produced in comparison with the modern 

facilities. In rooms of the usual] apartment house, sounds 

of airplanes, cars, neighbor's stupe and talking, cannot be 

shut out. Tenants who live in rooms next to a baby, may be 

irritated by its cries. We have the same situation in individ¬ 

ual homes. Can a husband read a book, while his family is 

watching a show on a television? Are temperature, humidity, 

artificial light, sun light, smell and any other stimuli, per¬ 

fectly controlled? The answer is “no". However, the level 

of living l© always going up. According to that tendency of 

people's lives, they fera going to be controlled perfectly in 

the futuee. 

Today, for instance, there are panel heating and lighting. 

Such surface lighting or heating is certainly more comfortable 

than that of line or point.1 When houses have such lighting, 

1. HJIectric bulb Is point lighting, and Clour e scent tube is 
lighting—Cas stove Is point heating. 
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we have to shut out outside moisture from panels, which, 

have electric currant. Though* this is one oaampie, it can 

he a&id that the very elaborate eaaaittuction is necessary for the 

more functionally designed, house* Doubtless, perfect acoustic 

control and air conditioning will be required. 'If'functional ' 

quality ia • required for every -part of a hoaec to the utmost extent* • 

a house, can no'longer he buiit with the traditional building mater** 

iale' and by man*® bands-. One fact is proving this, that is to say* 

commercial buildings in down town which require very high and 

functional qualities* are being built wife many prefabricated parts 

already which can he seen In Sweet*s Catalog. Gradually, houses • 

cannot be built without mass produced component parts* The level. 

of living has been raised by means of modern Industry, and there¬ 

by very useful massproduced products can fee Obtained at very 

low price* People*a living standards are still rising. Hew and 

better thing arc always being looked'for* 

The time will corns sooner than people anticipate, whan housing 

will be very industrialised, that is to say* prefabrication will be 

employed for housing. Me.es production will bring this about. 

Such, a trend toward Industrialisation cannot be avoided. 

Ready-made Products and Architecture 

Many rate* mass production of standardised, ready-made 

products ia the most economical way for industry* However* 

the house* which are being mass produced in-this way* cannot 

be considered as a satisfactory answer. 
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Fig. 21 Space Sculpture, 
Georges Vantongerloo, 1951 
Andrew 0. Ritchie, "Sculpture 
of the Twentieth Century" 
(Hew Torki The Museum of Modern 
Art), 1952. p.154 



The design of a house ahould be the most suitable for its 

occupants and for the sits, Each site has a particular orien¬ 

tation, climate, asad surroundings. People have particular 

tastes, and requirements for their houses. Thus, it ignores 

human feeling undoubtedly, that standardized ready-made houses 

are mass produced and sold to many people. Furthermore, a 

man hates to have the same thing that other people have, because 

he likes to keep his individuality. He, however, usually relies 

upon designers, or buys the most suitable ready-made thing for 

bis purpose. If he finds that somebody has the same thing as ha, 

be will bo displeased by the lack of individuality. Individuality 

is so desirable that people like art which is an expression of. 

pure Individuality, Thus, X cannot agree with mass production 

of complete ready-made houoes. However, standardized parts 

may bo mass produced from the esthetic point of View. JQven 

if ready-made parts are mass produced, considerable variation 

to possible bya combination® of the parts. As shown in Fig. 21, 

a masterpiece can be made by the combination of the dull six 

rectangular bars. 

Standards end fie sign 

Everyone knows that U standard la important. In fact, 

moat building materials have standardised forms and qualities. 
* * 

Buildings &&st fee simply designed and constructed by the use 

of standardised materials. Standardised materials are 
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Pig. 22,Katsura Imerlal Villa 
Sutemi Horiguchl, wKatsura Imerial Villa”, 
(Tokyoi The Malniehi Shinbunsha, 1958) • 
Picture No. 19 



Pig* 23, Variation of Tatamis 

2. Enjoji, guest room 
Nihon Kenchiku Gakkal, "Nihon Kenchikushi 
Zushu*, (Tokyo* Shokokusha 1953), p. 18 



Fig* 24, Variation of Shojl Sliding Poore 



jSccmomie&l, too. Functional data can easily be found from 

a table, structural, acoustic, or thermals Furthermore, 

it ia desirable that architects design buildings within a limited 

time and they like to concentrate their effort upon the creation 

of beauty rather than functional problems. 

To what extent can standardisation be employed? What 

extent is satisfactory? If entire buildings are standardised, 

the question will arise whether there is any flexibility of design. 

Standards are selected after consideration of a great many facts. 

Paradoxically speaking, standards should be suitable for general 

cases. Today, a million new houses are being built every year 

in the United States. Height of the ceiling, sise of living rooms, 

aise of bed rooms, and finish of these rooms are almost uniform. 

Thus, standarisafcion can be applied to houses to a greater extent 

than at present. 

If standarlzation of parts on a large scale is employed nation 

wide, many manufacturers will compete to produce very functional 

and beautiful parts. Then we can get variety. 

In Japan, for instance, the bade design of a house has been 

standardised by a three feet module. ^ Plan of a room consists 

1. Because, also ©I Japanese mat {tatami) is six feet by three 
feet, and sometimes three feet by three feet. ' Tatami means 
’’folding” in Japanese. It was a very thin folding mat, though 
the thickness is about 2 1/2” today. The floor which was 
covered with tatami completely, has appeared since the twelfth 
century. At that timer sise was not standarised, 
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Fig. 25* Variation of Rooms (which have tatamis and sho;Jl 
doors) 



Fig. 26, Possibility of infinite design, 

Between A and B, architects can save much time 
and effort in routine work. 



Pig*27, J.Johansen, Concrete Shell House 
House and Home, Yol* 17 (Jan* I960) 
P.139 



of three feet by three feet modules. Furthermore, In Edo era, * 

there was Kiwari^ which standardised every ratio o£ sice between 

two members. For instance, hero is an example in that of a temple 

If the diameter of a round column is d, the height o£ a decorative 

beam, namely Kageshl, shall be 0. 6d. ^ However, in that era, 

architects could design many different buildings according to such 

standards. The general form is vary simple but this simple form 

has been refined for many years. They could design beautiful 

buildings such as the Katsura Imperial Villa. 

Each standardized parts has many variations. A tatami, for 

instance, is not of on© kind. Many manufacturers arc producing 

their own tatamis. A tatami consists of edging, a surface mat, 

and a tatami bad. Two pieces of edging, which protect the corners, 

are made of cloth. The edging can have various patterns and tex¬ 

tures. Just bkek cloth creates a vary neat and distinguished 

pattern of chrysanthemums, the fatamis gives some mild but 

noble feelings, A surface skin can have many different textures 

and colors. A tatami bed can hasra many variations of hardness. 

The size of ahoji, sliding paper doors, is standardised. 

Shoji doors have various patterns, too. Thus, we can design 

various interesting spaces for rooms. As shown in Fig, 24, 

1. between 1615 and 1868 

2. '’History of Japanese Architecture", Kenchiku-gaku Talkei 
Vol. 4, {Tokyo: Shokokuoha 1958), pp. 323-327 

3. Ibid. p. 324 

-30- 



They are full of imagination. Fig. 23* these small rooms 

are divided by fcatami-modules. fe can get infinite forms 

by the use of ta tain is and shoji doors. 

Therefore, if ceiling, roof, floor and wall are paneliaed 

by standardisation, it does not barm the freedom of design. 

Especially today* we can have various materials for finish. 

Such standardisation is very helpful in the production of 

various new component parts. We caa use many building 

parts with .a variety of textures and colors. 

One can hardly say that these panels caa be used for other 

buildings, because other buildings have other functions. Houses 

are the most suitable buildings for the standardisation of large 

parts, because houses are being built in a great number, and 

they have almost the same function. However, in the existing 

situation, we can see more standardization component parts in. 

non-residential buildings than houses. More studies for stand¬ 

ardization of large component parte for houses are necessary 

todfy. 

Some special bouses, like the J. Johansen’s house, cannot 

be built with" standardised panels, no matter how standardisation 

may be developed. However, such & special case cannot be con¬ 

sidered in standardisation. It is only applicable to the general 

cases. 

As shown in Fig. 26, we can have infinite designs thought 
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f.ha use of building raatsrials. We can have infinite designs 

through the use of standardised component parts, too. Through 

the usoof standardised component parts'we can develop a new 

field of architecture. Such standardised parts have already 

been examined and studied by many people and there are funct¬ 

ional data on .them. 

We can develop our design from an advanced stage—*\ve do 

not need to find functional data, of each material;' We do not 

need to draw routine details. So, we can concentrate our effort 

on the creation of beauty. Today, architects are repeating routine 

work in ©vary design, because most houses have the same height 

of ceiling, width of rooms and finishes. With standardisation, 

much time could be saved in routine work. 

Metal Frame and Prefabrication 

For prefabricated component parts, important conditions, in 

addition to esthetic, functional and economical qualities, are the 

following: 

1. Quality of parts should be constant. 

2. Parts ahold have dimensional stability. 

3. Finish of parts whould be durable during trans¬ 
portation and assembly. 

4. Parts should have light weight. 

5. Parts should have various finishes and tedturea. 

6. Parte should have firm and precis® joints. 
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In, the consideration of these conditions, metal, especially 

aluminum, has much, better qualities than wood. Wood has only 

1/4 of aluminum's weight. However, shaped aluminum is much 

stronger than lumber and has a constant strength. The finishes 

of aluminum are various and -durable; anodise, plastic paint, 

porcelain enamel, etc. Various taxturds of aluminum can be 

produced by very simple pressing machines. Furthermore, 

any column or beam with the section of very complicated shape, 

can be produced by means of extrusion which requires only a die. 

Thus, aluminum Is extending its sphere in the field of building 

materials, Tha strength-weight ratio of the metal is so tre¬ 

mendous that it is predominant for frames among building 

materials. Metal sheets, wire, and cable also will be used for 

prefabricated component parts. 

In the pr ©fabrication of a house, the skoitoa is usually made 

with lumber. However, if wooden frames or skeltons are used 

in the existing way forever, prefabricated houses cannot be 

developed, because wood is not a suitable material for assembling. 

In prefabrication, joints should be made with metal. If we are 

using metal, we can produce all parts of a prefabricated house. 

Since the usual existing prefabricated houses are made with wood, 

the cost of the prefabricated house consist® of on© part for its 

package and two parts for construction on the site. This means 

that the existing prefabricated parts are not prepared completely 

for assembling. In other words, there is much site-fabricating 

work. 
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Doubtless, it is ideal that a prefabricated house consist 

of frames and panels, because panels cab be changed accord¬ 

ing to inhabitants* or designers * will. Such alternative panels 

can be produced by many competing manufacturers. 

In the consideration of the maay reasons which were mention¬ 

ed' previously, a complete assembling system of metal panels 

and frames, is desirable for a. prefabricated house. 

There are# of course, some problems such as high thermal 

conductivity of metal and lack of soft touch for inside finish. To 

overcome this, some combinations with laminated wood, piastic 

foam, and soma other boards may be applied* 

At any rate, the component parts should basically be made with 

metal as the principal material. 



CHAPTER IV 



THE APPLICATION TO THE ACTUAL DESIGN 

General 

Looking at the history of pr efabrication, we can find time 

prefabricated houses in the character of a permanent house* 

was not produced until the beginning of this century. Though 

there are soma prefabricated component parts today, the real 

development of prefabrication, in which the most suitable 

materials are used far prefabrication and tho proper features 

of prefabrication are applied to buildings, is still in the future. 

Many other industries have driven machines and given rise 

to the Industrial Revolution, and thus may foa making the golden 

age of civilisation. It seems strange that, at this time, the 

method. In which people construct buildings with pieces of 

building materials on the site, is applied in many cases of con¬ 

struction. In. general cases, tho full use of machines is not 

made. However, non-residential buildings, especially sky¬ 

scrapers, are in a better situation than houses. This has been 

mentioned in the following quotation; 

A curtain wall plus skelton cage can be added to tho 
historical listing of construction methods, along with 
the post and lintel, arch, and vault. 

Houses, on the other hand, are still behind nf this modern 

ago, In tlie United States, 1,350,000 new hcmsec 2 were built 

1. James 8* Hornbeck, “A Review of the New Skyscraper'1, 
Architectural Record, Voi. 121, (Mar 1957) p. 223 

2. 
M
NOW8m, House and Home , Vol. 16, (Dec 1959), p. 48 
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Fig. 28, A modern panel!^ed house, by Eiji Hired 
Details are explained and shown in 
the following paragraph and drawings. 



in the last year. Of these* the houses which were built by 

prefabrication were only 80,900, 

There are some reasons for it. That is to say, there are 

many people who think that brick is the best house material, 

or the colonial style la the ideal one. I will not say anything, 

if those people utlll think so, after they undei'sjta.ni)» the modern, 

styles pis house* However, it is blind of them. Architects 

should help them to understand t&at there are many modern 

and light styles of houses* 
£*■ 9 

Here is an example, lu Fig. 28, which shews a light and 

simple house. This lightness and simplicity are the features 

of prefabrlc&tion. We should not pnv»l&t in the colonial style 

in any case, especially in prefabrication, Tlie prefabricaten 

which I want to realiac, Is the prefabrlcaiion in which penal¬ 

isation is-applied to the utmost extent. And 1 believe that wo 

can make and keep our houses and neighborhoods beautiful by 

such pxe fabrication. For this to bo so, the following two 

things should Happen: 

• 1. The nation wide standardia&tion of panels should be settled. 

2. The design, of a group of residences, which is more than 
one block, should be dona on the responsibility of an able 
architect. 

The. reasons are: 

1. Standardisation is necessary fe>s the development of panels. 

2* The construction of a huge residential area by builders* 
plan, retards the development of prefabrication. 
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Fig. 29* Deteriorated house in a blighted area* 
Houston 



hi any large city, there is always a blighted area, It 

was caused by the very complicated reasons following: 

1. Houses in an old residential area, deteriorated to 
a great eatant. 

■2* A raaideatial area became not suitabl for residences 
because of the invasion of a commercial area or in* 

' dustriai area through lack of solving the problem of 
zoning. 

3. Since the owners wanted to sell the site to commercial 
or industrial businessmen. at a good price* they did not 
take care of their wornout houses* 

4. Finally, together lower income people gathered and 
middle income people ran away* 

Among tiiam the primary reason is (l). As shown in Fig* Z9» 

the residence in the blighted area, Houston, is already too 

obsolete to be repaired. Is there any way to protect such 

deterioration of houses? 

In p ^fabrication, old parts of a house can easily be replaced 

by new one® because they were assembled****specially panels* 

However, the replacement of the usual brick bouse or timber 

house, requires much time and much coat, and s onetimes such 

work bothers not only the inhabitant but also neighbors very 

much. In a paste Used house, it is easy to replace old-fashioned 

wall panels by new ones whenever the owner wants* If he -calls 

the shop of standardised panels and orders panels by catalog 

number they will bring the panels in & few days and replace 

them. Such, panels &a were taken off could be traded in and 

be repaired in a shop* Such repaired panels can be sold as used 

panels. It ia impossible to replace panels by windows or doors. 
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People's tastes are improving and simultaneously they 

are getting wealthier, No matter how durable things may 

be, they will deteriorate eventually. Furthermore, panels 

which are exactly to the owner's taste today, may not con¬ 

tinue to be his most favorite things for a longtime. At some 

time, he may replace them with better ones through the economical 

way of the trade-in system. 

People renew their suits, cars, and furnitures-—in Japan, 

shoji doors and tatami mats, too—which have already been 

used for a long period. Why can't we renew our houses? 

Though it is possible to move to a new house every few years, 

it costs a great deal and takes a long time. Generally speaking, 

one is more apt to do something, If he can do .it in such & simple 

and easy way > as the replacement of panels. 

As shown in Tbbie 1, over ten per cent of ail new houses 

were trailer houses in recent years. It may be one of the big¬ 

gest reasons that the owner can trade his trailer any time he 

wants, and can live in a new one. 

Anyhow, to be able to live always in a new environment, is 

a pleasant thing in our lives. The worst evil of a city, a blighted 

area, can be kept to a minimum by a pane Used houses. 

To try to answer the question whether all people are going 

to live in houses of the same kind or not* if there is standardisa¬ 

tion of panels,I Emphasise again that standards can lead to the 

increase of variation. Standards can always be improved. 

-3d- 



There may bo some confusion at the beginning, when such 

standardisation is applied nation wide. However, the good 

ones are going to be selected finally. Standardisation does 

not limit panels to one else. 

The ceramic industry produces standardised tile panels 5 

panels of mosaic tile, exterior, tile, brick tile, ceramic grille 

wall* etc. 

The metal industry produces metal panels; panels of capper, 

branse, ©tinlass, aluminum, steel, brass, etc. 

The plastics industry and the. laminated wood industry can 

produce their special panels. 

The cement industry can produce cement board panels* too. 

Doors and windows can be considered as panels. 

A 1,000 square foot house, has at least 100 panels constructed 

with 4 feet by 8 feat panels. Since almost a million houses are 

being built in the United States every year, a hundred million 

panels are necessary if all,houses are built by panels. Thus, 

there is no problem in the number of panels being too few to be 

mass produced* even if there are a hundred different panel- 

production companies. 

An aluminum 4 inch thick panel can bo made less than one 

dollar per square foot if it is mass produced. * 

1. ‘'This 196X Panels is Ready Eight Now", House and Home, 
Voi. 15, (Fob 1959), p. 142c 
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Fig* 30t Section of the panelized noil* 
Example■ of various typo* of fresco 



V 

fig* 32, A Japan**# garden, Uhl oh o*n b* *c«n 
fron living mat* 

» 

4 

* 



Since fifty cent of frames and twenty cent of assembling cost 

have to bo added to it, the cost of panel walls and roof is about 

one dollar seventy cent per square foot.'** Thus, panelvied 

houses are not expansive. They are cheaper than the brick 

houses which have tile roof and gypsum board ceiling with 

insulation. 

Frames can be produced in a rich variation. There are 

many methods to join frames and panels, as shown in Fig. 30. 

A fence which encloses a garden, can be panolized. All 

houses should have their own gardens, which people can enjoy, 

A brick fence requires a heavy foundation and many buttresea. 

However, in a pane Used fence, little concrete around a foot of 

a frame, can beep the fence standing. 

In Japan, a garden is a part of a house. A garden which 

can be seen through glass doors, is a part of a living room 

for us. Sven if a living room is small, the scene of a garden 

cannot give us narrow foiling. If we want, we can move around 

in and enjoy our gardens. Whether it is a sunny day or snowy 

day, the nature of the garden may give us the variations of 

four seasons. Garden can give us more various atmospheres 

than the replacement of furnitures. 

1. In Drawing Mo. 2 weight of the frame ie 0. 740 pounds pot- 
square foot of panels. Tha price of aluminum frames is 
about 70 cents (See Aluminum in Modern Architecture Vol. 2 
p. 131}. Thus, 70 cents ;t 0. 74 *50 cents. 
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laths* case of a huge residential area where houses are 

built by prefabrieafcion, builders are apt to build uniform 

houses in a uniform arrangement like soldiers in a line. It 

ignores human feelings. Many variations should fee made. If 

possible, all houses should fee designed according to the require¬ 

ments of those who are going to live in them. In ord®? to • 

eliminate the design of such an undesirable residential area* 

an able architect should design it carefully. This should bo 

required fey a national code. 

We can say tho same thing in non-residentaii buildings. The 

buildings in the Kecks feller Center# are stupendous, but they 

seem to show that any building will become dirty, after many years. 

Such buildings which were not assembled are hard to renew. 

However, facades of paneiis&d buildings can more easily be 

renewed. Commercial buildings in the downtown area or a 

shopping center, should attract pedestrians. However, people's 

feeling for a color change according to the climate and season. 

Under the sunshine in summer, they do not like rod. They might 

favor blue which suggests a lake in the woods. At the Christmas 

season, they may like a warm color and a complicated pattern 

which recalls a romantic memory c£ childhood. Mo building 

needs to keep its facade forever. We should think how to make 

it most beautiful in any season. If a building has two sets of 

panels, one set can be specially finished while the other panels 

are installed in the building. 
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if the -building aiw&yb attracts people, the additional coat 

of the extra panel® can be compensated for by the increased 

profit,- Though curtain walls are being used'for many other 

reasons, we. should not overlook this possibility of renewal of 

a building. 

•At any rate, pi*©fabrication has new possibilities. Such 

new advantages should bs developed. 

The prefabricated homes with the simple and light ap¬ 

pearance which can always be changed to & ItSW OH©* c&t\ 

make and keep our houses and neighborhood charming. 

The Suitable Module 

The modular ‘dosign with 3,! or 4“ is very useful for the 

use of small component parts. The prefabricatioa of my 

design needs larger modules of width and height for panels.. 

The larger units can simplify the design. 

There should be panels and frames, because panels should 

be able to be replaced. Though there can be many schemes, 

I have chosen one. 

AJ shown in Fig. 33, a basic longitudinal length of a panel 

is 7 feet, and additional panels can be added according to the 

suitable height of the ceiling. Seven foot high doors are neither 

too high nor too low. The longitudinal length of additional panels 

are from 1 foot to. 3 feet* 
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The width of panels is 3 feet 6 inches. If it is 4 feet, 

the minimum width of a room is 12 feet/ because 8 feet is too 

narrow for a room. In general, there are many bedrooms of 

9 feet by 12 feet and 12 feet by 12 feet. If a module is 3 feet, 

the minimum width of a room is 9 feet. However, 9 feet, is 

not practical for a room. In Japan, there is 3 feet module, 

but they are going to change to a meter module, which is 3 feet 

4 inches. If a bed is set in 9 feet wide room, the remaining 

space is very narrow. Thus, 3 feet 6 inches module is more suit 

able for houses even than that of 3 feet or 4 feet. The 10 feet 

6 inches by 14 feet bedroom, which is based on 3 feet 6 inches 

module, is much more comfortable than that of 12 feet by 12 

feet. 

In addition, the email module, 3 inches or 4 inches, makes 

design too complicated, and also it is not suitable for mass 

production. 

The Suitable Materials 

In the previous chapter, I mentioned that metal is the most 

suitable materia! for prefabrication. Metal should be used for, 

the part of joints, because wood, cement, ceramics and plastics 

are not suitable for the precise joint. Each of thorn has some of 

the following disadvantages: brittle, soft, dimensionally unstable, 

etc. 1/16 inch and 1/8 inch clearance of joints are possible in the 

case of metal joints. 

Ceramics, cement board, plastics, wood, laminated wood 
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and any other material may be used for finish, Finishing 

materials should have many variations. 

The material of the core should be light and the insulation 

should be suitable; mineral wool, glass wool, foam plastics, 

paper honeycomb, etc. The ideal is that three members of a 

panel (frame, core, and surface skins) co-operate statically. 

For instance, paper honeycomb or filled foam plastics which 

is rigidly stuck to frames-and finishing skins, can back the 

skins. The skins can be vary thin. Such .panda can bear a 

considerable load. They are very suitable for roof and deck. 

Since exterior finishing skins are not touched by men’s 

bodies, but are looked at from a distance, metal, rough finish¬ 

ed stucco, or exterior tile can bo used for exterior finish. The 

principal point of functional problem Is durability against weather 

In interior finish, metal gives so cold a feeling that it had better 

be avoided# 

The thermal expansion of aluminum is 0.0024% per C degree. 

In the usual place, the scope of variation of temperature is about 

40 degrees. If the variation is counted from the moan point, it is 

20 degrees. Thus, the expansion of 7 feet panels is: 

0. 000024 x 20 x 7 = 0. 00336 ft.    1/25 inch 

Thus, this is not so serious a problem. 

One of the most important materials is joint sealant. Today, 

rubber based sealant like Thiokoi, is used for curtain walls very 

often. However, there is no perfect joint sealant which never 
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becomes dey. A material which is flexible forever should be 

developed m future.' C^tsiklag compound an& neoprene are 

still far from the ideal one. 

Details of Design 

The perspective of my design* Fig. ZB, shows a new way 

of prefabrication, of a house. This house is more luxurious 

than the usual one. The floor space is 308? s. f. which includee 

784 G. £. of the garage. The cost of this house par square foot 

caifcb© estimated at approximately 10 dollars. 

It is one of my most important opinions, that prefabrication 

is not only for the low cost bouse but also for all other houses. 

We should try to correct people's misunderstanding of prefa- 

brication which they consider only as the way to build makeshifts. 

Prefabricatioxi is the way to build buildings economically but is 

not the way to build cheap buildings. Prefabrication ia a new 

and progressive method of construction. By its use, we can 

build not only the low cost house but also tho luxury house. 

Prefabrication should be very flexible for design. As shown in 

Drawing No. 3, we can have many kinds of panels. These 

panels are standardised and mass produced. The costs are 

naturally losv; the Monsanto Co. announced tnafc they will pro¬ 

duce plastic panels as low as 80 cents per square foot. How¬ 

ever, we can use broase frame and marbel panels. We can 

use any luxury material for panties , I have employed aluminum 

frame, because it does not need a large machine. If we have a 

die, we can extrude thousands of foot of complicatedly shaped 
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Pig* 35* in example of roof panels* 
If panels are connected vith overhangs, 
there should be many types of panels* 
They should be separated* 



Pig. 36, An example of an aluminum panel with foam 
plaatlc core 

1. Detail of some existing penalised house 
House and Home, Tol. 15, (Hob, 1959), p.l42e 

2, Strength of an aluminum panel 
Architectural Perum, Vol. 111, (Sept. 1959), 
p* 146 



aluminum. Aluminum can have many kinds of finishes as 

mentioned previously, Aluminum roof can reflect radiant heating 

of the sun. As shown in Drawing No, E and Ho. 3, we can replace 

any panel by any other panel any time we want, inside or out. 

At thattlme , we do not need dirty, wet - material?, many kinds 

of tools, much work of many kinds of special workers and much 

time. There is no waste. We need only few panels, frame mem¬ 

bers, screw drivers and filling tool of joint sealant* The re¬ 

placement of walls can be finished in a short time anti the 

removed panels and frames can be traded in. 

Another important point is that roof panels do not -include 

overhangs. If they are connected in oa® panel, we need many 

kinds of roof panels. As .shown in Fig. 35, this house needs 

many kinds of roof-panels. Furthermore, if an additional room 

is added, the problem becomes more complicated, la order to 

avoid such complexity, roof panels should be separated from 

overhangs. Wo can install overhangs any place we want. In 

my prefabricated house, variation of plans is infinite, 

Rainwater can. be- completely shut out. Any interior panel 

has thick insulating material. Thus, sound control is very good. 

There is no wasteful material; roof and ceiling are composed 

of one panel, panels and frame work together against the load, 

and furthermore surface skins, frame and core of a panel work 

together against load too. 
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Piping, wiring, and. duel work arc doao under the floor. 

Thus, we can easily ins-pact and replace them. Lighting may 

be installed inbeams, slace electric ■•■wire can.bo put in. j|r&me* 

A floorewitch lor lighting is used instead.of a wall switch. 

The paneiised fence in my design is much more economical; 

•and simple than that of bricks* This fence keep privacy* even 

if & house is like a glass case. ■ The inhabitant can enjoy his 

own garden through large glass windows, without any. disturbance 

from the street. In comparison with.the usual house, this house, 

without doubt* is much more modern &»d beautiful. 

This profabircation has a potential which enables us to de¬ 

sign various typos of a house through its use. 

We do not need to follow the traditional types. The new 

method should create new type of a house. Furthermore, we 

should not forget the flexibility of design in prefabrication. 
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CHAPTER V 



CONCLUSION 

Standardization of components should have in mind the 

greatest ease of assembly at the site. 

The role of the architect is to use these standard parte 

in an imaginative fresh way to achieve the variety which clients 

desire. This will inevitably involve the architect in the design 

of the parts instead of leaving this to the manufacturers who 

tend toward variation instead of.nation**wide standards. To 

summarize, I will state my opinions on the prefabrication of 

houses in an itemized way: 

1. It was only thirty years ago that people realized ttei t pre¬ 
fabrication is not alone the method to construct temporary 
houses, but is the most rational method to build houses 
according to modern industry. Then many Institutes started 
to investigate it, and many enterprises started to produce 
prefabricated houses for permanent use. 

2. As we can see in this country and foreign countries, & pre¬ 
fabricated house has not attained its own proper beauty yet.' 
Prefabrication in non-residentiai buildings has developed 
more than that of houses. 

3. Among the three styles of prefabricated houses (see p. 14), 
a trailer house is the most developed. This is an interesting 
fact. 

4. The trend of construction of houses toward prefabrication, 
cannot be avoided. Prefabrication i3 the future in housing. 

5. The principal aim of prefabrication is construction of not 
only better, but also more economical houaes in shorter 
construction time than the usual one. 

6. It is desirable that prefabricated component parts be mass 
produced and be of various kinds, functionally and esthetically. 

7. Such small buildings as houses which have a common function 
or purpose, and are built in a great number, should be con¬ 
structed with .larger standardized parts like panels, because 
an architect can concentrate his effort on the esthetic problem 
ivither than routine work. 
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8. Standardization of large component parts does not harm 
freedom of design. 

9. It appears to me that metal is the most appropriate and 
flexible material for the fastening system. 

10. Standardization of an entire house is not desirable. 

11. Architects, engineers, builders and manufacturers of 
building materials should co-operate and investigate the 
prefabrication of houses. 

12. In order to develop the prefabrication of houses, we 
should get people to understand the modern style of a 
prefabricated house, which has light and simple ap¬ 
pearance. 

13. By means of prefabrication, we can make and keep our 
houses and neighborhood beautiful. , 

14. The following two items are. important for the develop¬ 
ment of the prefabrication of houses: 
a. Nation wide standardization of panels be settled. 

b. The design of a group of residences, which is more 
than one block, should be done on the responsibility 
of an able architect. 

15. We. can live always in a new environment by prefabrication. 

16. Even if many companies produce many kinds of panels, 
since a tremendous number of panels are required every 
year, there is no problem of the number of panels being 
too few to be mass produced for each company. 

17. Each house should have the panelized fence; 

18. The module of a panelized house should be as large as 7 
feet by 3 feet 6 inches. 

19. Prefabrication is the way to build buildings economically, 
but is not the way to build cheap buildings. 

20. Roof panelsdiould not be connected with overhangs. 

21. Prefabricated parts should be available for infinite designs. 
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At the end, I should like to emphasise again that a house 

is the place where a family enjoys its life. Thus, the pre¬ 

fabrication of houses should be led in the right direction so 

that such a house has an esthetically pleasing and comfort¬ 

able atmosphere. 
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