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ABSTBACT

The Masters Thesis in Architecture is normally a test
of the students acquired knowiedge, where he is required to sub-
mit a design solution for same pragmatic probiem, ‘he thesis
project is, in this respect, work essentiaily beneficial to the
student as a completion to his formal education, The possibility
exists in the Masters thesis, however, for research and investi-
gation into fields that indicate some potential architecturai use,
but which have not been developed. This research could give a
direction for further development in the future.

The course of architectural development in
the second half of the Twentieth Century is
vague and uncertain, A refinement of now=-
existing forms and ideas is valuable to a point,
but there is a general consensus that the work
of the first haif of this century Left many
problems unsolved and many others unregognized.

There are perhaps three major avenues of
further development which have been proposed:
A more intensive investigation and explanation
of the structurai potentiaiities of modern ma-
terials and the formal potentialiities of these
structures; a shift of emphasis away from the
probiems of individual buiidings to those of
the total environment, particulariy to those
of the urban complex; and finally a reintegration
of contemporary architecture with our culturat
tradition, and a wider acceptance of human as
well as formal needs.i

IStudent Publications of the School of Design, Editorial,

North Caroiina State College, Raleigh, North Caroiina, VolL. ©,

NO. j’ any, 1-9570
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Research into a facet of architecture that employs
new materials and possibly new structural concepts might not
necessarily be an end in itself, but a phase of a subject that
would provide some base for a contimuing study in the general
probiems of the system, Others with a common interest could
use ﬂfxis material and continue to broaden its scope so that a
fund of knowledge becomes a useful tool for future pragmatic
solutions,.

Brief investigation into the air structure concept
has been motivated by an interest in the potential of new
flexible materials to create long spans when the materiai is
made rigid through air pressure, This economy of material for
certain span conditions seems appsaling, and with the proper
technology perhaps could resuit in tow cost structures for
various uses.

Relatively little investigation of air systems has
been done outside of research for speciatized functions for
the Army and Air Force. This implies a fresh area for research
into the structural and architectural impiications of air
structures.

This report contains a description of various ex~
periments of air structural systems and the observations made

from these studies, A proposal is made for a system based
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upon the background of experiments completed. The proposal
is made only as a graphic presentation of a possible deve.Lop-
ment and not as a conclusion to the investigation. The con-
clusion reached in this project is better expressed in the
summary, which attempts to catalog the special data developed
from this research,

The Authors have initiated a coliaboration on this
project, in the belief that common interests and poolied effort
can work to mutual advantage, This belief extends to the ex~
ploitation of an exchange of ideas that can further enrich and

elaborate an elemental concept.
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INTRODUCTION

Objectives:

The development of an air inflated system or systems
that utilizes the concept of double wall construction with air
under pressure providing the rigidity for the structure.
Exposition:

Air structures have had a relatively recent development
stimitated by the interest given to them tor military appiication
and their subsequent use tor industry. The initial projects in-
volving air structures sought to solve the need of a space en~
closure for operating radar equipment that wouwid provide good
radio frequency vransmissability. Deveiopment and research on
air systems for radar installation enclosures proved their feas-
ability and they are now widely used for this purpose. Recent
dgve.].o;mnents in rockets and ballistic misgsiles have used air
structures as housings that could be dismantied readiiy if launch-
ing were imminent, This research under Govermmental auspices has
been responsible for the acceptance of air structures for industrial
use as storage shelters and recently for the enclosure of many
varied activities,

All of the projects mentioned above are air structures
of one membrane. 7The space enclosure is created by increasing the
pressure within the total space and the membrane takes its
patterned form due to internal air pressure which stiffens and
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stabilizes the membrane, The stresses to the system must be
entirely resolved in the membranes, and the desire to maintain
a relatively constant stress pattern over the surface has ;Led
to development of doubly curved surfaces of revoiution., When
inflated, this geometry not only establishes a relatively con-
stant stress pattern in the membrane, but provides a shape that
will best resolve aerodynamic loading.
This type of air structure is simple in concept but
is subject to wind and snow loads, and to all kinds of weather
conditions the same as any other type of structure and they
must be properly engineered to support such loads. The design
of these air structures however, is far difterent from that of
a conventional building. They may be considered thin shellis,
stiffened and stabi}izéd - by maintaining a sufficient air
pressure differential within the structure to pre~temsion the
shell" so that it can resist compressi.on loads, As the flexible
shell has no bending stiffness, it must resist non-uniform loading
by distortion and redistribution of load.
The advantages in using the single membrane type of air

structure are:

lightweight and smail package size

economy of material

simplified joimsry

ease of erection
structural efficiency



The disadvantages are:

total space is secured for inflstion

ground anchorage is critical

form is limited
(articulation and a sense of scale
are not present)

failure in the wall could propagate
(could cause panic in a public space)

For these reasons and for a desire to broaden the scope
of air structures, the authors have decided to work with "cellular"
systems only. This type of system would utilize a double wall unit
that would gain its rigidity by infliation of each unit; these units
would then be comnected together to fom a system, Inflation
pressure would be constant throughout by proper valving between
units. This celiular system Lends itself to a greater variety
of forms and now offers the possibility of opening up the space
by merely providing a roof enclosure. Any failure in one unit
would not propagate throughout the system and a damaged unit
could be sealed off by special valving, and easily be repiaced.

The disadvantages to this structural system would be
its greater complexity in number of units, joinery conditions,
and perhaps a system that is less efficient structuraliy than a

single wall system,

Aggroach

1. Investigation of existing developments in air structures
in relation to recent developments in membrane and thin sheldl

structures to create an understanding of the static forces that

-13=



operate in an air supported system,.

2e Determination of the structure in form and surface

that satisfied structural requirements within the program re-
quirements of the general span and use activity to be considered.
3. Type of building material feasibiy satisfying structural
requirements., (Inquiry into current trends in industry to produce
materials adequate for air inflated systems.)

L. Within the structural system, determine a gecmetric
breakdown that satisfies; structural requirements, esthetic con-
siderations, acoustic controi, and erection requirements.

Se General structural analysis inciuding static solutions
and details of size and support.,

0. Construction and erection procedures in relation to
program considerations,

Te Record data during design phase.

Note: The approach that has been cataloged above will give a
general format to follow in arriving at a design soilution. To
impiement this format the authors will construct models of elements
of air systems in the belief that this will give a graphic under-
standing of the action of compressed air and membranes in tension
under various conditions of materiai and geometry., The generat

impressions to these experiments will be noted,
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DESIGN CRITERIA

General Buiiding Type

The choice of a particular structural system was

motivated, as noted, by other than program requirements,
Structure does not exist apart from some functional need and
though the authors! interest has been primarily in relation

to the structure, ﬁe do not view this apart from activities to
be served, space requirements of use, and considerations for
the character of the structure in relation to its use, The
logical design sequence emanates from an architectural probiem
to be solved, This sets Limits on the design and also serves
as a point of departure for design. In general this wiil set
span and space requirements and create the special design
eriteria apart from structural considerations that relate to
a specific usage.

The advantages of an air system appear more numerous
in a long span system mainly because of the economy of weight
and material. The economy in terms of financial expense and
construction seems a possibility with further development, One
restriction in terms of life of existing fabrics ileads to the
development of temporary and portablie systems, These Limitations
have suggested uses that coutd be well satisfied with an air system.

-15-



Certain spectator activities, such as hockey, tennis,
swirming, skating, etc., require special span and space require-
ments and are affected by seasonal environmental changes., These
would benefit from a space enclosure that was economical and
could be changed or removed depending upon seasonal conditions.

The program requirements for these activities are weil
defined and concentration can be given to space enclosure, problems
of Llighting, mechanical requirements, acoustics, and services

that relate directiy to the generali structurali parti.
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EXFERIMENTS OF AIR INFLAYED SYSTEMS



TEST L - FIGURE I

18 n

é6n

SECTION

DESCRIPTION
9 equal divisions pattermed to farm
a pyramid of 9 sides

MATERIALS

Rubberized fabric with taped and
giued joints

Illustration board compression ring
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TEST 1

L. Intention of test - To observe the reaction of compressed

air on a membrane surface and to discover forces at work within
the structural unit.

2+ Observations - The first observation was that the contimous

edge member tended to warp decidediy upon introducing air within
the membranes. This was caused by the force of air on the mem-
branes tending to pull imward on the edge member, thus resulting
in a pull that was exerted equaily in all directions due to its
c¢ircular shape.

It was also learned that the expected and desired
arching of the membranes never appeared due to Llack of rigidity
of the edge member and due to the improper patterning of the
material, As the somewhat conical shape was maintained under
high and Llow degrees of tensile stress in the membranes, it was
decided that the material should be patterned to the desired
form before air is introduced into the structure., Not oniy does
it take considerable air pressure to change the shape of an in-
flated unit, if the fabric is relatively non-etastic, but it
introduces unequal tensile stresses over the surface of the
membrane.,
3s Conciusions - It was decided that a model shouid be con-

structed employing both a more rigid frame, and a pattern for
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the membrane panels that would aliow for a more constant
curvature over the structure's surface., This wouid tend
to distribute the tensile stress more equaily across their
surfaces.
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TEST 2 - FIGURE II

0
e
¢« ) 18n
%
PLAN v
¢ ,//’::;::::=’_ > o T
O
SECTION
DESCRIPTION
8 equal divisions of the surface
patterned to form a circle in plan
and curved surface in section once
inflated
MATETTALS

Rubberized fabric, stitched seams
"Celotex" compression frame
cotton cord tension lines
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FIGURE III, PHOTOGRAFH OF MODEL, TEST 2

FIGURE IV, rHOTOGRAPH OF MODEL, TEST 3
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TEST 2

L. Intent of Test = The construction of an air inflated unit

with a greater curvature in section which willi aliow a more
equal distribution of tensile stresses in the membranes than
the previous conical shape, To observe forces at work within
the structure and to ocbserve the reactions of the tensile
stresses developed in the membranes acting on the points of
restraint,

2. Observations - Upon inflation of the structure, it was

discovered what had initialily torced the rather weak compres-
sion ring of the previous experiment to deform and warp. By
supporting the structure at eight equally spaced points a-
round the perimeter, buckliing of the edge was observed between
each supporte The cause for this action of the edge was that
as the structure tended to reach a sphere, there was a greater
force being exerted on the top and bottom membrane than on the
Line of the edge. ‘lhe edge was essentially being pulled towards
the center of the structure, due to the air pressure working on
the two membranes., As the circumference of the structure was
being reduced by greater and greater air pressure, the edge

was put into compression and once the compression torces over-

came the tensile torces in the membrane, the edge buckied, This

20



observation resuited in the conclusion that a continuousiy
supported edge member must be employed for proper stapbility
and equilibrium of forces.

We observed that the surface of the two membranes
acted far more uniformiy under air pressure than the previous
experiment. Even here it was realized that there were tensile
stress concentrations on the membranes and that by increasing
the eross-section curvature of the surfaces we had oniy lessened
these stress concentrations.

3. Conciusions - A gas such as air operates according to
well known physical principies regarding volume and pressure.
A sphere is the ideal shape for a container of gas under
pressure for it provides a maximum voiume in relation to
surface area. If a container is rigid and gas in introduced
under pressure, the container wili maintain its shape untili
the tensile stresses created in the container by the pressure
exceed the structurat Limits of the container., If the con-
tainer is non-spherical, stresses upon the surface of the
container will not be equal and deformation will likely occur
at points where compressive stress takes piace. If the con-
tainer is spherical then detormation wili oniy occur when the

tensile ilimit of the containing material is reached,
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This appears to be a governing factor in flexible
air containing units when air under pressure is introduced, A
flexible material cannot take compression unless the material
has been pretensioned., A flexible unit then, under internal
pressure, operates most efficiently if it is sphericai, or if
it ié not spherical, then some external force must be introduced
to equilibriate the unequal stress patterns that will occur on
the surface of the unit,

It was at this time, after the construction of two
air inflated models and observing their conditions and char-
acteristics, that the use of this type of structural unit be-
came an important consideration. Due to the comparative
lightness in weight of an air inflated system, it was decided
that one of the structure's attractive features is its possible
portabiiity. The development of the structure could then re-
gard smaii celiular inflated units that could be handied easily,
assembled easily, and put into operation with a minimum of
specialized work done in the fielid.

The development of a unit that could be connected
with other simiiar units would precede an experiment which con=-
cerned itself with the composition of adjacent connecting units.

As joinery of component units of a structural system is of a
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prime consideration, and the shape of each component and the
intersection ot units is critical, the geometry of units and

a geometric system for these units becomes a major element of

the design. Since most previous comnections have been done with
a zipper method with a high degree of success, the employment of
a similar technique seemed feasible. In consideration of the
problems involved in connecting circutiar forms together, cellutar
units should be constructed of forms that are easier to connect
together with a zipper technique. As a straight iine, retangultar
edged unit is perhaps most convenient in connection, it was

proposed that a square inflated unit be constructed.



TEST 3 -~ FIGURE V

AN
A B C
, H D, 151’
< 7
I
%
|
sl
G F E
N
PLAN
SECTION
DESCRIPTION
8 equal divisions pattermed to
form a square in plan and a curved
surface in section once inflated
MATERTALS

Rubberized fabric
Stitched and glued seams
"Celotex" compression ring
Cotton cord tension iines
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TEST 3
L. Intent of Test - The construction of an air infliated unit,

rectangular in pian and curved in section, that woulid be most
ideal regarding joinery, To study internal and external forces
of such a unit once inflated, and to devote particular concern
t0 the eventual structural form of which this unit would be a
part.

2, Observations - The first observation upon inflation of the

unit was the considerable amount of buckling along the edge,
between AB, BC, CD, DE, EF, FG, and GH. Not only was there
buckling on the edge, but there was a noticeable crease that
devei.opéd in the material between BC, CF, FG, and HB, This
latter buckling was thought to be caused by improper patterning
'in the cut of the material, plus the fact that there exists a
lower membrane siress in the cormers of the inflated unit, It
was also noted that there was a tremendous concentration of
tensile stresses in the membranes on both sides of lines BF

and DH, These stresses were caused by air pressure forciﬁg

the upper and lower membrane apart, and since points B, D, F
and H are the nearest to the center of the unit (4 axis), where
the two membranes are the furthest apart, the tensile forces in
the membrane are the greatest at this point. Essentially what
is happening is that as the air pressure is forcing the top and
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and bottom membranes apart, the edge of the unit is being
pulled towards the center of the unit (Z axis), so that the
air is forcing the material into a spherical shape. As long
as there is continuous restraint around the edge the unit will
keep its form, but without this support at the edge, and with
sufficient air pressure, the square form will tend to approach
a sphere,
3, Conclusions ~ Perhaps the most important conclusion. was
that the edge of each unit must have a sufficient depth to
have any kind of efficiency in a structural system. It was
reasoned that if the surface area of the edge walls were in-
creased the tendency to bucklie would be lessened because the
area of the side wallis would more closely approximate the area
of the upper and lower membranes, and the air pressure would
stress all membranes more equally throughout the unit, As
the depth of the edge becomes greater, the unit more closely
approaches a spherical shape, and as é sphere carries tensiie
stress in its meinbrane more equally than any other shape, the
increase in depth of the side wall membranes creates a far
greater structural efficiency.

In the consideration of a structural system the
increase in depth of the side wall has some obvious advantages.

The greater rigidity between unmits and a resultant greater

28



stability to the entire structure would be the first advantage
of this change in depth, Secondiy, there would be less of a
tendency for each unit to deform in buckling, and a far more
constant shape would be maintained for the entire structure
under lower and higher air pressure difterentiats. Thirdly,
the increase in depth would aid in the transfer of shearing
stresses throughout the structure due to the increase of ma-
terial in the side walls or "webs" of the structure.

It was decided that a series of experiments and
models should be initiated of structural systems incorporating
the small air inflated units that have been studied to this
time, It was proposed that a simple barrel vault be erected
as a linear unit, to study the eftects of air inflation in a

vault form,
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TEST L4 - FIGURE VI

A B
J . c
I D 20"
H : E
!
G F
PLAN
AA‘;;;j;::_’_ZJE.:::Z:::\\\Q "
SECTION
DESCRIPTION
4 equal divisions of vauit with
iJlustration board arches, edges,
and puriins
MATERIALS
Rubber sheeting
Glued joints

Illustration board framework
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FIGURE VII, PHOTOGRArH OF MODEL, TEST L

FIGURE VIII, PHOTOGRAPH OF MOD&L OF "FUCHAM SURFACE
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TEST 4

L. Intent of Test - The construction of a simpie barrel vault

using curved inflated arches, to study intermal and external
forces at work within such a system,

2. Observations = As air was introduced into the modelL it was

observed immediately that the rigid edge members at the spring
line of the vault were deformed inwards by air pressure at work
on the upper and lower membranes, The rigid arch members AB

and GF were also pulied inwards due to the same action of the

two membranes., The under surface or Lower membrane of the vault
showed considerable buckiing along its surface, except for the
lines where the rigid arch members restrained the material., The
resultant action of the air inflation was one of which the entire
vault tended to flatten out; plus, tending to puil in or fore-
shorten the length of the structure,

The rigid edge of lines BC, CD, D&, EF, etc. were
bowed in due to the action of the upper and Lower membranes
pulling on its surface. The same type of action is happening in
the rigid arches, for if it were not for the rigid purlins that
provide a compression strut, the entire vault would greatly fore-
shorten. The buckling on the lower membrane is due to air pressure

tending to reduce the membrane curvature, putting this membrane
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into compression while the upper surface is put into extreme
tension. As the lower membrane is forced from a flat surtace
to a lesser curvature under air pressure, it will torce the
material to occupy a smailer area and obviously produce the
resultant bucktiing.

The tendency for the entire vauit to flatten out is
due to the unequal tensile stresses in the upper and lower
membranes, As there is far greater tension in the upper than
in the lower membrane, the edges AG, BF are being putied up,
while the center of each arch is being pushed downwards,

3o Conciusions - This structural system is completely dependent
upon the rigidity of a stabilizing frame to keep the vault from
greatly detforming and then failing. The use of a separate
structure between which an air inflated structure would span,
showed disadvantages in lack of structural clarity and port-
abiiity,

A barrel vault with unsupported ends is not an ideat
solution for a structure using oniy air inflated units whether
of large units as an arch or smaller units rorming the vault.
This vault is only of singie curvature and a double curvature
is required to eiiminate shear and bending stress. Due to these

many problems of structural inconsistencies, it was proposed that
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the next test be made with a surtace of double curvature. In
such a surface it was feit that many of the probiems that were
found in this vault would pe overcome, and the need for a rigid

frame would be etiminated,



TEST 5~ FIGURE IX
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SECTICN

DESCHIPTION

"Pucha" surface, 8 divisions patterned
to form surface, cormmections between
upper and lower membranes at points

MATERIALS
Rubberized fabric with vulcanized joints
Nut and bolt spacers
"Celotex" rigid tension frame
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FIGURE X, PHOTOGRAPH OF MODEL, TEST b

FIGURE XI, PHOTOGRAPH OF MODEL, TEST 5 |
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TEST 5

1. Intent of lest - To construct a doubiy curved surface that

when inflated, could be studied regarding internai and externai
forces acting on and within such a structure.

2. Observations - The material was pre~patterned to take the

form ot a "pucha" and the upper and iower membranes were connected
together at points over the surtace of the form, By introducing
air into the system it was to be determined if the torm wouid
naturally take its shape,

As air was induced into the system the material between
point supports began to be put into tension, and as there were
no restraining members other than the point connections, the
material continued to bitiow out, This action continued across
the entire area of the modeL so that the resultant appearance
and torm of the modeli was simitar to an air intiated mattress that
was exerting a continuous putl on the rigid frame. The action of
air inflation is the simple matter of air pressure working on the
least surface of resistance, torcing the membranes apart and
causing local puckiing in th.e material and an overaltl fpreshorten-
ing of the structure.

To assist this model in taking its form, rigid struts

were appliied to the surface of the membranes between each point
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support. As these were placed at the peripheral edge of the
structure and extra supports appiied at the four corners of

the model, it was conjectured that this controi over the buckiing
and bending in the system would be sufficient to make the model
take its form. This proved itself to be falilacious, for the
restraint of the membranes in the peripheral area of the structure
had Little to no effect upon the cen't.rai area. This centrali area
of the moder (Ref., Figure XI) contimied to buckie, so that instead
of rising into the patterned curvature, this area tended oniy to
pull :imards on the more rigid edge area. The excessive weight

of the model shoutd be considered out of scale to the model, but
the basic reason for structural failure is the structure's inability
to resist shear and bending stresses., Due to a flat curvature
along the edge of the form and a reverse curvature that exists in
the corners of the “pucha', there is considerable bending and
shear stress acting in these areas, 'his beam action of the
structure along the edge. can oniy be handled by additional re-
inforcement, in order that the structure can be considered stabilized
with ali forces resolved,

3« Conclusions = Whaf. has been observed in this experiment is that
a structural system cannot be considered stable and in equilibrium,
if the individual units are not also in equilibrium, If

reinforcing struts are introduced between point supports on the
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surface of the membranes, buckiing and deformation of the
surface are controlled when air is iﬁduced into the system.
However, reinforcing struts do not necessarily create an
equilibrium condition in the structure as a whole; bending and
shear stress must be resoived, The possibility of creating an
air structure within this frame of reference exists, but it
would be desirab.!.e from the standpoint of portability and the
development of an ideal or pure air system to create equilib-
rium without the need for compression members. To further this
ideal it seems that further study mist be given to the individuadt
units, Factors of shape, stability, spacing and size appear
extremely vital to the design of the structure. With this in
mind the proposal was made to construct a series of smatl units
that could be studied by themselves and in tandem with other

unitse.
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TEST 6 ~ FIGURE XII

7"

o

TYPICAL SECTION

DESCHIPTION

Two modeis - one executed with
equilateral triangular units -
the other with square units -
both maintaining a 2" web -

Units are giued to each other

MATERIALS

Rubberized fabric
Stitched and glued seams
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FIGURE XIII, PHOTQGRAPH OF MODEL, TEST 6

FIGURs XIV, PHOTOGRAPH OF MODEL, TEST 6




TEST ©

le Intent of Test = The construction of units of two different

geometries in order to re-evaluate the structural characteristics
of air inflated units,.

2. Observations = The reactions to air inflation were simitar

to the reactions that we had observed in previous tests on units,
except for the problem of buckiing., Where the joint between units
previously showed considerabie concentration of tensile stress
causing noticeable buckliing of the edge, oniy a silight amount of
this action was observed in these models. As this buckling
condition was considerably improved, it was reasoned that the
increase in depth of the units was largely responsib.l..e.

3. Conciusions - If these units gained greater stability by an
increase in depth it was proposed that a simple vault of single
curvature be constructed employing a greater depth to each unit,
plus proportioning of the units to more closely approximate a
cube, ‘The vault, being of single curvature, wouid not be an
ideatl form for an air system, but it would present the reactions
of one unit in regard to another unit. The geometry also presents
a simple construction technique using identical units. Since

the flatter the section of each unit, the greater the tensile



stress in the upper and lower membranes, it was proposed that

the barrel vault be composed of units with a greater depth.



TEST 7 - FIGURE XV

26"
~> | —
— | —
— | —
— : —
— — | 18"
— —
N h «—
— —
— — |
PLAN
ke
1.%."
10"
> <
SECTION
DESCRIPTION

Simple barrei vaulit, composed of square
inflated units, patterned to form vault,
glued together - cantaining equal pressure
through valving

MATERIALS
fubberized fabric, stitched and glued seams
Rigid base support




FIGURE AVI, PHOTOGRAFH OF MODEL TEST 7
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TEST 7

1. Intent of Test - To study the effect of air pressure upon

units of a greater ddépth when joined in tandem and patterned
to form a simple barrel vault,

2. Observations - The units had iless of a tendency to pull

together, due to the increase of depthe. OSome Local buckling

was observed at the area around the comer joint of each unit,
but the effect was not great enough to force a failure of the
entire structure, The unsupported edge of the vault also showed
buckling upon an increase in air pressure within the structure,
This action was simiiar to all other previous tests, tfor when-
ever there is an unsupported edge to a unit, the tensiie forces
in the membrane are not equilibriated, and the material buckles,
3+ Conciusions - It was readily seen that by the conclusion of
these tests on the individual units, the increasing dépth had a
direct effect upon the equilibrium of each unit and gave a
resultant stability to a series of units. It must not be over-
looked that a scale probiem exists with the thickness of materiat
and excessive rigidity of joinery due to the weight and stiffness
of material, yet it was concluded that the greater stability was
primarily due to the change in proportions of each unit. If an

inflated unit becomes more stable when the depth is increased
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and the other dimensions remain constant, it was reasoned
that the closer each unit came to approximating a sphere,
the greater the stability of each unit., Tensiite stresses
on the mermbrane would then be equalized, and tendencies

for deformation or buckling to occur are minimized under

uniform Loading conditionse.



TEST 8 - FIGURE XVIII }

12" 20!

SECTION

DESCRIPTICN

8 equal divisions patterned to form
a hemispheric dome - point connections
between the two membranes

MATERTALS
Rubberized fabric
Stitched and glued seams
Polyetholene tube spacers
Thread connections
#Celotex" rigid base
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FIGURE xIx, PHOTOGRAPH OF MODEL TEST 8




TEST 8

1, Intent of Test - To observe in a doubly curved surface the

effect that buckling has on the overall shape. It was conjectured
that such a structure would not oniy stand by itseif when inflated,
but that local buckiing wouid not be sufficient to cause a collapse
of the structure as Long as the depth is properiy proportioned to
the spane.

2. Observations - Previous to inflation of the structure it was

observed that the dome stood easily by itseif and was considerably
rigide This rigidity was attributed to the doubie curvature of the
structure, and to the material which was thought to be oversized
for the model's scale,

When air was introduced into the structure the entire
surface and shape of the dome changed. The extent of this change
was not sufficient to cause a colilapse of the structure, but the
reaction was compietely normal to the results of previous experi-
ments, The surface of the dome inflated and became rigid with
distinct pbuiging between the point connections of the upper and
lower membranes, Greater buckiing was observed on the Lower
membrane,this being attributed to the fact that pressure was
working inward on the curvature of the shape and aiso due to the

pressure differentiai. The resultant action on the structure
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was a foreshortening of the membranes, The local bulging
and buckling of the material and the Local tendency for the
material to draw together resulted in this decreasing height
of curvature.

3. Conclusions = As all tests to this time have resulted in
forms tending to decrease in size, it was felt that the con-
struction should be improved to where this action no longer
existed., All surfaces of single and double curvature will
maintain their shape when inflated, providing proper depth
and curvature requirements are satisfied., The change in
curvature through local buckling is considered undesirable,
and instead of an action of reducing the structure in size
to reach stapility, it would be far better that the structure
expand to reach its state of equitibrium, The proposai for
the next experiment was to use a unit that was known to ex-
pand to reach maximum rigidity. A unit that most closely
approximated a sphere was the seiection which would be used

in a geometric division of a surtace of double curvature,



SUMMAHY OF TESTS IN WORKING MODEL FORM Or ATR INFLATED SYSTEMS

These tests were initiated in the belief that a
working model of an air inflated system would provide a better
understanding of how an air infiated system works, Tests L, 2,
and 3 provided a graphic exampite of the forces at work within
inflated units that required external restraint for them to main-
tain equilibrium according to a pre-patterned geometry. Test 4
examined a system of single curvature composed of Linear elements
. patterned in an arch form, which described probiems involved in
the single curvature, and in the use of rigid members combined
with an air inflated structure., Test 5 was the investigation of
a surtace of double curvature that required special consideration
for shear and bending forces in an air inflated system. %est o
dealt with an investigation of the proportions of an air infiated
unit, whiie Test 7 combined these units with greater depth into
a singly curved arch rorm, Test 8 dealt with the probiem of
buckting through the use of a hemispheric domicali fom; a probtiem
that has been observed in all previous experiments and needed
further consideration before a summary of work could be completed,
These experiments greatiy aided in the authors' understanding of
the probiems and characteristics of air infiated systems, There
,is a danger in approaching a research project through these means,
however; for there can exist a lack of structural scate of
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materials and joinery of materiais, With a lack of materiais
technology there is a possibility of reaching conciusions from
observations that are not exact. These experiments are only
rough approximations, but it was found through observation that
the most successiul inflated unit is one that geometricaiiy
approaches a sphere and the most stable structural system is a
form of double curvature, From these two conclusions a design

proposal was made for an air inflated structure,
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PROPOSAL FOR AN AIR INFLATED STRICTURE



FROPOSAL FOR AN ATIR STRUCTURE UTILIZING THE FRINCIrLE OF AIR
SUPPORT THROUGH INFLATED CELLULAR UNITS

A, Selection Of Form

Functional requirements

The general functional use that has been stated has
well defined program requirements. A spectator sport activity
requires a pilan that organizes a stadium type of seating a-
round an arena., 4 square or rectangle in plan iends itseif
to this type of activity if optimum seating requirements do
not inciude the ends of the arena but oniy the sides,

The volume of the space is determined by code in
regards to volume per person, but in general, space which is
graduated from Low at the edge to high in the center is de-

sirab.Le,

Structural considerations

The air structure acts structuraily as a thin shedil,
and according to thin shell theory a curvature is required to
eliminate bending and shear stress. Forms of double curvature
are especially appropriate, for if the resistance of very thin
sheets depends upon its curvature, the doubie curvature becomes
its maxirum expression.
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If by program requirements or preconception the plan
of the structure is designated a square or rectangle, then in
order for the form to be of double curvature it mst be trans-
lated or more properly transformed from straight lines.

Adaptations of domes to square pians in history pro-
duced the "squinch" and the more sophisticated pendentive, If
the dome were not required as the surface of doubie curvature,it
would be possible to create a surface of double curvature em-
anating from a square pian by simpiy continuing the "squinch*
according to a pre-estabiished geometry.

One type of surface that is evolved this way is a
“‘pucha*, It is a surtace of transformation of a plane curve
(generétrix) similar to itself when rotating or transiating,
This is a surface of similar section. The “pucua", specifically,
is a cloister vault without edge on a square pian (Figure VIII)
where the directrix is a straight line and the generatrix is a
variable circumference,

There are a number of surfaces of translation that
produce a projection to a square plan but that have not been con-

sidered due to mechanicai requirements (see section H).

B. Membrane theory In Relation To Form.

Theoretical analysis for thin shell construction is
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well documented?s3 put this is for surfaces of the same curvature,
A domical surface as a thin shell can be theoreticaily determined
with accuracy but a surface that is not of the same curvature pro-
duces difficuities in anaiysis.

This is an objection to the design of a structure like
a “pucha" because of the apparent complicated catcuilations that
are necessary to derive its relatively simpie form. It is con-
venient to remember that very few surtaces of doubLie curvature
can be mathematically analysed and that approximate methods are
generally used for most practicai applications.

Static determinations of a "pucha" in relation to mem-
brane theory are possible., In generai these wouid be the same for

a spherical surfacet, except that static conditions would vary at

2Norris, C.H. (frof. of Civil Eng., M.I.T.), "Analysis
of Shells," Unpubiished Notes., |

3Timoshenko, S., Theory of Fiates and Shelils, New York

McGraw=-Hilt, L9540,

bxobayashi, A.S. and 4.J, Durelii, Feasibility Studies

For Air-Cellular Featherweight Housings, thase Report ARF No.

" K103, Contract No. aF 30 (002)=-1952, Armour Hesearch Foundation
of Iiiinois Institute of Technology, Chicago 1o, Itiinois, March
1957, Section III.,
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the edge because of greatly reduced curvature. The greater
surface of the "pucha" would act in pure tension or compression
except at the edge and corners where reduced curvature would

introduce bending and shear stress.

C, The Air Inflated System And Its Static Analysis.

Theory

The static conditions of a structure will not change
whether the system is of concrete or of air inflated cells,
HMembrane theory of thih shells is held equalily valid for air
structures, This premise is true if the individual air in-
fiated unit is equilibriated and the membrane is pre-tensioned
sufficiently so that compressive loads do not exceed the tensile
stress that is applied to the membrane by the air pressure.

Geometry of Individual Units

From the previous studies in this report it has been
empirically determined that the geometry of the individual unit
is of great significance if the total structure is to be statically
in equitibrium, The infiated sphere has been determined as the
ideal individual unit shape. ‘lhe geometry of spheres over a sur- |,
face of double curvature is quite complex, though, and further
compiexity arises if the surface is of a varying curvature.

Problems of jolnery are increased and solutions for water integrity
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are complicated.

Additional problems of geometry arise due to setiutions
involving static considerations. In order to solve the ‘problems
of bending and shear stress introduced in the "pucha" at the edges
and corners, some degree of reinforcement is necessary. It is
possibie to establish a geometry which introduces smatler inflated
units at the edge and corners that graduate to Larger units over
the greater surface. ‘he theory behind this geometry is that a
greater mumber of units at the edge and cormers would substantially
iﬁcrease the web action in these areas, counteracting the bending
and shear stress. A system of spherical units that satisfies this
geometry seems difticult to estabiish, primarily because points
of tangency occur in a complex marmer.

The use of a unit that approaches the sphere in a
volume and external surface area relationship could better pro-
vide a system that satisfies the geometrical requirements in
relation to static solutions, A& cube or a shape that approaches
a cube is a geometric torm that wouid create nearly equal stress
patterns over its surtaces when infiated. 'he combination of
these units in a reticuiar system would then provide a more sat-
isfactory answer to joinery and water integrity probiems.

Static Stabiiity and Erection frinciples

The geometry of an individual cell establishes the
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erection principies of an air cellular systeme. When pressure
acts internally on the surface of a celiular unit, the forces
resoive themselves into a state of seif-equilibrium. From
geometry it is obvious that the resuitant force acting on the
surface ABCD is larger than the resuttant force acting on
A'B1C'D! (Figure xXI), A net force then acts in the outward
direcﬁon. This force is balanced by the tforces which are
acting on the sides of the unit, It the sides are céma.l.ete.ly
restrained then the inflation of the unit will form a unitom
tension fieid over the upper and Lower surfaces, -

The radial distance between the two membranes varies
as pressure is introduced into the unit., The curvature intro-
duced into the upper and .ower surfaces resoives the restraining
force on the edge into 2 components which establish a unirorm
tensiie membrane torce on the unit,

When several of these infiated units are joined to=-
gether to form a structural element, the resuitant forces acting
on the sides of two r;eighboring units will balance each other
(Figure A4TI),

(This above statement presupposes that the equitibrium
conditiori of a unit is not greatly altered by the joinery. If
it is altered, then under inflation . esuitant forces acting on the
sides of two neighboring units wiil not batance each other, The
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FIGURE XXT
INFLATED UNIT CELL UNDER HYDROSTATIC PRESSURE
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FIGURE XXIT
STRUCTURAL ELEMENT OF INFLATED UNIT CELLS
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balance can only occur in this situation if a compressive stress
can be taken along the Line of joinery petween units, or it wiii
resolve itself in a buckiing of material along this Line, This
action will tend to reduce the curvature of any surtace if the
radial distance between two surfaces of a unit is less than the
distance across a symmetrical unit, This relates back to the
sphere or a voiume geometricaliy close to a sphere as being the
most ideal unit, where the tensile stress across the surtace of
a unit is relatively equat.) Authors' note in parenthesis,
‘Assuming the outside forces.on this group of units to
be equilibriated, then the diff'erential resultant force of the
inside and outside surfaces now tends to push the center of the
group outwards. This force is balanced by the uniform tension
fietd apptiied by the forces acting on the sides of the unit.
The net effect of alt such forces is similar to an equivalent
membrane with a thickness which is equat to the sum of the upper
and lower membranes, loaded hydrostatically and under a uniform
tension iietd, The hydrostatic pressure which contributes to a
rise in the center of the equivalent unit is eqnai‘to the in-
" flation pressure in single wali air supported structures.

The above paragraph provides a base for the theory of



cellular air systems and can be expressed for the total system

as well as each unit or a group of units,

Size of individual units

The size of any individual unit celdi is a function
of the tensile strength of the membrane materiat, This cah be
visualized by the construction of two units of different size
using the same fabric surface, The smaller unit obviously is
stiffer and will deform less than the Larger unit when an ex-
ternal force is appiied. The specific size would have to be
determined in relation to deformations that would not render

the air structure unstabie.

D, Edge Conditions In Relation 1o ‘lension Ring.

Any shell structure, if the curvature is less than a
hemisphere, requires an edge member, This is equalliy true for
an air structure although the size of the edge member would be
smalier due to the reducéd dead load of an air system, Con-
tinuous support in the form of a tension ring wouid be re-
quired to resolve the ilatitudinal tensile stresses that exist
at the edge of the system.

The design of the edge member is primariiy a structuradt

consideration, but must also be thought of in terms of the
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" structure's mechanical requirements, and in its relation to the
esthetics of a doubly curved shell structure's transition to

the ground (see Section H),

E, Forces Due To Wind Load

Additional forces exerted on surtaces of double cur-
vature due to wind toading have been determined theoretically’
and empirically through wind tunnel tegts.8’9 In general it
may be said that wind loading tends to exert a negative or tift-
ing force on a doubiy curved surface (air-toil action), In a
surtace of low silhouette the compressive force that may be ex-
erted on one side would be minimized.,

The above statements are generally correct, but they
oversimptify the action of wind iloading and the true stress

distribution would be quite compiex, depending upon wind conditions.

T0p, Cit., Timoshenko, pe 37U
892. Cit., Kobayashi and Durelli, p. 2.

9Catalano, E.F., Student Publications of the School of

Design, "Two Warped Surfaces®, North Caroiina State College,

Raleigh, North Caroiina, Vol by Noe 1, 1955, DPe L3e
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Empirical data gathered in wind tunnel tests on scale models
would provide stress distribution patterns of a specific
nature.

An effective method of counteracting unequal loads
due to wind on the structure is the provision of an edge member
of sufficient dimension to dissipate and "“spoil# the full force
of the wind, The edge member serves as a baffle to wind Loads
which are most effective in producing a negative or air foil
action on the structure, The air, instead of striking the sur-
face and flowing over the membrane in an even line, is broken
into small turbulences which have less of a tendency to create

highly negative force components on the surface of the structure.

Fe Joinery, Connections Of Individual Units Togethep

In the previous section on the geometry of individual
units, it was established that a cube or a form in geometry ap-
proximating a cube would give a fairly equal stress pattern over
the surface, The selection of a planimetric volume rather than
a curved voiume facilitates the joinery of units together within
a geometric order., Joinery would be accomplished by connecting
two units along the upper and Lower edges with a zipper. A
zipper that is watertight and would resist the membrane tensile

stress is desired, 'lhe oniy additional probiem in the connection
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of units together occurs at the closing of four corners. A
seal would be created here, by the use of a gasket of neoprene
or some similar material that would be secured by anchorage at

the top and bottom surtaces.

G, Mapping Of Surface

The mapping of the surface according to a pre-estabiished
geometry could be accomptished through direct projection, From
the geometry established in pian, projection to the curved surface
is accompiished by the location of points on that surface in re-

lation to their distance from the plan of projection (Figure XXIII),

He Mechanical Considerations

Recent construction of air inflated structures has
generally accepted a requirement for continuous air supply to
maintain structural equitibrium. This is one solution that sotves
many of the practicat problems of maintaining positive controt
over air pressure within the system, Conditions such as changes
in temperature causing expansion or contraction of the air moiecules,
and the possibitity of small openings existing in the surfaces of
the structure, indicate that a continuous supply of air can satisfy
practical considerations of the system,

The amount of air pressure required to sustain an air
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FIGURE XXTIII
MAPPING OF A "PUCHA" SURFACE THROUGH LOCATION OF
ANY POINT ON ITS SURFACE
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inflated cellutlar structure is a function of the geometry of
individual units and the distance between the upper and iower
merbrane surfaces, In generzl this is reflected by the concept
of "effective pressure" (Ref. Section C), In previous air in-
flated structures, air pressures have varied from L3 psig for
single membrane structures of impregnated nytion to 50 psig for
a "drop stitch® unit (continuous interal support of a patterned
form)., An air pressure that perhaps more closely approximates
that which would be proposed for the structurai units that have
been studied in this report, would be a pressure of b psige
This pressure was used in calculations for an infiated cellular
system investigated by the Armour Research Institute.i0 An air
pressure of 5 psig was used in calculations of a system empioying
Mytar 500-A film, and though this material is far more rigid
than materials considered in this report, the air pressure woulid
not be greatly different.

The total span of an air structure can be created
merely as a function of the tensile stress characteristics of

the membrane material. In this relationship the air pressure

100p, Cit., Kobayashi and Durelli, Section III,
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is not a variabie and will theoretically remain constant for
any span,t

It is proposed that sufficient fan and duct equipment
be provided to suppiy a constant air pressure within the structure.
As air pressure within the system must be constantiy maintained,
the most positive controi is supply of air contimmously atong the
perimeter,

The possibility exists where certain climatic controls
can be maintained over the area covered by the structure through
the temperature of the air induced into the system, This possibili-
ity suggests that the structure would act as a radiant panel which
could cool in the summer and heat and melt snow and ice in the

winter.

I. Acoustics

A detailed explanation of the mechanics of sound within
an air inflated structure can only be an approximation, due to the
relatively small amount of research that has been done with this
type structure., The basic Laws of acoustics show fairiy accurately
what will happen under these conditions, so that proposals can be

made to produce a good dcoustical environment.

LiThid,, Section ILI
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As materials involved in the construction of air
structures are so light in weight and relatively transparent to
sound, it is easy to suppose that the tabric membranes have Littie
effect acousticaliy. Through empirical experiments, however, it
is discovered that an air infiated system has an excelient potential
for reflecting sound. The high frequency range of sound is efrected
by the material, producing a sharp staccato overtone to sounds re-
flected off the structure's surface. The air inflated structure,
acting as a drum, also has the ability to transmit directly the
sound of impact noise created by rain or hail,

The problem of reflection, which is magnified by the
doubly curved shape of the structure, can possibly be remedied by
an articutation of the surface. As each air inflated unit has a
considerapie convex curvature, it is surmised that this articulation
to the tbubly curved surtace would correct for probiems of echo,
flutter, and focusing of sound waves, It is also possibie to
further controiL these probiems by suspending sound absorbent baffles
from the Lower membrane of the structure., This could conform to the
geometry of the air infiated units, <These bafiles would have the
qualities of preventing the “creep" of sound along the structure's
suriace and would absorb high frequency sound that is refiected off

the convex surtace of each air infiated unit,
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The problem of transmission of impact noise through
the structure can only pe slightiy dampened by applying a “fuszy"
material to the membrane, much the same as the undercoating of an
automobile body., There not only is a question as to the effective-
ness of this procedure for sound reduction, but the probiems of
applying such material to a membrane and the resulting additional
weight to the structure makes this soilution seem impractical. This
one acoustical problem which has not as yet been successfully solved
sets an important limitation on the use of an air structure. Functions
that require an acoustical enviromment of good hearing conditions

would require special solutions to these acoustic probiems.

The development of a lighting system for an air inflated
structure can only be evoived fram functional requirements of use,
consideration of low and high light intensities, and special regard
for the geometry and structural characteristics. As the generat
buiiding type considered is related to spectator sports activities,
a higher intensity of iight is required over the arena than over
the spectator area. The spacing of lighting units could conform
to the geometry ot the cellular structural system. One possibility
is the suspension of fixtures from the Lower membrane at the points

for connection of the air inflated units. Wwiring for this system

R T



could be handled along the webs between the celiutar inflated
units, and the surtace mounted fixtures coutd be easily attached
at the time of erection. The fixtures should be designed to
supply the required footcandies on the area below, provide
itlumination to the structure, and generaily refiect the form

and character of the air infisted structure,

K. Memorane Materials

As noted in the bibliography, the authors sought in-
formation on possible surface membrane materials from many sources.
The information received did not offer data on any new developments
in material for air structures, but did supply information on fabrics
and fiim materiats in current use., Film material such as "Polyethylene,¥
“Mylar," "Teslar," etc, are used for relatively small air structures
that provide shelter for swimming pools, green houses, etc. Fabrics
composed of vinyl coated nylon or neoprene coated nyion have proven
serviceable and structurally feasibile for larger structures, es-
pecially those designed for military service.

There is no special reason why a membrane material need
be completely air tight. As Llong as a contimous supply of air is
moving through the system, the main consideration for structural
stability is the maintenance of air pressure. ‘'his has been dramatic-
ally proven by the Army Quartermaster Corp. This group constructed
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a dome of common Army “duck" normally used for tenting fabric,
and introduced air under pressure continuousliy. The dome reached
and maintained its patterned shape, even though air was constantiy
escaping through the porous surface. The escaping air was found
to resist the leakage of rain water through the porous surface,
which provided an excelient soilution to the probiem of water in-
tegrity.t2

If we can assume that fabrics and fiims are available
that have sufficient tensile strength for use in air structures,
and that development of new strengths in materials is possible
for extremely iong spans, then the most significant factor about
fabric and film is the usable life of the material itseif, Fabrics
and pLastics tend to deteriorate and have a very uncertain duration
of useable Life, The most optimistic reports give a vinyi coated
nylon fabric in air structures a useabie life of LU years., Untii
materials for membranes are developed that have a greater service-

abiiity and Life use, the air structure must still be thought of

lzThis information was gathered from a trip the authors
made to the Army Quartermaster Corp., Natick, Mass, to observe
installations of single membrane air inflated structures that are

tested there.



as a temporary system that requires constant maintenance and

eventual repilacement.

L, Erection Procedure

The erection of an air inflated celiular system is
accomplished through the act of inflation, Formiess uninfiated
units are joined together on the ground and when infiated the
system takes its pattermed form if the required edge restraint
is applied (as in Test 7 of this report).

A problem arises if the edge member or tension ring
is raised off the ground, In this case erection masts would
have to raise the joined units to a height where connection
could then be made to the tension ring. Once this commection
is compieted, the inflation of the system wouid aliow the
structure to take its patterned form.

This suggestion may appear to be the most feasible,
but the proposed soiution is made with reservation, and much

thought shouid be devoted to this stage of construction.
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CONCLUSION

To formulate a conclusion to a thesis project of a
subject that has had a relatively small amount of previous in-
vestigation and research, it is necessary to make a careful
anaiysis and estimation of the work completed, with a definite
direction given for further investigation. There can be a more
complete understanding of this project through: a statement of
the motives preceeding the investigation; general approach for
study; methodoiogy of investigation; logic behind a design pro-
posal; an ellaboration of the esthetics of an air infiated
structure; and a proposal for areas of further investigation.

One of the primary motivations behind this study is
the recent acceptance of a new technique and use of materials
in the fieid of construction, 'The development of air structures
has been one basically directed towards a specific use, and
though structural and practical probiems of construction have
been soived, iittle thought has been given to the esthetics and
further possible uses for such a system. As industry rarely
accepts the responsibility of research and regard for esthetics,
it was felt by the authors that the purpose of this project
should deal with these aspects in the deveilopment of alr infiated
structures,

5=



Since there has been very littie investigation into
systems of air celliuiar structures, and since the authors of the
project beiieved that this type of air inflated structure offered
the most architectural possibitities, the major portion of the
study has been devoted to a development that inciudes structural
and practical considerations of this type of system. It is oniy
through a complete understanding of the purely practicai and
functional characteristics of this structural system that an
esthetic can be derived.

The process of experimental testing, with some of its
advantages and disadvantages, has already been described. The
attempt has been made through these tests to find the most struc-
turatly satisfactory unit and system of units possible, As it
was found that a spherical wnit and a surface of doubie curva=
ture met these requirements most exactiy, it then became a
matter of adapting these idealL conditions to a practical reai-
ization.

Conditions such as structure, shape of structure,
Lightness in weight, economy of material, and material durabiiity
immediateiy set iimitations to a design proposal. “The most attrac-
tive proposal that appeared to the authors at this time, was the
possibility of a long span structure to be used as a spectator
sport facility. The greatest difficuity in the deveiopment of
this proposal was the coordination of the geometry of inflated
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units within a geometry for the structural system. rrobiems of
Jjoinery of units are extremely criticai, so that it becomes a
matter of either revising the most ideal structural unit for the
most ideal joinery condition, or accepting the spherical rorm,
and adapting a more complex soiution tor insuring water integrity
of the structural system.

This brief study has perhaps discovered more probiems
than solutions, but this may well provide direction ror future
study. Direction for further work shouid include the foliowing
considerations:

A thorough study of materiais and technotogy of joinery,
The scale of materiais must be understood, so that the
results of any further tests and modeis can be considered

more accurate,

A complete understanding of the mechanics of air acting
within an air structure,

Specific structural analysis of individual units in reiation
to the structural iorm considered.

Erection procedures that satisfy various design considerations.

A thorough investigation shouid be made into all types of
surfaces of double curvature with particular consideration
given to the possible geometric subdivision of such surfaces,

Alt further work shoutd pay particutar attention to the
esthetic of such a structure, for not oniy mst there be a
straighttorward simplicity in a soiution to structural re-
quirements, but it is strongly urged that an honest visuadl
expression be made of ali structurat and mechanical elements,
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This study has been deveioped in essentially the time
of three months; the span of time provided for the Master's
Thesis during the summer term. In this respect the work com-
pileted is oniy preliminary, while this is true, the authors
betieve that the benefits from this study have been mumerous.

The authors have been greatiy interested in this rei-
atively new and exciting facet of architecture, The soiutions
to probiems that arose during this study were not easily per-
ceived and the resulting poiemic between the anthors stimuiated
a greater interest in the s‘bﬁdy. It is hoped that the resuiting
work has provided a deveiopment in the fieid of air structures

that could benefit further research.
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APPENDTX

List of Correspondents

During the course of this study we made inquiries
to the sources whom we felt had experience with some facet of
air infliated structures. Those who responded are Listed below.

Much of this correspondence served a useful purpose
in revealing the degree of interest and development in air
structures. As noted previousiy the air structure concept is
relatively new and the majority of manufacturers are in the
development stage.

The names and addresses of these correspondents are
presented as a guide ror others wishing to research this field.

Amstrong Cork Company
Lancaster, Pennsyivania

Birdair Structures, Inc,
Buftato Industrial rark
1800 Broadway

Buffato 12, New Yorx

CID Air Structures Company
1501 East 9oth Street
Chicago 28, Iliinois

E.I, du Pont de Nemours and Company, Inc.
wiimington 98, Delaware

Architecturatr Forum

Hockefelier Center
New York 20, New lork
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HeTe McGili, Mamufacturers and Distributor of Fiim
Materials

548 N, Milby Street

Houston 23, lexas

Monsanto Chemical Company
Prastics Division
Springfieid 2, Massachusetts

Raven Industries, Inc.
Sioux Falls, South Dakota

United States Rubber Corpany
Coated Fabrics Department
Mishawaka, Indiana

United States Department of Commerce

Office of Technical Services
washington 25, D.C,

82~



------------------------



AN AIR INFLATED STRUCTURE
MODEL ©OF PUCHA SURFACGE
MASTER OF ARCHITECTURE THESIS §

BB woRmILL

% W LOCKHART & SEPT 140



.“l
il

—

AN AIR INFLATED STRUCTURE
MODEL OF P

CHA SURFACE
e M '




IARRKKQ QM
RS oseweon
R IRl
e R
B asosesesecesesasaae et
BN 0%0%% oo
00seten KR
XSS sl

el

KIS
los0%0%ee
KR

X
&
X
Q

%
%

i
)
0,0

{
)




AR NFLATED CELLULAR UMITE

NEOPRENE GLOSERS AT
CORNERS OF UNITE

ACOUSTIC BAFFLES
STEEL CONNECTING PLATE

GONTINUOUS CONCRETE
£osE suppORT

AIR NPLATED GELLULAR UNITE

ZIPPERED CONNICTION
scrwien umirs

WEOPRENE CLOBERS AT
COANERS OF UMITE

ROOF PLAN DETAIL OF EDGE AT MIDPOINT OF SIDE

AR INFLATED CELLUN UNITS

NEOPRENE CLOSERS AT
CORNERS OF UNITS

BTELL CONNEETING PLATE

CONTINUGUS CONGRETE
£ose supomT

SECTION DETAIL OF EDGE AT CORNER

SECTION DETAIL AT CENTER OF SPAN

ROOF PLAN DETAIL AT CENTER OF SPAN
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