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Air structures can be erected quickly, cover large

areas, cost substantially less than conventional buildings, and use
less natural resources. Air structures are economically utilized for

many facilities,

such as athletic fields, swimming pools, high

schools, day care centers, and college campuses. The literature on
air structures covered in this review consists of materials on
technical information, costs, specific uses, advantages and
disadvantages of air structures, and a look at some of the future

uses. (Author)
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cost substantiatly less than conventional buildings, and” use less nataral reseurees. Those
designed without permanent Tound: tions are adk aptable. to- changing needs, G be moved
are used.
The literature on air structures consists, for the most part, of technical state-of-the-art

case studies

casily from location to locittion, ind have a minimal elfect on the terrain where they
reports, of [).ullcll'.n sLhm)ls uslng air structures, and mcnlc\\'s of \ rious
advantages and’ disacdhvantages ol air structures. ) |

- This review cites reports covering almost a ten-year time span. Because the technology of

“tended as a

air structures has advanced very
been partiadly or completely solved

rn])i(lly, some of the problems cited in-carlier literature have
1 the time of later

studies. Some references are not

discussed in the text but are .nmnl‘ucd in the bibliography. Redders are advised to compare

.

TECHNICAL INFORMATION

issuce of

An entire Buwilding Rescarch
(***\ir  Scructures”™ 1972) s devoted 1o

1971
Structures
twenty
unnpilhlion of

reports from a international,

disciplin wy Air Forum, co-
corporations. In-
latest

developments i the field, the report in-

spunsmc(l by
the
cludes twelve short

“design eriteria’ papers

dealing with engineering, m'ltcriuls-, wide-

~span structures, inflation” and environmiens

_environmentil.

‘Bird

as- 1917,

tal svstems, heating and air (_on(lllmnmg,
thermal wansmission, solar energy .control,
control, laree ATCIL COVETS,
space subdivisions, and local ¢ode require-
ments. \J ’

The technical

nine case studies of air structure utilization,

articles are Jollowed by

inchuding Antioch College’s branch ciampas

m (()Iuml)m, AL n\l.mcl, and the field house
at  Milligan
T'ennessee. -

()Ilcuc in  Johnson

In an address to the group, Walter W.
who father”. of
air struetures in the Unllcd Stutes,

u

is known as the

Lraces

the history ol air \l!llLllllC Icyclopmt;‘nl'_

(Bird 1972).
obtained on airstructure ideas as lay back

=l
~ P

Lure
mter-

building code specifications, and of

‘(‘ll)’.

Although - pdlcmg had been”

the first” practical application

“carlier u:l(-lcm Cs \\nh later .uumnl)s ln obtain anup-te- (l e view of air siructure deve lnpmcnl

mid-1940s at the Comell
Acronautical Luboratory, a rescarch Tacility
Bultulo, New York. This first air struc-

radar and

came  in the

was domce conceived
(lC\-clopC(l to meet the need Tor a thin,
nonmetallic L)mlcuwc covering for radar
stations, ‘ . . )

“Commercial applications ol air struc-
tures began about 1956 when- warchouses
dcmuncd and

and  pool cenclosures were

constructed.

nized design standards ind regulations; ol

cone-

struction ~ expertise, many  of the
stractures gave unsatislactory service. -
the 1971 mitial forum

the Building Research

Two years alter
on air structures,
Institute i coop’(‘rhlinn with the Educa-
tional
and Coilege
day national technical conference on “Air
Structures in partially held
inside the 180-foot-square air structure: af
Antioch College.

The

Facilitics
\nliooh conducted a

Education,”

purpose of the meeting was. to

gather the world’s leading architects, engi-

neers, cducators, and others Tor presentie

tons of the very latest developments in air
structures, particularly as related o the
ield of

cducation, and to discuss cduca-

Because ol the lack of recogs

carly -

Laboratories, Inc. (EFL)°
three-.

-
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tional - opportunities,  cconomics,  techno-
logical developtnents, and the Teasibiliny for,

future use ol air structures.

Some of the papers presented at the’
mceting are included in the April/fune 1973

isstue ol Bdlding Rescareh ("Air Structures

“in Education” 1973). Iulmcd}nc actual

or planned facilities ap Antioch College, the
University  of" Wisconsin, Charles. Wright
\mdcm\ and  the Delta Winter Club.

In an address to i_his conforence, Walier
Bird -stated that” the wir structure has de-

veloped through significant. stages, gaining

acceptance at cach stage, but often for far
different veasons (Bird 1973). The first

stage wis military dppllm[mns followed by

Cconventional standard air stfuctures (the
“}ml)l)lcs") exhibition structures, and, now,

permanent l)ull(llng applications.

Wird considers this Mourth st age the mml .

important-in the development of air struc-
tures. In discussing durability of fabric struc-

“tures and cost advantages, he mentions u
nes material (Teton-glass) that is expected.

to provide w service life of twenty years
or more: o i

« Bird stresses the. impm‘[uncc of archit-

téets” working closely, in the carly. design

stage, - with [abricators Tully familiae with
all ;lsl)ccl;.s\)f air structures. This should be
donc 167 avoid designs that -camnot be
supported by available materials or'Tabrica-

ton techniques and to tuke Tull advantage

ol available experience to assure successful
performance

costs o

(.(mslrmlmn L\sl gstimates for air strue-

tures vary l)c[\\cux .)4 and S$6.60 pcn square
foot depending on the type and size of the

cstracture and the materials used (*Light--
weight  Structures for Education™ 1973,

It mavtbe good

Air Structures 3

Valerio and others 1973, Ontario DL‘}):H'[-
ment of Education 1972, and Geiger 1972).

When uwmpmc(l to the 8$20-540 per
square lnul cost ol new l)unmncnt constrace
tion (“Lightweight Structures for Eduea-
tuon™ 1973), it is apparent thut fow cost is

one of the most compelling reasons. for

considering air structures, _

Bird (1 ‘1/3) .mnnm agiinst attempts (o
cut teo nuny costs in the desien and con-
struction ol air structnres. “There is no
such thing as a um)(l cheap air structure.
it may be-cheap, bu
not both. “()_\\L\'Cl, @ good air SUrHCture can
be cconomically designed without sacrific-
ing quality....The low costol conventional,
standard air structures s pns@iblc only he-

citse of standard designs, standard p: mcnn-
ing, and l)l()(lll(_ll()ll Fabrication proc cdures.

To obtain reliable® data on the lCldLl\L_

«costs of alternative enclosure systems over

LEducatonal
dne. (EFL) spon-
sored a study in which the costs nl' air
structures and six other distinct 1\])cs of
readily available structures were analy zed
and compared (Koppes 1969). Costs, in-
cluding the charges for financing, operation,

various  periods ol time, the

Facilities Lauboratories,

and  maintenance as well s the inigal

_Costs, are u)mpk.ucd for three” alternative
i

annua! terms of use over pertods of five,’
ten, and twenty years.

Detailed cost cul(‘ul:lti(ms‘ for cach of
twelve variations of dpploplmlc structures
are presented and summarized in both tabu-
lar ~and - graph form. Also included are,
recommendations about” the essential fea-’

tures of the “idcal” structure for cach

“alternative term” of use and time period.

USES
!

In addition to providing cover for perma-
nent facilities, air structures are suitable

.



“under the same shLl[m.

(P, Richard

‘minimal- upkeep,
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for. emcergency short-notice shetters, for

experinentation, and tor growth «(“l'rend
10 ... 1972)0 Adrstructures can be quickly
and cconomically erected to meet sudden
enrollment ssurges that call Tor emergency:
housing, or thty can ' ;
shelters until umwth 1s enough o |usttl\ a

permanent facilitys

These structures can be L\pumum iy
usLd Tor opgn plan schools, with . lar lcss
initi 1l investment than conventional schoals,

and Imutmn, and an anticipated usage of
Len or MOre years. . o
The ideal facility for lifetime sports is

deseribed as o menibrane structure encap-
sulating space with three inlr;imurnl fields,

and facilitics forice hockey and swimming

Theibert on Facilitits ...

1971).

date major events.like Toothall games, then

Large clear span Jrens can decommao-

‘be converted  for multipurpose activities

Cstallation,

| B

Some of the uses ol air structures are
cited in a Canadianjournal, Schiool Progress
(" Scoop ol the Sky” 1971).
Sweden's
Canada
Crected in Sweden in

Because
sinnlar 1o that of
, an inllatable used for a daycare

climate s
center

parison Lo conventional buildings) the in-

called ™
credited as being highly suitable Tor children

because it provides a [un, unconventional

atmosphere. without limitdions of space.

ERIC -
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ADVANTAGES AND DISADVANTAGES

Valerioy Davies, and  Stmton’

weight, overfed, and dumbs? C(m\ envonad

-buildings are overfed in the sense that they

consume an ¢cnormous.amount of time an(l

SCIVC s ransition -

virtwally equal comfort

as being cconomy,

F97071s of
particular Vinterest o Canadians. In com- -

Fhe Plastic . Ha,” s

(1973) -

(lcscnl)c conventionad l)llll(lmgs as tover-

resourees during planning and constritetion,

Conventional l)lfil(lings are ovenweisht be-
cause ol the rigid hcavy materials that are
difficult 1o move, assemble, and destruct.
Conventional buildings are dumb because
comporents must be lilted into place in
lengthy, costlys and involved -
under (he constant monitoring ol humnans.

- Ondhe othey hand, atvstruciures constime

Cminimal resources; are !ighl_\\’cighl, and port-
“able, cand have miemories ilored nto the

fabric 1‘cquir,ilig only .air pressure to erect
them. ' ' N ' -
-\n()lllcl"u(i\"unLugc cited by these anthors
is that large arcas can be uulnsul withont
nternal supp()lls )

An article in Nation’s Schools (**Bubble,
Bubbl¢: Cost, Trouble™

L.ess Minimum

1970) indicates mixed reactions 16 the use

ol air-structures for Minexpensive xathletic
facilities during the last ten years.

The merits ol air structures are cited
rapid construetion (three
to ten'days); coverage ol large arcas, case of
maintenance, and versatility.
tioned include vandalisin, wind-probleims,

snow, maintenance of air pressure, aconstics,,

and lighting. The advantages ol the bubble— -

lightness, and movability—muke it suscep-

tible to damage, especially around.the seams
where the fabrics are most vulnerable. Some

school nsers have
kuifed or _ _
An article in Progressivd crelitecture

(*With a Liude Ielp From My Friends™

found their bubbles

torn.

1971) §tresses that the freedom of he’

mdividual to determine his tmmediate en-
vironment can be reflected in architecture,
Domes and inflatables are. the forms nearest

to annihilation ‘ol the “edifice complex.”

N CEFP Journal Sliqcilll:l{c[)()l‘l {(“Trend”
. 1972} considers “there can be
little doubt that inflatables arer rapidly

10...7

Processes’

Problems men--
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S mam utilization of

temporary

Hated with the lact that™air

heeoming bisth an asset and trend in-the
c(lumli(m'll program.” .

An Ontario " Department of - Education
(l‘)/‘))

mlurm.mun

publication” summavizes
and

l)cm_hls dn(l the pml)lcms lmol\ ul m lh"

.ll]l(‘n[

identifics sOMe GE

“use of air slm([ulc

The advantages listed include Tow inidal

costy speed and case of erection,"hundling,-

and  répairs portabilitys adaptability for

functions; unobsirucicd space
with high ceilings; integrated heating, venti-
Lating, ‘mcl air-pressure systenms; and masi-
duylight

listed secem 1o

illwnination.
Disadvantages
' structuares are
the product of a re un and rapidly develop-
‘Difficultics  thal other

ing technology.

~authorities elatm are in the procéss of being
solved areshort life of the Tabric envelopes

thermal, light, and sound prl()!)lcm.s, and un-

certain perlformance over long-term periods.

SIGNIFJCANT EXAMPLES

bL\c al structures ‘h e heen u:\uc(l
Ihc
through u)mplcll(m The scope, (llmcnsl()ns.

fiterature lmm drawing: board

nmtumls, and. costs ui these structures, as

cited in the articles, have chaiiged with

time. In most cases the planned size and -

' ‘tmcnmes ()l the hllllLll‘llL‘s have (lcuc mccl

“and. the u)sts have lﬂ(_lL‘clbL‘(i

covered play space in solving site, highting,

Jirst bubble~erected in 1961
ol this secondar y school pumccw(l ‘the usU_

An caxl\' pul)ludlmn (l\()bcus(m 1964)

desceribes the air structires at.The Forman

School of -Connccticut. The

campus

“Litchfield,
I oh the ¢
structures

ol air for school sports, and :

later second bubbledincorporated :mllm(m.s

to problems posed By the fivst.

‘The schools experiences with bubble-.

\
o

t h C.

st.luL,

be ¢orre- -

A Structures 5
and  heating problems ares considered a
sienitlicant contribution 1o the rescarch and |

development. work that has pL‘rll‘clul atr

Cstructures.,

An air structure that has received exten-

ssive  coverige in the  literature s (he
Mithiean College field howse. A ccording to
anarticle i the July. l.)/\) issuc of

American School & Eareersity (llight-

weéight Structures lor Education™), the roof

ol the air-supported freld house was sched-

August
tow-profile. building will be

wled for inflation the fast week of
L9735, The '
L‘Lll)lL‘-l'L“-‘.l]':lin(‘d\illl(l column-free with lower
and upper ll()ms and lﬂL"//dnlnL levels on
the sides.

Additional deseription of the Tield house
at  the  planning
“Advanced

stage iy Lavailable

LEncapsulated,  TFieldhonse™
AN . .

1971y, .

The story of a three-year experiment. in

cducation and architecture, involving a

hundred or. more people and resulting in
“the

the Antioch College -
abr structure, is told by the architeet Tor
the projeet (Ekstrom 1973).

u)nsllunll()n ol

The Antioch bubble at Columbia, Mary-
land, serves as a base.for students on work-
study - leave  from the  main ¢ampus
(“Lightweight Structures {or Fducation”

1973). The bubble is a transhucent svinyl

- material covering 32,400 squiave feet, with

i"lcult\? and administrative: olfices, class-

_1()()ms, and semingrs side assembled from

geodesic domes.

ll”hl\\'(‘luhl, movable  materials  sueh s

The bubble provides an

mexpensive semipermanent campus. casily

adaptable o maiy . different educational
programs. - L

According to the sume articld, ft LaVeme -
Cullc%

1978 complction was scheduled for two

()L]l;\l(lL‘_ Los Angeles, Scptember

cond-shaped structures housing a_two-story
. -0 , ' : }-"y.t
# . NS
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student center and a drama lab. These strue-
tures, consisting of Tefllon-coated fiberelass
supported by a network of cables, are not
technically  air structures. However, the
buildings are cited in many articles about
air stroctures and Bird lists them among his
desigir of air stroctures, '
The upper level of the stdent center

includes l);l,ﬂkc_ll)ull and volleyball courtsy

the Tower level has a-campus radio station, -

photographic darkroom, and media room.
The drama lab contains a theater with
scating for 215 people, a rehearsal rooni,
and scene shops,

~The technical aspects of the LaVeme

structures are described inthe May-June

1975 CEFP Jownal (A ‘Scoop ol the
Sky' Tor LaVeme College”).: LaVerne's
innovative president said that there were
two reasons for the ‘permanent lightweiglit
structure approach to the college’s prob-
lems: cost, and a need for the college ta
remain {lexible in an educatonally [Taid

“decade. The new concept for encapsulating

space fits in with the freedom and adapta-
bility ol the LaVerne curriculym.

- FUTURE USES

Valerto, Davies, and Stanton (1973) sav
that designers are in the experimental stage

“of constructing a completely sell-sustaining

environment in which the membrane will

serve as structare, enclosure, and anchorage, -

control hght and thermal transmission, and .

collect solar encergy. : :

Geiger (1972) in a technical article Tore-
casts Tuture developments that may include
a “thermal rool™ to serve as -a solar
collector and thermal radiator, which would
permit climate control. The article containg
a structural anatysis of the latest develop-
ments in"uil‘ structures [rom new fabrics (o
NewW uscs.

Projections of future uses include en-

capsulating whoele communities to provide.

cnvironmental protection in the far north
or pollution protection in other locitions
(*Air Fare™ 1972),

Three prototype strctures preceded the
present structure at Antioch College, shich
is considered Prototype TV. The design’ of
Prototype V, powered by the sun and the
wind, 1s to be the result of all the experienee
gained in the building of “the previous
models (Lkstrom 1973),
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