G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

oo —

015 tl’".

LIMITED
ID/W3.u6/14

13 September 1971

ORIGINAL: ENGLISH
O S

United Nations Industrial Development Organization

Expert Group “eetings on the Ure of Plastic-
in the Puiiding Industry

Vienna, Au tria, 20-24 September 1371

A SURVEY OF PLASTICS VMATERIALS
AND TFEIR POTENTTAL EFFECTIVE UTILIZATION
AS BUILDING MATERIALS AND BUILDING APPLICATTONSY
FOR DEVELOPING COUNTRIES
UPDATED TO 1971

by

Armand G. Winfield
Plastice Consultant
West Babylon, Wew York

;,  The vier and opinion- expre~~ed 1n thi paper are ino e of the author
md do not nececrariiv reflect the vie' of the ~ecretariat of UNTDC., Thi~
document 1 been rerroduced 1 thout formal edi1ting.

! -
e & .




We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards, even though the best possible
copy was used for preparing the master fiche.




%



il
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riel view of wiot Lirs Yeen done simce *le 1709 peper wos comploted
It It 1y ne resns complete r5 acw ures ol placiics rs building roter-
irls rre consiontly being developed, iopefully, icers for r rore con=-

-

terporary ond inrovetive continustion of uses for nlrstice in the
future will be put forti, looking towerd = tine when erciitects and
tuilders can Lave the freedor to use imaginntion, Toresight and in-
cenulty.
EUROPE: JESTER! GER'Z.NY
In mid 1970, a Swiss Architect Franz Dutler, in association with
Dedlschie Lnilin - & Sodr - Fabrik AG built an experimentsl fil~ment-
wound glnss reinforced polyester vncation rhiouse, First displeved st
ti.e 1970 lanover Feir, this house is » tubular structure nounted on
four metel stilts,(Figure 1). The tube 1s 15 meters long and L4.02
neters in dianeter
(free ~tending height
is 3.55 meters), with
70 square meters of
floor space (75% square
feet). It is made by
superimposing one {ila-
ment-wow¢ tube over
another smaller such
tube and separating
them by means of an
Figure 1 insulating core of
rigid expanded plastics foam. The attractively spaced interior, com-
Plete with plastics furniture (Figures 2, 3 and 4),1is divided into

&n open balcony, livingroom, dinette, study, kitchen, bathroom and




bedrocm. Spacious ~nd ~iry, it can be heated or zir conditiocned with
minimunm ¢ffert or experse. Elecciricity, woter and sewege 1s carried

in or out thrcurl. the Lollow rmetrl stilts on which it is mounted Fig-
ure 9).

Without furnishings
thls house is plenned
for sale in the United
States ot 519,000 --
with 2 hoped for drop
to 514,000 once mass

produced.

An even more recent

German housing con-

cept hes been developed

*, 7~

by Wolfgang Felerbach

GmbHE 1n Altenstadt

Fircure 2

called the "FG-200",
This house is made of
polyesters and ure-
thanes manufactured
by Beyer A/G (Lever-
kusen) and glass
reinforcenent by
Gevetex Textil Glas
GmbH (Dusseldorf).
"FG-200" is made up

of 39 panels. 13 roof
Tisure 3

32 feet by 4.1 feet
are supported by 206 wn1l panels 11.7 feet high by 4.1 feet wide.
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This 1600 square foot unit is not inexpensive. Its cost varies fronm

;318,000 to £75,000 depending on location, finisiing and furnisiiings.

Pigure &

ENGLAND:

A new and impo-tant use of plastics in English high rise buildings
has been the curtain walls in the Greater London Councils' High-
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dise Flats, Couposite srafwicies ol 2" gloss filers were used to re-
Inforce polyesters sz outor 5Ll ~nC uere eroiry teacded to [os.ed
concrete cores., [ wertuer resistent noljuretiane coating wes »~dded
co tiils euterior surfrce. The irner freines were reinforced gy
rlso Londed to ti.c core. Trrels Luot welirnhed one-f1ltl tiie welglt

.

I stonderd constiruction olse wrovided .o necess-r,; firces-fety
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LAvle Do eiznet [lpures -re cveileilley Lul Council offdelels cietn

wuet tiie costs -~ cormetetive to conventlonsl coustruction.

Letel,y i Dnglend, severrl lorie | 1r~e5 roirloreed polyester struct-

ures uLrve deen erccicl: e nl-tzetariwn roo’ dore 2
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Teet sl incues in
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Cloemeter es Lecn Lullt ot Soutn 3.le0lds Tecialcel Colleze; ¢ rescr-
vole cover Joney 27 Teetl il oclir es Tech oo nsoucter” 1o Ulere
(Zorlorcsiize); £ osviiiiing aoel ciclosure 100 Jeel lciyg it 2 50
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L4 Itely today, meny nolyvinyl culoride (PVC) extrusions are beling

S TR

used in bullding es partitions, doors, window frames, shutters and

carteln wells. The 1959 report noted that PVC extrusions (Figure 6) ;
were being used as interior-exterior walls, Todcy, larger (2-3 ineh ﬁ
widtiis by 7-8 inch neights) and more corplicated PVC versions are in
use (Flgure 7). Even extruded PVC "lwiber® up to an inch thick 1is
being produced (rigure 0) with structursl corners (Figure 9) in
order to estsulisnh the ense and validity of these vinyls as low

cost buillding materials. These extrusions can be easily and rapidly
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prelabriceted or ossembled in the field. Zasy tc cut and/or cement

with the appropriate solvent, these units are ready to receive
plping, ducting or wiring
which can be threaded into
the wall apertures of the
extrusion profile. For addit-
ional insulation, urethene
foams can be similarly frothed
or sprayed into these same
erees. Such operations cen
also be done in-plant or on

Figure 6 site,
Figure 7

Rengo Plano of Genoe, a pioneer

in the use of plas-
materials has re-

cently undertaken

Figure 8

extensive and very
smbitious programs for reinforsed plastics materials.
He has erected a 50 foot span by 80 feet in length
woodworking factory structure. He designed ¢ 120
foot span pyramidsl factory roof and a 35 foot spen
by 60 feet in length sulphur ore factory. These

first three structures are in fiome. He also has

Figure 9
Seen his design for a prestressed reinforced roof

200 feet by 135 feet erected in Genoa. Maric Scheichenbauer designed
a reinforced market roof in Torino made up of 200 individual units

and covering an area of 25,000 square feet.




ETEERLAIIDS

Gless fiber reinforced polrester bungelows have teen experinentally

bullt in Dreds and today the The I'arue larket Lies = reinforced poly-
ester roof mede in 66 units with a clear span cf C0 feet by 10 feet

eacii. Tiils neriket was designed by P, llurbers of Delft.

AUSTRIA:

Gernot lalbech of Vienns's Techmnologicel University has recently
designed o mobile home which provides flexibility in size onc roon
configuretion. e
rllows for three
tesic sizes wiilch

cen reweln indepenc -

ent of escli otner os
‘ complete units -~ or

mey be united to form
e lsrper shielter. It

is Cesigned so that 1t

el | _7)
|9

can be folcded to less
tiaen one quarter of its
size. Taus, the full-

Filgure 10
sized, rather large

home can be towed without rmch difficulty., The units cesn a2lso be
stocked.,

FRANCE:
Reinforced plestics have taken nold in French building, today. A
market roof at Fresnes is made of 13 interconnected "umbrellas",

A siniler roof in Ivry is made of 1,620 sauare feet of glass fiber

reinforced polyester cections, S. du Chateau has designed o most

<
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beautiful ond spectacular 100 foo% clear span hypar shell

marlkket ro~f

in Arpgenteutl »nd neny otaer suci roofs nave Been built

1a

in Ipinay-
sur-3eine «nd Arceuil. !lany new orojects are also using tliese naterials--
among the more notable heing the multi-story feocades for high=rise
bulldings including schools and tie Petrole D'Aquitaine "Jorks. FRP

plpes are now veing used in French sewers,

A newly constructed Frencii vecation house
costing the equivalent of 10,000 Americon
has been designed by Jean aneval and is
being produced by Aquiteine-Organico
Plastics Subsidiary of Société Nationale
Des Pétroles D'Aquitaine. The compact
house, referred to as a "six hull bulb
structure" (Figure 11) is prefabricated

in six hulls which are transported to site
and mounted on a preconstructed pedestal,
The shells (hulls) are glass fiber rein-

forced polyester sandwiches over a foamed

polyurethane core., Once the pedestal 1is
erected, the house can be assembled in
Figure 11 about four hours., An electric motor rotates

the unit so it can "follow the sun" or
change the view,

Parisians heve only recently adopted the use of rigid vinyl sheeting
to cover large athletic fields. Once this practice has been accepted,

more widespread usage will follow.,

SWITZERLAND:

Marcel Lachat of Geneva improvised a nursery made of a reinforced




Cecter ©nierce ¢ cutaended It from uls aportnent window (Firure

12) because tley neceded tie

extre spece. Unfortunately,
ti.e Geneva Tire Departnent
riede hin remove it, claining

thet 1t was o fire hozord,

Tnis use of plestics materials
(Figure 13) brings into focus
e clmost universal demand for

niastics applications to meet

today's living and environe-

mentel needs.,

TUGOSLAVIA:

Recently 2 kiosk and street
furniture system was designed
Py SamJ. llachtig and
nas veen adopted for
use in the streets of
Ljublena. The basic
modules are urethane
cored reinforced poly-
ester sandwiches (Pig-
ure 14), They are red
with black panels and
awvnings. Interior
fittings are white.
Tigure 13 The floors are covered

with black rubber matting
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anc joints rné windows ~rc »lso realed witi tlre: rubber, llctnl

tlinds are usec inside
anc out. Tiie wnilis con
he conbined in numnerous

confirurstions -- and

stacled to o Leight of

five stor:rs. Present
Present ~pnlications
rre news stends, slops
enc stend-up eating
establ.isnments (Fisgure

19).

TORTH AIERICA:UIITED
STATES

The United States
Quarternaster Corp: ot
its Naticlk, Massachusetts
Proving Grounds has con-
ducted numerous experi-
ments in air inflsted

structures, Tlhiese de-

velopments ;rew out of
World War II experinents
Figure 15 at the Goodye=~r Tire egnd
Rubber Commeny 1in Lkron,

Ohio and worlk ot Cornell University Aeromeuticel Leborstory some 2¢

Jears ngo. llore recentll’, tLe field of sir infleted structures has

becone & cormercial developrent championed by tine Dirdair Structures,
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footta2Y (or rurhy) [lelds,. Clc~r nl-sties ern be leriasied in

appropricrte arenrs to ellow for 1iclt or see-tirevei queliilec,

inzen Descercl, Inc. of .dnmernolis, lZinescte Lrs Cevelonad -
syster for -alidng
InTletatle rooms
vidlen differs fronm
the traditional 2ir
infleted structures.
Cuese rooms sre hased
on sealed vinyl or
other £ilm conposite
begs helng blown up

es I'ree standing bears

or walls {rom wiich

Digure

10 film wells or partitions
cen he suspended (Figure
16). This system does not require the purps or air lock doors ree

quired in the starndard cir inflated systens,

ine ever increesing awsreness of the use of plastics meterials in
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tuilding cr as hullding conpcnents (.0s crused nunerous 511711 concerns

=11 over thie United States to becorie involved witih many nheses of tuls
indusiry. These small firns produce everytuing fron structur~l elevator
cnrbs o cinurchh steeples, from building cornices to totnl racades,

fron structural domes to redomes, from canopied shoppinr centers to

swimming pools,

L recent development in the United States is the extrusion of vinyl
cleploard for housing exteriors and which can replace wood cr aluminun.
Produced Ly Extrudyne, Inc. of Amityville, lfew York, these thin PVC
profiles are colorful, strong,weather resistent and non-flesre support-

ing.

CAITADA:

Polyfiber Limited of Renfrew, Cntario, in cooperation with tue
canadian Federal Department of Public Works, designed and built a
glass reinforced polyester sendwich panel structure known as the
Frobisher Bay School in the Northwest Territory of Canada. The school
i1s for Eskimo teenagers who reside less than 200 miles south of the
Arctic Circle. The two-story buillding used a steel framework witi
reinforced panels throughout. Designed by .lontreal Architectural
Tirm of Papineau/Gerin-Lejole/LeBlenc, it was ready for occupency
this year and will serve over 475 students from the Daffin Island

and Keewatin regionc.

Flame retardent polyesters were used in association with flame re-
tardent urethane cores, The 334 panels used were constructed by
hand lay-up techniques and sre 1% feet six inches high, six feet
in width and have thick FRP skins on both sides of a two inch
uretnane core -- making a total thiclmess of two and one quarter

inches. The panels were made white to eliminate glare. The 40,000
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“EXICO:

Althougl. the glass fiter industry is scarcely nore thnen & dozen
years old in lexico, it has shown an anazing growtn -- and cone
struction markets are Just beginning to realize its berefits,
Reinforced plastics in construction is now over 187 of their
market -~ with rmichi of the product goinf into rnolds, pans and

colwm nmolds for concrecte,

A glass fiber reinforced polyester liouse, however, has been developed
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i Durorrco and that Stote 1s now plenning to produce units prtieraced
~fter tuls prototype as boih low cost nousing and »¢ motels in re-

sort srens.

Lnother liexican building worthy of mention is the Polviorum Culturnl
Siqueiros in liexico, D.F. The bulléding, 1n four levels: parkins,
comrierce, lobby eand rmural exhibition, has = floor arec of 23,000
square feet. The most imressive part of this building is the 37,000
square foot mural painted by David Alfaro Siqueiros. This priceless
rural is protected hy 2 felse celling , roef and polychrome exterior
building walls -~ all mede of glass reinforced polyester. The false
celling slone is some 11,000 square feet and its cormplex shape and

immense size could only be successfully constructed in these materisls.

Finally, the "structural Gold lMedal winaer" of lexico's 1968 Olympics
was 1ts Sports Pelace. Its 230,000 square foot geodesic dome was
sneathed entirely in copper. After the Games, it began to lose its
reflective be~uty end e protective coeting was needed. Unforiunstely,
tiie reallzation of tuls need was late in coning. Smog end corrosion
haC caused considerzble damege. Only one experimentel section which

Lhad been covered with sn ezerylic lacquer remeined in tact.

Fortunately, lest yesr, its Architect Feli: Candela working in sssoci-

etlon with the ilexico City government, tiie Internstionzl Copner Re-

| search Asgsociztion and Roim & lires Compeny of Philadelpuls, Pennsyl-
vanir solved thie problem by heving the done cleened and the entire
surface covered with & protective acrylic coating. The 1970 refurbish-
Ing Jjob has given back splendor as '"the Palace of One Thousand Suns"

and again plestics materials have mede o new inroad in the building
fieldo
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e oaly connectlions Trom flocr to

floor ~re via tle scrvice core =nd

the peripherel coluans wiich are

cemented to each oti.er, tcp =nd

bottom, witl. epoxy resins (Figure

20). Tne live loed capacity of the

floors is 100 pounds per square foot

Increasing to as rmmch #s 200 pounds

per square foot at tlie north-east

and north-west sreas. The colwmn-

free floor expanse provides maxi-

TYRBAL AEER LV - v Ve oV rum flexidbility in office design
B .

end layout as movable FRP partitions
Flgure 19

can be placed at will to form the

riost advantasgeous space-use of the area.

4
§ Since the Sabemo

huilldings are extra
light weight construct-
ion, the curtain walls,
too, rmust also be light
welght., !r. lloratelli
has revolutionized
Austraslian conservative
building by using color-
ful curtain walls (crange
in lNorth Sydney; bright
Figure 20
blue in Pertl) made of
eleven foot squares of FRP with seven foot four inch square glazing

centered in each (Figure 21). Although he would have preferred to




use acrylies, it was in-
possitle to ohtain sucu

lrrge siieets in uls oresn,

“he pleozing 1s double
sxin insuleoted reflect-
ive glass, allowing a
160° visunl exterior

span or projection. The
effect 1s stertling and
nrovides naxinum usage
of FRP 25 nigh-rise
curtein wells (Figure

22),

e lobbyr ares is designed z2s an

IRP tunnel epproximetely 66 feet

in lengthi and 22 feet wide with
rerrylic dores and recessed fluor-
escent light in the nolded ceilingf
(Fizure 23). Throughout tne k
buildingz, FRP lavatories are used
vaerein wells, bowls, pedestals
and recessed mirrors and lighting !
take advantoge of the strength

end senitary qualities of the
reinforced polyesters. Structural |
Firure 22 elevator cabs and other refine-
nents such 2s partition walls,

lovt, ligints »nd rlanters, ducting and trim are also of FRP,
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Loobier Dovere Tnildings decipned 1 Vitloric . lnretellt e tlatw
rorporste woodaunrters, TLIS structurc, built In 1077, wer conziructe?
ir concrete ponred in I'MP roldce, On tnop of this 1h stor: struecture,
190 feel 2liove strect
level, s fustr-~1'r's
first »~1l-plasticec TiP=-

uretiione soriuviel cone

used to Louse ~ir con-
ditioning nrclinery,
nluxbing and other utili-
ties. ecsuring 60 Tect

in diemeter »nd 27 feet

in heignt, this eight
ton come w-s built in
Fizure 23 12 sections o2nd erected
| (see also Fig. 23a on page 46 of report)
| on and attoched to a
concrete plinth in less than eight liours. Holsted to the roof in sect-
ions, 1t was built to withstend winds up to 150 miles ver hLour. It is

considered to te the largest dome of its kind in the Southern Hemis~

plicre and is o landmerk on the lorth Sydney horizon (Figure 24).

Dr. Jens G. Ponl, a
faculty member of the
School of Achitecture
and Building of the
University of lew South
Wales in Sydney, in 1967

conceived an unique high-

rise building structure

Figure 24 system based on multi-
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soory o' L rl-tes” loweer, flilouri. ne Tull zerle nrocctimne L.rs yet

..

veer. Tudlt, o sew ten stor:

ccale rodel wrs recentl; sponscred ty

end It currestly displ-red ot the Sycriey Suilding Informetion Centre

Tie Poll tieory ic hesed on e Infloted flexible tube with sesled ends,

Althouri. tie “uie 1s non structursl in its deflated state, 1t stands
upright and vecories loed tenring
vhen supported ty = colum of eir f
(Tigi.e 2%). The sliin membrrne

rney need to be reinforced, hut

the muilding itsell cen resist

hending, tueckling end torsion.

L series of circul»r floors nre

~tteched to the upper nembrene

by meens of & bearing floor. /s

tiie colum is inflated, tuese

floors will be carried (sotteched

anc suspended by c¢nbles) upwerds

as the colurm grows (Figure 26). !

) A rigid center shaft would provide
Flepure 29 '
€levetors or stairs and access 3

Into the building proper would be through an 2irlock tunnel,

The risk of puncture is ninimized by the strength of the plastics
skin plus other standby equipnent. Some tough films already exist
Including nylen scrin besed laminstes capable of yield strengths
up to 1,000 pounds rer incii, bul these scrims preclude the clarity

factors needed nestieticelly end visuslly in ti.e outer rienkrane,

Dr. Jens G, FoL.l's conconts are chzllenging. The existence of air
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Figure 2C

Figure 27

inflated buildings as storage
buildings, exhibition halls,
green houses and covers over
tennis courts and athletic
fields are commonplace. Dr. Pohl
suggests greater and broader
uses based on sound plastics,
pneunatic and mechenical engineer-
ing principles ond ranging from
small two story bungalows (Fig-
ure 27) to full scale 14 story
buildings (Figure 28).
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w2he m1lenl-stics wndt (Tizure 27). It is

©oone=ploce wellel o211 srndvicl conpecite of gl-ss reinforced poly-
Covrlr Cilnoover - I I0 PTC Do ocope M iocles culclze Tuc outer nliin
SwET oo mpoeleldl ro YT ) el terves Lot 25 r o murs-ce color
lagce o mo o~ 0T Zol ctelilinti cerecn. The one nizce a.eld

construction includes

onG glezing sre odded
later. The hasic nodule %
wit 1s 24 feet long Ly |
1% feet wide. The row
rateriels used are non-
{lame supporting end

termite proof. The ab-

sense of seams ond joint
Tigure 20 mininizes weathering and

lealiing problems,

The basic design is » rounded oblong not unsinilar to the design

developed by tie Arciitecturnl Research Laboratory of the University

of ldchiran, Ann Arbor, :dchigan in 1962 ‘Figure 30)., Each of the

‘ranstar units iios interrally molded-in wiring end plumbing amd is

fully ecuiped and furnisiied. Tuelr units can te used singly, in
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In 1205, tie Tousing
Cormiscsion ¢f Victorie
initisted » resesrci. »nd
devecloprent project sined
at tie production cf »#
ville which could be
econonicell; and efflici-
ently produced within
their State within o

four to five yenr period.

Today, successful villes
ere being buil* (Firure
31). The external walls
are 2 inches thicl: and
consist of four feet by
eight feet sandwiches of
calcium silicate flex-
board with one and five
eighth inch cores of
rigid polyurethane foamed
in situ at two pound den-
sity. Steel edge columns
are fabricated in place

Figure 31
in the panel and increase

resistance tu fire as no oxygen can reach the enclosed core. Internel




PRt it eweeziosXto et T are, Guel noucing, 2ltiwoush it
Tont T Tl e b e AT e T ~uerloley show sovines of from 250
Lo 1,000 Sulirelinn

Mnellyy Sirec Z;0rer Cralom ror Jrolliteoet leuben Leney Desifner

Jolin ‘ncdersen ond

Engineer Joun Johnson

r.ove desligned o reinfor-
ced plestice house hased

on o two foot six Ineh
riocules Lichitwelignt in
construction, this dwelling
.25 » central service unit
fron vhien: shell-1lile

wirgs rediete (Figure 32),

Tne cesigners estinete
Ticure 22 thet 2 250 souere foot

rodule ecould he produced
finisiied [lor epproxiiiotely "250C fustrelien...or zhout 10 per squere

foct Austr-lien.

WIAT IS 10W COST I'OUSIING?
Housing costs today rnre reletive. The United !'ations refers to low

cost housing in Ceveloping countries i tiie stendsrds of those reglons

>
[

ir vhieh Liousing Is iost desperrtely needed; i,e., East Lfrica, Central
lrerice and Indonesis. Zecruse of the imbelrnee in currency values,
many moterinls whici, [fmerfcons ceozider incrpensive are too expensive

for develcping or irmoverizied couriries. Tue use of substantial

smounts of inexpensive o r noe-ccct notive rew materizls with small

]
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-mouats ol the crpensive sdditives »id/or Linders provides tic ~nswer.

Thue, vhiere we consider systens using polyester-glsss ~nd ureti.ere s
[} J

mmdemen S AT Ay

iju Vied Vd (e y

i

nexpencive Lousing arecarding to our (Lrneric-n) strndnrds,
in many countries these s stems aore for too expensive to consider.
llowever, were we to suggest the use of small rnounts of polyesters ns
binders to native begasse, srnd or dirt, we begin to approach a systen

for lowv low-cost wousinz in thc terns of tuat country's econony

Tie fact that many ethnlc designs indigenous to the lands are sirmple
to reproduce makes such systems feasible. It is much less sopnisti-
cated to reproduce the teepee, hogan, yurt, long Louse, bure or Lut
than the more highly stylized ranch house or bungalow. Thus, in our

own environments, low cost housing becomes an acute problem.

Low cost housing 1s often confused with poor design, but as we have

discussed, it is apparent that with only a little sensitivity and
planning, this need not be the case., Whatever its shape, however,
low cost housing provides shelter for those who have no housing
whatsoever. It provides sanitary and comfortable shelter for those
who now live in poverty , ghetto, slum, waste lands or otherwise
substandard conditions - and it can provide long lasting, more per-

convenicnt, mointenance free and less expensive dwellings
for those who fall within the lower income brackets. Many of these
people are forced to live in rented quarters - or with relatives -
because they cannot afford to purchase the moderate or high priced
housing which is availeble.

Low cost housing must not be confused with emergency housing or hous-
ing for low income families. The government, state or city usually
provides low income housing as high-rise buildings which are controlled

for low rents. One emergency housing system developed by the author

nas been described in the original 1969 survey.
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Seversl interesting current systemc developed in tie United 3St-tes
closely epproecu wiet cen be considered ~s lovr cost housinF. . recent
nine company survey of mcul-r construction in llew Yort State indiceted
r vide renge of costs, Cnc =ystor, Lcvever, was lover by 297 than the
lowest of tie oticr elriit studied. 5.1z syrsien indiecsted tiet on o
limditod profit tesic, 10 Is nossiile o Tufl’ 1mvr eosi Lousing (net)
2t 731 per squere foot rerd; for occuponey. “Le conpeny nrovidine
ti.ese Ilrntasticall; lovw *fizurer s sscocleted with the Corzranity
Letion Orgenizetlon of ZIrie Coualy, Ince, ouffelo, ew Verl whicw

wns orgralzed to provicde low cost housing heyord [etto econlitions

I allr 1.

Jewes Lo Irytnty Jrey Deduty Trccutlve Diracter, sictes," It iz Lot

war v L seel Zor slielter fc - ner- ount trorld issuc. The United llrtions,

-

rlong with cvery incividuel couniry in ti.c vrorld, is striving Cespere

atel;” to sect e exploding dexri’c for afequete wousing = and its
conconitraist lLospltals, clinics, scicols, ete, Tue gre~ice:t obstncles
to solving tiuis prollem ere costs, llnenciiag ond tue ovellehility of

t.iie neccessery skills,

"It is news tiet ¢ neti.od Livs been developed for construction end
oversll tccinlgues taet Lreels througi. ti.e cost warrier, fecilitetes
tie Tlnencing, melites possitle professional results with unskilled

lator,

"lue brenitarough tc low cost was resolved by inventive acumen in
ti.e use of manmade neterials of almost megical properties; mechanizing
tihe production of material and tie construction of the units to the

point of saving weeks of time and labor, whicn can include engineering

a portatle. demountable producing plent that 13 set up on the project

site,
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3 v o reurnout tiie construction plnstics are used wherever possitle.
vodern teciinology nas for advanced the funections of plestic for con-
struction in meny forms. Actual leng-tern usage Lias proven its durs-

E bility and utility. Its lower cost is clear.”

Tiie ldeas of James Bryant coupled with the genius and foresight of

; ex-investment specialist George ‘Weinrott have made the Erie Project

k n success. At 77, George Weinrott is s vital, industrious, far seeing,
1dealistic 2nd very successful builder who is working with James

Iryant on & limited profit basis through his company, Urethene Systems,
Ince of Buffalo and New York City, MNew York. Their method uses non-

- flame supporting uretliane foam coring sandwiched between Upsom Board
(pressed paper), plywood or other standard skin materials; 1.e.,

plaster board, wood panelling or melemine laminates.

First, the workmen prepare framing strips on which the skins are
applied with air gun riveting and formaldehyde based adhesives, The
frames are complete with door and window cut-outs which have also
been appropriately framed. Floor and ceiling panels consist of ply-
wood skins three eighths inches thick for bottom skins and one half
inches thick for top ones. The hollow panel is 24 feet long, 12 feet
wide and having a five inch thick cavity. One inch beams placed every
six feet along the 24 foot span adds strength. The entire panel is then
framed by two inch by four inch beams on all four sides. Throughout
the units, all vertical walls are one quarter inch plywood or vinyl
covered Upsom Board on the interior walls and one quarter inch Upsom
Board on the exterior. Fire walls are constructed of one inch gypsum

board skins.

One half inch diameter holes are drilled every six inches into the top

2dge of the panel. The panel is now placed in a steel platened hydraulic
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press and 14+ foot probes feed - predcternined amount of 2.2 pounc
density foamed uretnane into tlie cavities. Contained by the steel
press, tihe panels are held flot and parallel against tie toaming action f!

¢l the expanding foam ( six pounds per square inch) or 125 tons over

the twelve foot by 24 foot panel). The pressure of the expanding foam
locks it into a permanent Lond with the paénel skin. Curing takes 20

ninutes and the completed panel is a load bearing structural component,

The four walls are fostened to the floor and celling 2t the appropriate
positions using overlepping joints =nd are held together with resor-
cinal formaldehyde adhesives having uolding strengtiis of 3,000 pcunds
per square inch. Silicone rubber roofing is applied in e horizontal

position prior to roof plocement.

After assembly, electric lines and plumbing are installed, Wiring is
fed into raceways of PVC conduit. Heating is the baseboard type., Drain,
waste and venting systems are PVC. All electricel attachments »nd any
plumbing inside the cubicles are outside of the Panels vhich provide

easy access without disturbing the integrity of the urethane core.

Completed cubicles in the plant contain all appliances - washer, dryer,
stove, refrigerator, kitchen cabinets, sinks, garbage Aisposal units,
air conditioning, closets, wash bowls, toilets, tub and shower, tile,
wall-to-wall carpeting, ceilings and interior partitions. All painting,
wall papering and trim work is done in-plant. The unit 1s between 907

and 95¢ complete before it leaves for the construction site,

A typical dwelling consists of three completed cubicles for the first
floor and three completed cubicles for the second floor - or a house
with three bedrooms, 1living room, kitchen, dining area, utility room

and one and one half baths -- covering a total area of 1,400 square

feet,
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e cublicles are now ready to leave the plant. At the site, land is
gradeds Foundations consist only of concrete piers which have beer
poured into 24 inch diameter paper ssuna tubes set into the ground

and rising 18 inches above grade. Anchor bolts are set into wet con-
crete. lietal pipe sleeves sre placed over the anchor bolts as well as
plumh end level sole plates. The floor sections have natching metal
pipe sleeves so that they can be slid into appropriate locations. Nine

plers are used for each house. Foundstions are completed in one deoy,

The cubicles now leave the plant by truck and are lowered in place by
boom cranes. After securing the first floor to the plers, points of
contact for the second floor are covered with more resorcinal formalde=-

hyde adhesive and the top cubicles are set in place. Total time: eight

Lours,

The house 1s now virtually completed. Exterior finishes are applied
such as vinyl aluminum clapboard, aggregates in epoxy, glass reinfor-
ced polyesters, stucco or conventional coverings. Landscaping can be
completed witliin several days. The house is livable as soon as tlhe

upper cubicles are in place and the service lines connected,

Overall cost statistics for this unit place 90 of the burden on
row naterials and 107 on direct labor. A 1,400 cnuere foot house
takes 300 man hours of labor which includes both in-plant and one
site operctions. Current onerational plans coll for 300 units (com-
plete lLouses) per month per plent, working two shifts or 1¢ hours
per day. At present, the $7.31 per square foot of completed house

le increased to $8.,00 but this includes landsceping. Limited profits,

costs of land, lend preparation,closirg fees, mortgaging erd sewers
ust be added.
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The Erie Project homes in Bulfalo are being huilt to sell for 10

per scuerce foct. This includes $B,000 Ior leal costs in the noorest

arer of tie eity. Tuls cost rlso includes o "prefebricated" nortgrge:

tiic principel ~ud 1. interest on e 40 year loen. Taus, o pverson con

tale over one of these units for $200 to ;300 dovm end pay .69 per

nmontii plus tones over the M0 yeor mortgege term. Closing costs and ;
legel fees have becone minimized or eliminated. Depending on liow limited %
the profit structure Lecomes, the houses could sell for from {14,000 '
to 17,500 each depencing on a fair profit, tiie locality and whether

tlhiecre vere government subsidies aveaileble to supplenient the differences

between cost and selling price.

Plans for the extension of such projects to Florida and West Virginia
are in effect. Additional plans include the setting up of manufacturing
facilitles at a2 given site to produce 2,000,000 square feet of homes -
or approximately 12,500 units. The equipment would then be moved to a
new cite - and the factory converted to a recreation center, shopping
mall or school, The English are currently studying the Erie Project
and are contemplating the use of their basic units set into 24 story
space frames where the cubicle serves as a box girder to strengthen

the upper framework of the total high-rise structure.

All supplies, equipment, roofing and materials in these homes have
been pretested to survive the 4O year life of the mortgage. George
Weinrott believes that there is ro use sacrificing basic costs since
the reflection in the overall mortgage is negligible - and the main-

tenance-free house is most important.

The Erie Project homes are successful -- so successful, in fact, that

several have been set afire by forces opposed to these revolutionary

building tactics. Although code problems have not been totally re-
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solved, public pressure - and pressure by radio, television anc nevs
rnedia - are forcing Buffslo building officisls to re-eveluete their

position,

The Erle Community house components have passed innumerable tests.

There are no lesksy the windows close with ease; the interiors "breathe".
Loading tests on floor sections have convinced Duff=lo officiels tnat
these sections eée self-supporting and do not need nore founcestion pilers.
I'leat tests were conducted on thie urcthene core with Upsom Doard sur-

Taces: o six foot by 12 foot sendwich with 2 sean running the 12 foot

length was loeded with concrete blocks - 100 pounds per cquare foot

necsured for deflection. The deflection was one inclhi. Tie pencl

then placed in an autoclave under the same welpgiiteC conditions
heated by 2 propsne gas burner to 600° to 700°F for 32 minutes,
c panel deflected four inches, and the Upsom Board burned off,

karing the urethane surface. After cooling, however, the panel re-
turned to within three quarters of en inch deflecticn of its original
flat plane, During the actual fire, previously mentioned, the Upsom

board burned off, chering the urethene, but not burning it.

nother project in low cost housing 1is underway by G-F-G Industries
of West Babylon, New York, initiated by its President Jack Donohue.
Iis house is also reminiscent of and not unsimilar to the units de-
eloped by the Architectural Research Laboratory of the University of
dehigan in 1968 (Figure 30). Jack Donohue uses all-plastics and has
lesigned inexpensive molds made of melamine leminated to plywood and
et into a steel framework. His reinforced units are made in two

ections which are later bolted together.,

>ince the halves of his structures are identical, he can use one set

T molds, then use his completed halves interchangeably. His first
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n ferele iv 'ilicl. tie outer shin s leyed-up. [ prlyester gel
olor, then trelied up witis 4050 inciies of noa=Ilam
inf rlesc filer reiniorcel polyesiere Juc nterior sliin is made
» mele mold wiici. provides o rel cooted in-
terior panel. Dotl rcinforced sliins nre left on their noléds, Tiie ine-
terior ~old is then set insice tle erterior mold so that tiie inside
si.ell is i.el¢ three »nd = Lell inecles Crom ti.e outside shell. Condults
for wiring end pipes for plunting ere plcce cppropriastely in this
covity. llext, non={lene supportins polyuretiierie foen 1s foamec-in-
place between these two skins forring & sendwich four inches thick

witii pipes and conduits locked in plrce. The nolcs esre then removed.,

T™wo such units sre boltec togetiier - one opposite the other - to

(4"
create » hollow box with a slirliitlvafloor ond ceiling. A floor 1is

pleced in the ctructure. Thie spece heneath the floecr Is used to hlde
additionel wiring, pluihing or other unsightly necessities. A pre-
fzhricated, glass meinforced polyester woter closet is atiached to the
open resr torether with a utility room. This closes the back end of
tlie unit. The front end is rmllioned to esccommocdate 2 plezed door and

full uLalf spen picture window,

BEach unit i1s 16 feet wide by 22 teet long 2néd nine feel ulgu at tie
nedian point. Kitchen, beseboard or well type electric hesters, internal
pertitions snd aesthetic ‘nterior considersmtions such 25 carpeting,well
paper, wood veneer penelling, cupboards and closets zre =11 ocded efter
ti.e sections have been bolte: togetner. !Ir. Donchue states that a unit

can be electrically nieotec for 6T per year.

His completed unit is trucked to a site where it is bolted to six

crete plers. It needs no foundation.




3i.culd more than one of thiese 352 square foot writs be desired, tuey

c~n be uecde without dunlicoting lziteiens or hetliz, tien riterclied in

bd

-

tenlernny Or alterncting peatterzss They can 2150 le sircited, Tle (=I=3
I1ts ~re plerned Lo cell for epproximetely $10 per sauore foot in-
strlled, but exclusive of land or land »reparation. Code nrcllens

ct11ll nreclude *tie use of this house in most arecs.

Io swrmerizing and ev-lusting these first two low cost lLousing systens,
t..c Irie Project used plasties -c plesties to their best advantege
~ltiiouguu there 15 » diseppointing leclk of then o5 shins in tie bosic
ranclseSonie of thclir Latiroom furniture (Ltubs ~nd sinkc) were often
L.ported English acrylics. Tiue G-F=C lhiouse ic entirely plestics in
construction, thougi: tiaey heve used otner materials in tle interiors

rnd furinlshings. The besic difference between thiese two projects is
purpose. In order to mend = broken cormmnity, houses sre needed

cnd to fabricate enouph nouses to meke a corrmunity, production nethods -
iowever cumbersome thay niay seem - are needed. The Erie Project is basec
on o pnilosophy to saswer a human need. The G-F-G ilouse hLas veen designed
primarily as a vacztion Lone, which can also serve as a low cost
dwellinge. It is really a single unit to be carried away like other
merchandise. G-F-G 1s not so ruch concerned with housing as it is

with lowering the cost of the structure. Both projects are established
and dedicated, however, and it is only a matter of time and experience

until the missing ingredients are fulfilled.

The Wisconsin Department of Natural Resources' new Bureau of Commercial
Recreation made a survey aimed at better housing in which they refer

to the "Plastics Module™ consisting of "interconnected lightweight
tubes designed to be constructed of precast sections of sellf-skinning
urethane. The tubis are transported within the 12 by sixty foot limits

for conventional Lighway movement and are connected gt the site.
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Figure 3+

but reelistic approacii to the present problems,

kiteien,
velroor e Lo ecditional
two edroci unlt fe
cdded ns recuired.
Zarli veris ond
terrcced steps connect
tie structure to the

landsc-pe",

niere are a2lso many
isolatec forms of low
cost Lousing osing
plestics, including
free-form caves made

by spraying urethane
foem and/or glass re-
inforced polyesters

over burlap tents and
stretched nylon. There
are also foan filled
vinyl beg environments.
I have preferred to omit
these from inclusion in
thls report in preference

to a more conservatiw

Plastics materisls provide freedon in design and concept., Wno says

that 2 windov or doocr ust be sguare or oblong? Why are we conditioned




oris Lo modules of tvo Inches "1 Tcur inclen, four feet Lvo el ot

>-‘ ~

y five feet iy ten fect ond 50 »n? Tecruse tlezc ~re tie ~orules,
- oo spdc ond preconcelived unitc nmreceriied Tt e renfor meterinal

rciucers, liost persons linve difllcults i re~1l: Lidnltinr plestics

wUoinusine them to thelr fullest advantsarc,

DL CloDD Dors

ey 25 consultents, icve our own researci facilities *n wlhilci to ex-
rcrinent vitlhi new neteriels, methods, processes »nd ideas. ‘e have
~cen concerned with low cost and energency Lousing for over 17 vears,
Je vork with erchitects, industrial desirners ~nd srtistic zs well rs
vritii enrineers ond clieni!sts, Lfter meny vears of concertrrted effort
in the direction of lowv cost lLiousing, we hiave Cevelopel » sy. ern for
ctiractive low cost housing whileh 1s realistic, prrctics) »nd renro-
“ucnble 'Ol Celled the "Wineliar 'oduler Plastics Syster: for Low Cost
‘ousing", 1t hes been engineered ond architected bty our firs, Armend
3. "Hinfleld.Inz., in essocietion with architect and cesigner Antiony
.~rchese of Brocklyn, l'ev York, The system, Iin order to insure lovw
~ost, utilizes over 077 plestice materials, 81l of which sre readily
~vailatle, and special processes for totsl automation which we have

levelopec,

Jie "Winellar® system is based on two basic modules- left snd right.
“Lie basic unit 1s 30 feet in length, 10 feet in width and ranges from
elght feet six inches to 12 feet six inches in height. These latter
dimensions sre controlled by the folded roof design: 12 feet six
inches represents the highest peak of the folded plates while eight
feet six inches represents the lowest dip of any of the folded roof
plates. With a set of basic molds, certain sections can Le blocked

off to create partial modules. Thus, with maximum blocking, six
~Aditional module sets can be produced providing s multiplicity of
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sections and nunberless combinetions of housing configurations cen te

utilized for planning either 2 single dwelling or & corrmnity.

The modules are constructed from non-flame supporting glass reinforced
polyester skins .100 inches thick on elther side of 2 non-flame
supporting two inclh thick two pound rigid polyuretinane foam core for
811 walls. The roof is similsr construction except for turee inches

of core. The floors are .150 inch FRP skins over a2 corrugated lower

skin and separsted by two to four inches of urethene core (Figure 35).

VWINMAR IR RAITCH TVETRM MR L G SRS

AR G WD WL - MADTES CEMRA TS
G8 A S WP G v b e

AR WREE SR
L Y T M LA @ G G R ‘

Figure 35

The costs of rew material for these modules are besed on a glass to
vesin ratio of approximately 60:40 for spray-up techniques. Current
United States costs for glass fibers range from $.28 to 3.36 per

pound. An average figure of $.32 per pound will be used. Polyester
resins in large volumec can be purchased for 2s low as J3.15 per
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pound, but with the addition of cat-lysts, color, floue retardents »nd
other odditives, a figure of .20 per pound will te used. Twc pound
rigid polyurethane foam can be figured at .50 per pound., The cost

per square foot of the wall laminate will, therefore, be figured at
approximately (.33 per square fcot for raw materiasls., Ti.c r-w rateri»l
cost for the ceiling penel laminate will be »pproxinrately ..3° per
squere foot and tie rcw materisl cost for thie floors will cost aporo:i-

nately .,.55 per squere foot.

In a besic module, there is 300 squere feet of floor crea, 340 squere
feet of roof and 546 square feet of outside walls. The total row nester-
ial costs for tnese laminate aress would be 34+74.38. Since the basic
module is 300 squere feet, the JL474.38 figure rmst be divided by 30C

to provide a raw material cost per squere foot of completed nouse.

This figure is 51.58 per square foot. Since the nodule, Lowever, 1is

open on one face so that 1t cen be used in association witl otlLer
modules, tuis flgure might be misinterpreted. If, tiherefore, tue

module were to be treated as a complete 300 square foot iiouse, an addit-
ional wall would have to be added increasing the raw materisl cost by
#+60 per square foot or to 32.18 per square foot of finished hLouse

in that particular configuration. Deductions for door and window
apertures have not been made; neither have provisions been rade for

internal partitions.

3ince exact figures cannot be finalized until all design fectors ere
clarified in accordance with location and/or ethnic considerations,

we can only use the rav materisl cost of spproximetely $1.60 per
square foot of completed dwelling. On terms of United Stater economics,
to cover direct labor, overhead, machine and tooling smortizationm,
plumbing, heating, wiring, water closet, kitchen, land preparation snd
a reasonable profit - prefersbly on a limited profit basis - the raw




ater’sl fiure of 1.0 per sauare foot would be rultiplied by four.

Al

ral Tisure of L.+ per cauere foct ¢

L

conpleted iouse, less

-

land costs, s concideratly lower tiot otiers noted. Tiils Louse Is

stronfg and Les -r cnticipoted life expectroncy of ot least ! venrs,

Still on United Stotes standards, 8 dwelling Laving 1,200 square feet
ol surface area could te sold, exclucive of land, for approximately
T7402Ce £ 1,400 square foot icme could be purcnased for approximately

7,900 and » 1,000 square foct unit could cost approxinately 10,240,

Wle are currently working on riethods to reduce the raw nateriecl costs

witiiout sacrificing speed in production or changing the basic asestiiet-
ics by substituting expensive raw materlals witii low-cost or no-cost
nstive products, by-products or natural resources in order to change
tlie econonics from lowecost to lowe-lowe=cosi housing for such areas.

In discussions currently underwey with several republics in various

narts of tre world, tne native labor rates, being so ruch lower proe

porticnately to tine American laobor merket,will rediuce thne overall costs

of our units even fecrtihler.

Tue "din-ar" syster lc Cesigned to provide tihe individual with freedomn
in nls ciolce of iicusc design without seerificing coste A serles of
Lloclis patterened sfter the sctusl module(s) are given to the prospect-
ive louseioléer - or corrunity planner. These tlocks (Figures 36 and
37) can be arranged to forn a ple:zsing and uiilitarien structure. .ir.
iarc.iese Las also cesigned o series of typical units from a2 selected
number of combinations (Figures 3€ and 39) to show floor plans of such

cnoices, Even row type lLousing 183 Leen includec (Figures 40 and 41).

Guided by a series of avalletle colors and textures, the prospective

owner or inlabitant can choose rocf color and style( slate,tile,grass),
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Tizure 32

Interior color schere, exterior color snd te:-ture - end in meny ceses

he wouldé be able to chocse internsl pertition arrsngerents.

Completed units would rest directly on the ground 4in some locrlities

or on longitudinal foundation strips (Figure 35) in others.

The econoniics for the"Win-lar® systen sre besed on the nanufacturing

technology develcped for this nroject.
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Figure L1

CONCLUSIONS RE LOW-COST 1IOUSING

With our tremendous technologies in man-mede plastics materials as

well as high speed sophisticated processes, we firmly believe that

housing answers lie in low-cost corzmunities, not in low-cost single
dwellings., Our efforts to find answers in this decade will provide

new generations with tools to achieve what they now seenm to be

seeking; i.e., new systems for living -- even for survival.

At present, we are convinced that low-cost housing can only become a
reality 1if:

1) Companies - or countries - aro willing to wors on limited profits,
but on large volumes of production

2) Mortgages and closing costs can also be "pre-fabricated” and financed

at reasonsble rates of interest over long term loans
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3) Labor will lirmit itself to reclistic wage denends and not resist
nev naterial usesge
h) lunicipalities will work to upcate bullding codes to ellov for
ti.ese dwellings
5) Governnents will nake commitments to beck low-cost hiousing
6) The innovators, business adventurers and the dresmers will pool
heir resources and male tne systems work

and
7) If the public - in 2ll parts of the world - will exert its force

Lo demend the type of low-cost housing that can be available to them.
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