A SYSTEM OF INDUSTRIALIZED HOUSING
FOR
DEVELOPING NATIONS

by
JAY ROBERT CAROW

B. ARCH., ILLINOIS INSTITUTE OF TECHNOLOGXY
(1961)

SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE
DEGREE OF MASTER OF

ARCHITECTURE
at the
MASSACHUSETTS INSTITUTE OF
TECHNOLOGY
SEPTEMBER. 1962

-

SIGNATURE OF AUTHOR . .
DEPT. y ARCFITEC‘I‘URE JULY 19, 1962

CERTIFIED BY o o ¢ o o o o ¢ o o o o o o o +« o o o o 8 »
e THESIS SUPERVISOR

-
ACCEPTED BY . . . . e
CHAIRMAN, DEPARTMENTAL COMMITTEE
ON GRADUATE STUDENTS



L6 Hereford Street
Boston, Masgechusetts

July 19, 1962

Dean Pietro Belluschi

School of Architecture and Planning
Mssgsachusetts Institute of Technology
Cembridge 39, Massachusetts

Dear Sir:

A thesis entitled "A System of Industrialized
Housing for Developing Netions" is hereby submitted
in partial fulfillment of the requirements for the

degree of Master of Architecture.

Respectfully submitted,

iﬂ& R.’Carow



3.

ACKNOWLEDGEMENTS

THE AUTHOR WOULD LIKE TO EXTEND GRATITUDE FOR
THE HELPFUL ADVICE AND CRITICISM OF THE FOLLOWING
PEOPLE WITHOUT WHOSE ASSISTANCE THIS THESI3 WOULD HAVE
BEEN IMPOSSIBLE:

PROF. CARL KOCH

PKOF. LAWRENCE B. ANDERSON

MR. LEON LIPSHITZ

PROF. ELIE TRAUM

ARMCO STEEL, MIDDLETOWN, OHIO

FORD MOTOR DIVISION OF FORD MOTOR CO.,
DEARBORN, MICHIGAN




b,

TABLE OF CONTENTS

PAGE NO.

LETTER OF SUBMITTAL 2

ACKNOWLEDGMENTS 3

ABSTRACT 5
I. INTRODUCTION 6
I1. PROGRAM 7
III, DESIGN OF THE HOUSING UNIT 12
IV, CONSTRUCTION PROCEJDURE 18
V. PLANNING USAGE OF HOUSING UNITS 21
VI. ALTERNATE PROPOSALS 24
VII., CONCLUSION 28

BIBLIOGKAPHY 29



5

A System of Industriallized Housing

for Developling Nations

by Jay R. Carow
B, Arch., Illinois Institute of Technology, 1961

Submitted to the Department of Architecture on
July 19, 1962 in partial fulfillment of the requirements

for the degree of Master of Architecture.

ABSTRACT

In today's world, dominated by industrial power,
millions of people are without adequate shelter. While
internetionally many politicel and economic barrliers
exiat, & solutlion to the problem lies dormant in the
industrizl potential of the United States,

This thesis will present a design whereby the
productive capacity of Armco Steel and Ford Motors
could produce a low-cost, light-weight housing unlt
with enough flexibility to provide a variety of planning
solutions, The product would be easily transported to
& developing country where assembly would utillze natlve

lebor and materials,

Thesis Supervisor: Carl Koch



I. INTRODUCTION

The world of today faces a problem of providing
shelter for its rapidly incressing population, The
nations most affected by this increase are those Jjust
beginning their conversion from an agrsrisn to an in-
distrislized economy. These countries have the highest
birth rates and the most fluid shift of population from
rural to urban sress. Great quantities of people live
in subminimal housing on the edges of the large cltles
in these developing nations, Attempts to alleviate this
condition through public housing have failed due to an
inability to provide an sdequate number of units,

while the peoples of the world live in hovels, the
great productive cepacity of America's lndustry engages
itselr 1ﬁ manufacture of products for a style-consclious
nation. The irrational demends of Americans force changes
in design continuslly at a cost of millions of dollars
yearly. Militery spending of government dollars sebsorbs
a great bulk of industrisl power. With a reduction in
the srms race this money could be diverted to help foreign
‘peoples. The often criticised foreign aid dollars could
be used for the benefit of the people and not the rulers.
American-produced housing units would be shipped abroad

aa ald and sssembled with the foreign netions! labor.
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11, PROGHAM

Before attempting to design & mass-produced housing
unit & program is required which describes the American
production fecillities, and the lebor, meterials, ,climate,
end needs of the foreign country.

Armco Steel and Ford Motors, the theoretlcal prow-
ducers of the housing unit, provide a wealth of items,
mainly in steel,

Armco's production 18 chiefly in sheet steel., From
this sheet ere febricated structural members through
welding; rolied sections, typical of which is the ribbed
sheet used to cover walls and Qﬁé%} end connectors of
all sizes and shapes. Armco distributes its large rolls
of sheet metal, which often has a protective coat of
alun'™® zinc spplied at the mill, to fabricators throughe
out the country. The largest common roll is 96",

Rolled sections are produced from the rolls of
steel, In a continuous operation the sheet steel is fed
into & series of rolls, Each roll exerts & benaling pres-
sure upon the sheet until the deslired shape 1s obtained
after twenty or more rolls are passed through. This
process 18 the least expensive method of stiffening thin
metsl in quantity. Any desired length mey be cut from

the rigidified sheet.
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Armco Steel hes teken & keen interest in bullding
components., In fact, the majority of products from the
Armco finishing plants consist of component parts for
the assembly of buildings.

Ford Motors on the other hand produces complete
items, Msany of the meterials destined for final assembly
in the Ford sutomoblle sre products of Ford factories.
Ford operetes their own glass plants, steel mills,
foundries, stemping plsnts, engine plants, and, of course,
assembly plents, The economy of operation is achieved
through ouantity production involving efficient &ssembly
lines, Most of the steel items in an sutomobile are
products of stamping. Lerge presses with up to 200 tons
of pressure exertion shape sheet steel into fenders,
roofs, oll pans, doors, snd other automobile components,
‘Tolerances are minimel esnd stamped pleces fit easily to-
gether in the essembly line production, The largest
stamped item of Ford 1s the station wagon roof--120* x 96%,
The assembly line funnels together perts end steadily
turns out end products in a most effective menner. The
finsl cost is low due to &n 1inexpensive collection of
bulk rew materlsls, company manufacture of component
parts and materials, and ocuentity production.

While Armco and Ford could easily merket & finished

product from their fscilitlies, unquestlionably the housing
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unit should be of such 2 design as to preclude costly
shipping charges for meterials slready svallable in
quantity in the country of destination. Design should
certainly necessitate & housing package of great com-
pactness, The material of the house must prove to be
economical both in original cost and transportation cost,
This requirement places an emphasls on thin elements
that can be nested one in asnother. Alr space should be
avoided if possible in shipping. Size 1s not too much
of & factor in the shipping process but should be con-
sldered in the hendling between port and finsl slte.

At the country of destination native materlisls could
be provided to aid in the construction and finishing of
the house, Msaterials for insulation, doors, floor systems,
and windows could be furnished from such common items &s
wood, earth, concrete, glass. Waste proaucts could be
consldered as economical possibilities—-wooda chips, rice
hulls, etc.

A possibility to be considered would be the advan-
tage of using sub-sssembly plants in the country of des-
tination. At these plants stock items, shipped nested,
could be sesembled into larger, more substantial pleces,
Plumbing, walls, windows, doors, wall panels and other
housing components could be produced from American parts,

Expensive American lebor is avolded and precision



10.

workmanship which would not be aveslilable in the field
is utilized,

Since the program would envision great quantities
of housing, large pools of lsbor become a necessity in
the country using the industrialized product., This labor
organlzed into “construction bsttaliona" would move from
slte to site erecting houses and instructing local people
how to conatruct thelr own units from the packaged parts,
After the construction workers moved to & different locale
the operation could continue in the hands of the residents.

In the design of the unit inexperienced lebor, as
all of these workers would be initially, plays an important
part, The design should be simple, constructed from few
components, snd provide tolerances for error. Pleces
must not be overly lsrge or ewkwardly heevy so that a
crew of more than two or three becomes necesassary.

~The houses should not be considered es being bullt
two or three 2t a time but as & continually progressing
operetion much llke the leying of a highway. Hundreds
would be under construction at the same time,

A variety of plang becomes & necessity as does &
flexible means of growth. Visual order and differentiation
become importent conslderetions when & large quantity of

houses 18 to be bullt,



1l.

Housing should cover & range of incomes from the
lowest to the medium. Growth should be possible in any
direction horizontelly or vertically. Service panels
for electricsl and plumbing should be csapeble of attach-
ment anywhere in the shell of the house,

Another lmportant design fector is climate, To
provide & specific design climste the country of Uruguay
was chosen, Urugusy lies in & temperate zone similar to
that of Cslifornls.

Uruguey's populstion is neerly three million, The
cepital and lergest city, Montevideo, with 860,000 people
hes &n estimated housing need of 60,000 units,

Although the design should be intended for Uru-
guay's use, consideration of adaptations for other
climates becomes & vital goal,

The program for the housing unit hes thus been

estsblished,
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IIT. DESIGN OF THE HOUSING UNIT

In the design of the unlit the first investigation
was to find & materiasl for the structure. Steel became
the logicsal material for several reasons, the most imporw-
tent beilng the great varliety of use Ford Motors and Armco
Steel mske of this materisl, If these corporations were
to enter the housing for foreign countries market, steel
would be the easiest meeans of entry.

Steel in thin, formed sections becomes8 very strong
end light., With the ability of nesting of parts steel
becomes economicel to ship.

While steel hes many dlsadvantzges one of which 1is
cost it is probably the best, present dsy materlal fér
use in an industriaslized process.

The design of the unit begen with considerations
for & roof system, Thls system placed emphesié upon
being light-weight, strong, easily erected snd transport-
ed, After investigetion an arched sheet wes decided upon,
By curving the metsl strength is8 added. Thus & large erea
of roof 18 covered with & very thin skin of steel. The
structursl system of the roof, therefore, becomes a onew
directional serles of vaults,

Beneath the vaults arch shaped filler panels are need-
ed to rigidify the roof, These panels are produced in a

stemping operation and would nest one in another,
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A beam to carry the roof can elso functlion to carry
the water from the arched steel to the roof edge. A
U-shaped section worke well, (Ill, 1) The beam is rolled
into this shaﬁe with two flanges on the upper arms to
recelve the sheet steel roof psnel, The edge of the sheet
to connect with the beam is bent into an "S%", thereby
forming a groove to enfold the flenge. The load of the
sheet is trensferred to the beam through the bearing of
this groove on the flange., Bolt connections act only as
positioners, The thermsl expasnsion of the roof is ebsorbed
in the play of the arms of the bean,

Insulation for the roof 1is proviced with sheets
2‘ x 6', 3% x 6', or 6' x 6' hung between besms and filler
plates, Insulstions used for this celling penel and also
for the wall panel described later could be produced from
numerous ltems to be found in the country assembling the
housing,

Asbestos cement would work well if the expense of
the item were overcome, Plesterboard of a sufficient
thickness to provide good insulstion 1s enother possi-
bility. HRice hulls or wood shevinge, weste products
normelly, coﬁld be mixed with small smounts of concrete
to provide insuletive panels, Sisel fibers, found in
maeny South Americen countries, coula elso be employed.
Expended vermiculite end cement would furnish another alter-

native. Straw could when coated with glue or cement be
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utilized for insulstion. Fosm concrete, cardboerd

penels and cork are possibilit;es. Wood, 1if aveailable,
could provide & farther choice. This 1list could be ex-
pended as the country advanced industrially into plastics,
sandwiches &nd foszms, |

An air spsce between veulted steel and insulsation
~acts to 1solate heat at the metsl surface. To &aid in the
cooling of the steel the filler panels are opened to allow
air clrculation; This eir spece also cerries electricsl
wiring throughout the unit,

Columns sare mede of two besm sections bolted together.
The section is derived from & more narrow sheet being fed
into the rolls, (Ill.2) Both beam and column msy be nest-
ed for shipment, With & simple cut and fold the top of
the column receives the shape of the besm. (Ill, 3)

Since 1t is necessery to build o flexible system where

other units can be added to the house at a later tinme,

the besm reaches in length only the clear distance bet~

ween columns, At the top of each column & short plece
overhangs the column faces and receives the beam

of & cut beam,on a bed of asphalt, The column sections

snd beam seat are bolted into & unit in the field,

The roof system serves & functional purpose in the
construction of the floor system. It scts as & form for
the pouring of the concrete floor, A short foundation
to floor'éolumn 1s used to support the roof elements

temporarily. The ends sare closed with wooden forming &s
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I1lustration 1 I1lustration 2
Rolled Beam Section Rolled Column Section

Illustration 3
Column and Beam Meeting
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18 the besm cavity. The floor is then poured., To
prevent the steel sheet from buckling a larger number
of filler penels are used. The resulting veultea floor
system i8 strong &nd needs very little steel relnforcing:
a very light tempercture mesh end two reinforcing rods
over the besm, To compensate for the thrust of the last
arch the filler psnels in the last basy are lowered one
inch end the sheet not fastened to thne outside besm.
Therefore, the floor thickﬁess at the top of the arch
becomes three inches in end bays as opposed to Ttwo
inches in other bays,

The exterior walls are mede of rolled steel peanels
backed with insuletion. The ssme insuletion &8 15 used
in the roof is used in the wells connection with the
column is made simple by bolting to an angle attacied to
the column. The sheet overleps the column &nd 1s tension-
ed to it through pressure exerted by the bolt., The shape
of the steel provides an 83% surface coversge with a 3/4¥
air spece (3/4% supplies the most insulative value for
the leest dimension 1), The steel panels are nested and
shipped to the country in two-foot units and there bond~-
ed to the nstive insulastion to form & six-foot panel.

Doors and windows &re fabricated from nested Ie

sheped sections sent to the country. These Tnéhapes are

1, GaD. Nash, The Thermel Insulation of Bulldings, Pept.
of Scientiflic and lndustirisa , Her Meajesty's
Stationery Office, London: 1955, pp. 7-8.
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rolled sections, Subnaésémbly shops assemble the total
unit reasdy for site instellation. Doors sna windows
cen hinge directly to columns,

The service center of the housing unit contsins the
plumbing, ena electricel utilities, Most wirlng and all
piping would occur in one wall panel 6' - 1% x 8i- 0V,
This penel cen be plszced anywhere in the house but 18
mesnt specifically to fit into the house a8 an outslde
wall, The bsck side of the psnel is mede of the seme
steel sheets s8 & typicel wall penel without insulation.
This steel could be removed from the outside of the house
to service the mechanicel or plumbing centers. This
service penel certeinly offers an opportunity for assem~
bly line porduction either in the Unlited Ststes or &broad.

The economy of these housing units has been achleved
through design using rolled shepes with insulative alr
epsces as well a8 dual use of steel elements as founa in
the roof system. The skeletal system of structure allows
complete freedom in design of exterior wells, Any well

mey be left completely open if deslred.
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IV. CONSTRUCTION PROCEFDUKRE

With the arrival of the packesge of components on
the site construction begins. Holes are drilled in the
ground 6' - 7% on center in two lines 13' - 2" apsart,
If hollow vitreous tiles are available these will be
inserted in the holes and the dirt backfilled around
them, The steel column sections are plesced in the tile
end beems attsched with seat angles to these columns,
Filler venels &sre next fastened between bezms every 18",
The whole system of beems, columns asnd fillers is then
leveled and adjusted with the use of props between the
ground and the beems8, When ell parts are level and pro-
rerly positloned concrete is poured into the tile around
the column providing the house with foundetions,

The steel shect is next olled end spr%ng across
the filler psnels from besm to beam. The 8sheet is fast-
ened to the beem. A wood filler cap running over the
top of the beam 1is positioned., This plece of wooa pre-—
vents the concrete from filling the besm and protects the
connection of beam &nd sheet from the concrete., The ends
between columns sre blocked with pleces of wood cut to fit
the arch of the steel sheet., Thls woou 1s fastenea to
the columns, Wood forming between columns in the 13%-24

direction fits into the end beem and hss hsalf a fliler
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cap added, This forming 1s zlso festened to the besms,
Tempersture mesh and reinforcing over the beeams is next
pleced. The concrete is poured into this formwork., A
Beet angle attached to columns as wellyas rods pessing
through the column and floor together.

While the concrete is setting, the upper columns
are bolted together ana placed over the lower columns,
The upper and lower columns are then bolted togetner,

With the setting of the concrete the wooaen forms
ere removed and the metel forms dropped to the grouna by
removing the secet &sngle suprorting the besm. The form
perts would be disascemblea., The beems are lifted into
plece in the roof esnd attached., Filler plestes &are feast-
ened between beecms amé& in ¢ similar menner to the floor
formwork., The steel would be sprung between beems end
attached,

The service pesnel 1s next instslled in the unit.
Electricel wiring is run under the metal roof. Plumbing
and electricsl lines enter at one point only.

Insulstion penels are lifted between besms snd filler
penels there to be fastened withgﬁeel running strips,
Well penels alreesdy assembled are inserted between cole~
umns end bolted to engles satteched to the columns, Doors
end windows are hingea to the columns, Interlior partitlions

of & netive or inexpensive material cen be atteched any-
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where in the housing unit, The steps are bolted to-
gether and then onto the freméof the unit, A layer of
asphalt tilles, cork or some other similsr materiel

finishes the floor =nd the house is resay for occupancy.
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V. PLANNING USAGE OF HOUSING UNITS

The module of 6' - 7% established in this design
functions well for a number of purposes., For housing
units compactness of plan is echieved 1n &n efficliency
unit and one, -two~ and three- bedroom units., The ser-
vice panel in these plans provides water for bathroom as
well as kitchen 1in one locstion, The module allows a
three-foot door and window to be inserted between columns
es well as & six-foot steel panel or 8lx-foot window pan-
el. Beams span two modules in housing units, three in
other unlts,

Severzl poasibilities arise for combinstions of
housing plans, Row houses are essily essembled of sany
length., Changes in these units could easlily occur with
gimple changes in interior partition arreangements,

El shaped houses with courts, a very economicel
use of the lend, cen advantageously be formed elther
free-~-stending or with common wslls,

Developments serviced witn community kitchens and
bethrooms are a distinct possibility in poorer neighbor-
hoods. A8 peoples! incomes incresse services could be
added to their houses.

Two Btory apartment houses are possible with the

pouring of two floors and the use of more columns of
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stronger cepsacity.

School unites are ideally formed from the use of the
longer beem -19'-9* span., A longer overhang shelters
window aress and corridor., Other community functions
could be housed in similer 8tructures, A solution for
the arecs of the world with a higher tempersture range
1s also desirable., The temperste climate design can
with a few changes be adopted for the warmer aress,

To provide protection from the direct rays of the
sun, to window and door openings, fhe overhang of the
roof would be increessed to four feet or more., 7The sesat
at the top of the column would be increased accordingly
to receive the larger sheet., The end bays woula be left
empty protecting the side elevation from the sun,

Exterior walls could be of the ssme construction as
before, steel sheet and insulstion, However, these panw
els could be shorter leaving a line of openings under
the protection of the overhangs. Simple hinged panels
opening outwards could be used to protect agsasinst heavy
winds,

Doors could be more numerous znd be maae of simple
louvered steel panels 8o thet sir could flow through the
house st all times yet protection sgainst water would be
maintsined. The spsce under the spen of the beam at the

sldes of the house could be provided with a track and
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doors thet could be 81id to the ends of the elevation
and thereby completely open two sides of the house to
the air. This would be adventageous to cool the house
on hot nighte eand to open the house to the &ir on the
side away from the sun during the day.

The end filler penels in this solution would be
replaced by simple stemped truss penels that would be
fitted with Bcreeub;thus, the underside of the roof
would be completely open to &ir currents at all times,
The cooling of this spsce would be grester than in the
temperete solution,

Heavier insulation 1is neturally necessery in these
houses, The wall penels sna ceiling msy be mede 1in any
thickness., In combinstion with the overhengs and zlr-
flow roof this unit coula be quite cool. Use of reflec-
tive steel would ald even more,

In this werm-weszther house and the numerous solutions
of planning found, it becomes spparent thst these houéing

uhits have a desirsble function of versatility.
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VI. ALTERNATE PROPOSALS

Of course the design presented could have & variety
of alternates depending upon the availsbility of materiels
in the country to which it 18 shipped., During the design
of the unit meny possibilities for modifications appeared
which are worthy of discussion here,

An eglternste roof system seemed feasible. This
system was rejected due to a large number of problems,
Basically it involves nothing more than using the curve
in the metsl sheet in the reverse position of theat used
in the design presentation, The steel sheet would then
be in tension from besm to beam, (Ill. 4) Filler plates
would still be necesscry across the roof to keep the panw
el from rumbling during a wind, These filler plstes due
to their shepe would be weskest st the center--precisely
where strength would be needed for brecing between bezns,
Other problems envolved would be necessity of using a
gutter and drein system to carry the wester from the
center of the bay to the ground, an insbility to use the
seme filler plates to reinforce the sheet when used for
a form for the concrete floor (the steel would have to
be inverted to achleve the same curve &8 in the design
presented), end the difficulty of developing a two story

8ystem,
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Illustration 4
One Bay - Concave Sheet Roof
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A wall system that worked quite well is a possible
elterneate for countries where a loose insulating material
is avalleble in quantity. This materisl could be a waste
product like wood chips or rice hulls or & commercisally
produced item like blanket insulation of glass fibers,
orckwool, or shredded paper, The wall would be & hollow
cavity boxed by two of the steel panels,

Spacers would keep the corrugated metal at the proper
distance., Column sttachments would be similar to the
design presented., Insuletion could be poured in after
the psnels were attached to the columns or if blanket
insulation were used one surface could be installed, the
blenket placed egainst 1t, and the second wall attached
over the insulation, Thlis ssme well system could be used
for common walls between units in row housing or sapart-
ments when the cavityﬁwere filled with sand or earth,

The earth or send if taken from below 18% of the surface
would be quite free of animsl life, A disadvantege of
this system would be the interlor finish of steel that
would in all likelihood be cold and not too practiceal for
easy attachment of shelves, cebinets, &and other hanging
obJjects.

The floors for the unit have a number of alternate
possibilities, The most primitive form would be & com-

pected earth floor. The het sheped section that receives
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the walls could bear on adobe blocks, The level of the
compacted floor would be even with the top of these blocks
and sbove the nstural level of the ground level,

A wood floor could be installed easlly spanning the
8ix feet between beams with 1#% lumber, The beams in the
floor would be eattached permanently with clip angles and
pletes., Some deflection in the wood would be encountered
but not too noticeable an asmount, Insulation would prob-
ably be hung beneath the floor in the same menner ss
beneath the roof if necessary.

A concrete s8lab on grade could be utilized if the
preperstion work were not considered to be too grest,
There would be a saving of steel columns (floor to
foundation) snd concrete in this system.

With these possibilities of adesptation the housing

unit could see service 1in any number of countries,
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VII. CONCLUSION

The exploratlion of the field of low-cost, indus-~
trisliged housing for developing nstions has certainly
exposed the author to the many problems with which 1t 1s
necessary to cope if sm sau’uawerﬁf‘.:;e to be found. The path
of design is lined with pitfalls and is not easily
traversed. The sense of architecture 1s often lost in s
bewildering forest of plumbing pipes and bolts, The cry-
ing needs of the people force one to consider first the
mos8t elementary solutions and last the visual countenance
of the solutions, Fresh thinking becomes difficult in
the mists of scedemic treining intended for & richly
endowed society. bDBut st the end of the psth, one becomes
aware of heving geined an &bility to provide some answers
for cquestions to which too few ere responding todsay.
Further study ce&n provide more solutions and hopefully
see the actusl provision of shelter on a large scale.

The author wishes that en ewareness of the housing prob-
lem willl become more generselly known in American archi-
tecture and thet through this cognizence aid will be

provided to the world. The author ﬁﬁﬁ%@a that Americsn
erchitects will become more sware of tThe serious housing
problem, and that through this cognlzence befter living

conditions will be provided to the world.
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