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FREPACE

Although the development of modern plastica waa atarted
almost o century sgo, plastics did not play any speecial part in
architecture becruse {(a) for development, they belonged mainly to
the chemical fleld, and for epplication, to the alectrizal leld;
(bl the materlals for which some of them were developed na substi-
tutes, sush as rubbsr, ivory, norn, sillk, &tec., Bre Aot primerily
arehitecturel; and (¢} In the experimental s=tapge, tusy were high
in price, and made In small guantities not intended Lor marketing
on a large scala.

The phencomenal recent growth of the plastics Induatry re-
flacts the fact that ressarch has developed naw types--which two
world wara have tested under severe conditions and proved sultable;
that neaw outlets have been found for an Iincressing output of plas-
tica; that asome of the patent-rights sxplred; and that economic con-
ditions end increasing mechanization lostered the developmant of
naw materlals for new fialds.

Architecturse still depends upen a great amount of hand-
labor and ecraftsmanship, and offers opportunity lfor further use of
plestica. And now the architect finds himself confronted with a
new challenge: o large group of new materlals threatens not only to
have as revolutlonary effects as steel and concrete had on stone
architesture, but sven to change his own position as archltect.

The main purposes of this dlasertatlion, therelore, are:
to study the characteristics of plastics, showing advantagea, and
suggesting remedies for disadvantages; to demonstrate witn designas

and drawings, whers possible, the applications of plastica and
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thelr affects; and to diacuss some of the related conslderatlionsz,
gathetloc and other. This study 1s based on Tundemental Informatlion,
collectad from chemical, fecnnieal, and general litepature, alter
translatinz 1it, ao to spealk, Into archibtectursl lmnguagse, Iin order
that the study may be from the srenltect's point of wlaw, which la
essentially different {rom the polnta of view of chemlsts, snglneers,
or Industrinlists.

Compariscna with treditional materlalsa, such as stesl, con=-
erata, glass, etoc., are pursued for a better undarstanding of the
new meterinls as well as for a re-svaluation of the traditional in
the Light of the new.

To architects, this dissertatlon provides the basls for
wnidearatanding A now group of materiala; and te Boclentlsts and
industrialists who direct thelr sttantlon %o the productien of

plastica for srchitectural usae=z, 1t presanta the archiltect's polint

of view to gulde them in 1lines of development In this fleld.
Gpeclal gratitude 1z herse aclmowledged sz due to Tr. Thomas
He Locraft, Head of the Department of Architecture, under whoss
guldanss this dissertatlion wasz mads; to Ir. H. P. Ward of the
Department of Chemlstry, to Dr. J. 3, Mondousse and Mr. E. J.
Seiullen, of the Department of Clvil Engineering, for their halp-
ful suggestions while this disssrtetion was Iin preparaticon, and to
Mr. Prank A. Blberateln, Frofesscr of Clvil Enginsering, and to
21l who helped iIn any way. I aleo wish to thank Mra. Katherine

Wickey Lor her careful and helpful editing.
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INTRODUCT TON

It ia fundamental In principle that materials have preat
influence on the design, construction and final shapes of bulldings:
that svery materlal has 1ts own charscteristies; and that a simple
subatitutlion of one materlal for asnother cannot Le considered satis-
factory even if such a substitution "worlks." [1)

Bafore using plastics, therefore, it 1s necessary that all
the algnificant properties and Involved fastors be atudied. And
until the study of plastlics bscomes an Integral part eof his training,
the architect will have several courses to pursue.

I. To rely on availlable general informstion and apecific data
in books and magazinesa. And In so delng he will scon dlscover the
saveral facts that follow.

A. There 1a sufficlent literature for a 1ifetime of
reading, and more 1s constantly addsd, making it
dirfficult to catech up with the latest developments
in the fisld., Ha willl note that these bocks and
magazines differ appreciably--especially the earlisr
ones--sometimes to the point of contradiction.

E:. Due to the lack of standardization of the types al
plastics, and to the varlasties possible of each typa,
characteristica wary from country to country, from
company to company, and even from book to bookl
Standardization, though, azsema unlikely since, unliile
metala, plastica offer ascope for improvemsnt In pro=

parties so that,
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instead of a amall number of baslec resins con-
pounded 1n different ways for different appliec-
ations it 13 probable that resins will be fop-
mulated specifically for the application In mind.
In other words the chamiﬁt will have to prndﬁia
what the Americans call "taileored moleculas.
€. Fopular magazines, with their svar=anthusiasm, created
& dlstorted pleture of a Tlastle Age to coms, and
showed plestics as the wonder materiala capable of
solving sny problem
De  Fanufacturars and advartlsing wpiters--thosse geniusas
of phrassolegy--eften misrepresont facts, distort plo-
turas, and forget about dlaadvantagea, until every
product becomes "wonderful," "sensatlonal," "amazingi"
IT. To acquire all the first-hand experionce with plastics that
he can get. An ounce of prastice fs worth a ten of pracept, it 1a
Sild. He should familiarize himaalf with the propertliess of the
diffarent bypos, and more Important, with their Limitations, lor
pluatlos, llke ull other materials, hava thelr own proparties, and
thelr applioatlons should ba in naserdance with them. Regarding
them nn more substitutes for other matorisls is what has tendad to
give thom a bad nama.

Tha architect should alao reject the nzscciatien of plastias
with small gadgoets and artieles of hard, highly polished surfacas
which are usunlly fraglle because of the exapgerated thinnass of
the materisl usod.

III. To sonsult the Industrial enpgineer regerdling the type or
types of plastics suitable for u speciflc Job, and also the chemleal

onginear who will "tallor" the moleeules to meot speeifie requiramants.

g, Py MacTe gart and M. H., Shambers, Plastica and Fullding
{(Lendon: Silr lIvamc Iltman & Sons, Ltd., 1951), 7. 142.
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Plagtics Ffor Strucktural Uses

If plastics have not yot been utilized Iin structural appli-

eations (only semi-atructural, asuch as panels, roofing materiala,

gnd other slements that support only theomaelves), it is almost

cortain that they will be in the near futurse. There are savaral

facta to indiecate 1t.

I.

If.

Flastics ware formerly limited to amall artlicles and
slectrical equipmsnt bezaunse of bhe technleal ALfficultlss,
the need for a large number of maghines and accurate
laboratory controls to produse large unita--all sultable
only for big concerns with vast economic resourcea. Now,
aftar about & century of progress; many such concerns in
the 7.5, and abroad hoave directed their activitiea to the
study, development and mass-proeductlon of plastica
meterials.

iinss production is neceasary in order to bring the prilces
down and to make the products comparable to other tradi-
tional ones, and acceptable to the publie. BHefore such
an undertaking can be realized, a complete understanding
by the public ms well as by englneors and manufacturers
of the beliavior of thesa new materials las necessary.

Laclk of complete lmowledze In many caszes was the Teason
for seeing many a rlastic fail in certain applicatlions,
but plastlcs have now besn studied and tested, and the
necesaary date made avallable. Once the behavior of &
material fa imown, the limitations oan be sither remedied,
or Allowed for in the desiecn. "A structursl member 1s

anid to have falled when 1t censea to functlon praoperly
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in the use for which it was intended."®

EBopauas of the laabt progress and the successive discovariss
made in the fleld of plastica, many blg companisa ware
hezltatling to go into mass production becauss any new type
that proves beatter can ocutatrip the other types and ruln
the sconomy of theilr manufacturera. There are now saveral
typos (combinations of types, or combinatlions with other
traditionnl materials] thet prove sdeguats Tor load-cerrying.
The alr force and army are axtremely Interosted In plas-
tics applications, and in fact many of the atudles apd
Inventiona were originally made for the development of

war egqulpment, and only afterwarda did they rind their

way inte elivilian uszes.

T'iue 2

2. Warphy, Pro
Internationel Tex e 5 P T #

Haterials (Scranton,
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CHARACTERIST ICS OF FLASTICS
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only those propartlies of plastics that concern the architasck
will be dlscussed here, Iln order teo Torm a general ldea of the sub-
Jecti mn ldem aimilar to a loyout whieh 1s basic to the development
of & large project, but which remains subject to detmlled study, and
to modifiontlon when the detalla are worked oubt aftorwards.

A complote description of plastiea, type by type, will not
fand cannob) bo attempted, for several reascns.

1. Each plaatic would require sn whole book te itselfl for an
ndaguate deacripblon of [ta characteristics, manulecturlnn methods;
appllcatlions, ete., and there are enougis books dealing with all these
aubjecta.

2. Therea are many plastica materials as comparsed to the
traditional structural ones, and mora are conatantly being developad==-
which 13 one of the main reasona why architects and enginsers have not
used plastles long before. They are asvoustomed to the standardized,
unliform qualities of steel, conerets, glazs and the other materials,
and the preat wvarlety of plastlcs confuses them. It even conlfuses
thim lnﬂﬂﬂtﬂr,l and gometimes prevents manulacturers from golng into
mass production.

3. It would not be of great Importance to the architect teo
£o Into all the chemical, industrisl and technieal detnllsa, since
plastics will reach him in & finished state, ready Cor use and as-
aembly on the site, and he is not concerned with such subjects as
raw meterisls, plastislzers, fillera, etc. & preneral knowledge of
theze matiters, however, will help hilm form a clenrar pleturs of the
whaole I'leld of plaatics.

To avold repatition, and for beotter demonstratlion, appllea-

Ylons of the materlals are glven along wlth the desceription of thair

i, 1. wWedl and V. J. Anhorn, Flastie Horizons (Lancaster,
Fe«: The Jacques Cattell Press, 19445; Fe Lo
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properties, even though Part II ia devoted to applicatlons. And

unless neceasary, no actual, specific products on the market are

desarlbad or evaluated.
In this ¢onnection, several roints must be borne in mind:

1. Theas are the charscteristics of soma of the cormer=

elally-lmown plastics, as they ars today=--in their Iinlaney.

£, HRessprch and time will remove thelr shortcomings, Im-

prove their qualities, and develop new types, or combinations,
that will be more sultable for architectural use.

%. Flastica will be rarely used in their pure form, but in

conneat lon with other materiala, as we will see later.



CHAPTER OME
PHYSICAL FROPERTIES

Specific Gravity

Specilfic gravities of plestics now avallable range from
0.22 {polysthylsns) and 1.05 (ethyl cellulose, polyvinyl acetals,
pelyatyrens, stc.) to & maximun of 2.09 (molded, mineral-filled
phenol formaldehyde) and 2.3 (polytetrafluorcethylens).l

Compared with steel's 7.8 or reinforeed concrete's 2.5,
this great lightness ias one of plastics' main adventsges. In air-
eraflt, for exmmple, even at comparativaly higher coata, plastics
result in a blg saving.© And in architecturs, they would similarly
negate thelr higher costs by the savings 1n handling, transporta-
tlion and saae of erection.

The bulk and welght of the material =still play

Important _roles In assesslng the overall cost of
bullding.

Light welght alsc means less dead leoads on & structure--a
further saving in the slzea of structural members, whether plastica
are part of the atructurse cor used only in the partitiona and sxternal
skin. For example:

polyetyrene blocks are designed to scarry only thelr own
walght, but thelr weight 1a only cne-fifth of that of glasa.

This lightness facilitetes easy erecticn; it also raiuuaa
coat of transport and danger of breakage Iin transit.

lzees Table 1.

Swe11 & Anhorn, s oite,; Pe 1353 and Modern Flastles Enoyalo-
gadia and E?ginaara' ﬂnﬂggﬂﬂﬁ [I6th ed.; New York: Fi8stlcs LALALOLUS
Erp.., i P -

J. B. Singer, Flastlcs in Buflding (London: The Architectural
Freas, 1958), ps T

41bid., p. 92.
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It 1s also dus to these 1light weights that Farron ERYE
"Welght for welght, cellulese and silk are stronger than steal'S--

which will ba discuassd Inter.

Col

It 1a not ms adventmgeous as it seems at first ailpght that
plastics have a "complete coler range" and "unlimited polor Foasib-
11itien, 16 Having no charssterlatic colors of their ewn, plastics
ware subjected to all the treatments (mnd maltreatments) posaible,
and woara thus ssesured ne pesition In the world of maberipls and
adolors .,

In the earlier peried, phenollc resins were Limited to
browns and black, but when urea-ermaldehyde resinz were found te be
glasa-l1ke, and when in rapld succesalon ths other types of plastics
arpeared, the novalty of bright--the brishtest poaslble l==colors
began, along with that of transparency. {Ferhaps this was not only
for the novelty, but also to draw the attention to Flaatics and to
differentiate them from the traditional materlals.) Then "pastel"
shades becams fashlonalbe, and the novelty of bright colors wore
out-=but not completely, though:

"Corroplast" sheets are produced in a varisty of

colours, Iineluding dark chocolate brown . . . and pas=-
tal stove enmmellad blue, pink, green, French EreT,
white and eream. This wide cholce of colour makes it
pozelble to glve new 1life and vigour to town buildings,
in contrest to the dull monotomes of the traditionel
roof coveringa.”
Anothar approach to the preblem of colop fand to aveld sales

realatance) was to Imitate other materials; amber, marble, abony,

M. Barron, Modern Flasties (Lendon : Chapmen & Hall, Ltd.,
1940), p. 87. s e

S8se Table 1.
"Binger, op. oit., p. 55,
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horn, stone, and the like, assoms trade names indicate: "Amberlite,"
"Earblette,” "Floxiglas," "Reookite," etc. In fact many plastics wers
originally developsd to substlitute for unavallable materials. And
this is st111 golng on:
LAl wellet made of 20-gaupge vinyl embossed to resemble
leather gralns, . . . lined with 4-gauge vinyl embossed to
look 1like satin_. . . made in calf, ostrich, allipator; nnd
other finishsesa,B
and 2
"Yinyl Plants are Trus to Life"
Interior decorators, following the current trend to
'"bring the cutdoors in,' are now uaing plastic planta
and feollags in meny hotels and stores because of the
ndvantages which they offer over natural Ilera. 4As at-
tractive as natursl leaves, the plastie reproductions
Taquire neo cars except an cccastonsl wiping, will last
virtually forever, and are highly fire-resistant.?
iie may fenr that plastics may come to be cast Into trans-
parent Corinthlan capltals, or that real flowers be incorporated
inte plastles wall panels as an Iimprovemsnt over wall-papersi
Another problem arlisss from the fact that colors have to be
chosen from the "unlimited possibilities;"™ namely, such specilalists
as tho

nation's foremost home=-color consul tant and :Lnturi_fs
designer, cclor stylist of more than 65,000 homes,

and tha eolor conaultant who clalms that

Sadvertisement, lNodern FPlastics, XXVIII, 7 (March, 1851), 77.

9Ibid,, XXVIII, 10 (Juns, 1951}, 4. Imitation seems to be
the normal procedure adopted throughout hist « [faterials gave way
one to the other, but forms llngered behind untll the characteristics
and limitations of the newly-adopted materials became better under-
stood, and were then expressed In the architecture. Egyptlens started
by transferring reeds forms to atone; Greeks Imitated wood with marble
(and never changed); lomans followed Greek forms, but with conoreta,
and sc on down to the nineteenth and early twentieth centurles' stesl
architecture with Renalssance fagades. It seems that since unfamiliar
ldeas (objects, materials, etc,) are not readlly accepted (pending
examination and evaluation), an Imltatlon that looks like a thing i=
accepted by mascclatlon ms belng llke dt--or sven pasa unnoticed.

OAvertisement, The Saturday Evening Poat, COXXV, 18 (Hovembar

1, 1952), 127. e
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for instanee, the general wall color of & bank interier
may be chosen to fnfluence clients toward feeling either
that the bank welcomes small secounts or that {% prefars
the patronage of the exceptionally well-to-do,
and who describes colors as "edible," “"repellent," "hospitable "
"seothing," "sxalting" and “dapraasing"llﬂ
The theorles of eolor are long and complicated, and iavelve
art, philosophy, payehology, and even fashion and taste. DBut to
the archltect, plasties pose no naw problems; he has always dealt
with colors, whether In selecting natursl materials or ip dezigning
Interiors and furniture.
For dees transpsrsnoy in connection with color poss hew

problems, except that the charasteristics of the nsw materiaslas will

have some influense on the results, as we shall ses latepr.lo

Surfece, Texture, and Finish

an Important fact about plastics 1s that they lack a sur-
face texture of their own to distinguish them from other materials
(which is also the scamse of all the materisls that sre "plastic” in
the traditional sense, such as clay, cement, glass, and aven stesl
and bronze). While manufacturers were axperimenting with aolors,
they wore therefore alse trylng to foree textures upon plastics
products: mottled effects, wavy lines, and Imitationas of wood-arain,
leather, and the llke. Others are contented to groove the largs
sheets with regular rectangulsar patterns %o sirulets ordinery tile

Jelnts, (Thls recalls the way lincleum was first treated, and the

115, E. Sarnsey, "Celer in Architscture," in T, Hamlin (ed.),

Forms and Funetlens of 20th Century Architecture (Yew York: Columbia

UniversaIty Press, Lo52), i1, 2BU. 1ink that, once Insids the
bank, it would be sasisr to enguire at the Information desk!)

121b1d,, fig. 327 facling p. 270.
1350, "Stalned-glass Windows," p. 18 of this study.
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way large mirrors were grooved In rectangles and [ltted togethar
with rosettesz to simulate the method of setting small mirrors.)
But scmehow it 1s almost always possible to dlatingulsh materials
aven when under disgulse, because thelr natures force themselves
through the applications, and the maltreatments then lock jJust what
they are: 1llogiecal, ugly, and undesirable.

Therse 18 nothing ugly In art except that which 1s with-

out character, that is to say, that which offers no outer or
Inner truth.

‘hatever 1s false, whataver is artifilcial, whatever ssaks
to be protty rathser than expresalve, whatever ls eapricious
and affectad, whatever amllea without motive, banda or struts
without cause, 1s mannered without reason; all that is only a
Eggﬁg%nngrgfiﬂty and grace; all, in short that lles, 1s ugll-

A sscond distinctive feature i1a that, dus to manufacturing
techniques, and to the light weight and the shatter-proof quallty
which facilitates transportation and handling, plestlcs come in
large units when prefabricated, and in sontinuocus lengths when In
film or sheet form. When used in architecture, jolnta lines will
bs reduced to a minimum, if not entirely eliminated. Thus, tile
patterns and brlck bonds that have always accompanled (not bo say
haunted) architecturs since the dawn of history can now be dispangad
with (fig. 1).

The third feature, alsoc a product of technleal skill and
acouracy, ia the uniformity of coler, thicknesa, dimenslona nrd
finish, which resultaln u.atructurnl and visual perfection. [£]

Textures of new and lntereating effects automatlically result
when plastics are mixed with the fillers and other materials that
are used to medify or improve their gualities, In which cases the
architect will have on hand materials with pre-determined colors

and textures, and the matter of cholee is elimlnated, and the cass

becomes aimilar to that of traditicnal materials.

1*ﬂu3uata Hodin

Art, trana. lira. HumillE Fadden
French of Faul Gsell (Bo3ton: Small, Maynard &

from the
C., 1912), pp. 46-47.
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Matal inserts and reinforcemant in transparent plastica
can also be of great sathetle wvalues I well treated 5o as to serwvae

both strength and beauty requirementa, and not either ons alone
For to fulfill strength regquirements alone (mas in rein-

(fig. 2).
forcing concrete) 18 too mechanical, utilitirian and meterialiastic;

and to be merely decorative 1s 1llosleal and trivial.
The architect should not lose sight of this point, for so

often doas the ascientifie hablt Ifnhibit the artizties.



CHAPTER TWO

OPTICAL PROFPERTIES

Transparency

Except for the phenolic resins and a few other types, all
plastics are transparent in their pure form.l Hewsver, in many
cases they have to be filled or used in connection with other
materials to modify thelir propertles--and that rendera them cpague.
Urea-formaldshyde resin, for example, was first introduced in ths
United States as a "synthetis organic glass" ("Aldur"), but then it
had to be filled with wood flour to overcome 1ts tendency to crack.2
Cellulose nitrate was also used in airplanes as a glass substitute
(to save weight), and was reinforced with & Cine wire mash which
did not reduce the transparency of the sheet appreciably--but it
turned brown in sunlight, tended to shrink and craze with age,®
and therefore had to be glven up.

In great contrast to these sarly trials are the scrylie
resins--developed in fermany and transferred to the United States in
1931% ("known for a very long time [1843] although the commercial
application is of very recent date"®)--of which the most outstanding
is methyl methacrylate whose light transmission is "superior to

13:ﬂ Table 2.
“Well % Anhorn, op. clt., p. 38.

7. Stookley, Sciencea Remakes our World (rev. ed.; New York:
Ivea Washburn, Publiaher, o

hieil Anhorn, op. elt., p. 35.
Eﬂarrnn, op. cit., pp. 565-566.

1-15‘1-



s 1B .

anything else Mnown at the present time . "6

Gless deoes not ellow all the light to pass through, and ths
thicker the glass the lasa the passage of light; thus i1t 1a diffi-
eult to ses any object through glass which is more than aix inches
thlek. ©On the other hand, articles seen through slabs of methyl
methacrylate thres fesat thick are as clear as If no obatacle were
inturrnning.v Its transparency to white 1light Ia over 95 per sentS
and to ultra-viclet light &0 per cent, where glasa becomes opague .

Its major use 1s in aireraft (transparsnt bombsr nossa),
and bullet-proof "glasa" for military vehiecles, since thick sec-
tions of 1t are "as resistant to shock as armour plate,"l? and when
they do break, "large pleces are Tormed without cuttlng udgaaiﬂll

It 1s pleo dimenslonally stable; wlll not dlscolor or craze,
and haa better insulsting propertiss than glass,le

For windows, then, and for walla--transparent and trans-
lugant=--porylic reains assem to be superior to glass, not only Lo
hospitals and sanatoriums, but &lso for homes and apartments. And
they present ne problema in design or appllcatlicn; they would be
traatead llke gless, axcapt for a 1ittle more space for expansion
gince thelr coafficlents are highar.

Aerylic resins have two main dissdvantages, which, however,

can ba remedled:

Grbia., p. 574.

T1bid.; P G577

Bgse Table 2.

parron, op. olb., p. B85.
10m44., p. 877.

111614,

12 %ea Table 3.
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l. Thelr soft surfacea, which saratch sasily, ocan be easily
restored by polishing with speclal compositions (zuch ss "Flexipol",
"Rhodopel"l3), op by costing with a film {("about one ten=-thoussndth
of an inch thick"l%) of glass.

2. They have low softening points which may impose some
restrictlons upon applieationsz, but not In ordinary cases, howavar,
and besides, heat-resisting types have boen developed.l®

These low softening points were made use of, by Frank Lloyd
Wright, to form a transparent doms of acrylic sheets softened

with & revolving bank of infra-raed lamps until pliable,
then draping them ageinst a female mold to gool.lf

(This dome, however, is not used structurally, and is mounted In
steel H-channsls.l” And the new dome suggested for the Guggenheim
Museum in Hew York did not meet the city's requirements for a roof
"with a l%-hour fire-resistant rating."18)

Singer suggests as an application, a translucent pansl wall
that would

filter ocut the hot infra-red rayz and allow only the purily-

ing ultra-violet rays to pass, or, in reverse, allew only

the infra-red to enter the room. This could be carried aven

further by replacing the panele &t certain times of tha vear.
+ + « Lhess theoretical conslderationa cannot, howaver,

materialize at present, dus partly to our still imperfect

knowledge of this subject and the uneconomieal aspscts of the

127, Delorme, "Conditions imposées aux Matidres Flastiques
en vue da la Construction," in P. Burells st al., L'Extension des

Matisres Flastiguas dans le Bitiment (Toulouse: Les nOLiGions
Amphora, 1940), D. £H.

léy, R, Fleck, Flastics, Scientiflic and Technologloal {Brodilyn,
Hew York: Chemical PublIshing Co., InNc., L9350, Pe LET

188arron, op. cit., p. 588.
18usdern Plastics, XXVIII, 9 (May, 1951), 77.
17114,

1EArnhitnctura1 Forum (April, 1852), p. 141.
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enterprlias, althouch athar posalbilitiss, e.g: light=-difTusing
panals, are Teaslb ald__
but not very desirable.=0

A pozslble mppliestion Tor transparent, thermoplastic sheets,

and & more practleal one, 1s In "stalned-glass" windows. Tigures

3 to € aro deslgns for windows (which ean bs agually used Tor panelas
and partitions}, which demenstrate how new charscteristics and tech=-
niquas gan result in designs differsnt from thosa of conventionsal
Btalned plaas.

Thoese windows would ba cempoasd of twe large shests (or
smaller onsas weldsd together) of a transparent pleable, between
which would be lneerperated plgments, colored plastics [llps, small
pabbles, alr bubblea, or any othar sultabls matter, togathar wilth
matal atrips (whish may alae nst as reinfercement). All these
would be srranged in thelr positione; heated wilth a battery of
infra=red lampa, snd randersd ons solld unit.

flueh windows would hava the follewlng advantages:

1. They would [(ros the deslgner [roem the limitatlons of the
sonventional teahnigue. Colers san overlap and Clow from one area
into another without having te ba gulded by the metal atripa. They
enn ehange Yone oF lntepsliy at will,; and the Introdustion of pebbles

or air bubbles would oroate new visual experlences,@l

lnﬂ-ingu:r‘,. EEl ﬂlihr, Pe 155‘*

207 rear that ir auch walls become poaslible, roofs will fol-
Low, and then 1t would not be o Mealthy Cor the houss As a whole.
HFoupan and apartmants aheink in afze, and familien are pressed inte
amaller and analler 1.[1'!'.11.;-;, EpRGG , OVary tdime o new fden cr inventlen
makea It peasible. Feldlng partitlens, for example, together with
acughes wiiloh can e turned Llnto bedes at night, Elve the family
amaller apace under a false lmpressgion of spaelcusnass. ("Flexl-
bility"1) Thoss ultea-vialat rooafs san ba reason for more pressure
sinas enly health requirements now prevent home-builders [rom denlgm-
ing interlor roams.

Elﬂpnnhlna of new visual ex 1 b

berlanaon ranoapnrerps can &lao
be offectively used to produce such deslgna us that nhnwﬁ in £ig. ",
in whish epague elements are supported of transparent onen.
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2: The deslpn would be protected Inside the pleaastics sheets,
the external surfaces of which would be left clesar and smooth for
aasy pericdle eleanling, and polishing when neceasary.

3. It would be easler to conatruct and erect these windowa,
comparaed to the tlresome, lnexact, and slow process of soldearing

lead sections and masembling small pleces of colored glasa.

Hafractive Index
Tranaparent plastics have higher refractive Indices than most
of thoas of the different types of glaszsa and other trensparent ma-
terial=.®2 To this characteristie 1a attributed the phenomenon of
"piping" or "tubing" light saround bends by internal reflection (fig.g).
This action 13 so effective thet reds of methyl mathacrylats

Plaatice; éeven when tied into complex knots, will transmit 1ight

parlfeatly. h% object or pleture at one and Iz elesarly visible
at the other. &

Light emargesz only (&) at sharp corners or beands (Tfig. 8),
{b) whare the surface ia frosted, or (c) where a reflective or ref-
ractive surface iz introdused into the path of the llght rays, and
{d) it will "leak" where there are scratches or irregularities on
the surface of the plastic.

This phenonenon has been made use ol In sdge-lighted panels
with concealed light sourecea,; such as In dilsplay, exit and alevator
signa, and in inatrument panela.Z%

The floor lamp (fig. 10) makea use of this "piping" phenom=-

=2%ae Table 2.
23Harrnn, op. oit., pp. 586-587.

241 1s always nobtleced that light is never evenly dlatributed
o the letters of these slgna. This i3 because the letters arse
etched to the same depth, whereas, for &8 uniform distributieon ef
1light, they should ba slither of incresaslng deptha In ocrder to recalva

egqual amcunts of light, or the sign itsell be made of a diminishing
thickness (fig. 9).
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anon. Light would travel unssen through the long flexible plasties
rods and emerge at the curved end-pilece. The flexlble rods can be
bent In a gooss-nock fashion so that light may be directed at will;
and the spnd-pleces are so shaped as bo act as lenses Iin soncentrating
light at near distaneces, for reading, and In spreading it over largs
arens at long distances, for genersl lighting.

The lamp can be used free-ptanding or combined with furniture.
The sturdy base, containing the light socurce, can be used &a a sup-
port for a teable (Iig. 11}.

Flpure 12 isg snother design for a celling lighting flxture
Blao making use of Internal reflectlicn. “hen the screw at the
bottom of bhe Clzture ls turned; the mechanism, composed of the
rafloctor and the plwvoted plestios bladoes, moven, snd directs the
light raya Inwardsa or outwards by Internel reflectlon In the blades,
thus concentrating light or distributing 1t.

It has been susgested that a huge light aource be placed in
the basement of & bullding, along with the other equlpment, and that
l1ight be "piped" to the roomas much a8 heat 1s piped.23 But this
meanas that that light source would have to be turned on all the time
ao that the ocoupants of the bulldlipng mey be able to wuse 1t any time
gt will==a blg waate of energy. A more affectlve snd esonomls solu=
tion 1s thet a plostics wall be made so as to beo

1} load=besaring, 1T posslible,

2] finished, requiring no aurfacing material,

2} transzlucent, with a Light source ol ite own concealsd

underneath it, and

4) decorative:

g) painted with translucent or transparent paint,

29e1l & Anhorn, op. eit., p. 147.
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b} with seulptured pleces of plastics applied to 1t, or
¢} with inecerporated designs such aa thoss described
for "stalned-glasa" windows.
It is along such lines that plastics can be advantagecusly

used, performing several functions s&lmultansously.



CHAFTER THREE
THERMAL FHOFPERT IES

The affact of hoat on plastics materials 13 a long and con-
troveralial subject, and constltutea the maln limitation on thelr
usns Lo arehltecbures; espoclally the sbrustural onos.

in relatlicon to hoat; plastlos materlials can be classlirfied
Into two mein divislone: thermoplastls and tharmnnabtingl--dnpand—
ing upen tha typs of polymevrization (L.e. tha linking-up of mono-
merid unlis Into long shains). If L% is in ohne or two dlmenslons,
tho materianl i8 thermoplastic; and irf 1t ia in three dimensicna or
with arosnlinlks batweaan the different ahains, the material 1s thermo-
o
Thermeplastice soften wikh hewst and harden when cooled; and

pobhing .

the oyole In ocapable of Infinlte repatitlon. They ean be softaned

overy blme heat ls applled. In controst; thoermosetting materlals

poften only opow; when they wro molded, or shaped the Clret time,; and
arg pormanently hordened ond oannot be melted or solftensd sgain.

The greut popularity of thermeplastlcs ls due to their
portioular charsotorlotle (thermoplastliolty) whioh enables mlstalces
& bha wastifisad, nnd whiah anvan matapinl by making 1t poselbla to
melt and re-use sepapa and danaged Plecesj and In meanulacsturdng, It
permics waldilng and esmenting plecea together. Thermoplastlics also
"aof'tan at tamperatures low enough for anay manipulatien, but high

—_— E ——
Ldee Table O

Ellavron, op. alt., pp. GO-00.

v B2 .
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snough to maintain rigidity at working temparatures."S

Thermosetting plasticas inelude the phenclic resins, the urea-
and melamine-formaldehyde resins, and the allyd (glyptal) resins.
The advantages of using thermosetting plastica are that they with-
stand higher temperatures than thermoplastics, and that there are
many applications in whilch ne possibility of softening should be
present once the article is put In ita final form.

In connection with wood, phenclics and formaldehyde realns
play Iimportant parts in gluing, bonding and lemlnation, due te their
compatibllity with wood, and due to thelr reslstance to solventa and
weather axtremes.

Thermosetting resina char when over-heated but do not melt
or burn 1like thermoplastics, and are therefore suitable for conatruc-
tion work, and are less hazardous than wood 1tsslf.

Also, while passing through the plastiec atage, thermosetting
materials can ba dissclived In many sclvents, and emulslons can thus
be made. This property 1s made use of In preparing lacquera and
impregnating materials which can later be brought to thelr final
stage at normal temperatures with or without the help of aseelera-
tors and hardensrs.?

"Elastomers"” are sometimes distingulshed as a third type of
rubber-like plastics, combining some of the properties of the two
other groups. An elastomer Is actually any flexible or elastic ma-
tarial.

In & more limited sense, thizs term Is used with reference

to plastics that are chemlecally different from natural and
synthetic rubbers, although they may have many of the physlcal

SThid., p. 25.

451ngar, op._clt., p. 12.
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propertiss of the latter.®

Inflammabilit

Versatile plaatics present a complete warlety of reactions

te fire.® oOn one extreme, cellulose nitrate is highly inflammable
"because of its cloae relation to guncotton."’ The billiard balls
for whleh 1t was origlnally invented, exploded scmetimes, when they
came near a flame, with & loud report that caused a Colorado pool-
room operator to complalin because [t made the customors all pull out
their guns!® Dacause of this high inflammability, the piloneer of
plestics that once boasted of about 26,000 npplicntluna,g 1z hardly

ever used nowadays. It has been replaced by cellulosse acetate and

the other cellulese plastics whiech deo not support fire {(but which
sometimes do not quite match some of its excellent propertiesl?),

0n the other extreme, thera are some tharmosetting plastics,
such as ures- and phenol-formal dehyde, which may char when over-

heated, but do not burn, and are actually used for Cire-proofing

other materiala, including wood, such &8 in transportation, where

partout, le feu est une crainte conatante, d'autant plus
que le bols est, juaguticl, le matédriasu le plus omploys .
Son remplacement ou, pour mleux dire, son conditionnement

i 1'alde des résines synthdtigues, permet de rédulre corn-
sldérablement lesa risques dtincendie ou, tout au molnsa,

la propagation des Clammes gqui a nc:gfiunni at provogque ’
encore de si terribles catastrophss.

ST, As Dickinson, Plastics Dictlenary {Hew York: Pitman

Tubl. Corp., 1948); p. 92.
S%se Tabla 3.
Vateckley, op. elt., p. 37.

BIbid., a. 1, p. 37.

S, H. Bunzell and S. Wisenson, Everyday with Chemistry (New
York: Grosset % Dunlap, 1937), p. 57.

10Furelle ot al., op, clt., pp. 246-247.

L1lr. Michon, "Li'Aménapgemant des foyens de Transport, ™ in
Juralls st al., op. eit., p., 197.
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And thers are also some new wallboerds, in which the proportion of
raw materiasls 1z 90 per cent sawdust and 10 per cent erescl-formal-
dehyde resin, the main sdvantages of which ars "the possibllity of
covering large eress, good fnsulating propertles, and a flrs realat-
gnes bettar than that of wood, dus to the resin content."l®

Also, there are plastics that, by wirtue of the chlorine
content Iin thelr chemical compositicn, are salf-axtingulshing, auch
as polyvinyl chloride (depending upon the plaaticlzer used), poly=
vinyl chloride-pcetate, and polyvinyllidene chloride.

The reat of the plastiecs burn slowly but present no {ire
hazard. The acrylie resin, for oxample,

burns slowly when exposed to a naked flams, but iz not

rendily ipnited; it can be easily extinguished, but 1ts
fire-resisting property 13 infericr to glass. I con-

forms, howaver, to hy-}gws. and ia not regarded as more
combustible than wood.

There are many remedies for inflasmabllity (as will be seen
later), and there is no cause for concern, from that peolnt, over the
use of plastics in architecture and non-bearing elements, as they
may bo applledwithout elaborate precauticns, 14

It is sctually within the problem of hest distorticnl®--the
softening end melting of plastics at low temperaturea (which may
not be a seriocus limitation in the fileld of domestic and persacnal
articles}--that the poasibilities of plastles ars "almoat boundleas

This ias the main reason why plastics in their pure form can only ba

1251“3‘51‘, I::|El ¢1t!j Fs 108 .
131bid., p. 58.

1471, Delmonte, Flastics in Egginaaring (2d. ed., "Machine
Design Series"; Clawvel 5 o: renton « Go., 1042), p. 184.
L8240 Table 3.

IEMnaTlggart % Chambers, op. ecit., p. 1566.



uneed to a very llmlted extent In architecture, and even lezs so 1n

enginesring.
Some plastlos cannot even stand teo the bolling polnt of water,

and othera have to be used most carefully:
The maximum tenperaturs the [laminested] sheets can with-
stand ig 120°C. and when used for table tops care muat be

taken nct to place on thenm hot Lrons or acaking utensilas which
mey leave merks that cannot be removad.l

The [polyvinyl=-chleride fleoocr] tiles do not. support

combuation, but owing to thelr thermeo=-plastlc nature thay
should not be laid in proximity to heabt sources, which mary

gause curling of the edges.lB
The low melting-point (115*°C.) [of polythens tubes,
dovaloped for cocld water plumbing inatallation] imposes
a limitatlion in the usa, of Pnlrﬁhuna pipTg to liguids
below the temperaturs of 65°C. (148*F.),
and 30 0.

Jther affacts of hest Include the lowerling of the tenslle
strangth, exceasive cold flow, loas of plasticlger (wlth resulting
smbrittlement, shrinkage, crazing and loss of finish and eolor),
whiln other plastica undergo "a fundsmental change in structure At

the transitlon pnint‘"ED

Ramediss for Inflsmmabll ity and
Heat Distortion

Indesd s grest desl of the research wWork which 1=
continuously baing carried out in laboratorles through-
out the world 1s directed to Improving atabllity under

hat nanditiana,zl

and there 13 slready avallable A very large number of patentsz for

eliminating or decreasing the Inflammabllity of plasties, &2 slso

1731!13_51" O - ¢it!r F-! 105‘#

181pid,, p. 119,

191b1d,., p. 130.

EDFlack, op. ¢it., P« 138,

ElxucTaggurt & Chambers, op. elt., p. 133.
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to Increase thelr reslistance to heat. Thefs patents can be divided

into asversal groups, which Include the following:

i

-

de

The Ilnsorporatien of non-inflammable materisla, or the treat-
ment with chemiecal compounds that contaln chlerine, borax,
phosphates and the like.

The curdng, or thermal trentment of pleatica, asuch as the
followling French pateant:

O éléve le polint da rﬂ.'nalllaaal'rmnt PAr un

traltement thermigue: & heures & Eﬂ,ggis 24
heures & B5%, enfin 72 heures & 97°.

The uese of plasticlzers. Tri-creayl phosphabe, for example,
will "eliminete the Cire hazard of the plastlcs which sup=-
port combustion.'ed
The use of Cillers; which are"nct cheapening or mdulterating
apents, but definite Integral ingredients which are neces-
aary to obtain certain spscific properties,"®4
' The maxisum working tempesrature of phenol-

formaldehyde is about 300° F. [148°C.]. The use

of fillers allows the tebperature to be rafaed to

500" F, [260°C.] with asbestos, to 600" F. [316°C.]

with fibre-glass, end to 1000" F. [E38°C.] with

nica splittings 20
and these are the fillers usually used for heat reslstance.
{ Othear fillers, such as wood flour; meacerated Tabrles, cotbton
flock or lintera, keolin, ehine-elay, slate powder, and the
1ike, are used to amellorate other propertiss.=t)

The disadvantapge of soms [1lllers 1la that, at the same

228F 780.289 (1535), Dynamit, A. G.; see Burelle et al.,

oit., p. 242.

2oDelmonte, op. cit., p. 1o4.
%%Fleck, op. cit., p. 175.

2581inger, op. clt., p. 16.
25fleck, op. elt., pp. L75HLf.
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timo, they affect some of the othar propertiess of plasticas--

a polnt to be carefully studied before using fillera.

Two new baslc changes, which have not yet had enocugh time for
study and development, are expected to revolutioniza the whole rleld
of plastica. One is to replace the carbon atom 1n the plastica ma-
terial with silicon which 12 ¢losely related to carboni and the other
is to replace the hydrogen with fluorine.

Haturally, the chemistry of the whole subject is very
complicated and so far i1t may be =aild that the surface has
hardly been more than seratched. Nevertheless, a number
of sxtremely useful materials have bean produced on & com-
mercial and somi-commercial acale. They compriss heat-
rosleting regins which under non-oxidizing conditions can
withatand temperatures of up to 932°*F. (500°C.) and find
particular application in insulating varnishes for eslectric
motors, low-temperature olls, and high-temperature rubbery
mass8s. «» + « It would be rash to predict the lines which
further development are lilkely to take, but since thes num-
ber of compounds which can bs made i1s practieally limitleas,
it will be readlly underatcod that the futura, although
obacure, is full of intereat.27

ALl of thess above teshniques concern the shemista whe do the
ressarch laboratory work and "taller" the moleculss.

The manufacturera' approach to the problem is of necessity
different. One solutlon 1s to simply aveold heat concentraticna by
Incorperating aluminum foll or other sheet metals batween the face
layer and the cors of the compoalte sheets used for table tops wnd
veneearing panelas: "clgarette-proof" sheetas.

The foll condueta the heat of burning cigarettes away,
and thus provents damapge to the material.=B

And in products where plastics are only used as bonding
agents, such &8s phenclic resins in plywood, or winyl resins in floor
tilea, the rate of inflammablility becomes that of the other materisla

rather than that of the plastics. Several types of the sandwich and

“'acTaggart & Chambers, op. cit., pp. 133-134.
285inger, op. eit., p. 100.



S -

laminated panels that are now produced ere non-inflammable.=¥ [But
they are atill used for partitions only, even though they are adwvar-
tised as "structural"--an example of the advertisers' liberal use of
worda ., 50)

Logd=baaring plastice members will have to be fire-proofed
like steel, In which case the only sdvantagesz galned by using them
would ba light welght and the esasze of erecticon; all the othisr md-
vantages would be cut off by tha flre-proofing materialas.

Perhaps in low buildings, where the bullding codes permit
the use ol axpossd atesl, the advantages of plastics can be Mully
utlllzed, but there 1a a note of warnling from Srafl; about coherate
osonatrustion, which may egually well apply to ocur case:

City building departments are prone to allow only just

what 1a provided for in the nndn--rngnrdlafﬂ of the merlt
of any proposed new type of econatruction.

Linear Expanslon

Flaatlcs usually have higher soelfflclents of linear sexpanslon
than traditional materliala, and only a few of thom are comparable to
steel's 1.1 x 1072/ C. and wood's 0.8 x 10-5/% .52 The expansion and
contraction under the changse of temparature cemnnot therafore be nag-
lacted In the case of wnlts rigidly connectad to traditional materials,
They can cause high internal stresses which may cause the falling
apart of the structure.

Vhen taken Into consideration and ellowed for in the design,

292ee "Arboneld Fanels," ibid., p. 53; and "Flimberite Fanels,
1b4d., pp. 107-108. L=

30zge "Flastle-Fiber Structural Panel," Architectural Forum
(April, 1952), p. 228; and "Flastlc Bullding Panelis, " 1bid. | arch,
1862), p. Z18.

FLpan uraf, Don Oral Data Sheeta (2d ed.; lew York: Relnhold
Fubl. Corp., 1949), p. 16,
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homever, the amcunt of sxpenslieon Is ordinarily n small amount. For
axample, for a diffsrance in temperaturs of 85° C. (123® F.), a
phanclic-resln panel, four feat wide, would regulrs a maximum saxpan-
slon space. ol
41 x 65° x 7.5 x 107% x 18" u 0.235"
assuming the coefficlent to be conatant throughout. An asrylle shest
for & window 20 foet wide (or a window molded in one pleca), would
ragquira
201 x 657 x 9.0.x 105 x 12" o 1.4"
and for a polystyrensa sheaet
20t x 65% % 7.0 x 1072 x 12" = 1.1"
A Elass window of the same eBlze and under simllar conditicns expands
20 x 65° x 0.8 x 1079 x 18" = O 1EY
In other cassg, the flexiblllity and stretchabllity of the ma=-
terials wesd, such as in veneering end flooring, and in plpes and
ducta, can neutralize the aflfects of expansion and contractlion.
Polythene, with the higheat coefficient (16 to 18 x 1075/ ¢.), 1= &
vory flexible material and-c¢an stretch 200 per cent, so that 1t can
ba salely used Tor plpes and plumbing instellatliona.
On o percentage basls, the change In length of plastics ma=
terialas would be a maximum of
1600 x 63* x 18 x 10™5 = 1.2 %
and & minimum of
100 x 66° x 1.0 x 10-5 = 0.65 %

and this minimum 1a the same as that of moat traditional materials.

Thermal Conductivity

Yhoroa temperaturos are below distertlon or melting polnta,

plastics have better insulsting propertles than stones, bricks,

eemant, glasa, and most materials used In architecturs, including
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wood In some cases, o [3] And when dealgned specifically for Insu-
latlion (and in fact "many products are manufactured as ilnaulating
matarlals“aq}, the ccefficlents of thermal conductivity can be lowered
further by Incorperating air space, expanded plastics, glass fibers,
and the like. PFor example, the British inaulating material "Isoflex",
miade of "eorrugatsd sheets of cellulose acetmte stuck together in
alternate directions so as to glve a compoalte atructura,'35 haa =
coaffieient of 2.00011 C.G.5. unlts, comparabls to that of granulated
cork [0.00010). FResin-bonded glass fivers have a coefflclent of
2.000079 C.G.3. unita ([0.23 B.T.7U. units®®)--much better than
vermiculite's D.000021 or asbestos' 0.000100.°7

In other applicationa, such as apraya, veneering sheota, or
waterproofing membranes, the thinnesa of the applled fllm or coat
ugad allowa the heat to be tranaferred to the material underneath,
with no resulting concentration of heat to distort the plastics or

set them on fire (as in "cigarette-proof” table tops, for example).

J35ge Table 3.
S43inger, op. elt., p. 17.
55Hnrrun, op. elt., p. 376.

ginger, op. clt., P« 17.
7308 Table 4.



CHAFTER FOUR

STRUCTURAL FROFERT IES

Tonsile Strength

Compared to ateel's 60,000 p.s.i., the tensile strengths of
plastieca in their pure form fall far short. Calluloss nitrate whish
was "one of the strongest artificial materials"! has a tensile
atrength of 13,000 p.s.i. Folyvinyl acetals reach 12,000 and ures
formaldehyde 13,000, and the strongest plastiec now-available is the
fabric-base phencliec resin of 18,000 p.s.1.%

But it would be errchnecus to concluds that plastics are waak
and thereafors unsultable for structural uses, for thers are several
ways 1in whilch these lower tenslls strengths can be intarpreted so
that plastics can structurally compars, and aven exoal, stasal Iin
tension:

1. 0On a comparative welght baslas, due to the low spacific
gravities of plastics, as we have #een,” it can be stated that welght
for welght, many plastics are stronger than steel. A comparison of
strength-welght retios,d of ateel and some of the plastica elearly
shows this faet. Thias means that for tha same weipght, higher
strengths can be obtalned with plasties, or that in order to develop
a eertaln strength, a =aving in welght can result. {(This also applies

to flexural strength.) Dut the difference i3 not so great, howaver,

1Eunzall & Nisenson,; op. cit., p. 57.
25es Table 5.
YSee "Specific OGravity," p. 9 of this study.

‘Saa Table &,

.



-

and when compared with prices, tha substitutlon usually proves un=-
sconomic, exespt perhaps in the ceses of resin-bonded wood panels
and other laminated materials which attain an "extremely high ratic
of strength to weischt."?

2. What 13 more striking that Table & shows ls the phenomen-
al strength of glass fibers and other fllaments.

“hile the ultimate tensile strength of bulk glass la about
10,000 pes.i., it varies Iinversely with the area, sc that commer-
clally avallable fibers of 0.0002 to 0.00025 inches in dlameter
have from 250,000 to 500,000 p.s.l. tenaile strength,® and "in
several tests, strengths of 3,500,000 p.=.il. have boen reported on
fibers 0.00025 inches in diameter."7

And aven thouch plastica fibers do net reach such high
values, yet they develop 20,000 p.s.l. (soya-bean fibers®), 30,000
pes.l. ("Saran;" polyvinylidens ghloride) and 60,000 p.s.i. (nylon,
which drops to 43,000 when wet”). Fnowing that since all these are
“brittle" materisls, if.e. they have no elastic 1imit like atealrslP
or that their elastic limita are high up on the scale, the working
strosses can be greatly Iincrensed beyond steelts 203,000 P81, Thezas
synthetic fibers were primarily developsd for textlles to be used
in furnishing and upholstery, but thelr high strengths attract the

attention and glve riss to a new field of application: reinforced

ESarrun, op. elt., p. 282.

™. G Gngel, C. B. iferming, and H. R. Merriman, Etruntura‘l
Plastlcas (Hew Yorlk: “quraw-ﬁill Book Co., Inc., 1850), Irlg. 3.
F. 0%, Dorrowed from F. 0. Andersgg, "Strength of OGlass Flber,
Ind. Eng. Chem., 31, 290 (1939).

'?HLII'P-'!T_'F, Oft e alt., p. 534,
8Meck, op. cit., p. 286.

g'.]-arrcn,. :‘E!I ﬂit!_q Fe- E-:-ll“i‘i-

10tinder normal conditions, glass :I.‘ib-ura cbay Hooke's law from
zgaro to ultimate stress, 3Zes Engel, Hemming & Merrihan, op.cit., p. 53.
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Plaztics,; sapecielly glass-Ciber reinforced pﬂlfﬁﬂtﬁra.ll

The field Is fairly new and not well explored yet, but thers
are avallable such products as gar bodles molded of single pleces
which required no heat or pressure to mold, and which are "stronger
than metal cnes." ® In the fleld of architecture there are chairs,l®
translucent "structural" panels such a5 "Resolite"l4 zna "upppvl5
panels, and other corrugated sheets for roofling; sand alac plpes that
atand up te 220°C. and whose tenaile atrensth "which reachasa 59,000
1b. per sg. in., is equal to that of stalnleas stesl,"l€

Glass fibora and polyezter resins also have good insulating
proparties (like other plaeatics), and cen be applied for external
uses.

Silieconas will play an Important part in this Tield because
they got &3 a bridge betwesn glass and plastics; with "the silicon
end of the molecules aticking tight to the glasz while the other end
cleaves to the plastie."l7 (It was reported that the materials, rlass
fibers and polyester resing, in some applications, did not stay stuck
together and sometimes tendad to separate.l2)

3. A theory (the "lockerastellen" theory) puts forward the

argument that

ll"Pnlraater" reains are "complex reasction products of poly-
basie organic anids (aclds containing more than one =COO grﬁup? and
polyhydric alechols (alcohols eontaining more than one =0H group)."
{well & Anhorn,; op. ofit., p. 45.) "Typlecal of the so-called tun=
saturated polyester' plestics are combinations of styrens and allyl
resins.” (Dickinasn, op. elt., p. B225.)

18pime, LIX, 7 (February 18, 1552}, 0.
lﬁAdvurtlaamant, ¥odern Flaatles, XNVIII, 10 {June, 1951}, ©6.
L4 rehitectural Forun {darch, 1952}, p. 216.

1571p4a, (april, 1952), p. 228,

15ﬂlngar, op. eit.;, p. 154.
17 4me, 1%, 13 (September 29, 1352), T0.

131bid,
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the full thecretlecal strength of hardened phencl-formalda-
hyde resinas (4000 ksémm[]n%
)

5,700,000 p.s.i.] 18 not ettained
(in practice & kg/mm

11,370 p.s.i.] owing to the pressnce
of flawa in the molecular atructure of the reszin.

While the architect ia waiting for the chemiat to solve the problem,
he can make sketches and preliminary studies in order to be ready
when such resina become avallable.

4. A methed has bean developed by Hordern-Richmond, Ltd.,

to produce & compressed wood, "Hydulignum," of & 45,700 p.s.i. ten-

2i1le strength. The wood wveneers, bondad with a tharmoplastic resin,

are pressed from the sides as well as Crom the top and bottem.29 Tt

1s used for alrplane propellers, but perhaps will become n building

material 1f its price balences its hlgh strength.

It must be neticoed that the &lffarence in tamparatures has
an effect on the ultimate and working stressas of all plastics ma-
terials, especially the thermoplestics., Allowance for this fact
mast be made in the factor of safety.

Compressaive Strength

Comprassive strengths of plastics®! are adequate for atruc-

tural uses, eapecially thosa of ths tharmosetting resins, such as
the phenolic, the ures-and the melamine-formaldshydas.

Attentlon must be drawn, however, to one Important thing

about compresalion: 1t is nlways accompanlesd with buskling which

would have otherwlse permitted the use of smaller crozs-sasticns

and slenderer columns. This means that a stroag material 1s wasted

when used in compression, since 1t 18 not safe to exesad a certain

slendernesz ratic. This willl be more wasteful in the case af plas-

12Fleck, op. elt., p. 171.

205inger, op. cit., p. 53; and Fleck, op. elt., pp. 241-g42.
£lsaa Table 5.
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tics where partitions are only one or two inches in thickness. It
may be found neceasary, tharafors, to suspend whole loors from
girders or truases overhaed (fig. 14), rather than to suppeort them
on columna as usual, in order to avold the whols problem and to

make sconocmlc bullding possible at all.

Flexural Strength

Az In the case of tenaion, plastics are alsoc atrongesr than
steel in llexure--on & comparative basis--, and further astrength
can also be gained in several ways:

1. In designing & stronger member by increasing ita crosa-
gsoction (as when adding cover plates toc beems, for example, or when
chooaing beams with larger flanges), welght in the case of plasties
i3 less thin the corresponding weight In ateel.

- The flexural strength and rigidity [of boards

and panels] are greatly improved by the use of a
ribbed or honaycombed core, and the development
of aynthetic reains should contribute to the pro-
greas and utillzatlion u£ low=density materials=s
comblnad with plastica. 2

d: In atesl conatruction, theps ocould not have besn a worsa
Place to make a connection than where 1t is (or rather has to be)
done nowadays: at the support--whers shear and negative moment are
maximum. Connections thet would reduse the azizea of memberas by
avoldineg these polnts of high stress ceoncentrablons cannot be achiawed
with rolled sections. BPBut with plastics, such connections (figa. 18,
El; 32, 33) sre gqulte In sceoidanes with the nature and Tforming tech-

nigquas of plaatica.25

®2singer, op: oit., pps 154-156.

2o e comparlson with steal, here and in the above two ocnszes,
can be misalesding, because plastleca sectlona have not yet haen
standardized. And there 1a glao a poasibility that thoere will be no
such asctlons. Steel I-beams, channels and all the other shapss arse

relled, and rolling is not natural to plestlcs materials. [Ses also
. 32, p. 40 of this study.)
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4. Since plastics structural mambers will mors likely fail
on the tensicn aida,24 the natural and obvious thing to do 1la to
reinforea them. The few experiments that wers done with metal aheets
g3 reinforeing materiala gave good results and showed that the prin-
ciple can be carried further in varlous new applications.Zd

Further strength should be galnsd by using glass flbers which
are three times lighter than steel, and with plastics filamenta,
saven times llighter.

In the case of plastics filaments, however, the full stranzth
cannot be sacured until the slongation of the filaments takes place.
And since that elongation 1s sometimes as high as 40 per cent (soya-
bean fibers®®) and even 700 per cent (nylonZ7), the bonding resin
fractures long befere the fllaments start to act. This immadiately
suggeats prestressing, in simllar manners that concrete 1s pre-
stressed with steel.

The fleld of prestressing cannot be discussed hers.=o Only
a few remarks can be made:

1. imnder factory control, it would ba saslisr to prestress
plaatics than concrete. Light welght would make shipping to site
sasy IT the members are not too large.

2. Large membere ¢an be precast or leminated in standardized
sections which can be sasembled and prestrassed on the =slte. One
method of prestressing these secticns would be vertleally, under thelr

own welpht. A narrow pletform F (fig. 13) would be suspsnded Irom

E"‘Empara gtressea 1in Table &H.
253inger, op. olt., pp. 152-153.
2CFleck, op. clt., p. 226.
27parron, op. cit., p. 633.

28500 A. L. Hommendant, Frestressed Concrete Structures {Haw
York: MoGraw-}i1l1l Dook Co., 1952); an excellent and up-to-dats book.
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the prestressing cords, and the precast sections 5 placed on the plat-
form; one alter the other--held-In peosition between the two columns
C==until the pre-tensloning Corce 1s roached. The platform would
then be supported from below to prevent further strain while the rest
of the sections are placed. (O i the total welght of all the =sesc=
tlona 1a not sufficlent, extra loads would be placed on the platlform
to produce the nacessary force.) The "grouting™ would then be carried
out; and af'ter it sets end herdens; the girders would be railsed to
their final positicns in the bullding [(and, pesrhapszs, Instead of ereot-
Ing a epecinl structure [or the operatlion, the prestressing might be
performed on the actual aupports of the bullding), and the floors
auspended==thres or four to a girder. For such a large bullding as
that in figure 14, the glrders would be more economlicnl I made ‘as
doop ns a fleor s high, in order not to disturb the moduls of the
fagade, and in order that the space Inslide them may be used for
storage, for mechanlcal equipment, or aven as living space jJust like
the other Cloors. It wlll be noticed that prestressing with steal
would bes of no avall, becaussa when atesl wires are pre-tensloned to
thelr sllowable 1imit, the elongatlion (l.e. strain) 1a of a very

amall mapnitude, and when the external force Iz removed and the wires
contraat to thelr original lengths (or almost their original lengthsa),
o very smeall stress la exerted on the plastics membera because thay
have lower modull of elasticity.=¥ A numerieal example will show

this more clearly:

Tha steel wires are pre=tensiocned to 40,000 p.s.l., say.

Stress
3 e .
train Young's woduius
= 40,000
5,000,000
= 0.00154

29gs8 Table 5.
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After the external lfores la removed, the stosl wirsa raturn
to thelr original lengths, and exert s compressive stresz on ths
plastica membear:

Stress = Jtraln x Youngts Modulus
rm DL00154 = 600,000
= B804 pPeadala;

whlch i of no appreciable walue compared to plastlcs?
strengtha.

compreszive
3. Freatressing has one more advanteage io that it 18 & re=
versal of the atresszes which a atructursl member 1s designoed to ecarry,
and it ia therefore a check on the mctual strength of that member.

If it is succesasfully prestressed, 1t is safe to use In a structure.

El&stinitI
Deflection Ia inverasly proportional to Youngta Modulus of
nlaﬂticit?,ﬁﬂ o that when the modull are low, materials delflect

appreciably when subjected to flexural stressesa. This, however, 1s

not a reason to conclude thet such materials are "therafors, un-
deairable ," nssome hava.al Tor there are saveral weys in vwhioch oxcoo=

alve deflection can be treatad, or used to advantage:

SMafloction may be expressed, lor Ilnstance, as the lntogral

La
M om dx
Y. 5 S
Ly

where M

1]

the moment dus to the actusl losds, at esny polint on tha
beam, &t 8 distance x from the ondj;
m = 8 similar moment, produced; at the distensze x, by a unit
lend applled at the polnt where the dafleectlion la somputed;

= Young's modulus of elasticlty;

the moment of Inertis of the crozs-soction of ths baam at
the dlstance xj and
B part of the basm (whose tokal length is L) for which the
values of ¥ and m (dn termas of x) are glven Tuncticns.

b= L7
il

I.Il IJE

51En551, Hemming & Merrimen, op. cit., p. £24.
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1. The obvious and direect sclution 1a to inerease the depths
of atructural members, and aven though such increase would be exces-
aiva,ﬁg it ecan produce designs that are quite satiafesctory--structural-
ly and esthetically {figs. 15, 18},

2« Flastica beams, which will not be rolled like atesl, but
cast or laminated, can have variable cross-sectiona--the depths belng
incromsed only where necessary (fig. 17).

3. TIn tall bulldings, the whole structural probleam ecan be
ra=phreged. As the loads and stresseas increase, proceeding from the
top floor dewnwarda, the number of columns, rather than thelr aizes,
in insvesnsed (fig, 18). Aside Irom nvolding daflection, this dosign
hog other advantages. All #£leer slabs, boams, columns, window lights
and apandrels are standardized, thus oliminating the sonventional,
gradual Lncrease in eross-secticns wWhich results in memberas that are
all different and requiring individual analysis, design and detalling.
This standardizatien lends 1tsell to mass pProduction, facilitates
manufacturing, detalling and aasombly. Furthermora, all are clearly
oxprassed in the bullding, with ne pretenslon or attempt at "deaign"
or "art" for their own salke.

4 In some cases, deflectlon does not have any harmful af=
fects on the bulldings, nor interfers with their functions. Inatead
of wasting effort and material on attempts at preventing beams and

spandrels from deflecting, the fact should be acceptad and used to

S25teel's modulus of slasticity (33,000,000 p.a.i.) is from
€.70 to §0.0 times those of phenolie resins, for axample, and 50,0
tlmea that of norylica. To Inoroane the walue of T in the nbove
squation (n.50, p. 30) by the same ratlic means that the breadth and
depth of a ssstlon should Be Llnoressed Irom 1.0]1 to 2.85 timos.

T™ins in ancther ronnon why it was snld that sompoarisona with
ateel gan e minleading (n. 23, p. 3C), and npsombled, precant oecs=
ions wersa suggenksd [pp. 37-34) hecause whille thoy are daesp snough
Ea mast flusural and daflegtlon roquiremsnts, thoy ars also hollow
ag that plpes and ducts can ba run threugh them, and it may Lo posolible
G0 make them no dasp as Lo aooommodate whole loors.
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advantage in deslgn (fige. 19, 20).%% Again, such butldings weuld
be quite expreasive of thelr materials and thelr charsctertstics,

and would leook natural and "relaxed." (The shape of the roof of the

Stadium in Tigure 20, with lts excepslve sap, ean be sulbably adaptad

to auditoriums and othear buildings in whiah wooustlos 1s An Lmportant

fastar.)
8.

Low modull of elasticity mean resilisncy: and just as
thara are

misssllanscuas anginesring deaigna which requirs thesa low

modull of elasticlty for the 1hhﬂ-i:fuﬂminm aharastaristian
Imparted to the strustural member,®

there are also many uses In arcéhitecture for resillient materials
that have the abllity to absorb shock stresses, strotoh whon sub-
Jected to tension, and contract undar pressure. loor covaringa,
waterproofing membranss, caulking materials and expansion Jjolnta
are to name but & few.

"Vinyon," a vinyl plastic that was used for making trans-
parent belts, suspenders and wrlst watch straps, some ten years ago,

is a flexible materlal and has a "lazy return, gradually resuming

3Dany similarity between these designa and some of those
axscuted In relnforced conorets, In some countries, only shows the
insignificance of the shapes of the concrete ones. "hersasa the aag
of the plastica frames is dues to the sctual deflection of the ma-
terlals used, it has no meening in concrete, and proves that 1t was
done simply for "design" effects.

Conereta is "plastic" in a sense, but it 1s quite different

from real plastics, both in behavicr and methods of execution:
1. Conerats 1s poured on wood forms, and any unusual shape means
extra and excessive labor, whils plastica are cast, esxtruded opr
laminated into sections which span the whole length with single pleces
and which are spot welded or glued together. Yo forms are requiraed:
only temporary supports until the atructure 1s erected. 2. Concreate
beccmes hard and stone-like after setting, with no trace of elasticiuvy
and plastlelity left, while plastics remain plisble and flexibls, and
thelir low modull of elasticlty cause them %o sag. 5. Any defloction
In & conerete member results In cracks, and can cause the failure of
the member, whlle deflectlens in plastics membera cen be excessive
without any harmful effecta, as the materials are apt to "give."

E"’Dllmnnta, op. elt., p. 172.
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its original size and shape."¥S This "lasy roturn” suggests an In-
tereating applicetion: & door without hinges ¢r unsightly alosers.
The whole partltion (figs. 21, 22), not necessarily transparent,
would be made of one shest, and the door formed by simply culting
along the top and one of the two slides. The other "hinged" side
would be dofined with a mullion, running from floor te esiling, which
would also serve to astrengthen the whols partiticon. (The aut which
dafinea the top of the door may have to ba axtendad a faw inchas
bayend the mullian {n ardsar ta prevent any bear that may rosult Crom
ratigun After long usage.)

The some prineiple san be appliad to windewn, "hinpged" from
g oldas o Pfrom bhe bop.

An thay ars "brittla® materiala, 1.s. have no slastic limits,
planties, when sverstressed, glve no Indicatlon befors they "snap
elff anort like o ecarret:"™® and naturally thera 1s alac a cartain
amaunt af arasp suparimpansd an llosks's law,?" which cecurs when
plastleos are permanently stresood.

Vinyle mnd seryllecs are particularly subject to 1tﬁ
but ures and phenolle resins are not greatly alffected.o8

Put 1t i3 for such reason3 that there are factors of safety.

These are pyrely engineering considerstions, and the archi-
tect only recocgnizes thase factszs mand allows for then in his deaipgna.
The reason for reviewling them all, as for all other propertiss, ia

to form & baslc understanding of the whole subjfect; for when it comes

3Bstockley, op. eit., p. 56.

966, A Redfarn, & Guide to Tlastics (Leondon: Fubllshed for
"British Flastics" by Il1TTTe k Sons, Lbtd., 1951), p. ©7.

S"Meck, op. cit., pp. 148-150.

SBstnger, op. oit., p. 15. Vinyls are in panaral fMaexibla
materlials;, and arfe no ely to become load-bearing; and if merylics
ereod, they would not be different from glasza which creeps "under a
very low stress." (Murphy, op. eit., p. 354.)
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to Individudl casos, the fasts will havae to ba saputinlzed ond worlked
out in detall. Due to the lack of dustility, for examploe,
polnts of atress concentration, such as holes and notches,

initiates oracls whish lend to early Callure. For thils

reason the dealgner aof plamtie ubﬂﬁﬂnﬁhtl muitt avold shapp
carneara and othor strosa raloers.

Allowance for this faster cun be easily notiasd in all drawlngas and
aketchas presanted In this satudy.

Two more purely snglnearing problema, of na graant importunce
to the architect; may be mentloned hore:

1. The modulus of alantielty "1s not the same 1ln comproasslon
&3 1n tenainn,”‘u whloch throws the neutral axls off khe sankar & A
eroas-gectlion and complicates the caloulations, eapeclally when a
relnforelng material 1s involved.

2. Tha valus of the modulus can be varied "depending on tha

moulding pressurs during the process of manufacturse."4l

Impact Strength

This property ia of mere importance to industrlal enginesrs
and machine designers.

For architectural purposes, plaatica in general have high
impact strength which can be furthsar Improved with rfillera of flbrous
erigin, such as cotton flhers, maceranted fabriesn and the 1like.
Fhenolie molding powders, for example, have an exeoptional ranga aof
high mechanicnl power, and, with sultable rilleras, 1mpact strength
becomea "of a very high ordar in relation to other matarials."4®

Celluloses ncotate is characterized by "great toughneas and impact

395:115\31. Hemming & Herrimén; op. elb.; p. 73.
40sz4nger, op. cit., p. 13.

4l 114,

I!EE!@LI":I:"'r::nJ. aps gl Dy 158
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strangthi "3 sthyl celluloss is "axtromaly flexible, has great tough-
ness, . . . and has the cutatanding property of maintaining ita
strength and flexibllity at very low temperatures,”™t and 1a therea-
fore used In safety glass. We have seen that scrylic resins in thick
sectlons are as resiatant as armor plats, and when they do brealk,
largs pleces are formed without cutting edges.®d Folystyrena, dif-
faring from mest other plastica, becomes tougher as the temperature
is reduced,*® and vinyl elastomers sxnibit similar behavicr.47

I sarly plastics gave the impression that they were brittle
and fraglle, it wan bacauss thay were aither improperly desipned and
molded, thelr thinness was sxaggerated to save material and reduas
prlea, or boaauas thay sometlmés aotually bacams brittls after pariods
of bine dus to the loass of uu‘!.n.tila Plaabklslzera. All thess aan ba
romodiod with proper design. And price will be discussed later,iB

Outatanding axamplan of shosk-resisting materials insludas
telophones, vacuun-cleaner parts, washing-machine parts, ote., and
all tho semi-gtructurally products on the market, such as "Duralux,"d?
"Sorrulux, " and "Heloplast"®l pansls are shatterproof and possesa
high Impact strength.

Surface Hardness

Lack of surface hardness of many plastics materlals imposas

31b14., p. 360.

4‘12_1_‘5__' Pa 400.

45360 p. 18 of this study.

45F1ank. cp. eit., p. 147.

' rv1a., p. 183,

18500 pp.59-62 of this study,

¥4rchitestural Forum (January, 1852}, p. 200,

501m1a,

Blainger, op, cit., pp. OL-02.
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some limitatliona on thelr uses, for no organic material has yet beon
developad that can withstand abrasion like gless. But 1t Ea A Sar=
loua drawback only when transparency 1s a factor in the application.
Thus, with methaorylatesa,

optical elarity ia very exceptional . . . but unfortunately

the surfaces are somewhat soft in comparison to glass and

m;t;riaTz?EBrﬂnﬂ to damage by alr-bornes dust and abrasive
And 1t 13 also a drawback, but not as serious, where the materiala
are subjected to excdasive abraslon, such as in floors and table
tops, becamuse scratchea are not as easlly notlced as they are on
tranaparent materials, and therefore do not mar opaque, decorated
surfaces--aspeclally when the decoration is an integrel part of the
material and not only "skin-deep."

Otherwise, the resisztance that plastics have for abrasion
is sufficient for all practical purposes. They are not more prons
to damage than the traditional finishing materials that are ordinarily
uaed In bulldings.

Of the materiasls that have good propertiss In this respect
are the urea-formaldehyde resins which are "very hard, resist abra-
sion end scratehing,"53 nylon, which has "exceptionally good resist-
ance to ahraainn,"54 and melamine resins,oD

Of the transaparent materials, a seriea of tesats showed that

cellulose acetate had the greatest resistance to abrasive
action, followed by Vinylite sheeting, methyl mnthnggylatu
sheeting, and poly-atyrene shesting, In that order.

5ti111, there are several remedies and protective treatments

5Eflauk, Gp. ait., p. 167.

SSparron, op. cit., p. 225.
SiTrid., p. &3¢

S55Fleck, op. eit., p. 211.

S6rpid., p. 169.
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for the materisls with Insufficlent resistance:
I. ERepgulating the amcunt of plastielzer:

Reduction In plasticizer content willl increase
hardness appreclably for cellulosa darivatives.57

II. FRegulating the time of curing:

The hardness of cast phencliecs are [slc] con-
trolled by regulating the length of time they
are malntained at an alevated tampggatura
during the finsl curing operatlion.

I1I. Improvementa in methods of centrolling
polymer-forming reactiona might be expected
to help towards a solution of g%la problem
[of laeck of surface hardnsza].

IV. Coatling with various materisls with hard durfaces and
registance to abrasion. The argument [or coating materlals 1s that
whila they provide protectlen Irom ebraslon, at the same time, they
pleo remedy weathering seffects, molsturse absorption, and, (Iif good
conduetors), statlec slectrlelty.

A. Coating with glass. This has been applied to
mathacrylates in cases where elarity and optical qualitiea
are of the greatest importance. A film of about one ten-
thousandth of an insh fs suffisient Tor prutactiﬂn,su and
18 thin enough naither to interfeara with the optical proper-
tiss nor to gause eny difficulty dus toc dlmensional changes.

f. Coating with metals®l--which renders plestics good

S7helmonte, op. eit., p. 174.

EQEEEEL

S%yaaTaggart & Chambers, op. eit., p. 143.

EDFlank, ops. elt., p. 167; alao p. 17 of thias study.

Glynis mathod may be of limited use, since, aslde from hiding
the materiasls behind them, matals thamszelves need to be protected
from wosthering and rusting, and one way of ashieving such protec-
ticn 18 to coat thesm with plastiesl For more detelils on coating wlth
metals, see D. . Prown, Hendbook of Engineering Flastics (London:
Gecrge Newnes Lid., 1943), e &y PP =151.
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sonductors of heat and electrieity. This can be done in
several ways:

1. The stlcking on of & metal sheet, elther during
the manufscturing of the plastics product, or applying
it later (and plastics adhers firmly to metals®S).

2. Metal sprays--a technigus that 1s 1imited to
metala with low melting pelnts, (as lor example, tin,
sluminum, zinc and lead®®) because otherwlse the plas-
tics can melt or be scorched or dameged.

%. The chemical depositing of & layer of sllver ln
g aimilar manner to that in which mirrora are made,
after which any metal capable of slectro-depoaltlon can
be pleted on Lo it.54
C. Coating wealk plastics with othersof harder surfaces,

such as melamine and urea formaldehydes, alkyd resina and
silicones. Those latter, "bridging the gap between complete-

1y organic and Inorganlae prudunta,“ﬁa

have poasibilities in
rendering plestica reaslstant to many of the corrosive and
destructive factors. Fhenclie varnishes also can be used
provided heat can be applled teo the product, because 1t ia
necessary to cure the varnishea to cause them to harden and
solldify.
¥. FPolishing with the speclal composltions and varnlshes

that have been developod:

gn pourra en tenir comple, guoique la posalbllits
ds repolir fecilement ces surfaces [des matidrea trans-

E2350 also "Oluing,"” pp. 71-74 of this study.
Eaﬂrnwn, op. ci%., p. 144.

O4)iacTaggart & Chambera, op. elt., p. 136.
GSparron, op. clt., p. 670.
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which 1a simllar to waxing
and eonvenlent method that

¥Ii. Finally, thera
urmecessarlly, becauss, as

show easler on transparent
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Eampnaitlanﬁ apdelales EFla:éEnl.
e rddulre cet inconvénient,
floors,®" and which seems to be & practical
is quite applicable to bulldinga.
1s the advice not to stress transparency
sald bofore, inaignificant aseratches

surfacas and déetract from thelr baauty,

while on opaqus surfecen or even Eranslucent onesa, the effect of

seratohes would Be minimiged or even EC complotely unnoticed. Trars=

lusant panels mlse admit light and ultra-vioclet rays, and have all

tha propertles of the tranaparent ones=--except transparency itaslr.

ﬂﬂﬂ_ Ielorme, "Conditions impoeden aux Matidwes Mastiquen

fl vie da 1o Oanstpuatdan, "

in Burelle et nl., op. eit., p. 20,

ﬂ7?1n31 tlles are often advertised ns telng capable of gliving

life-long service without

needing any waxlng, but any [looring ma-

torial wlll sucoual to wear after & perlod of tima, and waxing and
Polishlng will be Cound nec&sagry.




CHAFTELR FIVE
BURARITLTTY OF ULASTICS

Thia fastoer, durabillty, whlelh aseuld be afqually anllad
permanancy, or weatherlng properties, is actunlly o group of phynionl
and chemical propartlea, and not Just one. Tha point 1a to datar-
mine how long plastlics can last, when uned in bulldings, end be whab
axtont they can endurs the several corroolive factore that abbask
them, try to change their nature, and cause them Lo dlslintegrate
or deteriorate. [4] Among these factors thers are sunlight, ultra-
violet 1ight, cold and freszing, water cbsorption and watar penetra-
tion, atmoapheric pollutien, aging, dimenslonal stabllity, ete.

Seme of them affect the ussd of plastiss in sxterlorz only, whila
others apply to both exterlors and Ilnterlors.

In Tables 7 and O &re grouped the propsrtles that belong te
this section, and from them it can be seen that, with the sxceptlon
of & few cases--in which soms materials undergo alight changes dus
to ons Taotor or another--none of these factors seem to have an ef-
foot that is appreciebls encugh to be worth slaborate precautlen or
special treatment. Some materiasls even Improve with age.

The effect of sunlight and ultra-viclat 115gt1 i3 mainly a
diseoloring or fading of colors, which is a commen property of all
organic plgments and coloring materials., Hut on matallls powders
and inorcanic compounds, there 1s naturally no effect. And slnce
transparent materials trenamit most of thess rays, the elffect on

tham, if any, is no more than a slight yellowing.

lsag Table 7.

T
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Of the Tew materlals thet are apprecisbly affected, thers
iz sellulcose nltrate which used to turn deep yellow or even brown
when used in safety glass. (Cellulose nitrate, however, 18 not n
suitabls materlal for bullding purposes due to 1tz high Inflammability)

Lnethar materlnl is polyothylone, of the exeellent chemical
propertlea, Dub,; again, 1t ls not a bullding material. It 18 malnly
usad g8 Weterprooling sembranss and Meaxible tublng Mov water and
shemloale, wiler Ehe probsoblon of cther matorlals.

The detrimentol offect of sunllight and ultra-vioclet light
o palyakyrans ia unfarbunats besauns 1t in otharwiss an exeallant
imhd besubtiful materiel, and this handloap confines ite upes to inte-
rlorn only.

Wabar 5blﬂEEEl£Eﬂ io prootleally nil In the ommpe of poly=
otyreno, polyvinyl chlorlde, polysthylene and polytetrafluorcathylans;
and Ls of & very smull magnltuds fn the case of most other plastics,
™e only matarial that absorbs a great amount of water is casein,
and eaanain has mevaral other dlaadvantazes (such as wealt resintance
ko otiemicalen, and poor moldling propertlen) thet 1limit 1ta use to the
manufacture of small, non-exacting articles, paints and glues.

The smounts of water abszorbed sre Inslgnificant:

31 1'on suppose un I'llm protecteur homoghne en plas=-

tique de 0,2 em dtdpaiszseur, la guantité dreau gui pourra
diffuser & travers cet deran ne ddpasssra pas 0,25 Py
mitre corrd ot par heure pour la matidre la plus pe able,
golt & mmg per jour.
gl e orsimilik el e bt ool Sy
pr cace pour tou
But it Is the sffect of water abscrpticon that calla for attenticn.

In the case of scme materisls, aven though thet affect i1z a "slight

23a9 Table 7.

5
J. Delorme, "Conditions inposdes sux Hatibdres Plastiques

en vue de la Construection,”™ in Burells at al., op. oit., pp. 18, Bl.
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swelling," it 1s sufficient to cause them to warp (hence thes nob-
quite satlisfactory performances of some vinyl tiles when used In bath-
rooms and kitehens, whether 1t 13 dus to the swelling of the tilas
themaslves or to that of the glues used--ona reason why tiles should
not ba uzed ot all4l, o to produce encogh dlmenslonal tularancazﬁ
that can ereate internal stresses and disjoint rigldly-assembled
membara-=-juat a8 thermal expansion end contraction can do.

Also water can slways penetrate m crack or a jJjoint--a possib-
111ty that seems to call for messures that are contradictory to thoss
required to overocome the effects of swellling; nawely, ellowing for
the movement of the wvarlous units by non-rigid assambly.

To meat those contradicting requirements, the solution 1s
(a) that the number of jointa in the exterior of a building be Ta-
duced to & minimum, (b) that allowance be made still for dimensional
changes, where windowe and doors are set, and (c) that the gaps bo
perelkad with a soft, compressible material such as polyvinyl chloride
or one of 1its rubber-llke derlvatives with realstance to proloaged
flexing, resistance %o sunlight, corrosion, molatura and oxidation,
and thet does not swell in the presence of olls and golvents.® &
sultable synthetlic rubber (foamed, 1f necessary), or & sllicone ma-
tarial, can alaoc parform the sama function (figs. 31 to 33).

The surface quality of a material also has an affect on the
pmount of water absorbed. Teats carried out on moldsd urea-Tormal-

dehyde showad that

surfaces which have been sanded sbszorbed considarably
more water than those still polished from the mould.
Consequently, rough-surfaced mouldings will tend to
have a more reduced surface resistivity than gullah&d
mouldings, owlng to grester molature content.

4560 also "Flooring.," pp. 70-Tlof this study.
5Da1mnnta, op. olt., p. 10935.

G8ee Barron, op. eit., pp. 519-522.
TFleck, op. cit., p. 185.
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Inleas materisls are water-realstant, therefors, they should either
be polished or coated with other materials of good resistance. (It
should be noted that the "reduced surface resistivity" fs sdventazsous,
in some respects, from the peoint of vilaw of architecturs.B)

& porous material hes 1ts adventages too. By abserbing
water and allowing It to dry over a perlod of tims, It prevents nols-
tura from running down and spelling the surface appearance, sspeclally
that of transparent materimla. But this ia the aame case as with
glasa; a porleodic clepning would be sulfllclent for malntenance in
proper cendliblon.

Dimenslonal stabllity “"compares favourably with that of tra=-

ditional materials,"” and does not present a new problem as long as
tolaranooa dus te watar absarptien and thermal ehanges are aocounted
for Yy avelding silgldly Jelning twe materlals that would behave dif-
farantly dus to unsqual dimsnsional ehanged. Yhen cellulcse-acatabe
ahaatn, far axampla, wora roinforaad wWith a wire mash, "tha noatata
shrank away from bhe wire loyer and could net bo roporded os satla=

fnﬂtnry-"ln

Atmospherie poliutlon, gomblned with rain water, has, asa ia
woll=known, detrimental effects on traditlonal bullding material a.
But on plagtics, most of which are chemically inert,*l there la no
affact, In Tact, some plastlies are used lor the protection of metals
{otanl struoturcs, cars, alrplanes, ete.), and are envisoged as im-

prepaating materinles for conarets te Improve 1tas roaistance .12

Bass "Electrical Proportlies," pp. 57-58 of this study.
Y5inger, op.. git., p. 16.

1071b14., p. 56.

1l5ge Table 8.

18300 "Imprognating Conapets," pp. 89=70 of thisz study.
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Reslstance to abrasien by the astlon of wind and alr=horno

dust may also be ineluded hera. However, abraslion has been densld

with;13 and by atretehing the meaning of durabllity, most otlher pro-
Pertles of plastics would be inaludadl

it should be noted that the necessary combinatlions of pra-
rerties that made a material durable eennct always ba feund 1n avary

typo of plastics material; and tharefore only a limited nwnbar of

them can ba used externally. o©f these latbter, thers ars tha phenolle

resins, in connectlen with woods and laminabeo) acrylie renina, ax-
eapt for purface uurhnnnni14 the rubber-llke pelyvinyl alechol mnad
polyvinyl butyral, of modern =afaty plass, wilch nrem be be "aiment

lmmune to ageingi"lS celluloss acotate, despite Lts alight sheinkapgn

with age; sllicone plestics; glass-ralnfersad polyester resino) mnd

several other materialsa. Lven those with shortoomings san be uased

extornally, 1f well treated ascording to their particular behavier
and lndividusl natures (e} by adding fillers and stable plastlolsers--
and the patent llterature is full of formulas and shamisnl treate

monta for these purposss<=-, (b} by pulnting and protecking with

various materials, ilncluding seme of the plaatles [alleyd and glyptal
reslna) that are exelusively used in this rield,'? snd (o) by shem-
leally producing related compeuwnda with Imprevad proportles, such oe

calluless nitrate which, balng highly inflamneble, was substlbubad

with cellulose acotate. {Then the secatnts wasm Cound to undergoe o

allght change in dimensions with age due to slow lessen of plua=

l38ee "Surface llardness,” pp. 44-48 of thia study .

1¢“Parapax“ has withastood well the tesat of time and has shown
good weather reslstance and dimenzional stability throughout the
many years of 1ita use. (Singer, op. eit., p. 58.)

15parron, op. eit., p. 604.

181hid,, p. B41.
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ti:isar:,l? it was in turn improved upon by the copolymer cellulosa

acatata=-butyrate which has "greatly superlor moisture reslstancae,
tmproved dimensiconal stabllity, excellsnt weather reslativity, and
high {mpaet stronsth,"18)

If soms of the grticles and produsts on the market do nob
poasess the properties that would make them durable; it 1z because
they aro not intended for such purposes. [Mut when they are, manu-
fasturars fermilote them so oo to meot the regquiremonts of durabll ity,
and many such produsta (panela, roofing materials, eta.) thot are
now svallable are guite resistant and sultable for exterior appllea-
tions. Window frames nade rom the cellulosle plastic that was
dovalopad in postewsr Germany are paid to ba "for all practieal

purpassn avarlasking, waterproof, ond never nood pﬁ..l.nt.tngq-"ln

Wipids, po 9630
Likatl & Anhorn, ap. elb., p. 43.
Lapgnivootural Forim (January, 1952}, pp. B8, 00.
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CHEMICAL AND ELECTRICAL PROFERTIES

Chomienl Propertias

Tho whole fisld & plastian 1o beawloally choamiond; ood wll
repaarch work, discoverico and Invenbleme in 1t arve maila by slenldfs.
Vhat Intéerests the architest apesilfieally 18 whether plastles in
thelir finished state=<the way ho will be uwolng thom--will have, an
the whele, good roeslstansce to nofida, alkalis and golvents,

Outstanding in ite reolobtonce ls polyethylens whish la usaed
extennively In fastoriss "in chlorina-sall vooma and nitrlc aoid
plents;"® and polystyrene has an extreme resistance "even to hydro-
fluoric acid, which dizaclves Elaaa.“a Trea~-Tormaldehyde realina are

reslistant to oxidatlon; %o oll; grease; weak alkalla, weak
agids; alechol and other solvents . . » and are nnﬁauqunntly
popular for domestic uses [In plates, cups, Etc.}.

i the other hand, thersa are caszelin plastics=, tha appllcatlon
of which

has been limited by poor resistance to wabter, aclds and alke-
lies, 3o that they aro used chiefly Tor ths manufacture  of
such nﬂguxactins artleles as buttons, beads, buckles, jewalry
[ete.]-
If the architect happens to be dasigning a laboratory or a
chanfeal factory, he will need more apecific Informatlon (obbminabls
froo the chemist}); but stherwlse, In all weual types of bulldings,

plastics have good reslstance to tho different types of 1lquids

lsee Table 2.

Esinger, s 1., p. 126,

3Etu¢kla?, op. oit., p. 46.
*Burrnn, 0. elt.; pPs BEE.

Sell & Anhern, op. elt., p. 15.

« B8
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commonly encountered.

Tha architeet is, therefore, not concerned with the study of
paw materials, thelir properties and availabllity; the types of plas-
tigizers and their effects; and the chemlcal Iintermedliates and thelir
prepertiea. !or is he concernmed with testing plastlecs to determine
the percentage of free ammonia, for example, or the pH valus of an
aqueous extrast. He will use solventa and glues; he will cement and
spot-weld plastics parts; but he will neot go deeply inte their
chemistry or the theories of adhesion and the "polar" and "non-polar®
materials., Wheanever there is an available plastics material with
apecific properties, 1t 1s his job to know how to use 1t, and when-
aver he requirss another with other properties, he will consult the
chemist. For, as Hudnut said, "not inventlon, but the use made of

inventicn i the measure of an architect."® [5]

Atomic Hesiatonce

Une infermation, non contrflde, avait signalse gque,
lers des essals de Bikinl, lez pneumatlques de camlond,
sn caocutchoue synthétique, avaient dté retrouvds intacts
alors gque tous les aubtres matdrisux avolainants avalent
dté détérlords, ou détrults,

Il se peut que las plastiques offrent une bonne pro-
tecticn aux radiations proprement dites (rayons garma et
noutrenal surtout stils sont charpgda avec des messes &
base de plomb plus difficilement fissionables.’

If* this be the case, 1t may have great effect on the need
for plestics in architecture as well as In other flelds, and it
would not ba the first time that war, or the preparation for war,
gave an impetus to ressarch, Invention and the inerease of output

of plesticz materiala.

€7, #udnut, "La Corbusler and the New Architecturs," in
La (avbusiar, ad. 3. Papadaiki (ifew York: The Wackillan Co., 1948),
F! "

71, Delorma, "Gonditliono lmposdes sux NHatisres Flastigues
en vus de la Cesstrusation,” in Buralle ot al., op. git., p. S5,
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liere 1a an interesting case to show how an ndvantage in onae

Tiold ecan moan exaotly the apposite in wnother: The oot bhat about

43 par sant of the sntive preduction of plestles is used in alostrical
and affiliated products (while the much pullicized noveltlos and toya
sccount for enly £ per eentd) slearly proves the axesllant alostrlonl
Insulating characteristilos that these aynthotlic matoriale possvos.
Folyatyrene has amasingly excellaont redlatanca=<"a Ahost ona-th ousandth
of an ineh in thiockness Leing able to renlat up 1o 000 velta,"V
Sut 1t ip exnotly this exeallenk fnnulating paway that aauueg

the acoumulation of statle slectrielty on the surfuses of Plestion,
and leads to thelr subsequent dusty appearanca, caused by Whe abtmos-
pherlec particles which they attrast--

indientions que les maliresses de maison no méprisent pas.'”
Wiping with a cloth only makes things worse; and wiping with a dump
one is only a temporary solution becsuse scon after the surlfoces Ary,
they bagin te plek up new charpon whan olr ourrents Ewss acronn
them. The answer 1s to Ilncorporate u goeod conducter in Hhe matarial,
either in the compositlon Ltsalf, by adding minoral powders, or on
the surface In the form of a coating materinl which can be aither
metallie in origin, & varnish, o wax, or one of the Pleotlon which

do not aceumulate such chargan. OFf Lhasas lnttar, thara are the

aminoplastics, cellulose acebate, caveln and pelyringl ahlorida, 1]
Wentlon should be mada here of the applloatlon in which aven

a
Hadfarn, op £ # 108, alter N, O Chellsr in tha
LB, Bullg;;ﬁ ,'ﬁ'ﬁ“’f"[ﬁz. Bl.

gﬂtmklﬂf; ﬂEI Eltt] B 47 .

0. Delorme, "Gonditlons imposdes aux Matidres Flastiques
& ovue dea 1la Eﬂﬂ't:‘uﬂtim," in Eml‘-'ﬂ‘ 'ﬂ'h ‘..11... " ﬂi't-li. pl- 531

1l1bia.
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& "dissdvantage™ can be put to profitable use:

Vhile the affinity which many plastic materdials have
for dust drivas their fabricators to sbainthe (and currently
to antistatic chemicals), one company has capltallzed Ingen=-
iously on the natural electromagnetiam of certain resins
and waxes. GCoodyesr has shredded polyeathylens sheets Into
a porous mass and enopsed the filaments In a wire cage to
make & highly efficient air rilter for heating and cooling
systema. . . - The plastic Cilter pleks up an electro-
atatic charge when hit by an air strean which attracts and
retalns fine dust, scot and pollen particles vhich are
guspanded in the alr. Ancther Ieature of the new Cilteri
it pan b oclesaned easlly by a rinse In olear water and may
be used countleas times without IToosing Lts affectiveness,l®

l12Architectural Forum (Hareh, 1952), p. 210.



CHAPTER SEVEN

OTHER CENFRAL O0HSIDERAT IONS

Prics

Comparlsons, as they are usually made--by welght, volume ow
surfase area--show that plestles have higher prices tShan traditional
materials. Therefore, the advantages galned In welght and elesngth,
by using plostles, san thue pasm to be saslly negated. And enrly
attompts to make plastics furniture prove it. They "seuld net com=
pete in price with other already established maveriale."!

In the fiald &af arehltesturs, sush somparlisns AFs IRALZ-
nificant and unjuatified, 1n view of the Followlng factors:

1. Until plostics are mams-prodused In sush lavga quantitiss
a8 other metoerials nre, thare 1la no way of eomparing prises. Tha
Inerenss In demand, dus Lo broader understanding of plactlos apd
their characterlotles, resulbs ln aubstantinl dessrennsd 1M Drisc.

An 1lluatratlon 13 the Tact that in 1908 the ochemlonl;

molamine, was valusd at about £10 per lb. Inslde of twalve

mantha the denls of produstion had gruIE ma that tha prios
had dropped to the arder of %/- par 1b.

The broad understanding of plestles lo otlll lacking in many cmows,

thore 15 a clrole of gause wnd effect in sush mottera whiesh
i1a difficult to break. Uscause there 1o no choap materisl
on the market thera 1s no rirm demand for 1t, And bLacause
thars 1o noe firm demand there {8 ne supply . Tor gush [lﬁ!]
pricen can only be attained with large-seals produstion.

l8inger, op. eit., p. 138.
2Rarron, op. alt., p. 240.

33, B. Gorden, "The Puture of Plastien In Engineering,”
sbridged lecture, Engineering (London), 174, 4532 (Necembar 12,
1952), 770,

-El'ﬂa
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There are slgns, however, that this circle 1s belng slowly
broken. Ten years age, the verdict was that
there will probably be no greast flood of plastics on the post-
war market. . . . Nelther are revolutlonary price cuts at all
likely, but & gradual reduction In prices asams probable,®
And recently, news came from post-war Germany about a cellulosic
plastic:
Finlshed articles made from it retall for less than
half the corresponding cost of & wooden article. A1l
normal household articles hawve been made from it--fraom
water closet seata to brush backs, and even furniturs.
Window framss made of it are for pracstical purposes ever-
lasting, waterproof and never need painting. They cost
less than half the price of stesl windowa,d
2. All the functions that a plaatics component performs
should bs includad in the compariscon. PFor sxample, & partition mads
of plastles panels, wlll be insulating and decorative, will "pipa"
light, nesd no palnting or surfncing,ﬁ gnd IT suspended from a beam
above, will require very amall mulllions {or none &t all). All these
factors, plus the cost of transportation, the sase and speed of sresec-
tion, and the elimination of many labor-consunling tasks, should be
Included in the cost of the corresponding partition of & traditional
material. Actuslly, comparlsons would almeost have to bes based on
the total gost of & bullding.
ds Fricea, even If' for some plaatica they stay highar, can
be fustified by plastlea' "good quality and high utilitarian and
decorative values;"? thus, acrylisc reaina for windows becauss they
admlt ultra-viclet rays and because of their shatterproof qualities:

vinyl membranes for the floors and walls because they are resilisnt,

#all & Anhorn, ep. eit., p. 163.

“Apehitectural Forum (January, 1052), pp. B&C.

OIf escantonal varnlohing and polinhing be required, the
oot of ro-plastering or re-palnting a traditional wall should also
B taken Inko sonsideration.

'FﬁTl'.Iﬂﬂl'l filta El&!l [ W
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water-proof, easy to clean, and are Insect- and termlte-proof; and
80 Ofla.

The sutomobile and alreoraft industries owe much to the
plesties industry. In marine englneering plastics are gradu-
ally supplemsnting--and in some cases custing--metals; by
vir{ua of their lightness, durabllity and ease of manufaecture. B

And 1f plastics are atomlec-readiation reaistant, it will be reason
sncugh for thelr adoptlon--regardless of coszt.

4. Higher prices have to be accepted In some cases whare

theres are no othar cholpes, for,

no matter how good o substitute piay be, 1t 1a useless If

not avaellabls . . . preferably of domeatic and not forelgn

origlin.
And this is the reascon some of the plastlcs were originally developed:
to replace netural rubber, ailk, iveory and other uncbtalnable ma=
terialas. All efforts are made, while Fformulating thess synthetlc
subastitutes Iin the labeoratoriss, to make them better and cheaper,
but theat does not always guarantes that prices can be broupght down,
2p g8 to ba lowear then, or seven egusl to, those of the matearials
raplaced.

E. While prices are high, plastice can be used In amall
amnunta--spraya,'rilma and impregnating materlala--in which cases
they would only contribute to the properties of the other materials.
A thin coat of a eilicone resin, which iz very expenalive, can be
gepplisd teo weather-proof other materisls end plastics that cannct
bs used externally. A spray oh & plywwod panel ¢an render 1t water-
proct; and 80 obi.

Such applicaticns must be carsfully studled Cirat; bacause

a apray ean blllew or bllster when there 1z Bn excessive amount of

BFlﬂﬂk, op. eit., P S

%1, Bennett, Subatibutes (Hew York: Chemical Tublishing Co.,
1943), p. 6.
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moisture; and a thin film cannot e axpected to stay perfectly flat

unlaas well-glued to a backing material, and 8o on.
6. And then there 1s the "noble regardlessness of expenas"

which Schuyler considers to be "of the essence of. the architecturs,

and an Iintagral part of its effectivensss,"l0 and which a survey of

history reveals to be alwayas the case. For to produse Architesture

ls not merely to fullfill the utilitarian functional requirements of

a buillding. What happesned in the twentisth century 13 that the
Mochlno brought sbout a functlicomallsm and an efficleney of unpra=

cedontod degres, and the industrislists and merchants bagan to demand

glmilar propertiss in thelr bulldinga. Most of the tall offlce

bulldinga; stripped to thelr bare minimum sssentlials, are actually

afficient and utilitarian huge pleces of machinery rather than works

of architectura.

Betweon the two poles of an architecturs purely lyri-
cel and ore which Iz utilitarlan; -sll types of hybrids can
ba Tfound: archltecture In which the lyriecism dominates, yob
whaere utility plays a certaln part {(such ms palaces and
luxurious residences). And socording mas the useful 1s morae
present or more absent, so thess constructicns relats to
one or other type.

Loean klne of architecture. Lyrlec architecturse alumbera,
not because our epoch lacks graat "plasticlans," but ba=
causa the demsnd i=s, =so to spealk, nil. All that is neosded
to be a Hembrandt or Stravinsky is geniusz, a blt of pencil
and soma papari: but no one can be an Jetlinos at such samall
coat. Jur age Is firat and foremoast utlilitarien: 1t has
reduced lts archiltectz to the rble ol speclallists. These
wratchea, lacking the demand for art, sugeceed In finding
some. pasture Ior thelr art by Intreducing it into thelr
housas, utilitarien edifices. Somewhet as a anffinanvanh
ding peet might publish his verses on his tins.

Fatents
Thess are man=-mads ocbatacles placed In the flald of plaa=-

tica. Patent rights; neceszsary as they are to protect Inventors

Lo, Schuyler, American Architecturs (Hew Yorlk: Harper &
Brothera, 1B92); p. 1l59.
=z of Hod s trans. John

1lamddde Ozenfant, Fo t
Rodker (New York: Dover CH 1 Cay # Pa LETa
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and manufacturers from having their ideas plagiarized, their efforts
wasted, and their compensations denied, more often become stumbling
blocks that only succesd in retarding progress end the use of naw
discoveries. The produstion of casein plastics, for exmmple, was
sterted immediately in OGermany and France, after Spittler, the German
chemlst, discovered the reaction of formaldehyde on casein, "but
development in the Unlted States was delayed until after the originsl
patants uxpirad.“lﬂ The cese of phenclic resins is similar. Baske-
land was granted the master patents in 1908, and only after they ex-
Plred in 1926 was thers & "considerable expansion in the number of
sonserns Intersated,"ld

Cellulose nitrate plastics, too, had to struggle for their
exlstence, In this case because Japen waa the sole producer of cam-
phor (which 1s stl11l the beat plasticizer for these materiasls), end
it was not untll synthetic camphor could be produced in the labora-
tory that the situation was eased. (And eellulose nocatate was also
discovered, however, and tock over most of the applications of sellu-
Lose nitrate, owing to 1ts low Inflammabllity.)

The resscn that there are so many vinyls nowsdeys is perhapa
begause many patents explired or becams vold after the war (espscial-
1y sinece vinyla are closely related teo the chemistry of aynthetic
rubber, and much ressarch was done in that flsld by many countrles
te roemady the shertage of natural rubbar which {8 concentrabed in

amall areas of the world).

Ty Haman

The types of plasties thomselves ara numsrous and sonfusing

12(mclipse Moulded Products Co.], Se You'rs Going to Uss
Flasties! (Milwaukee, 104%)}, p. 4.

1%parron, op. cit., p. 110,
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snough, dus to the unlimited varietiss and combinetions posaible, and
whern the same materisl becomes known by several trade names, nothing
is achleved except making the confusion more thorough and the accep-
tance of plasticz in architecturs extromely slow.
The phenol-Tormaldehyde resins are sold under many trade
namsa such as Bokelite, of the Bakelite Corp., and Duresz, of
the Ceneral T'lastiecs Corp., and many In turn are marketed inder
other trade names by the molders. Makalot, of the Hakalot
Corp., Colasta, of the Colasta Corp., Reynolite, of the Cutler=-
Hammer, Ine., Indur, of tha Reilly Tar & Chemical Corp., arh
names for molded products, powders, and laminating powders.
Cast phenollc resins are also known as Bakelite Cast Hesinold, Eaekar
Cast Resln, Cetalin, Catavar, Catabond, Ggmatone, Marblatte, Opalon,
Prystal, and many others.l®
Manufecturera alao, lor some unknmeown reason, tend to advertlss
their products without refersnce to the type of materiasl. They give
only trede names, data (usually incomplete, In ordsr not to mentlon
the disadventages, and supplemented with such deseription as"amazing,"
"axeiting," ete.), and instructiona for proper applications.
Laboratory tests and methods of fidentification are basically
chemlcal, and therefore 1lle outside the fleld of architecturs and
bayond the architect's purview. The architect slaso cannot rely
blindly on the optimiatic promisea of advertisements, and the result
is o slow acceptance of plastics, which neither helps production nor
increases the manufscturers' sales.

Tha remedy to this sltuation 1s left to the manufacturera and

advertlisers to figure oubt.

145, Brady, Materiels Mandbook [4th ed.; Hew Yerk: MeSraw-
Hill Book Co., 194071, P.

15848 "List of Trade Namesz."
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AVAITLABLE PORM2 OF PLAST ICS

AND THEIR AFPFLICATIONS



CHAPTER OME
APFLICATIONS OF LIQUID PLASTICS

Vhen plastles are prepared, and whiles they are atill heb, they
are In & molten state. The Torming of finlshed shapes and products
is préforably carrded out directly to save unnecessary extra labor.
Howawer, chemlcal concerns do not themselves manulfacture articles.
They market plasties in ligquid or powdered form ("Aceording to
whether a liguid or sclid resin is required, so the cooking of the
rosin « » « I8 stopped at an sarlier or labter atﬂge."lﬁ, for uss by
other manulfacturers.

Powders are mostly used for sll methods of molding, but sinece
molding technigues require hiph tempersatures snd hesvy and expensive
equipment that are unsultable for site work, they will therefore be
scarcely esncountered by the sarchitect or bullder.

Liguida, on the other hand, even though they are Intended for
similer purposes, can have different sppllications in their ligquld

Torm in architecturs, such ss casting, impregnating other materials,
gluing, snd such othar applications pa we are going to ase:

Cast
Liigquld resins can be: sast into permanent forms usable for all
purpoees, but neturally the easting process 13 necessarily different
Irom pourdng concrete becauze of all the 2ifferent propertles, working
techniques, snd the other Inveolved factora that they do not have in
ORI OE .

Resins are too fluld and do not have the consistency of con-

erete, and therefore [a) they would net remain in the forms unless

lparron, op. clt., p. 124.
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wall-protected and surrounddd on all sides, nor would i1t be poasible
to cast them on an Ilnolinatlen; (b} they would seep through the jointe
of the forma; and (e) they would adhere firmly to the wood unlass it
ba treated with wex or oll, or coated with ancther plastic that would
atay liguid, such as scme sillicones, whils the cast resin hardens.
ihila these factors assem to require axtra ecare and labor, and
limit the use of cast resins, there are several advantages, neverthe=
leas, that can be galned: (&) due to the rluldity of the resins, they
would 11l the molds completely, and surrcund the metallic inserta,
il any, wilthout leaving alr pookets or requlring vibrating: alr
bubbles would riss to the surface by thamsolven, and if they do not
explode, they can be simply scraped off like foam; (b) they would
perhapa harden {(polymerize) slower than the initial set of concrats,
but would reach thelr I'Inel set much faster, and the shattering can
be removed after a day or two, especially ms the hardening c¢en be
accelerated by heating, or ecuring, with portable heating units,® or
by the addition of weak mcida te the liguid resina before casting
(while alkells can retard the process I necessary); (o) they would
taks smooth,; exactly horlzonbtal levels that would form perfect
grounds on which the flooring meteriala can be directly, saslly and
porfectly laid. If transparent, cast membera can be inspected for
flawg, and other defecta, and would be remedled by drilling to where
the flaw occurs and cesting more resin to f111 up tha cavity.
Individual sest objects and srchitectural items, such as doop
furniture and bathroom Cixturesa, would be better and more sonvenient-
1y eaat in the factory. (One method for producing heavy shests and
plates 1s to cast them between twe plates of glass ssparated by the
desired thickness. The syrup 18 poured, the alr bubbles allowsd to

eacaps, and then the molds are heated to cure the plastics mpaterial.

22es "High-frequency Heating," pp. B88-89 of this atudy.
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This method saves polishing and cuttlng, and can also produsce sheets
of irregular shapes or variable thicknessesa for use in such appli-
catlons as the edge-lighted signs of fig. 9, for sxample.)

On the aite, casting structural members is one poasibility,
and to aveold the difficulties deseribed above, resulting from the use
of the usual wooden forms, the cesting should be done in prefabricated
hollow, U-shaped forma. Thesa would be seamless, running the whole
length of the member from support to support, and stiff encugh to
support themselves plus the weight of the resin unitill it asta and
becomea capable of carrying the loeds for which it is designed. They
can alac be structurally shaped in cross-section (fig. 35), depending
on whether metallic reinforcement i1a used or not; and in length (fig.
17}s %o obtaln the most economlc members--such shapes as are unat-
tainsble with steel or concrete except st excessive work and high
cost. Purther economy and utility would be achiewed if these forms
are the fireproofing materisl itself that is reguired by all bullding
codes. They can svan be made of conerete applied with a gun on ox-

panded metal or wire mesh.”

Impregnating Concrete

This sppllcation of cast resins Is In connectlion with con=
ventional reinforced coneretes. Fnowing that the strength of concrete
dependas to some extent on the water-cement ratlo, becausze when the
water eveporates 1t leavea behind it porss which reduce the affective
crogs=gectlion of members, impregnating concrete with a 1iguid, sat=

S"Building twice" is the main dissdventage of concrete con-
gtruction: all slabs, besms, columns, stoc., have to be bullt with
timber first, before the conerete can be poured. And in the case of
gtael; 1t Is aven building thrice, sincd all structural members heve
to be protected with concrefe. With cast plastics, the forms would
ba part of the conatrustion, flrat actine az forma for the ceating,
and sscondly, firsproocfing the strusturs.
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ting resin would then mechanically i1l the perss snd transfar the
conerste into & solld material. (It might even be found necessary
to increase the water-cement ratio, sven though 1t would temporarily
produce woaker concrete, in order to permit the viscoua liguida to
penetrate the maas.)

The sdvantages of this applicatlion, or rather treatment, ars
gavaral. Aslde from Increszing the strength of concrete, 1t would
also increase lts resistance tc atmoapherie pollution, due to the
axcallent chemlcal reslstance of plasties.

L'ineorporation de résines au bdton, notamment de

régines phénoliques, permet dlamdliorer =a rdaistance sux
ntmnaghéraa corroalives et dans ce cas, cette appliecation
peut dtre Intéressante pour Ies constructicns d'usines de
prodults chimiquai ou de bitiments situds dans des atmos-
phers agreasalves.
The resin would slse provide a subfloor competible with the gluss
with which the plastics flooring materinls may be fixed, or with

the next application.

Flooring

An esgonomie methed of "laying" fleoora would be to cast an-
ether layer of resin after the firet one would have Impregnated and
aonled the concrete Cloor slab. Thia second layer would then remain
en the ourface; tako a smooth,; horisontal level and becomm the
finiahad floor itaslf, thus aliminating all tha work that is uweually
raduived for laylng Mloors.

e concept that mast be gilven up 1s that floors have to be
covared with tiles. Tiles were necessitated hy the faet that the ma-
terlials usad, whether stone, cement, clay, wood bleocks, or the liks,
had to be mades in spall pleces dus to the natures of thess materials,

thelr weights, the poasibility of breaksgs in tranaportation, the

47, Dolorme, "Matériaux de Construction «Plastiquess,” In
Burelle et al., op. cit., p. 6B.
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manulfacturing techniques, and such obther Cactors. Some manufachurang
of plastica did not stop to conaslder these polnts and blindly fallewsd
the traditlion and produced plastics tilez, while others, aware of the
Tacta but unable to bresk awey from convention, manufactured sheobs
wWith applied tlle designs and patternsl Hone of theas produsts was
found satisfactory. Due to the exapgperated thinness of thesa matari-
anla--nocessitated by thelr comparatively higher prices--tile sdges
1ift, and shests billow and dimple when they come in contaet with
molsture. Alsc the glulng methods seem toc be still unsstiafactory.
They also regquire that the subfloor ba wall sarasdsd and lavalad
befors they are applied, in order to obtaln a floor that ia as regu-
lar as possibla--whieh {a not an sasy task to perfeorm sines on o
shiny surface any irregularity can be saszlly debectad,

By aimply pouring the resin, mimed with abrasion-resistant
rillars, all other processss would be aliminated. And the floors
would nelther blister nor have edges to 1ift, for the reain would
be me tenncliously bonded to the Impregnated conerete as a plaze to

o coramle vana.

Slulng

It la the gluea and thelr charaoterlatics, rather than the
chemlcal theorlss of adhssion, that are of algnificance to tha archi-
tect. The general and lmportant facts that he should know are: (a)
that "glued Jjolnta with a thick glue=1lilne are almost invarlably wealer
than those with a thin glue-line;"5 (b} that roughsning surfasss
bafore glulng them together eleans them and Tacilitatess contaot be-
twoen materisls and glues, but adheslon itselfl is dus to "specifla
attractlions between the adheszive and the surfaces Jolned, and not,

o8 formerly believed, to o simple mechanical interlogking betwesen

¥
SMecTaggart & Chambera, ep. olt., pp. 92-03.
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the adhesive snd the adherent surfece;"® and (c) that an Impeortant
contribution of some plastics glues, such ma easaln and soya-bean,

iz their ability to Join any two kinda of materials, whother metallin
{"non-polar") or nen-metallie {"polar').”

All the necessary date for aspecific uses should ba obtained
from the msnufacturers, bescause the types of glues are innumerable.®
And although moat of then are intended for indostrial uses, many are
aold-setting and applicablo to site work. Hardensrs (or accelerators)
may be required, as In the caas of casting resina. TFhenolic realns,
for inetanse, oan be elther mixed with the resin, and "the usaful
1ifs of the mizturs {a 2 houre at 65°C., } hour at 80°C.,"Y op the
glua is applisd to ona surface, the hardener to the other, and than
the twe surfaces brought together.

Clulng cannat be effective unless bthe coolflcisntes of ox-
panolon of glues wnd materlials (especlally whon two different materi-
als are bealng jolned together) are very similar. Otharwlse, strooses
will dovelop, and eracks will reasult. here it is not posaible to
nahilnve such slmilarlity, Clexible adheslves should be used: thery
atreteh to some extent mnd coumpensate [or the difference in expansion
il oontruction. Exwaplesn af flaxibla adhoaivea are the vinyl ncatal
realne, used ln sofebty glase, which have "conalderable flexibility,
il lned Wlth LPaRepareRey BRd griaak lhnnnnhh,ﬂln and ayntaetle rub-

ber mdnesives (though synthetle rubbers aro usually exeludad from the
P e e

EF‘lunh’, op. dalt., p. 2846,

T hid.

Spap doscripticns of some types, see Cngel, Hemming & Nerri-
man, op. clt., op. 212-230; and Fleck, op. ait., pp. 230-240.

“marreon, op. clt., p. 149,
1¢$$n¢k1a3, opi elb., p. 1435,
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definition of plaatics even though they have considerable ressmblance
to plasties and are ofton used In sonnection with them; which can
bond porous materials, and "ecan even bond plastica to maaunryﬁ"ll

The advantages of asynthetle glues ovar the traditional onas
of vegetable or animal origins, are that they do not deteriorabte in
hunid weather &nd are not attacked by fungl or insscta. And over
usual methoda of jfolnery, the advantages are soveral:

1. Glues eliminate serews, rivetz, and nails, which are
ob Jjectionable not only on esthetie grounds but alsoe in constructlion--
eapacially in the cases of materials which are weak in shear, and to
which stress concentrations inevitably result In wasteful applications.

2. As saild before, gluss will bond all kindas of materials,
matallic and non-metallic, =30lid and porous. HNew developments ara
announced almost daily--1ike the plastic bonding agenta which unite
metals with a bond atronger than welding or riveting, or whizh Joln
rubber, aynthetlie rubbera, wood, plastice, or laather to metal or to
aanh other, with & bond stronger than the materlals themselves. L2

3. By elimineting the heoles of bolts and rivets, and by
filling the jointa and gaps [(wWith the smpleoyment of mixtures loaded
with wood Ilour, plaster of parls, mica, ailica, ground Bakelite, or
othar powdera which reduce shrinkagel?), gluss give sdditional re-
sistance to corrosion by preventling water peneatration and slectroly-
sla. A8 to the reslastance of the glues themaselwves,

tasts carrisd out in 7.5.4: to investizate the strength of
adhezives when subjectad to molsture penetration, proved

that the decay of wood “*EEE“ befora the failure of synthetie
regina in the glued Jloint.

llsinger, op. eit., p. 46.
124011 & Anhorn, op. eit., p. 151,
131351"1"'1:::1, U'El f—itir pl 228 .

lidginger, op. ¢it., pr 41,
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Their wide use In sircraft iz ample proof of thelr abilisty to witha
atand severed conditfons.
4. The ease and speed with which a joint can be formed

(which %13 almost Inatanteneous when the glue is applied to one asur-
face, the hardenar to the other, and then tha two surfaces broucht
togather), should be a great asset to conatruction--just as nailing
and "balloon construction® wore to the old methoda that wers used

:n rob u sblok of timbor of all 1ts strength and durabll::s.

¥ subting 1t full of mertices, tenons an nﬁﬂr holds,

then supposing Lt W'LE'” strongar than a far llghter stliak
difrerently applisd.

Finally, it must be remembored that glues Tewrm a very small
part of tho tothl aoat of somstrustien. If their pricos be compara-
Livaly higher, khis ahould not be conpldered 4 sorlous hindranca to
thelr application, with B view to the odvantages Junk menticonad.

Patnting and Coating
From all that has baen written on ths subjeet, 1t seems that

the varistisa of coating materials are limitlesa, and that all possi-
ble types and propertles can be formulatad: "straicht® resins, water-
dlspereed phionellos, or oll-solubls plastics. Some types, sush os
the alkyd resins, are "used exelusively for enamals, lacquers, paints,
tiiks, and Finfahas of all kypss.nil

It pabheda of applieation, artlelen oan be aprayed, dipped,
rollor=aontad or pafnted wilh an ordinery brosh; and in deying, somo
Fequlie balilng wnile othara are alr-drylng. Alr-deying may ba dus
ta #ln evaperablon of solvent {which ean be nccomplished in & matter
of weoonda), tho oxldatlion of the resin and oil wehisla, or ths poly-

mapientien of plastle; wnd drylng time can vary from hours to seconds.

18y, n4adien, and Architesturs {Cambridze, Maso.:
Tha larvard Universl i P

1EWa il & Anheen, ep. ail., p. 40.
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The proporties of the applled conts naturally depend upen the
miterial uasad, but, in goneral, what sharastsrifas modern palnta arve
the excellent adhoslon, color retontion, quick drying (which makon
them less prona to plak up dust wad lsan 1iables to damage), and the
high degree of unllormity that lg difflcult to mohileve with natural
roaina .17

The cholea of 4 I'inlsh, therefore, depends upon the propors
tiaa of the materlals;, the surfaces to bo scated; the kind of surfass
required (hard or rosilient, ahiny or matt, resistance to speciflic
chamleala, ete.), tha mathod of nppllicatleon that aulbs the sltuatlon
bast, the cost, and tha way the finish relates to tha other adjolning
surfaces~--Tinlshsd or natural--in & building.

Many of the plastics producte may be designed and formulated
so as ta sontain within themselves the proparties that conting ma-
torials have to offer, but the nmaln reason for coating f{a %that 1t ia
gomatlmes more sconcmic and prastical to do so, and wher™e parmansnoy
ls an important factor, ma 1t iz almost always the case in archi-
toctura, 1t 1a batter to have a protective ecovar, which may be re-
pnewed=-=11 1t can enly withatand lfeor limited pericds of timo=-while

the material behind 1t remalns lnkaet.

Spraying
Even though spraying is ineluded in the previcus seaction on

painting and coating, it dessrvas speclial conaslderation hera. Only
wlth the Kachine Age did spréaying come into use, bécsuse of the im-
poasibility of covering large surfaces witheut the agquipment and tha
fast=drying palnts that are the produsts of modern chemisal rossarch.
As may be expected, spraying astarted lnm the Tactory where the apsed

and uniformity necessary for mass produstion, requirs auch s tegh=

l?mﬂck; ﬂ - ﬂlt-. P-I 196!
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nigue. Later, 1%t found its way to architecture, but only to m wvery
l1imited sxtent, because 'in architecture; painting provides better
gontrol over materials and parmits the covering of only those areas
which nre to be painted, without %touchilng any of the adjolning aur-
Faces, and without i1¥inr the whole space with solvent vapors, soms
of which are poisonous or dangerous.

With plasties, spraying seems dastined to ploay s more lm=
portant rola, bhesausa it 1ia the means by which plasties may be usad
wparlogly«cblius mubtlng uss of thaily proparties and at the sams time
keeplng ooet at o minlmws. It can furpnlsh thinoer Cilme thoan a brush
aan} 1t fo faptor! ond vaquires no spoolal skill.

Vinyl aprays ware the first bte find ppplloation In bulldlngs
[N witarproofing mambranes for roofs) alfter they ware teated and
used In "mothi-balling" werohips end alrplones aftor the war, Spraysd
on roofo, bthey form & [llm that gan be aprayed onteo almoat any surlsose;

gan be bont,; hampered, scratched and strotehed Inte varlous
ahapes and avill remalna watertlght, . « « (6nd that)] will
not erack at 40* balow [-40°C.7, no !111 { get tac At
tamparaturan oo high aa 200°nbova [B3°C.].

Havy tests have indleated that it will last for 30 yeora

o+ o [Bpd 1L 18 nuliilsﬁ pore oxpensive than the usual
tar and gravel finish.:®

H1awing
Zven hough meny plastics materials can be blown, yel very

1ittle use has been made of this interesting forming technique. AL
the present tims it Is limited to the manufacture of small objects

l8rchitectural Forum (Jenuary, 1952}, p. 133.

181hid,. (June, Y1051), pp. I56f. "Almost any surface, howevaer,
dosas not mean that it can be aprayesd on masonry in order to seal 1t
or waterproof It, as zome manufacturers claim. The trag d alr in.a
porous materinl is certain to expand and contract acaor fgg to the
varintions in temperaturs, and will inevitably eausa the film to
biister. Sealins s porous materisl bescomes feasible only If the plas-
tie panatrates the material and £ills its pores (as for example in
impregneting concrate, see ppR. G9-70).
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from & viseous ligquid or from & heated and softened material, and
doas not attempt mors than the manufacture of toys, veses or bowls
{made by cutting the bubble in half). One day it will bs posalble to
blow bubbles large enough to ba used &a domes or whole structurss.

It is wall known that what hindera the progress of reinforced
concretes shell constructlon 1la the excessive amount of labor required
for the wooden forms on which the shell 1s cast. Ths cost of 1t
often exceeds that of the structure itself, and makes it prohlbitive,
gspacially in countries where labor iz high.

To blow & large shell out of a plastice material would slmply
require plecing the wviscous resin in & saucer=-llke shell bullti on
the ground, and blowing & strong current of compressed alr Trom under-
neath. The bubble would then rise and expand until 1t uses up all
the resin and at the same time £ills the "saucer" (flg. 23). The
prassure inside is maintained until polymerizatlon takes place and
the shell hardens, and then it 1s gradually decreased to atmospheric.
Doors and all other openings can then Le egut, and the rest of the
conatruction and finishing work carrled cut as usual. There 1s
nothing fantastic or impractical about such an undertaking. It is
quite feesible. Only the detalls need toc be worked out: viscosiby
of the resin, the presaure required, and such other consfderations.

The advanteges ars numMerous:

1. Ho forms would be reguired. Even the "saucer" would sbay
in place and serve as foundatlof.

2. Tha resulting structure would be amooth and perfect, with
no nead for Cinishing sxcept remedying the blemishes that may ccour.

. A great amount of labor and materisl--and hence sxpanse--
would ba saved.

4. Taking the time factor into consideration, such structures

would be renlized in & matter of hours, instead of months and yoars,
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as 13 usunl In the bullding Industry of all eras.

And thero are disadvantages to the process of blowing, of
courze, but they are Tew and can be cvercoms:

1. The Tlrst few sttempts may be expensive, due to the pos-
alble waste In materlial until the technique s meastered, but on the
othor hand there 1s the great savinmg In labor end tlme menticned abow.

9. The possibla sellapas of the shell while being blown,
and the danger and dasmage repulting therefromj but thils can be mob
by not allowlng anybody te be near the sits during the operatlon (and
none are required bte be there at the btlmwe anyway olnce tho compressed
alr esn be condusted from a great distance).

Anobhoy procaublon, and an leperevamant sver the tachniqus,
in tio blow the nlr lnto o rabber bLag immersed 1in the realn. Tho
randn in mueh n sane would be adhoring only te the bag and nobt Aub-
Jactsd ta pressure. The bag would be convenifent alaso in determining
the axact required alze of the shell, and would be peeled off alter-
wards., Still ellowing lfor the unloreseen, blowing should be uzed
arly in maw davalapmantsa, away from aitiss and inheablited ragliona.
and rfor a group of mildinge (figs. B4, 85), the shells should be
asxasutad hafars tha sathar atrusturan.

8, Liabllity to damage by fire 1o met by flreproofing around
the shall to the peesssary helght; and to abrasion and weathering by
svabing with o pretective matepial. It should be nobtod that the

fkvuakuirs dass not kave Ba ba kpanapavrant all aver. Parts off Lt niay

be oevered with tradivionsl meterliels.

Dipping
gna method of Torming hollow chopas i o have o form meds

and then dipped In s 1lquld rosin; and when the ocoat drles;, 1t La

pesled off. (This 18 how rubbsr glovex, for Instance, are mada,)



CHAFTER TWO
FORMING TECHNIQUES OF RIGID FLASTICS

411 the possible and practieal usss of llquid plastics, de-
seribed in the last chapter, form only a small percent of the total
useges. The majority of products are of the rigld types, which are
manufactured by a varlety of techniques (depending upon the articles
to be prodused, the characteristlics of the materials, end many other
ractors). The different techniquea coften become associated with par-
ticular types of materisls, and thess do not leave the factory until
they pass through all the Intermediate stages and becomo olther
finsihed articles or semi-manulfectured products such as shoote; rods,
tubas, and apeacinl séections. In such cmses, the architect's interest
{s restrliotad to plastics as they resch him, and he is not concerned
with any of the intermediste stages they pasa through--unless he da-
gldes to cooperate with the chemists and industrialists In shaping
these articles and products in the Taestory, as sald befcore In [5]-

The forming technique, therefore, will be briefly reviewed
here, but only in order to give & clear plecture of the factors in-
volved, and the influences they have on the shaping of Flﬂﬂtiﬂﬂ-l

Holding iz the chief method used. The idea of 1%t 1s to shape
articles by subjecting the molding materismla to heat and pressure.
This can be accomplished in seversal ways, as woe are going to sea,
differing in detail, but all having these twe basic factors.

Compression molding is the Holdeat method and was used in the

lpor more detalls, there is sufficfent technlesl literature
on these subjects, that can ba consulted if necessary.

& Bﬂ L]
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ploneering work of Dp. Baskeland."® [t conaista of Prasaing the mald-
ing matorial, whethor 1t be in powder or grenular ferm, Lbotwesn o
poaitive and u nepative mold, with the simultansous application of
heats The progess Involves [a) the ogourate wolghlng of the apounts
of molding materisl that would sufffee Lo muke the objects, wilh wn
sllowance For flash formation,® (b) placing 1t in the negative mold,
{e) applying the preasure through the pesitive mold--both melda Balag
hepted--until the materisl meltes;, flows and filla the spacs batweon
thoe two molds, (4} allowing time Lo the gmolded plece bo oool sul-
fiolantly enough to retein its asqulred shape, and finally (o) sajocting
1t from the negative mold.

Low pressure molding came a8 a result of the dealrs to ellmi-

nate or reduca the high pressure required for molding (especially
large pleces); and the heavy snd expensive machines that make the
technigue uneconomlc and unsultable for emall enterprlses.

Spurred on by the nesds of war and the avallability of

naw raw materialas aa well sa s better knowledgs of reasln
miaking, resin chomists began bto develop modiffcations of
older resins which could bo used at lowsr presgaures; such
aa GO0, 70O, or even 500 pal [as acmpgraa to the former
pressures of 3000 psi In soms cases).

Cold melding differa from compression molding in that an 1ln-
itial shaping of the molding powder is affected; end then heat 1s ap-
plied to cure the molded plece. It Io 8 method that 15 sepscially
sultable for laminating curved shapesz, It has the advantage of per=-
mitting the different layers of lamlneteszs to sllide over cone ancther,
so that after the molding progess la complete, they would have no

terndancy to warp or creats Internal stredses.

EEIREEP. 0p. 0l8.5 Pa £l

“Sometimes the molding powder is pressed and pre-lformed loto
tablets, In order bto make 1t easier teo handle, and to divide the
laber so that measuring and molding would be dona independently.

‘Engel, Hemming & Merrimen, op. cit., p. 109.
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Thesa molding teshhiques {ecorpresslon, low-prassure and cold
molding) ara appllecable to all kinds of plastisa, but are more auita=-
Bles for thermosetting rather tharn thermoplastics materials, bescauaa,
wilth the lattar, time 12 leat In walting for them to cool balcre they
cEn be relagsad, while the Tormer con De releszed whlle Dot withoub
danger of their losing theair shapss. #And 1t [a lmportant to regulate
the ameounts and duratlon of heat and pressure pooording to the proper=
tiss of the materlal used. flasticlized polyvinyl chlorids paste, Tor
oxarple, requires very little pressurs,” while slllicons moldling
powdars roqulre hlgh tenmperatures o mold and a long tlme Lo curs,
witicii mele them btoo cesbtly at prﬁlunt+ﬁ

Tha rarulation of temperature Lo alsc of grest Importance
bocduse "atrength, as well as many other physical and sloctrical
sharscteristics of molded plastics are marsedly dependent upon ma=
tertal flow during molding."’

The slzes of arkiclas produced rangs from bottlecaps and
small mothaerylate lun:na.a to "the larpge plastlc=plywood fussalages
of 'plastie? planss."?

In transfer nolding, the measured amount of molding material

is heated in A separate chamber before it la foreed by & plunger into
the mold. The reascna for thias additionel step are {a) to make the
procass suiftabla for thermosetting vealins, materiala with large
ameunta of fillera, and materials with poor flow properties, (b} te
previde room for the amount of molding material which, before heating

and pressing, occuples more apace than it doss after, (e) to permit

URarron, op. plls, PP BLE=013.
GInid., p. 677,

‘eimonte, op. clt.,; pe 184,
Bnarron, op, nif,, D BOR.
a1l & Anhorn, Do Bltes PRe 80-8l.
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the molding of salid obfpata ouch aa hendles and dmobs whieh would
not be otherwloo sasy to Heat and soften evenly, and (d] ta maold
perts which contain metallle inssrts {ssrews, plups, wiran, washava,
ate.), whieh cannot be saslly prossed hetwsen noaltive and nepative
diog wlthout disturbing them,; or which ecannet bo molded at all, dus
to thalr awkward shapea.

Injection melding conslste of feeding & powdered or prasulatad
thormoplastic material into a hested eylinder, &t one end of which a
plunger forces the softenad matorial forward, through & noszle at the
other end, ints & tightly-lockad mald.'® The moldad article is glven
onougn timo to conl before 1% 1a velaased, and fo apssd up produetlom,
aavaral molds are ugad, 8o that whilla ono 16 in operation, thae othara

have aufflolent time ta anpl,

Moldings, & Ct. by 4 Tty In dlmwnslons hove baon mada
by injection [at the rate of 3 to 4 every minute]. Lwon

auch srtlclas H? bath tubs are visunlized as belng Ffenalbls
by this method,ll

but 1t iz elear that the pressures required in sush sanses may ba
hundreds or seversal thousands of tons, and that the technlique 18 mors
sultable for artiecles of zmnllsr alzas.

Injectien la anssocinted with polyvatyrona and callulose nca=
tata==the two materials that are commeonly formad by this teohniquass,
but many other tharmoplastica can bo 1njected; Llneluding seliluloaa
aooto-butyrute, methaerylatan, nylon (which 1n conlined to thin sgo=
tions, hnmﬁrwrm?, and many other makeriale.

Jat molding Aiffars Cfrom injection 1n ane rospest: oaly the

nozle of the eylindor Lo walntained at an olovated Lemparature,
which makes 1t sultable for injecting thormosatting waaina. ¥or in

10Fack, op..clt., p. 268.
1learron, op. eit., p. 389.
123e9 "Injection Moulding of Yylon," ibid., pp. E87-638.
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injestien, 1f the amount of thermoplaatle powdar fed to the oylindsr
18 not acourately measurad, the axcess materlal may stay in the oylin-
der £111l the next stroke of the plunger, but Ir & tharmosstting resin
1z used, 1t will hardsn and obatrust the oparatlion. By heating only
the nozzls, therefors, the molding meterial remalns in its initlial
form, and 1a haated only on lte way to the mold.

Fegquirements for good mold

Hot any concelvaeble shape for an artlele can be sxecutsd by
ong or other of the molding technigques; Cor the requirements ol
good moldlng lmpose certeln limltatlons on the ahapea of obJeots.
The srchitect has to asaimilete these requirements, and train
his eyoas to sece "plastics" in order to be mble to produce designs
that are sompatible with the moterials and with all the factors
involved--the same as a soulptor would think In terms of the ma-
terlal which bhe works, and that a sculptural idea expresssed In
bronge, say, looks different from the same ldes expressed in satone.

Molding, then, requires that the aides of an object taper
towards the edges, or lean slightly outwarda, aso that ths objeact
may be easy to release from the mold. Ho undersuts are possible.
Sharp corpers and abrupt changes in thlekness should be avoided
because they set up uneven stresses which may sventually lesd to
the development of cracks; molded objfects should tharsfors have
the corners Tinished "with as bilg a redius as 1s pnaaihla."lﬂ
Heles end screwthreads cen be made with the sid of ecollapaible
coras, orf can be machined afterwards, bub In elther ocase, theas
affect strongth, and should be atrengthened by slightly increas=
Ing the thickness sround them, asz if a washsr were added. The

sultable thiskness depends upon many factora, and hes to be do-

13acTaggart & Chambers, op. eit., p. 161.
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torminsd by oXpariment! eXtra thick walls make ouring dirrlioult,
and very thin sections will always warp. Motaul lnserkts ara péf-
sibla, but if they compllicata the process, trenalfer molding ahould
bo used.: The parting lines of the melds ohew asn the flnlakad
pleces, more or less obvicusly, and unless polishing and buffing
are used, these lines should be strateglanlly placed mo as not

to mar the appesarance. OJimilarly; tho posltlen of the marks lafb
by the pina that ojost the molded pleasss and ralanss tham [rom
their molds should be studied and likowlee convenlently Loonted,ld

Extrunieon io silmilur to injection aXeapt that ilnataad of lne=
Jeoting into tightly-locked molds, the material la forced oul of =
ppoclal noszle that la given the shaps dedlred for the avossssacklon
of the extruded material. (“ometimes the plunger of Lo prooo i
substitutsd with o aplral that pevelves at sonAtant apsad and sxarts
a wniform, continucus presasurs.)

By thils method, indefinite longths of rods, tubsa and ateipa
of all poassible crose-cectlons; as well as [flbers and escrde; san be
produssd-=all depending upon tha shapes of the nozzle. Alao 10 the
pPlastics material is forced through a alit tnatand, Fllms and shaaka
ara tha result.

Extruslon can alse ke used as a means for coatlag and lnsus
lating cables and electris wires. By passing them through the nosaole
while the plastics materiel [ususlly a vinyl in thess sases, owlng
to ites flexiblility) 1s belng sxtruded, u protective coat Lo Formed
oround theom.

Extruslon 18 malnly assoclated with vinyl plaotles and poly=
ethylens, which are prodused Iin flaxiblae, stretahabla shasta and
strips; also with Saran (polyvinylidene chloride), nylon and sellu-

lose moetate, for the production of synthetis fibers for the texkils

o 22_;*;?“ "Design Tipa" in [Eclipse Moulded Products Co.], op. cit.
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industries:l¥ and with casein plastics whish ars sxtmuded on acocount
of tha diffleulby of molding these horny materisls. FRods and tubes
can be alicad aftarwarda to produce buttona and ringa; and shoats
ean ba atampad to produce inexpansive articles (but all thesa produsta
are limlted to Inoxacting tasks, dus tao casein's poor resistanca to
chemicals, and to 1ts eapmeity for absorbing lerge amounts of water..9)

Calendaring ia a methed borrowsd from the glase industry. By
poasalng the plasties material, in a softened atate, batween two cylin-
drieal rollera, it is rolled out into sheets of indafinite lenzth,
the thiclnesses of which are determined by the apace batween the
eylinders. If the cylinders have embossed designs or texturss en
them, they ara agcurately reproduced on the aheats; and if papers,
woven fabries, or other plastlics shests be passed betwesn the rcllers,
aleng with the molten meterial, they will be coanted with 1t.

Calendering and extruslon are the two metheds most commenly
uged for the production of sheets, bub there are ssvaral othap
methods possiblae.

ina of them 1s to pre=za an amount of the materisl betwean
two hot, stalnless-steel plates, and squeszq it down to the required
'|51'11I:|l'|‘-l‘ltl!l-!--'l"'F {The size of the shest 1a limited to the size of the
platan.) The tachnique ia rather sxpensive, but 1%t may be MLO08 E Sary
to fall back upon (a} 1if the flow qualities of the matorial arse poorg
(b} in erder to preducse sheets with variable thickness (by tilting
one of tha ateel plates), or special shapes; [a) to prons togethar

dilfferent elemants such as those of the "stained-gless" windews and

157he woven fabrice need not bs all aynthetic. The flbers can
be mixed with cotten, wool, silk, ste., and it dapends upon the retilo
of synthetic fibers whether they are used for decorative offacta (in
small amounts, up to about 5 per cent) or for the Improvemsnt of the
strength, wear reslstance and washability of thes textila.

16ya11 & Anhorn, op. eit., p. 15; also sea Tables 7 and 9.

1?3nrrun. ap. &it., p. BBQ,
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deporative panels {(fige. & te a); or (d) for any wuch obher renaon
that justifism the uas of the teashniguo.

Another mothod, previcusly used, wam to aaw shosta Ffrom aanb
blocks, similar to sawing wood venesrs [rom & log, bubt 1t was Cound
to be a wasteful and expensive method, much as 1t is in wood, and
was modifled later when 1t was reallszed that sheets could be morae
easily alised frem a bloek that {a nat fully hardansd.'” Waste 1a
thus eliminated, and the mothod becgomes leam esxpennlwva, but Ehe shadabe
ara sti1l1l limitaed in aize, and Pasouras to thls method should ba had,
not or the productlon of regular shooto, bub enly for sheets with
speelinl shoapes (wuch as thoss vagulssd fop the desipn In Flg. 41,
and speclal uses (such as stamping chalrs ocubt of slngle pleces with
appropriste outlines). Alsc if the block is cast of layers of dir-
farent colorsn, allesd shasta of varlagated deslgns omn Do oLERined
that ecan ba used in fleoorling, furniture and other uses.

Thars ars alss the methods of forming that do not start with
molding moateriole, but which usa shaets and wvansars mads oy nny of
the other technlgques described.

Infra=rod lamps snd negative molds are used together Lo heat
sheots and make thom sag and aesumo the auvrvature of the negebtlve
mold. Sagmanta of domen and sholls ean thug be preparsd, to be glusd
or welded btogether afterwards,!¥ and 1t 1s this making of ahells and
domes, "which ia so diffisult and unsatisfactory in metals,"™ (and
aven more o in corierebe) that plastios wlll surely have a wida and
important leld of applilcatlion in archiboocburs.

Tha steam autocolave ia mors or less a4 large press which uses
shests oand laminokes for the production af survad shapan, which a

181nid., p. 263.

19555 slso p. 17 of this study.

207. E. Gordon, "The Future of Plastice in Engineering,”
abridged leoturs, Engineering (London),174, 4535 (Dec. 12, 1952}, 710.
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flat press cannot do. It was used during the war for the formation
of rodomes for radar equipment, boats and other laminated construc=
tlons, and cen be used in architssture for the produstion of molded
windowa (figa. 31 to 34), bath tubs, asnd Ltems of auch neture. The
initial seat of the mold may be wery high, but the autoclave can be
agenomically oparated wher & lorgs numbor of items sre muﬂa.ﬂl
whoen the lamlnates are large, or of compliecatsd, curved

shapsa, the rubber bag (or balloon) technique 1s adopted. The im-

prognated veneora, or the sssembled parta, are plased inaids a rubbar
bag,; and the pressure insldes 15 reduced to nil by drawing the alr
out, The bag sssumss the shape of the body inside and st the same
time transfers to it the atmoapheric pressure of bebtween 14 and 15
1b./8q. inch.®2 (The converse method for internal surfaces ls to
inflate the bag inaide the hollow parta.)

This method is more economiec than the asutoclave becauss 1t
gliminates the need for a mold, but 1t i1s limited to materials that
can be molded at tecperatures lower than those that affect rubbsr,
and alsao limited to pressures not higher than one stmoaphare.

High=fragusncy heating 1= only a methed of applying heat,

but it la wery lnatrumental 1n the molding and walding of plastics.
When & homogeneous dlelectrle Is plased in a uniform
field of high I‘raauan:'g, the materlal becomes uniformy hot
through the masa.=S
And poeording to the Cregueney and the intensity of the fleld, a
temperature of 150-180°C. can be attained in & few seconds.®® This
opened up new possibilities and permitted the execution of tasks

that were until then impossible. Itz chisfl use is In laminating ply-

ElEngal, Hemming & Merriman, op. eit., p. 111.
22 eck, op. ait., p. 235.

“3parron, op. eit., p. 680.
241v14., p. 683,



CHAFTER THHEE
TSES OF FLASTIC3 SHEETI

At flrst sight, sheebks seam to be of very limlted practieal
usss. (oo usually soogcloatos them with ouch uasa oe wrapplng peck=
kgan, porisheable goodn and food Itewms. But the uses of £ilma and
shestel are quite pumsrous, and aven I they were not, more would
nesd to ba devisad, beaceuse dus to the hicgh pound-por=-pound compaTa=
tiva prieea of plastles materisls, =2o0lid assctlona are not aconomic,
and thelr uses should be avolided ws much as posslblae.

Starting with thin sheseata, and precesding to heavier materfi-
aloy we Cind applicatlons as Tollowa:

1. Facling and wall-lining, whether the shests be of pure

jlasticas or combined with other materials, 13 ons usage which, how=
ever; haa several polnts thet must be taken Into consideratlion whon

it eocmea to epeciflec eapplicetlons: (a) the imperviousness of the
shonbts, when bonded fto s porous wall, «{l]l cause them to bllaker or
bBillow, alither dus bto poisture In the well; &r to the wall "bréabh-
Ing"--the same aa would happen to aprayed plestiecs (ses n. 19, p. TE);
end [b) irregularities in walls, zuch as the lines batwesn boarda,

or brisk jeoints, or the like, will be repraduced on the surfacss of

the sheobs, and the careful alimination of these lrregularitlss would
be B laboriocus task, besaldes being a Finishing job in itsalfl In
auch ceses, the shesets would be bettear stretehed freom fleor to celling

on strips Clrmly atteched te the wall, and ralsed o Precticn of an

Lnpat1l” fa material lases than 1/1000 of an ineh in thicknees,
and "film" L3 of up to 15/1000.

e BAY
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inch above the level of the wall. ([The space can be padded with a
hant- or sound=insulating materisal.) In this way, tha shests would
not be in contmct with the wall, and the irregularitiss remaln In Lthe
baekground.,

It would be more convenlent, howaver, bo have bhe phoata
bonded in the fastory to an Ilnexponaive buellng mubterlal , Lo Insurs
Parfectlion and & stronger bond. (And It will be notleemd that in sach
casos the sheets lose thelir ldentity and becoms Intagral parts of
rigid panels or lamlnsted boards.)

2. Corrusaeted sheots have the added reslseteance to [laxure;

and also give o warlety te design. They can serve, batter than flat
sheats, as wall-lining materials, and also for skylighting joba.

Another fleld of application for corrugated sheeta i3 in heat
insulaticn. Cellulose-acetate sheets have been assembled, at alter-
nating right angleas, to thiclnsssss from one to four Inches, to pro-
duce an insulating material with awvalue (D.32 E.T.U.) that compares
favorably with other insulating materials.® TIts other ndvrantages
include resistance to corroszion and insects, imperviousnsss to mols-
ture, and extrame lightnesa in weight.

. Waterproofing membranes (and also the chemical insulation
of walls, floora and ducts) of polyethylena, for inatance, are made
more feaszlble snd sesy than In Finlshing work, by the non-exacting
nuture of this applieation, The sheets can ba laid dirsatly over tha
woodan bearding or conerste alab, and protectsd under a finishing ma-
terinl. The subfloor hasz to ba smoothed as mush as Ia practicabla,
tut the elasticity of the material ocan be relied upon to compensata
for the irregularitiss and small projections; and tha stratchability

for the expuansion and contractlion of bokth membrane and strusturs.

Z5ee pp. 30-31 of this study; alsc Table 4.



« HE .

4. To flooring applies what was sald about wall-lining,?
#xcept that floors, in this respect, are in a better position than
walls, sinee 1t 1s poaslble to impregnate them with ligquid resins,
and slnee they are sasier to render smooth and leval Planes upon
wWhish Tlooring sheeta san be 1laid.

9. Tllos of all makes and properties, intended for flooring,
wall ecoverlng, and other uses, have been manufactured, and while thay
have aomes good possibllities, tiles have been shown to be obsolete.d
Thair usa should ba astrongly discouraged.

B: Heavy sheets end plates can ba used Tor glazing. Thia,
however, 1s one of the applications in which comparative price 1a &8
decliaive fretor. A simpla substitution for glass can be Juatifriad
only if the shatterproof gqualities of the plastics sheats, thelr
light weight (as in sireraft), and their admisslon of ultra-vioclet
light, are of speclal significance in the application.

To sconomlze on large windowsz, it may be possibla to mold
them, together with their frames, with slngle plecea of tranaparant
material (figs. 51 to 34). In such cases, both the strength of the
frame, and the curvature of the sheets, add to the strength of the
window without ineressing the thileknesa of the sheset.

7. Furniture 1s also a fiald of application in which simpla
asubstitution should be avolded, sspecially since wood, the chief ma=
terlial used, 1s cheap and easy enough to manipulate. The oly way
plastics can compete with wood is by surpasaling In the characteristics
wood does not possess. Flastlcs sheets cen be softened and re-shaped
g0 that a chair or a table, for example, cen bes made out of one moldsd

plece, thus saving & great amount of work and craftsmanship; and

J%se pp. 90-81 of this atudy.

4Ses pp. TO-71 of this study.
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saverel pleces can be easily walded together to form continuous aur-
faces and rigidly-constructed pleces of furniture. Sheets are availa-
ble in a wide ranme of ecolors, and do not require painting or finlsh-
ing. Also they will not splinter or erack; and, used ocutdoors, they

do not becoms hot in the sun, because they transmit light.

8. Lighting fixtures, molded or assemblad, combine versa-
tility with workability, and have interssting optlcal properties, as

was shown,” that can be made use of.

9. With heavier sheets, one inch or more Iin thickness, we

now come to structursel applications: sheets for roofing and Infilling
betwean beama and fremes.

Modull of elastlcity ara lqw.ﬁ gnd In order to form floors
and roof decks, i1t will be found impractical to usa sheets because
they will not only be required to support dead and live loada, but
#lao to be atiff enough not to deflect appreciably. Materiala other
than plastiecs can perform better in this reapect.

In capes wheare Tunctlon pearmits, thereforse, sheeta should be
allowed to assume thelr natural and “"relaxed" posltiens (figs. 18, 13),
and the same applies to continuous covering shests (fig. 29).

The reverse poaitieon 1s also possible with sheets that are
heavier and atiffer, and that can assume and retain arched shapes
Wnen push=-fitted Iinte place (fig. 30). Thelr flexibllity would alse
permlt therm to curve slightly more, or lesa, with changes of tempera-

ture; and thelr strength would permit them to carry roofing materials
and a live load.

10. Domes and shells, unless blown,” can ba molded in sogmants
and welded in situ, and this method 18 apt to be more readily adopted
aince 1t deoos not involve any of the risks of the blowing technlque.

S3ee Chapter Two, FPart I of thia atudy.
G3as Tabla 6. :

"Ses TE~78 of this atudy.



CHAPTER POUR
USES OF EXTRUDED PLASTICS

Starting with thin, small sastlona, and proceading to heavler
and stronger ones, wa find that thare is a wide scope for axtruded
santiond, As with sheota, applications bessaed on the mera substitutlcn
of materials sannot compets wilith traditicnal materinls on a price
basias: besldea which, there i1a no sense In subatituting unless there
ares advantages to be gained in quallity, performance, or versatility.

1. Strips and moldings.--Even though butt jolnting, with a
little extra cars, 13 poasible and gulte satliafactory, 1t wlll be
found necessary sometimes to use 1llets; coverlnz strlips, and such
other extruded sectliecns. Aslde from the merely decorative uses and
trimming--to be discouraged as being trivial--, fillets will ba neces-
eary to conatruct free connectlions for panels and shests. Expanasion
spacea must be provided for the changes in dimenslons,; and fllleta and
strips are necesaary to cover the gapa.

In fact, there are strips on the market for a wide wvarlesy
of usss: finishing, trimming, Turniture, construction, and many other
uasa. Thera 12 aven transparant weather-stripping for use around
glosz doors to radues drafts and dust and ellminete the whlrring
noiss eaused by air passing.l

2, Window and door frames of plastics have the sdvantages of

combining the working techniques for wood (eutting, sawing, neiling,

f1llng, etc.) with those for steel (welding, heating and bending),
basides being reaisztant to extremes of weather and molsture, and newer

lirchitectural Forum (January, 1952), p. 200.
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neadineg painting. The priees of the newly-derived articles compate
favorably with traditional materiala.=

3. Window slats and blinds of plastics have the advantages

of belng light in weight, tranzlucent, sdmitting licht without the
loze of privesy, washables with scap wnd water, and possessing moro
durable gualities then the average windew shades or Venetlan blinds.”

A type of blind can be made wlth tubes, painted around halfl
theair circumferencs with s reflecting foll on the inslde, and with
an opague paint on the outsdde. The other half of the ftubs 18 left
transparant. All the tubea that Tform the bBlind would be geared to
A méchanlsm. By turning -them around; & warlety of lighting phasssz
can be attalined. Llght can thus be direet or Indirect, reflescted on
the calling, or cut out completely--aocording to the angle of the sun
wrd the posltion of the tubes.

4. Tubes for plumbing (and gas pipes) facilitate handling
and manipulation: Cost of Inatallation iz lesa thon that of lsad
or ateal plpazi end the flexibllity of some tubes allows them to ba
bant without cutting or using apseinl bends.? Alss the danger ol ax=-
Ploelon ln freezing weather ls ellminated, due to the stretchabllity
of the pipes.

Carea sghould be axerelssed In the echolee of tubas for hot water
on-eccount of the low softening points of some materialas. DBut there
ars saveral types that ecan withstand hest snd pressurs. "Glaswsld"”
plpes, lor inatanos, made of polyesater resin relnlorced with glass
aloth, ean withatand an internal pressure of 150 1b. par 8g. im. with
a temparature of 4256°F. (218°C.), snd 450 1b. per =q. In. at 320%F.

{(160*G.). Their tensile strength of 50,000 1b. per ag. in. comparos

2888 p. 60 of this study.

YSinger, op. elt., p. 141,
4Thid., ps 130,
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with stainlesa steel pipss, while their spacific gravity iz eonly 1.8
pa agalinst 7.8 lor stael .2

gples of non-corrosive plastics pipes have Increased 3,030
por cent since 1948:

Alroady widely used by mining, chemical and oll companles

t0 carry corroalve fluida, plastle plps l1a generally esnsler
to install and cheaper to maintain than corresponding metal
pipe. 3ales, which reached $15 Eillluﬂ last year, are axpac-
tsd to hit §250 mlllion by 1860.

5, In furnitura, there 1s scope for the use of tubea and
rods, but molded and laminated plaatlcs atand better chances than
sxtruded sectlons. The competition from traditlonal materlals ls
big, and one hes to welgh the arguments for and agalnst, with reaspect
to proparties and priloe.

&. PFagades of bulldings can make use of plastlcs plpes simi=
lar to the glass tubes used for the Johnaen Wax Company by Frank
Lloyd Wright. In this appllcatlon, plastics have saveral advantagea
over glass, for they are shattsrproocf, admit ultra-viclet light, can
be bent eround corners, are continucus and eliminate a large amount
of joinery, and alsc can be welded, cut and sawed with wood-workling
toolae.

7. Hoards have been extrudsd In contlinuous leangtha for
slding and furniture making, and this spplicatien ls aimilar to that
of shesta.

8. There 1s no reason why structural colwms cannot be ex-
trudad, Many plastics have compressive strengths that ara high encugh
for atructural purposes.”’

The shapes of thess strustural membera will necsasarily be

diffsrent I'rom other materisls. BSteel shapes are rolled and there-

Oyntd,, pp. 1353-134.

pima, IAIL, 1 (JUAY 6, 3903}, 77
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fore have to be openj and wood im sawed from logs, and tharafors has
to be solid and restangulari but plastles are sxiruded In this ousw,
and therefors may be open or box-like, solid or hellaw {bo allmlnata
the unnessssary material around the nautral axls of Lie ghups), and
the cross-gection ean be circular, aquare o any desired shaps. It
is better, howaver, that they ba so shaped (Ffig. R2&) that the af=
fective aren would inereass with the Increase of astresses--the stresses
being proporticnal to the distance from the peutral axls, and maximum
at the extremeatles.

If the sross-ssctlion i too large to extrude In ona plece,
smaller sections can be assembled (glued, or welded with high-frequen-
ey hsating) to provide the required area for the shaps.®

These structural members can be used directly as columns, or
pan, better atill, be heated and bent Inte aontinuoua grid-like Cor-
mations (fig. 27) that would accomodate molded windows in thelr cellas.
They can also be bent at right angles, with the columns turning and
changing into beams (flg. 28). In thls cass, it i3 noticed that the
area of the ecolumn is Iincressad from floor to floor, not by incroaalng
the asction itaself--which would require special columns for each
floor--but by assembling the sectlone side by silde. The beamz can
ba strengthened, Lf necessary, slth sdded spandrels thet would act

aa oover platos.

BThe similarity to the flutea of elassie columna indicates
that while in the saas of extruded columns thay are the dirsat out-
come of ths mathed of produstfen, they are only decorative in their
slasele counterpart--whish gives support to tha theory that elassio
eolumns in stons and marble are imitations of earlisr cnes made of
rondas and stallea.



CHATTER FIVE
RIGID FLASTICS, PANELS, AND THEIR USES

Bavaral raascns require that plastlea be used in sonnactlon
with other materlala. The proper combinatlons of cheracteristics
may not be found in the homogeneous material In 1ts pure form. An-
other 1z that & heavy objlesct or structural member, requlras largs
amounta of materlal, mnd ls thereflore unsccnomic.

Begldas adding filllers to moldling compounds, In opdar to im=-
prove thelr propertiles (by reducing Inflammablility, lnereasing re-
sistance to abrasion, giving body or color to & transparent material,
gnd so on), ona can aleo combine plasticswith other cheaper matarialsa:
woed, pepor; fabrie, glass fibera (with thelr very high tensils

strength), or such other materisls as ara found sultable:

Laminates

Leminates, ln general; consist of layers of paper or fabric,
impregnated with & liquid; thermosetting resin, or of glass=-fiber
mats and polysster resing, and cured under low heat and presaure to
batoma g0lld units.

Their properties vary greatly occording to the materisls used,
but, In genaral, they have good thermal Insulatien and rirs realstance
(aspaclially the phenclic-base and the polyester-glass ones), good
mechining qualities, high strength=-walpght ratics,; and when cerrugated
can be used for rocfing, having qualities superior to corrugated Iron.l

The cholce of meterlieals and adheaiwves depends upon the useas

1Singar, Op. elt., p. G94.
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for which the laminates are intended, and ths propertles necesssary
for such uses. Usually all the plles of the laminate are of the azame
materisl, but since all the properties cannct always bs found In ons
plastic, & laminate mey be composed of differsnt layers of materlals,
eoach of which performa a different function. For sxample, In &
"Formlca” laminate,

a multi-layer of Kraft papsr impregnated with phensl-lor-

maldehyde resin forms the cora of the lamlnate. The Inter-

mediate layer consiats ol & pigmented opague shest [to glve
solor] impregnated with ures reain [because 1t has unlimited

color possibilities whils phenolic resins are llmlted to
dark SEEEHEI- The laysr i1s covered with & melamine abraslion
resistant sheet., A translucent papsr ls Impregnated w
meiumline and becomes transparent [to show the color under-

neath 1t7] on application of heat and pressure. Sometimes an
aluminum foll or core is iguurpnrstnd into the laminate [to

conduct snd radiate heatl.

A laminate ls usually a fraction of an ineh In thickness, and
1a intended for usa as a vensaring, wall-lining or table-top materi-
gl, L.0.; it must be fixed to & backing material--unless 1t Is thieck
and atronpg enough to support Ltself, because otherwiae It will mot

remain flat. [&]

Impregnated and Compressed Voods

Since wood "suffers from several disadvantages owing to the
fast that it %8s natural and not man-made snd man-econtrolled,” solid
wastd Is allieced into veneers which are thoeproughly Imprapreted with a
resin, and then cured under heat and presmsura, to produca solid sen-
tiens whosa strustural strength and rosistance to tempsratura changes,
shrinkags and swelling are Improved scacrding to tha parsentaga of
resin used. The artlcles made of these woods "are regerded as superlor

to their metal sauivalentz in thelr propertiss, "4

-

21b1ld., p. 96, my Lftalias.
SPleck, op. elt., p. 241,

1"-‘i:1.r:l.5;ﬁ~':',. op. olt., P G2,
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fne of thesa wooda ia "Hy-du-lignum,” which 1=
Impregnated with vinyl lormal resin and compressed Into &
dense boerd. It 1s used for alrcreft propellers. The
specific gravity is 1.3, tanailg strength 45,000 peil, and
sompreseive strength 21,000 psi.

In these cases, its high price Is justilfied on account of the high
strangth=-wolght ratic required for airoraft.

Another tachnique was found,® which eliminates the wasteful
procesa of slleing wood into veneers. Solid wood fs thoroughly de-
hydrated, snd a solutlion of methylol urea 12 forced into 1ts Flbepa.
The reaction with the natural acids In the wood converts it into a
resln.

Thie procoss opened up groat posplbllltles of substituting
hardwood by scftwood, where greater strongth, dlmenslonal stab-
111ty durability, denaity and wearing strength of wood wers
roquired. Flams resistanss, tenalls end compressive strength,
and resistance to the ectlien of most chemioal agents, ware
alao Inoreased.

Such woods would find uses, in particular, in small prefabri-
cated housea and btemporary, demounteble shelters that would be moved
from one place to another, becauss strength, combined with lightness,
1s of mere Importance In such ceses then in ordinery houses or other

Eypers of bulldings.

Flywood
Flywood actuslly dates back to antiqulty:

L'amplol de colle pour mssembler des pidces de bols
ramonte & la plus hsute antiquité. En affet, un bas-rellaf
dgyptien qu'on situe au rhgne de Thothmés ITI (anviron
1.500 ans avant J.-C.), décrit sans hésitation possible
lo travell du bols et son college: Un coffre en obdrs
colld a dtéd retrouvd dans le tombesu de Tut-Ankh-Armon.2

Sppady (1951), op. eit., p. 569,
E“hrbunald" by E: I. du Pont de Wemoura & Co., Inc., T.8.Kk.

Tﬂingar; op. git., p. G3.

8p, Burells and M. Fournler, "Les Matldres Flastiques dans
1timsubloment ;™ in Burelle et Bl., op. olt., p:. l48.
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However, since the adheslves used--albumin, caseln, animal or flah
glus~--made 1t subject to deterloratlon and atteck by inascobta nnd ban-
terin, modsrn, resin-bended plywood that "even 1F unpaintad, will
withstand ssveped woathering for a very long time,*" can bo considorsd
a8 totally different materlal.

The resin used 1s usually phenol-formaldehyde which 1a "as
durable &s the wood itselrf."l®

The uses of plywood in architecture and furnliture, and its
characteristics are too well-known to need any discusslon hioTe . L1
A new development in thls field, however, ls the bending of phonolle
resin laminated paper cnto plywood, which has the advantage of making
the material water resistant so that 1t can be used in house con-
structlion, and alsc of utilizing softwood venesrs on the outside asince

they are protected by the laminated paper--making the manulfactura of

panels more unnnumic-12

Lamlnated Weod

Wood ean also be laminated, in which case the gralna in the
consecutive layers remain parallel, and not at alternating right
angles as in plywood.

Por certain applications, these laminates have moro versatile
gualities than plywood. They can be given curved shapes [baflore
bonding, to eliminate the tendency of the different layers to slide
over one another); they can be tapered to sult speclal applicatlona
gnd to mest stress requlrements, with & great saving in material and

ﬁﬂight,la and g&lsc to reduce waste in wood to o minlimum by lncorpo=

IMacTageart & Chambers, op. cit., p. 116,
iﬂﬂngal, Hemming % Merriman, op. esit., p. l63.

llpor summary of plywood propertles, ses MacTaggart &
Chambers, op. elt., pp. 110-111.

1231pger, op. elt., p. 48.
151hid., p. 49.
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rating a sartain amount of wood econtalning knots and other defacts. >

Another sdvantage [of lamination] is the snd-to-end
soarf jointing which enables great length to be obteined.l®
Bandwilshes and Fanels

Sandwich constructions and pansls are composlte atrucbtures,
made of savaral materimls, sach of which parforms a spoelal task.
The dirference batween & sandwich &nd & panal ls not very distinet,
but, in general, the components of a sandwich are merely sssembled
together in a frame while thoss of a panel ars all glued together to
in applications, howavar, there are lass dis-

make one pollid wnlb.
tincticns batween them; they are used in the same ways, and will here

ba dimcussed together and referred to as "panels."
A punel 1s usumlly composed of & core between two skins, pro-

tacted with sheots of a surfacling material, snd all mounted in & frame

that holds all the components in positlion.
The core forms the boedy and the insulating part of the pansl.

There fore, softwood, corrugated paper, or glass-fiber mats are all

puitable matsriala. The pansl may also be hollow, with anly thée akln

held on & rectangular or honeycombed frame, snd for better heat and
sound insulation, the core can be filled with grenulated cork, foamed
rubber, glass wool or sueh other Insulating materiala.

The skin, the strength-giving element, can be la] matallie;
such as sluminum, steinless steel, or lightweight alloys, since the
strangth-wolght ratio Ln an important fector in the desglign ol thess

panuls:lﬂ ik} of a fibrous materianl, sush as high-strength papor,

plywood, resin-bended fabrics, or asbestos (for Iits resistance to

l8Engel, lemming & Merriman, op. olt., pp. 160-16l1.
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flame-apread); or {ec) = plastica material reinforceod with nylen, obther
fibers, or & polyester resin with glaas fibers. The more comnonly-
uged aynthetic resins for impregnatling and laminating these fabrics
are polyester resina, sllylcompound copolymers, phenol-formoldohyde
resina, melamine-formaldshyde resins, and eertaln eresol reains. In
fact, within bread limits, any comblnation of resin and fabrle can
ba used to produce & plastlo-lsminate skin for sandwich construction.!’

The surfecing materiasl, both protective and decorative, l= of
gn mbraslon-realstmt plastlc such ms ured and melamine formaldehyde,
with a decorative film underneath it, and perhapes an aluminum foll 1f
the skin 1s not metallic.’® 1If a penel ia used for flooring, and a
resiliency more than that of wood ia requlired, llnelewn or vinyl
sheets can be bonded onto the skin.l? In many casas, slnce leminated
sheets are intended for uss as veneering materials, they are prelerably
bonded onte the pansls at the time of manufacture instead of gluling
them later, thus saving extra work and ensurding good adhesion. It ia
neceasery that the same kind of racing material and the seme kind of
akin be usad on both sldes of pansla to prevent warping dus to un-
agual expansion. In the cases wherse only one slde of the panel =
sxposed, thia requirement may be wasteful because the surfacing ma-
terlals are of special qualities, are executed with more care, and
are therefore expensive. PBut this will net be the ususl ecase, be-
cause panels are self-supperting and cen sarve as partitions and ax-
ternal walles, with bath.nidas axpoRad .

Tha frems, usually metallie but sometimes wooden, haolds tha

elaments togmether 1if they are only assambled to form s sandwleh, and

1%1p1d., p. 161.

13355 "Laminatea," pp. 28<09 of thia astudy.

195n0e1, Hemming & Merriman, op. eit., P. 164,



v 104

can be dlapansed wilth IT all the elemants are predaurs-bonded, Ita
gdges can be .alther square or so shaped as to permit assembly with
the mullions that are speclelly desipned to be uzsd with them.

The thilslneases of pansla wvary Trom & frestleon of an inch té

several Iinchea:, The thlick ones are stlfl esnouch to be used "as par=
titlong er llght Infilling Cloors beatwasn besms spaced at regular
intervala,"80 but they should not ba subjsated to appreciabls loada,
for they will buckle or [all under shear. The problem of & truly
atrucbural panal remslng unsclved, for panels thet would be strong
anouph to ba lopd-baarding weuld sleo st the same time be unesconomla
gnd improetieal. This leaves one possibility;, end thet iz the use

of panels as stresaed skins for beamsa and contllevers, 3o that e floor
glab {fig. 36) would itself Le a large panol, constructed alons a
principle similar fo that of the single penels of which it is oom=

posad.

Advantages and Disadvantages of Tanels

Azide rom the propartiea which sre dotermined by the type or
typoa of plastles;, bogether with the other materlals used; the propars
tieg of panela can be summerized as follows:

1. Enaler and faster erection are the results of simply In-
sarting tha panals Into thelr peositionz withont nead for any furthap
work of any kind; as comparsd with laving bricks or nailing boards,
plastering or painting, and &ll the other time- and labor-consuming
cpearationa. The light welght of & panel allows 1t to ba four Ceat
In wildth; & convenlent slzae lor one man to earry singla=handad. (Ciowm-
para thias to the welght and methed of laying which dotermine the aize
of o bricki A coavenlesnt alze feor one Eﬂﬂﬂ'} This redustion ol thae

amount of labor {s not s amal]l fector whan we conslder that the brick-

2081inger, op, git., p. 80.
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loyor in some States esrns mors than doas the arehiteet.Zl

The care and accuracy reaquired in such cases, howaver, so that
every unlt will rit exactly in its peaitlon, may prove more money-

wid tlmo=-consuming then expectod. The aame situatlion is wall=lmown

In the case of traditional materiamlas, especially ateal, whersa s
Palmple,"” stralghtforward, axposad structure 1s more expensive than
the wsusl methods of consbtrustien. The aslution is to have ms BBy
a8 poasible of thess slemonts and units asgsombled undar FPaotory con-
ditions to minimize site work. (But this, at the same Sims, would

have othar sffects on architecturs and on the architect himself, as
said befors in [5]).

2. Thoe slzes of thess units will bo determined fin the Tac-
tory, and until a large varfety of them begomes avallsble, any slza
other than thoge prefabricated will have to be made to "apecial

order" and thersfors ut extra cost. This, and the large sizes of the

unite, whers three or Tour of them sufflce to constituts the aida of
a roor, Instead of the thousands of brisks or the hundrads of wood

pleces, will lmposs & rigld modular system en plens and even mors so

on elevatliona. Whether this can be consldersd as an advantage or a

disadveantage, whether regularity becomes orderliness or monctony,
depande upon the architect and wpen the way he will handls the situ-
atlon and make use of the module,

4. Healthiar snvironments will pesult from the sass of
clmaning (since plastics have smooth anrfoces that are unaffectad
by water) and the very small number of Jolnts (which can be furthes

reduced or completely allmlnated by scarf jolnting or with gap-

filling cements). And if tranalucent or transparent, plasties alse

admit germ-kllling ultra-vielet rays. This is (as seild before), pro-

2lgse "Oroplus Appraleses Todoy's Arohiteoct;" sendencation of u
statement by Dr. Weltep ﬂrupiua,_g;;ijiggjyznl*ln;ugL{xny, 1852}, pp. 11141,
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vided that transparenny and translucency nre not used only in the
aronblon of Tlpht; windowlesa fnteriorn.2o
4. fetter sound and heat insulation than most other building
matarials, ineluding belak.
Some ol thess leminetod sendwieh mataprliala an lnch
or 8o Iln thileckness ara aqui?giant In Insulating valus to
sevaral iaches of brickwark.

Thin ia bacausa of the varisty of Insuluting materials with whieh the

sores can be filied, and because the insulsting properties can be
dotermliaed and. adjusted Iln the Ceotory eceording to reguirement.

5. Color 13 sn integral part of all thess products, and pan-
not ba chenged, therefore, axcept with applled, opague paints which
would deatroy many of the surface attributes. This is s dizadvantage
only to & very limlted sxtent, bacause the “"impossibility of changing
eolour achemea'=-for which reason It was quastionad whather laminated
materials "will ever come into genaral use for houses"3--is not
Exbually a problem. For exdept In offlces, ccodan liners, bara,
restaurants, and the like, color schemes are changed only when a plsee
ila ramodelled becauseé 1t posds remodelling, snd not aimply for the
gake of ghenging its "colour scheme.” Also 1t will be noted that the
naw colors are applisd only to theoee slements to which color was ap-
Flied in the first place. No one would take off floors tiles, for
axample, or demolish & briek wall and rebulld it simply to changs o
ealor schomel It should dalsc be noted that the reason for paint 1s

primarily to proteect and hide surfaces, and that the question of

chooslng n color arlsea after there 1s need for palat.

““%e n. 20, p. 18 of this study.
EaﬂunTngﬂnrt % Chambers, op. olt., p. 103.
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1. At least not by the stendards of pur day; for very olten
in historical periods were such substitutlona made, and forms &x-=
preasive of one materlal transferrad to anothar, and 1t seems that
the architects of the past 414 not ses any objection to such mal-
treatments--or wers not aven consclous of them axcept when these
gubstitutions felled and structures collapsed=--btut otherwlse, the
1imitaticns of the diffarent materials were close enough to one an-
other, and broad snough te permit such substitutions.

Ferhaps this attitude can be justified 1f we conalder that
forms crystallized and became so symbolle and meaningful te them that
they would not econsider mbandoning them for the sake of expresalng
a new materisl. This can alsc explaln why we inalst upon the func-
tional and expressive uses of materisls: there are nho such crystal-
lized symbole in our srchitecture. Instead, the functional uses of
materials in ocur architecture expresses the advanced theoretleal
understanding of materiamls and their bshavlior; and the aconcmlic uase
of them express the sconomie conditlons under which they wars eractad,

and the speed and efficiency of deeign and conatructlon.

¢, Parfectlion, a main requlaite for hnnut:,l in n gquulity
that artists and artisans have always tried to achlesve in thalr work,
and all historiecal examples indlcate such an attitude. In no case
did they leave tool marks on theilr work, except perhaps on rough
work and utilitarian structures which were understood to be rough
and of no high architectural or artiastic walus. In tamples, for
example, In logalities whars marble was not avallable, thes Gresks
covered rough stons with powdered-marble atucco to achieve a par=

fectlon similar to that of resl marble, even when 1t meant the com-

lof. Summa Theol., Pt. 1, Q. 3%, Art. 8.
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flate diszregard of the pature and sxpresslon of waterials. Ewven the
Gothie bulldere--whoze execublon was rough and crude, and materlals
poor and scarce--venaared rubbles wallsz wlth atone slaba.

But slnce perfectlon was always the product of hard physlesl
work, labor mistakenly becams the measurs of perfection, mnd hence of
beouty itself.

Hamlin states that

the marks of hammer or chlsel often increase the richness
of the sxzpresaion which the stone makez, bacsuss they recsll
to the obsarver tha patient labor whieh shaped the rough
mass into the carsfully finished bleok.?

dnd & similar oplnion 1= expressed by Fleck:

Wa have progressed consliderably from the horn drinklng
cup to the ures-Tormaldehyde resln cup, slthough 1t 13 some-
times gquesticnable whether the result Is as mathetically
elegant a&s that of tha craftsmsn who_laboured long and
lovingly to produce hia mesterplecs.”

This remalns to ba the common attltuds eaven in our own day;
when the ¥echine and power tools made perfecticon sasy to atteln,
only then did thoe Intimidatad artlats deliberately leave tool marks
on their works of sculpturs, and hand labor haed to be stopped at the
point beyond which it could be mistaken for machine {hence "cheap")
art. Similarly, mazs-produced srchitectural ornaments wers left out
of bulldings because they were "cheap" mnd of no "artiatlc value,"
&nd 1t will be notliced that ornaments wers never conaidered szo balore
the Kachine Age when they wers mass=produced by hand by laborers and
creftzmen who "laboured long aad lovingly."

nly now, after the Machine had taken on ltsslfl the besastly
gnd inhumsn labor {and such a’human” deed &t thatl), and separated
laber from perfectlon, can perfectlon be enjoyed Independently, sa-

pecinlly in such srohitectural itesms a&s wall penels, slabs; window

ZHamlin, op. oit., II, 4€l.

$Flecie, op. alt., p. 2.
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plate glass or plastles, ete., not as haviog (nor intended to have)
"artiatie value" In themselves, but us contributing te the work of
ert which f{s the bullding ms & whole.

If 1t be argued that the beastly and inhuman laber (s not
maean, and that the objects are admirad for their parfection alons,
then the more reason why they should be admired now for that same--
If not more--perfeation, with the Wschine behind the scenssz. For
the perfection now achlaved by machlnery la galned without the human
suffering and Indignity which was always the price paid for 1t in

older ftimes.

g To some people, plastica furnlture and table-tops look
"eold," and plasties-covered interiors produce an "inhuman®™ atmos=
Fhere. PBut this Is a mlaconceptlion. Actuselly plastics are &3 warm
to the touch az wood; If not warmer. Thet feeling of coldness comss
from long associating polished surfeces with metals, marble and
glazed tiles, which have high cceffieients of thermal conductivity
{just as trensparency was assoclated with glasa, and tranaparent plaa-
ties looked frapile when they are actuslly guite shatterproof, the
lmpact strength of methyl methacrylate being ten times that of glaas
of eqgual hh1¢knﬁﬂa'}- Also, traditlenal , pollshed materlals are
gensrally used whers the atmosphera 13 sold, such as lobbies, awim-
ming pools; bethrooma, and the like.

It ia trus that synthetio-fiber elothes fesl gold, but that
has & different resscn. Synthetle [ibers do not absort mofsturs,
and textliles extruded In c:mtinunﬁs fllaments do net have the fuzg
that materlals made of short ataples havae. The fesling of warmth
comes from the insulaeting layers of air an the asurface of the tex-

tlles. (And 1t will be remembered that when "brushed-nylen®™ swesters

*Barron, op. eit., p. 577.
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wara made a CFaw yaars ago, with the alm of producing such an sffect,
they were found so highly Inflammable that the government had to

warn the peoplea of thelr danger.)

4. It sesema that man elwaya triles to make hilz bulldings
durable and leating--gverlasting, 1 poasible-=-and hils rea=zons ars
althar apiritual (to leave behind him monuments with which he and
his dosds may be remambered long after him), or matarislistic (to
got mll the sarvice he can cut of his bulldings which are by no means
spay or cheap to erect or to own). But whether hles buildings do
liva up to his axpactationsa, or have to succumb sconer or later to
the aggressive and corrosive elements, Including the vandalism of
other men, he cannot foretell. Hor can be determine the durabllity
of hiz materials. Hs can carry ocut Indicative tests, and he can
notice that certaln materlals are atronger and last longesr than
others; then he can bulld=-within the physlcal limltatlions of hils
surrcundings, the avellablllity of materlala; labor, time; sto.=-=
gnd leave his bulldings to thelr fate.

fn the other hand we can argus that zince the only bullding
materiala used to be atone, brieck and wood, man in all ages had to
uss them, whether they satiasfied his deaires or not, and whether he
was thinking of permanence or not. The Greek bulldera, for axample,
had ne cheles but te use marbls for thelr templea. It waa a durabls
matarial and therefors i1t lasted. Also, they hed no othar cholcae
but to use timber for the reofs, and thersfore not & slngle temple
today has & roof left. And in Egypt,; the sudden emergence of & fully-
matured stona architectursa indiecateas that 1t must have been praceseded
by santuries of building metivity, but that this sarller bullding
activity must have besn with parishable materisls--wood, bricks and

repda-=bepauss none of 1t reamained while 1tz atamp on the atone archil-
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tectures that followsed can be easzily notlced. It 1s not peossible to
tell whether the shift to stone was dus to & sudden declslon to at-
tempt to defy time, or was due to other reasons, and that 10 only
nappened that the material chosen was the abundant, durable stone.

In the twentlsth century, we have taken to conorete and stesl
{or perhaps, due to some reascns, weo had tol; but we do noet lmow how
long they will lest. OConcreste will pesslbly endurs for santuriss,
but steel gives overy indicatlon that 1t will not: 1t haa tc bs pro=
tected Crom wegthering and corrcslon to make Lt last na long aa pos-
sible (but who will keep doing thati].

The case of plastics is not different. They are materiasls
of definite serviceable properties. They can be used, and they can

be protected, but they also have tc take thelr chances.

5. This seems a big step along the line of development--with
the ever=increasing numbar of spealalists® that are claiming a greater
and greater share of the architect's role. Zut the archltect 1la In
no danger of losing his position, for he stands on flrm grounds.

Ha 1s the link between the variocus groups that cooperate to executs
a bullding, and he is the organizer of sll the eomplex procadures
involvad.

There was a time when he collaborated with artista and crafte-
men in the actual building of & structure, sxscutlng from amall and
rough studies, making his declslona on the spot, and solving his
problems &s they arcsa during executlon.

But that was leng ago. He ceased to bs that "master bulldar®
when artists detached themselves and went to work independently, and
when craftsmen deserted him for the factory {(end there loat thelr

tdentity in the over-specilalization), and architecture cepsaid Lo be

EStructural enginsera, alsctrleclans, air-conditicners, interli-
or decorators, scolor eonsultents, economlsts, paychologlsts, etc.
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the "mother of all arts."

The new sscnomlic conditlona forced upon the rrehltect B new
kind of erchitesture: "paper architecturs” In which & bullding 1a
drawn, and all the operations described--complete to the smalleat
detail--bafors the actudl exscutlon ls undertaken; and where a bulld-
ing becomes more of & financlal project than anything elas. Had the
buildars of templas or cathedrala thought along similar lines, they
would have naver laft beahind them o tracal

It 1= this economie Cactor, end nct the mechine, that 1a the
raal causs of all this ehange. The machine Is only a tool) an ad=-
vanced, ccmplicated and expensive tocl that we would not have had
recouras to had 1t not been shown us that 1t was capabls of achleving
more economical resulta, or of performing tesks otharwlse imposalble.
The reason craltsmen went to the factory 18 that theay get mors pay
there; and the artist alsoe bscams industrialized, because he gets
royaltlies whenever his design 1= duplicated (at the time wheon the
architect, as i3 well known, 1s rewarded by reducing hils compensationa
whan he lnvents easiar and mors sconomle aclutions).

The reason Tor mass-production i3 not the machline itself, but
the fact theat It (the machine) cannot be made to function economical-
1y except in producing large guentlitles. And the more bullding com-
ponents are turned over to the machine, the less the archltect'sa
sgope and role become.

If conditions continus in this direction, (and thera are many
indications that they will, with plastics belng a blg astop}, the end
day, that la to aay.

To remain the master buildsr {of & new type) he will have to
have sufflcisnt understanding of thess new matarials and products,

and laarn how to use them; or, batter atill, Join the old group in
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the fectory, and collaborate with them, as he used to deo, In the pro-
duction of building components and flnlshed producta. It 1s true

that "not invention, but the use made of invention, 13 the measure ol
an architect,” but he certainly Invents solutions and achleves es-
thetic triumphzs which can hardly bs at their best without hls partiasl-
pation in thelr shaping during menuloeburs.

Another solutlon to the problem of Industriallzastion is, not
to manufecturs the rinlshed produst, but its olementa only: sheets,
plates, rods, strips, gluss, etc., so that the solution of an archi-
tectural problem would remain an artistic creatlon and not merely the
Jjointing together of parts, or, to go to the extreme, the unfolding
of complately prefabricated housea shipped to thoe slte In single

packagea.

6. There 13 no doubt that such treatments are functional and
sconomlic, but whether they are expreasive remalns a subject lor dla-
cussion. The only Aifficulty 1s that a laminate can be sasily mise-
taken for a panel, for it 1a only & difference in thickness and a
variety of the materials that are laminated. The broad and Jolnt-
lasas surfaces, decorated or plain, would, however, lndicate plastlca,
and, in & ssnse, there 18 no differaence betwean a laminate and a
panel in spplicaticn, lor when a laminate L1s backed with a frama, 1%

bacomes a panel In eIreckt.
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The following tables wers complilled from saveral
sources, including the books listed in the bibliography.

Where necessary, valuss wera converted from one
system to another in order to atandardize all the units
of mersure uaed. And the ranges of proparties indiloate
variations dus to the different compositions and grades
poaalbles to each material , or the affects of teamperatures,

hunidity, aging, or other influantisl feactora.
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FHY3ICAL FROFERTIES

Color Epecific
Metarial Fosslbilitiaes Ddor and Taste rﬂ:-nlt:r
from ta
Aerylic and methacryllc. . T unlimited none 1.16 1l.20
Capaln - .. . TN R W B mL mliﬂitﬂd nona 1-3—" 1-3‘5
Cellulose acetate. . . . . . - + + + +| unlimited very alight 1.27 1.63
proplonate . . i N unlimited nong 1.16 1.21
acatate but}'ratn # « » o v o unlimited none to allght 1.14 1.25
RIEPRERL v a s e 4 e ' unl imlted slight camphor 1.36 1.60
Bthyl esllulose. , . + « &« &« + =« » « +| wunlimitad nona to aldshyds 1.08 1.25
Fhenol formaldehyds,
molded, filled with wood flowr . . .| dark eclors none to phenolie 1.85 1l.62
mineral powder .| dark colors nong to phenolies 1.59 B.0%8
macarated fabric dark colors none to phenolic 1.36 1.47
leminated, paper or fabric base. . .| dark colors nons to phenolis 1.30 1.40
E-..ltl; mfillﬂd LR SR RO e T R T R A R '.llmitﬂd Nnons tﬂl phﬂhﬂlic 11-2':' 1.TD
Fhanollo Turfureal, £11led. « « « & & limitad none 1.30 2.00
Polyvinyl acetals, unfilled. . . . . .| unlimited none 1.05 1.25
-E.I:Etﬂ.tﬂ- s B R R R @ ow W o a utﬂ.imitud nonse 1.19
thloride-acetate . . . . . . unlimited nona 1.30 1.60
plasaticized.. . . . unlimited varias 120 170
Pﬁlfltpﬁﬂ-ﬂ-- R R T TR TR - unlimited ona 020 1.07
~botadlens. « « & o« & & & u unl imited nona 1.05
Urea formaldehyde: + o o o 4 4 & o & & pastal nona 1.45 1.55
Melamine formaldshyde, filled. . . . . unlimited ons 1.42 1.86
vin]’liddnh chlorlda. [T B T S R Y tml!.mitﬂ-ﬂ ’1ight I-EE 1[?5
Pﬁlyﬂ-ttl]’llnﬂ . @ m = & & & " o w W l1imited vary lliﬁlt Il 0.94
Pn-lrtstra.ﬂu-n-rnbth:lana. TR yom a limited nota £.10 £.350
Folyamldes (nylon) s s v s = o' % o 8 unlimited rone 1.09 1.15
Siliﬂmﬂ rubber. . . = « s » a2 & & |Whits and tana nons 110 2.10
-ﬂ-.m’.ﬂ-l.m L L] L] - - L] - - Ll & ® # L] L] L] - w - L - n L] - L L] - - E.ED E!w
Bricka and stones. « o « « = » I ¥ W e TR T TR 1.80 ol
ﬂﬂﬂ:ﬁﬂth * L] - L] - L L] L] £l " L] L] L] L] Ll # L] - - L] L L] - L] L] Ll Ll Elm
Gl.'.i- NGRS R NN TRSC B T Y i - R = @ & @ w & B & @ B @ B 2.50 2.TDH
5‘:““1! L] L] L - - L] 4 # i # - " - - & - - - o L] L] " " " W = - T'Tﬂ
FOOBs &« = = & n & % » @ @ & & & & & LA PRI, TR L ] #light 0. 56 1.00
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Clarity Helractive LIght
Material [ trans-| trana- index np Tranamisalion
parent | lusent | cpagque par cant
from to | from tao
*ﬂﬂliﬂ mﬂ. mt-hanrj’lic. & @ @ B B @ B x & ® @ ® & @ l-l-iﬂ 11-51 9’0
Camsin. « s s o2 & o » 58 a 5 & & o » » #| 4 &« X # & = LI T " W & 8 B @
Callulons ReREALt®. « » = = 2 & & & & & x " & & " & = 147 151 a5 Q2
Prﬂpimtﬂ- ------ & ® W x ® B .® = W 1!"? IF*E = & & kW
acatate Dutyrate . « +» « » o = .o . e 1.47 1.4% o o& moE
I‘.'litl'l.'.'-ﬂ- # = ® » & @ & @ ® @ x W & W ll-'lﬁ II-E"B ﬂ':l
Eth.rl CRLITLOmE e e e a e e X & @ @ " & ® 1.47 ol
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nnld.ﬂd, filled with 'l't‘.ll.'.ﬂ ﬂm s » u| & & @ L R ] X B ® @ & @ _ISRT N MR R
minaral Pm’ﬂ.ﬂlr‘ w ® w o TAS ] x IR TR R R e " a4 = = @ '®
macerated fabt'lc - w . B R & &b s % & | = ®B =8 =6 L]
laminated, paper or fabrlo base. « | « = - s o 4 58 8 & = PoE s R e
E“t-p mfllllﬁ " & F ® ® ®E @& ® E w W X LI L ]-I‘E’D 1lTﬁ H'E'
Fhenaolie m:‘rur..ll fLLIBd: & & & # &) & & % # & ® X U SR R T e CETES T I R ]
Fﬂlhmﬂ lt‘tal’, ﬂ.ﬂ.flllld+ " B B W OB X & & @& @ & & 1-“ 1.ED 5 & ¥ & ® &
ﬂ.ﬂﬂtﬂtﬂ --------- & x & * W ¥ ¥ @ 1!"5 ------
ochloride aaatate « « = s »+ = x L T & & @& 1-5'3 1-53 LI R B
plasticlzed . » +» «| = R owE 1.E4 b R e
Pﬁlﬂ"t"m‘ LN TR T R T TR T N T SO R x @ & = = = u 1.5% # & & ® = @
*but“lﬂ'nﬂ- 08 B W & W W X o & m ® & @ 1-53 = e @ W & @
Ur'ﬂ“ rm].ﬂ'h.]’d.ﬂ- & W R @ B oW @ & W w #®ow X - W . 1!54 1!5’0 85
Hlmw fﬂrﬂldﬁhj‘ﬂl. ¥ & @& ® E @2 w & wo@ @ x & & @ 1.60 # & @4 B W @
‘Jln"l’.dﬂnﬂ ﬂhlﬂ:'iﬁﬂ, & B 0@ B & & '@ & &) & e X LI k| 1|E’D 1!53‘ ® @ & & & &
Ptllj‘uth.;l’lau.t " % W 8 B " = 5 & = @& LI R R !- LI L 1*51 1-53 LI L LI L
Polytetrafluoroethylena. « + + o + » | ¢ = » x s oo [ EaB0 140 | a a0 ow wa
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ﬂﬂﬂ.ﬂml & @ & ® ® ® % @ # ® = & ®w & &+ & & - & @ x # B & B BB 4. % ® ®_ W
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THERMAL FROFEHTIES
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Expanaion
10-5/%
o
B
B.2
16.0
1E8.0
17.0
16.0
14.0

o
g

i
M=]mm=0d-HHFE O&-EonsmD
1 ] - L | L ] - L ]

& & % @& & ¥ ¥ 3 L]
CQHDODHDO QOO0 DOoO-10mMmD QAo

=]

L

o

[
Lo R | B el "
®
Qo
-

=4

2.54

1.17
1.08
0.78. 1.10

1.10
0.30 0.90

2.3
0.2
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TABLE 4
THERMAL CONDUCTIVITY OF SOME INSULATING MATERIALS

o glont o I'ma cnauetilvl ey
Grem okl/sg ag
Material em/aec/ *0 ft/nr/ P
per 1 om of par 1 in of
thicknesas x ID"" thicknesa
'Isnﬂa:!t" & @ E @ @ B R 1-1':' &
Granulated Cork . - - - 1.00 Q.29
Yeood fiber boerd. . « = 1.20 .28
Asbeetos sheats . + « = 1.00 0.28
VYarmioulite « = ¢ & = = o - i 0.265
PInB: . s =+ = »w » = = = ] 0.258
wﬂﬂ’d F"ul'p & #F ® % @ ®w ® 134 Uiﬁﬂ
OGround oo « « & = = = 1.08 [ )
Brlek - . - & womom 13.80 4 .00
Iy brick . o 4.1E 121
{:133' tile =« & &« = & = 208 0. 60

roEgT *



TAHLE 5
STHUCTURAL FROFERTIES

Modulus of | Tsnailns T Compressive
Materisl Elnat-icit.g strangth Elengation strangth
Pels 1,:10 p.a+l.:1l:l3 por cant PeBalaX 10°
I‘rmn from ko frem %o from to
AeTylic and methaoTylice o « + = o + = 4.0 E.E‘ 4.0 10.0 | 1.0 I5.0 0.0 L15.0
CRREEIN S 5 Sl R ST e pe e e Bl 5.7 T.5 1.0 i 2T.0 5.0
Celluloss mcetate. . . . « &+ « » . 0.8 .0 | 4.0 11.0 T«5 B5.0 4.0 30.0
pru]:linn;tu I T T T - & & = @ 2a0 5.5 & @ @ & .'l...ﬂ 4.0
acetate butyrate . « « . .« D F. P 2.4 Tab 13.0 B2.0 TaZ2 Z2.5
Rl ErREN. T e e e e e . . LD 41-':' 5.0 12#3 E-ﬁ.:l E:I-ﬂ' EI:]-U
Eth.j]. -E..Lllllﬂ-ﬂﬁr P R & @ o O W ll-T Eiﬂ E-r:} IElﬂ El':l 43-'3‘ lﬂuﬂ' Eﬂlﬂ'
Fhenol formaldehyda
mﬂlﬂﬂd. flllﬁd with "'ﬂ'Dﬂ ﬂnut" @ @ @ Bl-'::' 151':' 'i'lﬂ 11 -'ﬂ' D.E 1'5-“ EE-D
mineral powder . | 10.0 45,0 | 3.5 10.0 036 19.0 40.0
macerated fabriec T«0 12.0 | &5.0 8.0 0.7 0.0 32.0
laminated, paper or fuhric bagss « Sed 30,0 [ B.0O 18.0 PR E0.0  44.0
cast, unfﬂhﬂ ¥ oeoa W e e 1.3 18.0| 3.0 1&.0 1.0 13.0 33,0
Foenollie Tarfural, I‘il‘l&d.. oaowle o mi T.0 45:0 | 5.0 11.0 ¥ ow e 24.0 40.0
Felyvinyl nmtnla, unfElleds v o sr e S 40| BD 1ED 4.0 4500 v R e
BCBEAtO . + 4+ » & 2 &2 = o+ 2 92 T T [ 5.0 B % B m R T |
chloride acetata . +« « - + 3.5 4.1 | 6.0 10.90 S 11.0
Pleatlelzed . < .« PR g.0 10.0 850.0 10.0 12.0
Polystyreng. « - - & - v o= s owos s w120 RED ) J.0 100 U5 5.0 11.0 17.0
=butadlena. . <« &« « & & .o e 6.8 10,0 . Poe
Urea formaldehvde: . . o <« s < s .8 o+ | 120 18:0]| 5.5 13.0 1.0 24,0 55.0
Melamine formgldehyde, filled. . . . . 12.0 16.0 e ok T.0 0.5 S0:0 31.0
‘Finj’lidunu :-hlﬁ:'iﬂ.ﬂx & & B B & B & & 8 0.2 2.0 .E.D‘ T.u 1Dlﬂ "11]1.0 TshH Ba:b
Fﬂlfl’thﬁ'l'ﬂﬂﬂ‘ & & W . @ @ @ B OB & ® @& W #® D-l-E 1-5 EI-EI 'lﬂﬂ-ﬂ 111.‘E 15-5
Pﬂlftﬂtrﬂ.ﬂ UOoTCd th?lﬁn' B % & @ ® @& = ® DIE‘ 11.3 1131:] 'D T
Pﬂl‘fﬂidﬂ-ﬂ [H.!'Im] [ ST T TR TR D R Ei-ﬁ i-ﬂ Ta0 111'3' 0.0 Eﬂﬂﬂ' Tl 1-5l|:|'
E;I'.lf.:.:mﬂ I'u.bbﬂri & & & @ & @ @ & B B W @ B B # T3 Di-‘:r 75.'3 m':l-!l:‘ PR N
Elmlrlllm " B o8 W B OB R R oA W A o W E'E‘ID 1':’3‘-& gtﬂ EE-D E‘]-D ﬁ‘ﬂiu 15!':'
Bricks and stones. + « + « + + o + » o | 15.0 145.0| 0.3 2.3 s 0. s 1.0 32.0
Emﬂ.r.tﬁ s & & & ® W ®W ¥ 8B ® ®§ ®w ®m & @m Eﬂ-ﬂ 55.0 Dady Dh" ﬂ'-mﬂ E D 5!":'
GIEEI. Bl b mih iR AR i Dl e anﬂ 11'!I-D éIE 1|?ID = W @ I'D IE'D |:|
SEell. o 0w 2 s v ok s e e o e 200,00 £5.0 E'?-% 15.0 27.0 H*U' 15':' ':J
'*:ﬂ-ﬂ‘ﬂﬂ; llul'I.E PlharB. s « 2 o 2 » o & = 2.8 18.0 5.0 18. S W e

" EET "



TAHLE 5--Continued

[ Shear Flaxural ot GErengbh
Strength | Strength | Ft 1D to break E%Isndi'ff
pai pai #" x 3" bar 1t per in
x 109 x 10° of noteh
from to frnm to from to from to
Aerylic and mﬂthacrrlln. # o'n aale E Ba2°11.b [X0.0 1E.0 | D.02  O.50 0.4
‘Eﬂ.ﬂ-‘iﬂ £ L] " L] - L] - - . - - - - L] - #* - - 1“!0 lsia lim - - - L]
E'ﬂllul'ﬂlﬂ nﬂ'ﬁtltﬂl LI R A L = E--E' 1'}1'} 5-':] 151:} DiEG 1-5":' Dl.! 3‘15
P-:"U‘Pj-ﬂﬂﬂt'ﬁ & & & & & @ & & = 5 o = & i-ﬂ 101-0 ® O B # 11{] lllﬂ
acetates butyrate . . « . . & 5«7 B.0 D.5 12.0 1.30 Zadl D.B T.2
nltrate.: « « & = « & = = . W Woogiva W 6.0-15.,0-| 0.5 1.00 1:0 4,0
EtthI Eﬂlllﬂ-ﬂﬂﬂ- - L} L] L] L] - - - - L] - ITIE Q-U' 101'3 G-l-ED 115‘] " @ "
Fhanol formaldehyde
molded, fillead with wood flour . . . 11.8 8.0 15.0 Q.10 .28 DL 0,4
mineral powder . G.T 9.0 8.0 20.0 Q.11 0. 38 0.2 E:b
macerated fabrin 11.0 130 | 10.0-13.9 D40 2.40 Dad 4.8
laminated, paper or fabrle basea. . . §.5 11.8 | 13.0-30.0| 0,30 8.00 S
Capt, HRTIIYSd < 5 v ki e 58 eow s H.5 10,0 1%.7 | 010 -1.50 Q.2 1.2
Phanolic forfiurel  TI118d: & 5 & & = A e 8.0 22.0 | 0D.08 B 60 s L
Folyvinyl mostala, unfilied. . = - & . G @ g RS oty L ko 0k 1.2
T o e I B 10.0 1%.0 e, M H e
chloride acetates . = & + & & 10.0 Teb 1340 Ora 3O 0«60 o 5 S w5
plasticizad . . 's . AP 1.0 17.0 o e 11 Reic o o
P'ﬂlrﬂ-tﬂ'ﬁm-r - L] L L] Ll L] L] # L] L] - - '] E-E 1";0 19[& D-Eﬂ Giﬁﬂ D.E l.ﬂ
“hutﬂ.d-ilnlu R T ™ T S R T & @ @ @ & B w8 & w | E D.E
Uron Tormaldahydes & « « & « & = & & = 13:0 10,0 O.14 0018 0.2
Helamine formaldehyde, Cilled. . . = » PR AT TeBilE B T T s [ 1.0
Vinylidens chlorida. « & & o & & & & o 15.0:17:0 i i 0.5 B.O
Pﬂlrﬂth!lm - L] L L] L] L] - - L] L] L] L] L] L] - " - 14-& lanﬂ " - Ll w [ & . "
Polytetrafluooethylene . « + + + « « & . aa s + ale » % Wl is 2.5 4.5
Poiyamides oFplon) & & &8 & & % 5 & U ' oy i B o e O.6
sﬂlnﬂnl PUBDEY . o aa s m s & Y " = m & & i m R L gt R A
llmiﬂm L ] L] - - - " L] - - - - - - - - 12-':. - - - - 1] 1] 1] - - L] & !
Sricks and BtODBB. + & & o+ = o8 8§ 5 o ow 0.5 EB.5 0.2 3.0 ¥ Tk gk ml
cmﬂrﬂtﬂ L - - - - - - - - L - L - L L a":’ 1.-':" L] L] - L] L] " L] ¥
ri-]_&ﬂ'!- - L] L] L @ & &® & & ® ® 5= & = = =8 L] - - L) 11--!0 lE'& L] L] - L] L] L] L] ¥
St’“]-‘ L " L] % & & ® =2 =w = = - - L - - 12'n EEFQ mlﬂ EEI L] L] L] L] L] L] L] ¥
?nﬂa‘ & L] Ll @ & & & & a @ - L - - L L] Ulﬂﬁ Elgﬁ I:}-IT li L] - - L] L] - - l

aAcroag Plbars
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TABLE B

S0ME COMPARATIVE STRENSTH-WEIGHT RATIOS

| Tensila Comparative
Strength Spaoilfic Strength=-
Matarial pal Gravity Waight
x 108 fatio

Lo to from Lo from Lo

Reryilc resins. . .+ + » - S £.0 10.0] 1.16 L.20 L T - 1

cﬂllulﬂﬂa aﬂ&tﬂ.tﬂ PIRET TR TR TBE W Ther TR COINT TR Sl Ty -Euﬂ 'l].-ﬂ 1!2? IJEE 1.8 B"il'

Et-hj'l ﬁﬂllulﬂ'ﬂﬂ o8 8w FE # B FE R R W E-[:' 12*0 1*':'5 liEE 1-'-5 ll!‘l
Fhnenolic resing

molded, filled with wood flour. . . - 4,0 11.0| 1.25 1.52 E.6 B.8

mineral powder. | 3.5 10.0] 1.59 2.09 L:7 B3

maceratsd fabrie.| 5.0 B.0| 1.36 1.47 2.4 5.9

leminated, paper or febrlc bass . . . T0. 18.0| 1.30 1.40 5.0 135.8

G.ﬂ.ﬂt. Mnfittedsy a6 v w = - 4w o m-w i 12.-':" 120 1.70 1.8 10:0

Pnljl"l.’in.]fl chlorlde scatatd: « o« # 2 = = = {:UE 'a.ﬂ' 1 34 1*3? 'DFE G.T

Pﬂl?atrrﬁnﬁ & @ & & B B oW OB A 2 oA W . @ EI-U ]-D‘la 1I'1:.E llﬂ'rlr EEE g"lE'

Uren rﬂmldﬂmdﬂ PRI T e T T T TR TR SRS 5.0 13:0] 140 150 SaT 2.

Folywvinylidens chloride filaments . . . .| 0.0 60.0| 1.68 1.86 | 1565.1 35.6

Pl:llrll'ﬂidl' LT RNENEE S G R aw feoms e 0.0 B0.0| 1.08 1.14 43.8 55.0

BEABL N e s E R U R R OB e B £0.9 T.80 TaT

.l..l'umil:‘t!.:u'n. By Ok R e @ e e Tkl 3‘5‘-':' E!ﬁn E-TD 13.0 .-LEI'E

"ﬂm‘p‘rﬂ-ﬂ" P S ™ U e S T TR Y T Tl e L P ow 43,0 bBH4.0 129 L. a7 44.5 31.4

Ei:‘-ﬂh* ‘Eﬂlnﬂt FIbarE & & a & & & & o = 300 1.20 25.0

“H;Fd“llgn.m“ ----- FEE i B A Ry e R ) "'51-':' 1-3'1 H‘Ii

Plﬂtﬂ FLERS « 2 = & & & & .8 @A E W L] G5 3‘3-0 250 E‘IED E 5 I*ID

Glasa Tilamanta, 0. I:Jﬂd}ﬂ to 0,000254 l:‘:lm. FEO.0 5000 B«53 BL60 86,0 230.0

i mﬁ" dI.E.:."l.. T O ® W @ 35'3*5 D 2'-5":] EJE’D 1340 .0 lm l:]

193’1#



TABLE 7
DURABILITY OF FLASTICS

Effsct of Sunlight

Effeact of Aging

and Ultraviclet gt Room
Meterisl Light Temperature
Aerylic and methacrylic. + o o v o 4+ very sligzht none
L e b R a W B bl W P O elight fading hardana
Colluload BcBEEEA: & o s o 4 % 4 5 & & alight yellowing slight shrinkagas
Propionate . . . .4 . . . . none nona
acetate butyrate . . . . ... alight alight
nltrate. « « o « o 0 0 . . . yellows hardens
Etm Eﬂllulﬂﬂ'ﬂr wLOw WA " & W w W & vary ﬂlight Rmﬂ‘ﬂli,ght-
Fhenol formaldehyds
molded, Cilled with wood flour . . . | light colors fads none
minaral powdepr . light colors fade none '
macerated fﬂbriu light colors fade none i
laminated, paper or fabric bass. . . light colors fede nones B
cast, unfilled . = . . - . . . 4 « « | light colors fade hardensi: e
Fhenolle furfupsd, £illed. . .« o . & . light colorz fade herdenagss .
Folyvinyl acotals, unfilled. . . , . . slight slight
RABEAERL L L e e vk e e glight to none none
ehloride mcetate . . . . . . darkansa neas=slicht
plasticlzed . . . . 8l ight fading none
Fol Fﬂtrrﬁﬂﬁi W o v 2% a's's aw & = ?Hllm stains nona
-butndlanu. e Sk LR none to slizht none-slight
Ul"*u& rum‘lﬂ-ﬂhfdﬂn & B & & # & & & @ @ Ona h.mﬂl'la
Malanine formaldehyde, filled. . . « . nona hardans
TingFlidene chloride. . « + « = =« & + « darkens slightly bacomes stronger
TOLPREEYIOnS i e e w e e T darkensz, degrades slight-none
Polytetraflucrosthylene. . + « « + . . nons nona
Folyamides (nylon} R A e e slight dlsccloring nons
Silitma mhb't"- = o8 = 4.8 % @ = & nana nona

#Nechanlcal and electrical propertiss improved

#Insulation valus reduced
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TABLE 7--Continued

finter Absorption

par cank
Effact of Effect of 24 hra lmmeraion
Hot Vatsr stold Watar At:E5 O
from ko
Acrylic and methacrylic. « + & = 2 o . softens none . (4%
ABALN, » n o ow mor wia w AR R goftens solftens 7.0 1**0
Callvlons acabeltes o i ' a s eialia s softans ewalla 1.0 6.5
i ] K F . (A S S slight nons 1.2 1.7
acetate butyrets . . . . . AR ] SR a 0.8 2.2
[ 3y o RN SIS S soltens slight 0.6 4.0
Ethyl ool luliodn. « o w w e alaial e s norE none 0.7 2.0
Fhenol [ormaldahyde
mpolded, filled with wood flour « . Inaula- insule- 0.2 0.7 "
mineral powder . tion tion .01 0.5 |-
macarated fabric valus value 0.5 2.5 ®
laminated, paper or fabric bass. . . raducad raducad 0.3 9.0
Eﬂ.st. mfillﬂd ------ T R T 'D-l'jl D-ﬁ -
Hlﬂnﬂliﬂ f'l.l.‘t"ful"a.l, flllﬂ'&q- a e T B ':Ill-:ll ll"!
Fﬂlfflﬂﬂ"l acatﬂla, uh_filll-li. s & % W RS SRR 1 -llish.t- DI'E‘ EIG
peatata: & & = & 4 B8 = o= = lﬂf'.'-ﬂn.ﬂ Eﬂftml E‘ID
chloride acetatas . + « & &« « softens none 0.05 0.15
plasticiged « « « = slight nocae 0.1 0.6
FPOLTRETIRN |5 o senil il s il atnd 5 Mona nena 0.00 008
-hutaﬂ‘lﬂﬁ.l. & B B # @ B % & Elisht nonea = g om R
ﬂr‘\ﬂﬂ. fﬂmldﬁl\ydﬂ- @ " @ ® B E @ i ® E & W @ W@ Dl?ﬁ' 3!-{!
Melamine formaldehyde . « « ¢ o 0 = & s nona =l 0.07 0.6
?1midﬂnﬁ I:l'l.lm"i'iﬁ R S R TR e N S R ! Eliﬂht Elight 3*1
Folyethylane . . . & % 2w s % » |-2light-pnone slight Q.00 0.01
Pnl:tttmﬂuwmthrlan&. L R none nons 0.0
Polyamides (nylen) « « « + o = o = « & slight-none | 8l ight=-none Jud 2.0
Sllicons rubbef. « « & 4 ¥ 2 ¥ ¥ &8 ¥ @ E-]-iEht Eligh.t- Qb 5.0




TAELE B

CHEMICAL PROFERTIES

| Chamical Reslstance to:
Kt Waak Strong Woak Strong
Acids Aolds Alkalie Alkalis
Acrylic and methacryllie . « « « = & « & sxcallent | excellent | excellent | excsllent
CaladEs ol el e e o e W) w e W e good poor softena poor
falliuless aceatate « & & & 8 8 wo® & & s fair poar fair poor
proplonate. « - « « = =« & 4 good fairs fair poor
aceteate bubyrate. . « « & & falr poor falr poor
AIETFRES & o o ¢ s e mm oww o falr-good falp# gond poor
Ethyl celluloss . = « « = =« + s« « « « | fAir-good poor good good
Fhenol formaldehyds
molded, filled with wood flour. . . . good goodi good poor
= minaral powder. . good goods good poor
macerated fabrle. good Eood# good poor
laminated, paper or fabrlc base . . . good goods good poor
caat, unfilled. « « « + = + = =« s & » good good# good poor
Fhenolle furfural, filled . « « = =« « = good goods good poor
Polyvinyl acetals, unfilled . . . . . « poor poor sxcallent good
ACHEALS .. & o 8 8 = s W W s good poor good poor
chloride acetat®. . « « » » » | excdllent | excellent | excellent | excellent
plasticlized. . + « « axcellent | excellent | sxcallent | excellsnt
Polyatyrens . « « « = « + = + + = + = « | wxcellent good excellent | execellent
=hutadleng « « = = = ¥ " w # axcelleant excellant excallant Eood
Urea formaldshyde . « ¢« » = = » » & = good poor varles poor
Malamine formaldehyde, fillled . « « = =« axodllent falr oxcallent excallant
Vinylidens chlorids . . . + « « + + « « | excellent | excellent excellent gooditt
Polyethylens. « « « » « = oo b e excellent | excellant axcellent | axcallsnt
Polytetraflucroethylens « - « - + « « » | 8xesllent | excallent | sxcellent excellent
Polyamides (nylon). - R iR e excellant poor axcellent | excellent
Silicons rubber - « « + & + *» + & & o = good fair good poor

#Excopt oxlidlizing aclds

+#Excapt ammonla

* 8oL "



TABLE A-=Continued

Chemical Aesistance to:

mleohols Hineral Animal Tegatable
Oils ls 0ils
Acrylic and methaerylic. « « & + +« « & poor axcdllent | sxpellent | exgellent
c!lﬂiﬂlllitll--|-.|... Eﬂl{_ld Eﬂﬂd E'ﬂ'ﬂd gﬁﬂd
Colluloss acetato. « = » = 2 & & = & = soluble good good good
propionate . <5 v wih s soluble excellent | sxcellent | excellent
acetats butyrates . &+ .« o & . poor good Eood good
n.itl"ﬂ-tﬂ- @ F @8 8 F & % @ ﬂﬂluhlﬂ ,El:hﬂﬂ Eﬂ-ﬂd Eﬂﬂﬂ.
Etbhyl aalloloke: « « = « & & & & & % & fair fair-good poor poor-fair
Fhenol formaldshyds
molded, rilled with wood flour . . . good excallent | excellent | excellent
mineral powder . good axesallent | execellent | excellent
macaratad rlhrin good exeallant | excellent | excallent
laminated, paper or fabric 'muur ¥ good excallent | axcellant | axcallant
past, mmfilled . o . . % v W good excallent | excellent | excallent
Fheanolic furfural, filled. . . . . & good axcallent | excellant | exeallent
Folyvinyl acetals, unfilled. . « « « & fair exgallent | excellent | excellent
T L T e Ul G ST soluble excellent | excellent | excellant
chloride acetate . . . . . . | excellent | excallent | excellsnt | excellent
FPlasticized varies varlies varles varles
Polystyrené. - « - = = + + + = = = « » | &axcellent | execallent varies varies
~hutadiana. R S PO exgallent | excallent excellent | excellent
Urea formaldehyde. « o &+ =« « « = & & &« | #xcellent | excellent | excellent | axcellesnt
alemins formaldehyde, filled. . . . . | exeellant | excellent | sxcellent | exesllant
Vinylideane chlordde. « & +« & & = 5 = = exeellent | execellent excellent excellent
Folyethylene . o = + =« =« « o« =« = « = » | 8xXeellent | excellent | excellant | excellant
Folytetrafluoroethylens. . « « « « « « | excallent | exeellent | exeellent | sxcellent
Folyamides (nylen) - - + « + = = = & « varies excellent | excellsnt | excellent
Silicone rubber. '« & & & a8 & aw s good Eood=poor Eood good

L DE'I L 3



TABLE @

AVAILABLE FORMS OF FLASTICS

Lami~| Lag~ [FowdeT
Material Cast | Film [nating |-S000| C86° | Or |Rods | Sheets| Tubes
arnish G anula
Aorylic and methaerylic. « + « = « « o X res x P x x x x x
ﬂaﬂ.qin @ B O ot R LA RO - & omw R R =aE L] F 4 X x
cﬂllulﬂiﬂ BEOAERALE .. i » & 4 & 8 & & %= o sas x #a PN = mw X x K X
p‘[‘ﬂplm.ﬂ.tﬂ = M T T TR T R smw x " owa e ERCE
.ﬁ.l::ﬂ:ﬁ,t-ﬂ butﬁ"r&tu RS - LR S R T TR =@ wwma T X T X Bmw
nlt-r'-!’lt'&r " m wm @ & @ @ & @ # #&8 = = X x & &8 X x X
El:-hjl ealluloma. & o & wis & 8w & % o waia X x P X x x x x
Fhenol formaldshyde
mﬂldﬂdr f41led with wood Ploir « o o 5o ww oo & o @ s X x x x
mineral powder . ... P - o wan x x % x
macerated fabrld ... P - PR was x & x x
1ﬂm1ﬂited, PEpPAT Or fabric bosa. . & s R " x o L aEw x X
cast; mfi‘llﬂd a & ® ® & ® ® ® & ® 8 X R o aw LR ] CRRC X x X
P}i‘nﬂli-ﬂ fur!’ui‘al. fillﬂ'ﬂ- » @ ® % & o X CR x w8 ® x x @ LR P
Folyvinyl gcetels, wmfilled. T wlEE x x oy x x =y x e
EE:Etuﬂ.,tﬂ'- T T AR TR SRR ey 3 x Emm x X waw P S
chloride acetats . . « &+ « o ses x x X x x x x x
pFleatlieleead . . . o x x x x x x x x x
F'ﬂl?ﬂ-tFBnﬂ'b - W R AR W W @ @ @ wws x X x x X X X x
-butﬂﬂ.ﬂ'ﬁ-&- = g & ® @ B @ ® wwas =nm - W LR x - L LE N ]
Ireg Iﬂmldﬂh]'ﬁB e R T K - X X " E x Powow e " wE
¥alemine rﬂmﬂlfﬁﬁhﬁ'd'ﬂ. f.’.llﬂd & cE e W x x X X "W PEw Bew
"'1]1.3"]_ dene :Hltrldu * & 4 ¥ & & B & # was x wma was s e x b b x
Fﬂlj‘ﬂ.:mlﬂ-ﬂﬂ & @ ok B B W B ® & o® o & @ @®aw x & W E 4. EE isw EEE X x
Pﬁl!hutr.ﬂunt’ﬂth]’lﬂﬂl- # ® 4 @ wo@ e 48 & ow o R = 'R R = + 2
I'n-l}'midﬂ! [D:ﬂ'lm: . & = = & 8 & & # was x x @ ow oA = x amm x x
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Flastics Trade Names, Desgriptionsa,

Acolon B

Acounati-Pad

Acrilax

Acrolilite

Aerylolid

Adaptosol
Aaro-Erand Estar
(um

AsT0 Jablex
Asrollex

Asrolita

Aeroplastic

Afcowyl

Akallt

Akeo

Albertol

Aldur
Algonlte

and Manufacturers

Calluloases soatats lampshadess
Farforated shests baoked with
sound-absorbing materlal

Clear acrylic sheatlng

A dark-golored resin mads by
the sctien of phencl on glycol

Acrylie resin, solutions lor
eontinga, finishing For leather,
textiles, and paRpers

Cellulose acetate sealling solu-
tion; non-inflammable

Feain-glycercl for lacguers and
enamsls

Expanded polyvinyl chloride for
sound and thermnl lnaglatleon

Polvethylans sxtruslons

A water-scluble urea-formalde-
hyde adheslve

Paper-base phenclie laminate
Tfor high shock resistance and
high tonalls strength
Pelyvinyl ehlorids plastlics
Casein materlial in shesets, rods
and tubes

A phenolic resin for qulick-
drylng varnlshes and onamels

Oil=spluble phenolic reslna
for use in palnts

Urea-Cormaldehyde plastics

Mazenlta faced with decorative
wood vaneers

M. &% B. Products
Ltd., U.E.

Burgeas Frodusts
rtd., T.¥.

deryvin Corp. of
Amarlea, W.3.A.

Rohm & Hans E'l:h;
T.2:A.

Tha London Cap=-
sule Co., T.H.

American Cyanamid
Cosy U.2.A.

Mouldad Componenta
[(Jablo) Ltd., U.EK.

Anghor Flastles
Co. » Inc. ¥ U-S»ﬁ-

Aerp Hesearch Ltd.
TeEa

Asroplastlio Ltd.,
U.K.

Alala, Mpopes at
Camergus, France

Akalit Eumsthorn-
works , Austrla

American Cyanamid
{:ﬂl' TeSaha

Albart Froducta
Ted., MK,

Aldur Corp., U.K.

UeS. Plywood CoTPa,
U.Buda



Alkathena

Alrasatas

Alsynite

Altro

Alvar

Amardth

Amboarlac

Ambarlite

Ambarol

Amar=01la

Arsarold

Amron

Antiaol

Aralac

Araldita

Arbeneld

Arcolita

Ardux

Armourbax

« L3G .
Polyethylone melding powdasr
and axtruded forms

Maelaie remina for varnishes
and anamals

Corrugated sheatsz, glass=-Cibap
reinforced plastics

Aluminum oxide bonded with poly=
vinyl chlorlde, for non-alip
treads

Folyvinyl acetal powder Tor
lacquers and adheslves

Gelluloas nltrate sheats; rods
and tubas

Alr=drying phthalic alkyd resins
for coating and finilahing

A phancl-Tormaldehyds adhealve
& serless of modlfied phenolla
rogings, for vernishes and
printing inka

Callulosa acetats and callulosse
nitrate matal-asurfaced sheeats,
Tor bollet ware

Casslin plastlos

Vinylita coating materiala
Celluloaes mReatants sheats
Translucent, white, sillky
casein fibars

Synthetlis adhesive for bondlng
motalsa

An Impregnating chamloal for
solid timber

Fhanolle door nmobe and handles=

Hesorelnol -formal dehyde

Callulose mestauts reinforosd
with wire

T.Col. Ltd., W.KE.

Albert Frods., Ltd.,
T.K.

Alaynite Co. of
Amarica, U.S5:A.

walwyn Flastlcsz
Ltd., T.K.

Shawinigan Cham=
icels Ltd., Canada

Calanese Corp. ol
Amarioa, U.5.A.

Hohm & Haas Co.,
{0 P

Fohim & HBAE Co.,
WSl

Eohm & Heas Co.,
u's'a'

Calaneasa Corp. of
America, W.5.A.

Amerlean Flesties
Corp., U.5.A.

The UT.5. Stoneware
Couy WelBlk.

Gavaasrt Co. of
Amarioa Inc., U.5.4.

Aralac Inc. # TeSihA.

diba LEtd., Swilitear-
land, and Asroc He-=
aparoh Ttd., T.K.

E. I. du Pont de
Femoure & Co., U.3.4A.

Applisd Resinas
GCI'I'F'- ' ) 2 T

Aoro Hessareh Ltd.,
m.K.

BX Plastism, Ltd.,

«K.



Arochem

Arofens

Artocao

Asbar=-Tach

Astralon

Astrolite R-250

Bakellte

Bakellte C.A.
Baautywood

Backaminea

Baskoaol

Beatla

Beutafilm

Baxold

Bexona P

Bols Glaod

Boltaflex

Bondweod

o LBT .

Modified phenolic and malele
peints and varnishes

An oll=-soluble phenolic resin
for paints and varnishes

Laminatad, synthetic-resin
bonded paper for walls and
table tops

A leminated material with as-
basatoe core

A polyvinyl chloride end methyl
mathacrylate sheets for glazing

Folyeater casting resin

Fhenol-formaldehyde resins, mol-

ding materials, lacguars, atc,

Callulose acatats

Fhenolio laminates with photo-
graphic reproduction of wood
grain (1) for wall panels (see
alao Luxwood)

Urea-formaldeshyde resins for
high bake finishea

0il-modified alkyd resins for
use in paints

Ureaa= and melamine-formaldehyde

resine for lacquers, esnamela,
and molding compoundsa

Printed vinyl Cllm
Callulose-ancetate shests, rods
and tubes

Folyvinyl acetal
Catalin-coated wood for desk
tops

Calendered vinyl shestlng

A casaln gluse

strook & Witten-
barg Corp.,; T.2.A.

Strook & Witten-
berg Corp., T.3.A.

Ioco Ltd., U.K.

Technical Flywood,
Uiai‘ll

(of Garman origin)

Aaspelated Flas-
tiﬂ--ﬁ L-hﬂl ¥ U-E-pﬂ-

H‘kﬂ-i 1tﬂ Dtﬂ"'p* »
T-l-s'hﬁllj E.ﬂ'li Bﬂkﬂ-
111;ﬂ, Ltd-. . K.

Back, Koller & Co.
Ltd., U.X., and
Reiehhold Chemlicals
Ino., U.8.4.

Back, Koller & Co.
Led., T.E.

Baabtle Prods. Co.
Ltd., U.EK.; and
Amsrican Cyanamid
Gna UIBI‘A.'

Hartford Textila
Corps; UsS.ha

BX Plastlics Ltd.,
U.K.

B Flastles Lid.,
U.K.

Catalin Carp.,
T.8.4.

Bolta Froda. Ing.,
U.5.4-

Pranklin Co., U.5.A.



Boacoprana

Bostlo

BEreathoas

Butaclta

Butvar

BX Copolymer

BX Diatrene

B Loctold

B EZylonlte

Cerbo Mold

Cetebond

fatacol

Catalax

Catallin

Catalin 3tyreane

Celastold

Calaatold Wire-
wald

Calaron
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A cement for bending plastices to
asbestos, plaster and concrete

A cemant for bondlng plastlics to
asbentos, plaster and concrete

Vianyl Cilm which permits mols-
ture wvapor evaporatlon

Folyvinyl butyral for safety-
glass interlayer
Felyvinyl butyral for aalety-
glasa interlaysr

Folyvinyl chloride acetate

FPolyatyrane
Cezain materials

Calluloass nitrate aheats, rods
and tubaa

Fhenolle reapalr cement

Liguid phenclle adhsasgive for
bonding plywood

Fhenol-Tormaldahyde resin ad-
haaive

An axpanded phenol-Tormalde-
hyde resin Tor thermal and socund
Insulation

caat phenolls sheets, rods, and
tubsa, Btec.

Styrens molding compounds, glues
varnishes snd casting resins

Cellulosa-acetats shaats and
axtruded materiala

Celluloss-acatats shests reln-
forced with wire gauze

& proup of laminated phenollo
plestice

I

B.B. Chemicals
Ltd- ] HIK-

B. Chemicala
UsXK.

B.
Ltd.,

Aand Bubber Co.;
F.5.4-

E: I. du Font des
Nemoura & Co.,
Inc., U.3.A.

Shawinigan Frods.
Gﬂrp.‘j ﬁ' Sk

BX Flastica Ltd.,
Wk«

B Flastica Ltd.,
U.K.

BEX Flaaticas Ltd.,
U.E.

BX Plastics Ltd.,
U.K.

Carboline Co.;
T.5.4.

F. A. Hughes Ltd.,
U.K., and Catalin
Corps; W.3.4,

Catalin Ltd., U.K.

Catalin Ltd., U.K.

Catalin Corp.; U.S.A.

Catallin Corp.,
Ue8.A:; and Catalin
Ltd.; U.K.

British Caelansaza
Ltd., U.K.

British Celanase
Ltd., U.K.

Continental -Iiia-
mond Fibre Co.,
I]i Si.ﬁ.i



Cellastine
Calloboard

Call obond

Callamold
Callon

Call ophanae

Callucraflt
Callulata
Cellulold

Cal=-0=-Flaas

Calotax

fJerrusco

Carrux

Cartus
Charmour
Chegquarplast
Clair de Luns
Clarifoil

Clandi] 1the

o -
Black moldad sheats

Centinucuas boarda made of chipa
and asawdust

i theracsetting-resin adhealve
for bonding plestles to wood
and matals

Cellulose=-pcatate moldlng pow=
der

Oelluloss=-nitrate shests, rods
and tubes

Aegenerated celluloss in thin
sheats [or wrapplng purpocsas,
sometimes waterproofed with =&
eoat of ecellulose nitrate
lacguar

Celluloss acetate and cellu-
loas nltrate apray coating

Cellulose acetats decoratlve
aheaata

Improved cellulose niltrate,
with camphor

Wire screans coated with cellu-
loas acetate, for doora, win-
dows, lamp shadea, sto.

Piber Insulating, building and
hard boprda

Taxture palnt

Synthatlie finiah, alr-drying
and stoving

A caaeiln cemant for bondlng
wood to plastlics

A celluloss acetats for lamp
shadas

Laminatad sheets for Clooring
and industrial uses

A eallulose-acetate materlal
for lamp shades

Cellulose acetata tranaparent
foll and papar

Casaln plastics

British Celanass
Ltd., U.K.

Veara Enginsaring
Cos ¥ Ltldl ¥ UI?:I

Pl e HuEh-HH i cﬂ'l-;
Ltd.,; W.K.
F. A. Hughes % GCo.
Ltd., U.K.

Fo A Huﬁh-'ﬂ‘ﬂ & Co.

Ltd., U.K.

Eritish Cellephans
Ltd., U.X., and

E. I. du Font de
Hemours & Co., Inc.,
- R

Datroit Macold
Corps, U«3.A.

National Flaatle
Froda., Co.; UsS:hs

Celanass Corp. of
America, U.3.A-

E. I. du Font de
Hemours & Co., Inc.,
U-E-ﬁt

Calotex Ltd., U.K.

Callon Ltd. » T.K.

Callon Ltd. ] o.E.

Central Chemicals
Co. Ltd., T.K.

Calpnasa Corp. al
Amarica, U.5.h.

Heloplast Litd.,
UIKF

Celaneas Corp. of
.Fl..l'l:l.ul‘it;!-a, Ullﬂtﬂ-

Britiah Celansae
Ltd., T.K.

La Claudilithe,
France



Cogcoon

Colasta

Collodlion

O amprag

Conolits and
Danel an

Conaowald

Co=RHo-Lita

Corroplaat

Corprulux

Crinothene
Crlastallex

Cryatalllte
Eryotallin
Cruveragld

Decarlita
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Viayl and vinylidene plestlics
sprays that form flexible, rub-
bery, waterproof films, for
roofing and coating in general;
plsc known as Liguid Envelops,
Brevon, Strippable Coatings, etc.

Fhenollis moléling compounds

A solution of nulé;laua nitrate
in @ mixtura of & athar and
40% aleochol, for making flbars
ind F1lme

Plywood of 1/18 of an inch rot-
ary-cut yellow birch layers,
Bondesd with aboub realn;
genaile strength 54,000 p.s.l.

Lightwaight senatrustion boards
madae by impragnating glaan
fibara with 20% thermosstting
realn; specifie gravity 1.15,
tansila atrangth 120,000 p.s.l.,
for uae in aireraft, panelling
and light structures

A high pressure laminate for
panelling, eto.

A phenolic resin-impregnated
vagetable flber product for
furniture, ato.

Corrugated phenolic, paper=
bese leminates, for roofing

forrugated panals sultable for
aleylights; lightweight, shat-
tarproof, and reslatant to
chamicals and waather changes
Folyethylene rippled lamp shades

Polystyrens plastic matsrials

Aerylia molding powder
Cast phenoliec plastlsa
Embossed and decorated plastlcs

sheats
High pressure laminates

L] L ] L L] L] L . L L

Coleata Co., Indg.,
T.8.4.

- - - L] L L - - L

Foroat Products
Laboratory, U.5.A.

fonsclidated Vultes
idraraft Oorp.,
TiBad«

Conaol idated Wabter-
powsr and Faper
ﬂﬂi_.. Ulslll

Columbian Ropa Co.
'ﬂ'-ﬂ-.ﬂn; N‘l.ﬂ Canadlan
Bridge Bullding Co.

Holoplaat Ltd.,
U.K.

Corrulux Corpa.,
U.5.4.

T.CeTs Ltd., U.E.

La Criastallex,
Franca

Fohm % Haas Co.,;
UIE‘IA!

CertPas = = =

Cruver MIg. Co.,
u-l E‘lli

Tecar Flastlcas
Corpsy UadA.



Dea-0-FlF

Dalkorit

Delaron

Diskon

Dilacto

Distrene

Dron

Dri=-Film

Duaa

Dufaylite

Dl ux

Dura=-Claar

Duralux

Duraplex

Durathana

Durez
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Flywood panalling smboszed to
imitate lesther

Fhenolle resins

Papar= or linon=-bases phonollc
laminatos for panels, furni=-

ture, ate.

¥athyl methacrylats resin mold-
ing powder

fhenolle lamlnatas

Polyatyronsa shasts and tubap

Aluminum stalr treads with poly=

vinyl chleride ncon=slip inasdrts

3ilicon water repellsnt

Calluloss nltrate lecquera with
plgmants and plasticlzars, Tor

quick=-drying lacquers which give

good adheaive filmsa

A resin-impregnated, honeycomb
material for walls and parti-
tlona

An alkyd coating materlial

Folyethylens [llm

Lightwaight, shatterproof, and
cheamlecal=resistant panela, for
skylights and partiticons

Alr=drying and baking finish
elkyd rasins for finlshing
and coating

Felyathylana film

Fheanol formaldshyds condensates
for plywood and coatings

Aetna Flywood and
Vanesar Co., T.85.4.

Thihern Bros.,; Ltd.;
TaEs

Do Tm Fua Plastias
Ttd., U.K.

IaGeIs [Pluatical
TR

La FPlbra D{amend,

Franan

B FPlasblos Libdsg
U.K-

Small & Parkea,
Ltd., T.K.

Ganaral Elsctria
cﬂm, UFS‘IAI

4 & ¥ & @ @ @ ® @

Dufay-Chromax LEd.,
T.K.

E. I. du Pont da
WHemeoura & Co., Ine.
UaBids, and I.0:I.
Ltd., T.K.

IEE.I'.“I'id- ‘:l.‘.l- ¥ U! 31-1.:

Corrulux Corp.,
U.2.A.

Hohm & Hams Co.,
U-I sl&f

Durethene Corps,
JeSashe, and Duresz
Plaatica & Chémicals
II‘.I.E‘,”. U!Ellll

Dures Flastics &
Chemicals Ing.,
TaSahka



Durita

Heolae

Ellifilm

Ela
Epok

Erinite

Prlnalfart
Erinoid and
Erinald
Erinocplas
Etehwoaod
Ethocal
Evarwear
Exteon

Fabrod

Farlite

Furlwood

Faturan

Farobastoa

'143-

Fhenol furfural products for
alactrical fittings and inau-
lation

An alr-drying lacquer and ad-
hesive for plastios

Fhenol-formaldehyds solutlions
for coatings, bonding, and im-
pregnating

Fhenolic molding powdar

Fhanol -formaldshyds econdanantas
and impregnating compoaitona

Alkyd=resin coating compositiona

Celluloss-acetante shoats, rods
and tubes

Cazeln materlals, sheets, rods
and tubes

Cast phencolle materlala

Plywood panels wirs-brushed to
reamove the asoftwood and retain
the hard grain in ralsed reliesr
Ethyl cellulose Cillm

Asbestos and thermoplastic
rasin for fleor ti1las

Monefllament nylon flbars

Bakelite combined with asbasatos

Fhenol= and melamine formalde-
hyde Impregnated paper laminate
for tables and sounter btops,

somatimes with & thin metal layer

The Borden Co.,
TSk,

Maas & Waldstain
CGosy UeSaks

Bastle Elliot Flas-
ties Ltd., U.K.
Birkby's Ltd., 0.%,
F. A. Hughes & Cao.
Lid., UK., and
Eritish Rasin Frods.
Ltd,., UsKs

Erinoid Ltd., U.K.

Erinold Ltd.; T.K.

Erincld Litd., U.E.

Erinoid Ltd., U.K,

Davidson Flywood
& Lumber Co., U.85:k:

The Dow Chemical
Eﬂq-, TeSuls

Evarwaar Inatalla-
tiona Ltd., U.EK.

E. I. du Pont ds
Nemours % Co., Ino.,
UtEi‘.l-

L] L] L L - - - - -

Farley & Loatacher
HrE- {:Qf El '\.-Tl E-!A.i

under the cutside decorative film

A laminated product with a natu- Farlay & Loatschar

ral wood riniah
Fhenolle molding realna

A laminated material from as-
bastos and synthetic realns

MIg. Co.; U.3.A.
{of German erigin)

Ferodo Ltd., U.K.



Flberglas

Flbarlac

Fibarloid

Flberlon

Fibaaton

Fibreglaos

Flrmold

FMleax-0-=Wall

Flexasanl

Flotofoam

Farmal in

Formapax

Fermion

Farmvar

Foartiesal

Fortisan
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Glasas Cilaments bonded with
pelyaster reslns

Celluloas nitrate lacguer

Flastiaized ealluloss nitrate
shasta, rods and tubas

A opot phenolie plaskis

Highly=plastliciged celluloss
neatate aheats, rods and tubes

Figid boards of falted [lbara
bonded with resins,; [or hioab
insulmtion

Celluloss acetate coverlng ma-
toarlala

Embossad vinyl wall covering

A laminated plate glass with a
vinyl realn Interlayer that haa
an axtenslon for seasling into
the windew frams, mainly used
for alireraft windowa

An expanded plastic material
for insaulation made of a bland
of aerylic, vinyl and uraa
rasine

FPhanolie caating reain

Synthetie realin-bondad papar
gr fabrie bullding boarda

Fhenol- and urea-formal dehyds
laminated shosats for wall lin=-
ing and %able tope. Varlegated
deslgns are placod on the oul=
glde lamination. AlS0 producdd
with asbestoa paper, cloth
bpesess, and with metal foll for
conductlng heot.

Polyvinyl formal powder
Calluloss proplonate

A& sbtrong eellulcse acetateo
fiver ol axtreme flnenezs

{0.0001 in. in dlam.), origl-

wena=Cornlng Fiber-
Elas Corps, U.5:d.

Mongsanto Chemlioal
Coe, TaSuA.

Fibarlold Corp.,
Ul S!.E-l

Piharlold Jorp.,
T:8:h:

Monsanto Chamloal
] T WaBshs

PFitraglanas Lkd.,
Ul‘“r

Blusmsl Dros. Ltd.,;
UeKa

Robinson Industrial
ﬂra_ft-s Ltdl ] II{H#

Flttaburgh Flata
E'l.ﬂlﬂ ﬂﬂ--. U-S-.ﬂ.i

Ui 5 Hubhur GDI-J
. EIAI

Hational Flestis
Froducts Co., Y.S5.4.

Iono Ltd., U.K.

Tha FPoarmiean Co.,
T.8.h., and Thas.
Do Lo fue & O&,.,
Litdsy; WK,

fhawinigean Ltd.,
Canada

Calenasa Corp. of
Amarica, U.5.4.

celenese Corps of
America, U.5:.4.



Fuller 801

Puturlit
Fyrban

Golalithia)

Gadol ine

Golva paint

Gelvar

Glacite

Claswald

Gloa

Glyptal

Gobanyle

Oordon Asrollte

Havag

Hexoal

Hi<Den
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nally developad for parachutes,
but alao uwsed In fabrlcea

A caseln glue

Fhonollc molding resine

Flame=roslatant sheeting

[Magning "milkatome") Caseln
sheota, roda and tubea, sta.j
not & trade name

Polyatyranas plastiss

Bunponded plgment In & woter
aolutlien of polyvinyl socstats
resin and a watting agent;
deies quickly to a durable,
water-reslastant film

Folyvinyl acetats powdar
Acryllic sheets

Flasa=cloth=-relinforoasd poly=
aater plpes; withatand pres-
sura, heat end shemicals

An sarly neme for rayon bacause
of ita gloss, but has been aban-
doned

Glyecarine~phthaliec anhydride
coating composltliona, for lac-
gusrs and Iinsulatlon

Polyvinyl chloride pleatics
RHelnforogsd ploastles structural
manbe ra

A phenclie resln contalning ns-

bestos fibera; acid resistant
and withstands up to 2E5YF.
{(130°C.)

Strustural honeyoombse; glass=
eloth or paper bBass

Impreagnated and compreassad wood

" o

#. B. Fuller Cos,
sl T Ly

{of German origin)

Stewart Hartshorn
En., tr-E'!l-I L

& & @ W ol e et

Hullee, Beoudrons
st Diarivdn, Pronce

Shewinlgan Proda.
Corpa; TalBuh,

Shawlnlgan LEd.,
Canads

Honoplast Chemical
Corp:; T.dik;

UI'E' ﬂﬂ'ﬂﬂﬂ 'I:Drpi ¥
TaSaha

General Electric
L"'-Eh ] Hia-ﬂ-‘.l

Salnt=-Gobalin,
Franca

Aero Hessaroh Litd.,
“-I E-I-

Haveg Corps, s«s

California Rein-

forced Flastiss Co.,

Uadeds

Hiduminium Engineer=
ing, Ltd., U.K.



Hallo-Tach

Holoplast

Hyden

Hy=-Du=-Lignum or
Hydulignum

Igolit
Inperial Eater
Indeton

Indur

Inaol

Insurok

Intalax

Iporka

Isoflax

Isopol

Ivorlcasat
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Hollow cora plywood

A hollow, paper-base laminated
panel Tor partitidénes; furni-
ture, etc., produced In the
standard slze of 8 x 4 I't. mnd
1 Inch in thicknesan

Technical Flywoods,

Heleplast Ltd.,

Impregnated and laminated veneersParkwood Corp., T.3.4.

Birch wood veneers impregnated
with vinyl formel reszin and
comprosssd both alidewlse and
edge-wlse; tenslile atrength
repches 45,000 p.s.1.; mainly
usad for alrplans propeller
blades

Polyvinyl chloride pipes for
Plumbing

Glycerol resln Tor varnlshes
and lacquears

Hordern-Fichmond
Ltde, UK.

(of German origin)

Hoarculea Powdar
ﬂ‘ﬂ't ¥ III 3!‘.1

Flastiea lTamineted with wood coraBuffelsn Lumber

Fhenolie resina and laminating
varnishes

A caselin glus

Laminated plaatics for indus-
tfinl uses

Callulose mcetate butyrats ex-
truded ssetions for tables and
counter sdgas

Expanded ursa-formaldehyde rub-
bar, molded into blooka for
eold atorage

Corrugatsd sallulosa mcetata
multl-layer shests for thermal
Insulation

A modified polystyrene with 754
astyrene and 25% isoprens; has
hard clear surfaces with the
characteriatics of polystyrens
axcapt 1ts brittleness; frac-
tures without sharp edges

A shock-reaslstant cast phencolic
with wood flour fillar

& MIg. Co., U.3.A.

Hellly Tar & Chem-
leal Corp., U.B3.4.

Croid Ltd., U.K.

The Elchardeson Co.,
Ta3.4.

Extruded Plastica
Inge; UiS:hs

{of German origin}

BEX Flaatios Ltd.,
O:Es

Unicn Bay 3tate
Chemical Co.,
U.5.4.

Weat Comat Enter=
prisesa, « « «



Ivryna
Jablin
Jabroc

Jicwood

Jixcnlite

HKaliatron

Keabush

KEarr panela

Einonglas

Finger

Eodapek I

Kodapak IT

Korosaal

Erylen

Lactonlta

Laftzo

Lamiceld

= 146 &

Casein plastica
Laminatad wood of high density
Laminated wood of high density

Laminated woods with tensile
strength up to 45,000 p.s.i.;
mainly Tfor alreraft

Non-absorbant composite material
with good heat and acund insu-

lating propartlies

Vinyl sheeting matorials with
colors fused to undersldes, lor
wall eovering and upholstary

Fhenol formaldehyde composition
for cheamical plants

Fanels made of glass-Cliber mats
impregnnted with polyester
reslin, for interior partiticns,
outside walls and akylights

The firat safety glass marketed]

conalated of two plates of glamss
with a callulosas nitreate betwaen,

Etabllssamant
Feulillant, Franos

Moulded Components
{Jablo} Ltd., T.K.

Moulded Componenta
[Jable] Ltd., T.E.

Jiecwood Ltl‘ﬂ.iJ U.I.

Jigwood Litd., WU.K.

U.3. Plywood Corp.,
Veadle

Kaptner Evaporator
Oo., T.K.

A. Ho Harr & Co.,
UIEIA.I'

(of German origin)

and was ClIrat used for protectlon

egalnst chips Crom mechines

Floor tiles of aabsatos and syn=- Richard Klinger

thetie realns

Callulose acetate sheat

Cellulose acetate butyrate
sheaeats

Folyvinyl=-chloride, rubber-like
coating materials, shesets and
tubea

Vinyl coatings
Ca=ain sactlons

Casein cement for bonding wood

Fhatiol = ar uresa-lormalds -1
laminated materials for aleac=

Ltd., U.K.

FEastman Kodalk Co.,
L P

Eanstman Kodak Co.,
UIE'A'
B: Fs G‘ﬂﬂ"driﬂh Co.
V.54,

Foater & Heater
cﬂ' Inc. " Ua s-llji-ll

Fritish Lactonite

ftd., T.K.

Gasaln Industrisa
Ltd., U.K:

Micea Insulator Co.
lSl‘f

*



Lamidall

Lanital

Lauxite

Laclta

Lifawall

Lignolite

Liquld Strip

Limeca

Loarival

Louvarglas

Lucite

Luma=51ok

Lumapansa

Lumarith

Lumarith EC

Lumiksa

Lustron
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Erical insuletion and desora=
tive objacta

Folyeater-coated decorebtivae
panals

Caseln fibers, superler toc wool
in ailkiness and reslstance to
moth attagka, but inferior in
ganeral properties

Liguld urea=Tormaldehyde adhe=
alve

Acld reslating cement with fur-
furyl alechel resins

A ¥ilnyl wall covering
Laminated l1lgnin plastica

Vinyl strip coating

Laminated gheatas for decora=
tive walla

Fhenol-Tformaldehyde molding
powdar

Cellulosa-acatate louvera for
decorative lighting

Eth¥l and methyl metheorylate
molding powder, esxtruded sea=
tlone, and cast and molded
oheeta

Translucent polystyrense blooks
Tor intericr partitiotis only

Wire screen codated wlth cellu-
lose acetate

Flasticlzed cellulose acetate
aheets, rods and tubes, and
molding powder

Ethyl cellulosa molding pow-
dera, shests and rilms

Woven wvinylldene chlorlds fabric
for wall covering, otd.

Folyastyrene plastics materials
camenta, tllee, atc.

Weodall Industrien
Inds, T34,

(of Itelian origin)

Monsanto Chemloal
Co., M.S.4.

Elactro-Chemieonl
Supply & Enginesr=
fng Co., UiS.A.

Pantazota Co., T.8.4.

Harathen Corp.,
WeBsla

Amearlcen Heslnous
Chemlcalas Corp.,
UIBI&I

Hational Flastic
Frodusts Co,, U.8.4s

Lorival Mfg. Cou.,
Ltd., T.E.

Doane Froda. Corp.,
UaBads

E. I. du Font de
Nemoura & Co. Ine.,
- P PN TR

Eritish Moulded
Flastlics Ltd., U.K.

Colanese Corp. of
Amarloa; J.5.R.

Gelanese Corp. of
Amarica, UsS.d.
Calanase Corp. af

Amarien, T.S5.A.

Chicopes MIp. Co.,
Uedad.

Monesanto Chemiecal
Co., U.5.4
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Luxorite Egg-crated louvars for diffusing The Franco-British

1ight

Luxwood Laminated phenolic plaatles with
photographle reproduction of
wood grain on the surfece(1)},
for furniture makling

Lynx Plaatice flushing tank

Makelokt Fhenclic resln=, protective
contings and adheasives

Marblestts A cast phenclic resin

Marley Flooring tiles with synthetie
rasin composition

Marlite Flustlcs wall panels

Marvalon Papar soated with vinylite
resins and relnforced with
calluloss flbers, for wall
coveringa,; etc.

Malmae 483 Fhenol-modified malamine for-
maldshyde solution for lami-
nating fibrous materials

KEolmao LBE Ealamine=ormaldehyds molding
resln with a mineral TCiller;
withstands up te 300 F. (149 €)

Maplmac 1077 ¥elamine~-formaldenyde molding
razin with coellulcse Filler,
for lacquers, enamels, var-
nishea, ato.

Malocol A polyamlide-Tormaldehyds glus
for furniture, plywood, ate.

Halopan Pelyamide formaldehydes for usae
in laminated panels, table tops,
ato.

¥alurae 300 A malamins-ures-ormaldehyds

raain with a 1ilgning sxtender
uged ma an adhesive Tor water-
resistant plywocd

Kicarta Laminated sheets with a mela-
mine=formaldehyde overlay, in
decorative colors and dealgns,
inoluding photographle repro-
duetion of wood, for use Iin
tables teops, furnlturs, eteo.

Electrical Co.,
Ltd., TU.K.

The Formice Co.,
Tidaks

Shires & Co., T.E.

Maksalot Corp.,
'-T-S‘-.h-

The Marblette Corps,
u-l-!-lA.i

The Marley Co.,
Ltd., U.K.

Warsh wWall Frods,;
Inl:.. TaSaAs

Muniasing Paper Co.,
TaBikha

Amerlcan Cyranamid
[+ el o

imaricen Cyanamid
Co., T.5.4.

Amarican Cyanamid
Co., U.S5.A.

Ciba Prods.,Corp.,
WaZally

Ciba Froda. Copp.,
T.3.4.

Amsrican Cyanamid
Cﬂ:‘i:l-, Ul Slﬁf

T.5. Flywood “arp.
and T.3. Hangal
Plywoocds, Ino.,
U.S.A.

i
L



Mipolam

Mirasael
HMir=Con

Moldarta

Honasoon

Houldrite
Hitron
Hixonlte

¥lon

nazota

tndolta
Opal on

Orlan

Panaplex and
Fanax

Fanelyte

Panilax
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Folyvinyl chloride copolymer
aheets, rods and tubes, and
floor coverings to replace

rubbar

An alkyd varnish or lacquer

A paper-base decorative lam-
inate

Laminated wood for lmobsa, han-
dlesg; ate.

Sllicono-resin formulation;
water repellent for masonry
wallsa

Fhenollic and urea resins and
camants

Cellulosa nitrate sheeatsa, rods
and tubas

Cellulose acetate shests for
glazlng, atc.

(ot & registered trade name)

Super-polyamidea, fibera, bria-

tles, molding powder, etc.
Expanded ebonite (hard rubber)

Tor inasulaticn and cistern
flopta

Fhenol-formaldehyde plaatics

Cast phenclics

Aceryllc I'lbers

Laminated panels for shop rit-
ting, ate.

Laminated phenolls shestsa,
tubss, and rods, for heat in-
a:lntinn. decorative panels,
ate.

Anlline-formaldehyde lamineted
ghaeta for alectrlenl and host
Insulation

{of German origin)

I Jaborn EGI’
UsFehn

Datrolt Taper Proda.
Corp., Tid.h.

Westinghouse Elec-
tric & Mfg. Co.,
UI S‘IRI

3tate Chemical
Corp., U.S5.A.

I.C.I. Ltd., U.EK.

Moniaanto Chemlcikl
0., TuS.4.

Nixen Nitration
Works, U.S3.A.

E. I. du Pont de
Hemours & Co. Ine.,
DuS.A.

Expanded HRubber
Co. Ltd., U.K.

Socidtd du Férodo,
France

Monsantoe Chamiecal
':u'i ] “I 3Iﬁ.l-

Es I. du Font de
Hemoyrs & co. Ino.,
L [P

Horth British
Flastics Ltd., U.K.

hagis Faper Co.,
T.K.

The Micanite &%
Inaulators Co.,
Ltd., U.K.



Fapr-Tech
Parkflex

Farkwood

Farogal 1the

Paxolin

Parmabarnd

Famnanl i

Pormaply

Foarapex

Fhoonoglazo
mmd
FheesnorocH

Fhenasa

Fhenal in

Freneo

Fhenrok

Flaskon

Plapatnocoals

Flastazote

o LBOD .

Impregnated plywood with peper
Vanaara

Helamine-surfaced sami-flaxibla
docorative lamlnateos

Hehogany or othep Cine wood
vanoers in decorative pattarna
and prossed betwean sheats of
calluloos mcotate

Casein pleaticas

Fhenolins laminated moldings,
sheots, and tubesa

Tharmosatting adhesive for plaas-

tica

Impregnatad and sompreassd wood

Phonolic realn-bonded plywood,

Aorylic resin shests and rods
for glaging, ate.

Synthetliec pressrvatlves Lor
wood, plaatap, eto.

A phenoliec resin warnish or
lagquar

Caat phenolles

Tiles and floor covering ma-
teriagls In rolls 12 yd. long
and 3 ft. wide

Laminated phenolic materials
mada to Pederal spacificatlions

Alkyd, ures and melamine Cormal-

dehyde condensate molding pow=
der, asdheslves, ato.

Flaaticized cellulons acetsate
shoets, rodas and tubss, and
molding powder

Expandad polyvinyl formal Tor
floats and heat ilnsuleticn

Technical Plywoods,
Tabale L34}

Farkwood Corp.,
UuSahea

Farkwood Corp.,
T.5.4.

Charsntalsa ds
Matidros Flaatigues,
FPrance :

The Micanlte &
Insulators Co., Ltd.,
T.K:

FPolymer Chamlowl
E ¢ - * U‘l E - L'

The Hew Insulaticn
Goey LEda, ToKs

\’ﬂ-nﬂatl. Lt'dl-l K
Talals LEd., T.K.

Fhenoglaze Ltd.,

hmerican Cyanamid
Co., U84

E. I. du Pont ds
Hemours & Co. Inc.,
“-I E‘I'Al

Fhoanix Rubber
Co. Ltd., T.K.

Fabprllkon FProds.
III.'E-{;. Uls‘iﬁl

Flaskon DMwlalon,
Libbey=-Owana Glaas
G‘ﬂ'r F] UI E'llﬁll

E. I. du Font da
Hemoura & Co. Ins.,
U.B.A.

Expandead Hubber
Co. Ltdlp TeXe




Plastoeraz

Flaati-Call

Flasti-Claar

Flaatic Wood

Plaaticita

Flaaticoll

Plastilktrim

Plaatilite

Plastipastas

Flastiply

Plestoaa

Plastrim

Maxpak

Plexiglas

P -

Synthetle reain paint for ply-
wood, plaster, etc.

Expanded polyvinyl chlaride,
Tor Tfloats and heat Insulatlion

Calendared vinyl film

Wood celluloass dissolved in
ather or other solventa, for
filling or building up amall
sections; can be worked 1lke
wood, but has a tendency to
ahrink.

Plastle wood may also conalst
of celluloas nitrate and a
Plausticlzing agent dilssclved
in scetons or ethyl acatate,
and mixdd with wood flour to
raducs shrinksage.

Laminated wood with thermo-
Plastic reains

Celluloas acatats and ecallu=
loas acetate butyrate with
Ffluoreacent materlals, for
lighting and decorating

Calluloss moatate and cellu-
loss mcetate butyrate archi-
tectural moldings

Cellulose acetate and callu-
lose acetate butyrate erchi-
tactural moldings

A plastica esareen for doors
and windows

Reala-bonded plywood

Fhenol -formaldehyde plastics

Extrudsd calluloss acetats and
cellulosa acatate butyrats
architectural meldinga

Extruded polysthylens sheeting
Aeryliec and methocrylic shests,

rods and tubeas, for glazing
and depgorative usas

1. ¥« Laucka Inc,,
Ta3s A

Sponga Rubbar Prods.
Gﬂ-.., TR

Goodyaar Rubhar
Industrisa, Ino.,
U-E-“-

Foahen Veneear Co,.,
U.5.4.

Sehwab & Frank
Incl-' tri-sl-&-l

H. D, Warnar Co.
I-n.ﬁ-. U-s-.ﬂ.-

Wilson Hetal Frodas.
Bos; TeSids

H.¥. Wirs Co.,
TeBals

British Plywood
Manulfacturars
Ikd.; U.K.

Soctldtd du Pdrodo,
France

Mishizan Moulded
Plastice Ina.,
U.E.A.

Max Corp., T.3.4.

Hohm & Haas Cos,
1 8 51-*.1- ] Eﬂd S‘ﬂﬂidtﬂ.
Al a-Thom, France



Flaxigum

Flimber Aand

Flimberlts
Flio=Turl

Pluto

Plyglana

Flymax
Plymatl
Flyﬂphnq
Polloplaa
Felyelad
Poly-Xlean
Folytax

Folythens

Folytile

Freg=-Tach

Pregwood

Froaplne
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Aorylie interlayer for salaty
glass

Boards made of wood chipa im-
pregnated wlth synthetlc resin
A blend of phencllc resin with
a butadlenestyrens rubber, lor
the productlion of parts of
great toughness anid low water
atsorption; orlgloolly marketed
as Tul-Lite

Boarda of nsbeston bondad wilth
aynthetlo resine

Two layere of glosa with an
interlayar of plastices-bonded
gleaa Cibars

Zheaosts of aluminum mountad an
a plywooed backing

TLaminatad wood with galvanizad
asteal facen

T'henolle reains for coatings,
adhasives, ate.

Urea=-Tformaldehyde plasticas
Polyvinyl chloride paint
Polyatyrene cleamnsr
Laminated styrone boards

Folyethylons plastlics materials

Folystyranas tilea

Impregnated snd compressad ply=
wood

A wood laminate Impregnated
with phenclle resln and cured
inte A hard shaet

Fhenolle resin impregnated
chipboards

Robun & Heas Co.,
TaBaA-

British Flimber
Ltd., U.K.

Goodysar Tire &
Fubbar Co., Inc.,
= T

Coapa Asbestos Co,
Ltd., T.K.

Flyglass Lid.,
U.KE.

VYenesta Led., 1U.K.
Heaskelite Mfg.
'ﬂﬂ:"pﬁ, TSl

Roalehhold Chemicala
Incs ] s E-||=|--|

Etabllasamanta
Euhlmann, Franca

Carboline Co.,
MaBuha

Schwartz Chamical
Go. Inc. ¥ T=3:4.

Bushing Co. Ltd.,
U.K.

BE. I. du Pont de
Hemours & Co. Inc.,
TaB.l.

Stone & Simmona
Ltd., UK.

Technlcal Flywooda,
Ulls'l--lhlll
|

Tha Formlca Co.,
TaBuha

Curtls Co. Ine.,
Ui Sf-ﬂi



Frogllite

Protalwood

Frulooat

Fryatal

| A S

Fyralln

Randal 1te

Rayon

FEoalwood
Feinforoed
Vus=Lita

Healmane

Fesinox GHEQ

Feglnox 10800

Roainprest

Healstollex
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Fhenol-formaldehyde plaatlcs

Mywood conaisting of hardwood
vanaars betwean two sheets Im=
pregnatad with asphalt and re-
aln, the shests baing bendad
with urea formaldeahyde; total
thickness 5/32 of an inch.

Frotectlive coatinge

Fhenol=formaldehyde condensate
cadt sactlions

Polyvinyl chloride rubber sub-
etitute, for floor tiles, etc.

Flasticized callulose nltrata
extrudad sactlons

& bireh venear bonded to keaflt
liner

A genoral nams for artificial
fibers made from cellulose nl-
trate, celluloss mcatate or cdl-
luloss derivetives; are mlldew=-

fidzinaas ot Vormla
Artificlels, Franca

0:3: Flywood Corpa,
1Tl SI h-ll

Frufcoat Labora-
torles Ino., U.S.A.

Gatalin Jorp.,
.54,

BX Plastics Ltd.,
UsKsy and others

E. I. du Font do

Hemours B Co. Ing.,
DaSalhs

7.5. Plywood Corp.,
T-r-l-s-!nl-

- - L] L] L] L] L] L] L

proof, durable and saailly cleaned

but do not have the permeabllity

and soft feel of silk. ([sce
also Olos)

Fhenolic=impragnated laminated
wood

A gellulose acetate laminate
with wire gauze

Colorlass melumine-formuldahyds
resins that dissclve in water
or athyl alaochol, Tor lmpreg-
nating paper and fabrica and

for lamination

A phenolie molding eompound
with a fina fibrous lillar,
for high impact strangth

A mlica=rilled phenoliec mold=
ing powdar

Feain=bondad plywood, for ax-
tarnal usas

Polyvinyl aleochol plastiecs, ad=-
healves and soeramis binders

The Pormloca Co.,
.I.Il El-'h!

Mensante Chemiaal
G ¥ Ds 3.4,

¥onsanto Chemioal
Cosy TaSuha

Konsanto Chemioal
COep UeBohs

Monsanto Chemlenl
ECH, U|3l..lll.-

M, & ¥, Woodworic-
Ing Go., DeTiha

Hesistollex Corps,
U.3:4.



Feaol 1ta

Maynolita

Hazitax

Foziwood

Rozyl

hodial ine

Fhodial ite

Hhedold

Hheodol ina

Fhodopas

Fhodophane

Rhodovial

Fhoptix

Hocklte

Hotof orm

Hoyalits

Gallax

Sandura

SR AR

« LB .

Translucent panels of 70% pn%g;

aater rosin reinforced with
Eleans filbarsa

Fhonoliec matearials
A rlastics coating for plywood,
stuccd and bricks

Fhenolic leminated wood

An oll-modified alkyd warnleh
or lacguar

Cellulose acetate plestlos ma-
tarials

Celluloss acetate plastles ma=
tearinle

Caellulosa mcetate plastics ma-
tarialas

Pelystyrens plastica
Folyvinyl chlorides plastics

Cealluloss acetats plestics ma-
terials :

Folyvinyl aleohol plostlss ma-
terianls

Cellulogs acotate plastics ma=
taprlnls

Fhenol-Tormaldehyde molding
powdors and extruded sections

Acrylic sheetling made by cen=
Erifugal forece

Expandod synthetle rubbor of
copolymers of sbtyrene and buta-
dians acrylonitrila

Folyvinyl butyrel for safety
gleas

Trea=-alkyd paper-backed plans-
tics Tor wall covering, ste.

Folyvinylidens chloride fibars
{taxtilea for wall covering)
and extruded peetlions

Hesollte Corp.
W.5.A, Mg

Cutler-Hammer, Ina.,
U.3.A. )

I. F. Laucks Ing.,
VaBahs ;

L= s Limuciks mﬂ'!|
TeBaha

Amarlcan Cyanamid
Toa [} VeSaha

Socldtéd Fhéne=
Foulenec, France

docldétsd Rhine=
Foulend, France

M. & B. Flastics
Ltd., U.K.

Sociétéd Fhéne=-
Foulene, Prance

Soclété Fhéne-
Peulens, Prance

Socidtd Rhéne-
Foulenc, Frence

Socidtd Fhino-
Poulsno, Prance

Soclétd Fhine-
Foulenc,; Franoa

o ][U.Ehﬂﬂ & Ca.
Ltd., UK.

Goodyear Alroraflt
Corp.,; M.5.4.

T.8. Rybbear Co. i
U.3:h.

Moneanto Chemical
Co., ToB.A.

Sandure Co. Ina.;
Tileka

The Dow Chomical
E:E;l-' U.s'i,.li-




dar-Haz

Sealtult

SJalectran CH-39

Samagtie Tilasn

Jicelite

Allastic

Stripeont

Structoglaa

Styrof cam

Styron

Sundora

Junex

Survon

Syleastlio

aynktex

synthane [L-RF

Synthawood
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Urep reain for sonting wood
surfacea

Vioyl meterial for wall cover-
Ing, eato.

An Bllyl diglycol carbonats
casting resin

Tharmoplastic tlleas with resai-
aous bindare

A caseln plastics material

3ilicone rubber

A solutlon of ethyl eellulosse
for dipping purposass, to pro-
duce thin, strippable, water-
Froof protective coats

Corrugated Clbeargles lamlnated
panals Lor skylights and 1ight
wall panels, translucant or

opaque

Folystyrone [oam expended 43
times 1ts orlginal size, for
Inpulation st low tamperatures

Folyatyrene moldlng powders

Celluloae acetats shesets for
lanmp shades

Transparent plastics shesats

Hylon monoalllamentsa

A rubbery white sllleons rub-

bar with good adhesicn to va=
rlous materials

Alkyd varnlshed, leacqusrs aud
paints

A lamineted phonollc meterisl
wWilth matted cotton Cibers to
glve hlgh impect strength;
thicikness waries from 1/32 of
an inch to 2 inches

A wood and synthetic resin
material

Saro Laminated
Yood Froducta Litd.;
Tk

The Jason ColPs.
UsBals

Plttsburgh Plate
Glass Co., T.8:4:

dembtex Ltd,., UK.

[of French origin)

The Dow Themleml
ﬂﬂ'i. TaSalha

The Dow Chemical
':":‘-ll ] UF Svll

Internaticnal
¥olded Flaatics
Ih.n- ] U-I 3!#4

The Dow Chemlesl
'E"U'-l " UI E-l-hl

The Dow Chemieal
Gﬂ-, U!H!ﬁ-!

E: I. du Font de
Hemours & Co. Inc.,
UaSuh,

Aserlean Fheonolle
Corp., T.85.A.

.G I Ltds, T.E.
Tha Dow-Corning
CorPey Usdahs
donea=Dabnay Go.,
UiBohs

Synthoane Corp.,
- 3

Fently Frods, Ltd.,

K.



Taflon

Tego Film

Tolkwood

Tenaplaa

Tonite I

Tenlta IT

Tenlkts III

Taxalex

Tharmarota

Tilan

Traffolyte

Tripleax

Tru=Crain

Tuf=Lites

Tufnol

Tulfaktud

Tyenn

Tynalax
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Folytetralfluorcethylesne resln

A phenoliec dry fllm for bond-=-
ing plywood

Tlywood with a paper venear

Polywvinyl ehlorida compounds
fopr sheats, tuhasz, ato.

Flaaticized callulosa acebate
gxtrudad sactlions and moldings

Plantlalead collul sos acotata
butyrate sxtruded seotlons and
molding powders

Cdlluloas acestabte-proplonate
for extruslon and moldings of
hlgh impagst

Fabric=base phenolle laminates

Expandad phenolle shoots for
thermel insulstlion; can slso
be faced for uss as panels,
doeora, eto.

An adhaslve wlth & synthatla
bl;ﬂ. for fixing polyatyrene
tilea

Urea formaldehyde laminated
boarda

Salety glasa with polyvinyl-
butyral Interlaysr

Faper sellulose wall covering

Sge Flio-Tuf

High egsure paper- or fabric=-

phenolle laminates

Callulenle aextrualon

YWoven fabrlic in a wilde range
of colora and desipgna, o
upholatery

Papar-base phonolic laminatos

E. Tsdu Pmtd’
Homoura & Co. Ing,,
LT..S-JI.. 5

British Tego
Glusfilm Ltd., T.K.

TaFa Tl}"ﬂ'ﬂﬂ-ﬂ. En-rp, i
LI

Tenaplas LEd., U.ﬁ,
Tannesses Fastman
Corp., D84
Tannasass Eazbman

Corps; UsSshs

Tennassos Eaatman
Eﬂrp., UIEl‘ll

Sushing Co. Ltd.,
T.K.

Expanded Rubberp
Cos Libds y UeKa

De Lo Ruas Plaaties
Ltda . T

Triplex Safety
Glase Co. Lbd.,
UK.

The Tllman Co.
J-ﬂﬂi-, U's'-ﬁl

L 3 - L " " L] L] - -

Tufnel Ltd.; TiEK:
¥hiteford TMaoatics
":U‘I-J TeSufs

Fotherglill & Har-
vay Litd,, U.K.

E-Uﬂhlrl.g Co. Ltd. .“iKl



Tfoermita

Unichrome

Drocristal

Utllax

Varcum

VYarlap

Yaraslbond

Vatroleold

Vimlite

Vinal

Vinylits A

Vinylite &

VYinylite ¥V

Vinylite X

Viseolold

. 1BT .

Treaa~-modliflied melamine formal-
dehyde for coatings and var-
niahas

A plastic coatling for matals
Urea formaldehyde cast plaa-
tics materisls

Plastlelzdd celluloss acotata
£ilm

A phanolle resin for palnts and
varnlshea

Impregnated papor wlth tharmo-
plastic resins for wall cover=
ings

Halamine laminotse bondad to
metal backings for alnk and
teble topa, ato.

Embosasd cdlluloss aceatnte
gheata for decorative usaa

A saran sereen filled with a
callulose acetonts £1lm; trana=
mits ultraviolst light and is
used Tor glazing gfesnhouses
and farm bulldings

Vinyl acetate for safety glass

Polyvinyl acetate

Felyvinyl chleorids

Copolymer of vinyl chlorids

end noatnta

Folyvinyl butyral

Calluloss nltrate rods, sheota
and tubsaz

Aohin & Haas Co.,
Fealnoys TFrods.
Dive, UiSeha

Mnited Chromium
Ing., UiSaka

Da Lalirs, France
Tsillex Ltd--l- . T.]-p]":-

Varcum Chemieal
Corp., U.5.A.

Yarlar Ine., [mitad
Wallpapar Inc.,
UaS.A.

The Ohle Rubber
Coey TeSahs

British Celansas
Ltd.,; U.K.

Calaness Corp. of
America, U.3.:hk.

FPittaburgh Flats
ﬁ'lﬂ.ﬂﬂ cﬂq.,. T 3-*-

Bakalite Co., Div.
Tnlon Carblde %
Carbon Corpe,

T alls

Bakalits Co., Div.
Tnion Carblide &
farbon Corp.,
.84k

Bakalits Co., Div.
Unien Carblde &
Carbon Corp..

sSals

Eﬂkﬂlitﬂ ﬂﬂi' Dl'ﬂ'-
Tnien Carbida &
Carbon Corp.,
H-I-EIAI

Es I, du Foat de
Hemours &% Co. Inc.,
Us3shs



Vitapana
Vitrite
Vitrocalle
Vitromaat

Vuslita

Vall-Myas

Wararlte

Waasallits

Waldwaod

Walvic

Hestplak

Wayroc

Whiteol JBN

Xon
Ivlonita

Zaplde

Sonal oy
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Callulose acetate shestas for Arvay Oorp., U.5.Kk,
glazing
Treg=-formaldehydes cemant Stanley Smith & Co.,
T.K. - ,
Tranaparent celluloas shesta Dalla Frares at
Locomte, Fronoce
Caulking materlials The Atlas Minarsl
PI"CId.l- ﬂt:h, H'SMP!--I-
Embossed cellulose-acebakbe Monsanto Chemioal
shoeta For fluorescent 1ight Cosy UsSahs

fixtures ond shatterprool glass

Vinylite wall ocoverings Dalawara Floop
P!"ndl. -Inﬂ- ’ Uiﬂtlﬂ.

Paper=binea laminatsns for wall Warerite Ltd., U.K,
panalling and furmmiture, esto.

horylle domos mounted In cop=- Wasco Flashing Co.,
por or glavanized Llron framos, UaFuhs
for skylights

Waterproof plywood, welded with U.5.: Flywood Corp.,

o plastiec resin glus line UaBsha

FPolyvinyl chloride axtrusion I.0.I. Ltd., U.K:

composltlons, shesta and pasta

Continucus laminates Weatern Frods. Inc.,
Uial'ﬂi

Reain-bonded sawdust, lor Tha sirscreaw Co.

floor tiles, boarda, ste. & Jiewood Ltd.,
UlEl

Emulaifisrs for removing oll- I.0.I. Ltd., U.EK.

laden dirt from concrote

slaba

Reain-bonded wood waste Solentific Croeatorn

Ino. » “st-ﬂ-!

Callulose nitrate sheets, rodes HX Flastles Ltd.,
and tubes; hardened with camphor U.K.

Leathereloth coated with poly- Ioco Ltd., U.K.
vinyl ehloplda for wall pansl-
ling, counter tops, ata.

Aeinforged plastlos matesrials Zanith Flantica
l::n. " u-i--gl-hﬁi-
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Fig. 14.-=A tall bullding with floors suspended from prestressed,
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Flg. 15.-=A factory
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ll=standardized parta

13,==4& tall bullding with
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Fig. 2l.==I'srapective of an entrance to & bullding, with B
flexibla door
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Fig. 23.=--3uccessive atepa 1n the blowing of a plastile ahall
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Fig. 2&.,--Cress-section of extruded colims
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Fig. BT.=-=-A bullding lacade wilth a contlnuous

axtridard

gactlon
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Flg:. 28.=-Elovatleon and plan of a bullding with contloucus, ax-
truded - structurnl membars.



Flg. 20.=-=A hangoar wlth ecsontlinmueus roaf-gcovearing shasta

b )

Plp. 20.==A hanpar with push=1tted plaatlces sheata
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.ﬂ.h‘m-ﬂimp 45} o3

Acoceleratora, 23, 72

Aerylle(s) (resins}, 15, 16, 25,
(n. 32) 40, 42, (n. 38) 42,
44, 535, 60. 3se alsoc Methe
acrylatea

Adhaslon, 71-72

Adhesivaa, 98

Aiclng, 48

Alr Foros, the, 4

Adroraft, 16, 74

"Aldur™, 15

Alkyd reaina; 23, 47, B3, 74

Alloyas, lightwaight, 102

All¥yl compounde, 103

"Amberlite", 11

"Arboneld™, (n. &) 100

Architect, the, 113-115

Archltecturae, ﬁPEFBF", 114

Atmespherle pollution, 49, 52, 56,
T

Atomle resistance, 56
Autoclave, ateam, 07-/8

BAEFELAND, 63, Bl
Bakelite, G

"Balloon Construction", 74
Hlowlng, Ta=78

Booka mnd magazines, 1
Buckling, 35

Calendoring, B
Camphor, 83
Car bodlea, 34
Caseln, 50, &7
glusa, T2
plastieca, 55, 63, BE
Casting, 67-£%
Caulking, 41
Calluloss
acetate, 24, 31, 43, 45, 58,
53, 57, 63, 83, 85, 91
ecetate butyrate, 54, B3
nitrate, 16, 24, 32, 50, &3
Chemical properties, H6-58
"Cigarette-proof®
ghedata, 2B
table topa, 31
Coating, T4=75
Codea, bullding, 29, 69
Coelfflcolents of axpansion, 72
{:Ulﬁ flﬂ". EE
Colori{s), 10-12, 13, 18, 106
sonaultants, 11
Columns, 40
sxtruded, 96-97
Comprossive atrength, 35-38

Concrete, {(n. 33} 41, &7, 68, 113
ralnforced, ©

"Corroplaat", 10

"Corrulux", 44

Craep, 42

Creaaal
formaldehyde , 25
resins, 103

Deflaation, 30, 40, (n. 33) 41
Limenalonnl stability, &2
Dipping, T8-T0

Ders(m), 17, 8%, 03
Peor, flexlble, 42
Tuskility, 43

Durability, 112
"Duralux", 44

Eleatia limit, 33
Elaatliolty, 38-43,
modulus of; 43
Elastomara, 23
Elacstrical propertics, B7-5O
Elsgtro=-dapopition, 47
Eleotrolysis, 73
Equipmant
alaotrieal, 3
war, 4
Ethyl celluloss, 9, 44
Expansion
linear, 29=353
Jolnts, 41
Extruslion, B5=-86

in. 33} 41

Fagades, 96
Faclng, 80=01
Factor{s) of safety, 35, 42
Fibarg)
glaaa, 33, 34, 37, o8, lo2
aoya-bean, 33, 57
synthatia, 85, 111
Fllaments, 37
Fillera, 7, BT, 43,; B3, BE, 58
Finlsh, 12-14
Flaxural strength, Z6-39
Floorlng, 70-%1, 92
Fluorine, 28
Foll, aluminum, 28, 8%, 103
"Formica", 99
Farnlture, 12, 92-93, 96

Flass, 9, 16, (n. 38) 42, 45, 45
bullet-prool, 1E&
aafety, 44, 50O, 583, 72
aynthetlic, 15

"Glasweld", 95

Glazing, 92

Gluing, 71-74
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Glyptal reains, 23, 53
PErouting", 38

Herdener{s], 23, T&, 74
High=frequency heating, 8a8-8%, 97
"Holoplast", 44

Hooke's law, (n. 10) 33, 48
Hydroflucric aclid, 55
“Hydulignu=", 35, 100

Impact strength, 43=-d4
Imprognating conerate, B8-T0
Inflammabllity, 24-20
Infra-rad
lamps, B7
rays, 17
Inmserts, metal{lic), 14, 68, 83,
BE
Insulation
heat, 102, 106
sound, 102, 106
Interiors, 12
TTaoflex", 31

Jaints linesa, 13
"Harr" panels, 34

Laaquara, 23
Laminates, S9H=00
Lamp, flear, 18=20
Light
Upfping®, 10
feubing", 16
ultra-violet, 16, 49-850, 98,
PG, See also Vltra-viclet
TEYH
white, 16
Lighting [ixturea, 20, @3
Linoleum, 1%, 103
"Lockerstellen" theory, the, 34-
s 1]

Machins Age, the, 75, 110, 111
"Marblettes", 11
mRaOOrY; Vo
Mase productlon, 3, 4, 40, 114
Bealamine, L@, O9
formaldenyde, &0, 47, 103
realns, 456
Eembrane
vinyl, GO
waterproofing, 41, S0, 76, @l
mathacrylates, 45, 46, BY
Mathyl methecrylate, 15, 1€, 19,
45, 111
Nedule, ths, 105
Modull of elasticity, 93

Molding
cold, Bl BE
compreasion, 80-31, B2
infaction, B3
jet, BIE-B4
low=-pressurs, Bl, B2
transler, BE, BO

Holdings, 94

Moleoules, "tallored”, 2

Heutral mxls, 435, 99
Nylon, 37, 45, 83, 85, 103
"brushed"”, 111

Fainting and coating, 74-75
Panels, 102-1086
edge=-lighted, 18
"Fastel" shndes, 10
Fatentas, BG=-27; GE-Bd
Perlfection, 13, 109-111
"rarspax’, [(n. 14} &3
Thenol formaldehyde, o, 24, 27,
35, &4, 99, 101, 103
Fhanolie
molding powdera, 43
reains, 10, 15, 83, 2B, 32,
35, (n, 32) 40, 42, 46,
55, 63, 7O, Y&, 74, ©¥8
San alse Fhenol Tormal=-
dehyde
varnishes, 47
Plaatia Age, 2
Muontiaizar(n),
"lexiglan", 11
"Mlexipel", 17, 48
Flumbind, #5
Flywood, 100=101, 102
Folyvester(s) resins, 34, 53, 88,
103
Folysthylens, ®, 50, 56, 58, B85
Folyatyrene, 9, 30, 44, 456, 50,
56, 57, 03
Folytetralfluorcethylens, @, 5O
Folythone; 26, 30
des _alse Polysthylens
Tolyviny
acetola, ¥, o2
alochol, &0
butyral, 55
chll:ﬂ"ldﬂ, EE‘, EE. m; ‘E‘l;
&7, B2
chloride-aoatate, BD
Folyvinylidene echlorlde, BB, o0,
BS
Fowders, &7
Fraatressing, 37-38
Frice, S9-G62

7, 28, 46, B3
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REaw materials, 7
Hefractive index, 10-21
Heinforcement, 14
matallic, E9
"Resollte", 24
Haailianc?, 41
"Rhodopel”, 17, 48
"Hooklite", 11
Hoof coveringa, 10

Bubbear, 51
bag, 78, BS
foamed, 102

synthetic, 51

Safety glass. See Glass, salety
"Saran”, 33, B85
See also Polyvinylidene chlo-

ride
Sandwichea, 102, 106
SCHUYLER, €2

Sheets, corrugated, 91

Shells, 77, B7, 9%
Sae nlao Domes

Shock stresaes, 41

Signas, edge-lighted, (n. 24) 189,
64

Silicon, 28

Silicone(s), 34, 47, 51
molding powders, B2
plastics, 53
resin, 61

3INGER, 17

dlendernesa ratlo, 35

Joyu-bean, 72
See also Flbers, soya-besan

Spac e gravity, 8=10, 38

SPITTLER, ‘63

Spray(a}, 47, 61

apraying, 75-76

"Stalned-glass" windows, 18-19,
2l,; BE

Standardization, 1, 40

Steel, #, 33, 105, 113,
stainless, 102

Strength-welght ratliec(a), 32, 33,
98, 1082

Streas concentratlon{s), 36, 43

Strip=, o4

Substitution(s), 1, 33, 61, 109

Surface hardnese, 44-48

Tansila atrength, 26, 32-35

Textiles, 111

Taxturea, 1E8-14

Thermal conductivity, 30-31
coafficlents of, 111

Thermoplastica, 22, 23

Tharmosatting, 22, 23

Tiles, 51, 7T0-71, 92

Trade namesa, 63-64

Transparency, 10, 12, 15-18, 45,
48, 111

Tri-ocreayl phosaphate, 27

Tltra-violat
rays, 1%, 48, B0, 105
frag
formaldehyde, 10, 16, B3,
24, 08, 835, 47, 51
resin{a), 42, 45, 55, 99

Yermiculite, J1
Vinyl(as), 42, (n. 38) 42, 63
acotel resins, 72
elastomers, 44
Plastics, BS
resin(s), 28, 100
sheoats, 103
aprays,; To
Ses also Polyvinyl acetals,
alechol, bubtyral, etec.
Vinylite, 45
"inyon", 41

Wall lining, 80

Watar
absorption, H0-562
=¢oment ratlo, 69, 7O
penetration, 73

Window{a)
blinds, 98
molded, 88, 97
alate, 95

Wood, 23
comprasaad, 90-=-100
flour, 18

Impregnated, 09-100
laminated, 101=102
WRIGHT; 17, 96

Young's modulus, 39
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