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I, WHAT ARE PLASTICS?

Plostice arc the modern mctericle of cunstruction, the producte of
chc.iderdl synthesis cnd of emcncipatod chomicra thirking, They cre
indoed the products of the combincd cfforte of chicmists, physicists ond
engincere, ~nd through thoir mony rroces rad typeo offer ¢ combin: tion
of propertics which conuot be cqualled by cay other fraily of matoricle,
Tho clessicl text book definition will tcll us thot plactice cre ory nie
motericls which con be formed to ~ derired Blirpe under the cection of hont
ond pressure. In some crsce this process of coftening, -ad formin; or
roforming cean be repeated indefinitely: these cre the thermoplostics
metericle;  in other crsce the formation or mouldin: hoving once been
offectod, the matericl connot be resoftencd by furticor lhecting, and
logically onoush these cre colled the thermoscttin: mctericls,

Thouch the sctucl cliomistry of the formation of plestics is froquoently
complox and in somc casce cvea todcy obscurc, it is rclatively simple in
principlc, Simple chcmicrl units cr monomers :rc Joinod to.other in o
chain to give tho more complcx metcricls which we mow clternctively ase
polymcrs or plestics, eand it ie for this recson thot so mcay individuel
pPlostics carry the prefix 'poly'. Thus for cxcmple polystyrcne mecns
thot meny units of liquid etyrene h~ve been built up into n colid moloculor
eggregete which industiry oné indeed the 17y public .t l-rro kiow -nd use in
onc or other of its muy physeiccl forms os polystyrenc, Todoy polystyrenc,
polyothylcne zad polyvinyl chloride or morc simply just 'vinyl', crc¢ part
of the normal vocroulery of people cnd nitions tirouchout the world, Yooy
by ycar plecstics, polymcrs, call them whet you will, ©rc hoving on increosing
influcnoe on the lifc of individuals and of notions, cnd nowhore is this
80 manifest as in the industricl scetar with buildin; construction,
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A. THE GROUTH OF THE PL~STICS FaNILY OF VATEDRILLE

In order to appreciute the significence of plestics .nd their curreat
and possible future impact on industrial development tlroughout ithe world,
brief reference must bc mede to their historic.l] bockground.

Although it is over & century aincc the firet plactice muateriel
celluloid was discovered and ugec, the plastice industry is less than heolf
that age, inceed it was only the intensive search for supplement.ry matericls
Jjust before and curing the last wer which brought plustice into world-wide
significance., Quite logiciily ecrly developments centred on the chemical
nodifications of naturally occurring materials such aes celluloec -nd cusein,
but this wvas extended followiug the pioneer work of Backelund, to include
products of chemiccl reactions. Once the industricl viability of these
materials hacd been established, the scarch for others was rapidly wnd
effectively pursued, but it was only ivhen Hermenn HYtundinger establirhed
the tamily relctionship of these mecromolecular matericls in the period
1920-30, that the foundations of the piastics industry ::«re well and
truly laid.

Quite naturally when conventional materials werc in short supply
owing to the excessive cemand during the last war and in the postewar
reconstruction period, intensive rescarch i.as devoted to the development
of plastics materials, cnd thcir numbers incroasod ruepidly. Some icea
of this growth rate cen be obtained from thc i1orld production of plastics
of all types which has been given ac 1,000,000 tons in 1930, 800,00¢ tons
in 1947, and 1,500,000 tons in 1950: today it is conservatively put at
16,300,000 tons.

Not unnaturilly during this period there wes intensive compotition
not only between the nowly developed plastics cnd the troditional structurel
materials, but aleo between the various typec and f.milies of plastics
themselves. The result es for -8 the inter-plastics competitiou was
concerned was the logic:l one, numely the restricted production of new
materiile ind the gradual concentration of commerciul ef{ort on known and
tried types. This does rnot mean that rececrch effort has been velaxed, or
thet now plastics arc not produccd, quite the contrary, but it cocs mean
thut to attain commercial success a new plastice material must offer
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eignificantly improvced propertiee, or adv.utegeous commercial viazbility,

As one oxpert put it recently, to get a footing in the plastics catalouc
today, a new material must offer cavewtages over compctitors of ot least

an order of magnitude. One recult of thie tr . hee becn the concentrztion
of research w«nd development cffort on known plustics, an? much of this in
the line of thet is in c¢ffect comuining onc plastic vith ~notiacr, cither
by the procese of co-polymerization (that is buildin; u; poiymers from two
Or more monomers) or by what actuzlly amounte to 2 blending process. This
is likely to providz thc main stream for plastics Ccvelopment in the future,
since in this way the complix moicculur structures can be tailored to give
the desired physical propertice with tic meximum of certainty wnd the
minimum of development cout.

B. THE ROLE OF PLLSTICS I DBUILDLIC COUSTELCTION

Rapid as has beon the adveuace of plastics in the last tventy ycars,
these modern muteriuls of comstruction have not medc the progress in the
building industriee which might rcesonably hive been cxpected, In Britain
particularly hope ran high for usc of plastice in the extcurive building
progremmes which obviously had to be envisaged after tiuc wor. This We.B
reflected in u far-sighted report publichcd by the British St.tioncry Office
for the Minister of Works in 1944 uncer the title "Post-tiar Building
Studies No. 3: Plestics". This publicetion reflected « mixturc of optimism
and pessimism; optimism thut plastice would be able to plev a significant
role in the rehousing schemes, and peseimism that the plecztics=-producing
industry could be goared to mcet this: in the evint both hive been
disproved,

Strange ss it mey appear, the main difficulty barring thc cxtended
use of plastice in building hze becen 2s much peychological ce technologicel.
The building industrics the world over ure umong the most troditional, «nd
in an expertise which ic morc of : craft thun a science, cxperience with
materials and the processes of epplying them counts for a lot. Inevitably
potential users of plastice have been faced uith ‘he lack of performeuce
datn, without which even thc most optimistic crchitect or contractor would
be loath to specify them. Added to this it must be conccded that ‘raditional




metcrialc bave a rcason.ole perforaance record, ainc they ore cheup, at
any rate on o weight busie. Offsot againgt this are the meny iew design
poscibilities which arc open to plestics, ind the fact that they lend
themselves admirably to mcthode of mass production wad off-site ascembly
80 csuonticl to the economy of modern building. 7o dat. Britain hes been
lees progressive in tie uce of plastics in primary building vork than
America anc Gecrmany ior example, but therec are indicutions that this stute
of affairs is chenging., Currcat rcports on the actual and poseible useé

of plactios in building now aveilable from all over the world are optimistic
and in some ocecs most imeginutive, but it ic ovident that skill and caution

are still neccscary if some of tho carly oxamplcs of misepplication are to be
avoided,
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II. THE CUKRENT PLASTICS MATERIALS

A, THE FROB AND CONS FOR PLASTICS IN BUILDING CONSTRUCTION

At a time when large areas arc being opencd up in developing countries,
many of which would prescnt extreme probloms by rcason of inaccessibility
of location duc to distance or difficulyy of terrain, the usc of plastics
must inevitably receive serious consideration. Where this is the oasc
several oritical questions have to be answered, the most important being
the selection of thc plastics to be used, and thc economice of their supply,
Ia some cases, particularly where the demand is limited op uncertain,
there can be no doubt that the proposed industry would be launched onm the
basis of imported materials, importod that is oither &8 raw plastics or
partly menufactured materials,

Where the demand is larger and assured in & developing country, it
will bo logical to consider the manufacture of the r.w plastics materiale,
and in such osses the possibility of using indigenous raw materials and
local labour would naturally be examined first of all, Particular
consideration should be given to the production of those plastics materials
whioh, though perhaps no longer in high priority use in the highly industriale
ised arcas of the world, are nevertheless ablc to mcot local needs clsewhere,
using both indigonous rew matericls and drawing upon local labour. It may
in some cases be neceesary first to cstablish the endeproduct manufacturing
plant, importing the required raw plastics materials from onc of the large
Plastics exporting comntries, as alrcady suggestcd. If this is successful
then the subsequent manufacture of tho revw plastics would follow logically
&t & later stage. If this in turn proves sstisfactory, then eventually
the manufacture of the basio chemical rew matorials might naturally follow.
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From this it will be clear that the problem fzcing thosec who may be
planning to meet the nceds of the tuilding industry in developing countries
is not an casy onc, and is indced onc which is further complic.ted by
the fact that no singlc plasticc matericl or f.mily of plastice can mcet
all cxpected needs. The decision mey rceolve itsclf into one of goveral
alternatives. If the indiginous raw mutericl end labour poeitione =re
favourable, or if these caun be mct by convenicnt imports, tlon it may be
acvisable to start right away end mehe the necescary plastics, bearing
in mind of course that plastics is a capital intensive industry, and it
mey thus require both financial courege to make thc initial outlay and,
if this is below the minimum capacity for economic brcakeovcn as it may
well be, then it mey nced protective legislation until it hcs tcoome
establishod as e viable induetry. iven if it is decided to do this,
it ie highly improbable that the whole range of plastics could be attempted
initially, having regard tc the fact that for any single plastics material
there is & minimum production tonnage telow vhich menufscture is not
economic, Low complex this may bo will be scen from Table I which gives the
production breakdown for plastice used in building as it was in the U.K.
in 1965. Inter alia it will be seen that the 149,000 tone of plastics
80 applied was roughly 20 of the total U.K. production at the time,
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I Tonncge of Ploetics used in Bu}_;di;m Construction in the
United Kingdom 1965

FPleotios Matcrial Long Tone* pcr sunum
Polyvinyl chlorice 80,000
Thermocets (phonolics, 35,000
amino-pl -stics)
Polycthylone ‘ 12,000
Polystyrene 10,000
Aorylioa 5,000
Polyestcrs cnd Epoxidces 4,500
Polypropylene 1,500
Othors 1,000
- Y
T01AL 149,000 tons

S RSt

Therc arc throe difforent types of 'ton' in common usc: the
‘Long Ton' cquale 2240 pounds (evoirdupois), used in tho U.S,
and the UsX.§ thc 'Short Ton' cquols 2000 pounds (avoirdupois),
usec meinly in the U.8,§ the Mctric Ton! (Tonnc) cquals 2204.62
pounds (nvoirdupois) or 1000 kg., usod throughout Burope,
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1. Local Manufacture or Import? TLis vital question

must_be a.iswercd

The dceision whether or not to manufacture plistics moterials and/or
products in o developing country will depend on many factors, of vhich
those classified ag vholly technological arc by no mcons the most
important; political, geographicul and sooial factors arc frequently
morc offcctively weighty, It mey be decided that in somc _cases it is
unwise to cstablish an industry which is ¢ntirely dependent on imported
raw materials, but cxcecpt under war conditions thic ig o diminishing risk,
having regard to the number of plastice monufacturcrs the world over
who arc onl} too anxious to extend ticir export merkcts, If in the end ‘ |
it is decided to g0 ahcad and manufacture the basic plestios, or at
least somc of the morc important such as the polyolefines and the vinyls,
thon the minimum economic production unit has to bo decided upon. 1In
this oonncxion it must be etresscd that it is impossiblc to specify a
minimum oconomic wige for any ploat without regard to the locally Prevailing
circumstances, What might Le an economic possibility in one country might
be completely unviable in another, and to a large extent the position
veries according to the type‘of plestics matcrial it ip intended to
manufacture,

It may alternativoly be decided that initially at any rate, the raw
Plastice matcrials will be imported, in which cuse the Problem is much
simplified, since tho wholc of the aveilable capital can then be dovoted
to the plant necessary for fobrication end end=procuct production, Such
& procedurc would of course bro.den the varioty of end¢products to be
covered initially, so that thosc could cmbrace indisoriminately those
produced by comprcssion, injoction moulding, cxtrusion and extrusion
blowing, indced the wholc manipulative range,cepending on the available
capital and '‘availablo markets, -

In both rew plastios cug cnd=product production there is 8till the
compromise oourse which might have much to recommend it in the initial
stages of development, and that is to menufecture within the developing
cowntry tho material likely to be in grcatest demand (c.g, PVC or
Polyethylene), and to import the remainder, providing always that such
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& prime demand reaches the tconomic production mirnimum for the [liostics
material in question, The same procedure may be wpplied to the plastics
end-products; it mey be found advuntegecue to fobricote rve concuite,
gutterings, wall and floor coverings, wid import the mor. costly and
intricate plumbing and electrical fittings. As in the C..8C of the row
Plastice, there are custom febricators the world over who are only too
anxioug to open up new markete for their producte, .nd to do thig they
will be prepared to offer very competitive prices. It is apprecicted
that this suggestion mey be at somc virizice 1.ith those madto earlicr,
but at any rete it emphasisca that c: rcful merket rcsocrch, coupled with
the unbiased guidonce of experts in the field, is tbsolutely essentinl
before any manuf-ciuring project ic launched, If 1n the leot analysis
it is decided that jartial or tot.] import of th¢ row materinlg and for
the end-products is most advmta.geoua, it mukee possible o period of
consumer market trial for the new producte, This point is comctimes
overlooked by the planners: it cannot clways be assumed that because
Plastics have been guccessfully used in buildings in Europc or America,
they will be equally successful. pith developing countries, Thie point
is dealt with more fully later, but it mey ogain have ctresg here, at
the point when vital decisions involving considcrable copital expemditure
have to be taken.,

B. WHICH PLASTICS TO SELECT FOR BUILDING CONSTRUCTION

Having decided that in general terms plastics can meet the needs of
building construction in relation to considitionsg obtuining in a developing
oountry, znd having decided that, having regard to those conditions, it would
be desirable to import or mcnufcoture the hecessary plastics as the case may
be, next comes the vital question, which plastics matericls to use? In many
cases the selection will ultimately be decided by cost considerations, but
frequently there will be a Belection within the possible price range, so that
bagio mrfoﬁmce may be the finzl arbiter,

To assist such a selection comprehensive date relevant to the commercial
Plastice most widely applied in building consctruction, have becn collcoted
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in Appe.dix I. These include not only datc on the aversge physical
properties of aveilable commercial grades, but also average coct in the
U.8.A. and the U.XK,, and & list of cpplications for vwhick the materiale
have beer successfully used. By ite very nature such a collection of
data can only be a first opproximotion, but it can at least indicate

tho direction in which further aud more deteiled cnquirice should be made.
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III. THE MANIPULATION OF PLASTICS

It is probublc that thc initiction of the menufacturc of plagtics
building componente in o developing country will, cxcept in the most
epocicl circumetences, bc on the basis of importcd end-products, or if
prospects .re morc propitioue, on the manufacturc of thesc cud=products
within the country, using imported raw materinls., If it ic the lotter
then it ie mercly & qucstion of aveilable capitnd, since their febrication
is a footloos: induetry, ond can be established snywhere in the world
where services (clectrical powcr, cooling water, labour) and factory
spacc arc available. All the plant rcquired can rcadily be purchased
from wcll-cstablished manufcoturers thc world over, and the prices are
koonly competitive. In many casco it mey not be nccoesary to purchase
naﬁ plant, as relieblc second-hand plent can usually be obtained, but
now or socond hand, rcliability ot the start should bc insicted upon.
S8ince moulds arc costly units it will bc worth whilc considcring the
quostion ¢f hiring them, zlbcit modification m.y bc needed to establish
final designs, Onc tlLing most cssential to the setting up of cn efficient
moulding, extrusion or czlondering unit, is thc availability on or near
the site of an «fficient cngincering scrvice unit., Exccllont thiough
the functionality ie of the modcrn highly automated machines, thcy nced
oconsideradble maintenance if top pcrformcnce is to be -neured, T.ig point
may be considcred when plant orders arc placad, sincc if this hos to
oper«to soveral thousand milce from thc maker, it mey be wiser to colect
on the besis rother of the morc fool=proof then on highly automatcd
operation, a selection incidentally which would cutomaticelly be fawvoured
in a land with no labour problem as in a developing country. Such have
boen the advancce in machinc design, production :nd scrvice in recent
Yyoears, that today this problom is becoming less serious, indecd somc
manufecturers maintain @ floot of light acroplanes ready to fly spares or
2 repair tcam to sustain plent in remote arees. Even 80, a degrec of
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sclf help on the mrintencnce sice must e allowed for, .nd ie a valuable
insuranc: policy, £ince ecouomy of working vwill be wdverscly affected if

tha continuity of production ies interrupted through machine failurcs.

Such is the vericty of plint availible for the manipulation of
plastics that it can only be trcated in bricfeet deteil in this survey.
Wherever possible when alternciive proceasce could be coneidered for the
production of eimilar unitc, then comperative couts (both plont and
opcrational) will bc given.

A, INJECTION MOULDIC

This procces, which wes cvolved out of the die-custing of metals,
todgy accounts for the conversion of 3%% of wll thermoplastics materials:
thermosete can be injected but at prescut this is lese frequently applied,
In injcction moulding cold plustics motericl in gronuler ('nidb') or powder
form ie fed into a hcating cylinder, where it is softoncd to a point
where it can bc forcod under preseure (i.e. 'injected') into thc mould
cavity, which it of thc shape rcquired in the finished crticle, The
mould consists of two or worc puris, and is closod under presourc at the
timo of ’injection', Afte filling with the fluid plastics material,
i.co after 'injcction! the moulded wnit cools ‘rfufficiently to solidify
in the mould which is then opencd, and the solid moulding is rcmoved,

The lead~-in points (spiucs . runncrs), wnd any 'flash' which may be
squccged out wherc the mould zections join, is subsuquently trimmcd off,

Injcotion moulding is widely applicd in the menufacture of producte
for thc building indusiry. An cxhoustive catologuc is impractical
horc, but thc following i“cms crc wumong the most important: - fittings
for wuter systems, soil cnd rainwatcr pipes; flushing cistorms for
watcr closeta; electrical fittings; wventilation grills; door lock

fittings; watcr tanks up to 300 litree capecity; lavetory scats and
acocssorice; drawers for built-in furniture.
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1, Injcction 'louldm Hachines. Ringe and Capital Cost

Injection moulding muchincs hove to be very eirongly constructcd
sincc they have to withetand injection precsurcc of up to 1,680 kilogrgmmes
per square ccntimoire, and mould closing torccus of from 50 to 3500 metric
tonnes cre neoessary to keep the moulds closcd oguinst the pressure of
the injected matcricl., It is common practicc throughout the world to
cleseify injection moulding m chincs in tcrme of injecetion capceity,
usuelly in grimmecs '(or ouncce) or cubic ccntimctres of injected m.terial,
and ourrent commercizl michince offcred by some 150 menufocturers
throughout the world rengc in capeeity from ¢ few grommes up to 1000 og,
per injcction 'shot'. Naturally the speed of injection will show
correspondingly considéra‘ble verietion depoending on the mctorizal used
and the sige of the injoctcd unit, cnd my very from a few scconds up to
sevoral minutcs,

Injcetion machince are costly units, und the question of cepital
oost of the machincs has often to be balanced ag.inst production capacity,
For examplec the choicc may be betwcen ¢ smallcr machine opereting a
single impression mould at fust cycling, and a larger morc costly machine
operating o mlti-impression mould on o ruch slowcr cycle,

The capital cost of vurious vizes of injcctiun moulding machincs
is given in Table II. Theee cover the renge most suitable for the
production of most of the articlcs that cre injection moulded for the
building industry, It should bc bornc in mind tli.t these ere the
costs &t the manufacturcr's worke, cnd to thcse pust be wdded thet of
transporting the mochine to the country in which it is to op.rcte, 1In
Africa for instamnce, it is nccessery to add betwoen 9% cnd 144 depending
on the distancc from thc manufacturcr's works. This addition to the
oost covers: packing for cxport, land and soe frcight, insurance,
olearing chargos and import duty if any, lond trousport from port of
wnloading to place of instollation,
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TABLE II The Capital Cost of Injcction Mouncing Machines

Injcction capacity Mould locking ~ Priccs
of machine forcc “From “To
78 to 113 grommes 80 tonucs $12,300 $16,000
120 to 190 grummcs 150 tonncs $20,000 $24,000
250 to 480 gremmcs 225 tonncs $23,000 $2€,000
750 to 1350 gremmce 350 tonncs $43,000 $48,000
2150 to 3450 grammes 700 tonncs $55,000 $92,000

2. The Conversion Cost in the Injootion Moulding of Plastics

Convcrcion coet is uocually cxpresscd =s a percentogce of the cost of
the materizl thit is fed into the machine, and in injection movlding the
total convcrsion cost is bctween 5% end 957 of the coet of the actual
plastics metericl manipulatcd, depending on the size of the mochine
and the cxtcnt to which the capacity of the mechine is cxploited in the
moulding thot is produccd., Thie mcens thot o moulding, the meterial
of which coste $ 1.0, will havc o total production cost of between § 1,55
end § 1.95. Such a cost is built up from o number of individual itcems
of cost, which includc¢ thc following: (1) the copitcl cost of the mechine,
ite amortisation or dopreciation, and the cost of its meintcnance in good
working condition; (2) thc rent or cost of the floor space on which it
standes; (3) the cost of clectric powcr for hcating the plostics metericls
and for operating the machinc, and the cost of watcr for cooling the mould
end tho mouldings; (4) thc cost of the mould, its amortisation or
dcprecciation, and the cost of the mointenance of the mould in good working
order; (5) the cost of the labour for opcrotion of the machinc, for
changing the mould from timc to timec, keeping the mochine suppliod with
matcrial and taking away from thc machinc thc mouldinge produced:; (6)
thc number of hours por day, and thc number of days per ycar, that the

mechine is cngaged in the production of useablec mouldings; (7) the cost
of aupervision of the employed labour, the management of the moulding
plant, and werchousing cnd despotch of the mouldings.
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B. THE EXTRUSION PROCESS

In thie procees plastics meterial is softcned by thc applicztion of
thermostatically controlled heat, and is then forced continuously through
a tool or die, profiled to o desircd geomctric cross scetion. Extrusion
is uscd for the manufacturc of metcricle whick can be produced in continuous
longths such as pipos cnd tubes, scctions such as rain-watcr gutters, clso
for ancillary metcrials such as filme and shects. About 27% of w11
thermoplastics matcriels arc converted to uscable products by the extrusion
proceas.

As hes alrcady beon emphosized in the case of injection moulding, it
is impossible to give ¢ comprchensive cataloguc of the usc of cxtruded
Plastics products in building construction, but thoee described below will
bo illustrative of thc possibilities,

1. The Extrusion Machine or 'Extrudcr!

The extrudor, as the extrusion machinc is collogially called,
consists essentially of a long, cylindrical barrel, within which rotates
& close~fitting Archimedean screw. The barrel is hcated along ite length,
usuelly by olectrical band hocaters which ombracc the barrel, The material
to be processed is foed into onc end of the screw from & fecd hopper which
allows free flow of the 'nibbed!, granular, or powdered matericl, and in
sufficiont quantity to fill completcly the flights or grooves in the sorew,
and in its travcl through the barrel this is heated and beocomes plastic
in the truc semee of tiuc word. lthen the material reocches the ond of the
screw, it is somi-molten, and in this condition is forced through a tool
or die so shrpod that it moulde the material to the desired profile, as for
example that of a pipe or tube, The finzl shape of thc extruded scotion
is determined by the cooling arrangements, and the equipment used to
'take off' the sootion from the die. The type of pulling or
haul-off oquipmunt varics with the type of product that ie desired.
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2e Extrudcd Plistice @o Building Matericls

Pipes of onc typc or cnother moke up the bulk of the cxtruded
plestice used in thc building industry. These range from the narrow-bore
rigid PVC pipc used for clectrical conduit, cad the slightly laorger floxible
polycthylene or polypropylenc pipe uscd for cold watcr pipes, to tie large—
diameter rigid IVC pipc uecd for air ducting and ventiletion ~nd roinwater
down=-pipcs, cid in holf =cctione for guttering, Pipcs arc undcer develop-
ment for conveying hot uater, and indecc somc arc reportud to be fully
commercial, but muznufccturers arc currcntly reluctont to give tic nccessary

guarantces for the lengthy porformiice which most urchitects roequire,

Shects of PVC, ABS, or polycthylcne up to one and a half metree wide
and up to cbout five millimctrces thick are produced by fitting a shect
die, of thc recquired width, to a euitablc extruler, and providing heul-off
rolls to takc thc shccts from thc exit of the dic, through rollors, and
on to a cooling and cutting toble, where they are cut to the required
length. In the production of corrugated plestics shecte for roofing end
oladding, usuclly from unplasticiccd polyvinyl chloride meterials, it is
oommon practicc to teke an extruded shcet still hot from the oxtrwder,
and to pass it to ancillery ecquipment, which cither gives it a corrugated
contour longitudinally (i.c, in thc direction zlong thc shect) or
transvorsely (i.e. across thc width of tho shcet). Such equipment is
eveilable in fcrme which will corrugate the extruded shcet at the same
speed as that =t which the flct plain shecet is produccd by the extruder.
As may be imagined this is o rcasonably prccision process so that the
machincs arc quite complicated and have o high degrce of automation,

In thce building industry it is common proeticc to protect building
work in progress against the cffccts of rain, end this is now usually
donc by erccting over thc work arca a light wooden framework, covering
this with thin plastics shceting, gencrelly polyethylone film, Film
of this typc is produccd by extrusion followed by air blowing. 4
largo diamcter tube, of amall wall thickness is extruded in the normal
way, aud as thie tubc leavesthe dic, it is infloted with cir so a8 to
incrcese its diameter thercby rcducing its thicknese, This tubc is
takon over heul-off rollors, flettconed and slit elong its léngth, thus
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converting o flottcned tube into a sheet or film of viet is effectively
doublc the width of the flottended tubc. For this ro- son the tube and
the film produced tlerefrom is frequently referred to by menufocturers
ce 'lay-flat'.

Another voriant of the extrusion/blowing proceess is uscd to produce
o varicty of hollow articlcs. Although not mcay of thusc are used
directly in thc construction of the actual builc ings, meny of the liquids
used in thd building induetry orce packed in bottles and similar containcrs
produccd by this proccss.v Ma.n,/ a.ﬁcillary tanks and cisturte used in
buildings arc produccd in this way, and witl thc claboration of the
tochnique and its cxtension to the production of morc massive units,
it is buing applicd to thc production of bxthis, shower scetions cnd hand -
wash basins, onc oxtrusion/blown wnit being divided at the 'half-way'
line to producc two finished products,

3 Capital Cost of Extrusion Mochincs

Extruders arc usually clessified by the diameter of the screw with
which thoy are fitted, and quite expectably prices for difforcnt sigzes
show a considerable rangej thosc given below in Table III arc tho
manufacturcrs cx works priccs. The samc rumarks alrcady mado concerning
thc actual cost of injection moulding machinee apply also to extrudcrs,
namely that the cost at the works must bc incrcased by 9% to 14% to obtain
the price delivered to thoe fectory in which they .rc to be installed,

The pricos quétcd are for thc busic cxtrudcr only, but includc the
electric motor to drive it, the control gecar for the motor and temperature
controls; thoy do not includc the cost of cny tools or dies to produce
the required scctions, such as pipes and sheets. In asscesing the

oepital cost of extrusion equipment it must be remembercd thet quite apart
from the specific dies, the ancillary cquipment may well cost as much

as the oxtrwder itsclf. In addition it must bc approcicted that the
manufaoturers rated output of their cxtruders is really only e comparative
figure, and what may be termcd the ueeablc or cffective extrusion capecity
must be dirootly related to the product envisagud, For inetance the output
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of an cxtruder producing thick shceting in widths in cxccss of onc metro,
will be considerably gruater then thot of .. similar mechine producing

sey 3=5 mil. lay-flct polycthylcne film.

TABLE III  Avercge Pricos for Stondard Extrueion Machincg

-

Scrcw sizc in mm. Prices 1

From To
20 $ 5,300 $ 17,400
30 $ 6,300 $ 10,200
40 $ 11,700 $ 14,500
60 $ 13,700 $ 17,100
90 $ 15,400 $ 18,500
120 § 22,000 $ 38,000

4.  Cost of Convorsion of Plastics Motorinls by Extrusiop

As in the case of injoction moulding, the cost of econversion of rew
plastics into uscable ond-products depende on a number of different
factors, of which frotor (6), thc number of hours por day cnd the numbey
of dnys per ycar that the plant is operated, is of moterial signifiocnce,

fSomc averago costs are given in Table IV, which will eurve to show how
the udtimatc cost varies both with the type of product manufcctured, and
with the sisc of the extruder uscd,
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TABLE IV  Conversion Costs for Thick W.lled Pipc _znd Thick Shects,

Lerge Dimension Scctions, Heavy Guttering

Screw size of extruder Conv.rsion Cost =8 a
. pcrecentoge of raw
Type of Product in o metericl converted
Thick-walled pipe; €0 35% to 60%
thick shects; 90 284 to 508
lerge dimcnsion 120 29% to 408
sections;

heavy guttering;

Thin-walled pipe; 2 ' £ to 95%
thin shecets; 30 T0% to 80%
lay-flot tubings 40 60% to T4
60 55% to 65%
90 35% to 45%
120 Q0% to 50%

C.  CALEMNDERING

As the namc implice, thic is o procesc for forming plestios shects
from ¢ dough~like mass, and is indced one which has been widely applied for
many yoers in the processing of rubber. With ite extended potontial for
the production of shoets ond filme in a variety of plcstics, it is not
surprising that it hos received considerablc attention from plant manufacturers
in reccnt years, and today the latest plastics oclunders reprecont oxceedingly
sophisticoted and costly plant units, In the calender machine & number
of precision-ground rollers groduclly reduce a plastics mese 0 o shect of
film. The dough-likc mase produced from basio plastice matericl, with
the additiqn of cati-oxidants, plasticieers, lubricants, etc., is preparod
in & special mixing mochine (usuclly of the Banbury type) and, in & pre-
heated fom, is fod between two heatod rollers. From thie first pair
it passcs to furthor rollers, until it is reduccd to the required thicke
ness. It is common practice for onc peir of thc rollers to have a pattern
engraved upon it, thercby making poesible the production of plastics shoeting
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with surface cmbossing suitcble for the wpholstery of furniture cnd motor
car seats, for curtains, clothing :nd simulotion lcotherware. The
calendering mechinc itsclf is & precision mechinc, for which strong and
claboratc foundations have to be provided, and very highly skilled labour
must be cmploycd in it crection, aseembly cnd opcration, Each pair

of rollere must be cocurately aligned to within 0,01 of o millimetre.

Tho cost of o calender machine can very between $ 300,000 enc $ 1,000,000
for the machinc itsclf, and os already steted this is only o part of the
necossary oxpenditure, The preporction of the ctrong and eluborite
foundations, thc cost of crecting the ecilonder, the coct of the provision
of promixing ond hcating cquipmont con amount to onother $ 75,000, Quite
obviously beforo such a costly and high-production unit is contemplated,
an assured merket must provide o stcady round-the-ysor locd for +he machine
beforc installation becomes on cconomical proposition.

D. VACUUM OR AIR-PRESSURE FORMING

Shcet plostics produced by cxtrucion or by the cerlendering process,
can bo formed into finished producte by scvural methods, tho most
attroctive of which is thermoforming with the application of suction,
usually styled vacuum forming. Limited only by the imegination of the
oporctors and their orcative ability, thermoforming has today developed
t0 become one of the most profiteblc cnd widely usced of plastios
manipuletion procesccs. Thc procces is basicclly very eimple oonsirting
ossontielly of heating & plastics shoot to the point at which it is limp.
and in this condition 'dreping' it around o mould, either ‘oy‘ opplying &
vaouum or with cir pressure. In ouch processes, o sheet of plastios
meterial is usually clamped into o frome, ond hcated by the application
of infro~red hceters until it softons., It is then transferred into e
tool profiled to the dosirod shepe in which cither a voocuum is applied
wndorneath the sheet, or air preecure is applied above it to bring it
into tho roquired form. Articles that con be made by euch processes
aro: pancls for illuminated ceilings, lighting fitting shados, trays
for kitchen fitments, door liners and interior lincrs for refrigerators.
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1. Costs of V.cuum and Air-Presesurc Forming Plant

Vacuum forming mechince wre currently available in a renge of
sizes from the emallest units capable of decling with shcets frog ten
centimetres squarc, up to unite which will convert lerge shoets of one
and & helf metros squarc. Prices vary from $ 800 to $ 50,000, In
addition to the actual vacuum~ or preeewre-forming mechince it ie necessary
to have equipment for cutting stondord sizes of shocts to the size required
for tho machine, end to trim the finished unit from thc unwantcd portions
of the sheet after forming. Vacuum or pressurc oquipmeni is aleo ossential.

2. Ihe Copt of Vacuum Forming cnd Prossure-Forming Compared
with Injection Moulding

In most epplioations, vocuum=forming and pressurc=forming cater {or
oompletcly different demands from thosc filled by injection moulding, but
therc is & limited field thet can be covered by both thesc procceses,
There erc actually not many applications in the building industry that
can be covered by both processecs, except perhaps the production of doors
and interior liners for refrigerators. In this lattcr casc vecuum-
forming is a cheoper process up to & total production run of sbout 28,000
mouldings, but any production ebove this quantity would be morc chesply
met by injcction moulding, It is poseiblc to produce articles in thicke
nesses down to 0,20 mm. by vecuum and pressure-forming; by injection
moulding on the other hond, the thinnest articles that can bo produced
economically very from about 0,50 mm to 3.0 mm depending on thc total
area of the article to be produced.
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E. FLUIDISED BED CCAIING

This proccse is normelly cpplied to the coating of metcl objccts
with plastics, to protcct them from attack by rust or othcr adverse
inSluenccs. In the procese o fincly powdered plcetics matcricl is
placed in o tonk, the bottom of which is air-permceble, Comprcssed
air is blown tirough this motcricl, thereby reising the ploctics
matcricl in the tenk, Bo that it assumes the naturc of o densc cloud,
almost fluid-like in propertice, Metzl ports to be cotted arc first
hcated, ond in this stcte arc plunged into the ciredblown plestics powdcr
in thc tank, so thot thoy become surrounded by the densc cloud of this
powdcr. Metlericl mn.king contact with the heated surfoce of the metal
particlly molts and bocomes cttached tlcrcto, 8o that by thic ixans &
skin of plastics powder is built up on thc surfacc of the hcated article.
Excuss powdcr is rcmoved by tomping, ~nd the plastics layer thus formed
is thon fused by further henting, finclly forming o homogencous coeting ‘
laycr. This proccss is applied to such articles as shelves ond gacks
for rcfrigerators, metal articles thot have to be uxpoced to outdoor
conditions, hardwere for usc on farms, ctce

1. Conyersion Costs by the F;gdiaod-bed Frocces

Tho cost of such cquipment is quitc low, from § 400 to § 8,000
deponding on the area to bc covered, The process is covercd by worlde
wide patonto, end in most ccscs the patont‘ royolty it covered by on
extra charge on the finely divided plastics matericl usod for tlw'procen.
A varicty of thermoplastics materinlc can be used in this process, notadbly
polycthylene, cellulose ascctaic butyratc nd Thiokol, and in most oases,
it is proforsble to buy the finecly divided meterial from o commeroiel
sourcc, since to mekc it roquires an investment of from § 16,000 to
$ 60,000, Tho fine grinding of plustics metorials involves o lot of
technicel 'know-how', and in addition to thc cost of the plent itoelf,
involvos hcavy exponditure on the oquipment neccseary for cxplosion
prevention, since fincly divided plestics materials are highly explosive
when mixod with cir in criticel proportions.
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F, MOULDING BY THERMOFUSION

In thermofusion, powdcred plostics meterial is put into e shect
metal mould which is then hected (usually by mecns of hot cir) in an
oven sunk into the floor of the production shop. By the subscqucnt
application of heat a skin of the plcstics meterizl is built up on the
inner wall of the mould. When ¢« sufficicntly thick liyer has been
built up, thc unwantcd matericl is cmptied from the moulc, vhich is
then returned to the oven to oneble o emooth surfzce or 'gleze! to be
put on the film of plastiocs layer adhcring to it, Aftur this opurotion
the mould is withdrewn from the oven; tho mould and th¢ moulding cooled,
first by ¢ jot of cold weter, cn¢ then by immersing in a cold wetcr
tenk. As the mould and the moulding cool, thc lotter separctes roadily
by resson of the greater shrinkage of the plostics metericl. This
process is used whore the total procuction quentity would not justify
the necessary laorgc investment on an injection moulding tool, or where
the article is of such & size tlat the investment on o mould cud an
injection moulding machine of suitcble eize would be prohibitive, A
plant of thie nature suiteble for thc production of articles up to onc
meire cube would cost about $ 40,000. The moulds crc rclatively cheap
to meke, and vory in price from about $ 200 for cn article ten centimetres
cubc, to about § 1,500 to § 2,000 for an article one mctre cube, The
process is covercd by world-wide potents, but countrice in the British
Commonwcalth end the French Colonial Territorics may usuclly opcerote this
process without the payment of roynlties, since the tcchniques normc.lly used .
in Britdin and Prance do not infrainge these potents,

a. ROTATIONAL MOULDING

Rotational moulding is o davolopment from the above process, by
which closed or necarly closed articles can be producod, by contrast with
the thomfﬁlion procees in which only articles thot cen be drawn from a
one-picce mould cen bc produced, In rotationcl moulding : two- or more-
Picce mould is chorged with o sufficicnt quantity of finely-divided
thermoplestics motorial to meke the required moulding., The mould is
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then rotatod simultaneously in two directions at right angles, and

whilst being so rotated it is heated oither by hot air or by & heatod
liquid. During rotation the material is tumbled around inside the mould,
with the result that a graduslly increasing thicknoss of softonad plastics
material builds up on ite intorior surface., 'her all tho material has
boon softened and sproad on tho interior of the mould, this is cooled,
thus also oooling the moulding inside., In the final staege the mould |

is opened and tho moulding is withdrawm,

Among the units uscd in building construction which can be produced
by those processes, thc following arc the most important: weter
tanks: wasto containors; bcll-valve floats; plastering trays: wheel-
barrov bodios: large rain wator gutters: large roof ridge tiles;
spooial profile baths and ornamcntal pond linings.

Conversion costs by these procosses vary vory oonsiderably acocording
%0 the type of articlc producoed. As an cxample, thc conversion ocost of
a wasto bin 41 contimetres diameter and 50 centimctres deep would be
about 554 by the thermofusion process, and a 1id for such & bin about
200%. If made by the rotationsl moulding process, the bin and 1id weuld
be made in one operation and the lid cut from the bin: the combined
conversion oost would be about 60/, these percentages as in the csso of
injection moulding already quotod, being on basis of the raw material ocest,

Plants of this nature vary in oost from ¢ 4,000 for a :3latively
small uwnit %o § 40,000 for a large plant. MNould cost from . 350 fer
an article ten omntimetres ocube to § 2,000 for an article of cue metre
oube, must usually be allowed for.
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H, COMFIESSION AND TRAKCFER MOULDING

Thesec cre the origincl processes vhich were épplicd for the
menipulation of plistics and were thosc on vhich the pl.stics inCustry
wos virtually feunded; they represent the bucketecnd-spode op.rotion
which most of us cpplied as children in the building of sund castles,
Comprossion moulding is appliuvd cxclusively to the working of tlormosctting
plcstics, and in this the moulding operction not ondy forms the desired
shapc, but also converts thc plastics matericl into the insoluble,
infusible or curcd stote. In somc cases the thermosctting motericl is
firet heated in a cylindor and then transforred to the mould by o piston:
this is very logically designcted tronsfor moulding, Rccontly machince
have been developed by which thermosctiing mciericls may be proccsced by
a form of injcction moulding,

Typical unitc produced by compreesion moulding includc tho t‘ollbwing:
door handlce ond miscellencous door ‘furniture'y o wide range of electrical
fittings such 28 switchcs; junction boxes and lamp holders; bathroom
fittings; woter closet flushing cistorns; kitchen fittings; furniturc
components such -8 stool scats; lavatory secats,

1,

Compression moulcing presses are, in some cases, supplied with
hydraulic power from a ccniral hydraulic pumping installation, but in
giving approximete costs of comprcssion moulding plant, only self-contained
prescos which have built-in hydroulic power, are here considered, Presscs
mey be equipped.with platens (i,c} press plates) thet cre heated eloctrically,
and they may bc automated in various weye to make the task of tho oparctor
more simple, indeed $he modern tendency ic towerds self-contoined end
reasonably fully automated wnits, In T=ble V approximate costs of o
limited range of thc latest type of sclfecontoined oompreesion presscs are
given,
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TABLE V  Average Cost of Compressiop Noulding Presscs

Pressure (total thrust) Cost

exorted on platens from %o
60 tonncs $ 3,800 $ 17,000
80 tomnos $ 4,2% $ 9,000
150 tommos ; $ 8,400 $ 12,000
300 tonnes 8 41500 $ 16,500

The sises of mouldings that can be produced on these preswes is
caloulated on their depth and effective or projected arca. In the
case of shallow mouldings pressure of the order of 200 to X0 kilogrammes
per square centimetre is needed, whilst in tho case of a deep moulding
400 $0 600 kilogremmes per square centimetre is needed. On this basis
a 150 toune press will produce a shallow moulding with an area of 600
square centimetros, or a deep moulding of 300 square centimeires ares.
Noulds for thormosctting materiels are usually & littlo less costly than
those used for injection moulding of thermoplestics, but the actual
production cost of the required mouMings is usually highor by compression
than by injection moulding. The convorsion cost in the operation of
the oompression moulding process varics botween 66% ond 1208, depending
on the typo of moulding produced oad the type of thermosetting material
that is used, ' |

I. B PRODUCTION OF LANDUTES AKD COMPOSITS MATERIALS

Of all the plastics available to the architect and building oomntrocter,
laminates snd related matersals aro likely $0 be the most attrestive, and
in certain aress at any rete, imitially the most funotionally satisfaotory.
The resson for this is again both paychological and teohmological, since
laminates being availoble as shects, rods, and tubes most nearly resemble
treditional structural materials. The main drswback to their extended

wen ag Duilding metericls is of course that they are costly, albeit they
offer quality for ocost.
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1o High-pressure Laminates

The production of reinforced laminatcd plestics is virtually o
scparate industry within thc body of the plastics industry, and indeed
the need to produce synthctic bonding agents for paper to replace natural
materials such as shellac, ooo. il foo much of tlic carly rescerch in
plestics, incluling Beekeland's nionecr work. The idee at the time wes
to bond paper, fabrics or mica (or indecd loose fibres or fibrous metericls
such as sawdust or wood ships) to give lemineted matericls among others
for the repidly growing clecirical industry, but it was neturzl that
¢ such meterials once commercially cwvailable were opplicd for their structural
8 well as their electrical propcrties, Thesc corly metcericls were
produced by bonding layers of peper, fobric, or loose fibres, impregnated
with thermosetting rosine such as phenol=formeldchyde or urca~formeldehyde,
under coneiderable pressure and ot clevated tomperature, so that they
cmerged &8 fully cured rigid boerdsc. The keynote of the procesring of
these meteriels was the high pressurc applied (of the order of 1000 1b,
Per square inch) and not surprisingly the products werc, ond indeed are
referrod to, as high-preesurec leminetes, This rather complicatea and
plantwise cost-intensivc process incvitably means thet thece lominctes
arc costly, and of course they arc limited in sheet size to the size of
press aveilable, Intensive research in recent ycars has done much to
balance.out thesc difficultics; sheet cize heg been increzeed, and the
plants have suck a remarkoblc digree of cutometion thot rroduction coots
ere well down compered with those of but o fow yeare ago., Ewven so the
cost of the plant is such thet a considercble and agsured market is
essuntial to justity its insteiiction. “his nced not deter a developing
country from using thesc materials wherover possible, since they are
evailable world-wide in meny grades ot very competitive prices.

For thosc developing countrics which embrace large areas of forest,
the production of resin--bonded sawdust or chip-board has attractive
rossibilities. The basic phenolic or amino-resins will present no
problem as they are readily availeble throughout the world, and could
be imported until thc industry is sufficiently established to warrant
homo menufacture. The disintegrated wood 'fillor', in tho form of sowdust
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or wood chips con be collected from gawmills in the ncighbourhood, but
eventuclly it will be esscnticl to produce the vood=chip ot the lominating
plent, usin; foreet offcuts -~nd trimmings. In the menufccture of chipbcard
the cconomy of the proccss depends lorgely on the loczl avoilebility of
wood of thc required quelity, just os the quality of the fincl preesed
boerd depends both on this -n¢ on the shope ond size (often referred to
ag the {,comctry) of the wood chip, From bcing & Cinderellc industry &
decadc cgo, the production of chip-bocrd is now o thriving industry in
meny verte of the world, and world production is currcntly of the order

of six millions tons per onnum,

Building construction is developoing countries will find mony
applications for all these laminotes. Chip-board will come in for
internal portitions cnd ceilings of low=cost hoﬁses, whilst the more
claborate laminates so familior under trade names such as 'Formica'y
'Harite', 'Porstorp’, will find use for better cluss punelling, table and
work tops, and goncral house fittings. Throse itoms would undoubtedly be
imported.

2. The Production of Glres Fibre-reinforced Polycster
Laminates (0,R.P,) (low prescure lcminates).

The functional and finencial limitctions referred to obove applied
to what mcy be cclled the troditionnl luminctes, thot is those be.sed on
the use of phenolic ond aminoplasiic resins, so thot it was & great step
forvard when towards the cnd of the wer other thermosetting resins (the
so-callod polyeatera) were devcloped for bonding reinforcing fibses which,
by rcason of the foct that they climinated no chemical products (c.g. weter)
during the curing process, could bc worked at comparatively low pressures.
Those were indeed only the prcssures noeded to keep the resin-impregncted
fabric or poper leyers together in contcct oo as o cohesive mess, and for
this réason the products werc for somc timc rofcrred to &8s low=pressure
or 'contact' laminctcs. So simple indecd did this form of laminating
appeer to be by contrest with the origincl high=-pressure process, mainly
duc to the fect that large and costly high=prcssure plent was no longer
required, that it came to be looked upon as a 'poor mon's process', and
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for & time Jj% ~ttiloued » mufreiacews viao dia not fully vnderstand what they
werc doing, with the cxpectoble result re for os the quility of the goods

and the good name of contact laminctes wee concerncc, Fortuns.tcly this

is now old history, end todsy the motcericls rroducca in this citegory
world-wide zrc of high quality, anda, for reputable gredes, quite relicble,
They arc veriously knowr in *'- tr:dc by the initisls of the fibrous matericl
now most widely uscd 28 reinforcement (since glosc fibre hes long since
repleced poper or febrics for mony purposcs) s G.R.P. (gless fibre~rcinforced
plestics) or more colloquiclly cand quite crronuously in the U.K, fibregless,
Since these matcricls heve such : coneicercble potcnticl in the building
industry, particulerly since they con be produced if NCCEEBATY On Or Lenr
the building site, they will be cescribed here in greater deteil, Glass
fibre~preinforced plistics should certuinly rank high in the priority list

of any developing country consiacring the manufreture of plastics for ony
structurel purposc,

The proccsses employed in the production of thesc matericls may
vary according to the size and quentity of the crticles -~ be produced, «nd
reage from thosc in which no demondg on plestics machinery nced be mode
but vhore o high level of crafteman skill is nceded, to highly mcchonised
“prelarsca allowing fust production roter cad being largely free frem
opcrator skills,

The most widcly employed procest, known clternatively as the wet
lay-up or hind leyeup process, places virtunlly no limit on the size or
comploxity ©7 thc moulding to bu produced, &nd is consequently widely
used for such items cs boot husiw, ouLorege vesucls, car bodies tnd dwelling
nitse The wei luy.up prec-~~, in its simplest form, mokes no demand
on expeneive moulds or presscs, and is cmincntly suiteblc in situations
where initicl capital costo must be kept at the lowest poasiblc lcvel
and where manpower is recedily awveilable,

In essencc this process employs o single open mould in which the
glass fibre reinforcement and polycster resin orc formed to shape and
a2llowed to herden naturclly without tho application of lhoat. Moulds
employed in the proccss may be mode of either plaeter, wood, or indced of
G.R.P,, according to thc numbcr of mouliinge to be made in them. Where
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a prototype is to be m:de ond only l-3 mouldings are required, a ploster
mould, scaled with 2 shellac varnish, mcy be cmployed; the lifc of such
o mould is short and the surfoece finish of mouldings produced from it is
relatively poor; mould cost howcver is very low, Where possibly

200-300 mouldinge are to be produccd, G.R.P, moulds are mede by first
propering o plaster former iu the shupe of the fincl product and, after
ponling the surfacc, forming 2 G.R.P. moulding vrount it. This moulding ,
after removal from the plastcr, forms the cctucl mould subscquently to

be used in production.

Tho indivicucl stoges of the wet loy-up process ore <8 followe:
(a) The mould iu cleancd of any residunl trccee of the relcecc agent
remeining from its previous usage, by wiping out with a clean vet

cloth and drying.

(b) Wncre & high surfecc finish 18 required the clean mould mey be given
a ocoat of wax polish ond polished to o gloscy gurfoccy this is
in general only nccossary cvery 3-4 mouldings cnd mey bc omitted
wherc the higheet gloss finish ie not required, It is then coctod
with o relecse agent which will ellow the finul moulding to be
easily removed, The most widely wged ore aqucous solutions of
polyvinyl alcohol; these cre 1ightly smecred on with & cloth or
sporge and allowed to T/

(c) The mould, coatcd with the dried film of rclease ngent, is painted
with o coat of polyester resin to which o cetolyst and an ccoelerator
have becn sdded to initicte the hordening procees. An even coat
of resin is applied over the wiole mould surfocc at o coversge of
approximatoly 14-1% o-. per . usrc foot, and thies crating allowed
4o sot moderatcly hord (just morkable with the thumb neil), before
procecding to the next stoge. This first coat, applied without
eny reinforcement, is termed the tgel! coat, If it is required thot
the moulding produced should be sclf coloured to cvoid the nocessity
of later painting, pigments or dyostuffs cre incorporated in the resin
before ite application to the mould. ’
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With the mould coated with a releasc agent ona the hordened resin
'gel! coct, the reinforcement loyers cre next appliec. The moct
widely used re¢inforcement, chopped strond met, is o ligiatly bonded
mees of gless fibre strends randomly laid to form a none-woven fobricy
the bincer holding the stronds of glass together ic soluble in
polyester resin so thct, when resin cnd reinforcement come in contact,
the binder dissolves to lceve the glees fibres flocting freely in

the resin,

The open mould is first cooted with a loyor of &« polyester resin %o
which catalyst and accelerctor heve been edded end a cut sheet of
chopped strand gloss mat is droped over the mould, The reinforcement
is lightly tamped into place ogeinet the contours of the mould cnd

" further resin applied on top of it by brush. 4s the binder dissolves,

40 a ritid nass,
- The time elapsing betwcen the complction and setting of o resin/gless .

the mat becomes more plicble until it mey be pressed firmly by brumsh
sgainst the mould surface, and into cormers and recessus,.ond lies |

“'flak against the mowld,

Parhaps the most important stage of all follows the placement of the
(glass mat) reinforcement on the mould, that of consolidation of .the
mat and the rcmoval of wll oir trepped in the resin/gloss fibre matrix,
This is accomplishod eithor by atippling the resin/glass mass with

the tip of a brush, or by rolling the laminate with o soft rallerg

- 3n cither case the object is to work the wot laminete «nd ensure thot

the glass fibre is thoroughly wetted with resin, leaving no dry patches, .

ond also et the same timo physically to exclude cs thoroughdy as

possible bubbles of .air trepped in the wot mass, When consolidrtion
of the mass is completc, furthcr loysrs of glass and resin may be

applied to build up thc thicknoss, strength and rigidity required in
the final articlc, Finally the lay-up is allowed to ostand and ocure

-

laminate and its removol from the mould is largely dependent on the

~ ambiant temperature conditions, the size of the moulding and the

particular resin employod. 8mall mouldings whose weight is not
such thot thoy would deform wunder their own weight mey bo removed
from the mould cfter a few hourr but lorger mouldings cre better




i
:
3

Ry
T T e el b e T S T T

i
b
L

1D /Wa,20/2
Page 38

ellowed to remein in the mould overnight to develop gtrength before
removel. In meny cosog, such a8 bo.t hulls cnd dwelling units,

the moulding may be pulled out of the mould aond held in jigs to
prevent deformetion, as the full strength of the moulding ie
developed over the few dcys following its preparation. Such time
loee cen be cvoided if fecilitius ere cvailable for storing the
mould «nd moulding for - few hours ot tomperctures of 60-80°C" beforo
they are parted.

(r) The moulding, ofter relecse from the mould, is trimmcd ot the
edges and woshed free of troccs of release agente Other thon
peinting, if 2 pigmontcd resin wae not cmployed, tho lamincte is
comploted anc ready for service,

A moulding made by the wot ley-up process is cheractoerised by
possessing onc surfnce which is smooth, glossy znd reflects the contours
of the mould in detail, vhilst the rcverse surfece shows the rougher
pattern of glees fibres in the rcsin-rich surfice., Where the leminete
i@ to be cxposed to the clements it is the gel ooct which is normedly
exposcd., ‘

Whilst tho protens coscribed above represents the simplest rnc the
most widely adopted febrication method, it is ccopoble of cdaptation by
degrecs to a more me€haniged besis. Equipment is avcilable which cllows
rasin to bc cpplied by sproy cun to the mould cnd the gloss met, whilet
other cquipment dicpensce with the ncod to use gluss in the form of &
mat, by chopping gloee from o continuoue rcel cnd spraying it on to the
mould, where it only remaing’ for the wet mass to bo consolidoted by
rolling. Such sproy wits cllow fugter production of lominates ond ,
whon used in conjunctionwith o lorger number of moulds and curing at
olovated temporaturec, production rcotos cen be greatly increased.

The produciion of gless=fibre-reinforced polyeotor leminctoe is by
no mecns limitced to the wet loy-up procees rad its voricnts, but these
methods represont the process in which tooling costs cnd equipment
expenditure ccn be reducod 1o & very lovw level. At the other ond of

the scale rofcronoe my be mede to the metchcd-metal die process,where

very exponsive hcated metel dics arc omployed mounted in hydraulic pressecs.
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In this process polyester resins crc employed with catalysts which become
active only ot elevated temperctures, cnd the reain/glr;ss composite is
hot moulded under pressure to give laminates with o good surf.ce finish
on both feces, and an cccurate control of laminc.te thicknese; +the hot
moulding process between metel dies cllows very ropid production ratds
of smaller laminates cnd greater consistuncy of quality is obtained,
However in this ccsc mould corts ore hich, and this must bc amortised
over many thousands of mouldinge produced; furthermorc the ccpital

cost of a hydraulic press znd ancillery vquipment must be horne.

J. THE FRODUCTION OF CELLULAR OR FXPAUDED FLASTICS

Contrasting with the high prcesurc laminct»s in thot they come ot

the ond of thc density sczle, yet resembling them in that they are

repidly attaining the stotus of o seporate industry, is the fomily of
expanded, foamed or ccllular plastics. As o closs these matericls arc

not novel, since they hive been commercinlly evailable in the form of
synthetic viscose sponges and formed rubber for & number of years, The
great stop forward come with the devclopment of ncw cad more officient
methods to expend or 'blow' the plastics, with an incrcasc in the

number of plastics which could be thus trected, ond with new ond imaginative
methods of :pplying thom commerciclly, Thoir production ise basically

very simplo, and consists of cdding to the plistics motericl in suitoble
liquid or solid form, chcmicals vhich will generatc inert sogee such o
carbon dioxide or nitrogen, vhich when liber:ted under controlled
conditione will ’'blow' the plastics metericl up into whet is virtually

an agglomeration of bubblee., Alternctively polymers wuch os polystyrcue
beeds can be couscd to toke up controllcd quentities of volatile hydro-
carbons which, under suitcblc conditions of temperaturc, will be libercted
in gusoous form, thereby increcasing the size of the plestics globule, ond
uniting o number of theso into a compzct maes, According to the method
used, the resulting oxpanded moes cen hove an open-cell or a closcd=cell
structure,

Initiclly foamed plecstics such ~s phenol formcldchyde, urce formeldehyde,
rigid PVC and polystyrenc, werc formed in lergc blocke, whioh were sube
sequecntdy cut into shects down to something like one cighth of an inch
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thickness. A reel break-through in plcstics foem technology come with

the development of foam—in-situ motorinls. This meant that a plastics
composition in liquid form (such as a polyurethane) or the ingredients thereof,
could be pourcd into & mould or covity wall where it would focm, filling the
cavity no matior how complex the shape. This was of course a rreat

advence for the builder who could cvoid the rcther time-consuming

procedure of lining & room with say polystyrenc cheet, but could obtain

tho same rosult by pouring the calculated quantity of polyurethane syrup

into the well cavity.

Whother in the form or more or less conventionzl blocks or sheets
or as cxpended-in-situ matericl, it is zlready very evidont thet there
is 2 comsidorzble future for expanded plastice in building construotion.
Whilst in the main they will bec used as ancillory meterials co-funotioning
with conventionnl building matericls, they ocan function in their own
right as primery structurel meterinls. Reports cre clrecdy optimistic
about tho use of expended polystyrene for cxemple for the building of
small igloo-type houscs, using blocks of tho foamed plastics just cs the
Greonlandors use blocks of cnow. Omce the structure hcs boen completed
the expanded plastics can be coated with o layer of concrote or of othor
guitable plostios metcricl such as o bituminous composition, BSuch a
method of construction is parcicularly to be rccommended in o developing
country, since the blocks of oxpanded polystyrene can be produced on
site, using importod impregnoted polystyrene beads. |
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IV. THR SIONIFICANCE OF PROPERTIES OF VATERIALS IN THE APPLICATION
[+ 4 PLABTICS IN TiZ BUILDING INDUSTRIES

To formulate a balanced viow of the potentinl of plostics in the
building or cny other industry, we musi of course ccrofully weigh the
frvourcble properties agtinst thosc adverse to their use, cnd indeed the
oxtont to which current or future dovolopmonts crc likely to enhince the

one or amcliorate the othor. Agrinst those propertice which fuvour the

use of plestics in duilding construction, must be sct o number of
limitations, some of whioh indeed arc determined by those samc propcrtics

which in othor circumstances arc favourable, Additionally of coursc tho
cese for or agoinst plastios must take account of properiics wh.{ch moy

be broedly dosigneted as short term, ond thus subjoct to rclatively quick
ochange, end those of & long tcrm noture which moy oxpectably remain
conrtint over the spooified lifc tim of o building. Under the formcr
category wo oonsider such propertics ce tensile strength, floxural and
impact strcngth; under tho lattor tho lees cneily defined crocp, strecs
relexation, spparcnt modulus, fotigue strongth ond cgeing churacteristics.
Although, by their noturc, plaetics ere the idecl m tericle for mess—
production in thnt thoy con bo moulded (end in general the more copice of
& singlo product required the morc economicel does their use become), the
f-prication from thermoplostics of lurge units such 28 mizht bc required
for building is still in the roalms of & teohnology thet is only now being
devcloped. Lorge stiress—froe thermoplostics mouldings have boen produced,
dut in most casos thesc aro not gelf-supporting .cnd requirc to b fitted
into & suitebly designed structuro, As has . lrecdy boon sugiested the most
precticable mothod of producing 1.rge plestics unite is by lay=up or hote
presuing of gloes fibre=reinforcod plestics, These moy provide the

necessary proportics, but by thoir neture they erc o loes economical

approcch to the problum, sincc mass production in thc sensc of truly
msockenisod working has not so for been achicved. Woll known though
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the properties of plastics miy be, it moy be helpful to reccopitulete
them bricfly, na then to consider morc objuctively the pros cnd cons

vith cpecific r~cfercace to their potenticl in building construction.

A. A SURVCY OF THE PiL.OPLRTIES OF PLLSTICS LIICH £RE
SIGNIFIC/iT I, bullwlng CONSTRUCTION

The ongincoring properties of péestics differ merkecly from those
of trcditionsl motericls, meinly in the following features:
ti) stresc-stroin curvee are not usuclly lincer up to the point of failure,
and their moduli of closticity cad rigidity ore very low; (ii) plastios
con oxhibit anisotropic behevioury (4ii) the mechoniccl performance of
plostics ic offected by the rite of stroining of the material, cad .lso
by the tempercture mnd by other environmentol concitions to which they cre
eubjccted; (iv) plestics 'crcep! considercbly under load with tim, and
oy show o reduction in ultimcote strength witl time ovou under static
loading.

tthen coneicdering the mechanical, thermel ~nd other properties of
plestics it ie imppriont to rcmomber thnt, while .8 & close they differ
from tradition2l metericls in meny ways, they must rcolly be considered
as individuele becocuse of the uide srread of their propcrtics. As an
illuetrotion of this, most plestice matericle huve o rclatively low modulus
of clegticity, which shows up o8 & lou stiffnces vhen compcred with
metcle, but vhen o polycstcr rcein is reinforeccd with glose fibre a cone-
gidcereble increcse in stiffness occurs. If, furtlier,duc allownnce is
meioe for the fuet thot the glass/rca‘m composite hoe o much lower donsity
uhzm, sza.y, 5 ferious mweill oaw, weozsfoic, for the samc total weight, otn
Yo used in thicl.cr section, stiff structurcs can bc achieved., This
~rgument, oosed on the property of stiffness, conn lso be rcleted to
nther mochraienl foatnres, c.g, strength., One con thus tilk pf
'specific' strength :nd thereby include o foctor for the low density of
vhe plastice materizd, ond discover thit weight for weight its propertics
sen be impressive., Beccusc of the lovw Young's Modulus for plostics
netericlc, moct of their cpplicotions hove been limited to gstreseed
:kin construction in which thc skin not only forme the cnclosure but
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contributes substantially in cerrying externel loads. On these lines
domes, hyperbolotdal and pyramidal structures havc been built, many of

them using plastics as the mein load-corrying motericl.

Since not cvery plustics applicetion envisages the material as
being used on & compersble weight basis, the detailed behaviour of
plestics materiels under more stringent conditions then neceds to be known,
This subjoct of enginecring c.sign with plestics is now being studied
intensively, with the result that thcre are meny new applications in which
" some plastics (e.g. polyacetals and polyamides) are replacing metals os
engineering matericls besed solcly on their superior performcnce., For
oxample &8 a rosult of long leboratory study, plastics pipes cen be made
from low and high donsity polyethylene and from PVC, to established
specifications covering a widc runge of operating pressures., Thesc
specifications have been bascd on bursting cnd stress rupture tcets carried
out at specified temperaturcs over wide pressure rongee, so that prediction
of stresses which could be withstood for, say 20 ysars, can be achieved.
If the stress ohoractoristics of on applicction cen be specified (pipe
under internecl pressurc is & perticularly simple cose) then the problem
can be studiod, specifications prepared, cnd the behnviour of plastics
meterial in such an application predicted. Metcl engineering ie, in
meny weys, the application of classicel elasticity theory; engineering
in plastics requires a different basic thcory to toke into eccount the
inherent time and tempercturc effccts. This theoreticcl background is
how being obtained through intensive rescorch and dcvelopment work on ¢
hitherto unprecodented scala.

B. THE ADVANTAGES OF PLASTICS

The currcnt goneral world trend for almost all matorials of
construction is for them to become increasingly expensive. This is not
80 for plastios meterials for which prices heve steadily fellen over refent
yoars, and continve slowly to frll oven for the well-cstablished matoricls,
thoﬁgh therc is now a dofinite indication thrt they cre sbout to rise or
have actually done so. At any rate with plostics planncrs can at prescnt
count on a degreec of price stability which is not cnoountcred fn any other
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area of commorcial metoricls., This fect, allicd to their cdventegeous
properties, mckes them worthy of deteiled conmsideration for major cpplicati

such &8 building.

The adviatageéus propertics of plostics cre: (a) 1light weight,
(v) formability, (c) sclf-coloured , (d) resistont to o wide renge of
environmental conditions, As hos alrcady been stated, plostice metericls
used in buildincz &rc gonerclly low in density, ronging from about 0.9 fer
the polyolefincs, to cbout 2.3 gm/cc for gless-reinforced polyester heavily
reinforced. This clearly mecns that plastics etructures roquire rolotively
1light supports, end thot hondling and crcction is on ecsier moticr, not
requiring undue mochcnicel aid. Plastics metericls arc cmincntly formable,
and offer dueign possibilitice over othor metoricls. The rangc of
proocsscs for thc production of plcistios units is widc, es we hove
already seen, cnd provided clectricel power cen bo ccnercted on site,
and vater is aveileble, there is no roason why these processes should
not bo carried out at any placo in the world. A 1imit;d amount of

" skillod labour is rcquired, but gencrally spoaking cnd by oomparison

with many others, whilst being plent 'intcnsive', plastics is cn industry
whioh mekes smcllor demcnde thon most on dzbour, clthough this is a
charecturistic likely to be of minor intcrest in doveloping countries
wherc labour iz usuelly frecly aveilable. In such ceses it is important
to remember thct the usc of plestice in building oan aseist the dovelopmen:
of profabrioation or in-foctory assembly, ind in the mein relatively
unskilled lebour con be put to good usc in such operntions.

Plcstice matericls con be considered o be permenontly self-coloured
though this sictoment roquircs somc qualificntion in the light of the
potential offccts of onvircnment (especiclly thot of ntrong.aunlight) upon
the oolouring mottere added to the plostios. Resistonce to ultro-violet
1light veries over wide limits, Somc metorials show excellont intrinsic
weather resistaonce (polyvinyl fluoride is an instcnce) whilc in other
cases resistance to ultro~violet light con be onhonoed by the use of ULV,
cbeorbing cdditives. By correct sclection of matecricls, resistance to

difficult cnvironments ccn be echicved, Therc is no risk of corrosion
es occurs with metcls, and within certain limitations, plostics meteriels
requirc littlc maintonence.
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C. THE LIMITATIONS OF PLASTICE

Despite thc foregoing imprcssive cotaloguce which obviously mikes
plestics highly quelified for use in building, somc of their desirable
propurtics cininot conveniently be accommodeted in wesign. For examplc
in order to ovtain sufficicently rizid structurce which will show a
minimum of change with time, it ie ncecssary to cnsure thet plastics
components arc subjected to stress levels very much lower than the
ultim.te feiling stress ce determincd by o shorteterm test. In
consoquence plastics structurcs orc frequently 'over-dosigned' to
provide the necessary rigidity ot low strcss-levels, or alternatively,
structuree arc designed which differ roidically from thosc of truditional
building, ¢.g. stressod skin ond folded platc structures. In dircet
consequencc plastics moy well be unacceptablg cither for ecconomic or
aesthetic rccsons, in lirgely functionel etructures, clthoush they
undoubtedly have & place in unusuzal cprlic.tions such o.s cxhibition
buildings.

One property inhcrent in 211 plastics which ctems from the long=chain
mclecular acture of the basic polymers, is lorge thermcl cxpansion
relative to thot of almost 2ll traditional moterials, This can be
reduced to a significant extcnt by the usc of silicotc-based fillers
and reinforcements, but even then allowance muet be mede in design for
differenticl movoments, which will trke ploce between plastics end other
moterials, This will be particulerly significont in meny doveloping
countries, whero large temperciurc fluctuctions betwecen night cnd dey,

or between seasons, cre - dominant featurc.

A problom perhcps of lese significonce in developing countries
than wherc building rcquiremente cre more sophisticcted is thot of
cooustios., Although therc orc a foy exceptions to the Mess low, in
gonersl lightweight construction providcs little berricr to sound trans-
mission, and the lightnese of plestics componente, cdvontogcous for other
reasons, ie a distinct disadventoge vhen it comes to this question of
sound insulation. Some open-ccll expanded plostics cre cffective in
absorbing sound oncrgy within an cncloscd spacce, but 1lihtwcight matericls

are of little wvnlue for sound insulotion cxcept where cffective scaling

can reduce thc levol of cirborne sound.
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Plestics are bro/dly resistint to the corrosive influencos thet

b Yt s ey hd N

effoct metals, and on thesc prounds often offcr cdveatiges of curcbility

comparcd with mctale, but in situctions wherc they ere exposod to the

woather they orc often ot o discdveatoge to other metericls, Although
only a limited numbcr of plastics products hove been in usc for more thon
& doczde, and to thct cxtuut prediction of durcbility must be basod on
restricted dote, some cuthoritico predict thet fou pleetics products can

hopc tc lcet for cs long out=toors .8 the cxpected life of the building

of vhich thcy form cn integral port: on the othor hond some cquilly
iga eminent cnd expericnced eay thot proporly formuloted, the life of o

| plestios component could be 50-100 ycars, Sunlicht, perticulurly ite
ultra=violct componcnt, is thc moet sisrmificant factor in the out-coor
cxposurc rosponsiblc for the breakdown of plostics, sincc it initictes
g; many of thc chemical reaétions by which plcstics arc cegraded, These
reactions are often of a 'chain' nature, cnd they are ~ccelercted by

favourablc conlitions of warmth, atmosphcric oxyien cnd moisturc, It

ie ovident thnt cxposurc in tropicol regions (which includes some of

the lorgest doveloping countrics) would be oxpectod to produce morc rapid
and scvere degradation thon occurs in temper toe climntecs. This is borne
out by o coneidercble body of cvidencc, not lcost by the use of tropicel
oxposure as a form of acceliratod weathering of products dosigned for

i use in tempercte regions, which dotes from the establishment of the Woet
f African Testing Estoblishment curing the war,

| Tho property which imposos perhaps the most scverc limitation on

i the use of plastios in building, -ud particulerly on purcly structural
applicctions, is thcir flammcbility, By their very ncture most plestios
arc oombustible (they arc in the mcin corbonebosed compounds), and although
they differ in the easc with which thoy can be ignited ~nd the rete at
whioh they spread flomes and propagatc fire, cnd can be modified to

cffect improvements in thosc proportice, the basic wcakness cannot be
overcomc, so thot cllowance must bo made for it in designm,
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D. BIOLOGICAL ATTACK O PLASTICS

Biological attack on plustics could be an importent limitntion,
perticul-rly in tropical countries. Plostics crc of course not zlone
in being cubject to biological, 5 well es chumiczl . nd physicel
ccgroadation; mony natv~cl (orgenic) troditional builcing metericzls are
go short~lived thet their prorerwition is o motter of ccoromic nccessity.
Plestics arc unlikely to suffor so bocly but some forms of attack are
poceiblc, the moct importcut being fungi (including moulds or mildew), algae,
bacteria and insects,

1. PFungi cnd Algee tre organisme prevelent in the wot tropics

and are frequently confused, but beccuse they cre different in ncture,

metobolism, effccts and curc, it ie importent to distinguish between them,

Algac are the best known o8 tlic slimes on water, cnd scawceds, but
terrestricl verietics arc found growing on lond in wet situ~tions; on
rocks ¢nd on the roofs and externzl wells of buildings, Thcy contein
chlorophyll and arc able to synthesize their food from water (ud corbon
dioxide with the cid of light cad troces of minep:l sclts, Rough surf.ccs
which ret-in watcr favour srowth, vhich is neerly alweys outdoors; the
smooth surfaces of glass, primtond plestices cre loss offccted but by no
means immuno, The principel cffect of growth is disfiguration rother
thin damege. Translucent polycster/glr‘,ss fibre roofing sheets crii permit
growth ond thereby losc much of their light transmission; IVC is also
affected. Algicidel compounds includc some of thc common fungicides,
but their cffeot in prints in not long-stending nd probably no better
in plestics, where their usc hzs not bcen oxplored,

Fungl occur in enormous viriety, from the lerge and even edible to
the microscopio, They arc devoid of chlorophyll cnd thus connot
photosynthesise their food; they roquire orgcnio (oarbon) compounds o
nutrients, and the conditions for growth crc high humidity cnd moderate
tempercture, light being detrimentel to some but tolcrcted by othcre,
theso being usuclly dark pigmented for protection cnd rother obvious on
building surfnoos, The most serioue effccte of fungi arc the compleute
destruction of cellulose gnd woody matter, both in demp air and in the
soil where they arc part of the actural cycle of decay ond growth, Organic
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synthcetic polymers hove not cppeared to be 8o seriously affected, but
peints ere subject to surface growthe vwhosc moin c¢ffcect is discoloration:
prolongoed resisgtance ie difficult to zchiicve in motericle oxposcé to the
woather, Plostico arc likcwisce affected, meny of the ingrocicnis such

o8 plesticiscre providing the orginic food source cven whon the polymer
basc iteelf is rceistoat, FPVC is such en cxemple, in which plasticisers
contg.ining fotty ncid chuins of oven short longth rendcr the compound
susocptiblcy o pink stcin =8 well as black potches hes been & source of
annoyancc on such thirgsas PVC shower curtcins, Fungicidda are aveileble,
varying in their cffectivences, durcbility ond possiblc toxicity to humens,
cnd thoir evaluntion is by no means o mtter of slmplc leboratory tecets,
Plestics for uec in thc wet tropicse will certainly nced exheustive
teeting for this onc property. However, scrious weokening of structurcl
members or penotration of clrdding or roof sheets is not enviscged os o
likely result of fungus attock. The extre cost of ndded resietance is
unlikely to be more thon one or two per cent,

Of the pl-stios types considercd for building uses, PVC and polyustcr
arc most liiblc to attock; polycthylene ocn support light growth while
romaining little affcetod, 2nd phonol formeldehyde behcves similarly,
Roughoning of the surfoco ofter wecthering loads to casior ostablishment
of oolonies of opores, and this is truc of most metericls; ot the scme
time weathcring tonds to ocusc loss of fungicidos and this sgrin increases
the ratc of attiok. Polyvinyl fluworide, imdicnted as of high potonticl
as & roofingd and oladding proteuotive ooating, hoe o rithor non-odhesive
surfooce, but cven this hes beon found to support mould: the growth is
easily rcmoved by washing ond doos not ..ppoer to cnuee workening of the
plestic, Foam insulation (of thc types described) is probably unlikoly
t0 bc ot muoh risk from fungus atteck, but if purtly saturcted by water
cntering the structurc it would bc oxpeected to offor little resistonce
to growth, cvon though it mey hove little nutriont volus,
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2e Bacterio

Becteria cre minute orgenisms invisible to the cyc even in colonics;
thcir presence i thercfore wnlikcly to be knovn except by their effcets,
and these are fortunitely slicht or nil in roegard to countructioncl
mcteriels, however profound (nd Jnngcirous they miy be to food ond to
health end life itsclf. Racteris pley an important rolc in the deeny
of orgocnic motcricls in soil (.n¢ con leed in some circumstcices to the
corrosion of metels in s50il) but no evidence of iy cttock on IVC or
polyethylene pipes underground hos yct cppecrcd, In any case it is
unlikely thcot plestics in structurcs will be in contoet with the cround,

& concrete slab boing o suit: blc bosc.

3. Attack by Termitc, Inscct ond Rodents

This is o metter of sorious ¢nd cconomic significonce in tropiceal
countrics. Wood provides thc food sourcc of the lorge femily of
termites, and timber (excopt o fow reeistont spceice) nd o fow othor
goft moteriils, arc licble to attoek in meay of tic hotter regions:  in
temperete londs there ore ~lso nuncrous spceics of beetlcs cnd other
insects which cttack timbere. The tunnellng of theoe of their lorvae
scriously weckons tad cventuclly destroys the wood., Plostics in ceneral
arc likely to be much lces suscoptiblce thin wood, sincc they offor nothing
of food voluo, but termitce will moke persistont offorts to ict through
protective shcathing «nd non=wood matcricle in thoir scorch for food,
and will tunnol long distrnces., The softer and ccllul refoom typcs
of plastice will thereforc be prone to such attick, cnu will herbour
and oconceal termitoe. Timber imprognotion trcotments are not cpplicoble
to plastics, but mezns of prewventing cttock could include the usc of
very hard fillers such s silicon cerbide, cnd the inclucion of insecticides.
However the lettor presents difficultice of toxicity cnd leck of perf ormonce:
there is ¢ nced for harmless rcpellonts to be evolved. Thus pentochlorphenol
is both fungicidel cnd inscoticidcl but prob:bly too vol.tile; 'Dicldrin' is
highly effective agoinst tormites but uncocepteble in houscs. Unde rground
plestic pipes would be ot risk in thic termite arees, ~nd the deeircble
or neccssnary protective shcathing or cocting would reduce t).cir cconomic
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attraction, Foamed insulation would also be difficult to protect wless
totally enclosed in sandwich form. Rodeni attack is an ever-precent
hazard, but one likely to be less successful on hard plastics then on wood:
extermination of the rodents is the only real control,

It can be deduced from the foregoing observations that, elthough
plastios have many undoubuediy advi.iageous pruperties, they also ruffer
*pom several severe limitati~ns. Scme of these can be overoome by
suitable design of plastics components. The moot rational approach to
iheir use is to combine them with other matoricls — often the traditional
oneg - in composites in which full advantage ic taken of the properties
of ell the component materizls, to provide a practicable and economical

snlutién to building problems, A summery of the averaze properties
of the range of plastics most usually applied in building construction
ie given in Appendix I,
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7. THE APPLICATION OF PLASTICS IN BUILDING CONETRUCTION

The progress of plastice in this most traditional of all industries
in the developed countries begen slowly and in o modest way after World
War II, but quite clearly it was expected to figure significantly in
the re-housing in Britain in the post-war years, as is evidenced by the
study made by the British Plestics Federation in 1944, and presented to b
the Government in the publication 'Post-War Building Studies No. 3.
Although oonsumption of plastice in building construction world-wide is
now beginning to increase more rapidly, progrees is still hindered by
four major factors: (a) the lack of knouledge of plestice by many
Cesigners and architects who are faced with a wide selection of materials
each having its own particular cheracteristics, (b) insufficient long-

term ageing end weather data, (c) the 'preference' among userc for

o Ao
b e

the proven and long-stonding materials, and (Q) the inferior 'tag' vhich
plastics geined (through mis-application) in the early days of the industry,
which etill lingers to a degrec in meny quarters, particularly in Britain,

A. THE PSYCHOLOCICAL FACTORS INFLUENCING THE USE OF PLASTICS
IN BUILDING CONSTRUCTION

In theU,K, whore tradition hos perhaps greater influence then
e.ywhere clse in the world, the use of plastics in bpilding has in recent
vears been eided by two factors, the mensible and realistic attempt by
risatios matoriale manufacturers to lead the way with practical examples
and well-written publicetions, and secondly the short supply of the
'profovred’ (i,e. traditional) matericls, The latter point ic well
illustrated by reference to rainwater goods, where shortage of cast iron
guttering at one time more or lesc foroed builders to acoept the alternative
PVC units, with the rosult that o number of those who geined confidence
@ the plastios units and their many advanteges, have not reverted to
netal,
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It ie obviously morc difficult to exploit an entirely now croup of
meteriale end their consequent design forms in highly developed countrice,
vherc dircct cubstitution is uet the only criterion, :ud whorc the demcnd
for quelity cud relichility, coupled with functionclity, forces the
plastics 'exploiter' into producing joods which lhave been soundly tosted
both mechanically end functionully, e.g. from ihe point of vieu of
wet.thorability., Cost of the unit ie of course of importince, but
providing it can offer come cistinet adviutoge such as case of ercction,
aegthetic advance, and perhips crecter desigu frecdom, then both architect
and builder :-ill consider its potentialities morc closely., At the outset
it iz important to apprecicte that the application of plesticz in the
developing countrioc connot be directly relotec to, or asceseed by, their
impact and acceptonce in more highly developed cowtriecs, for on the one
hond there ic the urgent nced to bring about o very consiuercble cnc
immediete improvement in living «nd working conditions, whilst on the
other it is more & question of 'sophisticated progrescion’s i.,e. to
improve still further upon conditions which arc, in the mein, comparctively

good cad acceptable,

Therc are of course other ad more spocific factors 4o be borne in
mind, In somc highly developed countries = and the U.K, is typical -
very great cmphacis is placed for example on thc fire hagard of plaétics,
and this to an extent whore many meterials com no longer be used bocause
they do not come within the exacting regulations introduced in 1965.
Whilst cuch regulatione arc a necessity in their country of origin,
they are perhape too limitative in other instonces, and certainly negd
only to bo used as a 'recommended practice' when considering plastics for
building in developing areas. On this besis for example, if wood was
put forward today as a new‘material for construction, it is extremeoly
unlikely that its use would be cllove’ in mcny countries for rofters,
otc. in houses, becouse of itc relatively high wnd ready flammebility,
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B, PROBLEMS IN TEE 4APPLIC.TIONS OF PLASTICS IN BUILDING

The basic problem fucing plastics is that they arc endeavouriag to
replace a femily of materiuls which in many cases have proved satisfa€tory
over centuries of servicc, and which still offer an attractive range of
properties when measured by prescuteday conditions of application and
use, It is true that plastics arc ideally suitcd to mass-production
methods and off-site fabrication, but they lack thc obvious stiffiess and
tonsile properties which are the chiracteristics of the traditional
materials with which gencretions of architects end builders have been
acocustomed. To effecct any entry agninst this almost vested interest in

the known and tried materials, will take time and persevercnce.

Heading the liet of objections to plastico onc usuelly cncounters
the question of cost, Pound for pound compared with bricks and mortar,
plestics are costly materials, but it must bc rcmembered that this
material cost is in many cases more thun offset by reduccd labour coste;
indeed thc groat argument in favour of the extended use of plastics is
that they are less lebour inteneive., A rccent curvey of the brer k—iown
in man-hours as botwecn the various tradcs in the building industry
prepared in the U.K. by the Ministry of Works, shous that o. the 13 trades
listed as essential to thc construotion of a building hy traditional
methode, the major proportion of th: total man=hours cxpended is accounte?
for by four trados, thus: preparation of site, cxcavation dreins, ctc.,
17.2%; bricklayer, 36.06; carpenter and joiner, 14,3%: plasterer and
peinter, 16,08, From this it will be clear that as far as major
constructions are concerncd, plcstice have much to offer over treditional
materials and proccdures, Plastics can be madc aveilable in convenient
sections which require neither peint nor plester, and which can be
erected on the building esite quickly and with the minimum demand on labour,
In some casoe plastics havc been developed to follow troditional dines,
as for example the plcstice 'bricks' recently introduced on a commercial
scale in the U.K., It must be remembered of coursc thot where thoy are
baing usud thosc new plastics 'bricks' arc on o volime basis, the actuai
weight of the plastics material in thesc liollow bricks being relctively small,

!
é




o : N ) . s i
" poi T e - it T it ot gy
EHMERMEI 5 . M R M S S R I PR i T, ekt g

ID/MG,20/2

Page 54

C. WIAT PLLOLTICS HAVE ACCOMFLISHED SO FAL IF BUILDING CQNSTRUCTION

Fortunately today the cost quection it not entirely a theoretical
onc, as we have a nulmber of actucl cose historios which saoi. thot plastice
ere rcalistic possibilitics in major structures., In 1963 ¢ plastics
building vac crected «.t Bakelitc'c Birminchem (U.K.) factory, based upon
reinforced plastics upon ¢ steel fr . uith timber floorin-, It

weigied 15 tons as cgainst a calculaoted wei ht of €4 tons for a conventional
brick building, and wee cstimated to hove cost -bout 20-25¢ in excess of

& conventional building of the suac total floor orea, dbut on ¢ commercial
scule, even at low production levels, it was though_t thet this form of

construction could be offered ot cout levels close to thot of conventional
buildings,

Council houces built in Middlesex (U.X.) in 1965 by Wm. Old Ltd. which
comprisc a bosic panel mode up of cement osbestos shoet on a sinsle angle
framework vith cn outer veatherproof skin of lase fibre-reinforcod

pPolycster recin, provide another oxample, The houses, built in Just
eight wecks, have their own gerige, ecatral heating, double Slezing,
airing cupboords .ui¢ builtein wvardrobes. Other houscs built by loward
Forrow Construction in Hertfordshire (U.X.) coch of vhich containe
gome 655 lbg, of Plastics, werc designed und constructed to ascertecin
and establish inst.1lation costs for the variour products included in
the houses., In anothcr oxamplc, the I.C.I. Building Development Group
Wa8 ruthless in ite seloction of cpplioations, and items such as nydon
window fittinges and hingos vhich might have becn cxpected, were got in
foct used. Tho houses, which gell at under the £6,000 level, heve urea
foam inoulation in the cavity walls, and othcr plagtics itoms include:
polyacetel tape; polyothydenc film camp coupses cnd moisture barrier;
PVC drainage, soil and wasto, cold wator and rcin water systems; PVC
electrical conduit and sheathing; PVC floor tiles: an acrylié bath;
ures gluces polypropydene and acetcl lavatory cisterna and soats,

Two exporimental housos designed by the plostics lcboratory of
the Royal Dutoh/Shell Group ot Delft in the Notherlands should give
veluabic date both on design end material ﬁmctionality, when the
current intcnsive tosts crc completed, One is now occupied by a tonant
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who sends periodic reports to Delft; anad the other is used for laborrtory
tests incluling sound and heat insulation. These louses are built round
a stoel frome with exterior sundwich wall panels of osbestos with a
polyuretianc core, and with en external finish of « sand-filled epoxy
roesin oomposition. Flastice arc used whcrever pogsible for floor
coverings, pipes «n¢ ducts, insulation and finishes. Only the kitchen
cnd bathroom, the so-culled service creas, are fixed on the cround pdan,
so that the rest of the layout cun be ~ltereu at will. Data collected

on this dovelopment will eventuxlly be weed in building c© new multi-storey
laboratory at Delft, In Belgium it ic reported thot a very simple
structure has been developed for small eingde-storey sgricultural
buildings, which could wcll be elaboreted for lou-coot dwellinge.

This consists essentially of c concrete bese into which is fixed four

or more uprighte of rigid extruded PVC, the spacc betucen these primary
pillars being filled in with plostics laminote poncls, door cnd window
frames, etc., similar penels but suitcbly modified being used for a flot
roof,

In zsecesing the success achieved 1o datc by plgstice in the
building field, too much strecs siould not be loid on the ell-plastics
hcuse as suchy indeed it is possibly the foct thot after so meny yecars
of endeavour the sll-plastics house is still not a reclity, that has
convinced far too many people that plastics have no eignificant role to
play in building oonstruction, Plastics can indeed be eminently

successful in building without over an all=-plastics house being cvailable,
and simple logic or at least basio coonomice make it plain thet, as in

€0 many other ficlds, ultimet. success will be achieved by & combination
~of the troeditional with the modern materials,

Plastios are alroedy pdaying e very significant pert in building
construction, but they arc spread so widely over newly emerging structures
that thoy are rarely self-cvidcoat, The following brief survey will
bring the position into better perspootive.
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1. Plastice i@ Structures, Shells ond Fanels

et R

Whilset builders are likcly to continue to rely on traditional
materials for the foundations and the gencrel supports for their buildings..
they will turn more und more to plastiocs for the covering aud infill
panels, The availobility of luryre shects of plastics, particularly
where suitzbly reinforced, hac made possibde thc development of off-site

mothods of comnstruction, which depend largely on the high atrength/weight
ratio of the plastics used.

The sige and cost of moulds limited thc use of plastice as enclosure
materials for a long time, but with the development of simplo and effective
mothods of jointing, the value of rcpetition in production is being
recliged., For smell buildings, strongth can be provided by the ocurveture
of the units or shells, but larger structurcs still require stiffeaing
by a frame of wood or atecl; the design then tends to the usec of flat
or corrugated shcet olcdding. For this PVC hane alrcady been foumd useful,
but fixing is not without problems, arising meinly from the high thermal
expansion of plastics clready rcforred to, Rcinforced polycster can
aleo be considered for this purpose, sad there erc many clternative
metericls using only & coating of plastics, For pancl cladding the
frames require fiirly close toleranoes in production end erection, and
the watcrproofing of joints can be difficult. Plastics offer concidercble
possibilitice for cladding high (2l-storey) buildings, eithor of the 8PI-
type based on an outer skin of G.R.P. wvith o polyurethane paint and & core
of formed cement, or the I,D.X.-type for low buildings widely used in Gcrmany
and Scendinavie in which plastics funotion mainly =s adhesives, Traditional
matericls such as asbestos/comcni =nd sheet metal arc cheaper althouch each
of these haos its own disadventoges; in the ultimete the solution mey be in
a oombination of these with plastics.

T
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2. Windows and Door Frames

This was an area in which high hopes for the succuseful application
of plastice were ecrly eutertcined, but these were initiclly deleyed
largely by the uce of citlier unsetisfactory matericls or methode of
febrication or Foth., Berly mwnufacturers followcd too slavishly the
design of the pionecr wood frumec or metél crille type of vindow,
whioh had been successfully produccd for decades in the reppective
treditionel motericls, Eventuclly from bittor failurc they learned
that the design must bec cpited both to the materiel ond the mcthod
aveilable for its manipulation. Once this was apprecicted, then the
wey was opened for what will clearly be o good growth arco for plostice
devclopment,

At present rolutively few of the numerous designs for cll=-plestics
or motale or wood=cored plostice window frimes have reached full commcrcial
soccptance cven in the countrics with adveincced plastics industries,
Although they appcar to offer the attrcctions of resistonce to corrosion
ond good durebility vwithout maintcnance, the latter frequontly falls
short of some of the claims madc, cnd thore .re accompanying problems of
dimensional stebility ond wator-tightness, aund feilurc at joints deriving
from the high thormel cxpansion, But the principel obstacle to their
wider use is still coct, which cxcceds thut of traditioncl types. In
the production of windows plasticc heve not yot rcached the stoge thot
they cun provide tie cnewer to the shortcomings of wood and metul typos
in developing countriecs, but progresc is repidly being medes In
severely corrosive conditions thcir use could be contemplited to avoid
carly replacement which vould have to be fooced if traditioncl metericle
are used, Intorncl coor frimec, and hollow chumicl skirtings which
carry elcctriosl wiring, orc olso aveileblo in plestics cuch us PVC,
ond £ind use in prefcbricated buildingsg they might roplace timber in
sroas without an indigonous source, ¢ stcel hac in pomc coses alrecdy
done. Fixed ventiloting louvroe in the walls or ue purt of o
window cesembly, are . desirable feature, ond mony such unite . re

alrecdy in production in plostice (c.g.PVC) and offer groat advantoges
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over mctcl or wood, Axbecstos cement i ¢ suiteble :nd probobly chewper
tlternative, but such units are much less durcble wad are frequently of

indiffcrent appecronce,

Plistice con frequently replace glaes for the actucl window pines
in spceicl locations, more particulerly where in case of breckege doager
from glcoes eplinters has to be envisaged, cuch &g public buildings,
schools, sports arenas and promenade sheltcrs. Doepite tic Ligh cost
compargtive with gless of 'Darvic' (PVC) :nd 'Perspem' or 'Trinspex’
(polymethyl methacrylete) which wre most widely used in the UK, (t
the preccnt, and poly-carbonate particulurly in Germeny, thic merkot is
definitcly growing,

3. Roofing Motcricls

Flexible plostics, which can be produced in widtho of up to 4 £t.6 in.
(13m) end continuous lengthe, hive an obvious usc as roof cowerings, cnd
two elestomers, butyl= ond polyisobutylene rubbers, oru clrecdy used for
this purposc on a commercicl scale. When reinforced with carbon bluch:
their wecather resistaice is good for mony yooars, They need full support,
wnd concrcte (which if properly 1aid should nced no covcring) is the
best; Dboarded roofs coan be covered, but such 2 use will plece o high
strain even on clostic matericls unlese they arc only loosely bonded,
a procedure which is not permiscible in areces of high winds. Design
deteils ere all-important in onsuring their effectivoness, particulerly
in respoct of cdges cnd joints, Liquid-epplied plastice which solidify
to thick film coatings, such as polymers in solvtion or suspension,

appcar a simple ond convenient mcthod of wetcrproofing poor conciete or
lcaking sheet roofs, but the same limitations apply tc these as to flexjible
shect bonded overull, nad their durcbility mcy be no highor then thet of
bituminous emulsions similerly uscu, clthough the difficulty cen be
reasoncbly overcome or ..t lecst modercted by using plastics such ag
opoxics combined with bitumen or pitch, :nd a number of matcriils of

this typo orc now commercielly tveilcble,
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Two other flcxible plastics crc of value a8 sccondary metericls in
building conséruction, polyethydene, wiich is used @8 an intermediste
layer betwcen fadrly lezn concrete cud .. even wedtker scereed, ecspeciclly
on smcll houscs, cnd polyvinyl fluoridc in the form of & wvery tiin film
(0.001 in.) on « pupporting composition of ambeetos fibre and chloroprene
rubber, Tho latter polymer shous cxcullent durcbility cven when white
pigmented, which makes it cepreciclly suiti ble for roofing in hot countriec;

ot present coct is the limiting fretor.

Rigid plestics hove alrewdy .chicved consideruble succeisn in the
roofin; of buildings., In muny ceges tiucee toke thc form of smell sheets
of FVC or resin/bitumen compositions, which cre used ncilu’ or otherwise
sccured to rofters in the foshion of conwventional tiles, Corrug.ted
shocte of plestics, such ae transparant chcete of rigid T'VC or polymethyl
methacryletc or acrylic copolymers, provide not only @ conventioncl roof
covering, but clso offer the ducl service of illumincotior, Herc tgtin
cost is o surious deterrent, but thic can frequently be offset by low
weight, and the greczter safety foctor offcrec by the plostics. Morcover
transparant plcstics can be suitably tintcd to counterect cxccssive sun
¢lare, or indecd to give neccssary protection from sunligcht in tropicoe
countrics, Somcwhat morc cconomiccl from the cost cagic, but mecting
much the sumc function, sheete of glics €ibre/polycoter cre being
increasingly uscd, The ¢arly history of thesc matcricls in the Uk, ,
particularly for usc in difficult loccticus such (s scoside bathing huts,
was not & very heppy onc, but experiunce cnd the ©bility to proevent the
glaes fibre scparcting from the rusin surfacc, has remedied some of the
corly difficultics, Todny theee moterinls ~re aveilable ot recsonoble
cost, and should be particularly uscful for thc construction of toth small
and lcrge buildinge in tropicul countrics. Quite neturelly such exposurc
in oxtremcly emacting, so that matericls have to be epcciclly menufoctured
for this purpose, :nd nttention p.id porticularly to the complete wetting
of the reinforeing glose fibrec cad the complcte removel of &ll volatilcs
from the sheot.

Plestics laminatcs in the form of resin-boncdod wood beoms, hove
boen used with considercblossuccesc o8 she load-bcoring members in building
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coustruction, Thise sere usced initiclly by merinc cagincers in the
procuction of spars cnd yari arms for the ship building industry. Such
metcericls, offcring us they do considereblc strcngth/w.i;ht adveatages,
czat hove definite advanteges in the developia, areas wherc in situ
production of thesc materiils will have distinct possibilitice., Function
for function thes: materials arc clearly morc costly thon thc comporable
stcel (irdcrs, but orcin quite clearly the plostics lemin: tes will heve
advantogen to offer in the developing «reas where districes for troasport
oi matericle are considcrable, cnd wherc building orcas may be in remoto
end often inacceseible locations,

4. Thormol Inculation

Plustics formc produced cither o shecto and bonad (rigid cad flexible
typcs), or injccted in mitu into wall ci.vitice or on the undcrside of roofs,
arc of low density cnd hich thermel insulation, onc are now firmly
estoblished in the building industry, Although they have somc limitoations
by reason of flammability, rclatively low working tempercture, cnd loce
in insulating valwe if they becomu wet, matericls of this type wdould
certainly bc among thc carly products of « doveloping plastics industry,
and would find ¢ rcady usc in building in cold or temperate clinates;
in hot countrics their application is likcly, but oexpcctably confined
meinly to industricl and cold store uscs,

5 Plumbing ond Rclated Fittings

This is or arce of plastics opplicction in which much has boen cchieved
perticularly in duropc and America, and although in linc with normal pattern
Britein leggnd bohind tho lealers, in rcoent ycers thoro arc indiceotions
thet curly tride prejudices have been overcomc, and that thc new materiuls
arc being :ad will be used on their merits, It is intercsting to note
in this connexion thet the firet incentive towerts the use of plestice
in plumbing was cncouraged with the publication of British Stenderd 1972 (1961)
which leid down not only the spocificction for plestics for cold water pipes,
but . lso gave what amountc to guidance to users, and it certainly gave
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encovragrment to Jdoubting plumbers who hitherto lL:zxi becen reluct.nt to
cepert from traditional matericls in which they hod Leca brousht up, ond
in which their expertisc meinly centred, Today polycthylene anc PVC
veterpiping are well cestublished for colc water supply; for hot uatcer,
difficultice havec not becn catirely ovefcome becousc of the limited
working temper..turce cnd high thermal cxpansion of most thermopl.ctiics,
but polypropyleic «nd post-chlorin.tcd PVC moy have much (o contribute in o
this dircction., Wecste pipes aloo necd frirly good heet resistance for

which FVC has not clweys been adequatc, particularly for watcr ncar

boiling point, but here cgein ABS cnd polypropylene rromise wcll,

One direction in vhicl solid progrcec hae been mode in the more 1
sophistioeted countries, is the usc of plastice in the mcnufocture of
batiroom cad kitchen fittings, Thie is o~n arca in which, based on this
user cxpericnce, considercble potentisl lice in cdeveloping countrico
whore thc demend for thesc omecnitiee, which contribute so much to the
etandard of living, could offer vhat mey be litcrclly vest markets. These
bi.throom and kitchen fittings for large mouldinss or priaiingslie mainly
in the direction of acrylics, but reinforced polycstcr water eisterns
(st presont meinly cold only), hend besins ond sinke, arc clso accopted
outlots, Complete bathrooms iuutcllod sa o unit in prefebricated
dwellinge are now offorod in Durope and America, but would not yet cppeor
an economic propozition fo. export, or for production on site or ncar
uger locations without thu availebility of the mort advonccd thchniques,
Such howover is thc rcolative simplicity of somc of those tcchniques, thot
thosc oould cad will be mide aveilable in doveloping countrios in duc
coursoc.

In this some ccneral ficld refercnce muet be mede to the use of ;
plastios, notably rigid PVC, in thc manufzeturc of rcinwater gutterings, i
down pipes, tnd soil pipce for buildings. This agein wac o Ccvelopmont
which traditioneal builders werc rcluctcat to adopt, but which in the
procoss of timo cconomics and functioncl adv-nteges have forced them to
acccpt. The usc of plastics in this woy has had conscquenticl adventages
in thnt it has mecant o reduction in the locd which roof membere have to
carry, en edventage which ehould be perticularly attractive in dovcloping
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arcaB where the houses in the main arc likcly to be emaller and of lichter
construction. Furthcrmorc there is the adviatoge thet trensport cf the
plastics guttering ctc. to the rcemotc building sites in devcloping arcas
will bc less costly, cud tlc oventucl production in or necr location

would be rerdily possiblc,

6. Pittings, Furnishingond Finishes

Plastics hove for mony yeors provided e wide ronge of fittings end
furnishinge for thc building industry in thc form of the encilleries
which are added to thc finishcd building to mcke it functioncl., Some
of the ccrly products werc not too succcesful mednly becouse they followed
too slavishly thc design of mctol prototypus, but manufroturcers heve
learnt thoeir lesson, vad todey the vide range of whet 18 conerclly styled
door 'furniturc', (ud thc misccellincoue cecorative beadinge wnd pancls
which arc ugced ce embellishmontc for walls cad built-in furniturc, ore
m~inly well designed «nd very functionzl, Today metile are focoed with
formidable competition from fittinge producced in phcnolics, aminoplostios,
nylon anc ABS. 1In acdition leminited shect, ususlly plcasantly deforative,
is widely usod for lining kitchen cnd bathroom walls and for work tops.
This matericl is no doubt one of thc most versatile cnd broadly useful
of all plestics products.

Plastios have > virtunl monopoly of thc ciectrical fittings used
in end around buildings, end thic is on arce where stoady oxpension can
be anticipated,

Plostics finishus plcy a significant role in tlc decoration of
building structurcs of all types, and particulerly in the domestic field
offoer much thot ie ettrective to the doe-it=yoursclf householder. Plestiocs
are uscd incroasingly for woll coverings, and plastics-conted mutels (which
erc really metol/plestice laminctes) add not only to the aesthotio
appearance of dwelliir ho.ses, but can olso meke o definite contribution
to their structure.

Plestice have for many yoors found growing use in the produwotionm of
whet is conventionelly known as peint. Eexrlicr this group of matericls
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was mainly bused on linsecd oil, ¢ natural gums ir the case of vornishes.
Today the main ingredicnts cre cither straight polymers euch us acrylics
which give rcmarkable glossy and herd surfaces, or polymcr modified oils.
In somc cascs plostics are combincd with natural bitumens and pitches

to givo cocting compositions vhich have functionc not only as voreatile
adhesives, but also as anti-corrosion coatings for metcls, end as moisture
rosistant coatings, Compcositions of this typc which cre usually beoeed

on a combinationof bitumen cnd epoxide reeins, should be particulcorly
useful in tropical countries wherc rising damp in buildings has cither

to bc troated or prevented. In this particular context plastico ploy

an evon more importont role in the preccrvotion of treditional building
meterials, perticularly stonowarc, The surf{acc trcotment of stonework
with opoxide resin compositions, or with compositions bascd on one or
othor of the silicones or silicon estors, are most effective in the
rejuvenation of old stonework or in the preveniive protoction of thc new.

Furnishings cro usually the rosponsibility of the house occupier,
but in housing for officinls, in echools and in hospitcls, therc is
scope for moulded podypropylene cheirs, floor coverings, curtcin fitments,
and many utensils; thesec again are among the more establishod products
of tho oxpanding plastics industry. In this ficld thore is much to be
said for the use of plestios in doveloping ercas, perticularly in the
tropics, whore the ravages of termite have to be faced, Whilc plastics
cannot be guarantced as tcrmite resistont, thoy are certeinly more resistont
than wood and the comventional furaishing fabrics,

D. 'THE SPECIAL ROLE OF PLASTICS IN THE PROVISIGN OF *SELP-JIELP'
AND LOW-COST HOUSING

The provision of adequatc housing ot verious lowls is a priority
objootive of most dogoloping countrico, and if carriol out in full would
in somo onses absord the whole or mueh of thc nctioncl incomc and messive
aid as well, There is thcrcfore groot incentive to find woys of reducing
the wnit cosi, as well as of the timc t-:en in duilding, How far ere
plastics able to assist in both thesc objcctives? This will depond wery
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largely on thc typc of housing envieaged, and can best be concidered
under thc scparatc categories ranging from the most simple up to structures
of relotive luxury, anc structurcs in the public scrvice anc inaustrial

sectors.

1. Sclf-help Housiag

Let us consider first of ~ll what is now broudly referred to os
'gelf-holp' housing, tnot is the provision of houscs where motericls of
construction alonc hove to be supplicd, the lcbour necded for crection
being drasm from thc loccl community. The cost of even the lowest-priced
housc which cen bc mede aveilsble by national or loccl cuthoritics, cven
at heavily subsidised rents, is frcquently beyond the means of meny
familics, gomc of whom arc living in what arc litcrally cssemolics of
sorep materinls - old sheot metal, discarded timber, boords, etc. ~ and
ncturel products such 2s pelm fronds. Small commmnities ccn exiot like
this for o timc with littlc worse cffect thon discomfort and deprivation
of amenitiee, but to cnvisage this with ¢ larger pepulction produces a
greve risk of discasc, discontcnt ond lewlcssnces, wnd requires ctrong
and speocdy zc.ion.

8incc many of the prospectibe occupants will not be in a regular
job, often not cven working the land at subsistence level, therc is great
attraction in mustering thcm to share in the work of building for the
community simplc but adequatc shelter and amenity buildings, S8inco
skills are likcly to bo low, cspecially at first, the design ond meterials
of suitable structurce must bc carcfully adjusted to the cbility of & ailable
workers to usc them, perticularly since initicl enthusicem can soon die if
resulte arc not forthcoming, Hitherto the ccmmoncet mcthod of construction
hos been the usc of rammed corth or cementesand blocks, with & oheef roof
on timbor rafters. Sctting out cnd supervision for such vork requires a
skilled workerj ¢ carpcutor is also nceded, but:thc rect of thc work is
soon lcarnod. The cost of moterials for a two-roomed house is around
$ 300-4%0, and the lcbour cost involved ncod only be thet due to the
frotion of tho icw paid workers' timc shored betweon the houscs,
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Whot are the prospects of plastics moking the job easicr or clicaper?
At present the ancwer seems to bc, very littlc, but the prospects cre
better. A principal objection is that the actuel cost per unit :reg,
for walls or roof, of any plestics uscd at a sufficiently substcitial
thickness, even in the form of sandwich punele or shcdls, ic relotively
high. Hore thc usual advantege of light weight of plastics counts for
very little, since therc arc many uwilling hconds to haul th: matericals to wnd
on the site, and the unite are small, A further difficulty ic the much
finer tolecrances, and thcrefore the greater core and ekill, vhich is
neceded in setting out cnd crecting the frimes on which to mount shects
or pancls of fixed sizes., For comparison it mcy be noted that timber
or prcsapt concrete fromee would be difficult to ercet to close enough
toleranccs, whilst prefcehricoted egtecl frames would coast more ticn the
blockwork walls,

A8 an alternctive to the on-site cssembly of plestice ehecets or
pcnels, the erection on a preparcd bose of o prefabricated complcte
shell or unit may be considered. A simplc cubic structurc mcy be
imagined, formed of squarc dished pancl: bolt~d to ether, on¢ or more
heving door or window epertures, Thie would have certain atircctive
features: simplicity of erection, light weipht for casy troasport,
strongth to resist demages But their production in larpe cnough sizes -
at lcast scven feet high - would require a fairly edvenced production
facility unlikely to be roached ot an carly stuge in & country's
development, with the alternative of importing such structurcs prc-formed
from an industrialised couniry, thercby increasir. costs, end reducing
the possible percentagc of indigenoue liobour. As port of a crash
programme, c.g. in cose of hurricanc or carthquake rclied, suckh units
micht have considerablc usc; thecy migcht in eny casc b¢ provided ce
national 2id, dbut as part of a stealy rehousing projcet ueing 'sclf-heclp!
lebour, thcy would escem only suited ac temporery zacommodetion while a
slum sitc was clcarcd, and thet only in countrics with an ..lready
developed industry.




ot .

T A

SOOI R B e s B e

o o o b ot

S

I8
¢
i
e

ID/MWG,20/2
Page 66

2.  Low=cost Housing

Next to consider is luw-cost housing; this presente a scparate
problem. At the next higher level houses of cimple dcsign, but offcering
morc amcnitics (nc o more cubstcntial structurc, .rc provided by a local
or national ~uthority, but arc built by a direct labour department or by
contractore, Rcnts will usually be subsidised according to nced, Costs
of thie typc of house orc in the rcgion of § 1200 for two bedroogs, up to
¢ 3000 ior lerger units, and for flats in multi-storey buildings § 1500-2100
per unit, o.g. in Hong Kong end Singaporc. The forme of construction
most fovourcd hore have been concrcte blockwork, brick or timber where
available, und concrotc post-ond-pancl, for housing of onc or two storeys:
above thot reinforced concrete ie almost wniversel, somctimes with blockwork
infilling. Rocfs of flat concrcte slab type arc commén althourh shect
(metal or asbestos cement) is much used, Windows are ¢legod, the fremes
being metal or weod, and often o poorly peinted as to nced cxcossive
meintenance, Thesc arc very similar to thc housce built in Britain for
omergonfy housing lmcdiatcly «ftcr the last war,

The The prospoctes for on cerly application of plostics in this region are
again noct groat at prescnt, and an sll-out design offort is noeded to
utilise oxisting plcstics tochnology in dettor woys to thic ond., Room
siges will be larger than in 'sclf=help’ housce, nccessitoting o ther
larger penels or more complox fromes. Comfort will have to be studiod
end provided to 2 greator degrec so thot the thermal environment must be
controlled, c.ge. insulation may be needed, cnd hero foomod plostics can
bc useful, Doficiencios in construction can lcad to loaky roofs, and

in this connexion it must bc rumemborcd thot liquid-applicd plastics

mey not be such & good romedy, cspccially in hot climates. Shect
polycthylonc can find a usc ts & watcr-proofing laycr botwecn conerote
slab and o lightwcight insulating sorcod, ~nd as o damp-proof oourse.

But for thc mcjor units, walle cnd roofs, plcetics of cny type are not on
imncdiate cconomic proposition. In=fill panele of singlc or composite
shoet, in multi-storcy blocks, sro an exccption. Bituminous compounds
and emulsions hove been the mrin stand-by for mcking up the deficicnodes
of roofs; thcy arc not always succcssful, espccially in hot climetos,
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but arc cheap, Of plastics compounds as alternatives, the best so for
scems to be 'Hypelon', but thio is far too cxpeusive for lowe-cost housing:
its whitences is a very uscful fcature difficult to cquel in or on
bituminous compositions. As alrcady mcutionec bituminous or pitch
compositions containing plastice arc now being, incrcesingly applicd with
succcss,
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Polyvinyl fluoricc film, usct as o laminate on varicus hases such
as metals, plywood or ucsbestos cement, cnd on flexible roofing sheetn,
holds out great promisc os a Curablc protcctive cnd waterproof surface,
But its present price puts it in the luxury cliss; reductions from
incroesing volumo of production arc¢ hopod for, but it is not yot o plestic
with forsceable production in devcloping countrice, and c¢ven the operction
of bonding it to poesiblc indigenous substrates cclls for some fairly
advcnced technology and skill, Nevertheless, cs o moans of upgrading
products such as chip-~board, or plywood, which con be produced in cowntrics
with forcst resourcce, it is o matorial of comsidoruble potontial.

3. Mddlo end Uppor Clase Housing

In tho devoloping co.ntries there is an wpprecichble demad for
high quality houses, provided not only by privatc entorprise for the
commorcial world, but even by governments for thoir higher officicls.
This makcs quito substantial demands on the edonomy, and any way. in which
the cost can be roduced or amenities onhonced would be welcomod, Since
tho pcrmittod cost can bo high (£20,000 to £30,000 per house is not
wnlnown) and sincc styling snd emenitics mey be of the highest order,
this may be a fruitful ficld for experimentation :nd epplicction of plestiocs,
“nd although it relates to thc favourcd few, should not bc ignored in ony
study which may principally be ¢oncerncd with the nceds of the great mass
of poople. “ ‘

From the foregoing it will bec apparent thet the immediate prospects
of & repid eprlication of plastics to the solution of housing probloms,
utilising the aveilcble matcricls and techniquoe, do not sccm high, and
therce is littlc ovidence of reodye-made solutions, Whot soeme to be
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nceessery is a margincl improvement in certcin propertics of commcercially
availeble plestice, plus ¢ strong ~ttock on the design of cppropricte
building forms ond mcthods to utilise them. Thic would call for a
combination of crchitectc and cngincers expericnced in tropical needs
togcthor with expcrts in plostice production cnd design, working alweys
within the frumework of an cconomic fereibility study, and provided with
edequaic funds to cnable them to study o wider ronge of climates ond
necds then ic possiblc on o purcly nationtl approach. Such o study would

cover the requiremcnts  of thc possiblc occupicrs ac much as thoe propertics

of plastics structurce rclevant to clim-tc, Traditionol houeing in

most ports of the world hes cvolved to meet, within the limite imposed

by the aveilablc mcaterials, the demcads of both the structure end the
occupants relovent to the climote, Thus the thicke-walled mud dwellings of
hot, dry regions, with their small windowe, act ns berriors to the heat

of the day, but sturc thie to amcliorcte the €old nighte; at the some
time the durability of such structurcs is :ppropriate to thc climate,
Plastice can provide some of thcse needs quitc welly they cre obviously
adopted to light opun-sided structures, but whcrcas the loss of o palm or
tree hut in » hurricanc is not © monectary disaster, pleostics houses would
be vulneruble cnd exponsive to lose, Insulation can rcecily cad cheaply
be provided by plastice but not thormal capacity, which demends massive
end weighty matericzls, To o large extent concrete, ranging from mcssive
to lightweight, which is thc immcdiatc and most serious competitor to
plastics, can provide bdoth,

4 Sghools

School building es 2 social necossity follows closely on housing or
indecd parallels ity tud oven in Burope and North America still aboorbs s
substantial proportion o'r national expenditurc, At zll but perhaps
tho highcet levels of cducetionnl roquirements there is in school bduildings
scope for much stendardisation end the production of eimiler if not of
idontical structures. A modular system is uscful horc, offering varistion
and oxponsion within the limitec of etandcrd sizces end shopes of individual
units. Plastics must corteinly be considered on ~ll these counts.
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Single-storcy buildings ore gencrelly nroferrcd, ane frome or crog.wall
congtructicn with infill or cladding pancls is o common aprrorch, with

both flat and pitched roofs, Requirements for plustics, in outer pancids

ond inner partitions, arc high impoet resistiace to avoid demage, smooth
hygienic wnd casily—cleoncd surfoces (which most plesticc postess), wnd

& wide ranpe of colocur. Too nilamine/forwcldchyde luminsted sheet is

elmost idea here, but of hirh cost, Plaztics uscd &8 thc bosis of «.pplicu Hi
finishos or plcetercd wells arc re yet the preforred method, Ahother
velueble epplication of moulded plestico could be e the externcl sun—sghading
louvres which uro cesenticl in hot countrice; +hs roofing of covered
walkweys betucen blocks is another,

5 Office and Prostige Buildings

The lerge size aond height of modern office buildings, dictated by
the cconomics of letting and by prestigu, usuelly call for construction
in stecl and reinforced cuncrets, but there is scope for plastics as
insulation and infilling pancls. Thore is ctill somc relustunce on the '
pert of contractore to usc wholly orgcnic matericle, ond even orgrnic
extorior finishes certainly connot be saeid st preoccut to equel the life
of a traditionzl building sincc they causc incrcoscd maintenunce oost,

Buildings of this typc are clrosdy quitc common in tropical countries, |
where as aolready statod the climate mekes itsown domend on both meterials |
end function, Thua, dissatisfaction with cement, peint cnd orginic J
finishos, on which clgao soon cxcrt their disfiguring offect, hos lad il
to tho uso of expengive impervious facing motoricl such @8 marble, moseic 1
and gloss, Agein, waterproofing of roofs deminds good techniques, is 1
not clways setisfeotory even with troditional materials, cnd cra bo |
greatly helpod by the providion of heat-reflective surf.ccs, for which
plcstios can bo used directly ('Hypalon', polyvinyl fluoride), or os

liquid coatinge on the watorproof leoycr. Office buildings ccn use lorge
qucntitios of plastics for irtarnelwork both functionally und decorctively,
renging from partitioning to plumbing, from ceilings to floors (acoustio
and floor tiles), cnd from clectricelight fittings to furniturc, That thoy
are o potenticl firc hesard ies the strongost crgumcut cgainet the use of
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ploetics in hi-h buildinge, In the ULK, the G,L,C. regulations ere much
mere strinzent for the fire resistonce of motericls used in highe-ricing
buildings thonn for low buildings, «ad more thon normel fire resistonce is

required in vchools end hospitals.

6. Houpitals

Algo on thc lurge scole but completely differcut in function and
speciaitiscd requircments, «re hospitels, A lorge amount of dato on
metericls cnd lay-~out hove bcen accumulcoted in this ficld, and it i often
possiblc to decide thc merite of o mnew product by referencc to cxisting
case histories. Plastics have much to offer, cspeciclly in hygicnic
quclities couplcd with decorctive cppearconcs, Thus opernting thectres
for which ¢lazod tilcs were oncce coneidercd eesuiitial, —re now lincd with
vinyl shcet wclded to form a continuous surfecc cnd thus with no joints or
cracks to harbour dbacteria, Existing theatres ciui -1e0 be troated with
suiteble plastics compositions of similor besis. Corridor wells whioh
rcooive rough trectment from trollcys, cen be lined with hard mclamine
laminotes, or rcpeired with tough polycster compositions., Floors are
covered with plostics or clastomeric compounds, ond clectrical conduotivity,
noeded to climinc.te static and tho conscquent risk of explosions, cen be
'built in'. Even so the desirn of hospitcls remeins very much o 'one-off!
job, and the merits of repotitive mouldings cnd stoadcordised wnite do rot
so for eppear to have becn appliod to cny significant extent, The
plostios usuclly used are the more sophisticated materials aad therefore
lese likely to be available in the carly steges of . doweloping industryy
#0 that oven o fairly lirge demond for this important typc of building is
unlikely to be a useful feature >f cconomic procress, since it will
inevitably requirc the import of suitoble materials, at any rate initially,

Whilst this may be slightly outside the strict terms of reference
of this survey, it is on aspoct which is of supreme importance in deweloping
countries, where the question of fueding the population is frequently as
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critic.l a8 thet of houeing thems  The neccn of the horticulturist in
particular, ccll for rcli tively light structurcs to [ ive vecteetion Curing

the germination ~nd carly grouth stoge of plints whre tloe overcll production
cycle ie relatively short. Noturally tiic ic 2 subject wiich lus for

years received considersble attotion in Tritein where the voorrics of

the clintte meke it ceocaticl o concorve hent cand utiliee sucligit 4o the full,

hithorto thie uced Les heen et by the use of ;lozed woodon structures,

i
T

but thoce have many disidvent:ges, not the leest of which ic tlir con
end, by roeason of tlcir wieisiht ne the frogility of 1he (loss, riletive

immobility, and vuln.r bility to storms of hedl cad wind in perticuler,

Whilct at presont plestics (particulrrly (lase fibre=reinforced
plistics) cannot offor much coet adveutage, they ~ffcr considertble weight
saving, and ecn be mede much more dur.blc th n the proccat wood/gless
structurce, 8o for the tendency hae been to follow the troditional
dcsign of thceso structuros, but current idoce arc turning to morc
revolutioncry design concepts vhich plostice alonc ocn justify, Plestics
have of oowrse athar ecdventeges to offcr in thot if corcefully soleoted,
their use ccn avoid the ultrae-violet and/or infro-red cut=—off which is
incvitablc with gloss, There is some division of opinion cmong experts
on this point ¢t present, but this is raticr on m ttors of detoil and in
specific diroctions, .nd it hac roceived world-wide atteantion in the past
dcondo, An coxtonsion of this idee which is applicoble to the growing
of ccrtain ocrops is the uso of inflitablc plastics structures, or of the |
rclatively fr..il astructurcs used for gencral building-sitc protecction,
vherc licht wooden, metnl or plestics fremeworks rrc coverod with e
flexible P¥C, polycthylonc, or butyl rubber ‘'skin'., In temperete climetos
the plastics metorial wotld lost for sewveral yoars, Lut in tropiccl countries |
it would have to be replaeod caoch scason, |

In addition to providingWhese more fundamental structurcs for both
ugriculture and horticulturc, plcstios cen of oourse provide much of the
ancillary fittings and equipment uscd with thom, Aguin plastics oan
offor the groet advontege of ctrongth bth light weight, ~nd vhet is of
peramount importancce in tho diffiocult conditions usually obtaining,
rosistance 0 oorrosion. In thc early stoges of devolopment both tho
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structurcs and tac necocsery cquipment can be purchised from counirics

in which their manufocture is nlready fully commercial, but it may well
be cn item worthy of coneidirction in e developing country for opcrotion
per se, or to opurnte clong with the development of plastice for gencrcl

building construction.

E., - COMPARATIVE COLTS

Discussion of costs in o rcview such o thie ie inevitebly limited
to gencralisations; tono many factors arc involved in any single costing
for a material or & complete item or structure for tiic to be more than
a rough guide. Labour coets can be assumcc to be lower in underdevelopod
arcas, though this is likcly to be portially offseot by the incfficicncy
in workin; methods and of thc labour involved, Indigenous motericle
may appcor cheapest, but products of such o home-based industry are
often higher priccd (unlcss subsidised) than those of comperable matericls
imported from more highly advanccd countries, in spite of the freight
chirges ;I.nvolved. 30 for therc is no plcstics production in a smell
devcloping country cveilable to illustratc this point, but it cen be
quitc dcfinitely stotod thot only where therc is 2 high labour content
in thc required product ond the corresponding supply of ‘choep' labour,
cen prices expect to undercut those of advanced industry. .

In attempting somc cost comparisons, which regrcttebly prove ot
prosont gquitc unfavourablc to plastics, it has sccmcd better to confine
thom to onc country, end to indicate how factors such cs frcight and
local labour coste might affcet them, The following comperisons are
bieod mainly on metericls, but even wheie labour cost can bc shown, the
true comparison would still nced to include other extrancous fectors,
for example a plestics roof mey nced a much lighter cnd therefore chooper
supporting structure., HNo menufacturer hos provided a working figure for
tho cost of simple sholl buildings or even of pancls for cssembly, thus
precluding an attompt to asscess the cconomic possibilities of these .
iteme. In the following tablc current U,X. fricos provide a broad besis
for comparison betwoen troitional building metericls cand possible
plostics nlternoctives.
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TABLE VI  Comparative U.il, costs for Trawition:zl ond Ploastice
Building Matorials
Item Treditionel Motcricl Cost Pl.rtics cquivelont Cost
(mcoyd.) . {eg.yd,)

Lo

Wells  Concreic block 16 in. JR.P.(materials only) 34/~ to 42/~

by 8 in. (inc.labour) 40/~ PVC  (motericls only)  30/-
Extrc for rendcring FVC  (uirc rcanforced) 35/~
extornally 1/~ Freming 60/~ to 80/~
Coucrcte block Sendvich pancle
(Trinided: pricc) 30/~ (incl. inculction) 63/~
plus rendering /=  Scndyich pancls

(on supporting frrme) 112/-to 135/~ -

Roofs  Asbestos shoct(metcriel) 10/6 G.R.,P. (matcricls) 34/~
(fixed) 16/-  G,R.F.
Aluminium 20¢ (mcteriel) 20/- (sclf-extinguiching) 42/-
(£ixod) 50/=  P¥C ao 2-layer system
Copper  22¢ (matericl) 28/- on bozrds or concrete 22/
(fixed)  93/- (fixed)  35/-

Golvenised steel slwct
24¢ (moterizl) 13/6
(fixcd) 18/-

m&&{"ﬁﬂ conerete
llﬂb 6 in. . w/.
plus scrced 9=

In the chovo comperison an cven lower pricc mcy be token for
ooncretc blooks 2s thoy mi;ht be produced in most developing countrics,
evon assuming no indigenous comont menuf: cturcy the quality may be lower
but quite adoquate: onc such excample is Ziven in the table, Thus without
e supportiyc freme o single shcot of plastics (cpart from vory low quality
products) would cost morc than block wclls. On the other head rigid
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pancls 3i fstructurcl' clop., roeaing 2o firwe mad copable of supporting

. similar roof, vo 1l cost very littde morc, Trousport costs might (dd

i 5% to those quuted. Sandwich poncls would not co.m cconomic, ~e o concrcte
; crogswell building could morce cheny,ly hove nun=lond bearing block infilling,
Local lebour iz f-irly readily troincd to <he production of blocks, which
cre choap cven if production i fer frem avtometod, but occisionilly leck
of a suitcblc send or rs, res~tc would meke them loro compotitive. Corructed
phonol=fcrmeldehyde sheet approaches the cost of grlvinised or ~obestos
sheet: its fixing cost would bu sbout the scmc, but ¢ rother lichter truss
might bo used. Whilst it might be considercd as ¢ uscful zddition to the
cconomics of « ccmeat plant, its questioneblc weethcrability in tropical
climetes wou.d have to be taken into 2ccount. Pipeuork has not becn

shown in tLiz table, but it is o ficld where plestics are checper thea
metals in overy woy - matericls, freight end fixing. On cll counts the use

of plastics for this purposc should be stron;ly pursued in cll doveloping
countrics,

P. ETANDARDS AND DIMEISIONAL CO-ORDINATION

Where plastico are cpplicd on an industricl sccle for cny mejor
'gervice', ond particularly onc so vitcl to the community os building, the
most rigid control both of row goterial cnd cod-product performence is
cosontial. This is donc through the medium of both loczl (that is os
betwoen supplier ond user) end netionclly formul. .ted cnd agreed stundards.
In the oarly doys of plastics they werc supplied and uscd very much ad hoc
but it soon becamc epperent thzt if ultimcte chnos wos to be cvoided
% standards had to be cireed not only at nctioncl but if possiblo ot
irtornctionel level, ond thonks to yeare of effort scome measure of
succoss has hoen nttoined in this dircction, Indced in most of the
industrielly dowveloped countrios where mony plestics products have now
gained a2 mecsure of acceptince for building, standerd specificotions
heve beon formuleted for - considerable ronge of thesc products, c.g. for
pipes and fittings, corrugcted shooting tnd thermal insulating meteriale,
Ideally such stondords should be drawn up before large and expensive
manufocturing procescos arc inatalled, but in the noture of industrial
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prorress, o product stiadard is not usually callcd for until ruch o product

hog found some cegree of ~cceptonce in use,

Such stondeords orc usually desizred to meet locil commercicl
requirements, and to wasurc cmong menuf cturcrs the mointcnince of
en ecceptable quolity ce well o za cgrecd dimeasionsl system, (nd only
indrcctly do they scrve to help the uscrs' intercsts, Howewver, the
practice in Geveloping countrice vhich crce cotting up their own
meaufecturing focilitice, of ‘ccepting tlese stondords with the minimum
modificotion, is o recsoncble oue at Jiret, ~lthough it would Lc beiter
for such countrics eventuclly to formulatc stoaderds (boik cimcneionzl
end performonce) cecording to their own specific nccds but toking
adventope of rrevious vorla-wide cxpericnec, before they cmbrrk on any
largo=-scale manufocturing cxpenditure on their ovm account, These ISO
(International Stendards Or;onisation) stondords -re clready avedleble,
cad every cffort should be mcde to conform to them os o hesis for
netional stondards, but failing this the most widely accepted sinndords
should bo adepted to mect particulor nationcl requirements,

1. Codes of Proctice

A somewhot different csituction cxiste for comstructionzl standards
end coder of proctice. A limited number of codes of proctice is
aveilsble for thce usc of plcstics producte, moct of thecoc beihg concerncd
vith pipowork, but for the most port thesce logp conciderebly behind
product stondards, cnd follow loczl rcquiremente ~nd building proctices,
They arc designcd to providc o~ juide to uscre, but are only iesucd =8
roccommendations which moy or mcy not be followed, except where building
rogulations cnd lows make perts of tliem mandotory, Beorusc ot presont
they cover only 2 very limited runge of cpplications, tiere is little
guidanco for tho uscre of most plestics building products, in perticular
those relating to structurce, othcr than what can be offercd by the
manufecturers who, it must be admitted, often hove only limitod oxpercince
of building requiremonts. In cny coec, vorying locel conitionc in mony
countries, cven in thos more highly developed, mcke it cosentiel thot
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f; cny codes shoull huve o Cogree of ilexibility., It iz csscaticl to ctress

however thrt such codes cannot cosily be trausloted into the requircments
for developing regions, wnd becruse of ciffcerent counditionc of ~viilability
ond skill of lebour, ood proctice in developin,s regione is likcly to be
achieved in very diffcerent weoys from thot ccecrted in develoned countrics,
Therce is o casc for cstoblishing, @ ithin the United Intions Or;rnisation,

codes of pructice for the usc of rlrotics buildin. products in develuping

countrice to mect the specific requircments of coeh, whick would no Jdoubt
very, yet show miny common fcoturcs., Fer newer forms of construction
involving plestics, where therce iz no cstablished rroctice, ~ common source
of tdvice nd inform-tion could rovide & besic for satisfactory codee,
vhich could bc tiilored to mect the requircment: of individuzl countriec,
With its better cccese to the tcohnical cxpertise nccessiry in drawing

up codes ond stondards, the ULH, could formulate, within «n svercll freome--
work, suitoble codes for the cdifferent climetic regions, to be uscd with

& minimum of modificcotion in the differont deviloping countrics,

2. Dimgnsionc) Co-opdinotion .

{ Dimensioncl co=ordinction, oo cppliod to builcding, is & subject

* which, althow 'l thc bosic conccpt is simple, rcquires o somewhet longthy
end oxpert discussion not oppropricte to this survey. In any developing
rogion, where thic optimum uscge of time, motericls ond moncy is necessary,
this will best bc nchicwed if o scuneible bosic systum of dimensional
co=ordinction is cpppied. In cppreciction of this, the Unitod Hotions
Orcenisetion hes proviously cosmissioncd - numbcer of reports on the
snbjcct‘, throush the Committoe on Housing, Building cnd Plenning of ite

s TN i sy cund

1. Report on the Working Group of Moduler Co-ordinotion in Housing,

i U.N. Dcpertment of Boonomic and Sociel Affeirs (1962) ST/TAO/SER,
¢/59/Rev.1: E/C6/36/Add.8 New York 1965.

Alvaro Ortegn: ‘Moculcr Co-ordination in Low=~cost Housing',

U.N. Bconomic .nd Socicl Council, Junc 1961, E/CN,12/8C4/9. |
Industriclisation of Building - 8tatus of Modular Co-ordination in the
Diffcrent Geororephicol Regions, U.N, Economic and Sociel Council,

Aug. 1965. E/C.6/36/4dd.9
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Beconomic ciid Socizl Council, Thesc discuss ilie requircments cad Troblems

in congidcroble detoil,

The besic principles ~re that dimensionel co-ordination would recuce
cocts through ;renter officicney in tihe usc of meteriels, ot the same time
resulting in o smellcr number of stradord types, This would create o
bigrer morket for cech type, cnd moke lerge-scale producticn possible
with o consequent pricc roduction. Rccommendations htove been mode for
the edoption of « basic modulc of 100 mm., =nc for = number of combinations
ond multiples of this for various units within buildings. It is cleer
that plastics componcnte, lirge or small, could be designed within this
modular fremework without problems, and thie approrch is obviously to be

rccommcnded,

Despite the appc.renta::vmtr.ges of this ep;rorch, it is clear from
thu rcfeorence cited thot dimensional co=ordinction is rpplied only to o
vory limited cxtent in developing countriee, cdowpitc tlc fict thot it'is’
probebly equelly or more import~ut in these than in ihe devcloped countrics.
To datc, in the developing recions, only in Indic, Fokisten cad Lotin
Americe hes it roccived scrious consideration, tnéd it is clear thot
further cncouragumont from the United hntione Orgenisetion is ¢ 1lled for,
The edventeye of cny ncw building=-products industry toolin- up tc provice
products €o-ordincted with the d imensions cecepted in the particular
country is an oﬁbviou- ono, but if thuerc is no accopted stouderd on which

to co-ordinete, thon the advantegos of mesc production ol standard
componcnts cre partly lost, Thc essenticl point to cumphosise is thet
plastics products cannot bo ‘dimensionclly! deeigned in isoletion.
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VI. OBSTACLES TO THL }.IDER USE CF PL.STICS IN BUILDING CONSTRUCTION

A, BCONOMIC FACTORS

%ho fact thot despite tho meny sdveatoges they heve to offer
plaetiés have not so for been morc realily ond cxtoasively used in
building construction, ic duc to & combinotion of factors, some cconomio,
somc psychclogical, some traditional. Until the last yeor or so plestics
hav: not been so reodily aveilable in the remoto cornors of the world,
if for no better rccson thea thot they hove been more inteasively cppliod
nearcr tc the source of supply. There hdvo of coursc becn occasions
when locel over=production hag reosulted in surplus supplics of spocific
plcstics, with the so~colled *dumping' of thesc in countrics having user
industries capable of absorbing thom, but thcec cascs core rcletively
rorc, cnd are purcly loccl and of short duration, Such fortuitous
nsupplies cannot safcly form the bosis of o mew vonture in e newly developing
oountry, and in cny ccse this is o circumstance which is likcly to become
loss frequent os time pessos, sincc the current intensity of the appliocation
of plastics over the whole industriel front is likcly to stroain the
establishod plostice maverinl production to its limit in «ll the mejor
producing countries. It has been stoted in the past with somc bosis of
truth, that if would be uscless goriously to apply plastics in building,
since if this were successful, thc quontititcs of raw plestics available

could not hopo to copc with thc demand, cnd ony ottempt to control

this bolow the economic limit would be foredoomod to foilure. This

fecr im not onec which is likoly to influencc poiicy in developing
countries since no metter what the future demeond for plestios mey be,
supplies will be forth-coming, but it ccricinly was o very potent fcotor
in Britain during the development doys of plastios, gs the conclusions
in the officinl survey referrod to carlier will clearly prove,
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Another (spcet of the cconomic questicn iz the basic one of cost;
from whatever point we view them the costs of plestics cre hich compered
with thosc of traditional building metericls, but what is so cften
forgotten is thot the basic motericl cost is only onc cspect of the
overell cost. In the first place plastics tre boucht by weight ond used
in thc¢ mcin by volume, so thot in vicw of their low density compored with
metels, concrete or cven wouo, their intriasic coet is nce s0 high o8
might at first appecr to be the ceec. Yot ogein it must be remembered
thet by reason of their casc of manipulation, anc the foct that such
monipuletion is poesible on a mass-produccd bosis, some of the extre coet
of the motericl ie regoined in lower labour cocts., Thit moy boe of less
significence when lcbour is initially plentiful and cheep, &8 it is in
somc developing countrius, but it will cortcinly be oo important foctor
in deciding whethor or not &= plastics industry is to be cstablished,

One final point on the question of cost; 4t must be romemberecd thet
plastios are continuing to move cogringt the current trend of increasing
commodity priccs. Therc is of coursc ¢ limit to this since there must
be a production bulk above which no pricc reduction ccn bo expected, wnd
clready of coursc supply ond demcnd being the governing factor, the price
of some plcetios hos tended to harden,

B, PSYCHOLOGICAL AND TRADITIONAL ATTITUDES

New woyes and new moteriuls ore not ulways wloptod quickly wnd
without mistrust, perticul.rl, in sczhistica*~l and industrinlised
socictics, 8o thot it would not bo surprising if resistencc were.eeen
in the doveloping countrics, more cspeccidly in the tribel eocictics
end ograrien communitics thin in the partly urbenised (nd often desperciely
ill-housed gosses which aave grovitated to the cities. Troditioncliste
in ell countries will cling to older woym, fearing ch nge cnd belleving

that the pest is beet, This is certoinly true cf modern building methods

in advanced socicties, and limits tho speed of introduction of industriclised

building; o preference for laboriously brick-built houses often prevents
the acocoptc.nce of the grecter cmenitics offered in o frotory product,
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In cn offlucat sccicty the older, troditional stylcs .nd m .terials can
be & stotus symbol os potent ~s the opposite cim of progresc and modernity

which plastice may be seid to typify. But thcee cowitrics have overcome

ihe initinl resistance to plegtice which hove long cince posscd the
gtage when they werc treated s inforior substitutcs in so many ficlds;
they are bownd to bo reccpteble on building matericles, provided alwoys
that they function c:fficicntly. Cheopnese is 20t nccessorily o point

in their fovour; modcrnity mey well be,

In dcvelopin; countrice the introduction of new mctericls somctimes

tends to be pushed ct -~ foster rate thon migjht be reasonchly cxpocted or
N justified; the transition from thc troditionzl (clmost primitive) to the
latest products of te€inolosy con be sudden, vhen the latter cre boing
urged with the cid of cll the techniquce of high presrurc sclesmenship.
Under such conditions difficultics moy not always be eppreecicted in their
7 truc poerspective. Quite noturclly the so-called formerly underdeveloped
countries have not been slow to edopt the mess=produced crticles of clothing,
houschold warec, trensport, cven somc foods, of the cxporting richer arecs,
sincc these arc indeed preferable to on existonce depending on the
discorded products of the bettor-off, such &8s old petrol and oil drums
beaten out o8 shcot covering for hovels, point timc os contcinors for
cvery purposc, ormy uniforme os clothing however unsuitoblo. Now in
the markets ond boggars pleostios crc secen side by side with the traditional
naturcl or hand-mode products, If thce prioc and function arc right - or
cven only partly so - they cre¢ occeptible. Brightly coloured plastics

bowls, buckets, and tablcwere hove become accepted alternctives for the
troditional gourds, carthenwarc and wood, ‘Why then should nttitudes

bc any differont in respect of plastice for housce? Plostics materials

are in foct so for removed from the normcl expericnce thet there should

be less to fecr in the woy of rcligious or socicl tabooe thin there would

be for familiar and natural metericls; the stendoards by which to judge

ere peculiarly lecking in such peoples ne cre cocustomed to rigid conventions,

Nevortheless there is cluoys o poseibility that misunderstincings,

e e

! rumours and even csenuinc cvidence «  unsctiofoctory performonce in the

early stoges of development moy creste prejudices, rationc~l or otherwise
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cnd some tlhiousht moy hove to be given to the nccessity to preccde the
uce of mnfomili r moterinls and styles of buildin: by cduertion :nd
propagenca, The sctiefoction of the hwoe derind for Lomes shoulc make

this tolerably simple,

Onc factor crcoating possibly ;rcoter regsictiuce to use of ploatice
in building thon in trensient consumer coode is the permoncuce nssocicted
with o homecs It is importcut tiit therc shoudd be no ddiscstrous foilures,
no patently obvious short-comings in thcir corly usc, The development
must be complctc, as ncorly ns upssible; the performence murt be cnsured
for the rclevent climote, and attuned to the necds ond customs of the
occupiers. Living in plestics houses will give o vory full opprtunity
for thoir apprcisal; for the proboble occupiers there cin be no other uey,

C. OFFICIAL REGULATIONS, BUILDING CODES

Roguletion of building ictivitioe to uncurc heclthy, safc cnd
ordorly devulo‘pmont hes lons, been nceepted in moct of the older countries
as o netionzl or loccl cuthority duty, ~ud it is incroceingly scen to
bo needed in developing countrics, ot os carly « stage s possible, In
meny of the new countrios building regulations cre ot present being
worked out or applied, lurgely by suitcble modificition (preforchbly
simplificction) of the stondexds long cetoblished ond ueed olsewhere,

Building recul. tions are concerncd with hoalth ond sefaty, ond in
emell countries this hos to be done within the context of low nationel
end porsonel incomos; thoy must not unduly restrict economte progress,
and porticularly thoy must not restroin the uec of motericls and methods
not yct fully appreciatced or widerstood. Such recgulctions must clso’
be roasonnbly ncceptable to socictics lces cocustomed to tho 'rogimentation’
of the industriclised notions, ond must thorcfore often pormit the use
of indigenous anc traditional matericls vhich are possibly not ~ccepted
clsowhere,

4 common form of rcsulction hes separate requiroments for lerre
(public) buildings -nd small dwelling housesy forms of construction,
specing of dbuildings, provision of eorvices s~nd othor matters besices
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metoricls ore detcrmined. Hewving: laid dcwn requirements, oxomples of
acccptable practice or products cre quoted, rnd it is here that porticular
danger crises lest these restrict clternctives. Indeed, the British
'Building Regulations 1965' cre being criticiscd on this scorc, most

particulerly in their limitction on the usc of plestics, Of course, it

is importent thot o ucw metoricl should hove the potenticlity by reason

of its known propcrties, to meet the specified roquircments; but as

gome clement of doubt must remein for °© timc, ite ucc is usuclly permittod
by £~ relaxation clcuse, the use or performencc bLeinr reviceved in due
coursc. A speedy ccceptence of plustics will Gepend, in countries I
operating building re;ulations, on o visc and rocdy provici.on of such
relaxations wherever possible or neceasary, cnd especizlly where

cconomicelly desirablcs Such 2 rovicw must be frequont and thorouch.

The principal difficulty with plastics remeins thair behcviour
in fire. Non~-flammobility is (even in the few plestics where it ocon
bo echievod) not sufficicnt. It is the loss of strength et quite
moderate temporatures which excludes mony uscs, and ecpecinlly structural
(1.c. load=beoring cpplicctions. Nevortheless the use of plastics &8
cledding, in 1gelf-cxtinguishing' or low surfcce~-sprecd=of-flomes gredes,
goems porfeotly rccepteble in small privete one-storey dwollings.
gtructural use is ot presont very restricted, snd os hos been diecussed
oarlicr, novel methode cre still required to cnchble fuller utilisation
in housing. Even in minor uecs it is desirablc thet plestics do not
contribute to the totul of combustilo matericl in buildings; in point
of foot most of them actuclly odd very little, cnd some nothing of
significonco - foomod plcstics for insuletion ore on exnmple, though
even these mey bec sclf-cxtinguishing,

From the henlth point of viow, the use of plrstics scems desirable
rether then othorwise, Smooth, easily cloancd surfoces are & natural
property of moulded or pressed sheot plastics; lorge mouldings tre
resdily and indeed most cesily produced without corncrs or crevices
which hcrbour dirt and gorms. Plastics metericles thomsclves are
non-toxic in any normal use; some of the minor components of plastios
need to bc chosen to avoid toxic or other wndesircble effects ik some
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&prlicotions, but thic neud prescat little cifficulty becousce of the

wide voriety «ud cxhaustive testing of cuch procucts: as clready stoted,
gome plestics actunlly hove entiscptic cdditivec, Of tho plastics likely
to merit widce use,PVC (even to o smell extert the unplosticiced type

is somchuat liablc to retein dirt oud finger grecce; this is so much a
function of the softnesc ond sepilicnce which are often ducirable
propertice, that it is unlikely to be prcventeble cnd must simply be

remembered or evoided whore neccogery.

Most plastics surfoces orc ae resistont to mildew B nre the
mejority of pointed or other orgenic surfaces, but for usc in hot,
humid climatce where severce mildew occurs, the rosistidice may lowe to
be increcscd by odditives, or eoft plastics wvoided, leny Tungicides
~r¢ toxic and undesireblc in uses such ac toys wherc children moy lick
the surfooe, but may be quite acceptable for cxterntl purfeces of
building fittinge. Hcre cgnin it bohoves the vendors cnd sponsors
of now epplications to excrcisc Que core, -nd in cuy cesc tlewe frotors
can be sofeeguirdod in well drefted control rogulations.
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VIl. THE FUTURE OF FLASTICS II. BUILDING CCUSTRUCTICH

—_—

¥hilst it st bc cdmitiled thot tlic cose history of She epplication
of pleetice in tuilding construction to datc hes not been an imprcasive
onc, it must also be accepted thot mony of the foilurce recorded con be
troced 8 much to peychological ws to the tcchnolorical couscs, In
the Unitec Kingdom ot any rotc plastice hove boen applicd rcluctcoatly
in building, for the simplc cnd basic recson that until rocently crenitects
hed little fzith in these man-mede metericls, cnd proferrcd rathor to
adherc to tradition~l methods cad ceasigns thon to use plastics for which
performence date have been limited end frequently unrolicble., Fortunatoly
dcsigneres in Europe and the United Stctoes heve cdoptod & more progrcesive
attitude, preforring to take some performcnoe risk rather then forego the
exciting design possibilitics which plastics alonc can offer, This
process hes becen occclerated by design trends, which have given prominence
to changes both in the form cnd methods of congtruction, megy of which
could not bo motched by trocitional matericls. Thus from being metoricls
which the erchitcct would consider only in coses of cbsolute nccossity,
plestics have clmost become his first choice for cll jobs of & specicl
or unucunl naturc, and the cuccece achicved by gome decimere in the
epplication of plastice koo uinle othcrs the more bold to 'pro(;ren on the
pome or similar lines. Following this succoss the manufoctiurers of
plastics have ronewed their effortes to devclop improved mctericle to meet
rnd oxtend this upsurgc of enthusiosm.

Encouraged hy what has buean cchicved in the constructioncl
applications of plestics in tho developud countrics in the facc of the d
most intense oompetition from traditioncl methods ond mcetoricls, developing
countries should be more ready to apply thom, ead so to shere tho modern
end quite exciting structurcs once thoucht tc bo beyond cither thoir
scope or cppreciction. OSuch indeed hes been the rccent progress made
in the cpplication of plectics in building, thet i1 would now be impossidle

to view 2 future for this industry without plostics.
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A WHAT PLASTICS FAVE DONT ¥OR BUILDING COULTRUCTICH

In plastics 26 in most other industri.l zpacroeg, stotistics speok
for themselves. From such rccords cc are cveiloblo, the Unitee Stotes
which lcods the world in plastics production with something, over 5,000,000
tons per cnnum, opplice rougnsy 1,207,000 tons (257) to building construction;
1, Gernony which is sceend i@ the world renkings vith o tetsl annucl production
of 1,750,000 tons, uscs roughly ihe eome (20%) for building., Both thege
countrics mey be regrded o8 plastico oriented, thet is they will give
plostics o chence to prove thuir worth for on cpplicition on their
functional mcrits, as is cvidenced by their per capite concumption of
plastics, which is 50 1b., ir U.S.A. cnd 56 1b. in “cst Germeny. Going
further down the scilc of world plastics production, duta for building
sppliccotions wre not aveilable for Japon, although we coa cnticipote
thot thogse motericle would be porticulerly foveured wherc possiblc for
building in a country which is cubject to carth-—qucls, For tlic United
Kingdom, fourth in world r-nkin, the picturc ic chout the some pro
rcta, since out of cn cnnucl rroduction of roughly 1,000,000 tons
200,000 tong (20£) ¢o into building. Thic slirktly lower fijurc we
micht expect hoving regord to thc etill prrtirlly cnti-pl.stics mentrlity
of the British using public, os their por copite concumpti.n of 30 1v,
bears witncss, cnd when it comes to ¢ question of housc building the wveroge
Briton usually prefcrs bricks cad mortcr. Ewen this moy be ottained
in some mcasure, certcinly the 'bricks' if not the mortor, but thesc will

produce 20 million plostics bricks per canum, for o new buildins method
which is being lounched worldewide, The bricks will be of the interlocking
type cnd will be injection-moulded. At cn oxpected cost of 1la.6d. to 18,9,
por brick it is cetimated thot they will cut the cost of ~» housc by wp to
304, by rccson of the low libour costs involved, Much developmcat will

no doubt hewve to bhe donc before cuch materizls end methods orc widely
coceptod, but this ie cleerly cn crec of growth worth wetching, snd ot

eny rotc it shows that industry is 'thinking bic? in the cpplication of
plestics in building, Quitc cport from this, © threc=fold incrcosc in

the usc of plostice in building in the United Kingdom in confidently
predicted beforc 1975.
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If we accept this ~s o peinter for currcnt rlostice petenticl,
vesed on stotistics from leiders in world plistice with ° totcl polulc-tion
of comctlins like 400 million pcoplec using 2 miliion touns »f plostics
in building, wc miy rcosonchly cxtropolotce thie te o vorld populeation of
somcthing over 3,500 million peoplc, n¢ rrrive =t . poscible plistics
cpplicetion in building construction of somcthin, likc 16 million tons,
c. figure which for oxceeds tetcl werld production of plestics ot tlc present
time. Thouch the logic of this argument m'y be very muck open to question,
it cennot be denicd that this figurc could be ccecpted 28 ot leest &
pointer to thc currcut werld potenticl for the use of plcstics in building.
Teking this to the ultimetc it e~n bc cesumed thit if the right motericls
could bc made aveileble cconomically at thce meny cnd diverse points of
applicetion throughout the world, then building construction could cbsorb
within the foreseceble future o tonnogc of plestics considercbly in excess
of totcl current worid demcande for cll purposes. From whetcver point the
problem is viewed, the boeic focts must be cece, ted, thct plestics c8 ¢
femily of constructioncl mctoricls have o comsicercble role to ploy inm
the future in housing the world's poluletion, There cre of coursc other
highly incustricliscc areas which could logicclly be included in the top
strata which might cdd stotistical support to the croument, ond some of
these, such ¢s Bweden, cre certoinlu fully clive to the potenticl of
plastics both in the builcing tnd fitting of houscs. As hes clreedy
been oug/estod, the poitern of thc cvolving usc of plastics in building
throughout the world could b expucicbly &b varield o8 Oro thc people
themgelves, duc to the voricd cenditions of clim-tc cnd notioncl troditions
and of coursc cconomicc, cad this fuctor must be t.ken into account when
cosessing the future,

Added support for this optimistic view of the future potential
for plastics is ziven by the f:ct that inteasivc resccrch is being
applied in 211 the major plestics=producing nctions to improve the properties
of cxisting plcstics, ond to devclop ncw metericls more specifically suited
to the noeds of building construction. In the United Kingdom for example,
o number of committces have been set up by Government ond public cuthorities
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end by industricl undertokings (cmong them the reeently estobliche
Agrément Boord which covers ncw meterials for building senerclly), to
excmine the poeition on both ¢ domestic “nd internctioncl brsis. Although
it will noturally toke some “ime before the ueccusory ote cre ccilectud
er.d corrclate ca¢ the relevent decisions ore taken, thie con oxpectobly
rczult in o considercble increzse in the use of plaptics in building
within thc ned&t ceccde. Quive cleerly this implementation will toke

time if only to make cvcil bl the necessary cupplice of plestics cnd

of the plent needed for their minipulation,
B. OROWTH AREAS I'OR FLASTICS I BUILDING

Hitherto plostics heve in the mein been used «8 secondary materiils
in building, thot is providing the accessories or fittingss to structurcs
of conventionel motericls ond deeign., It is of course in thesc, the
primary structurcs, thot the bulk demand for metcrials lics, ond currcnt
trends are incrcesingly towerds the usc of plistico for such purposcs,

1. Plastics as I'rimery Builcing Metoriols

Herc by for the most importcnt cre the so-cclled reinforced plostics.
This dovclopment vi:s o logiccl one following the construction during the
lest wer of reinforced plastice motor boot hulls, cnd loter of emall
mobile land craft or cornvens. This latter has zrown to a sizeable
industry in Burope cnd Americt, cad it wee logical thet crchitects should
think in terms of buildin. houscs from o numbcr of smell unitc cuitcbly
intorconnecoted, as could be imagined My joining together o number of
circvens. An advantege of tiis metlod of housing is its complcte
flexibility. Buitcbly designed for the purpose, it would be poseible %o
extond the sise of the existing cocommodation ond add or removc complete
rooms at will, From tho construction point of viow, the asscmbly linc
technique would spccd production cnd bring ~ consequent reduction in cost,
It would be visualised thet the developing countries too could ~dopt
this method of construction of dwellings. Lorger buildings such es
blocks of offices might be procduced cs in-fill cubes in u open fremework
of steel or reinforced conorete. An intcresting developmcnt on these
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lince ig ‘he box anc peacl form cf construction bein; uscd in the USSR
ot the present time for multi-storcy houses. This consists of prefobriccted
concrete bothroom units comploete with their own floor cn¢ cciling which
arc simply stackcd, onc nbove the uther, on preccst foundotions from a

scrics of structural columns nlong the centrel spine of the building,

Clces fibre-rcinforced plnstice orc porticularly suitec to the
buildins of structures by the integrotion of stondard resuler peometric
ghepes, This geodetic form of construction hos been pionecred with
success by Prof. Mckowski in the University of Swrrey, Englend, To
explore thesc poscibilitics o number of wniversitics cnd rcsecrch cstoblish-
mcnte throughout the world hove incluced work on ctructurzl plastice in
tloir rescarch programmes, whilst the Amcrican Socicty of @ivil Enginecrs
has sct up & committcc on deeign ckiteria for plastics structurcl components.
Trianguler penels in gloss fibre-reinforced plastice ore bolted toiecther
to build up spherical or similer sheped builcd ings which hove remerkeble
strength/yeight ratio,. cnd have a plcasing clbeit somewhat unusual
modernistic appeurance., Whilst thic technique hos becn applied commercinrlly,
notebly in Itely, end is pc.rticglc.rly suitcble for the construction of
large assembly hells, sports crenss, end. gencerally where unusuelly lorge
ercas ond volumes have to be enclosed, it is by no meons limited thcreto.

It con be epplicd with great cconomic success 10 the building of individunl
dwelling houses, and is o tcchnique which will be found cdvrntogeous in
developing countries, where largc numbcrs of rcletively simplc dwelling
houses cre necded, cnd thesc often located in remotc arcos. The unit
pancls erc trensportced convenicntly stacked, cnd goy be rapidly bolted
together on locetion, which nntrbly reduccs trcnsportotion costs compered
with foctory-made complutc units, if not indeod the ~cturl on site

ercvction costs.

Prefabricoted penels, in the form of gore conventional lominntoed
sandwichcs, arc being used in incrensin; quantities for the in-fill
construction of buildings cttoched to more or lces conventioncl steel
cirder freme works. Such poanels usurlly heve o scmi~Cccorative amd
woathor-resicteat oxterior, with an inner layor of thermally insulent
focmed coment. The production of such shects requires costly and very
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cesses, such o i Cic roccatliv 3asTo s Ceoco Loy ot Tuton,
England (rcportedly the world's lorceet) ciich is roted - 1200 tons,

he o prescing crec of 10 ft. = & tt., rwl & 50 lach doylishs, and

of coursc the prnels leove the fretory reody Jor on—gite crectien,

Apsin they offor some cconomy in tronsport coct comp roc with wits
finishced cnd tronsporicd ik veo fus. ol hwe  Leees', i importont foctor

vhen the finol siructurce mm Yo me~oived i remote nnd wleveleped country.

In thce post yeor considercble prosress hus bezin mede in the use of
plestics for whot mny be termed temporsry primery structurce, in the form
of flexible inflateble urnits, which moy rrnge in size from the emcll 'igloo!
to o cover for ¢ sports orerc. More usurlly these structures 're used tc
protect building workirs iu Xpcsed locitionn during the orcetion »f o
permencnt building. Such struct ~os ol in'o tuo typesj  one usce
oncumc.tic ribs which crc then coveret witk sheeting, and the other ic thc
low=preseurc balloon. Tone moterinl osed is vinyl--covercd ny.on fobric,
which in the ccse of *he belloon is cuchored to the zrounc in vorious woys
such g by a tube of the some metorisl runmning roung ihe base cnc filled
with woter. The structure is thon infloted vith an cir punp which con
ot the some timc huot the ~dr 4o previde the desired inside temperciure.
Becouse of the low nrossuse i fame of S otmuriuwre, the opening ad
closing of thc door mekes very little didfurence 10 t+hc cubic content of
the bellocn bu* i eir-lock cntsy moy be provided., Utes include cxhibition
halls, temporcry rocting reens ond rrcenhcuses,  Those con be fitted with
windowe of clerr vinyl shecte op polyestor fiim,  Strueturcs of this
peture con bo VIrtuolly w.y wiiac .0 a0V: Geos Aucwm to rusict winds up
‘0 150 mots.

2. Pucstics o Socondery Buildiag Motericls

Whilst current iraicai ons arc thet (lmoct cvery wrei of the
tpplicotion of plastics moterinls in the production of cneillory fittings
in building construction is poiwscd for considercblce cxpansion, it is

slearly in the provision of vzt is gencrclly referred to cs the plumbing,
including rainwater cnd general ducting, that they will show grectent
growth., This is porticulerly true in view ¢f thc cost .nd more difficult
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supply poeition oi lcod ;nd copper, nd thc progrese m:de in thc provision
of plastice suit:blc for usc in hot-woter circuits. It is for this

recson thet PVC is cxpected to dominate this orca of builaing cctivitics

in the immedicte futurc, cnd in the U.K. for cxample, thc consumption is
cescescd at 280,000 tons for 1975, comprred with the 92,00 tons consumcd
in 1965. Currently much of thc PVC coce into flooring products, but by
1975 this is likcly to be dwerfcd by the demends for pipe ~nd ducting
fittings of ome typc or cnother, includin: of coursc tﬁc ever=-cxtending
use in clcetrical circuits cnd fittings. The advent of plistics on &
l-rge scele in the gencrol plumbing orco, will hove © merked cnd progresuively
revolutionery cffcet on the design of domcatic fittings, o field in which
for mony yeers the United Kingdom has with juetificotion becn criticised
by compctitors in Europc -nd the United Stotes. Ac those modern motericls
become morc vetoblished, incvitobly the treditional mothods cnd designs
will disapperr, cnd we choll groductc towarde better living stondards,

and brighter and more hygienic housing cencrally. Quitc nitur:lly the
doveloping notions will be ~blc to bencfit by thesc chonges vhich cre
ropidly toking plecc, ond will indced be cncourcged to copply pl.stics

morc widely and with ¢recter confidencc,

It is not only in these morc troditional crecs thot we con oxpect
considercble growth, but clso in directions for which treditioncl motericls
could hithcrto offer littlc scrvice, or in which smell public demond had
Litherto mrde developments less cconomiczle Outst. nding in this
conncxion is thc usc of plustics os insuletion motoricls, cquelly to
conserve heat in thc colder clim: tcs, ond to protcct from heat in tro;iioal
conditions, Jgoin this is on arce in which the United Kincdom hos for
dcordes been notebly inndequates With the cdvent of c.lmost universcl
centrel heeting, tho house-holder in Britain hos bocome awcre not only
of the cost of hcating, dut .1so of the fuct thet oquoble hecting in the
home through the verious scasons can meke o considercble contribution to
whet is generclly termed botter living conditions, Thesc odvences ond
quite radiccl chonges pioncered in the Ceveloped countries, will be

rocdy emd weiting for odoption in devolopin_ countrics, perticularly in
those where climetic conditions arc such thot trodtional building

motorinls ccnnot compete,
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Considcrable growth cen ..lego be expected in the :pplicction of
decorativc plostics, in both the interior rad cxierior of huildings,
Thig is fostcred by <ihe currcnt tread throw, hout the world aot only to
better but also to brighten conditione of livinge This cxtonds of cource
into thc ficld of »urfocce coutings, on orce in which plostics ore
increasingly npplied in the provision of wind have for decades beon
bro~dly classificd ag 'pointe'. Noi only do the plostics-brred
compositions make possible tho cpplication of plastics'! number onc
attribute, colour, but they have o cursbility cnd genercl preservetive
qurlity for beyond thot of traditional matericle, This egnin is oome=
thing which will appeal porticularly to developing countrics in the tropics,

whore the rovoges of cxccssive sun hove been Ritherto difficult to combet.
C. PLANNING / FUTURE FOR PLASTICS IN BUILDINC IN DEVELOPINKG COUNTRIES

Once the need cnd specicl potenticl for ploe:ice in building,
particulerly in developing countrics, is cpprecicted ond accepted, ond
once it has been decidod which materi~ls cre suitable for the purposc,
the importent question is how con the nced be met, and whet cre likely
to bc the most roational lincs of devclopmont. In all coses it con
bc assumed thet meny such development progrommes will initinlly howve
to be finonced on the proverbicl shoce=string, which mokes it the morc
osscnticl thet the right decisions will be tocken from the etort to
evoid woeto of copitel ond development time.

dacepting thot in most cescs the demends for structural plostios
from dowolopins countrics will be ill=definoed in the sensc thot they
will be oxploratory, ot cay rate initiclly, it will be advisable ot the
planning stcge to include the cquivelent of -~ morkct rescorch cxorcise,
to asscss whet tho demands arc likely to be both in rcletion to the
physicel needs of the pcoplc -nd the prevailing climoiic and peychological
conditions in the country involved. Such o survey chould cim 1 sclecting
the mojor demands ond concentrating ¢nd directing thesc clon well
defined monufccturing lines. Thic will be esscnticl since the initial
domands cre likely to be for small quantities of & numbcr of diveree
types of cnd products,
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1. The Logic of Step-wisc Development

Quitc obviously .ay developdng country will hove to be wvery criticrl
~nl sclective in ite initicl plenning, gincoe it ccnnot hiope to commence
the production of &« nunber of plouotico row metericls or cnd=products
simultancously. Hovins ceclded wWiero the mejor demmnd is likely to 211,
vauelly the most lorierl jnitirl follow=up to this will Lo to import
thesc menuf-cturcd cnd-products, or at lcest the tulk of them, so that
actuel user tricle mey ko corricd out to test tucir procticnl usefulness
under thc conditions obt ining, o docision which o fregucntly c-nnot
be tokon on the boais of experience giined in oticr ¢ untrics., True
uger triclc hoving dstoblished the demend for well defined products, the
next logicel step would be to import thc nccessory fcbriceting plant
(injection mechincs, cxtrusion machines, ctc.) to cneblo thesc or similor
products to be menufroturcd, ueing of coursc importcd plastice matcrials.
Such a procedurc offcrs tho mcximum cconomy of copitcl cnd gives the
¢reatest possiblo flcxibility of opcretion, without thc neccesity in
the early stiges of copitel being locked up in costly plastice mcauf~oturing
plent, or o8 it would most likely howve to be, plonto. Thouch such
febriceting plont vould cim more particulcorly ot thce production of
plastics units destined for building, this nced not bu exclusively
got oncc injection or extrueion plant is in operction it cen meet many
congumer nocds, «nd indced the bro~dcning of the besis for production
would hovo tc be the constent aim of the ecarly planners.

It mey be argucd tuwei bils ptop-wise plon is not helping the manpowor
tne. row metoricl probleme of o country, ond it lecves such o country
vulncreble to eriscs of wer or other coonomic uphcavel, sincc supplice
of the rew plestios might be cut off. This is o velid supposition
but ono loss likely to eventucto in the future, sincc for some time to
como oltornative supplics for row plestics ere rlvoys likely to be
forthcoming, so widely cre established menufcoturcrs (and oxporters)
of plastios metcricls, products cnd plent, distributed throughout the
world. Such a plen weuld at ony rote huwe the groot cdwvoatoge that
it would cnable o dcwvcloping country to ceteblish its industry with the
minimum of initinl ccpitel outlay, ond yot enjoy the adwventege of the
most compctitive priccs thot world production con offor.
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assuming finally thit proceeding by these verhips slower rad
less spectaculor but equally lees specul: tive stooes, o developing
country hes cstoblished : user demend cud on cnd=nroduct menufrcturing
induetry, then the fincl cad nost cmbitious sty towords sclf cufficiency
could be trken, nomcly the monufecture of raw plostics, In euch - c..sc
it is rorely likely theat ooy morc thrn o few of thc most uidely used
plostics would be considered, .nc mest probobly one or more of the thrce
mejor (Polys' = PVC, thc polyolefius cnd polystyrcac. The cttcinment of
this edvonced stege of development would be cecclercted by the oveilability
of partioularly f:vourcble indiguious row metoriels, or by the proximity
of oxpanding export morkcte,

2.  The Influcnce of Loczl Conditions on Plraning

In deciding whethor or not to c¢etoblish . plestics industry in o
dovoloping country, meny considorctione other thon the method of prococure
outlined sbovo heve to be teken into cccount. Thie is truc whethor the
plestics cro destined for building or ray other cpplicntion, but certainly
more truc in tho ccsc of bullding, Two medn points heve to be satisfiod:
the proposed industry must mcot the needs and improve tle living conditions
of the pucple, ond possibly more importont, it must work profitcbly,

Profitability in ony industry is largely influenced by loccl concitions,
ond certeinly it will be local conditione which will deciced whether the
entry into plestics will be through the throe stoges outlined above.

Tho first demend is the basic home morket cnd the cbility of the country

is to estcblish cnd sustcdn thot market. The next point ic the aveilobility
of row metorinls (be theee the row plustics or bosic chemicals), wnd of
odequate lobour of the nocoseary crlibre,

On thc question of row motericls, under the stop-wisc dcvelopment
plon outlined, thesc micht well be importcd from nearby established
menufecturors, or indecd it froquently is quitc competitive to tronsport
meteriel helf wey across the world from countrice having surplue to
thoir neods und prepored to offcr cut-price scles retcs, In somc coses
of course indigenous motericls may be awilcble in o country, but this
ie usually o matter for subscquont integretion once bosié menufecture is
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established. A noturcl resin, cerived from o common wild nut, found in

profusion in r tropicrl forcst for exomple. could well be developed for
rpplicotion with plostics, but it ie rrrely o wount bisis on which to
found rn industry. The best odvice to ihe plarners iy uwsuclly to
ostoblish your demcnd, estoblish your industry to mect thot demond, ond
then apply youwr ianoveting cility to usc edvintogeous indigenous row

moterials,

The question of thc usc of locel lebour is morc cosy to deéide,
Since the plint used in thc frbricction of plrotics is quitc stiuderd cnd
not unduly compliccted, local lcbour con with 1itile doubt he ‘pplied.
Indded it has frcquently becn proved thet the type of l-bour oveilcoble
in devcloping countries is cdmirably suited to thc opuratioii of repctitive
proccesos., In the case of the operction of more complicr.ted chiemical
proccse, it wonld usuclly be odvisevie to hoe o nucleus of troined
staff, with the koy personnel fully troined ond coxperienced men, Hore
cgedn it eon bo seid thit there cre mony routinc chemiscl operctions for
which inoxporienced personncl nrc perfoctly sctisfoctory, With the
incrensing cutomction of mcny chegical ond poiychcmicol plents, this
question of pcrsonncl mey bucomc pena rignificont, but it con otill be
onc volid crgument for entry into plestice thit adequeic cnd choep
lobour is :woilrble on locaticn, cespite the foct, oo hos been stressed

clsewhcre, thit plustice is not a labour intensave industry.
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VIII, GOEUERAL EPITOME

The forogeing bricf clioptere hiwve piven what con boet be reg-rded
s o ‘snepshot’ picture cf whet plestics cre, whot they ore doing in
building conetruction, -nd vhat their futwre mi;ht cxpect:ialy be in
the developing crens of the world, Though much of tiic lutter ié
speculative, it will be abundently clecr thet plestics as o fimily with
thoir rcmerkable versatility ond world wide aveilability, hove much to
offer, From whet hoe reccntly been done, cud from the schemce which
crc knownto be under consaderition, it is quite obvious thot tithin
the next decode pleostics will hove whet is possibly - unique opportunity
to cesist in upgroding both the living conditions ond straderds of less
edvenced countries.

From whet hes beon said however it will be cqually cvident thot the
process of oxploring end cxploiting thcec possibilitics will not be an
easy onc, end tho problome frcing the plcanere will be mny., Plostics
hrve much to offer, but they con only oxert their odvontegeous influcnce
if they arc epplicd in thc rijht way, ond under conditions which cntble
thom to crpitelise to the full their quite romrrikeble physicel propertices.
The eppro.ch to the problem must be igoginitive wnd sclecetive, and ony
attompt to produco whot would in effeet be o blue-print to cpply cenerclly
o any developing country woudd bc forecoomed to foilure. As hes boen
statod, plens must be leid nfter duc exeminntion of ~ll the fictors
involved in thc respective countrice, as much attention being prid to
thom wtomming from climctc and the psychology of the peoplc, as to
the more obvious economic ¢nd technological considerctions., If plons
ere made howving due rogoyd to thesc peints, ..ad if the resulting
development is corried out mcthodiccliy ond petiently, then the next
docedeo ocould ronk cmong the most exciting in the history of the
devclopment of plcostios in building, ¢nd micht hive ultimcte impoct
o8 much on the highly devcloped o8 on the developing crone of the world, '
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To forctcll the futurc in cay scctor of the plustics industry ig
no cosy motter; porticulorly is this so in building construction in
doveloping countrics. The denger is thet in moking out the crec onc
must cltcrnitcly cxpress optimiem ~nd pestimiem, o8 Ny indecd be cvident
in this report. Quite cleerly plestice will hove > Loy role in building
congtruction in the futurc throuchout the world; .lrcidy this is roted
the best cnstomer ond best growth crer for plnetics in mony countrics,
including the U.K. where it currontly cocounts for rother more thon 29%
of the totel production of plcstics. The cifficulty it to substcaticte
optimism for the futurc by citing ccec historice from thc post. Since
theso in many coscs do not moke too heppy recding, ony such optimiem must
frequently be bosed on reccnt exporience of the growing epplicction of
plostics in building, supported by the most logiccl of ~11 rensons, the
onward progression of plestics if not in its own right, then ts o
significant port of the repidly expanding oil and notrochemicrl induetry.

Todcy pctrochemicol development is replicing iron ond stcll 8 the
industri~l status symbol which ony developing ncticn in the process of
achicving economic growth throuch industriclisetion secke to hove.

041 ie the obvious targct t.word which developing netions dircct thelr
edm, cnd oncc cssurod within thic industricl cree they could progress
naturclly tc tho scctors omerging thercfrom, petrochemiccls end plastics,
Gencrclly speaking intcrnctional finence uwsuclly regords state intcrost
in petrochcmicals in dewuloping countries ices fovourcbly then in

oil itself, o thrt this is ofton an sdded reason for whot may be termed
'coin;, besic!, This is good and lociccl in its woy; the difficulty
ariscs when o number of neighbouring countrics plen to do the come thing
clmost simultancously. This conger wes rocently experiencc in Colomdbia,
cnd it 18 one likely to free any developing country, nzmcly thet plons
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for ¢ poetrochemicel wnd plastics incustry mcy be ruined if they cepend

to eny significant extcnt on cxports tc meighbcuring countrics, In

the instonce cited, what Colombie plinncd to produccdacind cxport could

just hs well be envieaged in ncighbouring Mexico, Venczwela, 3rozil,
Argontine or Chile, The nctions of Latin Amcrics cvoided the Cifficulty

by signing the Industricl Complementoticn Agrecement within the froumework of
the Lotin Amcricen Frce Trodc Associction, ag 2 prelimincry tc rotionclieing
furtior expcansion of productive cepacity, perticularly into more
sophisticoted ficlds,

What hos bocn done in Lotin Americo could be repeited in other
perts of the world, Emergeace of o notion tovords - more cdvraced
gocioty ond improved overcll etcndord of living, mey stort vith oil (nd
progress thr-ugh petroclicemicels to plestice, cud thonce to o wide industrial
field including building comstruction, In cwvery ccsc howover tcchnologicel
cdvence must be safoguardod by wiint mey bo termed bolemeing crrcngemonts
betwean ncighbouring nctions.
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