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SUMARY

There 18 a wniversal demand “or more housing than cver before; the need i
grecteét in the devcloping crwitrics. It 1g considerad that plasitics have a
part to play in solving thisz problem. This note discusees tie rnabure and
properties of plactica and thetlr limitatiors itn relaiion to any contribution
they might make to the housing stock and to tmprovaicnis in house constriction

and performaice.

The functions of the diffcrcwt elements tn houge covairuction ave diveusaed with
o eritical appraisal of the contribution to be made by materials with tic r:l:r:;;.u.-
of properties that plasiics offur. Coat and other cconomic covcideratione,
traditional attitudes and b1 ilding legislation all exert a restraining influcroc
on the us: of plaitics in Fiilding, Recommendatiois are rade for Hartin atdn

of the materials and educalt on of designers and uscrs, to pewiit plasties o plai

a more cffective part in so utions of houaing problema in the developing cowntrica.
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" The basic problem that prompts this paper need fardly be elaiorab-i:
there 18 a universal demand for move housing tnar ever hafore,

popiilations and seattering of familics, cpening vp o now arecs,
of.new industries and migration from rural to webzn currowidis;,

“a need for more housing, Much of it must neecssaurily bo budls

the minimun tolerable standard. In eontrast wider ediucational. oypertiond!

~and knowledne of technoleaiecal advaness have inercased the deviand “or

stondards in housing.

Governments, tntemetional orgaisations and obtier large grouys witn
responsthilitias are all faced with a similar probier:  how to obtais 5o
value in terms of adequcte living starderds for thie ramimem maiier o poroc:,
within the tnevitable budgetary restrictions and with the auailanla loiv o
force? Traditional approaches to buildiing may n ihie past fave rreci ded
acceptable houses, built of local matarials, bul the techriques are ot

and not suffietently adaptable to change in circurctaices., The rorcocare G000
may be lost as able crvaftsmen move to rorc lucrative woprk, or Lo iori: in
faqtom’es where standards of comfort are higier, or tiese evafieron rar i
faced with a demand that exceeds their capacity and rcstricted by the aqrout:

of trades unioniem from achieving their maximum productivity.

A
Ae thie stituation has arisen, effort has been devoted to the davelopment of
new building techniques; means have been goug:it to erploy traditional wmaieriy

more effectively; new materials have bcen developed for buildina ol cutlets
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have been sought in the building process for the developrants in other fields
of modern technology. It .is in this situation that opportuniticc arise to
employ plastics. All available techniques and materials must be considered as
providing possibla solutiona to the problema, both of providing airucturas, and
of fumishing them with appropriate services .and fitments. Plastics, ac much

as most new materials offer possible progress from traditional approashes, and

means to augment existing howse-building capacity and improve standards.

Other papers before the mecting refer to possible applications of plastics in

4+
building and to the apecifie vays in which their introduction may lead to progress.
The purpose of this paper is to make a eritical appraisal of the scope for plastics,

with particular reference to developing countries, suggesting where fulure

development efforts might be applied.

Th: vartous environmental elemento that make up tie completa diclling nouse arc
exanined and the properties of plastics considered as they relate to Lotk
functional and economic aspects of the use or possible wse of the raterials

in house-building. This leads to some suggestione for extending their wse

and also brings to light some of the deficienciecs and problems that arise. In
some fields of application the developrient of trproved plastics rmateritals or
techniques of use might be revarded by the satisfactory introduction of rlasie:.
In other fields, the effort nccessary is not Justified by the probdi:le cost or
performance of the resulting product, particularly in relation to tie

avatlability of altematives.

The attitude must be strongly resisted that plastics alone are iikcly to provide
the best solutions to the many problems, although: tiis might be the outeome in
gome instances. There is too often a danger that exccasive preasure from

manufacturers and fabricators to use their materials and promote cales will recult

in inept desigm, inferior quality and insufficient regehd for the piyaieal and
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mechanical properties of plastica. It is more effective to cersidey rnow, un
conjunction with and in cmzplemcvit to other new @id ermisting raleriais and, b
development of new designs, they may augment rathcr than rcplace iracziional

butlding products.

FUNCTION OF HOUSING

The primary function of housing 18 to provide shclier frow tie clemenis aud
degree of environmental comfort, adequate in termis o hreat and Tiemidity,
ventilation, light and aound, for the datly liviry nceds of tiz ocecipinia,

Safety in fire, either by the use of fire-resisiant wmatervais, or Iy resivizion
of the rate of apread q_f-‘ firs to a deareas compatiblc witi: rmeans cf cocrne and
appropriate to the .occupants , 8 an itmportamt consideration. atinfaction of
these basic requivements to the minimum standerd riay oulice for lomporari Leunis
as usad by migratory people or in disaster rcliaf work, but more prreimens

schemas call for higher ctandards and also the provision of oeriices = waler,

drainage and power.

For the purposes of this paper, low-cost, permancnt kousing enly in conniderzd,
Plastios have a part to play in producing such dr2ilings = for climates Licl
range from arotic to tropteal. Satisfoctory erternsion of thatr ure tn tic
different enviromments calls for an appreciation of tiie ways in wnich tic
properties of traditionﬁl materials have erabled thes to give scticfactory
gervica while their weaknesses have been overcote. In tiig conicxt it Is ticn
possible to eomsider how far plastics have appropriats qualities to parform, and

improve on, the same functions.

NATURE OF PLASTICS
Before considering in detail any specific building alaments it ic nacessary

to review in general terms the properties 'of‘ plastics as they relate to

butlding applications and to appreciate how tieuve properties differ [rom tioss

of traditional materials. It is of value as a: introduciion to the diseussion
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of their properties to be arare of their basic nature wheeh, as vell ae

dotermining their advantoges also indiecates their limitations.

As oramiie materials, te mainly or wholly eomposed of carbon cormpounds they !
J 3 J (Y L o ! & l
ase their emistence to the ahility of eavbon atoms in certain sirple moleculzs .
(monomers) to link together to form tha leng-chain melecules caiicd polymicra.
These earpon-based chains are the basis of plastics and aleo rubbers, and
t ]
though they may be as much s tans of thousands of wnite long, they are otill

sub-mieroacopic in size. In soma plastics the ehains riay be ehomiecally joircd by

numerous cross=Llinks. |

Tf they are not so linked ihe chains are hald togetler by relatively weak

molecular foreces which arz roadily overcome by yice in ferrqaez'atrmc. a3

materiale scftens at comparatively low temperatures and may be chiapad wnder

the influence of heat and pressure. This process rmay ke repeated an tnae[nite

number of times, and materials of this iyps are known as 'thamoplasiice!. I_f'.

chemical eross-links ean bLe formed betweew the chizine at the moulding asbtane, thece
m

enabla the material to retain the form in which ercsc-livking ozcurs. Iheas

materials, are known as 'thermosetting plastics' or 'duroplasties'.

The lengths of polymer chainrs affect tha material preperties - chorter chaing

have greater molecular mobiiity; as an exampla the paraffinc, a group of
materials of similar chemicol constitution, range from gasee il volatile licu<ds
of emall molecular weight, through low-melting waxy solidr, to the polyolefines -

one of the groups of plastics. Arrangements of riolecular ¢hain: aleo have c

. - LI » .‘ . . . . . '
profound effect in determining properties. Oftar. polimericaticr. produces ei.iins ‘

with a kinked or curly inherent conformation. Within limits sirec: applied to

[ S

these materials causes recoverable daformation and tilie polymers have rubbery

propertias. If the defcrming force is large enougk, there i3 a tendeney for the

[}
!
I

chaine to wndergo more permuent straigitening out; eventually ikhe chaing men

.

slide over ome another and permanent "plastic” decforvation occurs. This tendancy
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of most plastics to wdergo irreversibla defcrmiation under continuzus otrogs o

recogniced as 'creep'. It 18 most notieceable in iiomoplasiics, wider certals

vy

(8 Ly

conditions of stress, and must be taken into account in the design of plastics

components to perform any mechanical function.

As the temperature is raised, cheriical honds beccria rtiore robile and tncrmoplasiic.

chains move about more freely, so thai the rmaterials soften and beecrie inouldali:

Plasticisers can be regarded as lubricants which enable chaine to move relative

to one another and even to slide over orne anotiier. [his accoinlis for JlfFfcrnyoce

between flexible plastictsed FVC and i1ts more rigid wiplasiielscd covivalent.,
The relatively large themal exparsion of plastics cor be cuplained tn tormn
of the bonds holding polimer chains togetrer. These are veaker Lhan the bonds
inorganie matter; heating permits the chains to move farticr apart tamn

the ultimate particles of tnorganic materials and coefficionts of thermal
expansion are higher, often by an order of 10 or more, than those of mincrals,

metals or cementa.

In thermosetting plastica, cross-linking produces a three-dimensionai netuord

structure at the moulding stage and this 'curing' restricts subscqueni moveriont

of the chaing. Re-moulding is not possidle, deformation at clevated Lomperatpc:e

is restricted and oreep is considerably less than witn themoplasizes.

The basia properties of plastics, as determined by tiicir molecular arrangcmonts,
can be considarably modifiad by the 'z,ncorpomtwn of a M,dr’ rarna of alditivers,
Plastioisers increase flexibility but may reducc strongti; fillers miy irprove
hardness and other mechanical properties while rcinforeements arcatly tnerease
strength or rigidity. Pigments and dycs permit a ravge of colouras. Otabilincrs,
arti-oxidants, ultraviolet radiation absorbers and other additives alro affect
durability. Appropriate compounding cnd processing of plasties is quiis an

involved art, which plays a large part in determining their properiies.
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PROPERTIES OF PLASTICS

It is elear from the preccding section that "plasties" ruat be regarded not as ¢
single material but as a class of materiale. Their properiice deperd on tie

baste monomer, on the lengths and configuration of prlymer chaina, on tha degroc

of eross-linking and the naturec and proportions of additives, az well s on iie k:
processing teclmiques. The properties of any individual plastiecs, en polyciinline,
or polysster or espectally PVC, ean be varied over a considsrailc ranae by these
variations in material and processing, and ihe propartics of oll tie plarties
avatlable cover a very wide specirwn. Like metals, riasties share eomrmon
propertiaes, but the differcnces between them are juzt as Umportant in deiernirins~
their versatility and the handling tachniquas for particular arplications. Tins
this review of the propertice of plastics as they relate to Luilding use car precent
only a general tndication of their advantagea and iiriiations, tore aetaslod
disoussion follows in later sections of tha papar with reference to partim.iar

materials in speeific applications.

The properties of plastics may be conoidared under a rurbcy of principal
headings without any clear attempt to diatingutoh irdividual propertics an
advantages or limitations [rom the building point o viecy. For tiic purpo;:a of

this paper, the following headings are chosen:

t Fomabiiity

it Coléurability

iii._ Variability in terms of basic properties
‘i'v Density -

Fire Bahaviour

<

LA

Mechantcal Propertige

£ Thermal Properties

. |

viti Insulating Characteristics N

t2 Durability




1 Formability

It i8 almost axiomatie, from the name, that 'plasties' may be forvied into

useful shapes. Numerous teehniques are used in fabrication. Scme of the
principat ones are extrusion, injeetion mouldivi, post-forming, coviprassion

and low-pressure moulding, calendering and foemirg. Vost of these taoclnigues
are admirably sutted to mass-production and the volwme of demand often dotecmiines
the viability of a product. Imitial ecapenditur: on machinery and moulds or Jirs

£a relatively large and con only be offset by larae production rivie.

However their formability docs permit design in plnstics to si'i partiecular

applications and the incorporation of integral detatl at the desimm stage - c",
\

leading to significant reduction in »umbers of corponents. Tl mans production

techniques permit factory manufacture to eloser toleoyvanceg Ll vith tyoelitioral

materiale emd in turn lead to ecomomy in installation. At fizing roinin, or

whera additional stiffness or strength are required, it is often possible to

incorporate metallio ingerts during the foming procecss, to provide tic roquisit.

tmprovement.

' Neverthaleso there are limitations in the formability of plastica. The mans

production teclmiques are most suited to themoplastics, which tn general arc

not used for structural purposes. Technical limitations in the cizc of cabrusion:
and mouldings might be overcoms - very large thermoplastics corponents hava

been prcduced, ag an all-plastios bathroom thermoformed from acrylic ciwet,

or very large diameter pipes produced by a spiral-winding tecimtique; but the
coot of overaaning the eize limitation is likely to be juﬁficd only 1f very

large markets oan be asoured. The larger the ccrponent tha more difficult it

18 to ensure adequate quality throughout and to avoid local stresces ascociated
with the mouldmg technique and aloo the creap tendencics of thermoplasiics

limit their structural suitability. As a conscequence, moct large components are

produced by low-pressure moulding of reinforced plasiics whicii, wirile they are

the most suitable for structures im tems of mecianical propertics, ara not 50




readily formed by mass production teelniques and in @y case are more expensive

than most of the cammonly used themoplastics. For large production runs, a dcgren
of mechantsation has been achieved, ranging from machinc 'spray-up' of the
material, to "hot-praess” moulding of Za.r.ga panels, but for tha majoriiy of
products for building "hand lay-up" methods are nsed. The poscibility of usir:
this technique e one of the main advantages of reinforced plastice in
permitting short rurs of large components, uaing relatively incrpensive mouldc,
Additional stiffeners and fixing points can casily be incorporaicd co that
given suitable basie design there is celdom qu tecimical problea in producing
retnforeed plastice components having adequate machanieal propertias. Product

costs are likely to be the main factor controlling this.

it Colourability

One of the features of plastics products that makes thom co attractiva to the
user 18 that moot plastics can be coloured tntuarally witii a wide cloiee of i,
Choice of colourant or pigment is not always a airple matter hovaver - copati-
bility with the resin system particularly during processing, aind tnhcrent siaidlity
wider processing conditions are essential ac well us stability during cuposurc io
the eonditions of use. FBoth PVC and polyesters - both muteriale eceimonly used ir
building products - present problems in choiee of pigment. Onc by=product of thc
degradation of PVC, tha_t may be produced it; procassing or on weathering, in
hydrogen chloride which has a powerful catalytic effect in causing detorioration
of pigments and colourants.  The action of peroxides, curing apcntc for poluc:ters,
may be drastically affected by pigmente that are w:cuitable either cheonically or

because of their physical form. , .

Inevitably the most suitable and rmost effective colourants terd to be the most
expensive ones and ecororics are likely in many instances to dictate tie celection
of colours which are not the tdeal ones for pavticular applications. Nevertheless

the chotce of colours ic still often vary large aid docs constitute a magjor
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advantage. Building componernts may be so pignented as to require a rminiiem o

attention in order to maintain the original appearance, intended by the desimuor,

Many plastice may also ba produced in translucent or transparent forsc and
providing lighting for buildings can offer uniqus advantages. This applics hoii:
for artifictal light fittings and in extermal panelling to control the level of
daylight within the building. Translucency can rcadily be controlied at any
deaired level and even structural members, prarticularly in reinforced plastics
can contribute go that it may be possible to intearate all the necessary

lighting facility in the basic 8tructural aesign. Performance when cxposed to tin
weather must be borme in mind, however: there may be a slight inerease in
transparency on first exposwre of some products, but the long-term effjcct of

weather on all tratalucent plastiecs is to reduce light transmission, and excerss:ve

loss of transmission may eometimes be the criterion of failure.

it Variability in terms of basic propert.cs

It 18 a major advantage of plasties as a class of materials thal by varying tin:
a8i3e and shape of their molecular chains and by incorporating additives of
various kinds, they can be produced with a considerable range of propertics.

With skill in compounding, appropriate materiale car be produced to meet thc
requirements of pax;'ticular applications.

Poiyathylene with straight molecular chains has kigher density, higher softening
point and to harder than polyethulens with brancked chains, which do not pach o
well togather, but this improvement may also be ancociata&’ with redueed towyiniass
and greater difficulty in moulding in stress-,"rce‘f‘oms. Plastieisatior of a
material, by compounding it with suitable low-riolecular weilgit additives, ma;
increase its flcxibility and toughness, but at the came time cause losa in
strength and poorer performance at elevated temperatures. The effects of
pignents and colourants have already been discusced. Incorporation of flame-

retardant additives in combustible plastics may produce a vary gignificant
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improvement th the fire belaviowr but have @ deleterious effect on the weathering
ad mechanieal properties of some plastics. Incorporating a pantae of lubricemts,
arti-oxidants and stabilisers may permit considerable medi fication of procesaing
conditions and extend the range of aizes into which materials can be formed -
eg, without effective processing aids of tihis type for pvc, it would be
i{mpossible to extrude or mould it into pipes and fittings in the large diamcters

currently used for water supply and drainazz.

It ie by the use of reinforcements that the most significant improvements riay be
obtainad in the properties of plastics. Cellulosic aid asbestos Jilters have
been used for many years to Zmprove the propertics of moulded phenolie msi»:’s. The
introduction and availability of glass fibres, in foms suited for the reinforecrcrs
of cold-setting resins, particularly polyester and epoTi resing kave browahl alous
a revolution in the use of these materiala. Theu can be produced utic areally
enhanced tensile gtrenetl, rtilfress and pegistorea to TIpGel, o peon e o e
into components large enough to be congtdered for raior part: o dwelling wwrile
rather than solely for fitments and aeillary parts. The periormance o) thene
materials is particularly dependent on the moulding conditions and the chtll of
the moulder. Though it is possible to choose corpletely appropriats renons,
hardeners and reinforcements for particular applications, it 18 also possiblz to
produce a produst giving peor performaice simply hecause of inadejuatc moulding |
control. In the nature of the process also it is particularly difficult to ciccsa
the quality of the composite, in particular itc long-term properties, by teats
carried out after moulding. This is one of the more striking exaiples of the
difficulty of choosing and ensuring the optirm qualit.:/"o,r‘ the matcrial for a

particular plastiocs application.

It 18 an unfortunate feature of plastics that, as p'roducta‘of the ehemical 1'.).1/3!4(,'!:2"1,
they have names that convey little to tha uraccustomed ear, and are not eacily
diatinguished one from another. The namas may vot even be eastly pronounced: =

acrylom'tmlZe—bytadiene-styrcne copolymar (A3S) polyurcthare made from a

I ]



hydroxyle potyester and a di-tsocyanate; poluisocianwrate fowi; ihese are all
materials of potential value for builldivg, Vet ¢ plastics arve to e uccd
patisfactorily, it ts essential that percons recponeible for their we ~iowii ie
asare of the differences between waterials and the variations that are possib?.

in their properties by changing compounding ingredionis and proportions, op
processing conditions., Even the moct erudite of users, however, emmot hope to
faniliar with all relevant aspects of a material that wight be used in a paré ol
building product; he must depend very larce ly on tiv plastios mnnfacl oy

to enswe that a cuitable choice of material and forwilation is rivle for «
particular application, and that proper control iz ceercised in the foritny pros:
Thig can be achicved, however, only 7 the wuser or hic ajent, faving come oioaled o
of different plasties and their properties, ts suffictently fariliar with

butlding requircments to be sure that tic manufacturer har all the neecssary

information to make a eatisfactory product.

1V Density

In many itndustries, particularly in the field of transport, Llightress in weigit
ean confer major advantages om components. For some building producis Lhis
same lightness, made possible by the low density of plastics, is an advaitage;

for some purposes it may also be a drawback. Carbon-lbased matcrials in genceral

have lower demsity than other building matertals cxcept timber hich 15 tteclfl
organic. The first column in table I, which compares plastic: wtih olncr bud lding
materials illustrates the magnitude of this advantage. In consequaee of ticir
lower density, plastics building camponents are likely to be lighter in weiziit

than altermatives in other materials. In cellular foms, as uscd for ticrmal

insulation, the reduction in weight is even more striking.

Lightness tn weight often leads to advamtages in case of installation, aid

handling on eite; it may reduce the cost of transportation of building corponcnis

to the sita; in soma instmices, reductions in foundations and supporting struciur. .
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may Pe posaible, although such reductions may be little greater than those achiaved
with components of otheor materials, and deperd as rmuch on the style of construction
as on the materials used.

Lightness in weight brinas its om problems, in both cladding and struciural
components. The possible cffects of wind require that additional ancherage and
more eareful fizing be provided for plastics corponents particularly <n roofs
than for their heavier iraditional counterparis - i 1s notable that the wveight
of slates, or conercte or clay tiics or heavy layers of azphult play ¢ part boti:
in keeping them in position in roofs and tn <mproving tie stability of the
butlding. Lightweight compononts may have to be sceured on aibte and tiere arc.
problems in handling such comporents ecther mmwaliy or bji erane in cven modercite
winds. A problem of less simificance in devaloping cowitries than wiere bullcing
requirements are more sophicticated <o that of acoustiica., Althouri thore are a fou
exeaptions to the Mass Law, in gencral lightuociali construation provides litile

.

barrier to sound trarsmission, and the lightnass of plastics eomponentis 1o a

district dicadvantage where sound insulation is required.

v Fire Bchaviour

Because of their carl?on—based polimeric structure, all plastics are combustible.
In all countries inprobed standards of fire resistance of building elcmenta ar-
thought necessary, inevitably restricting the use of plasties for rmany struetural
applications. Although they differ in the ease with vhich they are imited and
the rate at which they spread flames and propagate fire, and ean dc modified to
effeot improvements in thesec properties, the basic weakregs - corr:buniszility -
cannot be overcome, 8o that allowance must be madé for it <n design. Thie wrually
calls for inclusion of supplementary elements to increase the fire=rcoistance, kut

also adds to weight and cost. Plastics are not, of course, unique in dicplayi_ny

weakness in fire and the final colunmn in Table I corpares brie

Sl their perforrmance

with gome conventional building structwral materials,




Some plastice unfortunately produce noxious fumes and more gmoke thon traditicwd
matertiala in the event of a five. This naturally raises reservations ahout tioip
use vhere these combustion products may affect eseape from a building, and alro

from fire-fighting authorities. The problem of control of combustion products s

at present under active investigation.

vi Mechanical Properties

It i8 often pointed out that plastics have a hiph strength-to-veight ratio b

as weightiness is not usually a major restriction in huildina applications, “his
advantage of plastics ts leas important in building than in aireraft structurcs,
It ia total strength that is important, @id it is an wnfortunate limitalion tict,
in the mechanioal properties which are important for load-bearirg merbers, plastics
are inferior to the traditional materials in present use. The designer must jo
avare of the following features in which the engineering propertics of plast+as
differ markedly from those of traditional materials: streas-strain curves ar.:
not usually linear up to the point of failure and iieir modult of elasticity anl
rigidity are very low; plastics oftan cxhibit anisoiropie behaviour; tihe
mechanical performance of plastics is affected by the rate of straining of tic
material, and aleo by the temperature and other environmental conditiowns lo wiiok
it is subjected; plastics 'creep' under load with time, and may alow o wedustion
in ultimate strength with time even under static loading. These propertics in
éeneral can be asoribed to the structure af'molecular chains vhkich can, wndcr

stress, move relative to one another and which are not rastraincd in the rore

rigid erystalline lattice structure associated with inorgarnic mailerials.

The consequence is that, in the deaign of plastien structures, in order to citnin
rigidity and ensure a minimwm of change with time, corponents st be oubieeted

to stress levels very much lower than the ultimate failure stresa as deterrivied by
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ghort-term testa. Plasticr siructures are frequently lover—-deatmicd! to provide
the nocessary rigidily at lor strees levels; alternatively struciures are
deaiged which differ radieaily from those of traditional butldina, eaq 'atracsed
akin' aid 'folded plate! strustures which form erclosuras with odd shaped
intormal surfacea. This 'over-design! is also partly accownted for by lack of
suitable mechanical dasign dnta, As a direct ccnacquence of tlioa destgn problens,
plastics may wnll be 1macceyiable etther for ecorom e or aecsileite reasons in
gimple funetional structuras, although they are wndoubtedly hav: a plaec in

winsnal applicationa such as cohihtition butldinas, There are Jurtier problens

L ehapad

[y

in the shape of such structures - curved surfacer p» nduce alsnra!
speace?s, destroying the wsejul rectangular shape of rooms, and preaent problems
in requiring speetally-maic fitments = pipes, glasiiy, fumitura to mateh

the original deciged shape and stiyle. Furthermore, sucl siapes are rot at all

ceconomical in the use of grouwnd, where land prices or avatlability are al a

premiumn,

vii Theral Propertics

With rise in temporature, the polymer elaing tn themoplanties liccoma moie
mobile md at temperatures in the region of that or hoiling water quite cmall

[ SR

applied st esses may causne relat/ve movement, Thiic inerecse ©

-

T wmokility is a
gradual process as the temporature rigcs and plastics do not a: a rule clow

a clearly defined melting point, but the ecomsequant decline in mechanical
properties is greater for plastics than for traditional building materials. The
recommended maximen working temperatures = some are showm in Takle I - for riost of
the thermo-plastics are well under ZOOOC, though some of the nemially aevailable
thernosetting plastics may be used continuously atove this terperatwre. So-called

'high-tamperature' plastics vith softening points as high as 800°C iave baan rroduce:

but are oo expensive and di fficult to proecess as io be of no intarcot for majok

building applications.
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The temperature limitation 1mposes some restrictions, eg in componente and systema
for hot water oupply and for internal drainage or thermal insulation of hot curfac::
In some applications the temperature 1imitation 13 obvtously more stonificant in

hot countrics than in temperate regions = this applies particularly o roof

coverings but also in other dart~coloured componenis, ef pipawork, exposed

directly to solar heating. For most internal building components, however,

there are no problems in terms of temperoture resistarce though thermal cyeling -

and relatively large movements may lead to problems of a different type.

Ona of the most striking differences between plastics and traditional building.
mateérials, exemplified by the fourth colurm of figures in Table I, 18 in their
large coefficients of theymal expansion relative to most other butlding materiale.
This property is too often igored and in fact i3 responnibbe for mavy of the
problems that arise with the introduction of plasties tn butlding For example
incorrectly fitted plastics pipework installed in cold weather can become badiy
distorted as the temperature rises, or pipes fitted in warr weather may contract
out of fittings as cold water passes through them. The large differential movement
whan plastice are used _in conjunction woth traditional matertals, calls for
careful attention to the desiqn of joints, specially where themal cyeling is
likely, as it is on the cxterior of buildings. When plastics pancls are fitted
in a metal or timber framework, allovance rust be made for movement either in

the shaping of panels or in the design of expansion joints. Movement 18 usually
too large to expect problems of leaking joints to be overcome by the sirple tradition
building expedient of inserting mastics or other sealantg. Differential heating of

the front and rear skins of composite panels may also lead to bowing and distor-

tion unless allowance is made for movement.,
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vitt Insulating characteristics

Because eleotroms do not move easily acrcss organic materials of the Lype in=
corporated in polymeric chains, plastics are usually poor elecirical conductors.
This 18 used to advantage in almost all eleetrical applications = moct elcaty-o
cable insulation nowadays ts of plastica and thermosctting placties are almost
exclusively used in plugs and fittings. 4An occasional building problem arisce
because static electricity is not eastily dissipated on insulating plastiics
surfaces which may collect dust, espeically in dry atmospheres. Readily-availall.

anti-static treatments can reduce this problem to insignificanca in housing

applications.

Plastics in themselves are also good thermal insulators and when they are
produced in cellular forms, with a gas, usually air, trafpcd in the eells,

they are remarkably effective for thermal insulation. Air-filled eclls, evem
when these are interconnecting, give insulating qualitien adequate for rost
building aprlications, but the eloscd-cell structure of some plastica rwg be
induced by foaming with fluorinated hydrocarbons to give materiala witi wnsensly
high thermal insulating characterigtics. If component surfaces ara scaled to
prevent diffusion out of the fluro—carbon and ingress of air, thase thcrral
insulants will retain their effectivencss over long periods; however altiough

thie degree of thermal insulatiom may be nacescary for cold storss, it is acldom

80 vital for building purposes.

It must also be bome in mnd that plastics components, aolid or callular, with
their reldtivély light veight have also relatively low tlz'ez'r';'xal capacity, T}zfa ra e
suttable for etructures in hot hwnmid regions wlze}'e, also, high ventilation rates

are required. It {s less effsctive than the more massive construction used in

hot dry regioms to maintain equable conditions within buildings.

iz Durability

One requirement for any new matertal, before it can be used with confidence in
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building, is information o its dw*alﬁility. It s a corollary of the nomess of
plastics that may of the questions on their durability etill remain unanswered.
purability relates to performance in a particular enviromnent and can never be
known completely bafore use, but nevertheless a good deal of evidence of the
durability of plastics in specific applications docs exiat and provides a

guffictent background for reasonable assessment to be made of probable perfomnance.

Broadly, plastics are res sstant to the corrosive inlucnces that affect metala,
an important advantage in many of the applicaiions where they are used as metal
replacements;  eg in plimbing opplications where eorrosion is a problem, they may

have constiderably better durability than the metals they replace.

Biological attack could be a sertous limitation on the use of plastics,l particilarly
in tropical eountries, but in general the materials are not subject to biological
deterioration. Although they may be dicfigured by organic growth, only in rare
instances, eg witn some plasticisers in PVC, car they in any way coritribute
nutriment for such growth. They have an inportait advantagze over timber in tha
respect that they do not sustain fungal growth and i hot countrics th(; adventace

is even more striking in their resistanice to temiite action. Although tarmites will

make persistent efforts to puncture protective plastics gheathing, or tunnal
through the softer and cellular types of plastics in the searveh for focd,
because they obtain no nourisiment from plastics they have never provad as
sepious a problem as they would with timber in a termite-infested rogion.

Plastics can be stated with assurance to have better durability, in terma of
their resistance to organic action, than does t11mber. ﬁodént atteek i3 an
ever-present hazard in many areas and there have bcan occazional ingstances of
plasties water supply ptpes being gnaved through by rats, but in most reqions
the problem is not a cerious onc; the harder the plastics, the less i tiia problem
and incorporation of hard fillers in soft plastics achicvec some improvement though

extemination of the rodents is the only really effective control.
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In the minds of most ugers, the rost impertart q.oilimit ovor 4 duven’ s »
plasties is their weathering behaviour. I this sraperty, Ele ane aioa pfg.

ay

advantage when compared with otier rmaterials. Fovroer, clinougin only g idmien:
manber of plastics materials have besn in wse for wore than a deeads wrd 1o el
extent prediction of durability must be based on roabrieted data, there

.
it

evidence that when properly formulated and man:faciured, the vele 0f some piaad

¢ L(‘(l

components could be as long az that of ithe Luili nge on vhich iy g Saeten:

[ PRI

.

Swilight, particularly iis nitea=vielet eemponent, <o the rosh o Lt it Cgasem

in outdoor cxposure reapensih la Jow tic broaider o plasties, etnae Gl Al tmess

many of the chamical reaetions by whidh lastice e wogeaded.  Tienc i ,b:xr"

are often of a 'chain' nature, and they ore acecloraied v favmurahlo soudisdc -
of warmth, atnospheric oxygen end moistwre, It <o cvident Lt nTPOCU T
troptcal regions, which include many of tie develc:ing cailittics, woull e oupoabe
to produce more rapid ad sevare dagradation thar ocowrs in verperate elviaten,
This 18 bornec out by a considerable body of evidoice, 1ot least by tre wuse of
tropieal crposure as a form of accelerated veaticring jor products desimes Jop us-
tn temperate regions. Factora of acceleration of iirce or forr times ars

usually obtained. Weverthelese, there are several plasties materials cyelle

of good and continuous servieca out of doora for conciderable periods of veara,

even in tropical exposure. In mary cases, tn fact, plasties vould be crpested o
behave satisfactorily out of doora kbut performancc docs depend eovsiderai. voen

the eontrol exercised by the manufacturer ad there 13 need for brocacr cvlidenee
of perfornance in particular climatic conditions before users can cequire thw
necessary confidence. Some of the evidence may be chtainad from lolorvalery trini:,

but much of it must come from natural weatierirng trialc and, best of all, whar it
.7 ] . ]

ts available, from the aevidence of performarce iv. actual use.

Maintenance | .

The pooaibility of effective maintenwice muct bz considered +f cov.fidones <n

durability i{e to be achieved. It is often important to the mcer to irou iy ir
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the event of damage to or deterioration of a corporncnt, it ig capabla of repair

or can be replaced. It is unfortunata for plastics that, in most eanas of
mehehanical failure there is no alternative to rcplacancnt. An exception 1s in
.1‘:he case of reinforcel sold-setiing resina, which can be patched by further
resin/fibre application, Lut this ealls for very carcful site conirol of both
temperature and Inmidity. The same techmique has been uned for the repair of
thermoplasties, or even of metal or masonry components; its effectivenass

depends largely on the bond achieved between the rosin and the substrate. Norinally
plasties failurcs require complete replacement of tice ap; ropriate unita and
teclniques have been ovolved similar to those for conventional matertals = of

in rep lacement of pipe scotions - but this does require that the replacient I;arts
continue to he avatlable. This may be a problem wicre cach manufactwer has 713

own system of matehing parts; it may be tmproved by s tandardisation.

In terms of the requircments for maintenance to rcsiorc appcorance, tie atturtion
ig rather better and plastics can in fact be treated or painted with littie more
difficulty than conventional surfaces. One of the aims in ucing plasties, hovever,
i to avoid the nced for such maintenance. Although Tt may take ionger afier
inttial installation until maintenance ie required, oncc it hac been started
regular repainting becomes necessary, to maintain appearance. Contrary to the
requirement for metals though, painting ts not meccssary to prevent eorrogion,

and in this respect the use of plastics may effect considerable irproverment.,

Techniques of painting are as many as the number of plastics used but except

for polyolefine surfaces which do not eastily hold pain.f;', well uashod planties
surfaces provide a reasonable key for otl-based baints although cven lipht canding
to improve adhestion may have a deleterious effect on mechanical propertics. A

measure of ability to recognise the different plastics ts of value in tiis, aa in

other aspects of the use of plastics in building.
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Restoration of translucency in roof or wall-lights may be posstble if its lnsa
i8 duc to surface deterioration - serubbing avay the degraded surfacc and
application of a lacquer will often effect improvenent = but once started, a
regular cycle of maintenance will be required to kccp up the improvement. Such
restoration ts more difficult if the degradation is effcetive in any depth, eg 3

with the darkening of transparent PVC.

In the light of the foregoing discussion of the properties of plasties, their
suttability for application in different construciional elemcnts is now

congidered.

ELEMENTS IN HOUSE CONSTRUCTION

But lding elements must be related to the design of the building structiwe, and to
the erection technique used. For any particular region these are likely to havc.
avolved on the basiv of requirements of the inhabitants and on local materials
avatlable for building., In oonsequehce building ehapes differ in different

parts of the world and, in line with diffarent climatie and social nceds, may
perform different functions. If plastics are used, although the bavte requirerient
is unohanged, a partial or completd departwre from traditional nhapes aid desizns
may follow and the functiom of the huilding be achieved in otier wayc. ileverticlens
the elements for building may still be considered within the came classifications: -
basic structure; secohdary structural elaments; rmeans of achiaving envirowiental
oontrol; services. Although distinctions become blurred by diflarcnces in 2oantrus—
tional techmquc, these groups of elements of house conctruction are considerzd in
tum, mth a oritical examination of the scope for pla-:twa fron both functioral
and econoric ku)pcnnts. Tha only distinction to be suggested between "self-ialp"
and prafeaozonally canstructcd housing is that the jformer probahly mariinally
-faboura the use of plaatiaa_ because they are rore adaptable to the desigm of
prefabricated comgonen'ts. Bacause mo'at of the devcloping countrien are in ot

regions, the emphasis in this discussion is on building for tropical conditions.

L
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(1) Baste structure

Beeausa of the importance of the roof structure in exeluding the elemants and, in
warm climates, because of the over-riding nced to peduea solar heat gain, the r0of

i aonatdered first, than the walls followed by fleor and fowsdations. This

qoeal n the

nequence, cotirary to that followed in actual construction, i8 le
light of the importance of the roof and its effect on the doeign, construction,
suitability, cost and durability of the whole gbructurc., In this ce in the
othar applications, the quastion must aluaye be asked "Why plasties?", tf

traditional materials do the job equally wall and arc availdble for it.

a. Roofe

In all hot countrics, roofs should preferably be of Ligibueight constiuziion and the
external curfaces should aboorb as little solar encriqy ad posaiile.  In fuwrid
aveas, the minimun of imsulaiton should be used; tie less selar enengy absorbed,
the less insulation 1s requircd for the provision of caifortable conditions wrbhin
the building, In arid regions alao 1t 18 neceasary to reduee to a miriranm the
aboorption of colar energy by the roof but if cool nights predomirate ther <t e
nececcary to reduce radiation and othor heat ‘logsen ot night by ihe proﬁir:ion o/
insulating material or reflecting foil. The prevision of cetlings <o also an
advantage, both for acethetic reasons and to provide by meane of tiie rerulbing
gpace an additional measure of tneulation. Hot wnissilar considerationn apply

in cold regions, though proviaton of vapour barricrs is usually nceeaszar; to
minimise condensation. Double-pitched or dome roofe are suitable ulere iign wind
speeds can be experienced; mono-pitch roofs aufficc where wind specds arc not
excessive; flat roofs ghould only be specified if there is a opecial need, as
they can cause a lot of trouble unlese oarefully decigned, constructed and
maintained. All roofsc must have a oatisfactory degree of firc rcciutance.

e lightness of plastics 18 a ugeful advantage in rooling and light-colourcd

golar reflscting plastics shcets have been used as altemiatives to matals, whioh may
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corrode, or to asbestos cament which becomes brittle with use. Lack of rigidity
even in corrugated sheeting may call for additional euppovt - usually prm)z',dccj by
timber or rietal girders, either of whieh might have to be tmported, so in corie
regions where these materials are expensive, all-plasties roof structurcs right

be considered, but as a mle only for cmall wnits. "Oranpe-scrioni " demies hm;c

been designed and made in reinforced plastics - thermeplastics would not

be satisfactory because of their tendency to erezp — and when pigmented opaque while,

Pt
to reflect solar radiatton, perform satisfactorily, though their durabilitly in
tropical climates may leave something to be desired. Jointe in ouch reofs cheuld
be kept to a minimun and confined to radial lines to control thernal movarent.
These roofs resemble in shape many of those made in tropteal arcas from

traditional materials and could be used with similar basie wall structurcs =
posatbly in single mouldinga for single unit dvellings. To provide sufficient
_atability against vind loading and especially in hurricane arcas, such roofs

would have to be well anchored, ponsibly directly to the ground via the wallsa.
Lightweight plastics thermal insulation eould be used whers requircd, theuah
transportation of this may not be economical. Guch siructures vould resiet temiten
better than traditional altermatives but the weathcr resiatance of the matertal
would have to be good and very economical desimm would ba heeescary in order to
justify increases in cost over traditional roofs, ercapt In crierpercy rousina

situations. A further considsration in most situationa ta that such iousing 10

very uneconomical in tts use of ground space.

If flat roof construotion is used, the mechanical properties of plastics are roi
suitable for the structural framework but they rmght be used for covering mormbrarzs.
In this application, although more durable than bitiminous paper: wid folts, ithey
are normally eo much more axpengive as to reauire to be used <n cingle layers, @ic
much more gkill is necessary to obtain a satisfactory application. Onc poasibly
usaful technique is the tnsertion of a plastics filr membrane batveen layers of

mud in a mud-shell roof to prevent ingrecss of water. Protected from tlic alerienia, -

’,
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polyc.thylene, the matcrial suggeated would not dctm*ior‘.vte on weabhering, bui
might tcar in the event cf shrinkage meverents in the ctrustwre. A similar 2.
of construction fer flat roofs has recently been proposed cmploying a flexinie
pUC mombrane covered with a layer of gravel to pretect it fron tiie action of thc
gocather. In thies type of construction, protection of the plaatios from wealizering
ia a major considaration. Degradation would lead to loss of cxtenstbility and,

in the cvenl of movement of tha structure, would b2 folloved by eraching of the

membrane and failure to keep out wator.

b . I”(zz 13

-
ts

The primary structural function of the wails of a cw2lling ia tn support the

roof. In addition, depending on the climate of the region, £t will have furticr

*

perfornaicé requirementa in ordar to maintain inteinal comfort witiin tue

but tding.
In hot humid regions, the princtpal need 18 for a light-acight phyuelure coiy icd
with high veitilation rates, as 1y 18 twpraeticabl: 0 achiove a cctivfaetedyy

intemal climate in complete isolation fron external conditions. vhic normalls
necessitates large open areas, posaibly windows, with the walla shaded as far as
posstible by broad eaves, and painted externally in light colours to reduce ire

a4

golar gain.

This type of structure may ba achigved with composite conatriuction using plaati’éa,
and sandwich panels o,fv varioua types have baen used in prafabricated duelliag
wnits of thia. xind. It is mot hovever a wiae gtarting point to ask "hou can .ar. .
all-plaatics panel be produced to meet the given 'spec:ification?" Rather, tha

decision should be made to which material, new or traditional, will give the best

performaice at cach stage. Plasties may provide the moat effactive external ohin

in terms of durability, colour, and resistance to water penctration, but eclluiar
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plastics may not necessarily provide the best corc for the aandaiel T termis of
stif Mmess, fire-resigtance, or compatibility with the sikixs. The tnrer alin may

iLd !
.

be more sat1 sfactorily made of plaster board, or of alass=tbre reinforecd gupsiet

wiit. In some situations it may be advantageous o pre-assembic sueh pancis in

the factory, if they are to La ingtalled by unskillcd labour on site or if gt
erection would be likely to result in the leaving o’ caviiias whick mizid. Lavbour
insecte and rodents. If sufficiently akilled lobour T8 auailable on the buiiding
eite, it will often be more economical te assemble panels or to make u» wails frov
the component parts, even if thase have to be imported, as part of the proccss of
erection. It will certainly permit graoter adaptability and reduea the noed for
cloce tolerances tn all aspects of the eonstruction pirocess.

Thece concepts are likely to produce a variety of different ancwers wiien applied 1
different countries where different matarials are avatlable; it may be that for
gome ragions, whaore other lightwaight building mateviale are virteally wrohtatrabl.
the "all-plastics” solution uill be the best one al’lough bacause of thne very

higl basic cost of plastics, thie situation will ccecur only rarely, cven aliching
for trangportation aid fabricating costa. If the "sonduwich parel” approach

to cesign ts effective there riay be need for a framcwork to taie tne panels, aid

thie is unlikely to be made from plastics whoce low riodulus would rot contribule

C+

structural stability. Problems in providing effec tive vaterpreof jointing would
result from differential thermal movement and would not be easily colved.

One of the major practical barriers to this composite fbrm of construction is in
mar1ying together the technology and experience of the p;astics industry with tico:
of tha other materials industries. Until builders ean acquire ine saie [amilicrii:
with plastics as they have with tpraditional building materials, so that tisy foiow

ing plastees i

3

how to use them to the best advantage, cormposite eonsiruction ws

<

likely both to be expensiva and to generate expensive problers.
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an altermative to the use of panel wall systens for 1ightweiant construction
i in the strogsed-skin approach to plastics siructiures. rolded-plate gustenit,
domes s parrel vaulis and are shapes may permit enctomire 0f nppropriatc spaces
for dwelling wits, comparable in shape O the native houscs in mort of tie
devéloping countries. O Ihis cownt they miqnt Fe qeoeplabla i mary parts
of the world althoug” for better ctadards of lepaing and T the developed
countries, rectagular rmelosurcs with aves to protuct tho wails are norma’ Ly
preferrcd. Houvever, a strsssca—skin form of wall atrusture 1o usually

) integral

i

with the roof and the possibility of providing ventilation piiek veuld be abrolulall

escential, 18 greatly reduced 1f continuous tpans for of stross aoross the surfaae
ig not to be 1oat. Becaus? of this reatriction on pentilation, the intermal

conditions in such structures tend to suffer from high gotar heat gain. A

further technieal consideratron with such shapes 18 phat they have very poor

acoustic propertics resulting from the angled unabeorbent sound—reflacting surfacess

It 18 alvays possible toO reduce the sound peverberation pithin such & structure
by covering the gurfaces with an Open~textured material = npcn-cell nlastics

foam may 8erve thia purposc - although this would roquire additional expensive

building operation on @ structure alveady made Py @ polatively cepensive teoinique

from expensive materials. Cost will noymally render thig form of construction

impracticable.

In arid regions, unlike the yumid ones, there is usually a fairly large diwemal
temperature range and to provide internal conditions that are as nearly cquable
as possible, the structure of a building must be used as @ Leat reservoir to:
absorb exces8 heat during the day and to warm the interior at night. A
réquirement for this type of conatruction is structural material with iigh thonnal
eapactty. This plastics, OF lightweight gtyructural units ineorporatirg them,
can not provide even with additional provision of a moderate arount of themal
insulation. In fact, there 18 NoO doubt that the best ctructural vall raterials

for guch regions aré those based on mud or elay, fired clav, stone or portland

cement with agqregates 1f they can be obtained from the ground at mintmal expence
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)

ond with very low trensportation cogtd. A Z-ig7:-;‘,~c:"?,mmed peathor roeiatant
plastica emternal finish, eg in the form of imitation timpar neainerioariing,

may be a waeful meant of upgrading this form of ermatouction.

e, dJoints

pecpite the gophistication of joint details apparently nosaible vith niaatiea,

it must be borme in rind that not all plastica shaping procesead produ:? corpleit
accuracy in componens gverytima. If the jointe ore to perform even thoir
obvtous function of conneating gtructural units nith exselusion of wind and waser,

they must be peasonahly tolerat of inacouracics in dimensions. In addition thncy

muct accomodate atructural moverients.

In structures which are made P from large wnits of plasties or other mpervions
matertals, atresses and movements are congentrated at a ralawivz\ly greli neber
of lines instead of ieing distributed at ingignificant points sipoughout  the
building surfaces. tovament may ba due to shrinkaze of the wnderluing rotl

or of the puilding components, or to thermal or notsture effecta, ol Gl

of these causes, if ‘the building is to previde a harpier to the externii
enviromment = wind, cain, dust, eto, tha jointe mact provide @i e,"fectiua §E7L
and still permit movament to ocour. Very often a two-stage Joint ma be the
moat suitable means of providing this, with an sxternal baffle trnat Leapa out
most of the weather wnd an inner geal, which is shielded from tie elarments,

in particular the deqrading action of sunlight. plostics membiranes or fllets
may be suitable for the baffle provided the material is dimermion'all;/ stable,
and has a degree of resilience; but the inner component of tha joint ic more
dgmanding and durabla synthetic rubber or mastics must be used to maintain a

satisfactory seal.
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If the joint has also to perjorm a structzng fiunetion, holding iogeiher
conponents of the gtructure, the additional requireronts of maintaining
adequate airess lovels and having an appropriate & randard of [ire resistance
as well as providing rosistaice to fire panetration, are 1ikely to call for

metallie or other components with better properi.ice them plastics.

d. Floors

For single slorey conatruction, the inttial advanes ‘rom a trarpled mud floor
1g the use of a slightly raiaed stone or conercte raft. The meat effcetive
contribution that plastics can make to this type o/ comatyuotion 16 in cueluding
rising damp by incorporation of a polyethylena fils ar @ waser and vapour
parrier in the floor aonstruction. This function plastica e serjorm very
gatiafactorily provided that there 1o not sufficiont sipuctural movoront to
tear the film being uned. Where bituminous materiale are not readily avatlable
or would have to be tranaported long distances, polyethylene faim to probably
the cheapest and most castly tpansported means o providing a damp=prouf

membrane. FEven an all-plactics structure 1o Lilely Lo require a conerete refk

although in some inntarens timber floor coratructior s may be dostroble to ra-ce
the butilding above the leval of the surrounding soil and out of reach of rocdimts
ete. There is no satiafactory coonomiesl rears of aehieving this form of
construction at preseni in plasties altiough some of the ncuer conipositce materials
such as glase-fibre retnforced crment may offer posnibilities in thioc area.
Thase new matertals can provide advantages in reatstance to tammites, to wiieh

.

timber i8 sus_ceptible.

As is also the case for walls, in hot dry regions the moct effective floors
are solid ones with high thermal capacity; in hov humid regions lightucight
guspended floor construction is mormally advantageous. In either cace it may

be desirable to apply some form of mambrane to improve either the feal or the

appearance of the floor fintsh. In thic application plastics tiles and shecling

e S
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are very widely used, and generally are cleaner and more atiraciive in
appearance than the traditional materials, mostly made from natural products
that they replace. In colder olimataes an even later development is the use
of aynthai'io based carpet to improva camfort and themal inoulation. Most of
the plastics finishes have better resistance to abrasion than the materials
they replace and if manufactured to a reasonable quality can be remarkably

durable.

¢. Foundations

Massive and stable footings are required only when they support heavy siruciurcs
with cement or clay-type componente; because they can usually be provided

quite gatiafactorily with locally available materials, there are no usaeful
plastics substitutes. For lighter types of constructions mininal footings arc
normally required but there 18 no partioular advantage in tmporting relativaly
expensive plastioca to perform thic funotwn. At present none of the polyricric
materials suggested for pouring on to goil to stabilise it is good enough to

avoid the nead for preparing any foundations.

PVC water stops have been for many years on acceptable means of bariring iroreac

of water between eeparate oastinge of concrete in building foundations.

(i) Secondary elements

a. Doore
Doors provtdc a barrier and they are used to complete the gnclosura of compartmantc.
They have to be moved regularly in performing thetir nornal furiction 6o ars required
to be masaive only when their protecting function is the major purpoce in us ing
fhcm'.' waer 18 the tradztwnal matertal for doors, lightweigiit hollow
'aomtructwn with timber framework has been develapcd from thic in tic course of
time; in many parts of the world, howvcr, timber of satisfactory quality tn nol

" peadily available or alternatively zf timber ts used it 18 ouscaplible to termite

attack eo it is worthwhile sacking altematives and these may in goma tnsiances
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be fownd in plastics. [Llegant all-plastics doors, sometimes tranalueent, have
beon made from a combination of extruded plastice 8 cotiona, althougn attention
might be given to designing nuch eimpler funeticnal doors. One diffieulty with
these, ao with many ins tancec where timber 78 replaccd by plastice, i6 that
final ediustment to fit the frame by cutting or planing down on leaa easy than
it 1a with the traditional thiber. The same may be satd of door frares and all
the surroundingd sections whick, however if made in plasties, €an be mads lo

perform an additional function in carrying electyical services. This moy algo be
cxtonded to skirtings. In very low coat housing however thege re;inoments nuay Do
wincecssary and particularly in hot humid conditionc may be omitted ao tney

conatitute additional barriers to natural ventilation.

b, Lighting

In temperate climates, plactics ave ugsed for corruqated roof-lighiing. Tha
materials moct used are PVC and glass-fibre reinforced polypastors. Thare are
problema in the use of these materiais even in Diwopean climates but the ene thal
gineg most concern g their weathering hehaviowr; thin vould ke rora of o
problem in hot climates where the degradation reactions rasponsibls for birear-
dowm procecd three or more times as fast as in tevperate eliratee. It 13
possible to mawfacture producte with very good ucather reaistante but ever tiene
will only pefrform wall in the tropics for a 1imited tima if directly emposed

to the maximum of sunlight (Ref 1). However because roof lighting vemially
eontributes to high golar heat gain and is therejore an wndecirabic otructurai
feature in tropical conditions, these sheafa are riora Zimly to find azzpltcatz on
in vall-lighting: provided they are ingtalled wnder the eaves of a brocr.-—roo;oc.
structure, properly manufactured slieets particularly of GRP ars 1< kaly to ba
acceptably durable in terms of light tranemigston. As with other Lignsweight
gheeting, good fizing is necessary in hurricane areas, though thay may do zc,;.g

damage than metal sheets if torm loose.

N _
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In humid tropical areas, the requirement for maximun ventilation may call fer
complete omission of any barpier to air flow in wall-lighting arcas. iloscver in
hot dry climates whaere protection against the external envirownent requires a
restricted air flow, such sheats need no elaborate framcuork aid may provide a

cheap means of glazing.

All-plastics window frames have baen manufacturcd but because o lack of rigidily
in the materials they are not so far very widely used. Plasties in combination |
with metal or timber may have the necessary etiffess but without very good
jointing are not proof against corrosion or rotting of the reinforcement. Withou.
guch etiffeners heavy plastics sections are required. The chiaf problem in |
window-frane design where plastiocs are used is i accorr;modat-z'-ng the hich thernal
movements; and performance of joints s likely to be pararount in determining
the durability of the product and it is prineipally because plasticc frames may
ba more durable and require lese maintenance thon traditional windov fremea thatl
their use may be economical. They are mostly more cxpensivs in inisial cost.
Plastics are seldom used for window glaaing; the major application secra to be in
vandal-resistant glasing in cool or temperate countriec. Tha ef Factive faclor

)

here in determining use ic the cost of multiple replacement rather than tiha

tnitial cost.

Plastics have bean used as fotls for venetian blinds, to assist in controlling
{llumination levels, although aluminiun, with slightly greater rigidity ic

probably used to more advantage. Plastics are also widely used in gunny couniries

as cxternal shuttere and roller blinds for windows. purability, of appaarance

and mechanical properties, is a major consideration in this application.

o. Partitions
Partitions may provide a barrier to the free circulation of inhabitarts or atr
within a building. For thie purpoeé they need only be light in weight and plasties

' may be used as components of amddic’g-baacd partitions. lHovever these provide
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enly very poor sound tnsulation and little barvics lo ~ipe both of wihich ars
useful ai:tribufes of pertil fenia macde of watertale 1ike gluss= Shre ratitforae
qupaum or plaster board. Where sita erecotion by Botilled labouwr 1o rooutyrad,
local materials are 80arce and transportation io cxpenatie, auah Lfght vetpit
plasties saniyich imita may be acaeptable.  Coat effeatinonaas benemea che magor

1 ol

constderation, in determining wiich materiel should be ueed.

d. Tntemal finighes
pPlagties can provtde very cfieotive hyatenic intersal surineze ciehor armlied ci
rigid laminates or a3 flomibla fiims. Tiese arc readily claaned ard iikely to

be move durable that the alternative tracitionel riniches. Novershelazs, rani of

these traditional finiales cra 80 semerhabiy clhecy s mandly applisd, o Whitea,

that it may well be sheapar ardl equally effoctive to arpli eqal yeor @ rev enat of

thie finish particularly when ilabour {8 cnacp. Using peactios, forioiing may be

ponsible at the pre.fallr'ic(zt‘ion. stage, but thin callc jor careful handlivg of

componante on delivery aond instailation and it in oflcn Jugt ag ecorvenionit I

rinish on site a factory-prafabm'.catec’ orrvotire.

e. Exterral finishes

aimilar coreiderations € the above apply to external finimhes in plaztica At houTs
because thesc are likely to have much belter rcsiotaics to the aotion o water thon
traditional finiahas, they may give very good service in opotecting structuras i
of water-sensttive matericle, and excluding raimiater. They ean a dacoratiis
and light colowred to irprove solar reflectance. The problem of ‘mpervious
surfaces, that of providing effactive seals at any ;jo{.m’;s; may ceuse diffieultics,
Traditional alternatives in hot countrias are such cheap applied :‘inim"ma as
whitewash or limawash and 1t may rot always be a dicadvantage to sane thesa
finishes mmuaily aod thereby freshen i«p the appearance of tle anole llding and

improve 118 asolar reflectivity. Certainly the never plantiac-basad ilauid epplicd

T
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finishes are 1ikaly to be mora durabla than the tradiiional matorials, provided
they can be applied in appropriate conditions, but because these must be mor:

carefully eontrolled, the advaitages over traditional finighes may be lost.

(ii1) Envirowmental controls

Several aspects of the part that plastics may play in achieving the necesnary
control of the internal enviromment have bean referrad to in the pracading gantions.
With their relatively low tharmal ecapacity plastics provide litile advantagz in tra
massive structures required in hot arid regtons with temparatuse eyeling alifona’:
they may, in the form of cellular plastios which have excellont thonnel itnsulaiicn,
be able to aasist in the reduction of temperature fluctuation in suci struciired.
In hot humid ragions there is 1ittle thermal advantage to be gaised in using
plastics, except as part of a lightwetight system of constructibr:. In cooler
regions there is no doubt that their very effeciive thermal tnoul tirg eclaracteris-
tigs are an appreciable advantage. Because only a cmall amount of insulatior may

be required except in the coldaest olimates to obtain tha necasaary degree of

thermal comfort, cheaper and more fire-reaistant Irgulating materials may prove

equally effective.

Lightweight plastics componaents provide little barricr to sound itrancntssion and
impervious plastics surfaces offer no advantage in reducing sourd rcverberation
within oompartments. Resiltent layers of cellular plastics, in peritcular

expanded polystyrene and foamed polyurethare arc sometimas used to cicorb vpant

sound in floor congtruction although this is more an ad:)antagc tn multi=gtoray than

in ungla-storcy constructions. The most effectwo ccoustic application of
plastics is in the form of open-cell flexible urethane foan witeh ta very offnctive
as acoustic lining for noisy compartments. Unfortunately it has poor perfoniancs

in fire and also has a tcndcncy to trap dust arnd particularly in iropieal regions

might be cxpoated to bccom wzhygunw and to harbour vermin of various tUpef.
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Tha role of plastics in lighting has bean menttoned. Tha durahiliiy of e

plaet loa uged, tn lterms of theur retention of Light Eronanlasion, may leave a qood

Jeal te be desired, although if they are usad on cheltered parts of the building,

avay from direct cxposure to the oun they ara 1ikaly to give adequate parformaice.

[

In both hot and cold eowntrice the oine of vindous should be kepié lu @ minirmm

in order to permit botter control of thermal comyort within the uilding.

({v) Services

The treditionol materials used for tha provigion of aevprees are for Hhz mosi pors
metals which are relatively expensive and which euffer [rom AOPPSION.  FLECIMALIVES
may be uced in samne arcas dapending on thoty locol availabiitty; sait=glased .T":I’C'

ware, pitch-fibre pipas, asbastos cament or concrcts aroducte rave all borr nged

The introduction of plastics, light in neight ard so ecsily trarcported, reoietond

to corrosion, and capable of nowmfactura n auitable shapes for many oF tha
applications in the fiald of scrvices aré playing an ineweacingly ‘mporiant part
in this area of butlding materials usage in all parst of the vorld., Wiihous doubi,
i ia the field in whigh plastice have Fhair moat important role Lo ploy ik

housing for developing countrias.

a. Water supply

Because of their greater strongth matala have belter restatanca to tniciial precaiwres
and require aimpler jointo than plaatics. evartisleas ratal pipes nave o iz
jointad at mich more fraequant intervuls and are ruch hecvier te firanapors co binl
for oold water supply in many areas flextble plastica pipes, in particular
polyethylene, have been used with conaiderable adva»‘.tagc’. Ever: P/C, alinowgn 1t

has to be transperted in straight lengthe which require reqular jointing, lac '
degré.e of flexibility which pemits this jointing to te carried out above grawd

be fore plaeing pipes tn a tpench o that for carrying water any digtaree plactib |
pipes have advantages, particularly in kigily corrosiva goils oueh as ceci in man

tropical areas. Durability of these materials wher. used widergrow:d ta vaery good

s A
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although rodent attack on some of the eofter polycuiniove riyas i Lot yinde

4bove ground, where they are subject to weativring rracdaiion end Lhermial
cyeling, their performance mu/ te less efcative

In the developed countrics standards have baon oclollloned for water pilres mase
of both poluethylence and PVC, in different ranges ¢ dinmeters [rov ahows Wt

to 600 millimetres. Shoyt-tcrn end long=tern I puilie end encernal loeding

tests have been used to obtain data for pipes tiat Jiu. arewrerce bnat prliies

made to atandard speci.fieation will hove a lise of L0 pears or rorc.  Jodiia aleo
are available to match the requiremenis mcb B pioo.
Plastics for hol water s2rviess have alsc hoon wic iy Cisouseed bul proiians of

design of Jointa and alleaee for thermal roviment five rosardnd tiis qcvalypeoni
which is further aan;ﬂicataa’ by the desive to use « singte maurlal for boll dien
and cold water services. Tiia will vot nornally Le a rajer conaideration in eny
devélopin.g country where tha baste requircrnient ie roualily only Jor oa huaiarie
cold vater supply. By the time that developing ccuntrics ecnz to porard Lon waben
services as a necesgity it i3 not unlikely tha. eloriazes of sutteh e notels O
the rest of ths world will kave enaouraged irnoectricit un tha desime o suttabla
plastics hot water systems; at present acie of i7» plastics avatlable /Gua
sufficiently good performance at the temparatures of demestie rev vatedr auppliana
to be used in this application. Cold vater steraze cioterms o polpediylona (g
glass-fibre reinforced plastics are widely avit ilable av pricea cauprtiilive widn
metal alternatives although if used for roof rairuater storage, G ‘& the prastics
in many tropical cowitries, such etsterna would reouire to nave a gocd weabnor
resistance or alternatively be surroundad by a protective casing; the latter i
probably the better alternative in permtf ing vater taomperatures to bLa more
Offectwely cmtrolled mhe mechanical strength of plasties ic not ragarizd as

suffiotent for them to be used as an alternative tc glazed coramic ware in nanitar

applications although with suttable external era-ling they are uscd in taths anl .

basins and vith reasonable treatment give good service for many }ears. Legiiness
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in wetght permita rodisgsion in tpansportation 00:i3. Hoers haee has 6 lewor to

handle them more care; wlly than tiolr matal cownbtorparis bub suom el aoiin Nlod

.
o v

with their performaice. ona cthar interesting dovelopriens < Laia R LT T

’

-

manufactura of water tapa frem plastica as ah eliamctive do o more cinciartes

G

yion-ferrous rmatala, HNot only may shese be more eaoanieal hai Lieny meiallile
counterparts; thay may also e very elagant tn deatgm. Ralatvely cfzap lmt

stmple functional versions are aiso availabia.

b. Drairnajs

As for water supply the materials ugsed n drainage applieations ¢ vocuirad ve
be formable in pipe or chamel costiong, and in frotungs and ecnrcestons fap
Jointing. Lightness in wetgiit 18 rora of an acvantage For abuvesgrensid i

than below. Resistaice to irpact 18 alao requires urd theoe are vis of A magncina

3

that metals have traditionally been waed abcva ground <n prefoviree %o alayera.
The lightness tn veight of “he plaatics producte vict ard GG oM e RGeS
aleo makea for coce of aneentera o oms dwotallavion avs as 10 of e &
sattsfactory alternatiive in My cases so metala, plactiec drairoye Jor cosloend

-~

waste water wid, where requirad for rain water arc lvkely to ke wnereasingly used

4

in the future. The relativaly large thermal movericris of plasidas muot be
accommodated even if such movenents are only produced 2y chanaer 1n @ifend
terperature and if kot water is occastoraily poured vato Eraons 1o navemens o

bLe accommodatad is iarger and there is rezd also 1o use plasties with catisfastonil;
high softening points. Froblens  have arisen beeanse iradecucte plasiier

matartals vere used in the past in irsuffiotent thickressesy tucse N

(e "

satisfactorily overcome; 4 significant and growing proporiior of drainare preciess
in the developed countries i3 now rade in plasties aud witin the patential caning
w'e

in metals by the introduction of these products it tu cmpdé:'cd trat 1n SN

developing countries also, plasties wili provids a very satisiGrsovy) recns of

meeting domestic drainage reGiircmente.
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imdergrowtd drairage 2 anovier grediry devaTomonl ok cwloe o cotl leddion

must also e congtdered in thic ease. o deatine, e lie walor cuppan ol
e nnally mn at only a fraetton of Lheiv curactiy ine pipe ila oeeaios o
, internal support. Proframss of colbornad leadivy, wefo Jave dod wo wla duval e

of ouitable decigna fer tiiis opplicotion., I ile sovi elojmars wr orali=olon
coranie pipes hae becit uned for grall dlwmetap w0 Goaaa e Uonle
has heen irtroduesd move wacomtly for cwger dicoinomp @i ot st Lo
ashogtos cement products are aiso nsed., OCune of ohe rviveinlo wovanbens o el
pipe 1 thai 2L 1e avallohila On tonger Torghiis Ll o o Loiowe audaei

a conciderable s ving of labour in trctalleodion, A e ro pachiwdlan adva ot

in many of tha daveloping eounittes but iha povdiy Dw o trancperllon 0 Lo

and lighter wetight componenta iy be emaicarenio,  In fads sesliniios Jon
drainage, plartics may contrinute to coveidaraile ond rupie Tiprcvemcnis i

standards.

For hoth watsr aupply cid drainage ar: spha@tnon the rovien eastcleoent will e e

pipes and fittings that wii?% cit

Jiap by DIPT@E 0 4ol celton bite sl o

dwellings. DBeocause thue may not alvays be tie cuac, jJ0C:A [rolachim Geeingg

¢ 0 J -

weather aoticn 18 necegaary end in trvu, &6 plactirs @rg D2ELar Lhml Glhit.
There 16 great need to ensurs that sattafaciom elocdands oF vallioving perSo

can be achieved by tha matarials usad for tices mplitations, aliiaugr standie

procedures for asscessing weatnerability leave rucl to be donive:d,

Tt will have beer noticed that, for mamy applications of plestien “n the

building elemente referred to above, the plasties profucts are idheey 10 It Lsos

. ’

because they lead to tmproved slandards in extating fomw of eoawirietion, pitiop
than to meet baeie structural rsquircnenia. Thtn 15 vesardd Gs o desivetls

objactive ~ there is az mech naad to improve svmadaniy ¢f esissing el of

kouaing-as to produce 1gw hoilsis.
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0iGTACLES T0 THE WIDER USE OF PLASTICS
plastice have their Limitations but they aloo offcr many socinical aévantages
wd the fact that they have not 50 jar been more readily and exiensively uced
in building construction is due to a combination of factors, 3me seoonic,

scme psychological, some traditional.

(i) Economte Factors

Feonomie considerations are perhaps the most inportant: the baaic prices of
plasties naterials ave high relavive to those of rost spaditional materiais.
Although becawse of comparability of costs trey rmaj of 't;a;: be conaicaraa jor GLrree
replacement of metals, in most other applications tiay can be considered only whees
they of fer very eonsiderable teclnical advantages, particularly leading 1o
saving of other materials or saving tn costs of transportatior, erszcebior, or
installation. This T8 seldom an importan® factor in the devalopind counintor and
because the use of plastics comporents may require ncw teeimiques and additional
training in the propertics of plastics, any reduction tn cogts mial nave to b2
balanced against thie. Otherwica they are likely to bc use d principaliy bocause
of local shortages of othexr traditional buildirg matertals or bsedisie sian maverials
just do not ozist. The availability of plasticc raterials Ln ar tmportart
eonsideration and although attempts througn UilLD) to ercouraze the devaloprans

of plastics industries in developing cour.itriga (Aef %) cre bearing €ori2 Ifrutt,

the raw materials are otill produced mainly, arnd consesuensly waiiable r.zo.gt
cheaply, in the developed countries which car offer Zarve marieia for snem. THS
scale of production of moat plagties materials ir the devalépir:;x.co;mtrien tg rot
sufficiently large Ffur them to be considsred as n:ajor building materiais ad it

will be a conatderable time baforc siuch irdigenouc plasiies producting capacﬂt:

ex181t8.

The faot that somé of the developing countrias have arple oupplies o natroin,
the raw material for most plasties, doag rot n. ~cssarily rican shaib the roct .

effective way of developing the usage of plastics '3 to cet Wp polymar producirg

e
r
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inducitries although 1t 10 elear thei a patrociiical lndwgivg {9
atatue sym}m'l,. In mosi cowsrics "ﬂ,ast-:ic:.-f mann et iy fea e g
devaloped riore through ihe dmportation of weding materials and cuhier {rior
odiates and fabrication Jreu Eisse Of NECUIERT et let

e deva Llopinent, foreign axcharge i3 svvenved and L erec.aca svead

Srat o poohonn
daveloping countries, 63pec ally whon iy vhorscivae Jo net s

P Y
NSO NP LV IS A
. i

businesses.

(ii)  Posycholegieal and tradisioncl atiiiinas
Paychologicul and traditionnt attdiudss play 6 sirenn pord i doionadn
acoepteace of new productc i o8t contrica.  datupaiin thoce e o
techntoally daveloped will sind nev {nmovationa roe GuenpLaie Bhan G

countrias which intil yeeenbly have baen Breiward, Dt an alfiumi PRI

DY ST

older traditional stylas id matarials may ba a ciatic spmhol, bue tn e T

countrias rich of the inttial resictancs to piasiies, Rt were el noaai

as infertor subatitutes, has bean overacma and iy ava gessrally aces) R
building ratertals, provided aluays that tnay fwotion efftatentlye fovs of i
so~called "devcloping coun triea" are indesd very old cowir o with lony
higtoriss and establiched traditions. Thage find 4 diffieult o edari vo i
ideas quickly and have yot to becoma accust tomad to the rorid ohanging o7

o

attitudes which ig now taken for grant ed in tha holder indusirialised ecuniy.

. » -

In the larger devaloping ecowitries, partw:c..a:*.,y Whers tre porulation froLurn

and socattered, the communteation of ary evolving ghanze in attitudes I overy alo

and the introduction of new techniques ard rmaterials oiared tiis cloress.

One factor that probably areates reqtor reaiatance to the une of plistier in
_buildﬁ g than in ewneumar goods <n the roquirarc:s Fop permsrnciiee KorTaLly
assootiated with a', fieme. It {g important ithat there crould be no Jtaastroun
fatl«ures, no patantiy obvious crzcz'u-caa,rm S nhets carls udee  ant R prarties
developmient, wier it 1o introduced to a devalepinl acunir, ratat Fooat noaly
, [

complete as porvible; the porjormance rust e engiped Jor bin relcvunt i

G




- 40 -

md attuwied to Lhe needs and customs of tie nhabitants. Diving e plastiaa

L

aill give a very good opportunity for their appratsal; Lo the experience

ohtained 18 marked by fatlures, there will be no Lenefit to anybody .

{(iit) But lding Legislation

Fegulation of huwilding activities to ensursd healtfzy, safe and orderly development
has long becn acecepted in most of the older countries, as a natioral or a local
authority dutlls and 1t ¢ inereasingly seen to be rceded in developing eountrics,
at as early a stage @ poseible. [In many of tha nev cowitries, building
poqulations are at present haing vorked out or applied, largely by auitable

nodi fication of the standards that are long establighcd and used slsewnare, Lhougr
theae may not always be relevant. Bu.olding requiations must be _'"'ran;cd wothin

the context of national and personal ineoma Levels and rust not wnauly resiriev
coononic proaress. Tdeally, they ahould be inder.endent o; matertals and ralasad
only to performance requivements, but in practica, resuulations ars ustaliy
equated only with cat:isfactory eraditional produsts, pratiap than beead on
function. Inevitably 5072 restraints are imposed on rlasties wnien perfore
differently from conventional products and, hecause of their combustii-ility,

mist necessarily D¢ restricted in areas yhere fire may be a hanard.

These pegtrictions must not be carried oo far, hovever: jor exampia because

of the growing ineidence of joam fires 1in furmiture faciories, shere has been

a growing plaket diserimination against tie use of callular plastic: n butlding
insulation, although the problems are entircly different. Ingurancs cOnpaRLas
also, aware that plastice are combuatible, may furtier restrict troir usc by
requiring inereased premiums for buildings where plastics are ATy Lt

This 18 probabl.y not a magjor consideration for govamvnent-financca’ lov=-cost
housi'ng, which will not normally be insured, but it ahould ba resarded as

@ indication of the cxpected hazard, and borre.in mird in desiming houcTng
schames. Education of both butlders. and building reculators in tic px'opcz't-.ie:

and performance of thece neu materials 16 nccassary 0 ohtain catiafactory but

non—res trictive control in the use of plastics.
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One of the more effective means of ensuring the catisfactory tnutroduction of
plastics building canponents vwithin the reaulations s by the deveiopient of
gaticfactory perfornnance standards for thase materials. There arc some thirt:
British Standards for plastics building products: other developed counlyics
have similar mmbers; they eerve as a partial control to ensure tiat plistics
building products are tikely Yo be suitable for their applieation, In manu
European countrics also there arc goverwnent—gponsered organisationa, ciargi.
with the ascesement of new building processes and procucts and collaloraiirg
in thia through the Eurcpean !nton of Agrement. It 16 wnlikely b moct of
the developing cowitries ecould afford cuch an orgentsation nor siould they accert
without quastion tha findinge of thece Agrement authorities in the dcvalop:d
countries whose requiromencs are considerably different. Uleverviiicless beece
.
in thie way a number of new building products, including many thet incorporete
plastics, have been proved adequate for introduction to buildina, thera may
be a case for UNIDO or some other intarnational agency setting up an authority

charged vith this form of asseisment.

Because alao there is need that new products ehould be used in tie correct
maomer, it is essential that any new gtandards or appraisala should tare tiic
into account. Recormendations chould be made for codes of practice in tic

use of new products tneluding plastice ones.

REQUIREMENTS FOR FUTURE DEVELOPMENTS

[
T A2

~

In practically every country in the past ten years there kas baen a grouti: I
use of plastics for building. This trend can be ‘acoounted for in several wayn:
there has been an impresgive improvement in tha eharacteristics of the materialc
ard in the furctional and aesthetic design of the plastics building products
made from them: the price of plastics has remaired more or laca ciable in

the face of general increases of price for building commoditias Lr. othar
materials: plasties as a group are no lonzer new and witried so teat tharc

i8 naw a better appreciation of their merits and more sober acteacmert of th:i
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limitations. However in the author's opinion it remains neccssary to eaution

tha over - confident and tenpor with realiem some of the entiwsiaam for introduciion

23

of plasties for building; for thia reason tits paper has tended te concentrate

on the problems associated with tha usa of plastica in hutlding.

However there 18 every reason to expect that in the fuiwre plasties will play

a greater part in building in developing countries. It ig irportant, rowever,

to encourage systemitic rather than haphasard development.  Seme 0f tha lindtation:

of plastics will not be overcome but conatderable progress and satiafaciory

deve lopment will be achieved if encouragaient can be piven n cert&-:’.n parisicular
areas assoctated with the development of placties matcrials: therc o a great .
need for satisfactory design data to permit the production of ceoromicai Jasiens
for plastics building components; further study is ncecssary to conicve @ hetter
understanding of the fire propertics of plasties but at the some time thera

muslt be acceptaice of their linitations; researcn in plastics materials to
achieve inprovements in performance, particularly in terms of lony-temi Lekaviour
and weathcring characteristics should ke encouraged; perhaps tie mois drportant
requirement of all is for cducation of the decigner and user ¢ plosties io

ensure that maximun advantage 18 taken cf their potential but that thair

limitations are fully eongidered.

In the preparation of this paper, it has not been jound posethle %o acecpt

in entirety the premise that new constructional concepts are necescary in orler
to use plastics to the best advantage in housing. The bazte raguirermeris Jor
housing pamain unchanged; it is the magnitude of the problem that is ;:'i_-‘;‘crelnt.
Suitable techniques to meet the requirenents havg been developed by itrial ard
error over the ages; plastics, as the materials of a new age, have a major

part to play in this development. However it secms that plastios will be used -
bast by modi fication of extsting approaches to design rather tran by any radicaily

new approach and even to achicve this developrment, broadlyi-based edusation in

- el . .
their propertieo and performance, and awarenass of treir limitalions 16 neccacary.

P —
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If thae developments in plastics that emanate fran the UNINO Horking Group
are to make a significant impact on the world's housing problem it will be
necessary to acquire practical experience of them in the true contest of the
dcvelopilng cowntries and by wide-ranging trials. Without evaluation of such
experionca, thare may be introduction of interesting and ever spectacular
structures; there will not be the major contribution there ought to be to

the total solution of the problem.
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