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Introduction

1. In the summer of 1964, Miss Pal Tindale, a member of the
research and development group of the Ministry of Housing and
Local Government, spent three months in the United States of
America, studying current technigues of house construction.
Fifty visits, mainly in the mid-west but covering many parts of
the United States, were made to home manufacturers, builders,
materials producers, trade associations and individuals concerned
with housebuilding.

2, The study was sponsored by the Ministry and by the Roval
Institute of British Architects, through the award of the Alfred
Boszom Rescarch Fellowship. The United States federal agency
for housing—the Housing and Home Finance Agency—advised
on the programme and arranged the itinerary. Through their
co-operation, It was possible to cover a lot of ground, both
literally and metaphorically, in a short time. This service was of
great value and was much appreciated; o0 1oo was all the assist-
ance recgived from the building industry in the United States,
This opportunity is taken to thank all the individuals, firms and
organisations, who so generously gave time and information,
and who were the source of so many stimulating ideas. For the
sake of clarity, names are noi generally meniioned in the texi,
but a list of visits is given in Appendix 1.

3. Much has already been written about housing in the United
States, and some books deal with its constructional aspects; a
list of the books which provided excellent background informa-
tion 18 given in Appendix 2.

4. This study does not set out to provide a comprehensive
review of LS. housebuilding, or homebuilding as the Americans
prefer Lo call it; it is a report of materials and components seen,
techniques and processes observed, and of methods and ideas
discussed, during a period of three months, and which, it is
thought, will be of inmterest and relevance (o those concerned
with housebuilding in Britain. It is written by an architect, and
50 the descriptions of factory processes and site operations will
seem amateur to manufacturers and builders; they are not
intended to provide detailed information for specialists, but to
give architects an insight into the potentialities and disciplines
of designing for industrialised housing as practised in the United
States.

5. For LS. practice has much in common with British. Houses,
rather than fats, predominate, and timber is one of the principal
materials used. The traditional U.S. frame house (in British
parlance, load-bearing timber panel construction) is built, of
course, almosi entirely of timber, and with current technigues
site labour is used efficiently and the product is good value for
money. In the United States, as here, there has been, and is, a
need to reduce the amount of site labour used, not because there
is a shortage, but because of its high cost. The techniques of
fabrication and the site assembly of timber components for
housing have been developed continuously over the last thirty
years, and the use of these methods has become increasingly
widespread. LS. expericnce is thus of particular interest at this
time when there are many experiments in this country using
similar forms and techniques of construction with the same aim
of achieving a reduction in site labour. Finally, the study tour

provided the opportunity to study other developments in methods
of construction, and in new materials and products.

6. The study begins with a brief description of the U.5. housing
market, of the people concerned and of the setting within which
they live and work. The main part of the report describes frame
construction, its development, methods of fabrication, site
operations and assembly, and cost and manhours.* The report
concludes with chapters on the remarkable development of
mobile homes, and on other methods of construction,

* The arrangement of the report in sections on construction, fabrca-
tion and assembly means that many elements are referred to in two or
three places. To facilitate the extraction of all information on an
element or component, a cross reference is given in Appendix 3,



1 suburban development
Sun City, Arizona.
Builder: Del E. Webb, Phoenix, Arizona.

2 suburban development
Dallas, Texas.

Bulder: Fox and Jacobs, Dallas, Texas,




The US housing market

7. As the development of homebuilding, and its techniques, are
shaped by the requirements of the people for whom the homes
are designed, by the community’s attitudes towards planning and
the financing of homebuilding, and by the geographic and
economic conditions of the country iiself, the seiting within
which homebuilding takes place in the United Siaies is described
bricfly in this chapter. Most of the material has been drawn from
Housing and wrban development—U 5.4, A curvent review, 155ued
by the Housing and Home Finance Agency® in January 1964,

The customers

3. Increasingly, Americans live in the ever-expanding suburbs,
and beyond these suburbs there streiches apparently limitless
open country (Figures | and 2). With this abundance of potential
building land—the United States has an area over sixty times
that of Britain, but a population only four times as large—the
preference of American Tamilies for single-storey  detached
houses appears to them to be realisable. This demand the
American builder sets out to satisfy; from 1954 to 1963, 80%; of
all the homes built were single family structures, and 69 %] of the
housing stock is of this type. Of the remainder built during this
period, there were some attached houses of various Kinds, but
the majority were flats.

9. Most of these homes (in 1954-63, 82%, of all the housing
units built) were for sale. By 1963 home ownership had increased
1o 637, compared with Britain’s 439,. Ownership on this wide
scale is facilitated by the Federal Government, whose financial
policies for housing have developed from measures taken during
the carly 19305 to secure homes for their occupiers during the
depression, and subsequently to encourage private investment in
residential construction. Through the agencies of the Federal
Houszing Administration and the Veterans Administration, the
Federal Government insures or guaraniéess money lent by
private investors for morigages, promising to redeem the
mortgage or reimburse the lender in the event of foreclosures.
A 1% charge is made for the F.H.A. insurance premivm, but
this 15 compensated for by the fact that money lent for F.H.A.-
insured mortgages tends to attract slightly lower rates of interest
than conventional mortgages. The advanages to the homebuyer
of an F.H.A.-insured mortgage are low down payment—as little
as 3% —and a term which can be as long as 30 to 35 vears; the
average loan is for 24 vears compared with 15 vears for a con-
ventional loan; this, of course, reduces the amount of the monthly
repaviment considerably and thus lowers the income limits lor
mortgages. In addition the F.H.A. approves the construction
of the houses it insures and inspects the work in progress, so that
the purchaser is assured of reasonable standards of workmanship.

10. In post-war years, insured or guaranteed mortgages by
F.H.A, and V.A. have been used for 20-50%; of the howses buill
eiach year. Most of these houses are in the medium price range.
For higher-priced houses, conventional financing i3 more
favourable; and in the lower price range it is ofien adopied of
necessity because of the lower constructional standards of the
house or because of the extremely limited financial capacity of
the purchaser, who may need a second mortgage, and this is not

* Mow part of the new D;:p-lrl:n';:n-l of H.ﬂllsil‘lu un:i Urban Develop=
meent. v

permitted under F.H.A. rules. In addition to making home
purchase easier for many familics, the F.H.A. and V.A. have
had a wider effect on the homebuilding industry. Together with
the Federal MNational Mortgage Association, which provides a
secondary market for morigages, their policies help o smooth
the Alow of money into homebuilding, F.N.M.A. buys mortgages
when credit is tight, in order to alleviate pressure on interest
rates, and to keep a supply of funds available for new purchasers.
F.H.A. can dispose gradually of propertics acquired through
foreclosures, thus helping to maintain stable market prices.
Finally, builders can obtain construction money more easily for
F.H.A.-approved structures,

11. Although the extent to which Federal Government action
succeeds in creating stable conditions is a matter for discussion
within the industry, there is general agreement that it has been
instrumental in increasing the number of potential home-
owners and thus the overall turnover of the industry.

12, Of the 18% of housing units buailt for rental during 1954-63,
only a small proportion, 1-2%,, were for public ownership. The
official policy is that privaie enterprise should be encouraged 10
serve as large a part of the need as it can. Renis in public housing
are frequently set for each family in relation to its income and
not to the size of the accommodation, and there is an upper
income limit for admission. The intention is that residents shall
remain in public housing only until they have a large enough
income to buy or rent decent housing in the private market.

13. Architects as agents for the client are not much in evidence
in homebuilding. There are, of course, individually designed
houwses, but these are few and usually luxurious; public housing
schemes are architect-designed. Most housing is initiated by
builders or home manufacturers, who may use plans prepared by
architects, and there are architects working for manufacturers
and materials producers. But for most people in the United
States the acquisition of a home involves only a transaction
with a homebuilder. Seen in its simplest terms, the ULS, housing
market resolves into a dialogue between purchaser—what
choices are available to me?—and builder—what shall [ be able
to sell? Since American families move house a great deal—two
and a half times more frequently than Britons—this is a dialogue
which is often repeated, not only with voung families seeking
their first home, bul more often with families of maturity and
all degrees of afMuence. And for many people there is a consider-
able amount of choice, since within the limits they set themselves,
the American homebuilders have been 2o successiul that in many
areas the supply of houvsing exceeds the demand.

The builders

14. There are approximately 50,000 homebuilders in the United
States, and in 1963 they produced 1,600,000 houvsing unils—
£:4 units per 1,000 of population compared with Britain's 59,
The average output per builder was 60 units. Though over the
years the output per builder has been increasing, there are
continuing reasons for the existence of small builders. In 1963,
17% of the houses were produced by builders: building only one
house, and most of these were by people building their own
homes. There are also builders, essentially carpenters, who make
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a himited living building one house at a time, using their homes
as offices, sub-contracting other trades and producing three or
four houses per vear. For some, building is a part-time occupa-
tion. Then there are new builders continually entering the market,
and whose initial operations are on a small scale. Finally, as the
centres of building activity are, as a rule, widely separated,
builders tend to operate in one locaiion only.

15. The builders visited were selected from the 1% or =0 who
preduce 100 or more houses per year and whose total output
represents about one-third of the national cutput; most of them
built between 100-300 houses per year: one, exceplional in both
output and approach, 3,500 (Leviit and Sons Inc.). These
builders were all volume or operative builders, i.e. speculative
and not custom builders. Their method of operation is to build
a number of show houses on open suburban land. The pro-
spective homeowner then places an order with the builder for
the house he wants on a site within the area 1o be developed.
The home is usually available for the purchaser within {wo
months, particularly if a prefabricaied consiruction iz used. In
some insiances the builder may wish io develop the siie in
sequence, in order to achieve efficient production with on-site
fabrication, and in this case purchasers may wail six (0 nine
months for their houses. Usually, the builder’s speed is governed
more by the rate at which he can sell houses than by the time
actually required for building. An interesting confirmation of
the builder's confidence in his ability to produce houses 1o a
given schedule is that, under certain circumstances, he imposes
similar conditions on his customers. In order to stimulate sales
the builder may reduce the minimum down payment by a con-
siderable amount if the purchaser 15 willing 1o paint the inside of
the house and to grade, rake and seed the garden. This reduction
15 conditional on the work being completed within 10-20 days
of a specified date. By this means, a purchaser can move into,
for instance, a £4,000 house for a down payment of only £20,

16, Most builders build in the timber load-bearing panel con-
struction which is traditional in the United States, and they are
able to choose from a wide range of alternatives the methods by
which they select and order materials and components, and
organise site operations. At the one extreme, the builder can do
evervihing for himself—design the houses, buy the materials,
and hire and supervise the labour. At the other extreme, he can
accept a fully designed and detailed house supplied in package
form by a home manufaciurer, and sub-contract all the labour.
The processes of supply, manufacture and distoibution are
complex, and in many cases interwoven : to clarify the terms used,
the main participants, and the ways in which they are connected,
are shown in outline in Figure 3,

I7. The builder’s choice of policy will be influenced by such
factors as his annuwal output, his organisational ability and
financial position, and the availability of labour. Small volume
builders, those with an annual output of, say, 50 houses or less,
usually obtain their materials from the local builder’s merchants
—in some cases and 10 a varying extent, pre-cut to size—and
carry out most of the fabrication on site. On the other hand, a
new builder with a small but increasing volume may find the
home manufacturer’s services usefil in establishing his business.
The home manufacturer can assist him in financing both the
purchase of land and the construction of the houses, in supplying
material for advertising on television and in the newspapers,
with the display and furnishing of the show houses and in provid-
ing mortgage acceplance facilities for the homebuyvers. The use
of a manufaciured home also reduces the number of office siaff,
and the storage and equipment required by the builder, since the
house package can contain virtually evervthing needed for the
construction of the house,

18. Generally, builders using manufactured homes tend to have
a larger volume than the others, perhaps because more houses
¥

can be built with the same staff, and because of the faster turn-
over of capital. On the other hand there is a certain knack in
assembling manufactured homes, without which some of the
speed and reduction in site labour is lost, and small builders
may not get sufficient repetition to acquire this skill. Again, the
small builder may more casily be able to draw on sufficient
labour io permit site fabrication. Another facior is the relation-
ship between site and factory labour rates; where site labour
rates are not much higher than factory rates there is less incentive
to use manufactured homes.

19. Some builders who produce 250 or more houses a yvear and
who have a flair for organisation consider that they can achieve
better value for money by fabricating for themselves. Because of
the volume and continuity of their output they are able to buy
materials in bulk direct from the producers ai prices similar to
those paid by home manufacturers. In this way one middleman
is eliminated and the transport of components is reduced and
simplified. More flexibility in design is possible. These factors
offset, perhaps more than offset, the inherent loss of efficiency
due to the builders’ smaller and more varied production.

20. The largest builder—Levitt and Sons Ime.—purchases all
maierial required and sub-coniracis all labour. There is some
pre-cuiting of material but little preassembly.

21. Whatever policy the builder adopts in design and construc-
tion, he receives considerable assistance from the large and
progressive industry of component and home manufacturers
and materials producers,

The industry
Home manufacturers

22, The development of the home manufacturing industry first
gained impetus in the 1930s. Before this, from the end of the
1%th century onwards, there had been a great number and
variety of attempis to prefabricate houses. These ranged from
ideas based on radically new concepis of house design, new
materials and methods of production, such as Buckminster
Fuller's Dymaxion house in 1928, through various in situ
concrete or precast pancl constructions, to pre-cut and packaged
versions of the traditional timber house, such as that produeced
bv the E. F. Hodgson Company in 1892.%* The latter type,
though producing a greater number of houses than the others,
were in a minority; understandably so, since innovators, almost
by definition, have the urge and vision to exploit new ideas.

23. In the view of the Home Manufacturers Association, a
decisive factor in the emergence of home manufacturing as an
industry was the setting-up of the Federal Housing Administra-
tion in 1934, with its promise of volume and continuity in home-
building. However, the Federal Housing Administration tended
io pul a premium on the more experimental ideas of the early
innovators, for its standards of appraisal were based almost
entirely on the traditional site-assembled wood frame con-
struction. Building codes, too, often specified in detail, and
demanded, on-site construction; in addition, there was consider-
able variation between codes for different localities, Perhaps,
also, the home manufacturers came to realise that some of the
new techniques were less easy o pul into production than they
had at first hoped, and that for their products to be used in
quantity, the already trained site workers and existing channels
of distribution would have to be used; in some cases there was
some initial resistance by the unions to the adoption of new
techniques. There was also the guestion of public acceptance;
would sufficiently large numbers of people be willing to make
their largest financial outlay on a product that appeared funda-
mentally new and untried ?

* For- & comprehensive list, e A. F. Bemls, The dvoiving JGi0E
v, IIT, Massachusetts Insiitnte of Technology, Cambridee, Mass.
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24, MNevertheless, there were a number of significant experiments
in the latter 19308 which contributed a great deal to the general
knowledge and experience of prefabrication, e.g. the stressed
skin plywood panels of Gunnison Homes, the insulated steel
panels of General Flouses, and the steel and timber pancls of
American Houses, Between 1935 and 1940, 10,000 houses, 19 of
the total, were built by some 30 manufacturers.

25. By the end of the 1930s the mainstream of development lay
in prefabricated replicas of the traditional timber house, The
most successful pioneers of this approach were the brothers
George and James Price, who set up National Homes in 1940,
and by 1942 had produced 3,660 houses. This firm is now one
of the longest established and has the largest output of them all
—seven factories producing in the peak vear of 1955 230,000
homes. During the war the production of prefabricated homes
had been siepped up because, as they could be built easily and
speedily with a minimum amount of site labour and where
necessary taken to pieces and re-erected on other sites, they
could best satisfy the needs of emergency war housing. Un-
fortunately, however, because of the peed to be economical in
materials, standards were lowered, and for a time this gave
prefabrication generally a second-rate reputation.

26, After the war prefabrication advanced again when it was
found that home manufaciurers could produce small houses
more cheaply than local carpenters. Prefabricated houses also
gave the returning G.Ls opportunities to solve their housing
problems swiltly, because they could carry out much of the site
assembly themselves. A typical example of this date iz the
Mational Homes house shown in Figure 4. It has two bedrooms,
living room, kitchen and bathroom, a total area of 860 square
fect, and the purchase price was £2,300. In 1950, home manu-
facturers produced 50,000 units per vear, 5% of the total output.

27. Giradually home manufacturers began to increase the range
of ilems offered 10 the builder or prospective homeowner.
Originally this had consisted of external wall, and roofl panels;
fully glazed windows were now inserted in the factory, cladding
fixed, and partition and Aooring svstems supplied. A forther
advance was that the manufacturer began to buy in heating and
air-conditioning equipment, bathroom and kitchen fittings,
plumbing and clectrical materials and components, even carpets
and light fttings. In fact, the house package could now include
almost everything except the foundations. All these componenis
were loaded on to one, or perhaps two, covered trailers and
hauled by road to the site of the house 1o be constructed (Figure
51, The economic radius for delivery was, and is, generally con-
sidered to be 200 miles, with a maximum limit of 300 miles.
Output had been rising steadily, and in 1960, 127 000 units, 13%
of the total, were produced, and these houses were generally
larger and more varied than those produced in the 1940s,

Builders” merchants and local timber dealers

28, This progressive increase in the output of the home manu-
fucturers produced an appreciable decline in the local timber
and builders” merchants” own trade, so they 1oo began to offer
manufactured components such as roofl trusses and pre-hung
doors, thus increasing the value of their sales to those builders
who were using conventional methods of assembly. By this time
the machines and jigs which had been developed for the home
manufacturers had become much less expensive, so that it was
now economically possible for the local merchants to purchase
this equipment for their comparatively small velume of business.
For some, the next step came in the production of wall panels
and the offer to their local customers of a house package service.
With their small output and radius of operation, and the high
degree of standardisation of constructional technigue, the local
merchants were able to offer considerable Mexibility in their
house designs. In fact, it is now possible to order pt a reasonable

10

price a house package of preassembled units, for a one-off
individually designed house. Such a house would have its own
plan and elevational arrangement and would be constructed
of components and equipment normally stocked by the merchant.
This, in turn, has coused the house manufacturers (o increase
the range of their own products.

Current production

29, In 1964, the home manufacturers and builders’ merchanis
together produced almost 250,000 manufactured homes, 2275
of the total output of houses, The houses ranged in size from
the smallest to the largest, and in quality from the inexpensive
to the luxuripus. It is therefore apparent thai in appropriate
circumsiances prefabricaied houses are valid throughout the
whole range of the market,

30. There are now more than 600 home manufacturers, with a
wide range in output. It is estimated that—

14 % produce less than 100 houses a year

mﬁ’-{l:: 35 100500 £h) 34
8% 500-1,000 o i
]E'E *r more Ih’ﬂn -I:-m} i1 LEY

Among the larger firms are several producing 3,000-4,000 per
vear, and one firm producing 15,000, Total output is rising by
10% each year.

31. Though the great majority of manufactured homes are of
timber load-bearing panel construction, there are other con-
structions, many of them being utilised for houses of high
aesthetic quality, in production on a small scale for a small
market; e.g. timber post and beam systems, and systems using
structural or sheet steel and foamed plastic sandwich panels.
In 1961, in order o foster the advancement of new ideas, the
Federal Housing Administration launched am experimental
housing programme, in which insurance will be given to pilot
schemes exploring new and untried aspects or lechnigues that
are likely to reduce housing costs, raise living standards, or
improve neighbourhood design.

Muobile home manufacturers

32, One of the most remarkable features of the U.S. home-
building industry since the war has been the development of the
maobile home, From their pre-war origing as travel trailers or
caravans, they have developed into permanent homes with a full
range of amenities. With the trend for traditional homes, both
manufactured and site-constructed, to grow larger and more
costly, a gap has been left in the market for the compact, easily
run, inexpensive home. This markel the mobile home industry
is successfully capturing; in 1964, one-third of all homes priced
at £3,500 or less were mobile homes. In 1962, 172,000 mobile
home units were produced, compared with 186,000 manu-
factured homes; a bonus of 189 for the officially recorded
housing starts, In order to compete with both the mobile home
manufacturer and the local builder’s merchani, several home
manufacturers have staried io adopi mobile home manufaciur-
ing techmigues. Three-dimensional units, forming house sections,
are produced on assembly lines and placed in position on site
with mechanical equipment, This leads, of course, to a further
reduction in site labour,

Materials producers

133, The home manufacturers and the mobile home manu=-
facturers form a specialist industry whose sole purpose is home-
building. Both they and the conventional homebuilders receive
considerable help from the materials producers who serve the
whole construction industry, For example, the most exiensively
uzed material—iimber—can be supplied planed, cut to length,



4 prefabricated house 1946

Manufacturer and builder: Mational Homes,

Lafayetie, Ind.

5 package house trailers

Manufacturer: Mational Homes,
Lafayette, Ind.




end-treated with water-repellent preservative and bundied;
window and internal door frames can be machined and supplied
in knock-down form. A major plastérboard finrm considers that
a basic part of its job is systems enginegring—i.¢. the develop-
ment of methods of using the material, and the production of
accessories (0 make its use simple and the result of a high
quality, A firm of tool manufacturers has produced tools with
built-in jigs, which facilitate the positioning of the tool on the work.

34. Although this enterprising spirit is encouraged by the exisi-
ence of spare capacity in the industry, independent development
is made possible because of the continuing use of a standard
though evolving method of construction. In the U.S.A. the
location of timber elements and the way in which they fit together
is as universally accepied as is the location of bricks and ties in
an 11" cavity brick wall in Britain.

Research organisations

35, In addition to the rescarch and development work carried
out by materials producers and home manufacturers, there is
alzo the work of the irade associations, universities, and govern-
meni research organisations. For example, the National Associa-
tion of Home Builders has its own research laboratories, and
every two vears builds a research house to test out new ideas.
The Small Homes Council of the University of Illinois carries
out experiments and produces papers on the planning and
technical aspects of house design. In addition 1o research work,
the University of Michigan runs a four-yvear course in light
residential construction for potential managers, designers and
technologists. Other long-term development work on building
materials and structures is carried out by the National Burcau of
Standards and the U.S. Forest Research Laboratory.,

Resources

36. From the preceding description it will be seen that home-
building in the United States, unlike its British counterpart, is
fortunate in the abundance of iis resources. There is no shortage
of land, and builders can generally obtain as much as they need,
The rising cost of site development is, however, leading to the
consideration of house types, such as terraces and clusters,
which occupy less land than the single-storey detached house,
Materials are mainly home-produced and plentiful, and the
market 15 very competilive. Although unskilled labour 15 plenti-
ful, in some areas there is a shortage of crafismen, and as all
labour is expensive there is every incentive for the builder to use
it productively. Financial resources also appear to be plentiful
since credit is readily available for any potential homeowner
with adequate income.

37. The cost of using these resources varies considerably
between the two countries.® The comparisons are complicated

by the different types of construction—load-bearing brick and
timber frame—and by the different relative values of materials
and labour. For example, constructional sofiwood cosis 25-30%;
less in the United States than in Britain, while common bricks
cost 100-150%, more. Factors affecting the relative cheapness of
timber in the United States are the nearness of the houses 1o the
source of supply, the standardisation of the sizes used and overall
volume of timber used, The high cost of bricks, on the other
hand, is probably due te the fact that clavs suitable for brick
making are found only in limited areas of the United States, and
that less use is made of the material.

1%, Hourly wage rates are much higher in the United States than
in Britain—in 1964 skilled site labour received from 27/ - to 40/-
and unskilled site labour 15/~ to 30/- per hour. Comparable
British figures were 6/3 and 53 for skilled and unskilled labour
respectively. Factory labour rates in the US. in 1964 were 16/
1o 22/~ per hour. But the differential berwesn United States and
British “take home pay™ is less than differences in hourly rates
suggest because, in the United States, there are insignificant bonus
payments and a shorter working week. On average 37 hours are
worked each week compared with 48 hours including eight paid
at overfime rates in Britain. Even s0, ignoring insurances and
holidayvs-with-pay schemes, United States weekly earnings on -
building sites are probably three times those in Britain.

The product
Design

3. The most popular type of American house now being built
is the single-storey detached house with living room, family
room and kitchen, three bedrooms, a bath-and-a-half, and a
garage (Figures 6 and 7). In area it averages 1,100 square feet,
excluding the parapge. t Plan A (Figure 8) shows a typical example.
As is customary in the United States, the entrance door opens
directly into the living room. The kitchen is well-arranged and
excellently equipped. A cooker, with separaie range top and
buili-in oven, and a I3-cubic foot refrigerator are usoally
included in the building contract. Attached to the Kitchen is the
family room used by the family during the day and for dining.
In an alcove off this space, behind louvred doors, are the washing
machine and drier. The half bathroom—w.c. and basin—is
adjacent to the family space and 15 also directly accessible from
the main bedroom—a good example of dual use. The bathroom

* This information is 1:.1rawn .t.'rum P' J{..E:ﬂm—fnrtrmmlmf Com
perisons of building cosrs, Institute of Statistics Oxford Bulletin Mo 22,
1960 and subsequent work by the Building Research Station.

t In LLS. caleulations floor arcas are measured 1o the outside faces of
external walls; American figures are thus 6-10%; higher than those
which would be obtained by British methods of calculation. Except
where otherwise stated, American figures are used in this bulletin.



6 typical house — external view

Builder: Andrew Place and Company,
South Bend, Ind.

T typical house — external view
Builder : Mational Homes, Lafavette, Ind.
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itgell has a shower fitting and enclosure mounted over the bath,
the basin is mounted in a vanitory unit and bathroom fittings
such as medicine cabinets and towel rails are provided. Generous
storage 15 provided throughout the house and in the garage.
The house is usually heated with a gas-fired ducted warm air
system, the ducts also being available for air-conditioning,

40. Though there is some variation in cost in different parts of
the United States, the average purchase price of such a house,
including a land price of approximately £1,000, would be of the
order of £5,500, These average figures are derived from a wide
range of houses of varving arcas and prices. Some idea of the
range available may be obtained from the following tables,
which are based on F.H A, morigage-insured houses built in 1963,

Price Area
less than £4,000 689 less than 800 sq. i, 4-25%
£, D004, 994 216755 200890 667
£5,000-5999 3347 9W00-999 166
£6,000-6,999  21-1% 1,000-1,099 . 19-0%
£7,000-7,599 9:59 LI00-1,199 13-7%
£8.,000 and over 767 1,200-1,299 . 11-2%
1,300-1,399 76%
100 % 1.400-1499 6-0%;
1,.500-1,599 | 494
1,600-1,799 5-8%

1,800 sq. fi. and over 3-5%

1003

41, Internatienal comparisons of housing prices are notoriously
difficult to make, but the following analysis may be of inierest.
In order to equaie the purchasing powers of the pound and ihe
dollar, it is assumed that 5/- spent in Britain will buy one dollar’s
worth of goods in the United States; it follows that the average
American housze costing the equivalent of £3,500 should be avail-
able in this country for £3,900, With a 30-vear mortgage at 5} %
and a down payment of 3% the monthly repayments on the
Amenican £5,.500 house, including insurance and local taxes,
amount to £39. 10/-. On average, the morigage repayment and
insurance and tax payment represent 169% of the American
family’s income; this means that one family in three has sufficient
income to buy an average price house., But given the same
morigage facilitics and spending the same proportion of income,
only one family in twelve would be able to buv the £3,900
cquivalent in Britain,

42, Houszes of the type of Plan A are sometimes built over a
semi-basement, the garage being lowered to ground and an
entrance being created at that level. The lower storey 15 lelt with
an interior fimsh of n situ concrete or block, and provides
a large hobby or family room, storage and utility space. In ihis
way the area of the house is virtually doubled with an increase
in cost of only 20-25%.

43, Another and popular type of plan is the split level (Plan B,
Figure 8) which is often built regardless of the natural contours
of the ground and is then integrated with its surroundings by
considerable reshaping of the land. The plan gives an excellent
internal relationship between the sleeping, living and activity
areas of the house.

44, Plan C (Figure 9) is shown as a typical example of the large
two-storey house, [t has an area of 2,340 square fect with living
room, dining room, study, family room, kitchen with breakfast
bar, four bedrooms, two-and-a-half baths, lavishly arranged,
and a two-car garage. There is considerably more variation in
the purchase price of houses of this type, but there are certainly
some available at £8,000-£10,000.

45. Terrace houses are generally similar in plan 1o those now
being built in Britain,
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46. The production of house plans by home manufaciurers and
others without reference to the site on which the houses are to
be built has fewer disadvantages than it would in Britain., As
the houses are generally built on large sites, privacy can usually
be obtained by measures taken within the site fiself. Although
most architects believe that it is important to orientate houses in
order to get sunlight in the living room, this is not as imporiant
a factor in most parls of the United States as it is throughout
Britain, and many developers do not give orientation a high
priority. House plans are usually produced with several types of
clevation, with different styles based on wvarious indigenous
traditions.

Performance and amenity standards

47. Building standards are controlled by local building codes
or byelaws, which are frequently based on specification rather
than performance standards, and which in detail differ consider-
ably from one another. The standards on which this section is
based are the Minimum Property Standards of the Federal
Housing Administration, which apply to all houses financed
under the federal morigage insurance scheme, and they appear
to be representative of the standards adopted by the home-
building industry as a whole.

48. Lighting. Natural lighting is required in all habitable rooms
except the kitchen: windows, doors or rooflights are required (o
have an area equivalent to 107 of the floor area. Artificial light-
ing must be provided in all rooms, and in the kitchen must be
distributed to provide effective illumination of the working and
dining areas.

49, Heating and thermal insilation. Standards are not specified
in the form of U-values for elements of structure. The require-
ment is that the total calculated heat loss from the house shall
not exceed 50 BThU's per hour per square foot of the total
foor area to be heated to 70°F,, of which not more than 30
BThU's per hour shall be through the walls, not more than
15 BThiL!'s through the basement or crawl space, or allernatively
not more than 5 BThU's through the slab; for ceilings below
unheated roof spaces, a U-value of 0:15 is given. Thiz method
allows for regional differences in outside design temperatures
(the range is from + 20°F. down to —30°F.) for varying pro-
portions of window to wall area, and for some latitude in the
distribution of insulation. In practice, insulated ceilings com-
monly have a U-value of 0-12, and walls range from 0:20 wo 0-08.
The heating equipment is required to have sufficient ouiput o
overcome the calculated heat losses.

50. Roof overhangs or other shading devices are desirable in
many parts of the United States to keep the summer sun off
windows in the middle of the day and thus to prevent heat
build-up in the house,

31, Condensarion control, In timber frame buildings it is necessary
to obviate the condensation of water vapour within the cavities
of the building. Moisture is produced inside the building by the
occupants, in respiration, cooking, bathing and washing. The
need to maintain high internal temperatures and comflortable
conditions in winter has led to the adoption of better methods of
weather stripping, and of wall, floor and roof constructions
which have a high degree of thermal insulation, as well as
external surfaces which are resistant to air infiliration. It is no
longer easy for moisture to leak out of the building. Whenever
the vapour pressure inside the building is greater than in the
cavities, moisture is drawn into these cavitics. Because the
thermal insulation retains heat within the building, the tempera-
ture of the air in the cavities and on the inside surface of the
cladding or sheathing is low, and condensation occurs. IF the
cladding is impervious or highly resistant to moisture penetra-
tion, the condensate is trapped and the conditions produced are
conducive to the decay of timber. In some parts of the United

States it is possible for the same actions Lo take place in reverse,
i.e. from outside to inside, with air-conditioned buildings in hot
humid atmospheres. To avoid these conditions, vapour barriers
are necessary near the warm surfaces of walls, floors and roofs.

32, The American Society for Testing Materials and the Building
Research Advisory Board have developed test procedures® for
establishing the effectiveness of vapour barriers; these are based
on permeance, resistance (o alternate wetling and drving, o
prolonged soaking, to decay and abrasion, and to plastic flow
and elevated temperatures. The unit of permeance—the perm—
is defined as a vapour transmission rate of one grain of water
vapour per square fool per hour per inch of mercury pressure
difference. The permeance ratings of vapour barriers are usoally
given by manufacturers in their technical literature. For example,
foil-backed plasterboard 0:30 perms, aluminium foil 0402 perms,
1* douglas fir plywood 5-30 perms, 47 brick 2:20 perms. The
F.H.A. requirements is that where the U-value of the wall is betier
than 0-25, and where the cladding or sheathing have a vapour
transmission rate of less than 5 perms, a vapour barrier shall be
provided with a value not exceeding 1 perm,

53, Vemfifarion. Matural ventilation is required in habitable
rooms ; the equivalent of 49 of the Aloor area must be provided in
openable windows, doors, rooflights or other openings in walls
or roof. In kitchen and bathreoms, mechanical ventilation is a
permissible alternative to natural ventilation, at rates of 15 and 8
air changes per hour respectively.

54, Warer suppfy. There are no requirements for cold water
storage. Hot water must be provided, and the requiremenis are
based on the number of bedrooms and bathrooms in the house,
and relaied to the capacity and input rating of the heater.

55. Efecirical supply. Double-socket outlets are required in all
habitable rooms so that no point along the floor line of usable
wall space may be more than 6° 07 from an outlet. Additional
outlets are required between all doors and between doors and
fireplaces when these are sufficiently separated for the placement
of furniture. In kitchens at least two double-socket outlets must
be provided over counter work surfaces.

56. Fire resisiomee. Party walls between houses in different
ownership are required to be non-combustible and to have a
fire resistance of two hours. In other walls, and in floors and
ceilings separating dwellings, a fire resistance of 45 minutes is
required.

57, Sound inswlation, There appears (0 be no requirement for
sound reduction.

58. Loadine., The requirementis are rather higher than those
recommended in the British Standards Code of Practice CP3
Chapter ¥ Loading, about a third extra for the live loads on
floors and roofs, and for wind pressuras, almost twice as much as
the recommended value for the most extreme exposures.

59, Ceilime heighes, The minimum ceiling height is 7° 67 for
habitable rooms with flat ceilings, although a minimum distance
of 707 is permitted from the floor to the underside of beams or
girders when they are spaced at 48" centres or more. In halls
a minimum height of 6° 8 is permitted; this is sometimes useful
for the location of high-level warm air heating ducts between the
levels of hall and habitable room ceilings, so that wall outlets
can be provided at high level in habitable rooms adjacent to
halls. A minimum ceiling height of 7° 0° is also permitted under
suspended luminous ceilings or panels. In rooms with sloping
ceilings a ceiling height of 7° 67 is required for at least half the
FOOIT AT,

&0, In practice, because of the uwniversal uwse of standard
£ 0" % 4° 0" sheet materials, 8 07 ceiling heights are widely
used,

* The test procedures are described in Publications MNos, 445, 596, 99§
and 1037 of the National Academy of Sciences and MNational Research
Council, Washington, D.C,
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Building techniques - frame construction

Development

Form of construction

6l. Almost all present-day homebuilding in the United States is
based om the well-established, traditional wood frame con-
struction which has been used from the time of the earliest
European settlers. Leaving countries in which wood was the
customary material for housebuilding, timber sill seemed for
them the obvious choice because of the plentiful supplies avail-
able on the castern scaboard of North America. So strongly was
this tradition implanted, thai, as the use of sione and brick n
housebuilding spread in England, its classical details were irans-
lated on the other side of the Atlantic into timber, Many of these
buildings, some of them now over three hundred years old, still
stand and are in use, thus demonstrating the essential durability
of the material and construction.

62, Mowadays it is the platform system of frame construction
which is most generally used; this is shown in Figure 10, Over
the years it has become highly standardizsed. The wall frames are
8" 0" high and consist of 4" = 2" studs at 167 centres, with top
and bottom rails of the same section. Rool trusses, which have
now almost entirely superseded rafiers and ceiling joisis, are
also made from 47 = 2” members at 27 07 centres, with o range
of slopes based on simple fractions of twelve. Floor joists at
16" centres are commonly of 87 = 2" members. The wall, roof
and floor framing is lined internally, and sheathed externally
with sheet products based on wood and gypsum, and manu-
factured in 87 07 = 470" sizes.

63, These dimensional standards, evolved by builders and the
industry, have been consolidated in U.S, Government publica-
tions such as the Federal Housing Adminisiration’s Minimum
Property Standards and the Depariment of Agriculiure’s Wood
Frame House Construction. They, in turn, exert considerable
influence on the design of new products. There is therefore a
natural incentive for house plans (o be based on multiples of
4 0" or 2° 0" in order to make the most economical use of
materials, but where plans are not worked out on this method,
the 16" and 24" dimensions arc carricd through in all but the
end bay of the building shell.

6d. Not only were the sizes standardised but they were so
rational that in the 19205 Mr. A. F. Bemis was able to basc his
theory of modular co-ordination, with its principle of the 4° cube,
directly on existing practice. The presentation of this theory
undoubtedly clarified and gave precision to the work of later
designers. During 1962-64, the MNational Lumber Manufacturers
Association published iwo manuals on the Unicom method of
house construction, which it had commissioned Home Planners
Inc., of Detroit, and their architectural consultant, Mr. R. B.
Pollman, to prepare. Their primary object is to improve the
methods of using timber and wood products in homebuilding,
and they appear to carry the standardisation and rationalisation
of wood frame house construction to the ultimate limit. Follow-
ing an analysis of house forms, the Unicom manuals set out a
dimensional basis for planning. and dissect the structure into a
set of simple elements, suitable for site or shop fabrication, The
diagram of platform construction in Figure 10 has been based
on Unicom principles. More details are shown in Figure 11. The

method of arranging components within these elements is shown
in the manual, and schedules of the lengths and sizes of timber
required For the full modular range are given (Figures 12 and 13).
635, The differences between the Unicom publication and tech-
nical data on British systems of construction are interesting and
significant. Unicom is, of course, produced by a trade association
for general use, while the British information comes from the de-
signers or manufacturers of building systems in production.
Because of this, Unicom is more akin to a code of practice than to
a system handbook. The method of construction 15 specified in
sufficient detail for prefabricated components to be oblamed from
any manufacturer by simple reference (o the Unicom manual.
On dimensions, Uinicom, while opting for the outside modular
co-ordination system, i.e. 4° 0" and 2° 0" multiples measured to
the outside Faces of external wall studs, alse expounds the inside
svstem and lists s disadvantages, The implication is that, in
certain circumstances unforeseeable by the designers, the inside
system may prove more advantageous than the recommended
one.

Simularly, though using only modular companents, Unicom
seis oul the rules for dimensioning and coding non-modular
componenis. Understandably, Unicom deals with timber [raming
and sheathing, It presenis a range of modular timber windows
but does not detail them or give information on the aluminium
ingerts. There is no information on cladding or on lining
materials. Members for roof trusses are designed but no details
of connectors are given. Only general information is given on
internal timber doors and frames. These omissions, which in a
British publication would be sufficient 1o preclude a system
from serious consideralion, are not, in the context of U5, home-
building, limitations at all, since already other sections of the
industry—window and cladding manufacturers, the producers
of roofing materials and truss connectors, and of pre-hung doors
—are all working within the general outline of the concept which
Umicom details so precisely. Similarly, no assembly details are
required since the way in which a window fits into a wall (see
paragraph 81), or a roof truss sits on top, are common know-
ledee. OF course, nailing technigues are important but these
have already been dealt with in official publications.

Method of assembly

66, To this gradual standardisation and rationalisation of the
elements of the wood frame house there has been added in the
last thirty yvears a similar evolution in the methods of production
and fabrication. Originally the house was erected stick by stick,
and the first development came in the assembly and nailing of
the wall framing on the ground or site slab, adjacent to 1is final
position; these frames were tilted up in complete house wall
iengths. The next step was the fabrication of the wall panels in
a workshep away from the site, and the pre-cutting of other
members such as rafters. The off-site manufacture of windows
had preceded that of the wall panels, and some manufacturers
began to fit the windows in the wall before delivering the panels
to the site; the sheathing was added for stiffness, and cladding
and glazing followed. A few manufacturers fitted the insulation,
and one or two the plasterboard lining. The next important
development was that of roof trusses, which eliminated the site
fitting of roof and ceiling members, and did away with the need
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11 Unicom handbook:
Analysis of house forms.

12 Unicom handbook :
Staircases,

13 Unicom handbook:
Giable walls.
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for internal load-bearing partitions; the latter not only simplified
the site operations but freed the plan arrangement of the house.
Another useful development was the production of door units
comprising frame, door architraves, and all necessary wedges,
screws and sronmongery. In some cases, usually where lifting
plant was avaiilable on site, manufacturers produced Aoor panels.

67. Even highly specialised elements such as gable ends and
soffit assemblies which were not inherently suitable for repetitive
factory production were prefabricated if their complexity was
a hindrance to progress on site. The total result of this shift of
work from the site to the factory was that it became possible to
enclose the house in one day, thus protecting it from the weather
and from pilferage and damage.

68. From this description it will be seen that the development of
prefabrication did not involve any radical departure from ac-
cepied methods of construction; it was merely a gradual change
in the location of the assembly process. In this respect the U.S.
homebuilding indusiry has been fortunate in comparison with
its British counterpart, because it has not had in a few short
vears to evolve a new technology while assimilating the processes
and effects of industrialisation. On the other hand, it may be
argued that this initial advantage may prove to have consider-
able limitations in the long run since the industry may find it
difficult to switch from what are basically developments of craft
processes to more sophisticated and essentially  industrial
methods of production. It does not scem, however, that this
potential difficulty can possibly outweigh the tremendous advan-
tages, both in experience and in its public acceptance, already
gained through the use of prefabrication on a wide scale.

69, Because of the widely varying circumstances, described in
the last chapter, in which American homebuilders operate, all
stages in the development of frame construction techniques are
currently being used in the United States. There 15 a steady
demand for pre-cul timber: a tyvpical firm specialising in this
business will cut, mark and package all the timber and plywood
parts for 25 houses a day. This operation adds about 105 to the
cost of the timber but can save 15-20% on site, through time
saved in selection and cotting, and reduction of losses due to
waste and pilferage. Factory assembly is increasing vear by vear,
and it seems, therefore, that its advantages are gaining wider
acceptance and becoming more widely applicable. A limated
survey carried out in 1961 by the Massachusetts Institute of
Technology for the Mational Association of Home Builders
comtains the following statistics: builders using prefabricated
roof trusses 85 %, pre-hung doors 637, wall-panels 45 %, zable
ends 32%, partitions 21 5, housepackage 13 %, Aoor panels 8%,
plumbing trees 8%, and electric wiring 4 5.

The following reasons are given for the adoption of pre-
fabricated units, with the underlying assumption that they
are at least competitive in price with the construction they
replace. Factory assembly leads to a reduction in the labour
content of the house, particularly the more expensive site
labour, and the sometimes scarce skilled labour. In those
areas of the United States which have severe winters with
continual hard frost and snow, the wse of faciory-assembled
components extends the duration of the building season;
foundations and services for houses 1o be built in the winter
can be prepared in the autumn, the house shell can be erected
on a fine day, and work proceed in comfort from that point
onwards. In reducing the time required for construction, fac-
tory assembly increases the turnover of capital and thus the
profitability of the building firm. In addition the use of pre-
fabricated units saves the builder measuring, purchasing and
handling individual pieces of material. Finally, the fabrication of
the units under controlled conditions preduces a product of
higher quality, and the simplification of the site operations
permits more effective control and higher standards of site
workmanship. J
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Elements of construction
Materials and products

0. Except where described, these are similar to materials and
products available in Britain, As with Canadian exports to this
country, all American framing timber is dressed, Machines are
now avatlable which convert logs directly into dressed sections.
Sawn timbers are no longer used in housebuilding except for
temporary construction purposes. The planed surfaces give ihe
timbers a high quality appearance, and it is therefore not casy
to compare them with the sawn timbers used in this country.
The two grades commonly used, Construction and Standard,
have higher permissible stress ratings than given in the B.S. Code
of Practice 112: 1952, and so it i5 probable that knots, etc., are
fewer and smaller. Since deflection, however, is the main criterion
in the design of joists, beams, etc., this higher stress rating does
not lead to a significant reduction in the sizes of members
required for given spans. Moisture content is carefully specified
and maintained: the minimum Federal Housing Administration
standards are: for framing timber—19%; at the time of installa-
tion; for exterior trim and cladding—average 11-13%: lor
interior trim and flooring—average 10-12%, The last two values
apply in the damp southérn and coastal areas, and the permitted
percentages elsewhere are lower. The reduction of moisture
content before delivery of timber to the site 15 of growing import-
ance as the use of prefabricated components and improved
methods of site organisation lead to swifter external enclozure
and lining of timber-framed walls and roofs, so that there is no
longer time for the timber to dry out on site, Water-repellent
preservations such as peniachlorophenc] are used to seal the
dried timber, and to limit the reabsorption of moisture during
its brief exposure on site.

71. Materials delivered to site are well packed and protected, and
this has been found to be more satisfactory and less expensive
than the cost of replacement or repair of damaged materials,
Concrete blocks and bricks are usually stacked and bundled,
and are off-loaded with an electrically operated boom, mounted
on the lorry. Beams and parcels of plywood sheets are wrapped
in bitumenised paper. Doors and windows are enclosed in
polyihene or even cardboard containers. Where it is still neces-
sary to leave materials in the open, polyihene covers are used for
protection.

Works below ground floor level

12. Foundations. Three alternative types of foundation are used
with frame construction—slab, crawl space and basement
(Figure 14). Footings are normally taken down below the frosi
line, and in those parts of the United States where this is 3° OF
or more below ground level it is customary to take advantage of
the deep footings Lo provide a semi—or full—basement. Now-
adays, because of the development of mechanical equipment and
standard steel shuttering, the excavation and construction of
basements is simple and economical. The problem of dampness
has been overcome, not only through the use of effective water-
proofing membranes, but also through the installation of heating
and air-conditioning systems, equipped with humidity rectificrs,
and used for a large part of the vear. Basements are therefore
sometimes used in areas where they are not essential for climatic
reasons—for split level houses on flat sites, or to provide large,
robust and inexpensive spaces below the main house for children’s
play and storage.

73. Crawl spaces, 18°-24" deep, originally designed to give
adequate ventilation below suspended timber floors, are now
sealed and used as plenums for heating and air conditioning
systems (Figure 15). In some circumstances this can be more
economical than the use of an in situ slab with ducts, and gravel
or sand backfill. Basement or foundation walls are constructed
in concrete or precast blocks, usually 6°-8° thick, the former
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15 foundations — crawl space, with plank floor
Ihe ground below the crawl space 15 covered
with a polyvihene vapour barrier, and the
internal faces of the perimeter beam are lined
with mais of glass fibre insulation. The

Builder: Andrew Place and Company,
south Bend, Ind.

being used generally for basements, and with grade beam con-
struction, for crawl spaces or slabs. In this construction, the
footing and wall are replaced by a rectangular beam, often cast
directly into a mechanically excavated trench. The use of blocks
appears o be resiricted to foundation walls on footings at
shalloww depths, or as an above ground topping to grade beams
where these have been constructed without shuttering.

M. Damp proofing ard thermal inswlation. Excepl in certain arid
regtons or on well-drained sites a vapour barrier is placed below
the slab or crawl space to prevent damage to floor Ing muaterials;
on sites visited polythene was the material most frequently seen.
Basement walls and floors are, of course, also protected. Poly-
styrene or other insulating board is placed between the slab and
the wall, and below the edge of the slab to master the cold
bridge

3. Concrete siabs, Screeding is eliminated by giving a smooth
manually floated surface to the slab, to which floor finishes can
be applied directly

16, Suspemded foors, These are usually constructed with 8" = 27

or 107 = 27 joists at 16" centres, with a sub-floor of §” or §7 ply-
wood on which 15 laid a hardwood strip or block, or a resilient
sheet or tile floor finish, Because it is cheaper, plvwood has
almost superseded boards in sub-flooring. As ceilings are not
required in crawl spaces and basements, however, supports at
16 centres are no longer needed, and this has led to the develop-
ment of floor systems with more widely spaced supports and
thicker decks (Figure 15). An advantage of these svstems is a
reduction in the owerall height of basement or crawl space
construction. Steel or timber beams are spaced gt 4° 07 centres

24

suspended Hoor above 15 made of steel beams
and three-ply wood planks. It will be nsed
as a heating plenm.

and the following decks are available: 187 thick plywood in
8" 0" » 4" 07 sheets; 1§" three-ply wood planks, 12" wide and
in lengths of 4* 0" multiples; 27 thick timber planks, 4" and 6°
wide in random lengths, In the last two products the floor finish
is integral.

77. Services. With crawl space or basement construction,
services normally below ground, such as gas and water supply,
heating ducts and drainage, are easily run under, and attached to,
the suspended Noor. In slab construction, these services are laid
out within the perimeter foundation wall or beam, at the level
of the sand or gravel fill, and the slab is subsequently cast over
them. In arid remions, water and gas supply pipes are laid in the
fill, but in other arcas (Figure 16) they are laid above the vapour
barrier and immediately below the slab. (Regrettably, electrical
services are usually supplied from overhead cables).

78. New miethods. The current methods of foundation construc-
tion have a number of limitations and there are continual
attempts to produce better solutions. So far none of these new
methods has pained widespread acceptance, perhaps because
they are not vel generally competitive In price, or are rather
complicated, or are not yvel technically sound enough for general
use. Among the experimeénts the following are of particular
interest,

To overcome lhe problems of winter working, methods
using suspended timber floors are being developed which
climinate wet processes and mimmise disturbance of the ground :
() precast prestressed concrele grade beams are supported on

circular concrete posis, set in auger-driven holes;

{5y concrete blocks, laid on bullding paper on a shallow gravel



16 foundations — site slab and services
Builder: Levitt and Sons Inc., Leviltown, N.J.

The asbestos heating ducts are in the gravel

fill below the polythene vapour barrier;
copper plumbing pipes ane being laid above
and the stab will be cast on top.

bed arcund the perimeter of the building and along internal
lines of support, are post-tensioned with galvanised pipe;

(¢} plywood box beams, treated with preservative, filled with
glass fibre insulation, and with the end blocks projecting
downwards as posts for 18°-24", are set in auger-driven
holes, subsequently filled with concrete: this forms a con-
tinuous perimeter skirt and beam;

o) in a varation of (c) without the downsianding posis, the
beams become panels supported continuously on a gravel
bed ;

() light gauge steel channel beams on the perimeter of the
building are supported on sguare section stecl tubes and
suppart steel lattice joists at 47 07 centres, to which plank or
plywood Aoors can be nailed directly.

Methods o, ¢, o and ¢ can also be used where it is desired to

eliminate above-ground shuttering for grade beam systems.

Another method developed Tor this purpose is:

{ ) precast U-shaped formers are set on an in situ footing, while
the latter is still wet, then reinforcement is placed in the
formers and they are filled with in situ concrete.

Two methods have been developed which eliminate the need

for perimeter insulation of concrete slabs:

{#) the slab itself consists of 4° foamed concrete, with a density
of 55 Ibs. per cubic foot and a U-value of 025, It is cast
within a perimeter of lightweight cinder blocks;

i) the slab is replaced by 8 = 4 panels, 2" thick, with foamed
polysiyrene cores and asbestos cement skins, These are laid
on a sand bed 14" thick, within a perimeter of two 4” = 27 cill

plates. (&) would also be appropriate for winter working,.

External wall

T9. Framing. The main point constructionally is the nationwide
use of 47 =% 27 studs at 16" centres, and its effect on standardisa-
tion and methods of assembly.

Sheatfing. This is placed between the Iraming and cladding and
plavs an important role in the general stiffness and weather-
tightness of the building, Originally boards, sometimes placed
diagonally, were used, but now sheet materials, plywood, fibre-
board and plasterboard are more popular. The fibreboard is
impregnated with bitumen, and, as with plywood,
claddings can be nailed directly to it. The gypsum in the plaster-
board is reinforeed with glass fibres and treated to render it
micisture-resistant, and the ' 07 = 27 07 sheets are enclosed in
hitumen-impregnated paper; ends cut on site are caulked. The
use of sheet materials for sheathing generally eliminates the need
for diagonal bracing. In single-storey construction, F.H.A.
requires one 8° 07 seciion or three 47 07 sections of sheathed wall
on each elevation—a requirement casily met in detached houses.
Another important function of sheathing is the backing given to
cladding materials. Air pressure immediately behind the cladding
is thus similar to that on the outside, and in this way additional
resistance is provided against the penetration of mosture
through the cusiomary lapped or rebated cladding joints. As
it is very unlikely that cladding and sheathing joints coincide,
except where further backed by frame members, any moisture
that does get through the cladding disperses between the cladding
and sheathing. The sheathing also ensures that the air spaces
within the thickness of the wall-framing act as efficient insulators.

ST
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B0, Mindows, In the design of windows, the user requirements for
opening lights appear to be less exacting than in Britain. The
preponderance of single-storey construction means that windows
can be cleaned from outside, and in any case less frequent
cleaning is necessary because of the absence of industrial pollu-
tion in the American suburbs. Large overhangs, which are often
a feature of house design because of the need to control the
bulld-up of heat, also give protection from rain. The demands
of efficient heating in winter and, im many houses, air-
conditioning in summer cause windows to be kept closed: in
some fully air-conditioned howses, the only openings provided are
external doors. The location and types of opening light provided,
therefore, are determined more by aesthetics, lines of sight, and
the requirements of production or standardisation, Four types of
opening light are commonly in use—sliding, sash, casement, and
(Figure 17) projecting. Where screens are provided against
insects, the outward opening lights are controlled by a rack and
pinion mechanism operated by rotating a handle.

g1, Aluminium and tumber are the materials primarily used
for windows and they are available at similar prices, though
there is a wider range in quality and price in aluminium than in
umber. Timber sash windows usually have aluminium or p.v.c.
runners and steel spring balances (Figure 18). These have
excellent weather stripping and draughtiproofing devices while
permitting a fairly large manufacturing tolerance between frame
and opening light (this is useful when frames and sashes are
macde in different factories). The method of setting the window
frame in the wall also appears to be standardised and is shown
in Figure 19.

82, Exiermal doors. These are usuvally of timber, but a metal-
faced door with foamed polvsiyrene core has been produced.
l15 advantages are hightness, freedom from warping and a high
thermal insulation value. IU is more expensive than the timber
door, but the manufacturers claim that it is competitive with a
double door assembly whose performance it equals. An extremely
efficient method of weather stripping has been developed, based
on the type of scal used for refrigerator doors. This consists of
# stnip of solt magnetised stecl contained within a hollow section
of p.v.e. The pov.c. is fixed to the frame and on closing the door
the strip is attracted to the metal door itself or to a metal strip
applied 1o a timber door.

B3, Cladding. Unlike English brick construction, in which the
structure and external finish are the same material, in TS,
frame construction the exiernal finish, whether wood siding
{cladding) or masonry veneer, is superimposed on the sheathed
framewaork of the house, forming a complete outer casing inter-
rupted only by window and door openings. Sidings, originally of
horizontal or vertical timber boards, or shingles, are now
available in many other materials—plywood, aluminium, steel,
asbesios, hardboard and rigid vinyl (Figure 20). In appearance
the mew producis are generally similar to the original ones,
Improved watercheck details have been devised for the hori-
zontal sidings made of thin materials, i.e. metals and plastics,
secret fixing methods have been developed for metal, plywood
and hardboard sidings, so that long-lasting finishes can be
apphied in the factory; they also provide awtomatic spacing for
successive rows of siding. The hardboard is a specially developed
medium density tvpe which is used mainly in the dricr areas of
the United States and appears o be dimensionally stable,

B4. The dimensional stability of sheet materials permits their
use in whole sheet form, thus reducing the joints to a few vertical
ones. The products are available with a great variety of textures
and profiles, which aim to give a pleasing appearance, 1o over-
come surface irregularities, to mask aceidental site damage, and
lo incorporate the verlical jointing system.

83. Masonry veneer takes the form of 3" or 437 brick, or stong
of appropriate thickness, tied across a 1° cavity o the wood

20

17 projecting window

Manufacturer : Andersen Corporation,
Bayport, Minn.
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15 method of setting windows
in wall

The window has a rebate or Aange which fiis
against and is fixed 1o the face of the
sheathing, thus giving excellent alignment
and weatherproofing.

WOO0D - ANDERSEN
HARROLIHE

ALUMIKIUM - REYNOLDS
FIN TRIM

frame; bitumenised building paper is used as sheathing. There
are also special stone veneers with a thickness of only 17 which
are fixed to the wood frame with stainless steel clips. Stucco is
used in some of the warmer regions of the United States, and is
applied to chicken wire, backed wilh building paper, and
attached to the wood frame.

86. Masonry, hardwood shingles, and asbestos shingles have the
advantage of being maintenance-free, but other wood products
require repainting every five years or so, though the cleaner, less
corrosive American atmosphere often allows an exiension of
this period. There is a certain traditional acceptance in the
United States of the need to repaint houses which works against
the development of maintenance-free surfaces. The opporiunity
to change the external colour of the house is considered by some
lo be as important as the opportunity to redecorate internally.
In mitigation it is pointed out that the painting of cladding
compared with that of windows and doors, which is common
to all houses, is straightforward and therefore relatively in-
expensive. MNevertheless, the new developments producing better
surfaces for painting, long-lasting paints and other permanent
finishes are generally welcome, provided that they do not
substantially increase the initial cost of the house,

£7. Hardboard and metals provide better surfaces for painting
than wood or plywood; hardboard is usually factory-primed,
and the metal sidings have a stoved-on enamel finish, estimated
to last 15 to 20 years. Plywood manufacturers recommend that
plywood should be treated with creosote or other preservative
slaing; it is inmevitable that small checks will appear on the
surface of the material and this is not consistent with a smeoth
paint finish. To emphasise the essential nature of the plywood
surface, strinted and roughsawn finishes are being produced.
For painting, an exterior plywood with the panel faces overlaid
with a resin-impregnated paper surface i1s now available;
although more than deubling the initial cost of the plywood, its
cost in use musi be atiractive, as the maierial is gaining wide-
spread acceptance. The preservative stains, and some of the besi
alkyd and latex paints now available, if properly applied to
suitable wood surfaces, can have a life of up to ten vears. It is
hoped that the new thermosetting acrvlic paints now being
developed will have a life of up to 20 vears. The maxinum life
of a natural transparent timber finish is considered to be three
years.

88. Another promising line of development for cladding finishes
15 i coatings of plastic films: polyvinyl-Auonde, polyvinyl-
chloride and polvester are all under investigation. One firm
markets a plywood siding with a polyvinyl-fluoride coating and
guarantees the product for 15 years. This period corresponds
with the length of time that the film has already been in existence,
and accelerated weathering tests show that s actual hife is
likely 1o be considerably longer. Current work is concerned more
with developing suitable long-lasting adhesives and inexpensive
substrates for the plastic films. Synthetic rubber coatings are
also being used on pilot schemes. Solid vinyl cladding promizes
to be extremely durable, but as with all plastics sufficient time
has not yet elapsed to show what its actual life will be. Also at
the development stage is a sand ageregate finish embedded in an
epoxy coating on plywoosd.

89, As a general indication, the cost, fixed, of wood, plywoods
asbestos and hardboard claddings is of the order of 26/- to 33/-
per 5. yd.; stucco and softwooed plywood cost less than 26/-;
plastic films add around 6/- per sq. vd. to the unfinished material ;
aluminium sidings range from 26/- to 44/~ and brick 50/- to
80/~ per 5q. yd.

90, fnswlation, 2" and 37 glass fibre insulation is commonly used,
cither in the form of friction-fit bats, i.e. unwrapped blankets of
material which fit precisely into the spaces between studs and
top and bottom plates; or of paper-faced rolls, of inter-stud
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2 roof truss

Sanulacturer : Continenial Homes Ing.,
Hoones Mill, Virginia.

I he operatives are n-:nhi:-m'ng the connecior
plates, belore passing Lhe truss through a
rross.

22 asphalt shingles

Ruilder: Fox and Jacobs, Dallas, Texas.
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width, in which the paper projects from each side of the roll to
form a flange which can be nailed or stapled to the studs, The
advantages of standard wall framing are clearly apparent here.

. Vapour barrigr, This is provided by a foil backing 1o the
paper cover of the glass fibre insulation or by foil-backed
plasterboard.

92, Lining. See internal walls (paragraph 100).

Raoof

93, Roof framing. As already described in paragraph 62, the
roof framing is now usually assembled into trusses made of
47 « 2" members fived together with rectangular galvanised
steel connector plates which assist or replace the process of
gang nailing (Figure 21). Some of the plates have simple circular
holes and are nailed to the timber members; more frequently,
however, the plates have been punched out with a rectangular
pattern of projecting teeth which themselves engage the timber,
Timber tension members are sometimes replaced by galvanised
steel hangers with connector plates at each end. The advaniages
of the metal plates over the plywood ones which were previously
used are twofold; firstly, they obviate glueing, and the seiting
out and fixing of rows of nails; and secondly, because of their
negligible thickness, there is no wasted space befween trusses
during transport.

94, Shearhing is uwsually ¥ plywood, and aluminium H clips
with edges tapered to a minimum thickness are wsed on un-
supported edges instead of timber noggings.

95. Finish is generally of asphalt shingles; these are rectangular
sheets made up of layers of felt, 36”7 = 12°, impregnated with
bitumen and topped with mineral granules. They are laid, as
shown in Figure 22, in overlapping rows with an exposure of 57,
Except on rools with very steep pitches a felt underlay is
provided. The top part of the shingle is nailed to the sheathing
and the lower edge is sealed to the underlying shingle by a dab
of asphalt pre-applied in the factory. The exposed part of the
shingle has cuts in it, so that, when finished, the reof appears to
be covered with a surface of small rectangles, similar in appear-
ance Lo, bul smoother and more precise than, a slate roof. The
advantages of this system over the built-up sheet roofings are
pleasantness of scale and freedom of movement under differing
thermal conditions between the rool covering and sheathing ; no
hot bitumen is required and cach man can work independently,
an advantage on a slopimg surface. Wood and asbestos shingles
are sometimes used and are nailed to plywood sheathing or to
battens. On roofs of very shallow pitch, built-up felt roofing of
not less than three lavers, topped by chippings or gravel, is used.
For appearance the chippings are sometimes graded in size to
include a few very large pieces, 1° or 2° across.

Roof finishes of plastic are being uwsed experimentally.
Polyvinyl-fluoride has been bonded to asbestos-faced felt, and
applied to the roof in the conventional manner, the joints being
sealed with finishing tape. Polyvinyl-fluoride and synthetic rubber
have also been applied to plywood sidings and used as roof
coverings. With the latter product an ingenious method has been
used of cuiting the plywood right through to the synthetic
rubber coating so that the long edges of the siding can be [olded
hack to form an interlocking waterproof joint; this is not vet
sufficiently developed for general use. Various factory- and site-
applied spray and brush plastic coatings have also been tried.
Mone of these methods as yvel offers sufficient advantage over
conventional methods for it 1o be adopted on a wide scale.

Sheet steel and aluminium roofing materials are also avail-
able, but they are only competitive with other finishes if used
with purlin and not in roof truss construction. Purlin con-
struction differs so much from the standard roof truss con-
struction that these self-supporting materials will probably be
used only as clements in completely different systems of con-
structiom,

£



96, Tmsulation. 27 or 37 glass fibre batis are customary, placed
between ceiling joists,

97, Cedline. 1" plasterboard as for the lining to external walls.

Upper Hoors
9%, See suspended Aoors (paragraph 76).

Internal walls

99, Parritions. Framing is as for external walls. Some pre-
fabricated partition units of two skins of plasterboard with
hollow cores of paper or wood products are available but are
not widely used. This may be because ULS. methods of work
scheduling (see section on site assembly and operations) make
it preferable to separate the trades, and the use of prefabricated
units would involve combined work by electricians and partition
ETeCtors.

100, Lining. The internal lining is gencrally of plasterboard with
taped and filled joints, and a very high standard of finish is
customary. This follows some years of experiment and experience
50 that the technigques are now well understood (see paragraph
147). Metal angles are used at all corners to ensure a firm and
robust edge, and special clips are available which can be used
instead of noggings at wall junctions, and, il ceilings are to be
fixed at the same time as wall finishes, at the junctions of ceilings
and walls (Figure 23). Two special types of plasterboard are also
used internally. One is a water-resistant type for use in bath-
rooms, and its surface paper is cspecially suitable as a base for
ceramic tiles, The other is a vinyl-faced board, available in a wide
range of colours and patterns; this is fixed to the stud framing,
with adhesives, or with nails with coloured heads to match the
vinyl.

Plywood wall panelling is also used to a limited extent, and
its cost, fixed, is competitive with plasterboard. The plywood
is 1" thick, and has V grooves vertically, apparently at random
intervals, though a groove is provided every 16" so that fixing
pins do not appear on the surface of the panel. A wire pusher
has been developed which forces high-strength wire from a coil,
through the plywood into the framing and cuis it off Aush with
the surface. The wire is lost in the pattern of the board and needs
no flling. The finish is either a hardwood veneer treated with a
plastic seal, or a lacquered paper printed photographically with
wood grain.

100, fnrermal doors, The widespread use of pre-hung doors is
notable. The standard door is 6° 87 = 276" « 13" thick and the
frame is made from 1° nominal material. Each door has three
hinges—3}" loose-pin wrought steel with §* radii at the corners,
and with a plate finish—which are set in rebates formed with a
router. The lock or latch set fits into two circular holes, drilled
out at right angles to one another. There are two tvpes of frame

-whole frame with architrave fixed to one side only in the
factory, and split frame with both architraves factory-fixed
(Figure 24). For transport, the assembly 15 stiffened by nailing
through the frame into the edge of the door, cardboard packers
being inserted between frame and door at these poinis. Wedges
for packing out between frame and opening are supplied with
the door unit, one part of the wedge being sometimes pre-fixed
o the door frame, so that only the second part has (o be driven
on site. Other items not fixed in the factory, the door handle, the
second architrave, and possibly a door stop, are also supplied
with the door unit. The rough opening into which the frame fits
is 6" 107 = 2° 8" in factory-made partition units; an extra §°
may be allowed for site-built partitions.

102, Party walls. As most houses built are detached, there is
relatively little experience in the use of party walls in lightweight
construction. In the Minimum Property Standards, in addition
to the general requirement for a fire resistance of two hours,
there is a specific clause requiring the inclusion o#at least 4 of
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masonry; this is at present a basic factor in the design of parny
walls. The masonry is usually concrete block, 6" or 8 thick,
with plasterboard, attached to firring pieces, on both sides:
ar 4" concrete block if attached 1o 47 = 27 stud framing on hoth
sides—plasterboard is then applied to the framing. Mo particular
consideration 15 given to the sound imsulation of these walls.

103. However, much experimenial work on sound insulation
for party walls in lightweight structures has been carried out,*
and results approximating to House Party Wall Grade have been
obtained. These constructions use staggered tmber studs,
4" x 2" or 3" = 27 at 16" centres; nailed to the studs is either a
}" rigid resin-bonded glass fibre insulation board or a 1 fibre-
board; & plasterboard 15 bonded to the backing board with
adhesive, in such a way that through joints are minimised,
Similar constructions using steel studs give slightly lower values.

* The experimenis arc described in the following: Building Materials
and Stroctures Report 144 of the Mational Bureau of Standards, LS.
Department of Commerce, Washington, D.C.; Soluwtions ro mofs
control proflems in the consfruction of honses, aparieends, motels and
hetels, Owens-Corning Fibreglass Corporation, Toledo, Ohio: Ball-
bavardd and partition systems. Johns-Manville Corporation, New York
16,

23 accessories for 25 door and frame units

plasterboard (far left) (left)
Manufacturers: ULS, Gypsum
and Mational Gypsum Company.
24 door and frame units 26 internal finishes
(bottom left) (below)

Bulder: Del E. Webb, Phoenix,
Arizona.

Bulder: Ewchler, San Francsco,
Cal.

Venecered plywood is applicd over
the plasterboard lining.




Heating and air-conditioning

104, Ducted warm air systems are most freguently used because
the istallation costs are generally less than those of systems in
which hot water or steam i1s used to effect the heat exchange,
and because the ducis can also be used for air conditioning. The
main fuels are gas and oil, both of which occur naturally within
the United States. The ducts are wsually made of galvanised
steel sheet, though there is some experimental use of polvester
resin reinforced with glass fibres, and they are run in the roof
space, above a false ceiling in circulation areas or below a sus-
pended floor, crawl space or basement. Below slabs, asbestos
cement ducis are buried in sand or gravel fill. With crawl spaces,
ducis can be omitted and the whole space used as a plenum for
heat distribution. An important feature of the heating systems is
the humidity rectifier which improves comfort conditions by
relating humidity (o temperature.

Sanitary fittings and plumbing

105, Basins are usually of vitreous china and are set in counters
of polyester resin reinforced with glass hibres, or of powdered
stone bonded with epoxy resin, The counters are moulded to give
a splashback at the junction with the wall and a lip on the other
edges: integral basins of moulded reinforced plastic are also
available. Pressed steel baths have an integral side panel and
on the remaining sides an upstanding lip provides a flashing for
waterproofing the junction with the wall (Figure 27). Baths,
with head-height wall linings, made of polyvester resin reinforced
with glass fibres, and shower stalls are being tried oul on an
experimental basis. The installed cost is said to be comparable
with that of conventional fttings and ceramic tile surrounds.,
Sinks are of porcelain-enamelled steel, and integral draining
boards are available. As dish-washing machines become more
prevalent, the need for draining boards diminishes and sinks are
frequently set directly into work surfaces. Stainless steel sinks
are less commonly used.

106. Plumbing—supply drainage and vent pipes—is commonly
all in copper: plastics for piping are still at an experimental stage.
Where the house plan is so arranged that the plumbing in Kitchen
and bathrooms can be adjacent, the vertical pipework is ac-
commadated in & wall framework of 87 = 27 studs or hetween
two 4"« 27 frames, 47 apart. A few firms manufacture plumbing
walls (Figure 30). However, there is some resislance al present
on the part of the plumbing unions and of the building code
inspectors to the introduction of factory-installed plumbing.
For this reason, prototype bathrooms, made completely of
moulded polvester resins reinforced with glass fibres, have not
been further developed, since factory installation of the plumbing
i5 essential for economic viability. There have also been various
attempts 1o develop heart units, containing all the bathroom,
kitchen and heating equipment, but these have also been held
hack because of the factory-installed plumbing. In addition, the
weight of these units necessitates the use of mechanical lifting
equipment on site, and the introduction of this equipment for
the sole purpose of installing the heart umit 15 uneconomical.
In houses which have been designed to be erected with the use of
mechanical equipment, and where the manufaciurer is his own
erector, conditions are more [avourable for heart units (s
paragraph 18%).

Elecirics

107. Accessories have been designed io facilitate the fixing of
socket outlets, battenholders and other equipment to timber
studs and joists without carpenter-fixed noggings (Figures 28
and 29). Hollow plastic skirtings have also been dcuclnp@d for
the multiple provision of socket outlels.

H

surface
material
e.g.

tile

- plasterboard

~_|— continuous
corrosion resisting
metal spacer

[when required)

27 bath — junction with wall {abmna}

The bath is designed 1o fit against the wall,
and mot to be frecstanding.

28 electrical installation:
battenholder (right)

The bantenholder is supplied with an
expanding strut, which allows it to be fixed
directly to the roof truss members.

29 electrical installation :
control panel (far right)

The pancl fits precisely between iwo studs at
16" cenires.

30 plumbing wall (bottom right)

Manufacturer: Kingsberry Homes Inc.,
Chamblee, Gia.
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Fabrication by home manufacturers

108. Operations in home manufacturers’ factories® consist of
the assembly of timber members, sheet materials and sundry
other parts into house components: their collection, together
with other materials, componenis and equipment, into packages
for individual houses; and the loading of these sets of diverse
units on to trailers for delivery to the building site.

109, There is very little cutting, and stll less moulding, of the
timber sections. For example, all the framing members in wall
panels, including those surrounding openings, are unprofiled
reclangular sections, and are connected to each other with butted
and nailed joints. Openings are weathered by the profile of the
window and door units (Figure 19). These units, of course, are
made of moulded sections, but they will probably have been
bought in, either as complete units or in knock-down form, from
specialist producers. The most complicated sawing operation in
home manufacturers” factories is the cutting of timber for roof
trusses. The lengths are eritical, the end cuts may have to be
angled, and bird’s mouth notches may also be required. The
machine used for this purpose—a development of the double-
ended tenoner—houses two circular saws, the distance between
them being variable and calibrated ; the saws can also be inclined,
and additional cutters added to produce notches.

110. In layout the factories consist of a number of assembly lines
or stations for wall panels, roof trusses, door and frame units,
gable ends, etc., with siorage and sub-assembly bays adjacent to
them. Storage is also required for other items such as cookers,
rolls of insulation, heating equipment, packeis of roofing
shingles, and cans of paint, on which no work will be carried
out in the factory itself; in this respect, home manufacturers act
as builders’ merchants. Storage areas frequently equal fabrication
areas in size.

111. The factories are used solely 1o produce house packages
and some have been built for this purpose. There is thus a parma-
nence about the factory layvout which is in siriking contrast to the
Auidity of arrangement required in the more usual general
purpose joinery workshop. Changes in home manufacturers’
layvout are made only as part of a planned programme of
improvement or expansion.

112. The factories are set up to produce individoal houses
because an order may be received for one house, or for a batch
of houses containing différent models, or variations of the same
model. Because manulacturers expect Lo deliver to builders
* The material in this section is based on visits to the following firms:
Acorn Struciures Inc., Concord, Mass. ; Andrew Place and Co., South
Bend, Ind.; A.B.C. Package Co., Healdsburg, Cal.; Great Lakes
Homes Inc., Sheboygan Falls, Wis.; Holiday Homes, Fort Worth,
Texas; Kingsberry Homes Inc., Chamblee, Ga.; MNational Homes,
Lafavette, Ind.; Pease Woodworking Co., Hamilton, Ohio; Sterling
Custom Homes, Fond du Lac, Wis.

The NEWPORI

DELIGHTFUL BLEND OF TRADITIONAL AND CONTEMPORARY

RANGH DESIGN!

within a fortnight of receiving their orders, it is noi possible to
make up large batches for delivery. Even a builder producing
100-150 houses a year would only amass an order of four or five
houses in two weeks, and it is in any case unlikely that all the
houses would be identical in every respect; the more items the
manufacturer supplies the greater the likelihood of variation.
Finally, every manufacturer deals with many builders, and if the
siles are to be kept supplied, their orders must be dovetailed
into one another.

113, Most manufacturers work from a range of models. A recent
Heuse and Hone survey gave the following analysis:
manufacturers making not less than 25 designs 337; 25-50
designs 21 %,; 50-100 designs 1477; 100 or more designs 17 %5;
unlimited designs 15%;.

The average range consists of 55 models—those manufacturers
offering an unlimited range are probably operating as described
in paragraph 28,

114. From time to time manufacturers will add new models
reflecting new trends to their range, and others not selling well
will be discontinued. The models will cover the various house
forms—one- and two-storey, split level, bi-level and split fover—
and a wide range of accommaodation and areas. Some models
may be closely related—within the same shell two large bedrooms
may become three smaller ones, or the relationship between din-
ing room, Kitchen and living room be changed by varving doors
and partitions; a garage or a basement may be added. Other
options apply to the whole range of models—the tvpe and finish
of the cladding, the pitch of the roof, the colour of the asphalt
shingles, and the general trim and accessories which give the
houses the appearance of different architectural siyvles. Manu-
facturers may also be willing to vary their models for individual
builders—more willing, of course, if business is slack than if it
is booming, In addition, a builder need not take all the items
offered by the manufacturer—he may opt to buy separately
such items as roofing shingles or heating equipment, he may
propose not to provide a refrigerator, or he may prefer to
construct his partitions in situ,

115. In order to ensure thai the builder geis the house his
customer wanis, manufaciurers have pro forma orders which
require the builder to list the model number and to choose from
the options available (Figure 31). This order initiates the manu-
facture and collection of the components for the house package.

116. The larger the manufaciurer’s volume the more chance
he will have of grouping the orders to give repetition on the
assembly lines; such grouping was obviously not possible for
the smallest firm visited—output two houses a day—but was of
considerable importance to the largest which was producing
35 houses a dav and bad a peak potential of 50. The builder's
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details which show aliernative arrange-
ments for houses with basements.
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order is translated into a set of instructions which, in their
simplest form, are a set of house drawings with the options
pencilled on, and, at their most sophisticated, a set of production
tickets giving the house order number, the item number of the
component, ils part number, the quantity and a short description.
When production iickets are used, every item, righi down io
shutter boards and posis, and boxes of nails, becomes a com-
ponent and has a ticket. The number of tickets for each house
amounts (o several hundred, but they are produced amomatically
by pressing the relatively few buttons peeded to identify the
various options from the range available. When processed by a
computer, the tickets produce valuable feedback information
for the sales, purchasing and accounting departments.

117. As many components and parts as possible are produced
on @ baich or mass production basis. Door-and-frame uniis,
windows, wall studs, roof truss members, will be manufactured
continuously, or in batches for a number of houses, Only when
the product is bulky or expensive, or when the number of possible
arrangements of standard components within an  element
becomes so great that the date of probable use of the element
15 remole or even unprediciable, are these elements produced
on & job basis,

118, The instructions [or the day’s production are sent to the
foremen in charge of the assembly lines and stations, and of the
warchousing departments. Where the instructions consist of
drawings, they are self-evident ; where production tickets are used,
the component drawings are available at the assembly lines. A
firm of medium or small output will have one line each for wall
pancls, roof trusses, and possibly partitions, and stations for
gable end assemblies, and door-and-frame units. The firm visited,
which was producing 35 houses a day, had 11 assembly lines in
use,

33 manufacture of external wall
panels: assembly

Manufacturer : Mational Homes,
Lafayetie, Ind.

The wall framing has been assembled and is
about to move on Lo the next station. The
operatives have already selected the top and
bottom plaies for the next panel and have
placed them temporarily on the completed
frame. To the bell ¢an be seen the foreman’s

Wall pancls

119. The methods employed on the wall panel assembly line are
of special interest, because of the range of products made from
a few standard componenis. From the manufaciuring point of
view, the wall panel consisis of the following paris: perimeter
framing, window and door framing sub-assemblies, intermediate
studs, sheathing, windows, cladding and, exceptionally, insula-
tion, wiring and lining (Figures 32 and 10}, These parts are put
together on the assembly line at a number of stations, from
material stacked adjacent to the line, the panel being pushed
from station to station on rollers let into the zides of the line.
The hine is 8 0° wide (the height of the panel) and may be over
|00 feet long. The panels themselves are usually a maximum of
12" 0 long, though if the cladding is light or not (o be applied,
and if the windows are not ioo heavy, 16" 07 lengihs are some-
times produced. On sites where it is proposed (o use mechanical
lifting equipment, panels may be made up to 40° 07 in length
and are usually manufactured at one station, on a jig table,

120, At the first station on the assembly line (Figure 33), the
perimeter framing, the door and window framing sub-asscmblies,
and intermediate studs are assembled. The vertical studs in the
perimeter frame are, of course, of standard height, but the top
and bottom plates vary in length with the overall length of the
panel. The plates are selected by one of two methods, which
subsequently governs the method of positioning the (raming. In
operations where there is great standardisation of the panel
lengths, for example, five lengths at 2° 07 increments between
0% and 167 07, the plates are selected from the stock of pre-cut
lengths adjacent to the assembly line. The two plates and the two
studs forming the four pieces of the perimeter framing are then
laid on the table of the assembly station, and are held in position
by blocks attached to the table. The next step 15 to place n

=

desk with the book of component deawings,
and the production tickets, onc roll per house,
are suspended on a bar above, In the
background are the stocks of materials

cut to length.



position any window or door framing sub-assemblies. These are
manufactured in bays adjacent to the assembly line, and consist
of the framing which surrounds the window itself, and of all
other vertical members required between the window and the
top and bottom plates. These sub-assemblies are posifioned
within the perimeier frame by measurement or by blocks ai-
tached to the table, The remaining assembly task at this station
is to insert the imtermediate studs at 167 centres, and these are
pozitioned, again by blocks. The assembly is then held firmly by
clamps attached to the sides of the table and all the parts nailed
together. Manufacturers usually work to tolerances of " on
frame member positions.

121. Where there 15 less standardisation of panel lengths, the
plates are selected from a stock of random lengths and the two
pieces are laid on a bench fitted with an inset measure (Figure
i4). By mspection of the drawings, the overall length of the
plates, and the positions of the sub-assemblies and studs, can be
swiltly marked. The drawings used may consist of the ordinary
house drawings, or standard component drawings. Two new
ideas were encountered; in the first, the clevational drawing of
each wall was replaced by a line, along which there was a series
of letiers indicating stud, double siud, window sub-assembly,
ete., these positions being dimensioned. By this means all the
cutting and marking-out information for the wall panels of a
whole house can be contained on a single A4 sheet. The second
innovation used a plastic tape, stored on a film reel; the tape
was fully marked to actual size with the plate lenpths, stud
positions, ete., required for a house, and the firm was thus able
te carry the information for its whole range of models on some
40 tapes. The advantage was that by simply working along from
one end of the tape to the other, the marker-out could be assured
that all the plates necessary for the specified house would be
provided. With this method, using fully marked top and bottom
plates, blocking pieces are not required on the assembly table,
and the lifting device under the rollers, otherwise necessary to
allow the frame to clear the blocks before being pushed to the
next station, can be eliminated,

122. A further refinement of the framing process was seen in one
factory visited. Here the intermediate studs were not inserted
at the firsi station, but as the framework was carried along the
assembly ling mechanically and at a controlled speed, it passed
under a machine which automatically dropped a stud into place
at 16" centres, and nailed it to the plates.

123, For those manufacturers applying the wall lining in the
factory, this is carried out at the next station. The lining is applied
before the cladding and windows, because its flat surface can be
fully supported on the assembly 1able while the latter are being
fixed ; this would not be possible in reverse order with the uneven
outer surface of the panel in position. First, the electric switch-
roxes and socket outlets are fixed and wiring is threaded through
holes in the studs, suitably long tails being left for connection
to fittings in adjacent panels. Alternatively, when the wiring and
accessorices are to be nstalled on site, vertical draw wires may be
secured by nails fixed in rebates in the top and bottom plates.
Mext, a glue-dispensing machine is run over the faces of the
studs, and 8° = 4" sheets of the plasterboard or plywood lining
placed in position, and secured by nails at top and bottom and
possibly along the vertical edges: the panel may be run through
a revolving press to secure effective adhesion. A routing machine,
suspended overhead on a light framework, and operated by a
man on each side of the assembly line, is then manipulated around
door and window openings in order to cut away the lining; and
il the panel is not a multiple of 4" 07 in overall length the surplus
part of the edge lining sheet is removed from the end. On leaving
thes station the panel passes through a device which turns it over
before reaching the next station. If insulation is to be installed,
it iz glied to the lining or stapled to the studs, f
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124. The advantages of applying the plasterboard or plywood
lining in the factory are that the sheets can be accurately posi-
tioned and secured mainly with adhesives, thus producing a
high quality finish for which a minimum amount of filling and
Jointing is required on site. There is a saving in the total labour
and a reduction in the amount of site labour required. These
advantages have 1o be set against the possibility of damage in
transit and erection, but manufacturers consider that with
reasonable experience this is negligible. Two further objections
remain, however, and it is these which have prevented wide-
spread use of lined panels. With the plasierboard lining it is not
possible to eliminate site jointing completely (see, however,
paragraph 185), and it has been found in practice that unless
it is possible o omit a trade completely, the full economic
advantage will not be realised. Secondly, local building inspectors
may insist on the site inspection of panel interiors and on site
'|"-'Erll'll_|:.

125, The sheathing 15 nailed to the outer surfaces of the frame-
work. There are automatic nailing machines available which
will imsert nails along all framing members at specified centres
a5 the panel passes along the assembly line. Openings are
sometimes routed out as for the lining, but as sheathing materials
dare more expensive than lining materials, and as the joints do
nol have to be made good in the same way, the 8 0" = 4° 0°
sheets are usually pre-cut into smaller rectangles and placed
round the openings.

126. A polvthene flashing is dressed round the window openings
and the window dropped into position. As shown in Figure 19,
the window frame has an outer flange or lip and this is fastened
through the sheathing to the frame. The windows, primed timber
or aluminium, are already glazed ; they may have been purchased
in this form or they may have been pul together from knock-
down parts in a sub-assembly bay. Figure 19 also shows that



the timber window head {and jambs) are made from a number
of small rectangular sections, These sections are stiiched together
in an autonailér (Figure 35). The advantages of this method are
that smaller sections are more casily obtainable than large ones,
and, being generally rectangular, make good use of the material;
moreover, the moisture content of small sections can be more
quickly and easily reduced, and being rectangular, and not
deeply profiled, as well as restrained by adjacent members, the
sections are not subject o twisting and warping. External doors
are not usually installed in the factory because of their weight,
and to avoid damage on site when other components are carried
into the building.

127. Finally, the cladding 1z applied. With cladding made from
87 0" high sheets, joints are reduced to a minimum, since a cover
strip or simple overlap can be used at the wvertical junctions
between panels. Horizontal cladding presenis a more compli-
cated problem as the appearance of vertical cover strips is not
popular, and it is difficult to ensure effective weatherproofness
if the outer surfaces of the cladding materials do not form one
continuously plane surface along the joint between panels. The
solution most often used is to leave off short lengths of the
cladding adjacent to the vertical edges of the panels and for the
remainder of the cladding to be fixed on site. This has the
advantage of covering the junction of the panels, but it is an
intricate operation, sincg, in order to avoid a through vertical
joint in lapped cladding, successive courses of the factory-fixed
cladding are stopped off at varying distances (Figure 49) from the
edges of the panel. Unless pancls are large and vertical joints
thus few in number, it may be preferable to fix all the horizontal
cladding on site. Some benefit can be obtained by careful
positioning of the panel joinis in an elevation. One firm designs
its panels so that wherever possible the junctions occur some 4”
from tall openings such as doors or windows with a low cill.
The panel frames for each elevation are produced in sequence

34 manufacture of external wall
panels: selting out

Manufaciurer: Sterling Custom Homes,
Fond du Lac, Wis,

The house plans are clipped to the board
above the bench, and the lee-square used to
mark the timber is on the measure below
them. In the foreground is the circular saw,
and to the right the stock of wall plates.

35 autonailer

The machine holds small preces of timber
firmly together, and as the timber is moved
1|!|r1||:|g,|'| Ihq,: |'|'|u|_'|li.l'|l; !I-L:-rr,:|;.'-i 311,‘1:r I’u\lc;mr\
through them at set intervals. The fastencrs
are cul lengths of thick wire just visible on
the right, drawn from a continuous caoil,
and both ends are bent over in the stitching
process,
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36 manufacture of roof trusses

Manufacturer: Sterling Custom Homes,
Fond du Lac, Wis.

37 manufacture of external wall
panels: fixing cladding

Manufscturer: Kingsberry Homes Inc.,
Chamblee, Ga.

38 manufacture of external wall
panels: caulking windows
Manufacturer: Andrew Place and Company,
South Bend, Ind.

39 manufacture of wall panels:
transfer to loading bay
Manufacturer: National Homes,
Lafayette, Ind.

and are laid together when the cladding is to be applied. The
cladding is laid over the panel joints wherever such an overlap
will bring the cladding up against a door or window frame in the
adjacent panel, but is, of course, fixed to only one panel, The
paneéls are transported with the cladding projecting, and all that
remaing to be done on site at these points is some nailing and
caulking.

128. Generally, the cladding is nailed 1o the sheathing or frame-
work in the conventional manner: in some cases power-driven
tee-nails or staples are used. Great accuracy in location and
coursing and in filting round openings is possible, and the
caulking of joints under these conditions is reliable (Figures 37
and 38). One firm has developed a method of fixing profiled
aluminium sheeting to thesheathing with adhesives, The panel then
passes through a revolving press which has a rebated cylinder
to match the projections on the sheeting, Pop rivels are used to
fix aluminium fashings and cover strips 1o the sheeting, both in
the factory and on the site.

129, At the end of the assembly line, the panel is hoisted into
a vertical position and transferred 1o the loading bay, cither on
a trolley or by an overhead carrier sysiem (Figure 39). The latter
method avoids double handling and keeps the panels in their
correct house sequence for loading.

Rool componenis

130, Roof irwsses. Three types of machine for assembling roof
trusses were scen. Essentially, the process involves holding the
pre-cut tmber members in place, positioning the metal connec-
tors on both sides and nailing them, and then applying pressure (o
drive the connectors into the timber, The first machine (Figure 36)
consists of an adjustable metal rack raised into a position just off
the wertical, which can be arranged to accommodate trusses of
various pitches and spans; the rack is so designed that the
Junction points of the truss members are accessible from both
sides, and thus the connectors can be applied simultaneously,
The rack then swings down into & horizontal position, the truss
is deposited on a set of rollers, and is pushed through a roller
press. In the second machine, blocks are attached (o a horizontal
wooden table, the timber members and connectors applied to
one side. The truss is then reversed on 1o another table adjacent
to the press, the connectors applied to the second side, and the
truss pushed through the press (Figure 21) In a refinement of
this machine, the wooden table has adjustable metal blocks with
sinkings fior the connectors, and the table top itself is on rollers
and can be run through the press, so that connectors can be
applied 1o both sides of the iruss without reversal and no inter-
medinie handling of the truss is necessary. The third machine
consisis of steel “bollards™ secured 1o and running In grooves
in the floor 1o allow location at the junction points of a variety
of trusses. Al the head of each “*bollard™ isa “mouth” into which
the two conmector plates and the ends of the timber members can
be placed. When the assembly is complete, electrically controlled
pressure is applied simultancously to all the junctions. The
time taken io assemble roof trusses by these methods is between
two-and-a-half and four man minutes per tross.

131, Gable ends. These are the triangular wall sections oecurring
below pitched roofs on end walls. They are similar in con-
struction to the external wall panels but their non-rectangular
shape and the variable pitch make assembly line production
difficult. In order to ensure conformiuly with the other wall
panels, and to speed progress on site, it is preferable for them to
be made in the factory. Because of their complexity and the
relatively small numbers requined they are manufactured on
a single jig table.

132, Gable end assemblies, These form the roof overhangs at
gable ends. They are often fairly complicated and accuracy is
necessary 1o obiain a good appearance. As with the gable ends
it iz therefore more satisfactory to produce them in the factory.
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Floor components

133, The production of floor panels (Figure 40) is rather
unusual because of the small proportion of two-storey houses,
and because mechamical egquipment 15 necessary (o place (hem
in position on site, The only operations normally carried out
in the factory are the cutling to length of the joists, if these
are not bought in precise lengths, and possibly the grooving of
the irimmers into which they fit. For some floor plans it may
also be necessary to cut some special sizes of plywood sub-
flooring from standard sheets (this applies also to the roof
sheathing). Beams, used internally where partition support for
joists is not available, are made from two 8 = 25 or 0" x 2
stitched together with an autonailer, similar 1o that shown in
Figure 15,

Partitions

134. Panels. The framing and [ining are pui together on an
assembly line, as for the exiernal wall panels.

135, Door and frame snics. The great quantity required has made
possible the development of elaborate machinery for the pro-
duction of the units; the advantages are high precision and the
minimal use of labour, The most advanced machine seen (Figure
42) consisis of a framework inte which the door and two jambs
are inserted. Routing and drilling machines are permanently
attached to the framework, and, on starting the machine, rebates
for the hinges, and holes for the lock or latch and for the handle
spindle are formed simultancously in both door and jambs,
The hinges are fixed to door and jamb before the parts are with-
drawn from the machine. The lock or latch is inserted and the
striking plate fixed. The door and jamb, the remaining jamb
and the top of the frame are then placed in another jig, where the
frame members are fixed together, and packers inserted between
door and frame., Meanwhile, the three parts of each of the two
sets of architraves have been assembled. The parts are held in a
jig and a metal spline inserted at each corner as shown in Figure
24. One set of architraves is then fixed firmly to the door with a
stapling machine which has a stop o give the correct offset
on the frame. The other et is lightly pinned as it has to be re-
moved while the door frame is inserted in the site opening.
Where doors and frames are painted or sealed in the factory,
this is done before the assembly of the parts.

Loading

136. During assembly, everything needed for the house—
the components, the bundles of primed trim, the cartons of
accessories and the packaged equipment—will have the house
serial number marked on or a copy of the production ticket
attached. As all the parts converge on the loading bays, the fore-
man in charge of loading is able to check them against his list
and the trailer is then loaded in such a way that the parts are
available in the order required on site (Figure 41). The trailers
are 8 0° wide and 40° 07 long, though some manufacturers use
shorter ones down to 24" 07 in length. The trailers are either
open-topped with 9707 high sides and double doors at the back,
or consist of a flat bed with central vertical metal framework so
that the overhead system can carry components right on to the
trailer. Tarpaulin covers are used in transit. Most manufacturers
stack their components vertically. External wall panels with
cladding attached are held away from each other by cross struts
or bands which are nailed into the tops of the panels. One trailer
can accommodate the components for a house up to approxi-
mately 1,100 sq. . in area. If the house is larger than this, a
second delivery is made to the site possibly several davs after the
first, with a smaller lorry carrying the internal trim and equip-

ment, The complete set of components for a hnyse varies in
weight from 12,000 to 25,000 |bs, g
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40 manufacture of floor panels

41 manufactured homes: loading 42 manufacture of door and frame
of trailer

Manufiac Home Manufacturer: Kingsberry Homes Ing.,
Ing., Se Mussourt. Chamblec, Ga.




Site operations and assembly®

137. The choices available to builders in methods of purchase
and in the organisation of site operations have been discussed in
paragraphs 17-1% and 6%,

Works below ground floor level
|38, Not less than eight working davs before commencing the
supersiruciure, the builder will start on the work of clearing the

* The material in this section 15 based on visis 1o the following firms:
Andrew Place and Co,, South Bend, Ind.; Del E. Webb, Phoenix,
Arnz: Fox and Jacobs, Dallas, Texas; R. J. Hunter Inc., San Jose,
Cal.; Lewvitt and Sons Inc., Trenton, Pa.; Maverick Homes, San
Antonio, Texas; MNational Homes, Lafayette, Ind.; Pauly and Co.,
Cincinnati, Ohio; Sterling Custom Homes, Fond du Lac, Wis.
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site, setting out the building, preparing the foundations and
installing the services below ground. IF the site s within an estate
which the builder is developing, the topsoil will probably have
been removed, the land graded, and the roads partially con-
structed at an earlier stage. Trenches for footings or grade beams,
for deep services within the building, and for those ouiside are
then excavated with mechanical equipment (Figure 43). In some
cases it 15 possible to cast the grade beam directly into the
excavated trench; with this method excavation is reduced to a
minimum, there is no backfill, and the ground immediately
adjacent 1o the building remains relatively firm (Figure 15).

139, Asbestos cement heating ducts are laid on the excavated
ground within the building and buried in a bed of sand or gravel
(Figure 44). Water and gas supply pipes will be laid either in the




sand or gravel bed or on top of a polythene vapour barrier laid
over the bed (Figure 16). The service pipes are someiimes con-
tinued up above the slab io the level of the baihs, basins, eic.,
so that there is no further work for the plumber until the fitting
and connection of the equipment (Figure 45). I it is not practical
to make an immediate connection to the services in the road, the
required length of pipe is coiled up in a starter trench immedi-
ately outside the building.

140. Foundation beams and slabs are formed with ready-mixed
concrete (Figure 46) and a surface smooth enough for thin tile
floor finishes is obtained with a manually operated float,

43 site operations: excavation of
foundation trench (top far left)

A reinforeed concrete grade beam will be
cast directly into this trench.

44 site operations: heating services
below the site slab (top left)

Builder: Levitt and Sons, Inc., Levittown,
M.

The brick box forms a base and plenum for
a down-flow heater.

45 site operations: gas and water
services below the site slab
(bottom left)

Builder: Del E. Webb, Phioenix, Arizona.
Because of the dryness of the climate, it is
possible 1o lay the water and gas supply pipes
in the gravel Al

46 site operations: site slab (above)
Builder: G. and J. Price, Lafayette, Ind.
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Erection of house shell

141, For the builder using a manufactured house package, the
key day in his organisation is the one on which the package is
delivered, The timing of his preliminary operations will have been
worked back from this day, and subsequent operations will be
dependent on it. On this day the largest gang will be working on
the house, and delay in starting or completing their erection
work can be expensive, as demurrage charges on the trailer
average 52/- per hour. At the beginning of the day following the
arrival of the house package, a gang of six or eight men will start
on the erection of the shell of the house (Figures 10 and 47). All
the components are nailed to one another. By the end of the day,
the gang will have put up the external wall panels, the rool
trusses and sheathing, and possibly some partitions. If the house
is two-storey or has a basement or crawl space, the suspended
floors will also have been constructed, The roof will be covered
with the under layer of felt, and as the sheathing and glazing
of the external walls has already been carried out in the factory,
the shell, with the exception of the opening for the entrance door,
15 now complete. The next operation 15 Lo carry the remainder
of the components into the house and then the entrance door
unit is fixed ; the house i then both weathertight and pilferproof,
If the housc 15 cf average size or smaller, and progress has been
good, further work will be done that day. Cladding will be fixed,
if this has not already been done in the [actory; the asphall
shingles will ke laid and more partitions erccted.

142, The advantages of the manufactured house package in
simplifying site operations are obvious; the provision of bulk
storage, sorting out and double handling are eliminated; com-
ponents and materils not fixed immediately are stored under
excellent conditions and are ready to hand when needed ; above
all, there is the certainty that all the parts required for the house
have been delivered.

143, Most builders place the components in position by hand,
and they maintain that the cost of uwsing a crane would be
prohibitive. The few builders who do use mechanical equipment
of course take the opposite view (Figure 48). The total cost of
the labour for erecting the shell is of the order of £100, s0 that
quite a high percentage saving in labour has to be made to pay
for the hire of a crane. The use of a crane climinates a few joints
in the external wall because larger factory-made panels can be
erécted; il may save some complex patching of horizontal
cladding: in houses with suspended floors, large floor panels
can be wsed mstead of individual joists and sheathing: the lifting
of single roof trusses is also avoided, as several can be bundled
and hoisted together. The type of crane favoured is a lorry-
mounted telescopic boom. A tvpical crane of this type has a
maximum capacity of five tons at the lorry, and can be extended
for a distance of 30 feet, with a capacity in this position of one-
and-a-hall tons; s maximum elevation 15 65°, This crane can
place in position from a single location all the componenis for a
house, One builder manufacturing his own wall panels in lengths
up to 40 feet uses a fork-1ift truck with boom to 1ake the panels off
the lorry and move them o position on the house: the fork-lift
truck is also used for lifting roof trusses (Figure 49),

144, The technigue of individual house packaging has been
developed for detached houses, but it is now being applied to
terriace houses, as can be seen in Figure 47. Each trailer still
contains the compenents for one house only, and the con-
struction of the terraces proceeds house by house, each succeed-
ing house being started one day after its neighbour.

48

47 erection of house shell

Builder: Gateway Corporation, Indianapolis,
Ind.

The panel is moved with its bottom edge at
the top in order (o avoid damage to the
projecting cladding.

48 erection of house shell: use of
crane

Builder: Hanover Highland Homes,
Hanover Park, 111,

By using a crane, it is possible to handle
prefabricated floor panels.

49 erection of house shell: use of
fork-lift truck

Builder: Andrew Place and Co., South Bend,
Indiana.






FOUKDATION SCHEDULE
DAY OPERATION DATE CONTRACTOR OR SUB.
| 1 r:'talu building and grade off ,l,._.,a,'- 2 | condimeder |
2| trench foundation and pour concrete fooling P B
1 [ n Hoon n I Ltk T 5 :
 |lay block foundation walls e | Mnt )
clean up all malerials n oA
g Tﬂu wall plates, g covdAraclor
\first rough plumbing, sewers, water services, etc. [ 2 Az .
;lay gravel and grade for slab 1' Sy Cora T A 7
7 ;puur slab, stoops, walks and driveways |' w o e e 5
ERECTION SCHEDULE UNIT No. BOES3 DELIVERY DATE ﬂ-«;rwf 124 1944
DAY | OPERATION DATE CONTRACTOR OR SUB.
1 | erect ground floor panels and partitions hag' (2 | comdimmete
erect first floor joists and deck panels ¥
lerect roof trusses and sheathing
7 | lay asphalt shingles R | ~
| erect first floor partitions J codrnedor A8
e e e | codreder
| i _fi:_ rough qlumhing.inr.l. bath ' : r;- d_aﬁj'i.ﬁ o
; 'p:amt exterior | AB. P“‘*J""b it .
| 5 |fix rough electrics o 1§ XY Lleolnes . |
- ° [t | S
'_ | deliver plasterboard | : i
apply plasterboard e B
:tape and fill plasterboard joints w2 _
9 |fill plasterboard joints - 2nd. coat e i
10 _dr]r plasterboard joints el S : |
11 [ fill plasterboard joints - 3rd, coat -
12 .. sand plasterboard joints g 219 i ___q
| 13 fix interior trim o, | v 30 |codrmelom
| 14| paint interior | : S%EEE‘“H_.*;IL_E R
15  set kitchen cabinets e andFncdi-
finish electrics | XY Lbolner .
16 clean floors R ; .;_,‘-,.,.M__—
17 | lay floor tiles T | |
18 | fix ceramic tiles, internal doors,cupboard doors o F.‘? : LR
erect fence,carry out miscellaneous repairs | X
S e i s | i
20 ' clean house, inspect house Tor 2l | codme PEET
[ 21 ;fini:h work reported by inspectors Do 22 | ST |

% these dales apply if owner does own painting
3l site operation schedule : individual house
Thiz is a ty I‘ﬂ'lr'%l.E schedule used by a site foreman to pro e site operations for houses built from a manufactured house package.
The opportunity afforded o customers to paint their holses has been discussed in paragraph 15.
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Completion of the house interior

145, Progpramming. Following the erection of the house shell,
the remainder of the house is erected in 21 or 22 working days.
A typical erection schedule is shown in Figure 50. The schedule
given is for a builder using a manufactured houwse package. The
sequence is similar for conventional builders though the framing
operations occupy more time. 1t will be noted that the schedule
iz arranged so that only one trade at a time is in the house and
that each trade is allowed a day or half a day to complete its
work. This means that a gang of sufficient size must be put on
the job to enable it to get through in that time. The gang of
six or eight on the shell has already been mentioned ; other typical
gangs seen were two plumbers fixing the rough plumbing, two or
three plasterers fixing the plasterboard, four taping and filling the
joints, and one joiner fixing kitchen cabinets. OF course, the 1ask
may not take the gang all day, in which case they may goon lo a
second house, or if they are sub-contractors they may transfer 1o
another job; the labour is extremely mobile—every gang, if not
every individual, arriving by car. In order 1o accommodate the
part-day gangs, the contractor may wait until several houses are
ready, and in this case the working days are not immediaiely
consecutive, and the duration of the schedule is exiended by one
or two days. A builder who is building considerably less than
250 houses 2 year may decide to leave longer gaps between the
working days, thus allowing more latitude for the various trades.
It is for these reasons that average figures of eight 1o twelve weeks
are quoted in various surveys on the speed of housebuilding, in
contrast to the minimum of six shown in Figure 50, On average,
conventional builders take about 30%; longer to complete their
houses, but some of this longer period should be atiributed to
the fact that these builders tend to have a smaller annual output
than the others.

146. The clockwork-like precision suggested by this schedule
and description sounds utopian, but there are good reasons why
it 15 practical, and in fact typical, in U.S. housebuilding. First,
there is no shortage of materials, so thai the builder i1s not likely
to be held up by delays in delivery, even for those items which
are not included in the house package. Secondly, sub-contractors
are apparently more plentiful and more mobile, and in any case,
the builder with an average annual production has considerable
latitude in timing within his annual programme. The problem of
timing increases with the volume of the builder, and it is of interest
that one larger contractor visited, who was building one house per
day throughout the year, had ceased emploving sub-contractors
and was adjusting the size of his own gangs so that each man had
a full day's work. There was still the problem of different-sized
houses, but the idea of getting through in a day was so ingrained
that the men did in fact complete the work on time, Obviously
the pace varied a little from day to day, but both emplover and
emplovees appeared to be satished with this arrangement.
Thirdly, the delivery of the house package is a firm anchor to
which the remainder of the schedule can be tied. The builder
knows with certainty that at the end of a single day’s work on
the superstructure he will have a working space which will be
unaffected by external weather conditions. This creates confid-
ence that the schedule can be adhered 1o, and that there will be
no changes either for the men or for the delivery of materials.
Fourthly, the details of the standard method of construction,
which have been developed over a long period, are now so well
worked out and undersicod that the parts of the building fit
together without trouble or delay, and under these circumstances
it is easy to be productive. Moreover, these details have been
worked out in such a way that each trade can carry out its own
work without assistance from others—the electrical fittings
shown in Figures 28 and 29 are an example of this. Finally, this
productivily is lurther increased by intense specialisation. For
example, plasierers have now been largely superseded by dry
wall lining firms, who employ hangers and spacklers, i.e. one

group which fixes the plasterboard and another which tapes and
fills the joints. Within these two groups there may be further
specialisation; one man may cut, fit and hang the board, by
nailing round the perimeter, while a second does the intermediate
natling; ceiling spackling and wall spackling may be done by
different men. The gang erecting the shell of the house are
drawn from a different group from those working internally,
and the man who installs the door uniis is unlikely to fix the
skirting.

147. Plasterboard dry walfimg. As shown in Figure 51, each man
works independently, using tapered edge plasterboard, marking
out the sheets required with a sieel tape and tee square, and
cutting them to size. When sheets are to be placed on the upper
part of the wall or ceiling, several nails will be positioned in the
plasterboard sheet before lifting it from the horizontal stack.
It is then possible for one man alone to lift the sheet into position
and to secure it in place; only when very large shects arc used
on the ceiling will two men work together, In some cases the
plasterboard is carried over the windows, and the opening cut
out later. The next operation is the filling and taping of the
plasterboard joints and the spotting-out of the nail heads ( Figure
52). Four men will complete this operation in two hours—iwo, on
stilts, working on the ceiling joints and two on the walls. Sub-
sequently, the joints will be feathered out in two successive coals
toa width of 9° or 107, Although a total of only 35-40 man hours
are required for the whole of the dry walling, no less than four
working days are allowed for the finishing processes. Great
emphasis is put on the need for control of both temperature and
humidity. A moisture content of 9-14 % for the timber is recom-
mended, and in winter heating is provided to give a temperature
of 55-70°F. If the timber has a high moisture content when the
plasterboard is fixed, shrinkage, due to dryving out when the
building is complete, will result in loosening of the contact
between plasterboard and timber, and will cause nail-popping,
i.e. the protrusion of nailheads above the surface of the board.
A constant temperature of 35°F. is recommended throughout
the fixing and jointing of the plasterboard and until the house is
occupied, in order to ensure even drying out of the board and
Joints. A one-day process has been developed, but this utilizes a
two-part filler with a limited pot life and few builders have vet
adopted it. To obviate the spotting-out of nail heads, their
appearance is sometimes disguised by giving a textured finish to
the wall; this is obtained by smearing the jointing compound
over the wall surface go that it adheres to part of the surface only.

148. Services. As already described in this section, work on
heating ducis, and on water and gas supply pipes below the
ground floor, will have been completed before the commence-
ment of the supersiructure. Once the shell of the house is com-
plete, possibly even before many partition frames are in position,
the bath will be installed : at this stage there is still comfortable
working space in the service arcas (Figure 53).

149. fnternal decoration. Painting is usoally carried out with
brush or roller, depending on local union rules, On two sites
visited, however, spray painting was used, and here one man
could complete one house in three hours, The success of this oper-
ation lay in the well thought out masking details, The floors were
covered with thick building paper as soon as they were lad.
This is simple with platform consiruction as the whole floor or
sub-floor is unobstructed at the erection stage, and the paper can
be secured under the external wall panels. In setting the alu-
minium window units into the wall panels, the builder used for
flashing a whole sheet of polythene rather larger than the unit,
and this covered the inside face of the window and frame:
reference 1o Figure 32 will clarify this. The third measure was (o
leave the pre-finished internal doors in their polythene covers.
The painter could then spray all wall and ceiling surfaces,
including wood skirtings and architraves. The only remaining
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51 site operations: fixing
plasterboard (lop left)

Builder: Leviti and Sons Inc., Levittown,
M.

The arrangement of nails in pairs helps 1o
eliminate nail-popping.

52 site operations: filling and
taping plasterboard joints (top right)
Builder: Gulrl:wil}' 'E-'L:ll'pL'rr';t[:il:!lh,
Indianapolis, Ind.

Mote the use of metal beading on all external
corners. Seealso Figure 23.

53 site operations: services within
the building (bottom left)

Builder: Pauly and Company, Cincinnati,
Chhia.

The upstanding lip of the bath as shown in
Figure 27 can just be scen. Switch boxes
and socket outlets have been fixed directly
1o studs,

54 site programming schedula
(opposite)
Builder: Fox and Jacobs, Dallas, Texas.

The numbers in the squares are the house
zerial numbers. As each operation i5
completed, its square is hatched in, The
effect of failing to complete an operation is
shown in operation 5. Shingling the roof
will not affect other operations and a
straight line gap will appear until the work
catches up. The more serious effect of failing
Lo complete an operation inside the house
is shown in operation 9 as an ever-widening
gap shows up on successive days,
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operations were the fixing of electrical cover plates and door
handies. Painting of the relatively small areas of kitchen and
bathroom was by brush.

Site programming

150, One builder visited consolidates his individual house
schedules into a composite schedule, which enables him (o see
at a glance the progress of the job (Figure 34). The operations
are listed vertically in their daily groups, as in the single house
schedules, but no dates are attached o the days; horizontally,
a space 15 allocated to each working day. The serial numbers of
the houses are written in on the squares of the chart, in such a
way that the daily progression in ¢ach house is maintained, i.e.
the serial number for each house repeats diagonally down and
across the chart, Ideally, it should be possible, at the end of each
day, 1o cross off a complete veriical column. Any deviation from
this immediately shows up the effect on succeeding houses,

151. Critical path methods for programming building operations
arc not generally used by homebuilders; the six-week cycle
produced by the existing methods of work scheduling is, for
many builders, adequate. Some builders constructing complex
schemes of Aats are expenmenting with C.P.M., and some home
manufacturers use the method as a research and development
ieel in the design of their house ypes.

152, Operational studies have been carried out by the MNational
Association of Home Builders and others with the obpect of
helping the builder to reduce costs. These studies utilise tine-
lapse films in which a camera mounted in a fixed position takes
a single frame at set intervals. The film is then run through a
cine projector and a speeded-up version of the site operation is
seen: for example, a frame taken every 12 seconds will produce
a 40-minute film showing a whole day’s work. The film illusiraies
clearly the pattern of movement on the site, and can be run at a
slower speed for the analysis of apparently unnecessary or
difficult operations.

133, The National Association of Home Builders study
TAMAP (time and methods analysis programme)—also included
work studies and an analysis of the materials used. Among many
useful and detailed recommendations, it pointed out: that
savings in materials, through the elimination of waste at the
design stage, tend to give easier savings than those obtaned by
reduction in labour items, as materials are now more than twice
labour costs in total; that double handling adds nothing 1o the
value of a house; that shop fabrication of complicated assemblies
is cheaper and more satisfactory than site assembly; that as
carpenters and others tend to nail claddings, sheathing and lining
materials (o every siud, the inclusion of unnecessary studs
involves not only the cost of the material but also that of
fasteners and labour; and that the pre-packing or bundling of
groups of small related components can save considerable time
on site. Above all, the study sought to convince the builder of
the value of developing a questioning attitude to all the design
aspecis of his houses, and of pre-planning all his site operations;
ivpical check lisis and a pro forma critical examination sheet
were produced for this purpose.

Exqquipment

134, Tools and mechanical equipinent. Mechanical trench digeers
and telescopic boom cranes have already been mentioned,
Smooth finishes to concrete slabs are obiained by a manually
operated float: no power floats were seen. All carpentry work
was manually nailed, even to concrete—masonry nails were used
for this. Contractors who cut frame members on site usually have
electrically operated hand-held saws. Electricallv-operated drills
and screwdrivers were used for joinery fixing. One comtractor
used loose fill insulation and this was blown into place mechanic-
ally through a hose from the supply lorry. i
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55 scaffolding

The pluiform can be adjusted so that the work
i% alwayvs at a comforiable height, and the
minimal obstruction allows general inspection
of the work as it procecds.

155, Scaffoldime. Yery little scaffolding is used, and when it is, it
is light and portable. In two-storey buildings, upper storey wall
panels and roof trusses were manhandled up a framed plywood
ramp set at an angle of 30°, An inclined convevor belt was used
for hoisting asphalt shingles. For the hixing of shingles or boards
as cladding, the scaffolds consisted of two vertical timber posts
fixed into the ground and atwached by straps to the face of the
building, with adjustable metal cantilever brackets supporting
a horizontal plank (Figure 55). Short step ladders were used to
reach the top of wall panels (Figure 51), and plasterers fixing
ceiling board were seen using stilis (Figure 32). External painters
used cradies hung via offset brackets from the roof.



Cost and manhours

156. Although a great deal ol information s available on the
cost of houscbuilding in the Umited States, to make it meaningful
in this country by relating it accurately 1o British costs would
require a detailed analysis beyvond the scope of this study. The
study would need to appraise not only actual quantifizble differ-
ences in housebuilding between the two countries, bul also
differences which have no monetary value in reality. In the first
category would come such factors as differences in house types,
average areas, standards of performance and equipment,
methads of construction with their differing labour réequirements,
and costs of labour and materials.

157. In the second category, a valuation would be required of
such factors as the effect of the different proportions in the two
countries of building for private individuals and public authori-
ties; and of differences in site wage rates, and their consequential
effect on builders’ site organisation, and on the attractiveness
of the work to the operatives. The information in this section
on cost and manhours 15 given solely because of its intrinsic
interest.

Cost

158. The U.S. Department of Labor has published a survey®
of the labour and materials requirements for houses. The survey
is based on a representative sample, by geographic region, state
and locality, of 101 houses, built mainly in 1962, The sample
ratio is 1 in 7,400, but the effective sample is larger as some of
the individual reports represent many similar houses within large
housing developments. The typical U5, house described in
paragraph 39 predominates in the survey, 87 of the houses
were built in frame construction, as described in this study,
and used prefabricated elements to a varying exient; 10 of these
houses were consirucied from manufactured packages. The other
I4 houses in the survey were of brick or concrete block con-
struction. However, the houses in the survey are 139 larger, on
average, than those described in paragraph 39, and the overall
prices consequently higher, as follows:

area (to outside faces of external walls but exclud-

ing garage) 1,240 2. 1.
construction price (including construction profit) £5,210
market value (selling price inclusive of land) £6,315

159, As the sample coniains many varianis which aifect umi
cost, no useful cost per square fool can be derived from these
overall figures, The average cost per square foot of 77/-
given for the 38 houses in the survey which had garages but no
basements most nearly corresponds to the figures which would
be obtained by British methods of calculation {see footnote to
paragraph 39). Cost information obtained directly from manu-
facturers and builders gave a rather lower average of 65/-,
probably because the firms visited were drawn from the largest
and the most efficient.

160. The construction prices quoted above consist of the con-
struction cost plus the builder's overhead and profit, and his
financing and sales costs. The following cost analyses of four
tvpical frame construction houses were obtained from home
manufacturers and builders, and are based on construction cost
only: this is usually 25-30%, less than the construction price. All
four houses were built from single-storey packages supplicd by
home manufacturers.

161. Analyses B and D allow for typical minimum footings only,
The packages coniained sheathed wall panels with pre-glazed
windows, roof trusses, reofl sheathing and shingles, partition
frames, external and internal door units, Kitchen cabinets and

* Bulletin Mo, 1404 of U5, Department of Labor, Washington, DLC.,
Labor and materials reguirements for private one-family house con-
Sruciicon.

house A I C ]
area of house sq. fi. B 1,152 S08 Wl
Barage 256
carport 216
basement 334
bascment £773
slab £191 £277 £123
package supply 1,164 1,394 910 1,126
erection 179 145 11z 105
roofing shingles
labour 0 14 20 9
cladding
brick materials 100 193 290
labour 136 14l
wood siding materials 135
labour ‘
plumbing materials (190} (128)
labour = (i 86
elecirics T4 ik 63 LT
heating materials 134 (80 (G0} (46)
labour : 24 34 9
plasterboard materials 140 97 33 72
labour T4 48 ol
exiernal painiing 3 k) %0 6
internal painting [ 78 64
fooring 140 7] 6} 62
wall tiling 0l 17
TOTAL £3,258 £3,008 £2,181 £2.065
walks, drives and steps 15 33 8 21
site works 45 30 12
landscape 43 32 0 3z
COMSTRUCTION COST £3,316  £3,138 £2,249 £2130

gink. In house A, the package alzo included the suspended ground
floor; in houses B and D the plumbing materials; and in houses
B, C and D the heating materials (price shown in brackets in
cach case) were supplied with the package, and the price should
be added to the package supply to give its total price. In house
C, plasierboard was fixed to all wall panels in the factory; the
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£33 is for the ceiling board only, The price of the house package
supplied by the home manufacturer usually varies from 25-334%
of the construction price, though this proportion rises to 66-80%
for manufacturers who supply all materials, and carry out
plumbing, wiring and the lining of wall panels in the faciory.
The labour content of the house package varies between 10-25%,
of its price,

162, In the LS. Department of Labor survey the average distri-
bution of wages, materials and other costs is given as follows:
on-site direct wages 22%: materials, supplies and equipment
48" . administrative off-site salaries, central office and vard
operation expenses, sales expenses, insurance and taxes, plus
other overhead and profit 30%,. For the package houses the
distribution is: on-site direct wages 18:5%,: materials, etc., 51-9%:
and administrative off-site salaries, ete., 29-6%;,. No comparable
figures are available for cither the private or the public seciors
of British houschuilding, and though a general average figure of
60% materials and 40% labour is often quoted, its basis and
content are not ascertainable.

Manhours

163, The U.S., Depariment of Labor survey gives the following
figures an labour requirements:

on-site
manhours average
e per aren total
of 1,000 of h-:lus'_::; manhours
houses of con- o pet
e sguare house
Struction
price feet
All houses 101 72:1 1,240 1,048
Packape houses 1) 551 1.155 T3

164, The requirement of 1,048 manhours for a house of 1,240
5q. ft. compares favourably with the typical figure quoted for
Britain of 1,300 1o 1,800 manhours for houses of approximately
800 sq. ft, It would appear that the lower manhours for the United
States are attributable (o the rationalisation of the method of
construction and of the work schedules, and to the use of pre-
assembled vumits such as pre-hung doors and roof trusses. The
still lower figure for the package houses shows the further
reduction obtainable by the prefabrication of wall panels, and
by the sorting out and orderly arrangement of components before
delivery to the site.

165, The survey also gives information on the effect of different
cladding materials on manhour requirements per $1,000 of
construction price: brick or stone venecer 32-7:; wood T70-9;
asbestos shingles, aluminium sidings, etc., 67-8; and stucco
59-9 manhours. In the survey there is an analysis of the distribu-
tion of trades within the overall manhour requirements, and from
this the following information has been prepared:

56

All houses Package houses
average area of house 1,240 sq, ft. 1,155 sq. fi.
number number
of per of per
man- cent mian- cent
hours hours
all occupations 1,048 10600 T93 1000
supervisory, |
professional,
technical and [ 30 30 6 08
clerical J
carpenters 63 346 250 3l-6
painters 100 9.5 68 -5
bricklayers 57 55 29 36
plumbers 55 5-2 68 a5
cement finishers 41 39 62 78
electricians 29 2-8 35 4-4
plasterers 21 2-0 3 06
sheet metal workers 19 1-8 16 240
roofers 14 1-4 11 1-4
operating engineers 14 1-4 15 -5
tile setters 10 1-0 ] 1-1
soltfloor layers ] 0-8 (3 03
lathers 1 4 0-5
all otherskilled - 15 3-3 23 29
workers*
labourers 156 14-8 125 16-4
helpers and tenders bt 85 54 68
truckdrivers and
watchmen 4 0-5 3 0-4

* Includes terrazzo workers, plasterboard installers and finishers,
insulators, glaziers and ironworkers.

166, Information obtained from four firms showed that man-
hours in the factory were approximately 200 and 400-600 when
the cost of ihe package was 259, and 66-80% respectively of
ihe ioial consiruction price.

167. Manhour figures for mobile homes are given in paragraph
180, for panelised houses in paragraph 192 and for sectionalised
houses in paragraph 195,



Mobile homes

Development and use

168. Mobile homes have their origing in the travel trailers or
caravans designed for use by holidaymakers though they are
now a rather different product. Travel trailers were first pro-
duced industrially in the early 1930s, and it is estimated that
there are now 400,000 in use in the United States. They are
highly mobile and are intended for shori-term occupancy;
nevertheless, they are well equipped, often with heating units,
refrigerators, washroom facilities and sleeping accommodation
for up to six people. In 1964 the average price was £640. The
trailers can be made up to 8" 0" wide and 29° 0" long. regardlcss
of weight; within a weight limit of 4,500 |bs, they can be of any
length. They are towed by the owners, using standard motor
cars, and can be parked in any of the 3,200 special trailer parks,
and numerous other camping sites, to be found in every part of
the United States,

169, After the war returning ex=servicemen, and defence and
building workers moving to new areas with their families,
required temporary housing. Retired people found that the
compactness of the trailer suited their needs. There was a
shortage of conventional housing, so0 many people began living
permanently in trailers. Manufaciurers began to develop larger

Biltmora Mobile Homes Inc.

SE-T

uniis; in 1954 the limit on widith was increased io 10° 07, and
in 1960 to 12° 0, and both increases permitted significant
improvements in mternal planning. Lengths were growing also
g0 that units of 40° 0" o 60° 0" were common, and currently the
maximum practical length 5 considered 10 be 757 0°. The
maximum width and length give an overall area of 900 square
feet. Some manufacturers make larger units by supplving addi-
tional rooms in the form of boxes which travel within the main
body of the mobile home, and which, on site, are pushed out
through a corresponding opening in the long wall of the unit.

170, Alternatively, two units are placed together giving homes
from 700 to 1,500 square feet in area (Figure 56). Equipment
has improved too, =0 that heating and air-conditioning, baths
and showers, washing machines and refrigerators, and well-
equipped kitchens are provided. In fact, while the homes may
be more compactly planned, the amenities are of the same
standard as those in conventional homes. In addition, mobile
homes are sold fully furnished with beds, built-in cupboards,
tables, chairs, rugs, light fittings and curtains, so that the only
items that the owners have to provide in addition are crockery,
cutlery and linen (Figures 57 and 38).
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36 [continued) mobile homes — typical plans

171. Mobile homes range in price from £1,100 to £6,400, the
total average price, and price per square fool being £2,000 and
T0/= respectively. 20-25% of them are bought for cash and
the rest are financed with a loan, usually for seven years at 6%
with a down payment of 25-33%. The repayment on the average
£2,000 home would be £25 a month. Mobile homes are bought
in the same way as motor cars, through dealers, and used homes
can be traded in for new models.

172, Dealers will renovate old models and resell them, perhaps
as permanent homes or possibly as vacation or weekend homes.

173, Mobile homes are towed o the site by commercial transport
companies, and of the million homes currently in use as primary
dwellings, over 87%; are located in mobile home parks (Figure
59, There are over 20,000 parks in the United States, the largest
contaiming 1,200 homes: the average number is 35, In the parks
cach home stands on a concrete or gravel base, and is connected
by flexible tubes to adjacent mains services and drainage poinis.
The homes remain on their wheels and are additionally supported
by jacks, and a skirt is sometimes placed round the base of the
home o seal off this space. Most parks have a space alongside
each mobile home for the owner's car, and in som2 cases a
permanent carport with store is provided. The older parks were
planned at a density of 13-20 homes per acre, but with the
increasing size of the homes and the trend towards spaciousness,
densities of 10-12 are now common. Some of the parks have
shops, mecting halls, restaurants, swimming pools, putting gréens
and other sports facilities. The rent of a space in a mobile home
park costs from £7 to £20 per month; in some Californian
parks it is now possible 1o buy sites frechold.

174. Mobile homeowners do not pay local taxes, only a small
annual licence fee, and this has been the cause of dissatisfaction
with mobile home parks among neighbouring conventional home-
owners. The Mobile Home Manufacturers Association and the
Trailer Coach Association maintain, and have established in the
courts, that, per acre, a mobile home park produces more
revenue than a conventional suburban development; moreover,
there are fewer children in mobile homes, thus requiring less
local educational expenditure, and the parks maintain their
own roads.



57 mobile homes — internal view
Manufacturer: Diveo Wayne Corporation,
Union City, Mich.

Living room with Kitchen in the background.
The space behind the kitchen fintings forms a
utility room, and the commidor in the
background on the left leads to bedrooms
and bathroom.

58 mohile homes — internal view

Manufacturer : Diveo Wayvne Corporation,
Linion City, Mich.

The bathroom conforms o conventional
Amernican standards.
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175, Once in position mobile homes are rarely moved: in fact,
mobile home owners do not move more frequently than people of
similar age, income and occupations in conventional homes.
Thus, from being a temporary expedient, mobile homes have
become many people’s preference in housing, 4,000,000 people,
more than 2% of the United States population, now live in mobile
homes, most of them retired people, married couples, or families
with voung children. Most of the retired people have lived in con-
ventional homes, but when their children grew up and moved
away, and the husbands retired, they found it useful to be able
o cut down on the expense, and on the time and energy required
for running a large house. Some moved first to a flat but found
it oo restrictive after a house, or that it was not easy to make
new friends. For these people a mobile home in a park with
community facilities offers the following advantages: a compact,
casily run and mexpensively maintaimed home, a small plot of
land in which gardening is a hobby, not a burden, the companion-
ship of similar people, and the participation with them in sporis
and other activities. A few retired people move south for the
winter and back again to more northerly states for the summer.

176. For younger families, the otherwise played-down mobility
of their homes is an advantage. The husband may be in the armed
services or a construction worker in jobs which change location
cvery two or three vears. For some workers it is an advantage
to be able to move from areas in which employment is dwindling
without making a loss on the sale of a conventional home. For
wives who go to work and for mothers with voung children the
convenience of mobile homes is an advantage, and some mothers
are glad of the economy. Most of this economy seems to be in
the running cosis, for though the capital cost of a mobile home
is less than that of a conventional home, the shorter financing
period and the cost of renting a site appears to bring the monthly
repayment up o that of the cheaper homes. The mobile home
repayment includes all furniture and fittings, and for some the
simplicity of one combined morigage and hire purchase hill is an
attraction. Mobile homes are paid for more quicklv than con-
ventional homes, but their value usually depreciates more
guickly. However, the relative values of the two fypes of home

60

are nol as heavily weighted in favour of conventional homes as
they would e in Britamn where the land onwhich the conventional
home 15 built has a scarcity value, where the supply rarcly
exceeds the demand, and where houses become absolete more
slowly.

Construction and fabrication

177. The construction of mobile homes 15 shown i principle in
Figure 60. A floor framework with 6" = 27 or 77 % 2" joists
running along the unit 15 mounted on a chassis of japanned steel
channels. This has a double or triple wheel unit at a one-third
point of the length and jack supports at the far end. Between
the timber framework and the chassis is a laver of fibreboard to
deaden vibration, Glass fibre thermal insulation 15 placed
between the joists, and a sub-Aoor of plywood above. Floor
fimishes are of vinyl Liles or carpet. The wall framing 12 supported
on the floor and is strapped to it. The frame members are
ex 27 = 2" —half the section used in conventional construction—
spaced at 167 centres. Horizontal cross members are let into
the studs for stability and to support the cladding of stoved
enamel aluminium sheet. Glass fibre insulation fills the wall
cavity and the intermal lining is of plywood with a variety of
surface treatments. Windows have aluminium frames and
opening lights are top-hung or made of louvres. The roof has
a framework of 47 = 27 timbers with thermal insulation and a
polythene vapour barrier. The roof covering is made from a
continuous roll of corrugated galvanised sheet steel: this is
turned down over the top of all wall edges so that there are no
joints on the roof surface. Water service pipes, drainage and
heating ducts are run in the Aoor, and electrical services in the
walls and roof. Cupboards are framed conventionally but with
lighter sections, as they do not have to be transported in-
dependently, and in addition they receive direct support from
the structure.

178. The light frame members, which would not be permitted by
building codes for conventional construction, are adequate
because of the overall rigidity of the box structure with its
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59 mobile home park (top left)

In this park near Seattle, Washinglon, a
permanent carport with store attached is
provided by the park management

60 mobile homes: construction

Manufacturer: Divoo Wayne Corporation,
Union City, Mich.

61 mobile homes: fabrication
Manufacturer: Diveo Wayne Corporalion,
Union City, Mich.

[ the cenire of the photograph, plywood
internal linings are being fixed 1o the external
wall framing, and the completed assembly
will b lifted inte position on the floor of the
mobile home on the right of the picture.
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frequently-pccurring interior cross walls and cupboards. The
resilience of the boxs connection with the ground must also
dampen the effect of wind pressure. The atmosphere in the
Linited States 15 generally far less corrosive than in Britain, so
that the galvanised roof could be expected to have a far longer
life than here. In any case, long-term durability does not seem
relevant to mobile homes, since the terms under which they
are bought, financed and traded-in are more akin 1o those used
for motor cars than for houses. The Mobile Homes Manu-
facturers Association and the Trailer Coach Association, finding
that they are now producing almost 209 of the nation's housing
without being subject to any building codes, have taken an
extremely responsible attitude towards standards in the industry.
For example, they have initiated the production of an American
Standard (A119.1-1963) for the installation of plumbing, heat
producing and electrical systems, and equipment, in mobile
homes and travel trailers, to protect health and ensure safety.

179, The fabrication of a mobile home begins with the floor.
The framework is made upside down on a work bench and the
layer of fibreboard applied. The framework is then turned over
on to the chassis or on to a system of dollies, and pushed on to
the next station on the assembly line. Here the services, heating
ducts and insulation are installed in the floor. At the next station
the sub-floor, Aoor finishes and probably the bath are fixed.
Mext, the assembly line (Figure 61) passes between two work
benches on which the longitudinal external wall frames and
internal lining have been fabricated, and these are placed in
position. Then the roof framework is fixed, and so on, the
mabile home proceeding on down the assembly line and drawing
materials, components and sub-assemblies from bavs alongside
each station. Finally the curtains are hung and the furniture
moved in.

180, With this method of assembly, in which the house is com-
pleted in the [actory, the work can be carried out under ideal
conditions, and excellent standards of workmanship obtained
with an efficient use of labour. One manufacturer, who buys in
his cupboard units, builds his average 600 sq. ft. home in
80 manhours. Another, who makes his own cupboards and has
a higher standard of equipment, builds 500 and 1,200 sq. ft.
homes in 165 and 600 manhours respectively. Direct wages
amount to approximately 10% of the retail price of a mobile
home (excluding site costs) compared with 18-22% for conven-
tiomal construction. Material costs are proportionately about the
same, but the higher overhead for mobile homes—40 % including
dealers’ expenses, compared with 30%; for conventional con-
struction, reflects the effect on overheads of different methods of
marketing and re-sale facilities,

Future possibilities

181. Mobile home manufacturers envisage continuing expansion
becanse of the increasing proportion of the United States
population who come within the categories of young families
and retired people. The industry associalions are sponsoring al
least two ideas which would have the effect of disguising the
mobile home’s long box shape. The first is to use two mobile
homes in conjunction with conventional construction, the
mobile homes set parallel to one another and forming bedrooms,
kitchen and bathroom, with the intervening space roofed and
glazed 1o form a large living area, the whole house being approxi-
mately square on plan. The second, at present being considered
for travel trailers, is a circular ramped multi-storey garage with
cvery trailer facing the circumfercnoe, and thus getting a view.
The building is designed to be sited alongside a motel so that
the dining and other facilities can be used jointly.

Other building techniques
and developments

Timber panel, post and beam systems

182, Systems using a structural framework of timber posts and
beams, with non-load-bearing infill panels, are rare in LS.
housing. All the systems of this general type which were seen
used roof, floor or wall panels in conjunction with beams and
posis.

183. Among the best known is Techbuilt Inc. (Figure 63), whose
consulting architect is Mr. Carl Koch, A.LA. The first house
was built in 1953, and since then the firm has produced over 100
houses every year for a small and discriminating market, at a
slightly higher than average price. There is a range of models
but the firm also designs to order using the standard components.
The designs are clegant and simple in conception and are
executed struciurally with a refreshing straightiorwardness,
The plans, which are rectangular or formed from a number of
rectangles covered with a simple piiched roof, are based on a
madule of 4° 07, with widths of 24° 0* and 32' 0", and with
partitions generally on the 4° 0% grid, though 1° 0" and 2° 0"
pozitions are used occasionally. In section, the ceiling follows
the slope of the roof, so that internally the designs have great
spacial interest, In two-storey houses, the lower storey has a
standard floor to ceiling height of 8° 07, and the upper storey
floor to ceiling height varies from &’ 07 to 1070°, so that maximum
use 15 made of the internal volume.

184. The siructural system is shown in Figure 62, and from
this it will be seen that the roof pancls are supported at the
eaves on external wall pancls, and intermediately on lines of
laminated timber beams and 47 « 47 posts. Floor panels in
two-slorey construction are supported in a similar manner. The
roof panels are unusual in that they are not framed on all four
sides: this obviates the doubling up of joists at the junctions of
panels and thus effects a considerable economy. The panels are
made in 4" 07 widths and consist of joists and sheathing plywood,
There is no joist along one longitudinal side so that when the
panels are placed in position on the roof, the joists occur regularly
al 16" centres and the free edge of the plvwood on one panel is
nailed to the protruding joist of the adjacent panel. The pancl
is stiffened laterally by the fixing, in the factory, of a sheet of
plywood to the underside of the joists at the eaves, where it
forms a soffit to the external overhanging part of the roof. The
external wall panels are of the conventional frame construction,
4°0° and 8° 07 wide and 8 07, 10° 0° and 14" 0 high (for one-
storey, semi-basement and two-storey respectively); they are insu-
lated and are supplied with grooved plywood cladding or with ply-
wood sheathing for use with sitesfixed cladding. There is also a
range of gable panecls. The house designs are so arranged that
windows occupy the whole of a 4" 0° or 807 wide panel, and in the
case of two-storey panels ocour in both upper and lower stoneys.
The windows are unusual in that the fixed lights are glazed
directly into special rebated 6" = 2 timber members which ferm
the window panel frame; opening lights consist of aluminium
units which are inseried into the rebated sections. In locations
where spandrel panels are not glazed, medium density overlay
plywood replaces the glass, The limited range of external wall
pancls makes it possible for the manuficturer, Acorn Siruciures
Ing., to manufacture for stock during the winter monihs.
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Manufacturer: Techbuilt Inc.,
Cambridge, Mass,
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185. Internally, a clean appearance is obained by limiting the
timber trim to internal door architraves and skirtings; all other
junctions of plasterboard with windows, beams, etc., are controlled
with concealed metal trim similar to that shown in Figure 23,

186. In other post and beam systems the beams, inclined for the
roof, run across the building at 8 07 centres, and support roof
and Aoor decks made of planks as described in paragraph 76.
The advantage is that no separate ceiling 15 required and the
planks give a pleasant appearance; on the other hand, voids are
no longer available for eleciric cables and heating ducts, and
the routing of these services has to be specially contrived.

187. In all post and beam sysiems, planning needs to be on a
generous scale if the appearance of beams at apparently random
positions in smaller rooms is (o be avoided. It is significant that
most of the plans wsing this type of system are 1,500-3,000
$q. ft. in area,

138, One of the most interesting systems seen was the panel and
beam svstem developed by Home Building Contraciors Ine.
(Figure 64). The president of the firm, Mr. Neal Revburn, is an
architect by training, but, as would be the case in Britain, is
unable to maintain his registration, The firm's policy has been
1 develop a high degree of prefabrication and to achieve a
rapid turnover. In order 1o do this, the firm both manufactures
and erects its houses, Currently, the site erection of the finished
house 15 completed by six men in two days, on basements or
crawl spaces built under separate contracts. The range of models
is based on a 4° 07 module, with one span, 24° 07, and one roof
pitch; multiples of 3° 07 and 4° 07 are maintained internally and
the house plans are arranged to give a central spine wall. Many
of the components are used in several models.

189, A standard heart unit, 9°0° = 8° 0" on plan and weighing
2800 Ibs., is supplied with every house (Figure 65). The unit is
constructed of 4" = 2° framing and V-grooved hardboard, spray-
enamelled inside the bathroom and with a timber grain primt
elsewhere. It contains a bath with shower, basin, w.c., an
80,000 BThU gas warm air heater, a 30-gallon water heater,
9° 0 run of Kitchen cabinets fitted with a sink, and the usual
bathroom accessories such as medicine cupboard, towel rails,
ete, The arrangement of the bathroom has been well thought out
and all the fittings ar¢ integrated into the design. Quality and
appearance are higher even than those of conventional site-
assembled bathrooms, which in the ULS. are high indeed.

190, The components are placed in position by means of a
simple derrick (Figure 65) which travels to the site on the
component trailer; on site, it is atiached io the traction and
cab unit, and receives power from the engine, The first com-
ponent 1o be placed in position is a combined box girder and
heating duct unit, which runs longitudinally along the centre
of the building and provides intermediate support for the
plywood and joist stressed skin floor panels, 24707 = 4707, that
span across the building. The internal and external wall pancls
are of conveniional frame construction and are completely
finished in the faciory, i.e. all the panels are wired, lined and
decorated, and in addition the external panels are clad, sheathed,
glazed and insulated. The pancls are made in lengths, up to
16° 0%, in such a way that straight-run junctions usually occur
at places where a partition meets the junction at right angles,
Le. it becomes a T-junction. Most junctions therefore occur at
mfernal corners and are masked by a small springy metal cove.
The cove is factory-fixed, and i approximately {° across, It
i5 sufficiently small and unobtrusive 1o appear merely as the
rounding-in of the corner, and not as a separate entity, and it
has none of the visual objections which usually apply to cover
strips. Occasionally, however, cover strips are necessary, and

these are then made of 417 « }” timber and ]inc!,up with roof
beams overhead.,
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63 panel, post and beam systems:
external view

Manufacturer : Techbuilt Inc.,
Cambridge, Mass.

64 panel and beam systems:
internal view

Manufacturer and builder : Home Building
Contractors Inc., Sedelia, Missouri.

65 panel and beam systems: heart
unit

Manufacturer and builder: Home Building
Contractors Inc., Sedelia, Missouri.

The heart unit is being lowered info position
over the crawl space.

66 panel and beam systems: roof
structure

Manufacturer and builder : Home Building
Contractors Inc., Sedelia, Missouri.
Aninverted T-beam is being fixed. The
photograph also shows the pre-finished wall
panels and the unobirusive beam junction.






191. The roof structure (Figure 66) is supported on the longi-
tudinal external walls and on the central spine wall; in some
models a beam 15 required over the living room, and this occurs
under the ridge of the roof. The rool consists of inverted T-beams
at 4° 07 centres spanning across the building from the external
wall to the central wall or beam, and of internally finished
stressed skin infill panels. The horizontal arms of the T-beams
are 4° deep and line up with similar members at the tops of walls,
thus forming a complete frame for the infill panels. Internally,
therefiore, the sloping roof has a panelised appearance, while the
walls, except for kilchen and bathroom, are generally con-
tinuous; this gives an extremely pleasant appearance, Externally,
in accordance with the dictaies of the U.S. markei, the panels
are not expressed. The erection teams are sufficiently experienced
generally 1o avoid damage to the panels. Polyvthene covers are
available in the event of rain, but occasionally a room has to be
redecorated internally. Any gouging or structural damage 1o the
plasterboard is repaired by the firm, but it is part of the contract
that the buyer shall clean off any spots or smudges, il necessary
touching up from the small cans of paini supplied for the purpose.
The buyer is also responsible for arranging for the services to
b connected.

192, With this sysiem, the total manhours per house {excluding
the basement and service connections) are reduced to S00-600.
of which only 100 are on site. Two-thirds of the construction
cost is incurred in the factory, and the remainder is spent on
foundations including service connections, transpagt, equipment,
site wages and advertising and sales expenses.

[

Sectionalised houses

193, These are a further development of conventional timber
panel construction. Three-dimensional units, two of which form
the house, are produced in the factory, using assembly line
techmiques similar to those of the mobile home manufacturers.
The two paris of the house iravel at the same time along parallel
assembly lines (Figure 67). The development has been aided by
the Small Homes Council of the University of [llinois, whose
rescarch group produced a report summing up past experience,
analysing the circumstances in which the use of the method is
advantageous, cxamining the problems involved, and giving a
range of suitable house plans. The house units are produced in
widths up to 12" 0%, the maximum generally permitied on the
highway, and are hauled 1o the site on specially designed trailers.
There they are placed in position on permanent bases by means
of a crane ar rollers, There is considerable experience of this type
of operation in the United States, as many conventional houses
are moved 1o make way for highway or other developments.

194, The materials and components used in the construction
of sectionalised houses are identical to those used in conventional
frame construction, though some additional stiffiness is required
for transport. Plywood is used for sheathing, in preference to less
rigid materials, and extra members are inserted in the fioor. The
wall along the junciion of the two production units has two sets
of framing, one in each unit, and has to be sheathed, on the sides
of the framing not covered by the plasterboard lining.

195, These additional materials costs, and those of the special
equipment used for transport and on site, have to be paid for
by a corresponding reduction in labour costs. This appears (o be
feasible wherever factory labour rates are rather lower than sile
raies, a5 is the case generally in the United States. Manhour



requirements are low; typical figures for houses of 1,000-1,100
5. ft. are 550 manhours in the factory and 30 on site, excluding
foundations and service connections. One firm aims o Keep the
on=sife costs down o 107 of the total.

196. The method can be extended to larger houses, which would
be made in three or more unils. It is already being used lor two-
storey flats and motels (Figure 68). Each flat consists of two unils
12707 = 30° 0", giving a toial area of 720 sq. fi., and each unii is a
complete box with joisted floors and ceilings. The top of the
ground floor units and the bottom of the first Aoor units are lined
with 1° insulating board, and this ensures that the load from the
upper unit is distributed evenly on the lower, and contributes to
sound insulation between the units. The units are clamped to-
gether horizontally and bolted both horizontally and vertically,
Between each pair of flats a 127 gap is left for the plumbing stacks,
which are constructed on sile and are connected (o the horizontal
runs of plumbing already installed in the units. Access to the
upper floor uniis is by a site-assembled external siaircase and
balcony.

197. The motel units are 10" 0° x 247 0" and contain a bedroom
and bathroom. Units are placed side by side and back to back,
a gap being left along the centre of the building for the vertical
service runs. Balconies are asscmbled on site, and in one project
s¢en the building was being encased in brick vencer. In another
scheme, 1t is proposed 1o use the box method for a four-storey
motel building: here some, if not all, of the load will be trans-
ferred to ground through steel stanchions placed in the gaps
between units.

198. The boxes weigh between 3 and 41 tons and are lifted into
position with a 10-fon crane.

67 sectionalised houses:
fabrication

Manulacturer: Continental Homes Inc,,
Boones Mill, Virginia.

The Roor framework For a halfl house is
mounicd on rollers and will be pushed on o
the nexi stations lfor the insertion of plumbing
and the fixing of wall and roof assemblies,

68 sectionalised houses: erection
Manufacturer and builder: Northwest Homes
Ing., Chehalis, Washingion.

This is an experimenial two-storey block of
Matz,

LT



Systems using steel

199, Steel produecers, whose material is not widely used in timber
housing, are attracted to the market because of its enormous
volume, and there have been many attempts to enter the field.
To be competitive with standard timber construction, two main
problems have to be solved; first, the steel, which 15 a more
expensive material than timber, has to be used more efficienily
to overcome the price differential ; and secondly, the components
have to be made o that the homebuailder's site labour, with its
strong tradition of carpentry, can assemble them without loss of
efficiency. The Lustron house, contemporary with and in many
WHYS FEminiscent of Britain’s post-war prefabricated bungalows,
affords a classic illustration of the attitudes and problems of this
period. The house was made, whether the material was the most
appropriate or not, almost entirely of steel, pressed porcelain
enamel sheets being used for all internal and external surfaces.
It was thought that the house would be economically viable if it
could be produced in sufficient volume. Adequate capital,
supplied by the Federal Governmeni, was available to get
production going, but as soon as the sale of houwses started,
opposition from opponents of federal subsidies for housing, and
from other producers and manufacturers, elc., began 10 mMount
and eventually engulfed the enterprise. (If the money had been
raised privately, similar opposition would probably have come
from shareholders, because of the extremely long period required
to build up to a break-even volume ) Finally, assembly technigques
were ulilised which were quite foreign to the site labour.

200, After several attempis to use steel in a radical manner,
United States Steel has adopted a policy which takes
standard timber construction as the starting point and develops
alternative steel components to replace the timber ones and,
where possible, to improve on their performance. The work
i5 not, therefore, spectacular, though many interesting cxperi-
ments have been carried out in a highly professional manner,
and two useful produects put on the market. The first is an
internal wall panel, 47 thick, 8° 07 high, and in widths of 4"
increments from 87 1o 47 0°; the framework consists of vertical
light gauge steel studs and timber top and bottom rails, and the
skins are 1” plasterboard. Detailed work has been carried out to
ensure an adequate bond between steel and plasterboard and to
develop an efficient assembly line manufacturing technigue.
The panel has two main advantages over similar timber ones,
and over site-constructed partitions; there 15 no fixing from the
outer surface of the plasterboard, so that pre-finished boards,
such as those with vinyl coverings, can be used without cover
strips or other nail-masking devices; secondly, with ordinary
boards, all laping, jointing and nail-spotting is eliminated,

201. The second product is an external wall panel (Figure 69).
This has a plasterboard lining as for the internal panel, and uses
bitumen impregnated fibreboard as sheathing. The sheathing is
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69 systems using steel: external
wall panels

Manufacturer: LS. Steel Homes,
MNew Albany, Ohio.

70 systems using steel: external
view

Manufacturer: Armco Steel Corporation,
Middletown, Ohio.

fastened to the steel studs by barbs pressed out of the stud
material; the ends of the barbs are tumed over to secure the
sheathing by placing the panel in a press. In panels containing
windows it has been found possible to eliminate lintels by
replacing the fibreboard sheathing over the window with ply-
wood, The firm has also developed a steel siding which 1s cheaper
than aluminiom, and sieel hangers for the wverfical tension
members of roof trusses. Development work is now proceeding
on roofl coverings and foundations (paragraph 78, item (e)).
The 470 and 27 0° wide internal and external panels are standard
products which U.S. Steel Homes, a subsidiary of U.S. Steel,
manufactures on a conlinuous basis, the stock being used on
receipt of orders from builders.

2. Two other steel firms were visited both with houses at the
pilot development stage. The Armeo Sieel Corporation, which
has thirty wyears’ experience in prefabricaied buildings for
commercial and industrial use, 15 developing a house con-
struction using corrugated sheet steel panels for walls, roof,
ceiling and floor. The external wall panels are load-bearing and
there are intermediate lines of steel purlins and columns (Figure
70). The other firm, the Rohr Corporation, whose main business
is aircraft, has developed a wall system which uses a steel frame-
work with foamed polystyrene sandwich infill panels. 2° square
steel colummns at 4° 07 centres are fixed between continuous
sieel runners at top and botiom. The columns are load-bearing
and act as splines to locate the infill panels. These panels are clad
externally with asbestos cement and internally with vinyl-faced
plasterboard.

The use of plastics

203, Although the successful development of load-bearing
plastics for use in structural elements is still awaited, plastics
are already used in many forms in U.S. housing. In 1962, 25%
of the total ouiput of plastics in the United States was used in
the building industry, though this represented only 0:66%; of
total construction expenditure. The major use of plastics is in
vinyl flooring, which has the advantage of being more resilient
than the thermoplastic tiles commonly used in local authority
housing in Britain, Other frequently used plastics are alkyd
resins in paints, phenolic resing as adhesives in plywood, poly-
thene as vapour barriers, pipes and wire coatings, and polystyrene
as insulation and panel cores. The wse of plastic coatings and
films for wall and roof coverings has already been discussed
(paragraph 88).

204, In most of these wses, plastics replace another material,
and are used in the same way., On the other hand, foamed
polvstyrene and polyurethane used ag cores for sandwich panels
have produced significant changes both in the panels themselves
and in other elemenis. First, there is the advantage of the very
high thermal insulation value and its effect on heating systems.






Mext, their extreme lightness and dimensional stability make pos-
sible the production of very large panels—one firm has been pro-
ducing panels, complete with windows and doors up o 26° 07 in
lengih—and this musi affect the development of jointing tech-
nigues and the use of mechanical equipment on site. Finally,
because of the excellent bond obtainable, the full strength of the
skins can be developed and economies made in the materials. A
number of firms are producing, or have produced, foamed plastic
sandwich panels but they are not vet widely used. There are prob-
lems in the installation of electric cables in the panels, though
special cables sheathed in high efficiency insulators, and thus of
smaller diameter and more flexible than normal, have been
developed, In some areas, the use of these pancls is not yet
approved in the building codes.

Automation

205, The most highly developed factory visited was that of
Alside Homes Inc. The firm has a range of 12 model houses,
ranging in area from 1,100 to 3,800 sq. 0t, and in estimated
construction price from £3.300 to £17.50). The average con-
siruction price is miended io be approximately £8,000, ie
some 507% higher than the average discussed in paragraphs
158-162, Alside Homes has developed a svstem of construc-
tion {Figures 71 and 72) based dimensionally on 12" 0°
14”07 bays, separated by 4"-wide tracks. The tracks accommodate
a load-bearing framework of 4° = 4° posts and 8" = 4% beams,
both of rectangular hollow steel sections. The roof and floor
infill panels are 12° 07 = 3' 6" « 5 deep and are of siressed
skin construction with wood framing, plywood skins and foamed.-
in-place polvstyrene insulation, The roof finish is four-laver built-
up bituminous felt with chippings. The ceilings below the panels
are acoustic tiles on firring picces and the foor finish is vinvl
tile. These finishes are site-applied but the wall panels are factory
finished. The external wall panels are foamed plastic sandwich
panels, B 07 high, in six lengths up to 14" 0%, and 4" wide; the
skins are aluminium with a stoved enamel finish and the core is
foamed polystyrene. The window units are #° 07 high and 3" 07
or & 0 leng, aluminium-framed with double glazing and
screens. There are no opening lights other than full-height sliding
doors as all the houses are fully air-conditioned. Entrance doors
are aluminium-faced with honeycomb cores. Internal divisions
are mainly wood-framed cupboard units, but there aré Some
wood-framed partitions; internal doors are full-height. Junctions
between wall panels and posts are sealed with aluminium
T-sections, fitted with vinyl sealing strips. The heating sysiem
is gas-warm air with ducis below the Noor leading to Noor outlets.
The wall panels can be wired in the factory and all electrical
accessories and fittings are supplied with the package. The
kitchen and bathroom equipment and fittings are comprehensive
and lavizh,

206. The factory in which the components are produced is
purpose-built and extensively equipped with automatic machin-
ery. Orders from builder-dealers are fed into computers which
transfer instructions directly to the control mechanisms of the
machines on the production lines. There are production lines for
steel columns and beams, wall panels, and Aoor apd roof panels.
Window, door and cupboard units are assembled in the factory.
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207. The rectangular steel tubes for the columns and beams are
delivered in random lengths and the following operations are
then earried out automatically: the tubes are fed on to a conveyor
belt, cut to length, cleaned, and passed through a welding
machine in which a selected combination of steel channel or
angle connector sections is welded on, The components are then
transferred to an overhead carrier system and passed through the
stoving plant for painting and baking. In the production of wall
panels, aluminium sheets of the correct size are fed into a revolv-
ing and continuously operating machine which applies adhesive
to the mner surfaces, inseris sicam probes, fills the panel with
polyvatyrene beads, injects steam and allows curing time for the
panels. The panels are then carried through a stoving plant
which can apply 16 alternative colours. The roof and floor
panel production lines are fed automatically from stacks of pre-
cut timbers and plywood sheets; the units are T-pailed and flled
with foamed polystyrene. When visited, the factory had com-
pleted production trials and built a number of show houses,
but had not yet gone into continuous production.



71 automated systems: external
wiew

Manufacturer: Alside Homes Inc,,
Akron, Ohio,

72 automated systems: internal

view
Manufacturer: Alside Homes Ing,,
Akron, Ohio.
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Appendix 1

People and organisations visited

Acorn Structures Inc.

Alside Homes Inc.

American Plywood Association

Andrew Place and Company

Armeo Steel Corporation

A.B.C. Package Co.

Dean Burnham Kelly

Prof. Glenn H. Bever

Building Rescarch Institue

Continental Homes Inc.

Deck Houses Inc.

Del E, Webh

Diveo Wayne Corporation

E. I. Du Pont and Co,

Farm Housing Admimistration

Federal Housing Administration

Fox and Jacobs

Greal Lakes Homes Inc.

Holiday Homes

Home Building Contractors Ing.

Home Manufacturers Association

Housing and Home Finance Agency

R. J. Hunter Inc.

Kingsberry Homes Inc.

Kit Construction Co.

Knox Homes

Levitt and Sons Inc.

Maverick Homes

Mohile Homes Manufacturers
Association

Mational Association of Home Builders

Mational Burean of Standards

Mational Fiberglass Corporaiion

Mational Homes

Mational Lumber Manufacturers
Association

Robinson Newcomb, Esq.

Morthwest Homes Ing.

Pease Woodworking Co.

Pauly and Company

Rohr Aircraft Corporation

Sterling Custom Homes

Harry Smith, Esq.

Trailer Coach Association

Techbuilt Ine,

LI 5. Forest Research Laboratory

LS. Gypsum

L5, Steel Research Laboratorics

ULS, Steel Homes

Weyerhaeuser Company

D, 120564 46 K80 Ed (2437

Concord, Mass.
Akron, Ohio
Tacoma, Washington
South Bend, Ind.
Middletown, Ohio
Healdsburg, Cal.
Cornell University
Cornell University
Washington, D.C,
Boones Mill, Va,
Wayland, Mass.
Phoenix, Ariz.
Union City, Mich.
Wilmington, Del.
Washington, D.C.
Washingion, D.C,
Dallas, Texas
Sheboygan Falls, Wis.
Fort Worth, Texas
Sedelia, Missouri
Washington, D.C.
Washington, D.C.
San Joze, Cal.
Chamblee, Ga.
Long Beach, Cal,
Thompson, Ga.
Levittown, M1,
San Antonio, Texas

Chicago, 111,
Washington, DuC.
Washington, D.C.
Fort Waorth, Texas
Lafavette, Ind.

Washington, D.C,
Washinglon, D.C.
Chehalis, Washington
Hamilton, Ohio
Cincinnati, Ohio
Fullerton, Cal.

Fond du Lac, Wis.
Chicago, 111

Los Angeles, Cal,
Cambridge, Mass.
Madizon, Wis,
Chicago, 111,
Monroeville, Pa.
New Albany, O

Tacoma, Wash gic“ BWr

Appendix 2

Eooks

The Evolving House

Prefabrication of Houses
Housebuilding in Transition
Housing: A Factual Analysis

Design and the Production of Houses

A.F. Bemis
Burnham Kelly
5. 1. Maisel
Gilenn H. Beyer
Burnham Kelly

and Associates
Housing, People and Cities Meyerson, Terreit
and Wheaton
L ]
Appendix 3
Elemental cross reference
paragraphs

works below ground foor level
foundations
damp proofing and thermal

insulation 74, 139
concrete slabs 75, 140
suspended floors T6, 133, 141, 184, 190
SEFVICES 77,135

external wall

T2, 73, 78, 138-140

1933
1951
1933
1958

1959

1962

framing 79, 119-122, 141-144, 184,
194, 200, 201

sheathing 79, 125

windows 8O, 81, 126

external doors 82

cladding g3-89, 127, 128, 141

insulation o, 123

vapour barrier 51,91

lining 100, 123, 124

roof

framing and trusses 93, 130, 141-144, 184, 186,
191, 194

sheathing 94

finish 95, 141

insulation 6

ceiling 97

upper floors 76, 98, 133

internal walls

partitions
2040
internal doors 101, 135
pariy walls 102, 103
seating and air-conditioning 49, 104, 148, 1590
fitiings and plumbing 54, 105, 106, 148, 189
55, 107, 148

99, 134, 141-144, 147, 190,
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publications must be made on the form provided and returned
to the Socicty immediately. Failing this, it will be assumed
that the borrower has received the books, for which he will
accordingly be held responsible. The postage of publications
returned to the Society shall be defrayed by the borrower.

(e} A borrower may not have more than three publications
in his possession at one fime. 3

{d) A borrower will be considered liable for the value of any
publication lost or damaged while on loan to him, and, if it be
a single volume or part of a set, for the value of the whole
work thereby rendered imperfect. Marking or writing in the
publications is not permitted, and borrowers are requested to
call attention to damage of this character,

(e) Banlis and pamphlets may be retained for twenty-eight
days. Periodicals may be retained for fourteen days. Applica-
tinns [nr extension of Ih! loan period must be made in writing
before its expiry. This loan period cannot be extended with-
out application being made to the Secretary of the Society
whose decision in this matter must be accepted as final and
binding.

(f) Books and pamphlets added to the Library will not be
lent until after the expiry of one month from the date received.
The current number of a periodical may not be borrowed.

(z) Borrowers retaining publications longer than the time
!ﬁ::iﬁrd, and neglecting to return them when demanded, forfeit

right to borrow until they be returned, and for such further
time as may be ordered by the Council.

Any borrower Imll.nﬁ o comply with a request for the return
of a publication shall be considered liable for the cost of
r:plax:ng; it, and the Council, may, after giving due notice to
him, order it to be replaced at his expense,

Mo publication may be reissued to the same borrower until
at least seven days have elapsed after its return, neither may
it be trantferred by one borrower to another.

(h) Hblhdnuwnnthhhnﬂ senl oot of the United

(i Publl:&ln:ln! returned through the post must be securely
packed and adequately protected
(i) Parcels should be addressed: THE LIBEARIAN,
THE ROYAL SOCIETY OF HEALTH
90 BUCKINGHAM Parace Roap, Lowpon, S.W.1
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