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PREFACE 

All too often in industry, the major criteria for planning new 

buildings is based on the absolute minimum initial cost of the 

building. Consequently, the building is usually inadequately 

equipped to serve the unceasing demands of modern industry thereby 

unnecessarily limiting its production potential. 

Another common but no less significant error in industrial 

buildings is the incongruous sacrifice of aesthetics for economy. 

~e the building must allow efficient operation of the functions 

within its limits, it must also allow efficient operation of the 

workers within its spaces. 

In the plastics research and development center efficiency is 

at its premium due to costs of equipment and labor. In one such 

center over 25 percent of the research workers held Ph.D. degrees. 

Highly trained technical personnel is essential in the productive 

effectiveness of research. Therefore, extreme care should be 

exercised in planning and equipping the building and in creating an 

atmosphere which when combined will be the most effective for the 

needs of the employee and efficiency of operation. 

The research center also is characterized by the needs of 

efficiency, flexibility, and expansion. Flexibility is essential 

in the fluctuating needs of the center as is expansion in the 

anticipation of natural growth. 

The plastics research center should possess the dual character 

of demonstrating faith in the plastics industry as a whole and 

providing a functional proving ground for plastics. 
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The object of industrial or research building design is not 

to provide a resort for the workers nor is it to provide the 

least expensive shelter. Rather the object is to provide work 

spaces with such completeness of equipment and environment that 

the worker will be able to utilize his capabilities to the utmost, 

both for his satisfaction and advancement and for the advancement 

of the corporation. 
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Definition 

CHAPTER I 

HISTORICAL INTRODUCTION 

A plastics research and development center is a combination 

of elements, both enclosed and open, arranged and equipped to 

accommodate the development and study of materials, methods of 

processing, and machiner.y. The objective of the center is the 

advancement of plastics and their applications in relation to 

their ultimate commercial uses. 

History 

The object of industrial,. research is the practical industrial 

application of discoveries in science. 

In Germany during the later years of the 19th Century the 

Reichsanstalt and the Materials Prufungs Amt were founded, and 

their works along with advances made by the technical institutes 

had a profoWld effect on German industry. The beginning of the 

20th Century brought the establishment of the National Physical 

Laboratory in England, followed :immediately by the Bureau of 

Standards at Washington. The French were equally as active with 

the organization of the Laboratoire Central d~ Electricite and 

regeneration of activity at the Laboratoire d' Essaio in the 

Conservatoire des Arts et Metiers. 

-1-



- 2 -

Industrial research does not necessarily differ from pure research 

in its methods; it is the object with which the investigation is made 

that constitutes the difference; and, of course, much work is neces

sary before the discoveries can be translated into practical 

applications. 

In the industrial research laboratory some method may be devised 

for making and treating a new material or some instrument may 

be designed to register the course of a factory proc_ess. 

However, the distinction should be clear as to the difference 

between the research laborator.y of a works and the works labora

tory. In any modern factory a works laboratory of some nature is 

essential for quality control. An engineering plant will have its 

chemical laboratory for this and related purposes and a testing 

laboratory where the properties of the materials or articles are 

determined. Although this is not research, it often may indicate 

where research is necessary. This is the laboratory of a works. 

In the words of a recent report is found a statement to the 

effect that scientific and industrial research is an essential 

factor in the national effort on which the continued maintenance 

of our present population unquestionablY depends. The means used 

to promote industrial research have been various. The state ;in 

maQY instances has organized research laboratories, large private 
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firms have established research laboratories under their control, 

and also firms have formed associations which allow them to jointly· 

support research programs. The universities and colleges have also 

had a great part in developing research programs by better educa

tion in science and facilities and also by the training of 

research wor~ers. 

The catastrophes of wars have always produced increased activity 

and major advances in the fields of science and technology. The 

Reichsanstalt in Berlin was a direct result of the war of 1870• 

Established in two divisions, one of which was devoted to pure 

science, while the other was devoted to its applications, its 

founders realized the close interdependence of the two. Simul

taneously, technical colleges were established in many centres, 

the most important of which were Charlottenburg and Darmstadt. 

From professors and students of these colleges came a stream of 

scientific facts and discoveries which did much to plunge Ger.many 1s 

industry to the heights it enjoyed during the two World Wars. 

Charlottenburg and the Materials Prufungs Amt at Gross Lichter

felde taught the engineer the value of research. 

Perkin, in England, was the founder of the modern dye indus

try, but it was in Germany that this discovery first enjoyed 

practical results. The Badische Anilin Fabric as well as other 

similar factories were founded and huge sums were spent on 
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research and development of new dyes. Germany had learned 

the value of industrial research; and, unless the other countries 

realized this value, she promised to gain the leading position 

among the manufacturing nations of the world. 

In 1900 England established the National Physical Laboratory 

with an expenditure of t .5,479. The laboratory, at that time the 

only public institution in the country devoted to the application 

of science to industry--D1dustrial research, grew and prospered 

for the next fourteen years1 and, when World War I came, it was 

in position to be of profound assistance to its country. 

One of the marked results of industrial research has been the 

realization of the importance of international standards of measure

ments, - and, as a result, international cooperation between the 

standardizing laboratories in various countries and other bodies 

concerned with standards has become necessar,y. From this need 

arose the Bureau International des Poids et Nesures at Sereres 

and various other international associations such as the Inter

national Electrotechnical Association and the Association for 

Testing Haterial.i. 

In the Allied countries during the war, men and women were at 

work solving problems of vital importance. Facilities for research 

were open to them, funds undreamed of in peace time were at their 
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disposal, and the results of their endeavors contributed to a more 

general acceptance of the view that peace time mdustry would also 

benefit from healthy industrial research programs. 

Similarly, in England a movement was launched to form a stronger 

and more ordered link . between science and industry. Owing to this 

activity . the Department of Scientific and Industrial Research was 

created. Th(is was also the direct results of the Joint Board 

of Scientific Societies headed by Sir Joseph A Thomson, P.R.s. 

To direct this new department an advisor.y council of scientific 

men was established and provided with the initial sum of~ 1,000,000 

to be used in the application of science to industr.y. Upon the 

end of the War, the National Physical Laboratory now composed of 

a .staff of 600 was transfered to and combined with the Department 

-or Scientific and Industrial Research. 

The history of technology in the United States plainlY reveals 

the fact that within the last fifty years manufacturing has pro

gressed tremendously, more so than in any previous era. Industrial 

research has profoundly proven its value to all the phases of the 

important industries. It was estimated in 1939 that at least 30,000 

scientists and engineers were engaged in industrial research in the 

United States, meaning an annual industrial research expenditure of 

from $180,000,000 t9 $200,000,000. About half of this amount was 

spent ·on chemical laboratory investigations most of which were con

ducted by firms in their own plant laboratories. 
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The largest research center in the United States is maintained 

by Bell Telephone Laboratories, Inc. of New York, which employs 

over 2000 physicists, chemists, and engineers for original inves

tigation and research. Next in size is E.I. du Pont de Nemour 

and Company, which maintains twenty-three laboratories and over 

1000 chemists and engineers. 

There are also about 200 American Colleges which maintain 

industrial research programs and about 250 commercial laboratories 

all of which offer valuable assistance to the industries or companies 

too small to support the cost of equipping the research plants. 

The U. S. Department of Commerce has expressed the opinion that 

11Among constructive activities of trade associations none is more 

fitting nor more profitable than :]SCientific research. n1 

General~, five methods have been successful in conducting 

associative industrial research. These are: 

1. A number of associations cooperating with Govern

ment departments and bureaus in accordance with 

the research associate plan . 

2. Some associations sustain scientific investiga

tions inNellon Institute of Industrial Research 

at Pittsburgh, in Battele I•Iemorial Institute, 

Columbus, Ohio, or in other research foundations. 

1Encyclopedia Britannica, Vol. 19, (United States,l954), p. 204. 
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3. Other associations support fellowships or 

scholarships in educational institutions .. 

4. Still other associations carry on research in 

commercial establishments, such as the labora

tories of professional consultants . 

5. A few associations found their own laboratories 

The Industrial Fellowship System offers direct research ser-

vices to associations of industrial concerns rather than to indivi-

dual companies. This allows free and immediate publication of all 

investigations and results to the industry and in so doing reduces 

the cost factor to a minimum. Horeover, problems may be studied 

which require more time and expense than should be borne by a 

single manufacturer since the results will be used for various 

applications. This correlation of research work prevents 

unnecessary duplication in scientific investigations. 

The method of Association Fellowships in educational institu

tions has become important in many industrial fields as it serves 

to train technical specialists and simultaneously produces the 

solution of production problems.l 

-~~-------------------------------~-~-----~-----------------------

~ncyclopedia Britannica, Vol. 19, (United States,l954), p.204-207B. 
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The primar,y objective of industrial research is, of course, the 

essence of production in larger quantity, of greater quality, and 

at lower costs. In addition to the efficiency implication of 

research, it also has been responsible for the creations of new 

rnaterials and industries and revolutionary applications of older 

materials. 

Great advances have been made in the creation of an entirely 

new industry--plastics, as a result of research workers. Parallel

ing this development has bean the extensive research into the 

usage of cellulose as a base for plastics. Possibly the most 

significant aspect of the discoverJ of the plastics industry is 

an industlJT based largely on synthetic products, primarily made 

from material formerly considered as waste. 

Also of marked importance to the plastics industry was the 

development of synthetic fibers, a most important economic 

advancement toward the conservation of natural resources in great 

~and. 

Research has proven its value in every phase of industry with 

which it has come into contact. However, the plastics industry 

probably is the most impressive result of the research worker. 

An industry was born based on an infinite number of materials, 

synthetic materials, materials built by man from the very 
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insignificant monomers. Plastics--the modern material of man-

limited only by its mysterious characteristics which only the 

research worker is capable of explaining and contriving applications. 



, CHAPTER II 

INTRODUCTION TO THE PLASTICS 

Definition 

The tern plastic is still too young to have an unchallenge~ 

definition. However, a plastic is generally understood to be a 

synthetic organic material whose chief component is a resinous or 

cellulose derivative binder. At some stage in its production it 

is either plastic (capable of being shaped) or liquid (capable of 

being cast) and at some subsequent stage it assumes a more or less 

. 'd d't' 1 rlgJ. eon l J.on. 

Classification 

All plastic materials are placed in one of two general groups, 

namely thermosetting materials and thermoplastic materials. A thermo-

setting material is one which achieves its rigidity through a chemical 

change, through the media of heat and pressure, it cannot be used 

again for . the same operation. 

Unlike thermosetting materials, thermoplastic substances undergo 

a physical change only. 2 This means the material may be heated 

and formed into some article but upon the application, ,of heat may 

be reduced again to its original liquid state. A thermoplastic is 

capable of undergoing this process of change infinitely. 

1H. R. Simonds, Carleton Ellis, Handbook,.of Plastics, (New York, 
,' 1943)' p. 4. 
2s. L. Kay, The Production and Properties of Plastics, (Penn. 
1947), p. 17. 
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~In conjunction with the two generic classes of plastics 

there are four subdivisions. Each plastic material must represent 

one of the divisions which are as follows: 

l. synthetic resin 

2. cellulose derivative 

3. protein 

4. natural resin 

A synthetic resin may be defined as a complex organic material 

made by the chemical reaction of simpler substances. In most cases 

the chemical reaction is a condensation reaction. 

A cellulose derivative may be defined as any material made from 

or with cellulose as a base. 

The protein compounds are limited to those plastics which are 

made from some protein as a base. A protein in itself is an organic 

compound composed of carbon, hydrogen oxygen, nitrogen, and sulfur. 

The natural resins are described as exudations from various 

plants and animals. 111 

History 

The modern plastics industry had its conception in Charles 

Goodyear's discovery of the process of vulcanization in 1839. The 

rubber industry flourished in England for several years prior to 

1Kay, op. cit., p. 18. 
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the discovezy of vulcanization. Another Englishman, Charles Macintosh, 

developed a rubberized fabric used in raincoats and other water

proofing applic~tions. Goodyear 1 s discovery, contrary to popular 

belief, was the outcome of several years of study, both by himself 

and his friends. This approach by research was the growth of both 

a gigantic industr,y as well as the process of developing materials 

not found in nature. Goodyear, after many failures, hit upon the 

idea of reacting rubber with sulfur in the presence of litharge. 

His patience was rewarded by successful conversion of the raw 

substance ;into a stronger, yet more elastic material which was far 

more resistant to heat and cold than raw rubber. 

In 1846, Alexander Parkes developed his sulfur chloride method 

of vulcanization, making an important contribution to rubber 

technology. About ten years later he also began experimenting with 

a second type of semi-synthetic material--nitrocellulose. From his 

experiments he devised a method of making shaped objects from this 

material. However, since he prepared his plastics by evaporation 

of considerable volumes of solvent, the costs of manufacturing were 

excessively high and were hindered also by the lack of quality control 

leading to financial instability and failure of commercial 

acceptance. Following Parkes 1 business failure, one of his 

associates, Spill, produced a more successful nitrocellulose plastic, 
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calling it cotton xyloidine or xylonite. Spill established the 

British Xylonite Company, Ltd., which today enjoys its position as 

one of the principal plastics producers ,in England. However, neither 

of these two Englishmen had discovered nitrocellulose. Nitrocellulose 

was first made in 1838 by the French chemist, Pelouze, who had 

nitrated paper. Five years before Pelouze' s discovery, another 

Erenchman, Braconnot, had nitrated starch. 

During the years following the early disc:overies of Pelouze 

and Braconnot many investigators studied the properties of nitro-

cellulose. Schonbein, at the University of Basel in Switzerland, 

worked with this material in 1845 and 1846. However, it was not 

until fifty years later that careful control of the manufacturing 

operations allowed the successful production of cordite, the 

military application of nitrocellulose. In 1851, Nitrocellulose 

was utilized for the manufacture of photographic film by the 

Englishman, Scott Archer, while in 1848 a nitrocellulose solution 

had been introduced by the Boston physicians, J. P. Naynard and 

S. 1. Bigelow for medical usage.l 

The American firm of Phelan and Collender offered in 1863 a 

$10,000 prize to anyone who would assign them patent rights to a 

satisfactory manufacturing process of billard balls without the 

use of ivory. John Wesley Hyatt, an Albany printer responded to 

this offer and experimented for several years. Finally in 1868 

---------~-----------------------------------~-----------~----
1R. 1. Wakeman, The Chemistry of Commercial Plastics, (New York, 
1947), pp. 7-21. 
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he originated nitrocellulose plastics. Due to the failure of the 

material created by Parkes and Spill and to the general nature of 

rubber as a borderline plastic, Hyatt is credited by most authorities 

with the discovery of Celluloid, the world's first plastic. (Figure l) 

The Albany Dental Plate Company was established in 1870 to 

handle Celluloid production and sales. However, the demand was 

so great that in 1871 the Celluloid Manufacturing Company was 

formed to take over the growing business. In 1872 the Celluloid 

Manufacturing Company moved to Newark, New Jersey, and was reorgan-

ized under the name of The Celluloid Company in 1890. Recently 

it merged with the Celanese Corporation and is now known as the 

l 
Celanese Plastics Corporation. 

The utility of nitrocellulose was by no means confined to the 

fields of explosives, film, collodion, and molded articles. It 

became the first material to be successfully used _:in the manufacture 

of synthetic silk. This industry dates back to 1884 when the French 

chemist Chardonnet was granted a patent for the process; but it was 

not unt:ll ten years later that the 11 silk'' obtained commercial impor-

tance. 11 Nitro-silk11 , as did many other textiles, became obsolete, and 

American production terminated with the introduction of viscose 

rayon. 

1simonds, Ellis, op. cit., pp . 5-8. 
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Curious~ enough, nitrocellulose has gained little importance 

as a material in itself but has served as an indespensable pioneer 

material for important technological advances of other plastics and 

as a temporary substitute material. Cellulose acetate was created 

due to the flammable characteristics of nitrocellulose solutions. 

For many years only slow progress was made in the evolution 

of technical procedures for the preparation of nitrocellulose of 

standardized low viscosity characteristics. Finall-y, when 

pyroxylin could be produced, the industry was faced with a demand 

for extreme~ large volumes of special solvents for lacquer 

formulation. Prior to Wor~d War I, the only satisfactory solvent 

of this kind was derived from fusel oil, a by-product of the 

fermentation industry, but industrial applications of nitrocellu

lose lacquers were hindered by both cost and availability of the 

solvent. During the War, acetone was needed in great quantities 

for military purposes of removing dangerous impurities from cordite

grade nitrocellulose. This need resulted in the development of the 

Fernback-Weizmann fermentation method for producing acetone from 

corn starch. However, this process produced butyl alcohol, a by

product for which there was no demand. Consequent~, huge stocks 

of this alcohol were accumulated during the war, awaiting the time 

when attention could be devoted to its utilization. After the War, 
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it was found that butyl alcohol could be converted to an excellent 

pyroxylin solvent: butyl acetate. This initial discovery and the 

subsequent development of other satisfactory solvents together with 

the evolution of processes for producing low viscosity nitrocellulose 

resulted in the amazing increase in the production of pyroxylin 

lacquer from Soo,061 gallons in 1919 to 12,980,400 gallons in 1926. 

Most of this quick-drying lacquer was used in automobile finishing, 

·allowing the tremendous expansion of the automobile industry to the 

rapid production-line techniques. 

Cellulose acetate was first made in the laboratory of Paul 

Schutzenberger, an Alsatian professor at the Sorbonne. Like 

many other discoveries, it lay dormant for several years before a 

practical application was contemplated. The first practical appli

cation of cellulose acetate was created by an American, G. W. Miles, 

who between 1903 and 1905 patented a simple process for modifying 

the chemical nature in such a manner as to alter its solubility so 

that it could be dissolved in relatively cheap and non-toxic solvents 

like acetone. This modified type of acetate could also be dyed with 

a few of the basic colors, although dyeing still presented serious 

obstacles in its commercial applications. 

After the War, the large demands for airplane dope were no 

longer existent, therefore new outlets for acetate were sought in 

the fields of photographic film, molded plastics, and artificial silk. 
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Artificial silk proved to be the most promising. The product was 

named Celanese and many companies were subsequently formed for its 

manufacture. 

Dyeing difficulties at first limited the utilization of acetate 

silk, but soon many remedies were developed and the industry flourished. 

until the advent of viscose rayon. 

While the development of acetate was in progress, other important 

plastics were also derived from cellulose. Various methods were 

discovered for manufacturing solutions of cellulose derivatives which, 

by treatment with suitable reagents, could be re-precipitated, 

producing "regenerated cellulose." 

One of the earliest of such methods involved the use of a 

complex ammoniacal solution of a copper salt, known as Schweitzer's 

reagent, and although the product was brittle when dry and flimsy 

when wet, it enjoyed great popularity because of its remarkable sheen. 

This product, viscose rayon, is produced by a series of chemical 

reactions in which a complicated water-soluble sulfur derivative 

of cellulose-viscose is first made and then spun from an aqueous 

solution into a precipitating bath. 

In 1908 Brandenberger of Neuillysur-Seine, produced trans

parent films of cellulose regenerated from viscose. In 1912 
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"Cellophane was commerically produced in France resulting in the 

du ·Pont Company purchasing both patent rights and trade name 

several years later and executing its present household popularity.1 

While these deve~ments in cellulosic derivatives were occurring, 

the search was continuing for other plastics to supplement natural 

products. As a result of a shortage of horn and slate, Casein 

plastics were developed in 1897. Commercial applications were 

immediate as a result of the objective discover.y. 

The phenolics were the first industrial plastics of purely 

synthetic origin, being produced by the reaction of phenol and 

formaldehyde, both chemicals of relatively slinple, low molecular 

weight. Among the true synthetics, they are not only the oldest, 

but are the most versatile and most widely used in molding 

applications. Phenol-formaldehyde was also the first thermosetting 

plastic. 

In 1905 Dr. Leo Hendrik Baekeland began to study the conden

sation of phenol with formaldehyde. Being both an intelligent 

chemist and a capable businessman, the world's first synthetic plastics 

were produced in his private laborator.y in Yonkers, New York. 

By 1907, Bakelite was in small-scale production and by 1910 

the General Bakelite Company was formed to produce phenolic resins, 

for which the electrical industr.y immediately created a great demand. 

-----------------------------------------------~-------------------

lwakeman, op. cit., pp. 7-21. 
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This discovery, because of its peculiar qualities, stimulated the 

imagination of manufacturers and thus did more than any other single 

occurence to bring about the subsequent growth and extension of the 

plastics industrJ.1 

Industrial synthesis of an entirely different type of resin, 

the paracoumarones, also derived from coal tar, was developed by 

two German scientists, Kraemer and Spilher in 1890. In 1919 

with most of the difficulties of the material conquered the 

Barret Company began production in the United States under the 

trade name 11Cumar11 which initiated extensive expansion in this 

field of plastics. 

Phenolics of the Bakelite type were the only real synthetic 

resins manufactured on a large-scale basis when nitrocellulose 

lacquers were first introduced, but a number of other tYIB s had 

been discovered and partially investigated. Among the latter were 

the alkyds which were particularly suitable for lacquer formu

lation in combination with pyroxylin. 

An Englishman, Watson Smith, is generally credited with the 

discovery of alkyd resin, which he related in an instructive 

paper presented before the Society of Chemical Industry in 1901. 

---------------~---------------------------~-------~-----------

lsimonds, Ellis, op. cit., pp. 5-8. 
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Although he failed to envision the commercial importance of his 

discovery, he gave such a vivid account of the resinous character 

of the reaction product of glycerol and phthalic anhydride that 

its analogy to cellulose and nitrocellulose was theorized, although 

at that date very little was known concerning the chemistry of 

large molecules. 

. His work was rapid~ continued by the General Electric Company 

which was granted several patents for its application in 1914. The 

cost of intermediates delayed exploitation of the patents until 

methods for the catalytic oxidation of coal tar hydrocarbon were 

developed. About 1926 General Electric introduced alkyds under · 

the trade name 11Glyptal.'' The more important products of this 

nature were modified with natural resins or with nondr.ying vege

table oil acids, as these materials were found to be compatible 

with nitrocellulose and could be used advantageous~ in the formula

tion of pyroxylin lacquers. A most significant technological 

advance was made when itswas discovered that on modification with 

drying oils such as linseed or tung oil, alkyds would dry even 

more rapid~ than the oils from which they were made. More signi

ficant, nitrocellulose could, if desired, be complete~ omitted from 

the formulation, thereby great~ reducing costs of the material. 

Thus, pyro~lin was first made commercially practicable through 

the huge surplus of inexpensive solvents extracted from the by-
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product--butyl alcohol. This unique series of developments leading 

to modern automobile and refrigeral lacquers is another instance 

of a field in which nitrocellulose provided the research functions 

while another resin later became pre-eminent. 1 

"Among the important properties of plastic materials are 

lightness of weight, resistance to corrosion and moisture, 

dielectric strength, and the ability to be made in color or to be 

made transparent. The initial cost of equipment and dies for 

large-volume production by molding is high, but the unit labor 

cost is so low that the production of useful articles in large 

quantities by molding processes is found very economical.rr 2 

The uses of the plastics are large~ determined by their pro

perties. Properties of plastic materials are classified as follows:3 

1. Physical properties -resistance to impact, pressure, and 
stretching 

2. Electrical properties-resistance to the passage of elec
trical current 

3. Thermal properties -resistance to heat 

4. Chemical properties -stability under exposure to solvents 

5. Optical properties -extent of light transmission 

Plastics normally attain their acceptance through a combination 

of wide variety of color, bright permanent finish and good resistance 

to both chemicals and sunlight.4 However, the major justification 

------------------------------~--------~--------~----------------

lwakeman, op. cit., p. 7-21. 

2s. E. Rusinoff, Manufacturing Processes, (Chicago, 1956), p. 399. 

~ay, op. cit., p. 230. 

~. R. Simonds, Industrial Plastics, (New York, 1942), p. 230. 
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of plastics. lies in the fact that this class of material does not 

occur in nature; plastics 1 molecules are manmade. This significant 

factor is the explanation of the high costs of plastics which limits 

the justification of their use to quality and excellence of perfor

mance rather than cheapness.l 

11 Indeed, to justify their permanent existence, synthetic resins 

and plastics must usually have combinations of properties not found 

in natural materials. They can then do work which other previously 

available substances could not perform, and they become constructicnal 

or engineering materials in their own right--not substitutes. And 

in the development of engineering applications of its·products lies 

the future of the plastics industry.u 2 

The cross-linked thermosetting plastics demonstrate higher 

elastic moduli and less cold flow, or creep, than the thermoplastics· 

and are, therefore, of greater structural importance.3 Of the 

many plastics classified as thermosets only about a dozen are 

chiefly used in building today.4 "The synthetic resins suitable 

for use in the production of structural plastics are, for the most part, 

produced by polycondensation reactions. Only the condensation 

---------------------------------------------------------~---------
1trPlastics in Architecture, u Progressive Architecture, June 1960, 
p. 149. 

2wakeman, op. cit., p. 795. 

~. C. Engel, c. B. Me~ning, H. R. Merriman, Structural Plastics, 
(New York, 1950), p. 24. 

4Progressive Architecture, op. cit., p. 147. 
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products of various phenols and formaldehyde and of urea or related 

compounds and formaldehyde, and the whole class of resins commonly 

described as ncontact resins" are at the present time of value for 

structural applications."
1 

Currently, the fillers employed in plastics which may be con-

sidered structural in nature are composed of either cellulosic, 

2 glass, or asbestos substances. The major plastics which are 

currently being studied for structural applications are classed 

primarily as structural foams, urethanes, acrylic, reinforced 

laminates, and polystyrenes. 

"Large-volume sections may be molded in relatively simpl~ 

molds with the foam ingredients being processed through conven-

tional pumping and metering equipment in a low-cost mixing or 

homogenizing head. Techniques have also been developed for applying 

rigid foams with specialized spraying equipment.·u3 The structural 

possibilities of foams were first realized when a technique was 

developed to produce thermosetting foams. Subsequently, a process 

was developed which allowed the partial reaction of the chemical 

prolonging the final set to occur at any specified location. 

-----~--~------------------------------------------------------- . 

1Engel, Hemming, Merriman, op. cit., p. 5. 
2Ibid., p. 41. 

3Progressive Architecture, op. cit., p. 167. 
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Urethanes have become extremely important owing to their foam 

possi~ities and also due to a chemical property which enables 

the material to chemical~ bond to ~ material to which it is applied. 

"There is a strong possibility that the urethanes will take over 

the prefab-panel applications and other structural installations, 

mainly because of their foam-in-place and self-adhesive characteris

tics. 111 

Acrylic plastics have recently attained wide interest in the 

building industry for several property reasons. "Colorful, self

cleaning by rain action, light-weight, shatter-resistant, economi

cal to stiffen by simple shaping methods, thermally effective, the 

material offers many attributes which are simultaneous exploited 

in these applications, though primary structural loads are not 

sustained. 112 

· The reinforced laminates display extreme structural possibilites 

simultaneously with wide varieties ·of materials. "Fabric-base 

products employing high-strength rayon filaments promise excellent 

strength and those using nylon filament demonstrate high elongation 

and unusual strength-weight ratios. Special weaves of cotton fabrics 

demonstrate special advantages in forming to complex contours." 3 

-----------------~--------~----------------------------~---~--~------
1:pr-·og.ressive Architecture, op. cit., p. 167. 

2Ibid., p. 171. 

3Engel, Hemming, :Herriman, op. cit., p. 70. 



- 26 -

"White no single laminate has ever shown structural properties 

comparable to the light .metals as has been erroneously reported, 

a number of them demonstrate sufficient strength and stiffness to 

establish them as useful engineering materials of more than limited 

utility."1 Recently, the laminates have been developed in 

directions which prove to be of great structural importance. 

"The glass-fiber reinforced polyesters and epoxies are truly 

structural and represent a kind of high-strength wood in their 

stiffness characteristics.'' 2 

"Laminated plastics possess a unique combination of properties 

including high dielectric strength, immunity to water, resistance 

to corrosion, light weight (half that of aluminum) with great 

strength, dimensional stability, low coefficient of friction, low 

thermal conductivity, and moderate heat resistance."3 "Plastic 

laminates are in general neither homogeneous nor isotropic. Its 

elastic behavior strength depends upon the direction of stressing. 

However, if the laminate is built of a relatively large number of 

thin plies in a regular arrangement, it can be considered to be 

homogeneous for purposes of structural calculations."4 

~ngel, Hemming, Merriman, op. cit., p. 69. 
2
Progressive Architecture, op. cit., p. 171. 

3Arthur Dunham, Working With Plastics, (New York, 1948), p. 30. 

4Engel, Hemming, Merriman, op. cit., pp. 70-71. 
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Laminates have recently developed through tloJ"O processing 

techniques which have been of importance to the building industry. 

Laminates are now usually classified as low pressure laminates or 

postformed laminates. 

Low pressure laminates are unique in their process which allows 

large, complicated assemblies to be formed in one piece at 

reasonable cost. 1 "Production advantages of postformed, thermosetting, 

laminated sheets include simplicity and low cost of dies and equip-

ment, ease of production, flexibility of design with dies of wood 

or other material that is relatively easy to work and the conven-

ience of stocking sheet material, which can be readily converted into 

parts at the point of manufacture. 112 

· The polystyrenes have gained importance primarily because of 

their workability. "Modified polystyrenes can be formed into 

the most intricate of shapes. Color wise, it is unbeatable 

because the color is part of the materia~ itself--it cannot be buffed 

or scratched off. Moreover, the high gloss of the sheet competes 

with porcelain for brilliance." 3 

One of the most significant uses of structural plastics is noted 

in the use of foamed plastics for radomes. Radomes are the domical 

--------~--------------------------------------~-------------------

1Joh:r1 Sasso, Plastics Handbook for Product~ ·Engineers, (New York, 
1946), p. 303. 

2Ibid., pp. 296-297. 

3society of Plastics Engineers, Papers Presented at llth Annual 
National Technical Conference, (Atlantic City, 1955), p. 131. 
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structures which shelter radar installation. Plastics were chosen 

for this use as they are the only material available which does 

not affect the electrical impulses transmitted and received by the 

radar equipment. "When the technique is fully developed, the 

structure (shown in Figure 2)68 ft. in diameter and 4~11 thick, 

will be delivered to the site as a few drums of liquid plastic with 

a mixing and dispensing machine. The idea can be extended and 

varied. Considering the present vogue of thin-shell construction, 

the ramifications of the development are arresting and significant, 

offering unusual design freedom to the architect wishing to work 

in this medium. 111 (Figure 3) 

This application vividly illustrates the fact that plastics 

normally attain their structural strength as a function of the 

ultimate shape rather than from the physical properties of the 

material. "If advantage can be gained through the geometry of the 

structural system, the fact that plastics materials are formed 

easily can make very light-weight constructinn possible.u 2 

The pas·t ten years have seen a t:Pemendous increase in the number 

of applications of synthetic plastics. Tod~, there is no 

industry which is not to some extent dependent for efficient techni-

cal operation upon the utilization of at least several of the new 

plastics. 

-------------------~-----------------~-----------------------~-----

~regressive Architecture, op. cit., pp. 172-173. 

2Ibid., p. 147. 
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Figupe 2 
Glass-Fiber-Reinforced 
Plastic Radome 
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Figure Ja 
United States Exposition 
at Moscow 

Figure 3b 
Foamed Plastic Radome 

Figure '3c 
Polystyrene Foam Board-
Integral Part ·of Reinforced 
Concrete 
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In spite of their widespread usage, plastics have, for various 

reasons, not achieved a sound position among engineering materials 

employed in load-bearing structures. It is almost certain, however, 

that an increasing~ larger proportion of the synthetics will be 

structurally employed in future years. Improved materials and 

fabricating techniques with increased knowledge of the limitations 

as well as the advantages of synthetic engineering materials 
1 

will undoubted~ result in expanded usage. 

~----------------------------------------------------------------
1Engel, Hemming, Merriman, op. cit., p. v. 



CHAPTER III 

REQUIREMENTS OF THE RESEARCH AND DEVELOPMENT CENTER 

Prima~ Considerations 

The primary considerations of any research and development center 

is basically a design which is characterized by efficiency of 

operation, flexibility of space, expansion of all or any parts, 

and location. 

The location is not generally of extreme importance. In 

general, the center is usually disconnected from other functions for 

both efficiency purposes and to control the noise and vibrations of 

the production areas. Typically, only two practices are followed 

in the location of the center. It may either be disconnected from 

but located on the same site as the general plant or it may be 

located in some area which represents a typical climatical condition-

the latter being a criteria for testing purposes. In some cases the 

disconnection is justified for security purposes. 

Efficiency is the major consideration of any business but is 

assigned unusual importance ·1n the research center. This is due 

to the fact that a research and development center cannot be 

directly .justified economically. It actu:ally is catagorized in the 

same classification as is the administrative section since it is 

not directly concerned with sales, but the entire operation is 

dependent on the production' of the research center. In addition 

to this lack of direct economic justification, the nature of the 
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research done requires highly trained and educated personnel and 

consequently, extremely high labor costs. The initial cost, as well 

as the subsistence costs, are also very high owing to the necessity 

of large amounts of special services, materials and equipment. 

Therefore, in order for the research and development center to 

be justifiable, it must lend itself to extremely efficient 

operation. 

The need for complete flexibility of space is probably the 

most important consideration in the research and development cen

ter. The very functi_on of the building type demands this in essen

tially every area. Since the function is research and development, 

it is obvious that the needs of all areas 1vill, of necessity, change 

with each project studied in each area. However, the testing areas 

are most significant examples of this need in the research depart

ment. The testing areas must be capable of adjusting to the many 

service tests which are required for a material or product. This 

is especially true in the plastics center since plastics require a 

larger percentage of service tests than most other materials. 

This is due to the fact that most plastics attain their strength 

and durability from their ultimate shape rather than the basic 

properties of the material. 
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Another area in which flexibility of space is at its premiwn 

is in the pilot plant. Here new small-scale equipment must be 

installed to represent the complete or any part of the proposed 

factory process. For all this, a multiplicity of services must 

be available as well as space for the equipment and storage of 

equip~ent and materials. 

Also, as the industr.y grows or investigation on projects of 

greater scope occurs, the need for expansion becomes important. 

Expansicn must be planned for a research building as, due to the 

extreme cost of installation, the possibility of moving is dis

missed immediately. Expansion, ideally, should be planned to 

allow the growth~ any one or all of the elements in the center 

at any time. This need should be handled so that work could 

progress on one element ~~ without causing interruption of the 

other elements. 

Other considerations which are included are primary design 

principles. The most significant of these principles are those 

of psychological effects of the building, objects of the 

building, flexibility, equipment, character, and color considerations. 

"The client who builds for his own use is more bold; his build

ings are the pioneers; sometimes as in the case of the Lever House, 

the Alcoa Building, the U :e. N. Secretariat, the Carnegie Building 

- j 
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and other recent exmaples, the private owner sees in these nevi ideas 

a means of impressing himself, his company or his product indeliblY 

on the public consciousness.u1 Similarly, the plastics research and 

development center should reflect faith in the plastics by employ-

ing plastics in every application feasible. 

Due to the quality of personnel required in the center, facilities 

should be provided that will embody a multitude of conditions. 11 It 

is evident that industry is now engaged in competition for labor, 

and that for a variety of reasons this condition is likely to persist 

for a long time, even through depressions.u.2 Therefore, "we are 

after an arrangement of work areas and equipment that will be the 

most economical to operate and yet safe and satisfying for 

employees."3 

11As the rate of scientific research, communications and trans-

portation moves faster, it calls upon industrial production to keep 

pace. This calls for frequent changes--in product design, process 

equipment, output or delivery dates. 11 4 To accommodate these needs 

and prevent the building from becoming obsolete, flexibility and 

expansion must be the guiding design considerations. 

-------------~-------------------------------~~------------------
1An Architectural Record Book, Commercial Buildings, (New York, 
19)3), p. 31. 

2An Architectural Record Book, Buildings for Industry, (New York, 
19)7}, p. 23. 

Jaichard Muther, Practical Plant Layout, (New York, 19.5.5), p. 4. 

4Ibid., p. 8. 



- 35 -

"The more modern industries - especially chemical plants which 

occupy an increasing area of the total national production, may 

surprise an outsider by the incongruously low number of employees. 

It is natural that the staff of labor aristocracy in such plants 

should receive ever,y conceivable facility and convenience, the 

expense remaining just about untraceable in the cost of the finished 

product. 111 

Openness of the center is exp~emely important to the employee 

as has been proven by p~ychological tests conducted in blackout 

plants.g Artificial light must supply the basic lighting needs of 

the center, but visual connection with the outdoors will supplement 

this need as well as create more satisf~ng conditions for the 

research workers. 

Recreational facilities, contrar,y to popular opinion, lack a 

basis in design considerations for the modem industry. "Exper-

ience seems pretty conclusive that workers want to spend as few 

hours as possible near their place of work and prefer their 

recreation elsewhere.n 3 

Additional considerations growing in importance in designing 

industrial buildings is that of planned color applications. Color 

applications m~y be basically divided into two classes--those,_ 

used for psychological ~anipulation and those used for sorting 

purposes. 

--~------------------------~--------------------------------------
1Buildings for Industry, op. cit., p. 23. 

2Ibid., P• 24 •. 

3Ibid. 
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"The architect will 1>1ant to give attention to certain psycho-

logical associations of colors which are not visual but mental. 

In hospitals, therapeutic color is now standard practice, and the 

same principles which help to cure sick persons may be used to influence 

heal thy workers. Hoving around the spectrum we note that yellow, the 

color of sunlight, brings good cheer; green has little effect 

upon human emotions; blue is definitely cahning; purple is depressing; 

red excites to courageous endeavor; and orange is the most powerful 

stimulant of all. Hues occurring between the six hues named, and 

variations in values and intensities, furnish material for inducing 
1 

any psychological reaction desired." 

Similarly, colors are also useful in the sorting of items by 

color coding. Color coding has gained marked importance in sa~ety 

markings. Below are the divisions employed in The American Standard 

Safety Color Code for Harking Physical Hazards and the Identification 

of Certain Equipment. 2 

Red shall be the basic color for the identification of: 
1. Fire protection equipment and apparatus 

a. Fire alarm boxes 
b. Fire blanket boxes 
c. Fire hose locations 
d. Spri11kler piping, etc. 

2 ;~.Danger 

a. Safety cans and other containers for flammable liquids 
b. Red lights at barricades 

3. Stop 
a. Red lights at barricades 
b.- Stop buttons 

------------------------------------------------------~-------------
~bid., p. 20. 

2Russell De Reamer, Hodern Safety Practices, (New York, 1958), 
pp. 122-123. 
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Orange shall be used as a basic color for designating dangerous 
parts of machines or equipment. Suggested applications are: 

1. Inside of transmission. guards for gears, pulleys, chains, etc. 
2. Safety starting buttons 
3. Exposed parts (edges only) of pulleys, gears, power pins, etc. 

Yellow shall be the basic color for designating caution. Suggested 
applications are: 

1. To mark aisles and direct the flow of traffic 
2. Construction equipment such as bulldozers, tractors, etc. 
3. Caution signs · 
4. Handrails, guardrails, barricades 
5 . . Markings for low beams, pipes, projections, etc. 

Green shall be used as the basic color for designating usafety11 

and the location of first-aid equipment. Suggested applica
tions are: 

1. Safety bulletin boards 
2. First-aid kits 
J. Stretchers 
4. Personal-protective-equipment supply cabinets 

Blue shall be the basic color for designating machine and equip
ment controls such as: 

1. Electrical controls 
2. Valves 
3. Brakes 
4. Disconnect 

Purple shall be the basic color for designating radiation 
hazards. Suggested applications are: 

1. Radiation warning signs 
2. Containers of radioactive material 
3. Signal lights to indicate radiation machines in operation 

Black or \I'Jhite or combinations of both shall be the basic color 
--ofhousekeeping markings. Suggested applications are: 

1. Stairways (riser) 
2. Location of refuse cans 
3. White corners for rooms and passageways 
4. Food-dispensing equipment 
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Organization 

The organization of research and development centers varies con

siderably with their use. However, the basic organization for most 

centers conforms to a similar division of elements. Basically, 

research centers contain an administrative area, research and 

development laboratories, a pilot plant, and mechanical area. 

Administration 

If the research center occupies the same site as the general 

plant, the administrative area is usually combined with the general 

administrative section for the entire corporation.· However, if this 

is the 'case, a lliaited number of administrative facilities are still 

necessar.y in the research center. _Normally only a reception desk 

and waiting area, along with the research director•s office, are all 

that is included. If the center is geographically disconnected, the 

administrative sections var,y considerably with the individual 

organization. The elements mentioned for the combined plant and 

research center are necessary as well as various other combinations 

of offices. 

The administration building is separated from the general plant 

and research section for the control of sound and vibration. When 

the plant and the research center share the same site and a com

bination of administrative facilities occurs, the administration 

building becomes the control and communication center for the 
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entire corporation. The expansion of the corporation is also 

dependent on the administrative staff in providing markets for its 

produc~ Threrfore, the administration building must also house 

public relation facilities and personnel services. 

The general administ~ative area for the Plastics Research and 

Development Center will also contain display facilities for pro

motion of the plastics products. 

The major offices of the administration area are described in 

the following paragraphs. 

The lobby and waiting area will be on the ground level. In 

the waiting area will be located the reception desk with a key-type 

telephone switchboard. The lobby and waiting area will contain dis

play facilities and will have adjacent men and women's toilets. 

The business offices will be located to facilitate free move

ment from office to office without passage into public spaces. 

The business offices will also be convenient~ located to the reception 

area. The business offices will be composed of a purchasing office, 

a sales office, accounting office, and an auditors• office. Each of 

t~e spaces shall have ample work and storage spaces and shall be 

convenient to toilet facilities. 

The public services area shall be located near the reception 

area and convenient to the exhibition spaces. This area also shall 

be convenient to the other elements of the center as tours of the 
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plant and center will originate in this office as well as employee 

visitation in the personnel section. The offices in this area shall 

be the public relations office composed of the director's office, 

secretary, records and workroom. Also included is the personnel 

office, composed of the director's office, secretary, and conference 

room. 

The office of the director of research and development is res

ponsible for the control and coordination of the functions of the 

research center. This office shall have convenient access to the 

research and development center as well as to the engineering 

department and executive offices. The elements of this area shall 

be the director's office, secretary, and ample storage space. 

The engineering department will normally function as the basis 

and justification of new research programs as they are developed by 

the director and planning committee. The engineering department 

shall be convenient to the research director's office and to the 

research and development center. The office areashall contain the 

chief eng.ineer 1 s office, secretary, drafting room with space for six 

drafting tables and work tables, a computer area and reproduction 

and storage space for supplies and material. A washroom shall be 

convenient to the drafting ro:om. 

The President's suite shall be convenient to the director's 

offices and to the business manager's office. This suite is con-
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cerned with over-all control and coordination of all corporation 

elements and should be accessible to all intermediate management 

personnel. In this complex is included the president's office, 

conference room, workroom, and secretary. 

The auditorium is to be convenient to all departments and 

to the public entrances. The function of the auditorium shall be 

general corporation meetings of the departments, promotional public 

and sales meetings, and public and personnel instructional :programs. 

The cafeteria is a facility primarily planned for use by the 

staff of the administration and research departments and thus will 

be convenient to these elements. The cafeteria will house a kitchen, 

dietitians office, food storage and preparation area, serving area, 

eating area with adjacent toilets and lobby and waiting area. 

The cafeteria shall also be accessible from the public entrances 

for the provision of guests. 

Research and Development Laboratories 

The research and development laboratories are the nucleus of the 

center. From these areas are fonned embryos of industrial empires. 

In this complffi{ the research, design, testing, and development 

laboratories revolve around the central research library, all har

moniously working toward one goal--the advancement of the industry. 

The research library is the centroid of the entire center as 

this is the source of information upon which the research workers 
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are dependent for their advances. Research libraries are generally 

centrally located as all elements of the entire center must contin-

ually rely on its resources. Libraries, especially technical libraries, 

are very expensive and for this reason the relative size varies con-

siderably from a few hundred volumes to several thousand volumes. 

However, the quality and the effectiveness of the r~search center 

are usually directly related to the quality and size of its librar;:,;·., 

Persoru1el capabilities are important but still they are limited by 

the resources to which they have ready access. 

'rhe library shall have a catalogue area, a stack area, a per-

iodical rack and storage space, and a read~g and work area. 

The research laboratories also varJ considerably with the 

specific use of the center. However, in the plastics research 

centers the research laboratories are ve~ slinilar to chemical 

laboratories. Generally, there is no di[erence, but occasionally 

some extra equipment is required, this again being dependent on 

the individual use. 

"The product of a laboratory is ideas, and the envirorunent should 

be pleasing and free from distraction if ma.."(imurn productivity and 

high morale is to be achieved."l In the laboratory, "the main 

objectives should be the .development of new processes and new products. 

------------~----------~~-----~-------------------------------------
1An Architectural Record Book, Buildings for Research, (New York, 
19)8)' p. 23. 
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Usually, adjacency to the main plant means some interference with 

the work because of noise levels, vibration of industrial traffic, 

and smoke and dirt nuisances."1 

For economy, the laboratory modules are usually two or three

man laborator·ies. (Figure 4) These laboratories are usually 

equipped with an electron microscope. (Figure 5) Certain hazards 

typical of a chemical laboratory are considered in safety design. 

The most significant hazards requiring design features are those 

of fire and acid. Normally, these are controlled by the inclusion 

of a safety shmfor and t"~-;o or more means of egress from the labora

to~ space. 2 In addition to the laboratory work areas, offices are 

generally provided for each researchvorker considered in the labs. 

The office location generally follows one of two patterns: It is 

either included in the laboratory space or immediately adjacent to 

the space. The adjacent office is preferred for econo~- measures while 

the combined plan is preferred for efficiency measures. The research 

laboratory is the directing section of the center and, due to the 

costs of installation, usually is considered the directing factor 

in the planning of the center. 

The research laboratory complex shall have convenient access to 

the librarJ, the design, testing, and development laboratories and 

--------~-~~-~----------~-~-~-----~---~--------------------------

1Ahi A1rghitectural Record Book, Buildings for Research, op. cit. p. 23. 

2Ibid., p. 13. 
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Some typical laboratory bays, all with 
some office space directly in the labora
tory. Left: three-man organic lab of Gen
eral Electric, illustrating partitioned office 
space. Below, left: four-mon lab at Esso 
research center. Service shafts ore on 
10-ft centers, with short service trenches 
to the island benches . Space can be sub
divided at each 10 ft; in four-mon lob the 
extra door space is used for gas cylinders , 
fire extinguisher and clothes closet. 
Below, right: four-mon lab at DuPont ex
perimental station, Wilmington_ Island 

bench is serviced through floor trench, 
cutting number of service risers in half 

Figure 4 
Typical Laboratory 
Arrangements 
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Figure 5 
Electron Microscope 
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to the research director's office. The complex will be composed 

of the chief chemist11s office, adjacent conference room, combined 

research laboratories add offices, and conveniently located storage 

room. 

The design laboratories are normally included in research 

centers of all t~. This section is imperative to the operation 

of any center concerned with the development of manufactured items. 

The design laboratories are generally equipped to accommodate 

typical drafting and illustration needs. Normally this division is 

not concerned with comraercial illustration but only with the necess~ 

ary facilities for plantcommunication of ideas. Common practice has 

also been the inclusion of a display area in conjunction with the 

design section. 

The design section is located with convenient passage to the 

research, testing, and development laboratories as well as the 

director of research and displ~ areas. This division contains the 

chief designer's office, adjacent conference room, a drafting room 

equipped with -six drafting tables and layout tables, a workroom for 

models and similar functions, a display area for models and presen

tations, and a reproduction and storage room for materials and 

supplies. 

Testing laboratories are essential in the development of any 

material. The plastics industry is no exception -to this rule. 
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However, the plastics are rather unique in that while they require 

1 the standardized material tests they also require an unusually high 

percentage of service tests. This need is based on the fact that 

most plastics attain their strength and durability from the ultimate 

shape of the article rather than the basic properties .of the 

material.2 Also, since the majority of plastics refuse to conform 

to accelerated weathering tests, outdoor weathering facilities are 

necessarj L~ rather dis-proportionate sizes. 

Basically, the testing laboratories may be divided into the 

following four types: 3 

1. Properties laboratories 

2. Service tests laboratory 

3. Quality control laboratory 

4. Outdoor tests 

The properties laboratory defmes the area in which materials 

are subjected to the standardized properties tests such as compression, 

tension, flexure, etc. 

The service testing area is responsible for testing manufactured 

articles under the conditions for which they are planned. 

Quality control is a method of testing in which forraulas or 

processes are developed which will provide a means of mass producing 

a material or article, the properties of which will remain constant. 

------------------------------~------------------------------~------

~ay, op. cit., p. 227. 

2 
Harry Barron, Nodern Plastics,m(New York, 1945), p. 627. 

3The Society of Plastics Industry, Inc., Plastics Engineering 
Handbook, (New York, 1954), p. 735. 
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Outdoor test fences are necessary for testing materials or articles 

under actual weathering conditions as simulated accelerated weathering 

tests have not proven satisfactory for all conditions. 

With the exception of the properties laboratory, the labs require 

very flexible services as well as plans. This is obvious as the 

functions of the laboratories will fluctuate with each project and 

each material. 

The testing laboratories will be conveniently located to the 

pilot plant as well as to the research and development laboratories. 

Access to the engineering department and office of the director of 

research and development will also be convenient for periodic 

inspections. 

The properties laboratory will contain a physical properties 

laboratory, an electrical properties laboratory, a thermal pro-

perties laboratory, a chemical properties laboratory, and an optical 

properties laboratory. 

The physical properties laboratory conducts the standardized 

tests of compression, tension, impact, flexure, fatigue, creep and 

modulus of elasticity.1 

Testing Equipment 

1. GOttst;ant rate of loading test machine (Fig;ux·e 6a) 
2. Tinius, Olsen Charpy Izod and tensile impact tester (Fig. 6b) 
3. Constant strain fle),_'llral-fatigue machine (Figure 6c)' 
4. Creep tester (Figure (,d) 
). Tinius, Olsen stress-strain machine (Figure 6e) 

------------~-----------~--------~-~---------------------~---------

lsimon~$, Ellis, op. cit., p. xviii. 



FigurE} 6a 
Constant Rate of Loading 
Test Machine 

Fi~e 6b 
Tmius, Olsen Charpy Izod and 
Tensile ·Impact Tester 

Figure 6c 
Constant Strain Flexural-Fatigue Iv1achine 
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Figure 6e 
Tinius, Olsen Stress-Strain Machine 
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The electrical properties laborator.y investigates the plastics 

for their ability to resist the passage of electrical current. In 

this laborator.y the normal tests consist of dielectric strength, arc 

resistance, pm-1er factor, and dielectric constant, and insulation 
l 

tests. 

The thermal properties laboratory is concerned with the extent 

to which plastics will resist heat. Typical tests conducted by 

this laborator~y are thermal conductivity, shrinkage, distortion, 

resistance, and flammability tests. 2 

Testing Equipment 

1. SPI flammability tester (Figure ?a) 
2. Tinius, Olsen heat-distortion apparatus (Figure ?b) 

In the chemical properties laboratory tests are conducted 

for water absorption, hardness, resistance to chemicals, color 

fastness, and specific gravity.3 

Testing Equipment 

Accelerated 1veathering apparatus (Figure 8) 

The optical properties laboratory carries on tests of plastics 

to determine to 1-1hat extent they "t·rill transmit light. The normal 

tests conducted by this laboratory are index of refraction, diffusion 

of light, transmission of light, and transparency tests.h 

Testing Equipment 
Automatic recording spectrophotometer (Figure 9) , 

----~-----~----------~----------~--------------~-------------------
1s~ · · d . JJ110ll s, 

2Ibid. 

3Ibid. 

4Ibid. 

Ellis, op. cit., p. xviii • 
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Figure 7b 
Tinius, Olsen Heat-Distortion 
Apparatus 
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Figure 8 
Accelerated Weathering Apparatus 

Figure 9 
Automatic Recording Spectrophotometer 
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The service tests laboratory is primarily concerned lJith the 

testing of manufactured articles under the conditions for lJhich 

they were designed. These conditions may either be simulated or 

be the actual conditions depending on which is possible and uhich is 

. 1 1 most econonuca • The tests which are normally administered in this 

laboratory are physical and thermal properties tests. This small 
. 

area of testing is usually all that is necessary as data from the 

standard tests 1-vill apply except in these areas. The space will 

allm-v great flexibility due to the changes dictated by the nature 

of the different articles being tested2 and will be sufficient in size 

to facilitate investigation of several articles s.iJnultaneously in 

any phase of testing and of reasopably large scope. 

The laborator~y· devoted to quality control is concerned with 

testing chemical fo1~ulas and methods of processing to insure con-

sistency in mass-produced materials or articles. This laboratO!'iJ 

1v-ill be adjacent to the other research laboratories and have con-

venient access to both the pilot plant and general plant. A pro-

cess study area and a sam.ple study area vJill comprise the quality con-

trol area. In the sample area will be facilities for chemical and 

physical tests. 

-~----~-~----------------------~--~------------------------------~--

ln. v·f. Bro"t·Jn, 'vl. T. Harris, An Introduction to Engineering Plastics, 
(New York, 1947), p. 106. 

? 
._Society of Plastics Industry, Inc.;, op. cit., p. 736. 
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The outdoor test area has gained importance in plastics testing 

as accelerated '1-Jeathering tests have in many cases proven deceptive. 1 

Despite the nuisance of time conswned for outdoor "tveathering tests, 

they still maintain the position of being the final analysis in dura

bility of an engineering material. 2 Therefore, due to lack of 

correlation of actual and simulated weathering conditions, outdoor 

test fences remain of the utmost import~ce. 3 

The outdoor test area shall be conveniently located to the 

testing laboratories as well as the other laborat6ries of the center. 

The outdoor test area will consist of test fences for the placement, 

labeling, and evaluation of material specbnens. An adjacent exhibi-

tion area 1vill be devoted to "tveathering of manufactured articles or 

test structural applications. 

The development laboratory section of the research and develop-

ment center is devoted to the cormnercial application of new materials 

or new processes. In this laborato11r ideas or applications are 

studied for the development of efficient production processest:·or 

applications of new or old materials are studied for their commercial 

justification. The process of study normally involves statistical 

analysis, building and studying of a model of either the article 

or production process, and screening by the programming corunittee. 

The development laboratory vJill be located convenient to the other 

. laborator~es and adjacent to the pilot plant. 

------~----~--~-----~-~-~-----~-----------~-------------------------
~ngel, Hennning, Herriman, op. cit., p. 105. 
2I-I. N. Richardson, FW1damentals of Plastics, (NeH York 1946), p. 
') 

..)Society of Plastics IndustrJ, Inc., op. cit., p. 749. 
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The development laboratory will be composed of the supervisor's 

office, a secretary, a workroom for statistical study, a model room 

with a display area, and ample storage space for records, supplies, 

and tools. 

Pilot Plant 

In the pilot plant new or modified methods of production are 

developed in simulated plant conditions. The production lines are 

set up with small-scale machinery to minimize costs. The processes 

are set into operation in order that the processess, materials, 

and equipment may be analyzed for quality, costs, and efficiency. 1 

From these studies actual cost analysis may be made and related to 

plant operation giving ultimate costs and quality data for an 

econo1nic analysis. To permit the utmost flexibility essential in the 

pilot plant, a multiplicity of services must be provided to allou 

the fluctuation of needs impos.ed by the many processes which are 

studied. 

The pilot plant will be physically disconnected from the center 

but will provide convenient access to the research and development 

laboratories as well as the outdoor testing and display areas. Ser

vice facilities will be supplied to the plant for receiving and 

shipping and for the continual installation and changing of equip

ment. 

lc. N. Robinson, Heet The Plastics, (New York, 1949), p. 100. 
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The pilot plant will be provided with material preparation areas 

composed of a chemical reac.tion area, a dehydration area, grinding 

area, process preparation area, a processing area for installation 

of the processing equipment, and a finishing and fabricating area. (Fig. 10) 

The chemical reaction area consists of chemical storage tanks 

for the reactants and temperature controlled mixing kettles for 

the mixing and chemical reaction of the base materials. These 

kettles are agitator equipped for ease of mixing and control of 

the reaction.1 

The dehydration area is equipped with tallies for the settlement 

process and storage for the dehydrating of the resins. 

The grinding area receives the dehydrated resins and prepares 

and grinds them into molding powders. The powders are then placed 

in containers ready for use in any various processes which follow. 

The process preparation area functions in preparing the powders 

for the particular processing technique being studied. This area 

is composed of a wet processing area, a dr.y processing area, storage 

tanks, a drying area, and curing ovens~ 

11 The wet processing area is used for materials in which it is 

necessar,y to preserve fiber length or fabric structure. In this 

----------~------------------------------------------------------
1Richardson, op. cit., pp. 77-78. 
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process, water or solvent solutions of resins are mixed with the 

filler and other ingredients, mechanical mixers being used which 

will facilitate a uniform impregnation. 111 

The wet processing area contains a mixer, a dr,yer, a blender, 

and a densifier. 

In the dry processing area 11 dehydrated, finely-ground resins 

are mixed with other ingredients, fillers, lubricants, catalyst, 

hexa, and dyes, also in a finely divided state. 112 

The equipment b1 the d~ processing area consists of a blender, 

Bandbury mixers, grinders, a blender, and a separator. 

The storage tank section receives the liquid resins directly 

from the chemical reaction area and stores the resins in liquid 

state pending direct use in modified processing in any of the various 

processing techniques. The storage tanks are made of nickel to 

avoid damaging color characteristics of the resin. 

The drying area also receives resins directly from the reaction 

area for storage in large shallow pans for controlled drying. ~Ihen 

the resin reaches the specified state of dryness, it is then conveyed 

to the processing area for processing. 

Resins are also cured in ovens to produce certain characteristics 

of the materials. The curing ovens are also used as an extension 

~ichardson, op. cit., pp. 77-78. 

2Ibid., p. 78. 
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of control of the chemical reaction. Resins are cured in the ovens 

to the specified cure, and removed and normally are processed 

further by casting. 

The actual manufacturing of materials or articles is conducted 

in the processing area. This area, basically, is only a very 

flexible space designed to anticipate installation of any machinery 

necessary for the production process. The only physical requirements 

of this space are ample services available, floor sufficiently 

designed to sustain loads imposed by heavy machinery, ceiling 

height sufficient to accommodate the machinery and convenient 

service CJ.ccess for the receiving and shipping of the machinery and 

products. The process area is equipped with a mobile crane to 

facilitate movement and positioning of the machinery. 

The finishing and fabricating area receives the materials or 

parts produced in the processing area and performs any function 

necessary to completion of the manufactured article. This section 

is equipped with work tables, tool storage, and space for the 

installation of any equipment essential in the finishing process. 

Mechanical and Naintenance Building 

The mechanical and maintenance area is concerned with the 

housing of mechanical equipment necessary to the operation of the 

corporation as well as the maintenance of its facilities. The 
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mechanical and maintenance section will be centra~ located to the 

buildings of the complex to economize on lengths of run for the 

service facilities. This section will have convenient service 

areas for the operation of the maintenance division. 

In the mechanical and maintenance division will be located 

the mechanical area, a maintenance area, and a warehouse section. 

The mechanical room will accommodate high pressure boilers, 

a humidity control system, a chilled water system, and a circula

ting hot water system. 

The maintenance section will contain the electrical control 

system, a workroom for repairing, the director's office and a 

storage area for miscellaneous equipment and parts used for repairs. 

The warehouse section will be used for permanent and temporar,y 

storage with area devoted to equipment storage, material storage, 

and product and sample storage. 

Each of the elements of the mechanical and maintenance area will 

have convenient service access •. 

Examples 

In 1957, Monsanto Chemical Company undertook a research project 

unlike the typical laboratory research normally launched by chemical 

manufacturers. The project was the building to house the Inorganic 

Chemicals Division Research Laborator.y at Creve Coeur, Missouri, 

which at the time of its construction contained more applications of 

plastics than any other structure of its kind. (Figure 11) 



Chemicals Division Research Laboratory of 1-ionsanto Chemical Company 
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The research project, conceived as a practical experimental 

project to demonstrate the capabilities and possibilities of ·· 

plastics as a building material, has proven to be a pilot plant in 

itself, being to the plastics industry as the Alcoa Building is 

to the aluminum industr.y. 

The laboratory, a three-story structure, contains approximate~ 

72,000 sq. ft. of floor space. It contains 40 chemical research 

laboratory modules, a special section for chemical engineering, 

research offices, a library, and service facilities. 

Since the construction of the building was completed, an 

evaluation committee has been organized which is constant~ engaged 

in evaluating the performance of the plastics used in the structure. 

The connnittee submits an annual report to both the company and to 

the industry. Many of the nearly sixty applications were untried 

previously but have proven to be of practical use. Therefore, 

this method of the functional pilot plant has provided a means 

by which a material may be simultaneously tested for its structural 

properties, service· capabilities, and also weathering. 

As a result of the nearly sixty applications of plastics in 

the Research Laboratory, the second annual report of the evalua

ting committee has disclosed the following information:~ ·, 

-------------~------~---------------------~~---------------~-------

~regressive Architecture, op. cit., p. 186. 



- 64 -

1. Forty-three (43) of the applications were considered successful 

2. Ten (10) of the applications were considered as possessing 
minor difficulties 

3. Six (6) of the applications were rated as having major 
difficulties 

The Chemical Laboratory Division of Honsanto is "an example 

of an endeavor to creatively design plastics in every conceivable 

sound application within the framework of conventional building 

1 construction and existing data." 

11Honsanto' s objective in constructing this building was two 

fold: to demonstrate faith in the plastics industr,y as a whole, 

and to provide a proving ground for plastics• products. 112 

Lf:r a result of the erection of the l\1onsanto laboratories, 

new teclmiques were developed to weld and fabricate many of the 

applications of plastics. An entirely new building code was 

developed to embrace the use of plastics for construction and 

erection of buildings. For the first time plastics were used as 

primary structural elements in the plastic canopy at the entrance. 

The dead load of the structure for mechanical and fixture application 

was reduced more than one half by the usage of light-weight plastics. 

Even through the general concept and scope of the laboratory 

was extremely progressive, the actual direction of the plastics 

applications was conservative. The applications of plastics were 

-------------~----------------------------~-----------------------
111Plastics in New Architecture, 11 Journal of the American Institute 
of Architects, January 1958, p. 3 • 

2 
. Ibid., p. 36. 
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only used;in methods paralleling those of the classic material. 

Therefore, the actual usage ~-Jas directed at the alternate use of 

plastics as a material rather than the unique applications of 

plastics. This seems to reflect a rather basic fallacy in deve

lopmental concept. 

Plastics, mving to their unique fluid properties, appear to 

demand distinct a~plications, such as in the shell structures, 

or the possibilities of the foams and endless other possibilities 

w·hich would allow plastics to function mving to these unique 

properties. 

The design of the Development Laborato~ and Pilot Plant for 

the American Cyanamid Company was one of extreme simplicity. 

The basic logic applied in organizing the elements has resulted 

in straight-forward expression of the functions and appearance 

of the building type. The primar,y considerations of the elements 

were simplicity, functionability, formal arrangement of elements 

to create an informal atmosphere in the spaces. (Figure 12) 

Since the scope of the building is limited to development, 

the complex contains only development laboratories and a pilot 

plant. Even though the basic requirements 1-Jere limited, the 

building is planned in such a manner that any one or all of the 

elements may be expanded at any t.Dne. This importat.r:t factor was 
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After careful consideration of the problems involved in this 
project, the architects designed a symmetrical complex con
sisting of two identical laboratory buildings and a pilot plan t 
connected to them with covered walkways. The plan shows 
one-half of the complete scheme. This much has been built, 
fitted into the pleasant lawns and surrounding trees of the 
suburban site. The remainder of the scheme will be added 
later. The interior courtyard was planned for employe use 
as a sitting and recreation area and admits light and air to 
the library, lunch room, and lecture space. A 10-ft module is 
used for the buildings · 

____ .....-

--- ------
./ 

---

SerYiccs within the buildings are very complex, many of the 
rooms requ iring special electrical, gas, pressure, and similar 
1 i nes n nd close temperature-humidity controls. The problem 
1::; f urther complicated by the requirement for flexibility for 
placing and moving equipment. For these reasons, all services 
were located overhead along the corridors. Lines may be 
tapped every 20 ft for services to equipment and for modified 
room functions. Laboratories have a special waste system, 
connecting with a drain trench on the outside. The concrete 
slabs over the trench act also as sidewalks at the sides of the 
buildings 

/ 
/ 
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effected through the peripher,y location of the laboratories and 

production spaces. The interior arrangement of the service fac

ilities adjacent to an open court and indented loading area at 

the rear of the complex allow expansion in either or both directions. 

Exterior as well as interior doors in each of the laboratories and 

work spaces provide maximum safety measures for these hazardous 

functions. 

The pilot plant's physical disconnection from the other functions 

facilitates the necessary control of noise and vibration and also 

expansion in all directions!' It is the connecting function between 

the development section and the general plant and is therefore 

centrally located to both. 

While the basic organization and final planning appear to be 

-w:,ell studied, the selection of materials for the building reflect 

a considerable lack of consciousness of public appraisal. The 

building is constructed of steel, · glass, and brick, all of which are 

quality materials. However, since the building is devoted to the 

development of plastics, the usage of these classic materials seems 

to reflect a lack of confidence in plastics, which is the basis of 

the entire project. Therefore, due to this lack of integrity, the 

entire project fails immediate~ in its purpose. 



Statement ·of the Problem 

CHAPTER IV 

PROPOSED CENTER 

The purpose of the Plastics Research and Development Center 

shall be the study and development of new thermosetting plastic 

materials, processes, and articles for the building industry in 

the form of light-weight exterior and structural elements from 

their point of origin to their final state. The center shall also 

serve as a symbol of quality and expression of faith in the plastics 

industry. The center is developed as an expansion project for 

Loma Industries, Inc., in Fort Worth, Texas. The firm now is 

concerned only with the manufacture of plastics as housewares. 

The corporation has recently relocated and expanded their general 

plant and warehouses in a newly-formed industrial park on the 

North-South Freeway (U.S. 81) in southern Fort Worth. 

Geographical Location and Character of Terrain 

Fort Worth is located in north central Texas surrounded by 

numerous lakes and fed by several streams and rivers. The city 

lies on gently rolling prairie bordered on the northeast by 

timbers. The site is moderately rich in vegetation, examples 

of which are the oak and elm. 
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Climatic Conditions 

Fort Worth has an average annual temperature of 65° F., the 

maximum being in July and the minimum in January. The average 

annual rainfall is 32.27rr with a growing season of 249 days. The 

average annual relative humidity at noon is 56%. 

The major elements of the center are as follows: 

General Administrative Area 
Research and Development Laboratories 
Pilot Plant 
Mechanical and Maintenance Area 

I. General Administrative Area 
A. Reception Area 

, Lobby and waiting area ..L. 

2. Display area 
3. Reception desk 
4. Key type telephone s1,.,ritchboard 
5. Adjacent toilets 

B. Business Offices 
l. Purchasing Office 
2. Sales Office 
3_. Accounting Office 
4. Auditors' Office 

C. Public Services Area 
l. Public Relations Offices 

a. Director's Office 
b. Secretary 
c • Records and vJ orkroom 

2. Personnel Office 
a. Director's Office 
b. Secretary 
c. Conference Room 

D. Director of Research and Development 
1. Director's Office 
2. Secretary 
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E. Engineering Department 
1. Chief Engineer's Office 
2. Secretary 
3. Drafting Room 
4. Computer Area 
5. Reproduction and Storage Area 

F. President's Suite 
1. Presidentts Office 
2. Conference Room 
3. Workroom 
4. Secretary 

G. Auditoriwn - seating capacity 1)0 

H. Cafeteria - serving capacity 1)0 
1. Kitchen 

a. Dietitian's Office 
b. Storage 
c . Preparation 
d. Serving 

2 • Eating 'Area 
a. Adjacent Toilets 
b. Lobby and Waiting 

II. Research and Development Laboratories 
A. Research Library 

1. Stack Area 
2. Perodical Display and Storage 
3. Reading Area 

B. Research Laboratories 
1. Chief Chemist's Office 
2. Conference Room 
3. Combined Research Laboratories and Offices 
4. Storage Room 

C. Design Laboratories 
1. Chief Designer 1 s Office 
2. Conference Room 
3. Drafting Room 

o. . Six Drafting Tables 
b. Workroom 
c • Display Area 
d. Reproduction and Storage Room 
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D. Testing Laboratories 
1. Properties Laboratories 

a. Physical Properties Laboratory 
(1) Compression 
( 2) Tension 
( 3} Impact 
( 4) Flexure 
( 5) Fatigue 
( 6) Creep 
(7) Modulus of Elasticity 

b. Electrical Properties Laboratory 
( l) Dielectric Strength 
(2) Arc Resistance 
( 3) Power Factor and Dielectric Constant 
(4) Insulation 

c. Thermal Properties Laboratory 
(l) Thermal Conductivity 
(2} Shrinkage 
(3) Distortion 
( 4) Resistance 
(5) Flammability 

d. Chemical Properties Laboratory 
(l) Water Absorption 
(2) Hardness 
(3) Resistance to Chemicals 
(4) Color Fastness 
(5) Specific Gravity 

e. Optical Properties Laboratory 
( l} Index of Refraction 
(2) Diffusion of Light 
(3) Transmission of Light 
(4) Transparency 

2. Service Tests Laboratory 
c·. . Physical Strength Testing 
b. Temperature Testing 

). Quality Control Laboratory 
& • Process Study 
b. Sample Study 

(1) Chemical Tests 
(2) Physical T~sts 

4. Outdoor Test 
a. Test Fences 
b. Exhibition Area 
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E. Development Laboratory 
l. Supervisor's Office 
2. Secretary 
3. Workroom 
4. No del Room 
5. Storage 

III. Pilot Plant 
A. Chemical Reaction Area 

l. Chemical Storage Tanks 
2. Hixing Kettles (temperature controlled) 

B. Dehydration Area 

c. Grinding Area 

D. Process Preparation 
1. Wet Process Area 

a. Mixer 
b. Dryer 
c. Blender 
d. Densifier 

2. Dry Process Area 
a. Blender 
b. Banbury Hixer 
c. Grinder 
d. Blender 
e. Separator 

3. Storage Tanks 
4. Drying Area 
5. Curing Ovens 

E. · Processing Area 

F. Finishing and Fabricating Area 

IV. Mechanical and Maintenance Building 
A • · Mechanical Room 

1. High Pressure Boilers 
2 • . Humidity Control System 
3. Chilled Water System 
4. Hot Water Circulating System 

B. Naintenance Area 
l. Electrical Control System 
2. Workroom 
3. Director's Office 
4. Storage Area - J:vliscellaneous Equipment and Parts 
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C. Warehouse 
l. Equipment Storage 
2. Naterial Storage 
3. Product and Sample Storage 

Solution 

The solution to this problem cannot be considered the ultimate 

owing to the complexity of the problem and the many variables 

inferred by the function of the center. The numerous variables and 

needs of the center have been carefully derived by the designer 

through the media of material from various written sources and 

authoritative counseling. This material was then carefully 

analyzed by the designer, directed by the operational procedures 

of Lorna Industries, and the resulting information was then sub-

jected to the phases of planning. This plan follows a flow of 

the material from its chemical state through the various study, 

developmental and productive phases and finally to its final 

testing and exhibition phases. 

The chemicals are brought to the Loma Corporation by truck 

and are then pumped into chemical storage silos either at the 

general plant or the pilot plant. From the pilot plant the chemicals 

are moved directly by gravity flow into the chemical reaction areas 

or smaller quantities may be dispatched by electric motor vehicle 

to the research laboratories for study purposes. It is in the 

research laboratory that the materials first take form in the 



- 74 -

experimental phases. With a basic material from the research section, 

the design and development laboratories are then set in motion to 

design a product and develop a method by which it may be economically 

produced. When these obtacles are overcome, the pilot plant is then 

equipped for experimental production of the product. As the pilot 

plant begins operation, samples of the material are taken from the 

process preparation section and moved to the properties testing 

laboratory for standardized properties tests. After the articles 

are produced in the pilot plant they are either shipped or they 

may be moved to the service testing area for further testing. 

Normally, samples will also be placed outdoors on the test fences 

or moved by electric trucks up the exterior ramp to the service 

testing terrace for weathering and eY~ibition. 

The 11 T" shaped cra.neway is employed with the base of the 

"T11 originating in the pilot plant extending through the warehouse 

area with the cross bars terminating in the properties and service 

testing laboratory. This arrangement allows the crane to move 

material and machinery into any one of the area without penetrating 

any of the other operational elements. This arrangement also will 

facilitate expansion in any one or all of the elements by a simple 

extension of the crane track. 

Iviachinery is brought to the center by truck and deposited at 

the loading pier which connects the pilot plant and testing area. 
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This pier is located so that the machinery may be moved by passing 

either of these elements or moved directly into the warehouse which 

joins the pier for temporary storage. 

The research and design laboratorie~ being devoted to original 

study, are placed on the second level of their related testing labs 

for convenience in observation as well as an expansion provision. 

The control points of the laboratories radiate around the central 

observation deck, exhibition area and foyer for the research library. 

This complex forms the common meeting place for these labs to observe 

and jointly analyze the results of an eA~erimental product. Each 

of the elements of the research and development section are planned in 

such a manner that any one or all of the elements may be expanded 

at any time with no interruption ·in the operation of any other area. 

The administrative section is located in a two-story building 

separated from, but connected to, the center by a covered walkway 

leading into the exhibition space. Public access is directed into 

the foyer of the building. Reception is central~ located in the 

foyer from which accesses connect the auditorium and exhibition space 

situated on the center side of the foyer and accesses to the lower 

business area and upper executive levels behind the reception area. 

The lower business level contains the lobby, cafeteria, personnel and 

public relations offices and the general business offices. The upper 

level contains the president's suite, board room, vice president, 

research director's office, lounge and engineering section. 
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Located centrally on the site to all elements is the mechanical 

and maintenance building. This building supplies the complex with 

mechanical and electrical services by a connecting system of tunnels 

located under the walks of the center. 

Visual considerations of the center have been derived from the 

functional demands of the center as well as the desire to employ 

plastics as a material vJherever possible. Openness of public a.nd 

study area aid in providing an informal atmosphere for these elements. 

'rhe design feature of the sk-y domes over the crane 1'fay function to 

supplement lighting in this area as well as to provide an overall 

unifying theme for the comple:x: as it is seen from the highway, approach. 

The complex shape of the connecting plastic canopy serves not only as 

a shelter but also demonstrates the value and possibilities of plastics. 

The administration building is sunken one half of a level at the 

front to accon~odate the natural slope of the site. 

The center is planned generally in the shape of a square with the 

terrain dropping diagonally across the site from right front to rear. 

The research and development sections are located on the high part of 

the square and extend the length of one side, terminating with the 

pilot plant at the rear natural grade. Adjacent to the research 

section lies the administration building. Mechanical services are ex

tended to the building fron1 the centr&l mechanical and maintenance 

building 'tvhich occupies the northeast corner and lowest point of the 
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square. This positioning of the complex allows the utilization of the 

sloping site to 2.ccomodate services needed at the different levels 

without excessive excavation. 



CHAPTER V 

CONCLUSIONS 

Due to the complexity of the functions of the plastics research 

center, combined with the many indeterminate variables of operation, 

it would be presumptuous -'-to conclude that there is any perfect 

solution to this problem. The success of the solution could only 

be measured by: the degree of efficiency with 1-rhich the complex is 

able to function. By the nature of the problem, the processes 

become the prime consideration. The effectiveness of the center 

therefore depends upon the efficiency of the research and development 

section. 

Central control points in the original study areas aid in the 

rapidity of executiun of the experimental projects and consequently 

become the pace setting instruments for the center. The convenience 

of the different elements to related elements also becomes an impor

tant facet in the efficiency of the center. 

The campus type plan of the Lorna complex presents the problem 

of loss of time caused by traveling from place to place. 'rhis problem 

has been basically solved by combining all .normally related functions 

into one building. However, the periodic movement from building to 

building is suggested by the designer to be by small electric motor 

vehicles. 
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The character of the building is directed toward creating interest 

and integrity in the plastics industry as well as in the Lorna Industries 

Corporation. The character of the building group is directed not 

only toward the employees of Lorna and related professional groups, but 

equally toward the general public. 

The material used in the center should be carefully selected, 

employing plastics wherever possible in order that the center might 

exprE?,ss faith ih both plastics and the plastics in.dustry, as . well as 

be compatible with its surroundings. 

Environmental concepts have been aimed at creating spaces 

primarily keyed to efficiency. This consideration consequently infers 

spaces conducive to achievement offering advancement for the industry 

and corporation and the individual. This approach ultimately leads 

to the propagation of the industry and personal satisfaction of 

individual needs. 
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