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CHAPTER I 

INTRODUCTION 

In our rapidly changing world, under the impact of advances in 

science and industry, established methods have to be continuously re¬ 

viewed and re-evaluated. This is especially true with regard to the 

technology of buildings and structures. Most research and advance¬ 

ment in building has been directed toward quality and permanency. 

If a building could be designed and constructed so that it would last 

for forty years, this was considered desirable. If the building life 

span was of shorter length, the building was considered to have a 

stigma of inferiority. 

With our present day technology it is not too difficult to con¬ 

struct buildings that will last for comparable long periods, but 

this may very well be longer than their usefulness. There are 

many examples of buildings standing empty because they have be¬ 

come economically or socially undesirable. Perhaps we should 

take another look at structural durability as one of the major 

factors in evaluating a building. It is the conviction of the author 

that light weight, non-permanent, very low cost structures can 

also be of great usefulness in the world today. 

It has become increasingly evident that a definite need exists 

for very low cost structures. The basic building elements can be 



accomplished by industrial procedures. Structures of this type need 

to be designed and of course, must fit specific requirements. Change 

and improvements will also be necessary to meet the needs and wants 

of the people in particular situations. 

The purpose of this thesis is to explore one building material-- 

namely paperboard, and to design and construct elements of buildings 

using this material. These elements will be related to existing, 

present day requirements. 

Thesis Objectives 

The objectives of this thesis were divided into three major parts. 

The first objective was to explore and to show a need for very light 

weight, non-permanent, easily transportable, low cost structures. 

This phase of the research involved contact with government and 

civilian agencies in order to gather together and evaluate require¬ 

ments for structures of this kind. It was determined that a vital 

need presently exists for this type of structure in many areas. 

Three of the major requirements are discussed in detail in 

Chafer II. They are as follows: (1) Housing Shelters for Under¬ 

developed Countries (2) Military and Civil Defense Requirements 

(3) Low Income Housing in the United States. 

The second objective involved a broad consideration of the 

materials and of the elements of structure. One of the most 
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challenging problems facing architects today is the ability to appro¬ 

priately use building materials and to utilize the advanced construction 

methods available as a result of this industrial era. The advances in 

techniques and new materials have not simplified, but rather have 

complicated the architect's primary mission. An architect is first 

concerned with design. This is his job, but he must also show equal 

concern with the way in which the design is translated in terms of 

structure and materials. The architect must be able to integrate 

the basic architectural idea with new structural methods and with 

available materials that are produced by science and industry. The 

movement toward use of new materials and systems has been very 

slow and has not been fully exploited by the architectural profession 

or by builders. 

The third objective of this study was to show by actual con¬ 

struction of prototype structures the potential advantages of paper- 

board material. Three structures were built in an attempt to 

emphasize different aspects of the nature of the paper material and 

its combination with other materials. It is hoped that these small 

structures will show some of the possibilities of design and con¬ 

struction with this particular material, and that this study will 

create new interest in construction with paperboard and related light 

weight building materials. 



Approach and Research Procedures 

Corrugated paperboard has been used for years in the manu¬ 

facture of containers and packaging elements with little attention 

given to its potential as a structural material; however, with the 

availability of new glues, coatings, and impregnations, corrugated 

paperboard and other paper products are being used to a greater 

extent in the construction industry. For instance paper products 

are commonly being used for carton forms for slabs, column forms, 

and honeycomb cores for doors and wall panels. 

In order to learn what had been done structurally with this 

material, a number of companies in the corrugated board industry 

and various research institutions were contacted regarding their 

uses of corrugated board. From the answers to many letters and 

a number of conferences with these people, it was determined that 

comparatively very little had been done. In the fall of 1963 the 

Research and Graduate Program of the School of Architecture at 

Texas A&M University started an investigation to determine the 

structural possibilities of paperboard materials. 

Analysis of early research data gave sufficient encouragement 

to construct and field test several small roof elements. These re¬ 

search elements proved very valuable in evaluating glues, tapes, 

fastenings, and coatings. A number of these roof elements are 

presently being tested under normal weather conditions. 



When this research was first started it was evident that very 

light weight structures were in demand, but the exact areas where 

the demand existed were not known. A number of possibilities were 

explored and it was later determined that in at least three separate 

areas this construction technique was timely. In fact, it was learn¬ 

ed that an urgent requirement presently exists for structures simila 

to the type investigated. This information gave new meaning to the 

research project. It was learned that many thousands of dollars 

had been committed very recently by the federal government for 

investigation of similar light weight materials and construction 

techniques. 
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C HA PTER II 

THE NEED FOR VERY LOW COST STRUCTURES 

Before discussing the detailed necessities for low cost, non¬ 

permanent, industrialized structures, it should be recognized that 

this is not necessarily a new problem nor are the basic materials 

new. Instead, an attempt was made to develop a new structural ap¬ 

plication of available materials and to apply it to existing building 

requirements. 

Housing Shelters for Underdeveloped Countries 

In every area of the world where the population has been in¬ 

creasing there is an urgent requirement for very low cost housing. 

Traditional building techniques and housing policies are wholly in¬ 

adequate to meet this ever-increasing demand for better housing. 

If the problem is acute in areas where building materials do exist 

and some sort of local building industry has already been establish¬ 

ed, it is even worse in areas where there are no satisfactory build¬ 

ing materials readily at hand or where no local building industry 

has yet come into being. 

Housing requirement for population increases. Man and 

society are presently faced with the great problem that the world 

population, which now numbers about three billion people, is grow¬ 

ing very rapidly and in the year 2000 it will probably number more 
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than five billion people. Man and society are also challenged by the 

disturbing fact that only one quarter of the world population is ade¬ 

quately fed and properly housed. The minority, therefore, finds it¬ 

self facing an overwhelming force of poverty and unrest. These 

problems, in many expert's opinions, are not solvable. 

It is not a simple matter to convince the 700 million people who 

live in relative comfort that they will have to sacrifice some of what 

they have to make the world habitable for all. These people must be 

persuaded not to concentrate solely on achieving greater prosperity 

for themselves, but they must be made to realize the poor of the 

world are ever more clearly exhibiting a strong desire for an 

existence worthy of mankind, and are beginning to see that misery 

25 
need not necessarily be their lives. 

In order to understand the seriousness and the magnitude of 

this problem as it relates to world housing, a brief summary of 

the population status and prediction will be presented. More than 

two billion of the world's three billion people live in Africa, Asia, 

and Latin America. Asia alone holds 57 percent of the earth's total 

population, Africa and Latin America, another 15 percent. The 

estimated average annual rate of increase in population is over 2 

percent in these areas. Latin America, with a growth rate of 2. 5 

percent, is the world's fastest growing major region. These rates 

compare with a world average of 1.8 percent and a rate of only 0.8 
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percent for Europe. Asia accounts for 60 percent of the world's 

annual population increase which is about 54 million. These and 

other facts are given in Table I. 

Migration to the cities. The rapid growth of world population is 

even more dangerous because the greatest increases are occurri; g 

in the urban areas. This migration from the countryside to the city 

must be also considered in any study of housing. The urban popula¬ 

tions of Africa, Asia, and Latin America are growing at rates that 

are almost twice as high as the overall population growth rates. 

The estimated rate of growth for urban Latin America is 4. 2 per¬ 

cent per year. Urban Africa and urban Asia each has an annual 

rate of 4 percent. (European urban growth is at the rate of 1.6 per¬ 

cent a year. ) These staggering high growth rates mean the addition 

of an increasingly larger number of people to the already over- 

packed, underhoused city populations. 

Table II shows that in 1960 an estimated 275 million Africans, 

Asians, and Latin Americans were living in cities of over 100,000 

people. (This figure is over 50 percent higher than the entire 1960 

U.S. population of about 180 million. ) By 1975 the number will 

more than double. Further, the proportion of the populations living 

in urban areas of 100, 000 and over will be twice as high for Africa, 

almost twice as high for Asia, and about three-fifths as high for 

25 
Latin America in 1975. 
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The figures in Table II explain why so much attention is directed 

to the urban housing situation and especially to the shantytowns near 

the large urban centers. There is no doubt that problems are evi¬ 

dent in the rural areas, but the urgent problem is in and near the 

great centers of population. A selected number of examples are 

described below: 

Bombay. The population of Bombay grew by almost 70 percent dur¬ 

ing 1950-60. About one-half of the population lives in substandard 

housing and a large number live on footpaths. Bombay's slums 

contain over half a million persons living in 9,000 dilapidated units; 

Another million live in 200,000 single-room tenements scattered 

over the city. In some cases 7 to 10 persons, consisting of two or 

three families, share one room. 

Calcutta. With a population of nearly 6 million, Calcutta is one of 

the largest cities in the world. Between 1950 and 1960 Calcutta's 

population increased by 2. 3 million. 

About one-fourth of the total population lives on one-eighth of 

the city's land which constitutes the Calcutta slums. Nearly two- 

thirds of these slum families have no water supply and are without 

proper lighting or ventilation. In some cases, as many as 45 

persons share one latrine. 

Hong Kong. A population of 2. 9 million, increasing at a rate of 

4. 1 percent a year, gives the island a density of over 7, 000 persons 
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per square mile. In 1957 a survey of regular housing showed that 

79 percent of the households shared common facilities. About 40 

percent were living in "cubicles, bedspaces, cocklofts, and on 

verandas. " Only 7. 5 percent had a living room not used for sleep¬ 

ing. 

The new resettlement blocks provide low-rent accommodation 

averaging 24 square feet per person. 

Rio de Janeiro. By 1960 Rio's population had added nearly 1 million 

people to the 1950 total of 3 million. In 1950 Rio's slums, known as 

"favelas", contained about 14. 3 percent of the population. A 1948 

survey showed that two-thirds of the "houses" were worth less than 

$108. Three-fourths had no toilets and about 90 percent had no 

piped water. 

Mexico City. The population of the federal district surrounding 

Mexico City grew by 160 percent between 1940 and 1950. The city 

proper grew by 53 percent during the same period. 

A citywide housing survey in 1952 showed that 34 percent of 

the population lived in "turgurios" - one-room apartments opening 

on a courtyard or passageway. Another 11 percent were living in 

rented "jacales" - shacks made from scrap materials. The jacales 

had about 34 persons per toilet but most of the toilets were out of 

order, and the jacale dwellers used the waste land around their 

25 
shacks. 
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Table III shows the overall housing needs of the critical areas 

of the world. 

Economic, social, and political. The United Nations, the Agency 

for International Development, and the other assistance organizations 

are faced with the immediate problem of helping millions of people 

to obtain even the barest kind of shelter. Besides lacking suitable 

building materials and an effective industrial organization for the 

production of dwellings, every underdeveloped country has a housing 

problem that is further complicated by the fact that the people who 

are to obtain such basic shelters do not constitute a housing market. 

In most cases they have no money to pay for any kind of bouse or 

shelter. Their housing, therefore, has to be provided almost com¬ 

pletely by their governments at the lowest possible unit cost so 

that the available funds can be stretched to satisfy as many people 

as possible. One promising solution to this emergency problem 

has been the establishment of government-aided self-help housing 

improvement projects. 

Such emergency projects, although they are necessary and 

desirable, have shed some confusion in the minds of many people 

and governments as to the true nature of the housing problem. Too 

often a housing project is undertaken because of political expediency 

or for humanitarian reasons, and its potential as a capital-producing 

resource is overlooked. This, no country with a shortage of capital 
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Source: United Nations, World Housing Conditions and Requirements, 
July 196 2 

(In million» of dwelling units)_ 

1960 1975 

Due to population increase: 

Africa.. 0.84 

Asia-..:- 5. 30 

Latin America- 1. 10 

To eliminate the deficit or shortage in 
30 years: 

Africa---  .73 

Asia- 4.80 

Latin America- .60 

To replace the stock: 

Africa.-. 1.03 

Asia. 7. 10 

Latin America- .90 

Total new housing needed: 

Africa.--- 2.60 

Asia.   17. 20 

Latin America- 2. 60 

Total. 22.40 

1. 50 

9.40 

1.70 

. 73 

4.80 

.60 

1.03 

7. 10 

.90 

3.26 

21. 30 

3. 20 

27.76 

TABLE III 

Estimated Annual Housing Needs in Africa, Asia, 
and Latin America, 1960 and 1975 
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or credit, (as is the case in the underdeveloped countries) can af¬ 

ford to do. In other words, the shortage of housing should not be 

thought of as a national liability; but, on the contrary, as an 

opportunity to develop a new asset for the national economy. 

It appears then that a possible solution to this critical housing 

problem might be a combination of the latest technology to pro¬ 

duce building components in industrial factories, and self-help 

by the people themselves to assemble the unit on the site. If this 

is true, then there must first be an introduction and development 

of new production techniques. An up-to-date building industry and 

an up-to-date housing market, in the true industrial sense, will 

have to be created in each country if up-to-date dwellings are to 

be turned out in sufficient quantities to meet the ever-increasing 

demand. This approach will probably result in the creation of 

entirely new forms of housing, quite unlike the traditional forms. 

There is a danger in setting the development sights too low. 

Too often the available resources of a country are evaluated on 

the basis of their immediate applicability, without thought to the 

greater benefit that could be obtained through a long-range pro¬ 

gram of integrated national development. Too often a lower- 

standard imitation of what has already been established in a more 

advanced country is accepted as the immediate housing goal. The 

fallacy of this approach is that it tends to perpetuate a position of 
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relative underdevelopment; it does not stimulate new development 

23 
of a truly dynamic sort. 

A more promising approach is to try to resolve the problem 

of national development in each country through continuous evalua¬ 

tion and re-evaluation of all the resources, both human and physical, 

which may become available to that country, externally as well as 

25 
internally. 

A great amount of study and research has already been done to 

try and find a material and a method that would satisfy the require¬ 

ment of préfabrication and be adaptable to assembly by unskilled 

people. Many materials including adobe, plywood, plastics, and 

metals have been investigated. In the last two years the United 

States government has sponsored a detailed study regarding the 

use of foam plastics. The use of foam plastics may be valid where 

a chemical industry is available, but if the chemicals are not 

readily available, the potential housing units might not be available 

for many years in the future. 

Paper and corrugated board materials are products of in¬ 

dustries presently existing in many areas. The raw materials 

are also close at hand in most parts of the world. The next 

chapter of this report will deal with the details of producing ele¬ 

ments of housing from basic paperboard materials. 

Self-help program. The idea of aided self-help for housing 
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is brought up at this point because of the requirement to keep the 

cost of a housing unit as low as possible. As pointed out previously, 

the housing market we ^ re speaking of consists of families with ex¬ 

tremely low incomes. In many cases these people are familiar 

with self-help because they built the shacks they are presently 

living in; they built them of muds, crates, straw, cardboard, and 

rusty sheet metal. In most cases these shacks were built on some¬ 

body elses land, without utilities and without any pattern of plan ¬ 

ning. An organized program developed through careful study 

could possibly provide planning, land, utilities, and components 

of buildings. This kind of an effort might yield a great many hous¬ 

ing units and accommodate a large portion of the total requirement. 

The Economic Commission for Latin America has indicated that 

25 
2,625,625 dwelling units will be required annually by 1975. 

The most that can be hoped for is to create some semblance of 

order in the chaos of the existing shantytowns. 

The idea of self-help in combination with aid from govern¬ 

ment or private industry is not new. Modern self-help housing 

can be found in at least 64 countries around the world including 

such unsuspected places as France, Sweden, and Indianapolis, 

Indiana. These programs vary from maximum contribution, when 

the families provide all the labor that is necessary to build the 

houses, often some raw materials, as well as some money; to 
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minimum contribution, when only supporting labor or material is 

added to that of a contractor's work. Traditional self-help is, of 

course, maximum contribution. 

Results vary considerably under both types, and for every 

successful project, a comparable failure can probably be found. 

This is true for a multitude of reasons, and only recently have 

surveys in Asia and Africa begun the task of analyzing these pro¬ 

jects objectively. The successes in Puerto Rico, Senegal, and 

probably Taiwan and Indiana, to name a few, are outstanding in 

25 
their low cost, high building standards, and community spirit.“ 

Military and Civil Defense Requirements 

Military requirements for shelter units. The policy of the 

United States in recent years has been to increase responsibility 

of the military forces in all areas of the world. Many of these 

operations have been developed to provide a fast reaction to any 

emergency any place in the world. These forces are sometimes 

large components of men and equipment or maybe only a small 

group sent to accomplish a special mission. Many times these 

short emergencies turn into extended stays. In all cases there is 

a major problem of housing men and equipment on a temporary 

basis. 

A recent article in the Military Engineer, by an officer in 

charge of the Strike Command, indicated the importance of 
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thinking in terms of light weight structures. "The planning officer 

must be completely familiar with all equipment and personnel re¬ 

quirements of the operational area. The limitation on available 

airlift deny the engineer planner the luxury of included safety 

factors of men, materials, and equipment. He must think in terms 

of the mobility of every item required, including shelters for 

personnel and equipment". ^ 

The United States Air Force Director of Civil Engineering 

has recently organized a top-level emergency organization known 

as the Base Engineer Emergency Force. 31 This is a reposture 

of the Civil Engineering Force and has been set up to respond to 

emergencies related to the Air Force, any place in the world, 

whether they result from acts of aggression or from natural 

disasters. The new force reflects the complexity of todays 

sophisticated transport systems. It is designed to be a complete 

self-supporting unit, which will include power supply, water 

purification, housing shelters, and all requirements needed to 

complete the job. The entire unit is organized to be moved in 

presently available aircraft. 

The United States Air Force has expressed interest in the 

light weight, packaged, paperboard shelter unit developed under 

this research project. A more complete description of this 

shelter unit follows later in this report. 
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Housing relief tor disaster victims. Since 1951 the Housing 

and Home Finance Administration has had under its jurisdiction 

at least 1000 units of temporary housing of a mobile or portable 

character. These units, authorized by the Defense Housing and 

Community Facilities Act of 1951, have been the subject of a great 

deal of discussion over the years. The physical characteristics of 

the units have changed, but for the most part they have been con¬ 

ventional trailer houses. The hearings before the United States 

Senate, Sub-Committee on Housing, in February, 1956, reveals 

some of the great difficulty encountered when conventional tempo¬ 

rary housing or trailer houses are used as disaster housing. The 

original cost, cost of storage, and deterioration are major 

factors, but transportation to the site of the disaster presents 

the greatest problem. Senator Bush's statement, before the Sub- 

Committee on Housing, makes the situation quite clear: 

We were up in the Naugatuck Valley yesterday, Mr. 
Commissioner, and in the town of Naugatuck there was 
a block of I would say 30 or 40 temporary houses that 
were put there, but they were just put in there recently. 
They were occupied early this year, in January. That 
was 5 months after the first flood, or 3 months after the 
second flood hit that area. The result is there were only 
about four houses of that block which were occupied in the 
little town of Naugatuck. 

I found that similar experiences were had over at Putnam 
and Winston, Conn. , where belatedly these houses were 
moved in. I asked the mayor there why there was so little 
use that had been made of these and he said because they 
came too late. Adjustments had been made in one way or 
another by that time, and families had moved in with other 
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families, or with relatives, or made some other dis- 
\ position. The result was that these little places were 
V ostly unoccupied. There was only about ten percent 

occupancy, I would say. 
\ 

The suggestion that Commissioner Slusser makes about 
mobile Rousing I think is the answer to that. When you 
need emergency housing after a disaster, you need it 
right away and not a month later, after you have had a 
chance to adjust. I think we should revise this bill so as 
to make it mobile housing. 20 

It would appear that a packaged, air transportable housing 

unit similar to the one proposed by this research might have great 

possibilities in a situation brought about by a disaster to the homes 

of people. The corrugated paperboard shelter unit would be low- 

cost, packaged, easy to store, transportable, and simple to 

assemble. 

Low Income Housing in the United States 

There is not much doubt that the housing situations for ail 

groups in the United States has improved over the last decade, but 

the goal of the Housing Act of 1949 which states "a decent home 

and a suitable living environment for every American family.' 

has certainly not been met. We have many thousands of families 

living in urban slums and in shacks on the fringe areas of our 

cities and towns. The major reason these people lack adequate 

housing is that they are poor. 

A great deal of help has recently come from the federal 

government to ease this critical problem, but most of the 

r 
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assistance has been directed to the pool in the central areas of the 

cities. There is not presently a workable program to assist the very 

poor families who live in run-down shacks in the suburbs of our cities 

and towns. In many cases, especially in the South, these people are 

members of minority groups. It follows that any large-scale im¬ 

provement in their housing conditions involves either a rise in the 

level of income of the minority groups or more subsidized housing. 

Thus, the poor housing of minority groups is part of the total 

fabric of economic and social disadvantage. An increase in income 

involves such significant and extensive changes as greater equality in 

educational opportunities, greater equality in occupational opportu¬ 

nities, greater equality in remuneration for work; in short, nothing 

less ..han the extensive revolution would likely produce equality for 

the minority groups in all sphereit. 

Greater subsidy for cheap minority housing, in one form or an¬ 

other, is perhaps a more reasonable immediate prospect. Thus, one 

specific change that would benefit minority groups would be measures 

9 
to make mortgages on cheaper houses more attractive to lenders. 

The public housing programs have been successful in certain 

respects, but for the most part they have been too few and too ex- 

2 
pensive. What seems to be required is a minimum housing unit 

priced low enough to be available for the many thousands of families 

in critical need. New materials and construction techniques may be 



the answer. The light weight, low cost corrugated paperboard 

structures of this research project could very well contribute to a 

program of this type. 

The solution of this fringe area housing problem represents a 

real challenge to citizens of every community. Private enterprise 

has a great responsibility; the local and federal government must 

certainly be concerned. A possible approach might be a low cost 

manufactured component house, subsidized by the government. This 

unit might be furnished under a special program and erected for the 

most part by the owner occupant. This self-help idea would be 

similar to that proposed early in this report. 
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CHAPTER III 

AN APPROACH TO STRUCTURE 

The use of paperboard as a basic structural material is apparent 

ly a relatively new development. A se liable literature re¬ 

vealed very little of value in published it quickly became 

apparent that the only way to obtain any worthwhile information 

would be to design, construct, and test elements of structures. The 

research was planned to create interest in the structural possibilities 

of this material. 

The project objective was not to design a house, or a building, 

which would encompass the various mechanical and related services, 

but instead to investigate paper materials for their potential applica¬ 

tion to housing structures. Thus, the shelter aspect of a dwelling 

unit was abstracted, and the end product for investigation became 

the basic elements of a structural system. All advantages of the 

material were kept in mind throughout the research. The advan¬ 

tageous weight-strength ratio, ease of fabrication at low investment, 

and transportability were major factors considered. Some of these 

characteristics were explored in more detail than others. 

Materials and Properties 

From the old-fashioned fluting iron and the meshing of two 

gear-like rolls grew an industry that has played an important 
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role in mas« production, mass merchandising, transportation, and 

sales. Imagine a supermarket operating without the corrugated 

package in this day and age. A sheet of fluted paper used in hatbands 

and for carpet backing was the first step, the second was the addition 

of a flat sheet of paper to the flutes which developed into flexible, 

protective packaging for lamp chimneys, bottles, and other fragile 

glass items. This was called single-faced corrugated. By the addi¬ 

tion of another facing, a box blank became a possibility. This then 

became known as double-faced corrugated board. Today many types 

and sizes including triple layered board are available. The numerous 

types of the facing materials are manufactured for varied uses. The 

core of the board may also change in type of flute, thickness, and 

treatment of material. 

The paperboard industry has developed rapidly since 1894 and 

is now a highly mechanized system capable of producing 600 lineal 

feet of corrugated board per minute by one machine. Roll stands 

have been mechanized; corrugated rolls are chrome-plated; drying 

capacity has been added; adhesive applicators have been refined; 

the paperboard is pre-conditioned with steam jets and heated on 

rolls before the actual corrugating operation starts. Multiple head 

slitters and scorers have been developed to cut sheets to proper 

widths and put the long scores into the box. blanks. Duplex cutters 

are used so that two different lengths of box blanks can be cut 
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accurately. 

Production engineers questioned have stated that the production 

of housing components as suggested by this research would not be far 

different than some of the operations presently being accomplished in 

existing corrugated container plants. With very little additional 

machinery a corrugated container factory could be readied to manu¬ 

facture paper wall or roof panels for housing units. 

There are presently some paper companies engaged in the pro¬ 

duction of products used in the building industry. Most notable are 

the production of insulation and hard board. A few companies are 

making a variety of paper forms for concrete work. A great deal 

of research has been done with sandwich wall panels using corru¬ 

gated or honey-combed paper as a core material. These sandwich 

units have been almost entirely a combination of paper, and wood or 

metal. This material will be discussed in greater detail in the next 

chapter. 

Moisture treatment and waterproofing of the corrugated paper 

are very important considerations of this research. Only a few of 

the treatn ents were investigated. Tests indicate that a resin treat¬ 

ment of about 15 percent by weight provides additional strength under 

wet conditions and makes the paper resistant to attack by decay 

fungi. At this resin content, cores made from this paper retained 

60 percent of their dry compressive strength, when soaked in water, 
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2nd 90 percent as much tensile strength as that of dry untreated 

18 
paper. It has been found that silicate clay mixtures also improve 

the moisture resistance of the paper. Waterproofing the exterior 

surface of the paperboard can be accomplished by a number of 

methods, the choice depending on the use. The application of 

paraffin, lacquer, wax emulsions, and asphalt are all possibilities. 

Synthetic rubber systems of neoprene and hypalon appear to offer 

great possibilities. The hypalon system, with glass fiber reinforc¬ 

ing, was used on one of the structures built under this research 

project. Details of this waterproofing system will be outlined under 

the description of the project. 

Adhesives and tapes are other materials important to structural 

work with paperboard. In the early years of the corrugated paper 

industry, starch paste was used as a bonding material between the 

core and the facings. Later, sodium silicate was used almost en¬ 

tirely because of the speed of drying. Most recently starch ad¬ 

hesives, with modifications, have again become the most used. 

Water resistant adhesives have been developed which use starch as 

a base material and additive resins such as urea formaldehyde. 

Polyvinyl alcohol is also being used as an additive for starch glues. 

The paperboard researcher has plenty of freedom when it comes to 

making a choice as to the type of tape to be used. Some of the types 

available are: (1) Plain 40 lb. kraft paper tape (2) Plain 60 lb. kraft 
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paper tape (3) Clay filled cloth tape (4) Paper backed cloth tape 

(5) Plastic tapes. Of the tapes investigated under this research 
« 

project, the plastic tape known as "Tediar" proved most useful. 

This tape is expensive, but has many advantages; it in tough, smooth, 

chalk-resistant, and easy to clean. Application of this tape as a 

continuous hinge in a fold-up paper structure has been tested suc¬ 

cessfully. 

The introduction of wood as a panel joining or edge material is 

a requirement in many designs with paperboard. The wood used 

can be any species available, although a wood such as cedar or 

redwood seems to be most advantageous. It is very possible that 

the wood members could be replaced by a solid paper section if 

production facilities for the paper were available. In certain appli¬ 

cations, it may also be advantageous to use light weight wood mem¬ 

bers as stiffners for wall and roof panels. 

Design and Construction Methods 

Engineering design procedure with corrugated board is similar 

to that with other structural materials. Standard engineering 

principles and formulas apply, after working stresses have been 

selected. Because this is a built-up material, certain weak points 

are inherent. Some of these areas of weak, ess have been discovered 

through the construction and testing of simple elements of the 
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buildings. 

From a standpoint of structural and performance requirements of 

corrugated paperboard, at least five criteria must be considered. 

These are strength, stiffness resistance to surface indentation, in¬ 

sulation, and durability in the sense of long-term service. These 

five characteristics were given particular attention in this research. 

Other features are also important, such as acoustical properties, 

surface appearance, ease of maintenance, and resistance to decay, 

termites, and fire. 

Extensive tests of paper honeycomb panels at the United States 

Forest Products Laboratory, and the results of the investigations of 

this research, show that it is possible to design light weight sand¬ 

wich panels with paper honeycomb cores that generously exceed 

the usual criteria of strength and stiffness for roofs, walls, and 

floors. Table IV shows the properties of several types of core 

materials used for wall panels. Table V gives some indication of 

the stiffness and the strength of typical wall panels tested at the 

Forest Products Laboratory. Resistance to surface indentation is 

readily obtained or controlled by the characteristics and properties 

18 
of the facings. In the case of paper being used as a facing mate¬ 

rial, the toughness can be improved with application of glass fibers 

embedded in the surface coats of the waterproofing material. 

Acceptable insulation is inherent in the type of core used in the 
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panels. The overall "U" value of a sandwich panel Zj inches thick is 

equivalent to a conventional wood framed wall with } inch blanket in¬ 

sulation. If it is desired to improve the "U" value of roof or wall 

panels, this can be done by increasing the thickness or by reducing 

the size of the individual cells. 

Durability over a long period of time should be considered, but 

is not of utmost importance considering the proposed limited use of 

the shelter units. Plywood sandwich panels produced at the Forest 

Products Laboratory have been in place in one experimental housing 

unit for 15 years. Paper faced panels have been in use for about five 

years. These panel elements have been under severe moisture condi¬ 

tions for this period and have not deteriorated. Improvements both 

in adhesives and assembly techniques should extend the durability 

of panels even more. 

The element of quality control in the construction process is of 

great importance. Good bonding of the facing to the core is necessa¬ 

ry to produce a structurally sound sandwich panel. Some of the ele¬ 

ments constructed under this research have not been entirely 

successful because of this factor. The construction of a sound unit 

should not be difficult in the factory if careful assembly and quality 

control methods are followed. 
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Feasible Structural Elements 

This section of the report containJ descriptions and sketches 

showing some of the structural elements that could be advantageously 

constructed using paperboard as a major material. Some of these 

units were successfully constructed. 

Beams and frames. (Figure 1) Box beams or frames are 

structural members with high strength-to-weight ratio that could be 

developed to span distances up to 50 feet. They consist of two or 

more vertical corrugated board webs laminated to lumber flanges. 

Vertical spacers would have to be installed at regular intervals 

along the beams length to distribute the loads and to prevent buckling. 

The corrugated webs should be securely glued to the flange members. 

The investigations in our research laboratory indicated that corru¬ 

gated paperboard is not especially suitable to these members be¬ 

cause th-î bending stresses are relatively high. 

Roof and wall panels. (Figure 2) A great amount of research 

has been done by the Forest Products Laboratory concerning the 

construction and performance of sandwich panels using corrugated 

board or honeycomb paper as a core material. Facing materials 

tested were plywood, metal, cement asbestos, and paper. Thick¬ 

ness of these panels was from one to three inches and sizes, general 

ly, about three feet by eight feet. The following statement from the 

Forest Products Laboratory report sums up the potential of these 
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FIGURE I 

Box Beams of Paperboard 

Beam System 

Laminated paperboard 
outer akin 

Edges of solid lumber 
or built-up paper material 

Stiffeners as required 

Typical Beam 
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FIGURE 2 

Sandwich Panels 

for 

Wall, Roofs and Floors 

Panel System 

Typical Panel 
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panels. "Bonding of paper honeycomb and corrugated cores between 

thin and strong facing sheets results in sandwich panels that are be¬ 

coming increasingly important for structural applications. The 

panels are strong, stiff, light, and economical of raw materials. 

They can be made by processes that lend themselves to mass pro- 

18 
duction from materials that are produced in large volume." 

Folded plate roof panels. (Figure 3) These basic units a e 

very similar to the sandwich panels described in the previous para¬ 

graph. A stressed skin panel could also be used which would depend 

on a frame with stiffners and a paper facing skin. In this roof sys¬ 

tem two plates actually lean against one another at the ridges and 

when properly anchored at the valleys, support great loads while 

spanning long distances. A system of joining the panels has been 

tested. There are many possible variations within the framework 

of the folded plate. The most important factor is the nature of the 

folds. The relationship between their height and pitch and span 

determines the rigidity and strength of the structure. This combi¬ 

nation of roof panels affords an excellent opportunity to design a 

structure that can be folded and packaged for air shipment. 

Curved panels. (Figure 4) Curved panels or segmental shells 

are actually sections of a cylinder. When placed side by side to 

form a roof their action is very similar to the folded plate. The 

curved panels could be constructed with lumber stiffners and a 



FIGURE 3 

Folded Plate Roof 

Using Paperboard 

Roof System 

Waterproofed paper 
roof skin 

Honeycomb paper core 

Edge members 

Typical Panel 

Waterproofed 
hinged joints 

Stacked Panels 
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FIGURE 4 

Barrel Vault Roof 

Using Paperboard 

Roof System 

Waterproofed 
paper covering 

Corrugated paper core 

Solid edge members 

Paper lower skin 

Typical Barrel Vault 
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corrugated paper skin, or of an expanded paper continuous core 

previously described. The form of this roof is not difficult to con¬ 

struct; the cross section of most shells are simple arcs of circles. 

Such forms are geometrically simple, easy to build, and mathe¬ 

matically tractable. 

Double curved shells. (Figure 5) The hyperbolic paraboloid 

is probably the best known double curved shell. It is an expressive 

shape, mathematically analyzable, and easy to build. The low 

stresses in this shell form are of great advantage if constructed of 

corrugated paperboard. Direct tensile and compression forces are 

all that occur in the skin material and these are generally very low. 

The geometry of the hyperbolic paraboloid is a family of identical 

parabolas, inverted and suspended between two other parabolas 

that arch upward. The resulting surface is saddle-shaped. The 

15 
saddle is curved in two mutually opposed directions. The combi¬ 

nations of hyperbolic paraboloids or sections of hyperbolic para¬ 

boloids joined together to make a larger roof are unlimited. 
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FIGURE 5 

Shell Roofs 

Using Paperboard 

Hyperbolic Paraboloid 

Roof System 

Hyperbolic Paraboloid 
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CHAPTER IV 

CONSTRUCTION OF PROTOTYPE STRUCTURES 

The construction of elements of structures from commercially 

available corrugated or honeycomb paperboard is not presented as 

a new concept of building shapes or building design. Instead it is 

the logical application of available materials to known structural 

problems. 

As a beginning point in the series of experiments, a number of 

beams were constructed of corrugated board using various kinds of 

cores. These beams were tested and the result showed that a paper 

honeycomb grid greatly increased the strength of the beams. A 

number of rigid frames were constructed and tested using vertical 

spacers at regular intervals, or a honeycomb core throughout. 

After careful consideration of the strength-to-weight ratio, it was 

again concluded that the honeycomb core contributed significantly, 

and would be used on a larger structure. Figure 6 shows building 

methods and elements of structures constructed under the initial 

phase of this research. 

Hyperbolic Paraboloid 

A hyperbolic paraboloid prototype was constructed in order to 

learn more about construction procedures and the structural char¬ 

acteristics of the corrugated paper material. The shapv fu^tor of 



FIGURE 6 

Basic Design Elements of Paperboard Construction 
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Expanded Honeycomb Grid 



this double curved surface was believed to be outstanding for con¬ 

struction with this light weight material. 

The curve of the surface of the hyperbolic paraboloid shell is a 

convex parabola when viewed parallel to one axis drawn through 

opposite corners, *and a concave parabola when viewed from an 

axis 90 degrees to the first. Curves formed by the intersection of 

the surface of the shell with a horizontal plane are hyperbolic. The 

horizontal projection of such a shell may be square or diamond in 

shape, with the four sides of equal length. When a roof structure 

consists of a number of hyperbolic paraboloids, the horizontal pro¬ 

jection of an individual shell may be rectangular in shape with ad¬ 

jacent sides of unequal length. In elevation, the opposite corners 

15 
are raised an equal distance above the other two. 

Forces. The most important f >rces in a true hyperbolic 

paraboloid shell are the reactions (vertical and horizontal), the 

compressive force in the perimeter members, the shear force at 

the junction of the sheathing, and the forces in the sheathing. Thes 

forces are determined by statics. Once the forces have been de¬ 

termined, the member sizes and connections are designed by 

standard engineering procedures. * The method of analysis can 

also be applied to a series of hyperbolic paraboloids. Á complete 

structural analysis was not attempted for this prototype structure. 

Construction procedure. The shape and size of the shell 
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constructed was based on the availability of material and the simplic¬ 

ity of the basic analysis. The horizontal projection of the shell meas 

ures approximately 8'0" x 8'0" with a height of 4'0". The low point 

of the saddle is at the mid-point, 2'0" in height. 

The structure of the edge member is a 2" x 2" douglas fir ele¬ 

ment with an edging piece of 1" x 2" redwood, applied after the water 

proof membrane was in place. These edging members were mitered 

and glued at the corners. 

A honeycomb type core was constructed of strips of standard 

corrugated board cut 1^" wide. The grid size of the honeycomb was 

set at 3" x 3". After a number of experiments, the core was laid 

out on a curve set by the shortest and the longest members. After 

the core was assembled, it was hung in the frame made by the edge 

members and easily developed the double curve required. The in¬ 

dividual members of the grid are actually straight line generators. 

This fact makes hyperbolic paraboloids one of the most important 

shell shapes. (Figure 7) 

Each diaphragm (top and bottom) consists of two layers of corru¬ 

gated board glued to the paper core material. The standard corru¬ 

gated board sheathing was cut in narrow strips (2" to 4" wide) to 

permit easy adjustment to the double curved surface without special 

fitting. This strip covering can be applied in two ways: 

1. One layer of strips placed parallel to the transverse axis 



FIGURE 7 

Construction of Hyperbolic Paraboloid Roof 

Assembling the Paper Grid 

The Grid Before Covering 
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where each piece bows to fit the curve of the convex parabola, with 

a second layer placed parallel to the longitudinal axis where pieces 

bow to fit the curve of the concave parabola, 

2. One layer of strips placed parallel to two opposite sides of 

the structure, and a second layer placed parallel to the other two 

sides In this system each strip twists slightly. The total amount 

of twist from perimeter member to perimeter member depends on the 

slope of the edge members. 

If the horizontally projected shape of the shell is square, the 

layers of strips are at right angles to each other for both systems 

of placement. 

The first system of placing the corrugated paperboard strips 

was used for this research because the principal tension and com¬ 

pression forces in the skin act in a direction parallel to the corru¬ 

gations, which provides the most efficient use of the paperboard. 

The first layer was glued securely to the honeycomb core. 

Gluing and stapling the two layers of the facing together was done 

to prevent buckling and to impart additional stiffness to the shell 

by providing interaction between the layers. Where butt joints 

occurred, staples were used to transfer the forces across the joint. 

After the strips were glued and stapled together the entire sur¬ 

face was covered with a layer of kraft paper, applied with glue. 

This layer was placed over and around the edge members, making 



47 

a complete enveilope. 

As an experimental waterproof coating the entire surface was 

given two brush coats of butyl latex rubber. These coatings built- 

19 
up to approximately five mils in thickness. There was some 

difficulty in a few spots obtaining a bond to the paper surface. It 

was later learned this was only at the places where glue was applied 

and let dry on the surface. These spots were patched successfully. 

The final coating was made with white hypalon. This coating was 

brushed on and given a sand finish. 

The finished prototype roof unit was set up in normal outdoor 

weather conditions for a period of about six months. (Figure 8) 

During this weather test no recognizable failures were noticed, and 

the unit was still capable of taking the original design roof loads. 

This type roof element could be joined together with other similar 

units to make a larger enclosure. 

Barrel Roof Shells 

In order to gain additional knowledge of the problems associated 

with the construction of corrugated paperboard structures, a three 

element barrel shaped roof was constructed. The broad objectives 

were to further develop and prove the structural effectiveness of 

the material and to suggest economical construction methods. The 

detailed objectives were as follows: 



FIGURE 8 

Completed Hyperbolic Paraboloid Roof 
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1. To develop an initial design for a series of curved shells 

and to verify this design by tests. These tests would prove the ade¬ 

quacy of the design and establish working stresses for the corrugated 

board. 

2. To develop and apply methods of fabrication to include ad¬ 

hesives, stapling, cutting, and joining. 

3. To test the directional tendency of the material and to note 

any deflections or deformation in either direction. 

4. To evaluate the durability of the corrugated elements after 

being exposed to normal weathering for a period of time. 

Design principles. To cover an area of approximately 12'0" x 

Ib'O" with a thin light weight material such as a 1/8" thick sheet of 

corrugated paperboard, the material must first be laminated for 

thickness, and then must be used in a shape in which the stresses 

are manageable. It was determined a series of cylindrical shells 

would be constructed and tested. The cylindrical shells were se¬ 

lected because of the structural efficiency obtained from this shape. 

This type of shell structure also has manageable geometry from 

both a design and construction point of view. The segment of a 

cylinder is a typical shell form with a singly curved surface. 

In spite of its form and curvature the segmental shell, which 

is being considered, has nothing in common with the familiar form 

or statical principles of the arch. It is a completely different 
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design consideration. The action in a segmental shell can be under¬ 

stood by considering the fact that a sheet of paper, normally almost 

incapable of resisting bending, can be made stiff by being rolled up. 

If the paper is durable and folded at equal intervals against the curve, 

15 
one gets a series of relatively strong segmental shells. Under 

heavy loads they will spread sideways and collapse; but if they can 

be made to retain their curvature, their strength is many times 

greater than a flat sheet. 

When one considers a series of these barrel shapes, the simi¬ 

larity to a series of "T-beams" becomes apparent. It. a "T-beam" 

the slab spans from beam to beam; it is stressed in bending and at 

the same time acts as a compression area for the main beam. The 

slab thus serves as a double function. If the slab is now curved to 

a shell form the longitudinal forces replace the bending forces. 

The shell acts as a composite girder in the direction of the main 

span, very much like a "T-beam" that is free from bending. * 

The height of the shell is decisive for load-bearing capacity, 

and should normally be about one-tenth of the span. If the curvature 

is very shallow, an edge beam will certainly be required. Most 

shells that have been constructed of wood or plastic have used an 

edge beam. The corrugated paper shells under consideration have 

been designed to eliminate the edge and rely only on the strength of 

the panels to carry the loads. The small wood strip at the intersection 
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of the shells is used mainly as a joining member. 

Design calculations were made to determine the sizes and thick¬ 

ness of the sections to be constructed. 

To summarize, the cylindrical shell behaves much like a folded 

plate composed of numerous narrow strips. The loads are first 

transferred to the folds and are then resolved into components 

tangential to adjacent strips. In the longitudinal direction the strips 

act like beams, restrained from deforming freely because of the 

continuity with their neighbors. The increase in load-carrying 

capacity in this type of shell is due primarily to the fact that the 

lever arm of the resisting forces has been increased significantly. 

Instead of being equal merely to the depth of the slab, it now amounts 

to the rise in the shell. Thus by space geometry alone, it is pos¬ 

sible to greatly increase the strength of a plate. 

Construction procedure. Paper for the barrel shells was 

standard weight single faced material commonly used in the boxing 

industry. It was furnished in a width of 64 inches, the flutes were 

type "A", and the thickness of the sheet was one-eighth of an inch. 

The initial approach was to attempt a method of construction that 

could be used in mass production of barrel roof elements in an 

industrialized procedure. 

A cylindrical form 16*0" long was constructed of electrical 

cable spools and mounted in such a way that it would rotate on a 
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shaft, it was planned that the material would be rolled on this long 

cylindrical form. The butt joints between the sheets were staggered. 

The adhesive to bond the paper sheets was spread continuously as 

the corrugated paper was rolled on the drum form. The finished 

paper tube, to be about one and a half inches thick, was then to be 

cut longitudinally to make the three equal sections of the curved 

roof structure. Unfortunately, this scheme did not prove to be 

workable. The longitudinal deflection of the drum form proved 

most difficult. This was partially corrected, but was responsible 

for a small amount of creep as each sheet was rolled on the drum. 

After much correction, adjustment, and concern it was decided to 

abandon this idea and try to produce a shorter cylindrical section, 

which could later be joined to make a Ib'O" long barrel roof section. 

The short cylinder procedure was designed to produce a tube 

64 inches long of corrugated paperboard; this was the width of the 

paper. A continuous rolling system was set up so that the material 

could be rolled directly from the spool to the large cylinder form. 

Adhesive was applied between each layer of the corrugated board. 

Ten layers of material were used to make a laminated wall thick¬ 

ness of about one and one-quarter inches. A 6 inch lap joint was 

devised so that the short sections could be joined together. Gen¬ 

erally, this procedure worked satisfactorily, although it was diffi¬ 

cult to apply enough tension to get a good bond between the sheets. 
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One of these short cylinders was completed and ripped longitudinally 

to make the three sections of the cylindrical shell. 

In summary, this method of making corrugated board tubes, 

long and short, is very practical and could easily be applied to a 

machine operation. With a proper industrialized system the align¬ 

ment could be perfected so that the paper would roll straight, the 

glue could be spread quickly and evenly to assure a good bond, and 

the tension between the rolls could be regulated to assure a con¬ 

stant contact. (Figure 9) 

A construction method to produce a section of a short cylinder 

was worked out in order to be a assured of a bond between the 

sheets. The procedure required the same short cylindrical form, 

but only one-third of the cylindrical tube was constructed at a time. 

By using this method the adhesive could be evenly applied and staples 

could be used to aid in fastening the sheets together. A 6 inch lap 

type joint was provided so that the short sections of the cylindrical 

shells could be put together to make a 16'0" long roof unit. 

One of the most difficult problems to be solved was to properly 

support the shells in order to develop only membrane stresses. A 

long barrel, supported only on the ends, and retaining its shape, 

carries loads by longitudinal tensile and compressive stresses 

and transverse shear--actually beam action. If the barrel shape is 

supported along the longitudinal edges, arch action takes place. It 



Figure 9 

Construction of Barrel Vault Roof 
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Construction Progress 

Waterproofing Assembled Units 
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was determined the beet way to avoid arch action would be to provide 

end «tiffneri of wood, and to provide a very minimum wood member 

as a joining element in the longitudinal direction. The longitudinal 

piece used was standard yellow pine 2" x 4" placed flat so that the 

two barrel edges could come together and be fastened to this mem¬ 

ber. Glue and nails were used at this connection. Wood stiffners, 

at the ends of the barrel shapes, were constructed of exterior grade 

plywood. By using an end member of this type the curved shape can 

be retained and any tie rods required can be eliminated. (Figure 10) 

The roofing system used was a fluid application of neoprene and 

hypalon. These synthetic rubber type products were rolled on to 

form a multiple layered coating. The paperboard roof surface 

was first given a prime coat of diluted neoprene. It was then given 

a standard rolled coat and sprayed with a light layer of continuous 

strands of fiber glass. This material was used to give puncture 

strength to the roof covering. Each of the three rolled applications 

of liquid neoprene yielded a dry film thickness of about three mils. 

Each layer was dried before the next one was applied. The final 

coating was white hypalon with a dried thickness of about two mils. 

These four applications required about four gallons of liquid per 

100 square feet and made a total membrane thickness of 10 to 15 

mils. After a short drying period these layers air-cure into a 

homogeneous membrane that is light weight, strong, and resilient. 



FIGURE 10 

Completed Barrel Vault Roof 
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This was very likely the first time a roof coating of this type was 

applied to a corrugated paper deck. Generally, it proved to be a 

very satisfactory application. 

The three barrel vaults were hung from a wood frame and 

weather tested for a period of about six months. With the exception 

of four punctures of the roofing material, during the erection pro¬ 

cedure, the test was considered a success. No deflection or other 

failure was noted during the test period. 

Folded Plate Structure 

This prototype folded plate paperboard structure was designed 

and constructed to investigate methods of fabrication of a trans¬ 

portable packaged shelter unit. As indicated previously, the 

United States Air Force has expressed interest in a unit of this 

type. 

Design consideration. The design for this prototype structure 

includes additional specific considerations not required previously. 

This unit would, no doubt, be shipped by air, so the total size 

and weight were a big factor in the design. All structural elements 

were selected for the best weight-to-strength ratio. Items were 

designed to stack without wasting space in the package. 

The folded plate roof system was a major consideration for 

this prototype structure. The zig-zag form was selected for this 
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construction because of its strength, simplicity, and ability to be 

folded flat for packaging. The folds are in the direction of the span 

and parallel to each other. Instead of increasing the carrying capacity 

of the slab by introducing ribs, the slab is deformed by folding so 

that it achieves an increased structural height and the forces are 

not only sustained vertically to its axis, but also partly parallel to 

1 
the neutral plane. There are many complicated folding systems 

that have special structural advantages. Additional reasons for 

selecting the zig-zag folded roof system were the facts that it could 

be joined at the edges initially, entirely waterproofed, neatly stacked 

tor shipment, and easily unfolded for erection at the construction 

site. (Figure 11) 

A modular panel wall system was developed in order to be able 

to select the panel type to be used in any particular situation. In 

cold climates a solid honeycomb paper panel would be used; in hot 

climates a screen panel could be substituted, or if required a door 

could replace a panel unit. The wall system was designed for 

simplicity of erection and the possibility of disassembly and erection 

on another site. The small triangular sections above the wall plate 

would be screened for ventilation or covered with a plastic sheet to 

emit light. 

Although a floor system was not constructed as part of this pro¬ 

ject, it was a design consideration. For very simple shelters it 
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FIGURE 11 

Construction Details - Folded Plate Roof 

Folded Roof Laying Flat 

Components Stacked Ready for Shipment 
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would seem adequate to lay a six mil plastic sheet directly on the 

leveled ground and place a one inch honeycomb paper rigid panel on 

the sheet. This panel would have to be faced on one side with a ply¬ 

wood or plastic skin. The section of the floor could be constructed 

with a lap type joint, so that a level floor could be maintained. The 

floor panels would be hinged in such a way that they could also be 

used as the shipping container for the shelter. 

Construction procedure. In this prototype structure the major 

material used was a thin sandwich panel comprised of a paper honey¬ 

comb core with facings of heavy kraft paper. The thickness of the 

panels was one inch overall with a honeycomb size of one and a 

half inches. These panels are commercially available in sizes up 

to about 6! X 16'. The paper used was untreated. 

The panels for the roof were first cut to size, edges beveled, 

and then the entire perimeter was sealed with a kraft tape. This 

sealing operation was entirely a hand procedure, but if handled by 

a machine it could have been accomplished much simpler and better. 

The next operation was to form a continuous waterproof hinge to 

join the roof panels together. Tests were made of a plastic tape 

known as "Tediar"; it was found to be very tough and to accomplish 

the hinging job very well. Other types of tape were used with vary¬ 

ing success. The exact type of joint and tape to be used will depend 

greatly upon the possibility of disassembly and relocation of the 
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structure. By folding back the roof panels, it is quite easy to pack¬ 

age the roof of the structure for shipment. 

The walls were designed and constructed of paper covered panels 

similar to the roof. A redwood modular frame was built to simplify 

connections and add stiffness to the wall. This light framing system 

also allows the flexibility of substituting a screen panel, a glass 

panel, or a door in place of any solid wall. The wall framing was 

constructed for easy assembly by unskilled workers, and also for 

the possibility of disassembly. Electrical wiring or piping runs 

could be located in the wood members by routing out a portion of 

the section. 

Waterproofing treatments for this structure were basically the 

same as those used on the barrel roofed structure. In this experi¬ 

ment three coats of neoprene was used, along with one coat of 

white latex paint. The underside of the roof was finished with two 

coats of latex paint. Time did not permit any lengthy weather test 

of this structure. (Figure 12) 



FIGURE 12 

Completed Folded Plate Shelter Structure 
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CHAPTER V 

CONCLUSION 

Construction and use of corrugated paperboard as a major struc¬ 

tural material is feasible with respect to shelter units for housing. 

The paper industry and various agencies of the government have shown 

a definite interest in this research, and desire to learn more about 

the possible structural value of this material. 

There can be no doubt in the minds of responsible men that a great 

need exists for some type of housing assistance for the emerging na¬ 

tions. Next to food, shelter is man's most important consideration. A 

home protects him from the natural elements which are his enemy, but 

it also protects and shelters his inter-self. It is a place, no matter 

how simple, where he can retreat and gather together his abilities to 

face his other problems. It should be the objective of every developing 

country, and of those interested in these countries, to immediately 

create an environment that will provide better health and better living 

conditions for as many people as possible and thus enable them to be¬ 

come more productive in the development of the nation. The primary 

long range housing objectives in a new society should be the creation 

of a housing market sufficient to sustain the development of indus¬ 

trialized facilities capable of producing housing of an increasingly 

desirable type at a price that can be met by a steadily rising level 
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of national income. 

The United States Defense Department has a constant requirement 

for light weight, transportable shelter units. This statement by an 

Air Force officer in charge of research buildings indicates the need: 

"We very definitely have a requirement for such shelters, primarily to 

replace tents in the Tactical Air Command package of material for air 

transport to forward bases. It should be light weight, prefabricated, 

transportable, and low cost-. In addition, the shelters should 

provide insulation for use in cold and hot climates, should provide 

more livability than tents-be modular and adaptable to different 

sizes and uses. " 

The housing stituation in the United States is certainly better 

than in most areas of the world, but much is left to be accomplished. 

The recent demand for equal rights puts a new emphasis on this prob¬ 

lem. This statement by Marcus Whiffen gives some hint as to the seri¬ 

ousness of the situation, "Cries for freedom and human dignity are 

quickly followed by demands for a better life. Millions of people the 

world over are learning that poverty and degradation are not the fore¬ 

ordained or inescapable way of life. They are learning that technology 

can free them from misery—they know that wealth exists, unequally 

distributed. They cannot long be denied first-class world citizenship-- 

a question which was once economic has now become more of moral 

choice. " 
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From the evidence in the previous paragraphs it can be concluded 

that a definite need presently exists for low cost housing shelter 

units. 

Many experts are of the opinion that the housing problems of 

the world can never be solved. Those who believe there is some hope 

generally agree that a new technology of building must be developed. 

Most housing units are still built by conventional methods, this means 

a single house must consist of about thirty thousand separate pieces, 

hand-assembled on site--with time out for bad weather. It consumes 

up to fifteen man-years of work from raw material to completion. A 

conventional wall-studs, rough boarding, and clapboard—contains 

the equivalent of two and a half inches of solid wood throughout, and 

costs about seventy-five cents a foot. And of this wood, 34 percent of 

the raw materials has been wasted in conversion to lumber, and another 

20 percent lost on the job in odd ends and sawdust. For every wall 

built there is material-properly converted-to build three to ten 

other, better walls. 12 

There can be no dovbt that this conventional method of house 

building cannot possibly answer the housing needs outlined earlier 

in this report. It would be too costly and take too much time. The 

solution must develop from an up-to-date building industry, in the 

true industrial sense. The idea of a solution—based on the use of 

paperboard as a major material---is certainly a possibility, but 



66 

will require a lot more research. There are many disappointing re¬ 

ports to be studied regarding similar research projects that have not 

materialized. Very likely these projects were valid, but the time 

was wrong. Today, the time may be right. Certainly the need exists. 

A complete solution to satisfy the requirement is a very large and com 

plex problem. Perhaps this research project has stimulated some 

thoughts toward a solution. 

Although many aspects of building research with paperboard were 

not covered in this project, a great amount of design and construction 

experience was gained. The overall paper industry was researched 

in order to learn the basic materials available. These materials were 

studied regarding uniformity, strength, and durability. Much know¬ 

ledge was gained about glues, tapes, and joining methods. The import 

ant problem of waterproofing was explored and samples were tested 

for relatively short lengths of time. This problem is a major one 

and will require much additional research. 

For considerations where air shipment is a major factor, the 

weight and packaged size of a shelter unit seems reasonable. For a 

shelter unit of about 200 square feet, the package size would be leas 

than four feet wide by fourteen feet long by two feet high. This would 

include the roof, walls, rigid floor, and fastenings required to 

assemble the structure. The total weight of the package would be 

about 300 pounds. 
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Within the scope of the research it was not possible to develop 

any meaningful costs. If these procedures are to be industrialized, 

the cost factors will have to be based on the manufacture of hundreds 

of units. Buckminster Fuller has done work with paperboard geodesic 

dome structures and gives some hints to what the costs may be. 

"Large paper manufacturing mills have the capacity to produce 3000 

domes per day, each dome with a floor area of 1000 square feet. Es¬ 

timates are that domes of this type would be retailed in the $500. 00 

price range; that is, at approximately $. 50 per square foot." This 

cost of $. 50 per square foot seems to be a very realistic figure for 

the total price of the finished material. If self-help is used for 

erection and utility work, the total cost of a finished unit could be 

kept very low. 

In conclusion, it should be clearly pointed out that a great a- 

mount of research and hard work will need to be accomplished before 

a marketable shelter unit can be manufactured. Some of the problems 

relating to construction with paperboard have been solved; many others 

need additional study. It is strongly believed that paperboard material 

has advantageous properties and that with continual development can 

play an important part in the solution to the problems as outlined. 

If the aim to achieve a habitable world is important, then we must find 

the right approach; and we must continuously progress in a never-ending 

cycle of research and development. 
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