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The INFLATOCOOKBOOK was first published in Jan. ’
information and skills learned in process and o
present it in an easily accessible format. That /u;f/

\ 1977 by Ant Farm.It was our attempt to gather [ [+
\ INFLATOCOOKBOOK came Toose leaf in a vinyl binder T
} that we fabricated in our warehouse in Sausalito. L
; The first printing was 2000 copies. [€Fif
| The experiences that qualified us as 'Inflato-
experts' occurred over an 18 month period in
which we designed, built, and erected inflatables
for a variety of clients and situations.Charley
Tilford showed Ant Farm how to make fast, cheap
inflatables out of polyethylene and tape and
support them with used fans from Goodwill. That
was in the fall of 1969. The first one built was
the Targest, a 100'x100' white pillow that was
built for the i11 fated Wild West Festival in
San Francisco, then after being turned down for
Stewart Brand's Liferaft Earth Event, finally
‘ had its day at Altamont. There followed a year
in which we built numerous demo-inflatables at
| schools, .conferences, festivals and gatherings
| around the state of California and beyond.
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PULLOCK.

EVENTS

ANT FARM at that time was: Andy Shapiro, Kelly
Gloger, Fred Unterseher, Hudson Marquez, Chip
Lord, Doug Hurr, Michael Wright,Curtis Schreijer,
Joe Hall, and Doug Michels. -

MATERIALS

The INFLATOCOOKBOOK was written, designed, and
put together by: Chip Lord, Curtis Schreier,
Andy Shapiro, Hudson Marquez, Doug Hurr, Doug
Michels with help from: Sylvia Dreyfus, Charley
Tilford, and Sotiti Kitrilakis.
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Leovardo . A CORNER. ... | form for ease of printing and distribution. It
: Cj pa Vinci ‘ gets a new cover and binding, and some material
- @) . : has been omitted for update. Still its a good
. ' ! buy at the original price of 3.00$, only at one
- ' i place; thats Box 471 San Francisco Calif 94101
— — e
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ENTRANCE

The World's Largest Snake Alphabet
Electroasis-instant media &

The Universal Mass Consumption Grid
Erection American shopping centers
Livin' & jivin' - a & b :

Oor university automatons/sto. - c&e
Ultrasonic media blasts from d

Blow it up - £

The World's Largest Snake eats
videoscreens - g & a 5 man crew
explores limits, blows up buildings,
destroy Fat City, build real (C)ity
Solar energy, dreams, enviroyesterday
mobiletomorrow AND

We give 10X energy credits with fillup.
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Most s%lastso availsble comes in Sops or rolls. Heve are several methods of making
! g[llo apes rest economically from sivigle, dovlle, ete, continuous stnps. Expenment with
- small nbbons §irst . o do these ab full scale r@qwr% lots of C{ayotlt e ang 4
| choreography of tegmwork among these onrolling, holchng and taping the plastic.
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The best way to recycle polyethylene is to reuse it, but when it gets many holes in it, it

is no longer good as a rain cover. The worst thing you can do with it is to put it in a garbage
can — it will probably end up as {and fill and never decompose. The best thing you can do
with it is BURN it. When polyethylene burns it breaks down into C02, HZO' and carbon
which is the ugly black smoke produced but which will precipitate out of the air quickly
and be absorbed by the earth.

Itis possible to recycle poly chemically, butit’san elaborate process and all the big
manufacturers find it more profitable to make it from fresh natural resources {petroleum),
We think inflatable shelter is a much better use for petroleum than burning it in an internal
combustion engine. We also like inflatables because they aren’t in any one place long
enought to leave marks on the earth after they’re gone.
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low Tech poly tapes fogether, easy Lo ti:
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ON SITE "ASSEMBLY  0oly Tapes togetney
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structures will withstand gfeater winde, *
tempecatuces (2O mph winds ; 20 below)
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Clear Polyethylene

Less .

. than 10 s‘l’bx%o_f:. “rglll

Lasts indefinitely when out of light . . about
6 months in direct sunlight. Meets FHA re-
quirements and Dept. of Commerce wt. specifi-
cations. Rotproof and water resistant. Remains
flexible to 70° below zero. Not for greenhouses.

Mesh-reinforced Plastic ~

9x10-meeh 1 :
lowas 113° PPt N g
Steel—reieliforceg;l Woven wire gg'sh, ?fnimv:_il
edges, electrogalvanized, ooaf wi iqqui
cellulose acetate. Bursting strength
mesh is 109 Ibs.; of 14x141 mesh 157 Ibs. Lasts

several seasons. Cut with scissors,

Thick. Width Llength Calalog Wit. Roll

Mesh | Widih Roli Cotalog

._hess foet Number Ibs. length Number
3ft. | 50 4 | $1.57 2 ft. 4 in.| 25 ft.
4ft. | 50 | 32 W 42008C ] 198 100 ft.|32 W 42829C
6ft. | 50 | 32 W 42011C 7 2.79 fta..... 25 ft.
8ft. | 50 | 32W42014C | 9 3.75 ox10t 50 ft.(32 W 42832C|
4 mix | TTOTE | 25 | 32 W42016C | 5 | 2.79 x 100 ft.|32 W 42833¢C
10ft. | 50 | 32 W 42017 11 4.79 4 ft...... 28 1t. (32 11
12 ft. | 50 | 32 W42021C | 13 5.69 | 50 ft.|32 W 42836C
16 ft. | 50 | 32 W 420; 17 7.55 : 100 £t.|32 W 428371
2014t | SO | 32 W420271 | 21 )- TTE. £in.| 25 ft.|32 W42B39C,
6ft. | 50 ST AZS 100 ft.[32 W 42B41C|
6wt | 104t | 50 | 32 W42061C | 15 | 6.98 B SR AE I
12 ft. | 50 | 32 W42064C | 17 a5 -, oo 50 £t.|32 W 42844C
_20ft. | 50 | 32W42072L | 31 | 13.95 14x14f] 100 ft.|32 W 42845044 1ba|41.95
Mure PRICE ROLL-BACKS ! Fft | 2o A eaTci6 o 17D

100-foot rolls. Clear Polyethylene.

Thick- | Caldlog | Wi.|_Roll
ness | Width | fmber | ibs. | wazes | ol
2 miP |§F 41n.|32 WA2003C|_9

3it. IC 7 | 2.69
4ft. 32 W Cl 8 | 365 | 3.46
61ft. {32 W42012C] 13 | 5.29 | 5.02
.| __8ft. |32 W42015C 17 | 7.09 | 6.73
4w |51 018C| 22 | 4.99
] 12fe (32 W 42022C] 26 | 10.59 [10.06
16 ft. (32 W 42025C| 34 | 14.25 |1353
20 ft. |32 W 42028L| 43 | 17.95 |17.
R 61t. |32 W 42056C| 17 | 7.95
6 mi*| 124t 132 W 42065L] 34 | 15.95 |15.15
N -|_20 ft. [32 W 42073L| 59 | 26.35 ]25.03
. TOmiF |_ 20 it. 96 | 45.95 14365

Super-clear Vinyl E52e Skt mi

¥¥Was prices Trom 1970 Spring Blg Book

.2 to 3 tifaés stronger than polye!'.hy]ené. Stands

.tear resistant. Stays flexible to —26° F. Not -

up to sun . . ideal for storm windows. Highly

- recommended for permanent greenhouses.

, Thicks Roll Shpg.wt.| .~
- ness” Tbs. [oz.| Lice
; .2

Polyethylene . . flexible, pre-cut plastic sheeting

of 6 mil* thickness with 43$x2 in. brass grommeted
{34 in. diam.), self-adhesive tie downs. Protects
‘-most anything from weather, dust, grease.

Cover Outfits

Color

Clear |

Size Sq. | No. Wt s
feet . ties Ibs. | Price

{reen

Sears

Catalog
. Number
20x50 | 1000 | 40 |32 W 420711 33 [$17.75
6x9 54 [ 10 425
Ox12 | 108 | 12
10x20 | 200} 16

32 W

32 W 1
15x20 | 300 | 18 132 W 42583 | 10.; 9.75
20x20 | - 400 | 20° (32 W
20x401- 800 | 28 |32 W

© dndt

Heavy-duty Indool
surfaces. Clear 10-mil* polyethylene. Air-tight,
waterproof. 50 ft. roll. 1 -or 2-in. widths.

32 W 42915—One in. width. Wt. 4 oz....Roll 79¢
32 W 42916—Two in. width. Wt. 10 oz. Roll $1.39

Indoor-Outdoor Waterproof Cloth Tape, 60-it.
32 W 42914—One-in. width, Wt. 6 oz.. Roll §1.19

Double-faced Mounting Tape. Strong ivory pa{w,t
n with adhesive backing on both sides, 54-ft. roll.
32 W 42911—34-in. width, Wt. 4 oz.....Roll 79¢

Aluminized Plastic Cloth Tape. Waterproof.
Makes ‘excellent, sealant for air ducts, joining or
;mounting plastic sheeting. 60-foot roll. 2-in, width.
32 W-42921—Wt.1lb......... t.......Roll $1.65

3

1Wires or sirands per squareinch
Cotton-reinforced 27 @¢ *%a
Green cotton 4x41 mesh, multiple strands woven
for extra strength, fused between 2 sheets of
cellulose acetate plastic. Total thickness 1.76

mil*. More flexible than metal reinforced plas-
tic, Ideal for curved: installations. Holds' its

3- shape yet stays pliable even at low tempera- -

tures. Keeps cold out, heat in. Cut with scissors.
Rolt Catalo; Shy N
Mash | Width | vangth | . Numbor | wro. | Pice

3. | 25 it 3 Ibs.|54.50
.| 50t.[32 W42817C! 5 Iba.

ires or strands per square inch

shaking. Sold per foot or in

32 W 42276C.

2T 4)

B

r-Outdoor Tup‘e? r smooth

w t‘hlck is a mil? One mil is one-thousandth (.001)
“nE.an inch. .9 mi) abo e think ne this nane...

of 9x10t1 -

20 1bs.'28.25
100 ft.|32 W 428491159 1ba.I55.95 -

8.45
150 ft.132 W 42819C(12 1bs.)23.95

* Utility Plastic for windows, floors, carpets’
{ 1 and 2 } Milk-white transhicent film, 30 inches wide. Gives frosted
effect on ‘bathroom windows, shower doors. Ideal for temporary .
«carpet runners. Diamond embossed film (1) has greater slip resistance,
ribm film (2} is more pliable; both gﬁ)f can be eesily_'clqi.ned by :

1 Diamond Embossed- Film.
Per ft. Shipping wt. 4 0z. .
32 W42275C.......... Foot 34c . -'32 W #42271C..........Foot 23¢
*  Roll Shipping weight 24 lbs.
$30.95 32 W42272C....

. Black Polyethylene

»
4 il*
tooe thom 1 © “RERALIP
Won’t rot or mildew. Keeps out damaging light,
ultra-violet rays. Lasts 3 to 5 times longer in.
sunlight than clear polyethylene. Salt-proof,
paint-proof, oil-proof . . can’t be

Thicknesst Width |"58"  Kiumber Ibs, | ROl
G it. | 50 | 32 W42 7| 32.88
10ft. | 50 | 32 WA2II1IC | 1t |~ 469 -
10 ft. | 200 | 32 W42112C | 22 | 915
16Tt [ 16 | 32 W42116C |~ 6 | 3.59
4 mit* | 16 £, 32wWa2118L | 17| 7.55
- 16 ft, | 100 | 32 W42119L | 34 | 1475
20ft. |20 | 32 WA2122C 559
206t | SO [ 32W42124L | 21 | 9.65 .
- 20ft. | 100 | 32 W421250 | 42 | 1875
28 1t. | 100 38 | 27.25 -
10ft. |~ 50 Tis T 700
10 ft. | 100 | 32 W42156C | 29 | 1385
16Tt | 50 24 |11
6wt | 166t | 100 | 32 W42162L | 48 | 21.95
2016, | 50 Tar
20ft. | 100 | 32 W42166L | 60 | 28.25
28 ft. | 100 90 | T/
32 ft. | 100 | 32 W42171IN | 100 |45,
40 ft. | 100 | 32 W42174N | 127 | 56.75
10 wmil* | 20 ft..1 100 | 32 WA2ISIN |96 | &Y

ture. Won’t rot. Can be stored
134-mil* thick, 40. inches wide.

- Available in 104 and 1000-foot rolls, = -
32 W 42101C—104-ft. roll. Wt. 3 Ibs.. , Roll $1.99
32 W 42102C—1000-ft. roll. Wt. 25 Ibs..Roll 11.89

100-foot

O Ribbed Film. - .
- ® Per ft. Shipping weight 4 oz.

Roll. Shipping weight 21 Ibs,

Accessories to
anchor plastics

. P
{ 4 and 5 ) Snap Fasteners. Snap covers onand off
quickly. Crowns on 2x2-inch pressure sensitive tape.
Studs on tape or wood screws. 10 each per pkg, -
4 Tape-mounted studs for smooth surfaces. .
32 W 42903—Pkg. of 10. Wt. 4 o0z.... .Pkg. 99¢
5 Screw-in Studs for rough surfaces.
32 W 42904—Pkg. of 10. Wt. 4 oz...........Pkg. 93¢
6 Brass Grommeted Plastic Tie Downs. Pressure-
sensitive adhesive. 434x2 in.
32 W 42902—Pkg. of 10. Wt. 4 0z:.............Pkg. 99¢
7 Molding Strip. Resin treated cardboard, tacks. For
mounting sheeting. 34 in. by 36 in. long.. .
32 W42905—Pkg. of 18. Wt. 11b. . .coevnnnnns Pkg. 55¢,
8 Button Stakes ‘for -anchoring plastic covers to
ground. 6 in. long, notched. Pkg. of 40, :
13 W'19921—Shipping weight 6 ounces........ Pkg. $1.25°




Since.polyethylene is so light (1200 sq.ft. of 4 mil weighs about 20 lbs.) a fan usually is a
better air source than a blower. A blower gives more pressure than is necessary to support

the weight. Blowers tend to be high-pressure low-volume air sources; fans give out more
0(/2'/'51/?5 —  air at lower pressure. In measuring the output of a fan or blower there are two considerations:
AIRT ¥ number of cubic feet per minute (CFM) of air delivered and the static pressure at which that

NN

A good source of fans and specifications on fans is Grainger’s {a national chain of wholesalers),
They sell a large variety of fans and blowers, each one listed in the catalog with its output.

I usually try to match up a used fan | am buying with something in their catalog for an
output estimate. To get a catalog or buy from them you have to show some company
credentials or a purchase order, but it is worth the hassle as their prices are about 1/2 to 3/5

southcoast

MONDMET
FAT. BENDING

‘ R F air is delivered. A water manometer is an easy way to measure static pressure. retail. A new fan is usually cheaper than a used one in the long run if you get it wholesale,
, li g A manometer will give you a ot of interesting and useful information about your bubble. but any fan you can get for free can be made to work. (Beware of used fans for public i
l. / g\ Q Wind effects, for example, do not always increase the pressure inside the bubble (see events, though, unless you are sure the fan is good. |
L & . . . S : i
Al 72X Anchoring section). You can tell how much pressure your seams will withstand. Make About the best fan we've used for medium-sized inflatables is Charley Tilford’s old-time 1
: < B your seams strong enough to withstand 2/5" pressure, b(.ecaus_e wm<.j|oad|.ng is best ‘ office fan that he talkeéd the city of New York out of when they air-conditioned some
> % withstood by maintaining a tight skin. 1f the skin isn’t tight, the wind will make a sail offices. This fan is a 24" diameter, % h.p., direct-drive, two-speed fan with a cast-aluminum,
E in‘the side of the bubble and then you are at-the wind’s mercy . ... . * three-prop air-foil blade and a sturdy, close-mesh guard. This fan probably put out about i
r(\“ }__L_ GLASS IR 5,000 CFM at 0" pressure and maybe 4,000 at %"’ pressure. Having a strong guard on any |
! : ) REABLE TUBE fan is important if there are going to be any general public, little kids, or stoned people. )
R I 8 :
%g N Charley cut down the pedestal so that the fan was near to the ground for more stability. 1
<& %E — WATER 15 A The easiest way to attach the air tunnel to this type of fan is to tape it directly to the :
QF\ i - EASIER 70 A iblade guard (another reason for a strong guard). Since the building will probably move
. ® g % /F//”f‘,ﬁﬁ/ﬁ/pé around — especially if there is no net and the bubble is on a hiil or in the wind — itisa
| § FQ ¢ ‘ good idea to make the air supply tunnel long enough so that the building can move I
! —L i _Eh without pulling the fan over. We've lost some good fans this way. (A good invention
‘TJ L AULER . might be some skids on the bottom of your fans.)
? — r 3 Our best fan for large bubbles {used on the 100’ pillow) is a four-foot diameter, six-blade

<A tfic fan powered by a % h.p. motor. We scrounged this fan from a house that got

air-conditioned. The original motor (% h.p.) got burned out by a faulty generator, so
test your voffage ...ifatall possible. 1 you are renting a generator get the rental place
1o test it for you. The replacement % h.p. motor we got (and all the fans and blowers
we've gotten since) has overload protection. This is simply a device inside the motor
that shuts the motor off automatically when the motor overheats {due to overloading,
incorrect voltage, etc.). The page from the Craftsman Motor Selection and Installation

—O—

Remember that for a public event it'is |
necessary to have a back-up fan that will
support the whole bubble if the number ~ ".
one fan should fail. Each fan mustbe = '« °

TANSEAN TLLVIS .S/
oy T T DS

»
",

2=

! capable. of_supplying at least .5 CFM per, ‘ '\"" Guide shows how motor speed relates to fan speed determined by pulley sizes. This is i
person indise the bubble. Having a working ‘ | Y a good booklet you can get from Sears. (HOW TO SELECT AND INSTALL ELECTRIC
B generator on he‘md is a gooc! idea if your . . N i, ] Y .
- %L power source is at all dubious. (We have \ v MOTORS) The attic fan puts out about 15,000 CFM at 0" and very approximately
- ' panicked when a fuse inside a locked . | 12,000 at 1/8”. A STRONG mesh guard highly recommended. %"’ screen is good.

building blew.)’

Charley recommends this fan for medium to big inflatables. This frame is made with
electrical conduit. Included are the specs for this fan from the Grainger catalog.

(Hinge pins are removeable for transporting.) )
[
|
i

12" TO 24" VENTURI-FRAME EXHAUST FAN KITS

1200 to 6800 CFM. 1 & 2-Speed Totally Enclosed Dayton Motors. Aluminum Blades

Assemble this 3-part kit and you’ll | mounted for quiet performance. Quiet; D
16” FAN have a top-efficiency exhaust fan | 3-wing aluminum fan blade. RiQ'd s’teelayggg
$27 69 al a saving up to 30%. This ven- | frame with venturi discharge, Adjustable pre-
. turi-frame preferred everywhere | punched motor base fastens to vertical supports
Lots5, Up  because of ease of jnstallation | with U-bolts supplied. Panel has mounting hole
and efficient ventilation. Kit comes ['in each corner for easy, secure mounting. Hard-
2323%3ti;olvgméimffz'%dg?e%z?/aﬂfon R{g?\g Rl]’llxl ﬁvlmif kitt included. Panels are 4” wider and

split- igher than fan blade size. For

phase, 115V, 60 Cy. motors. Motors rubber inﬁex. shutters, see

Blade Mitr. Stock- Knotked-Down Shpg.
Dia. RPM CFM HP  No. Retail Eacth Lots 5 "'Wt.

.12 1500 1200 1/20 7C867 $30.30 $18.12 $17.53 13

‘/" 16" 1725 2820 1/4 7C527 4740 28.38 27.69 31
1725/1140 2820(}) 1/4 7C528 65.75 39.37 38B.68 35

<

187 1725 4040 1/4 7C529 49.35 29.53 28.79 32
1725/1140 4040(}) 1/4 7C530 67.70 40.52 39.78 36
1140 3080  1/6 7C535 6145 36.80 36.06 32

[
£
=

20" 1725 4350 1/4 7C531 50.75 30.38 29.54 34 -
1725/1140 4350(}) 1/4 7€532 69.10 41.37 40.53 38
000 /3 7C642 5550 33.22 32.38 37
1725/1140 5000(1) 1/3 7C868 74.50 44.60 43.76 40
1140 4350  1/6 7C536 62.90 37.65 36.81 34
24" 1725 5150 1/4 7C087 53.15 31.83 30.94 41
1725/1140 5150(3) 1/4 7€327 '71.50 42.82 41.93 46
1725 6800 ~ 1/2 7C873 71.65 42.89 42.00 52

1140 4600 1/6 7CO88 65.30 39.10 38.21 43

(}) CFM on low speed approx. 1/3 less.

.

Lo _ K WARNING:

This is the 100’ pillow before we put a net on it. When it was half inflated, we stopped inflating it to patch up the little : FUNKY GENERATORS]

strings we had taped to it for tie-downs. A storm blew up and the wind made the 40’ X 100 sail that you see in this picture | EAT FAN MOTORS
All the little strings popped and the bubble took off. We finally stopped it by cutting a 60’ slit in the back side to release I
all the air. Imagining a sail boat with a sail that big will give you an idea of the magnitude of force involved. This was an ) o !
extreme case of low pressure, but you get the idea . . . - T e e S "
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APP. BTU/MR/ B gain

-]

APP. HEAT

In order to arrive at how much air the fan is going to put into the bubble and how much area

S .
of holes it will take for this air to pass through the bubble while maintaining the proper
v } 5 pressure in the bubble requires a series of calculations. Since the amount of air we are going
-’25 : H‘%% to pass through depends on the heating and cooling requirements, we must figure out wnat
22 ' conditions are going to make it hotter and how much hotter, then balance this with the
S ﬁ % . (‘3'2 %E: factors that are going to cool the bubble.
- > \r
SR N o HEATING FACTORS 1) sunshine
o % - Juw 8 2) people inside
| z =z 3( &i B3 COOLING FACTORS 3) conduction through the bubble skin
:‘— Lli oL 2 - 3 %“m@ 4) passing air through the bubble
< B g%g 1532
S ) 9 Wi ?LLLU; How to figure these follows:
ox ¥
i

1) HEAT GAIN DUE TO SUNSHINE
’ Heat gain due to sunshine is Very Approximately 300 BTU/sq.ft./hr. of direct sunshine
(sun at 90 degrees to the surface of the bubble}. Heat drops off towards sunset or as the
angle the sun makes with the surface of the bubble diminishes.

it should be noted here that if you'e using white polyethylene, which you should be if you
are doing anything in the sun in hot weather, the heat gain will be somewhat less,
but we will design for the maximum heat so we will have a little more cooling power than
necessary rather than a little less. . .. :
HEAT GAIN DUE TO PEOPLE INSIDE

Heat gain due to people inside is very approximately 400 — 1,000 BTU/person/hr. This
depends on the level of activity of the people. I the bubble is going to be.in full sun, this
figu_ré will be negligible compared with the heat gain due to the sun.

8 3) HEAT GAIN
‘ 3) HEAT LOSS DUE TO CONDUCTION THROUGH THE BUBBLE SKIN
’ Q= (A) THV)

Q= conduction loss in BTU/hr
A = surface area of the bubble (not counting that
which is one the ground)
T = the difference in temperature inside and outside
the bubble in degrees Fahrenheit
U = heat transfer coefficient for polyethylene (about 1.2)

~pHaTO BY EONEL

GAIN DUETO SUN

4) HEAT LOSS DUE TO PASSING AIR THROUGH THE BUBBLE

Qqir = (WHCRI T) Qair = heat loss in BTU/hr
W = cubic ft. of air moved per hour
Cp = heat capacity of air (about .016 BTU/ft3)
T = difference between inside and outside

temperature in degrees Fahrenheit

Now in order to use these figures, add together all the gains from heat and people, subtract from
this the heat loss due to conduction, and solve the 4th formula for W or the amount of air you
are going to have to move.

In ordt;'ato pass this much air through a bubble, it is necessary to have some holes for the air to

flow out. To get a rough idea of how big these holes should be, we will use the fan performance
curve (which has been determined by the above figuring) figure obtained above for the required

number of CFM to be moved, and the following formula:

C (pv®
Pda="5G
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45° 0°
ANGLE OF SUN TO BUBBLE
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pressure drop at a hole (about 1lb./sq.ft.
under normal conditions

density of air which is about .07 Ibs./ft.3

p =
V= air velocity at the hole (in ft./sec.)
G = acceleration due to gravity

2G = 64 ft./sec.2

V = (approx) 30 for normal conditions
Within the figures for V are the variables we are playing with:

v ={CFM at which fan is operating) (from calculation 4 above)

LOOKS COMPLEX ?
NOPE , IT$ E-Z. HERES
AN EXAMPLE TO SHOW
YU HOW. GO oVER
YOUR ASSUMPTIONS

(Sow ANGLE ETC) ANVP 1y oy pillow, white on t0p. To be used

W, white on top. To be used in daytime —maximum exposure to the sun will
CA’LG{/LA TIoNVS BEFﬂRE be about half the pillow getting 45 degree angle sun for noon hours. There will probably
be about 100 people at medium to high activity as there will be rock music. Outside

tetmperature is about 60" Fahrenheit — temperatures up to 80" F are acceptable inside. 0.K.
Little sketches are helpful for getting rough estimates so . . .

square feet of opening

60 seconds {the variable here to change minutes to seconds)

HYPOTHETICAL PILLOW DESIGN for determining fan and size EXAMPLE

3 un Gain - 2500
1250 sq ft exposed to 45 degree sun
(see chart) axifxhxufsgx£fxx will gain
150 BTU/hr/sq ft. 1250

2230

187500 BTU gain/hr
. from Sun
2)Body heat gainlf)0 BREHfhxtpuxzen
~osgenerating 500BTU/hr/person =
w"f 2000 BTU gain per hr
3)Conduction Loss-
Q=AATU .
Q= (3500)(20)(1.,2) =
Loss from conduction

85,000 BTU/hr

#ix
x8 154
187,500 + %@,000 - 85,00 = jga,ooo"

Total Gain per hour.

 Hmaxxix

4) Heat Loss Due to Passing Ai r Through

gaxaax

150,000 =(W)(.0}6)(20) Two medium-size fans (around
W = 480,000 cubic ft per hour 5000 CFM) might be a good

480,000 _ . solution, providing good control
i 208 005 gF;xpressed in CFM over the ampumkxmfxaiexi air-flow
5) s as wellaas a double blower systeﬂ
30 =, V "
Y =(?FM ) ¥xmx opening = 4,5 sq ft.
¥ \sq ft opening or Rough guess your door openings fXerxxhix a bit
60 xxxgyx¥akaxxhan smaller to allow for

xhe(inevitable)tears which will increase
the area of air leakage,




ANCHORING - .

] L. ) . . TOTAL LOAD 1
If your inflatable is going to be up outdoors in any wind, it will need an anchoring system. . . .
For small volume (500 sq.ft. of floor area or less) interior weights should work; these This windload must be added to the inflation load to get the total load that the anchoring
.could be sand bags or water bags. Larger structures require heavier.anchoring. There are system has to counteract. Ifit is possible that the whole wind-load could be on one anchor
| -a number of ways of doing it: integrally made tie downs, buried edge, weighted edges, point (such as when a square pillow with a square net anchored down at each corner presents
“taped edge, or tension net anchors. Buried edge is good for a semi-permanent installation one corner to the W'n‘_j)' t_hen th.e t°t:‘“ windload must be added to the |_nflat|on Ic_)a.d on
! where you can dig a trench. A taped edge is good for a small installation on-a smooth each anchor. If the wind is coming directly against one side, then the windload divided by
floor; tie downs and tension nets are good for sites with existing things to tie to (trees, - the number of anchors that will be under tension should be added to the inflation load for

. ' fire hydrants), or where it would be easy to drive tent stakes or augers. each anchor.

pressure of the structure. Precise structural calculations should be left to 2 engineers,
3 Ph.D. mathematicians, and a computer, but a little rough math can give you a close

60’ ‘J enough estimate of what anchors to use. We will deal first with inflation pressure and
second with wind loads.

I ‘ The anchoring system must withstand not only windloading but also the internal air

—

PRESSURE LOAD ... On any surface that is curved in one direction, i.e., a cylinder or “
a long pillow, the tension per unit of width is equal to the internal pressure multiplied by

the radius of curvature. Work in pounds and feet. Some ball-park figures on figuring

pressure: the highest pressure you are likely to get with a powerful direct drive fan is

ra;l rord Tie
‘164 S
Cl mlder block &Tape

nd plpe of
i 2 pounds per sg. ft. (2Ib./sq.ft.). A normal working pressure is 1lb./sq.ft. On a water Jovne - ﬂ ~1rouv\d " heavy ahq‘thma‘
| monometer, 1 of water equals 5lb./sq.ft. (see monometer drawing). Indoors you can keep SECTION wetlq l{\‘i‘ed . .
\ a structure up with as little as %lb./sq.ft. d&"‘ ")' SECTION
| A_J Sechion Make a sketch of the shape, find the radius of curvature by making a section through it, on
l this diagram the tension equals pressure times radius of curvature. - The tension is the TYPES OF ANCHORING SYSTEMS
i ; downward force you need per foot of edge. These systems have the structural advantage of distributing the forces evenly around the
200 ' whole perimeter of the building.. We used one with pieces of pipe taped into the edge over
T/ft = (P}{(Rc¢) T/ft = downward force needed a waterbed environment so that we were able to remove the inflatable by lifting it over the
' per foot of edge . bed without having to move the water bed which weighed 3000 lbs. Because the plastic floor
P = pressure (in Ibs./sq.ft.) ]} is eliminated, this type of inflatable would also be good for a greenhouse, storage facility, pool
; Rc = radius of curvature (in feet) cover, etc. These types might tend to last longer, too, because they are more static so people L
l ';/L_ C “ probably wouldn’t walk through the walls or otherwise freak out at the expense of the plastic. ‘
i‘ \\ EXAMPLE: The Earth Day Bubble by Charley Tilford in'New York City was
200" X 60’, radius of curvature was 30. The anchors were parking meters
| —— spaced at 9’ along the long edges (the 200" dimension). The pressure which ) WEIGHTED EDGE ‘
! elevation the bubble was designed to withstand was 2Ib./sq.ft. The ropes spanned Weighted Edge is anything heavy that can be laid on the edge of the plastic or
|— between parking meters so the load on each rope was (tension per foot of taped into the edge. See illustration. .
i width) times(spacing between meters). Tension = (30°}{2lb./sq.ft.) and
Tension pér rope = (9)(30')v(2|b./sq.ft.) =540 |bs, per rope. 2500 lbs test | saw an interesting inflatable that John Reeves did in the Summer Thing program
3/8 inch dia nylon rope was used. in Boston that was an inflated hemisphere {out of 2 mil silver mylar} that tied down

to a piece of telephone cable that he had gotten the phone company to donate. A.

If you want to do an inflatable with the weighted edge (instead of a plastic floor): find the 20' diameter circle of this phone cable weighed about 200 Ibs. The phone company [

total downward force required, then divide by the perimeter to get force required per unit

. usually just chops it up and melts it down again. John’s bubble leaked air between
of length of the perimeter.

the cable and the edge of the plastic. This could be desireable if you want to circulate
a lot of air, but if you have pressure problems a flap could be taped on inside the
WINDLOADING - bubble, like on giant Bird-Air and most commercial inflatables. A section of the detail
might look like this:y

i To figure windloads: find the area of resistance the structure presents 16 the wind.

N \ (length}{height). The horizontal force from the wind blowing on the structure can be
‘ —! up to 10Ib./sq.ft. dependl_ng on th_e sha_pe of the struqtt{re and the Wi"_d velocity. A ) Looking at the elevation drawing of this, notice the catenary curves between each
;l; lower, more shallow-sloping profile will create less resistance {(and will ewen create Weve i ‘ tie-down point. This is the natural configuration the line between two weighted points

negative pressure on the leeward side of the bubble.

on an inflatable takes, so it will strengthen your bubble to actually cut a curve to an
approximate shape, reinforce the edge by taping a piece of cord into the edge and
running the tie-down loops through the string. This will distribute the force of the
tie-downs through the whole edge of the inflatable, rather than gathering the stress
at the point where the tie-down meets the edge of the plastic. This will minimize
wrinkles and tears due to concentrated stress. Inflatables that are to be tied to stakes
can be made in the same way as this.

Bubble | presents a large area to the wind. The negative pressure is concentrated on the
back side. (This negative pressure is created the same way as lift is created by an airplane
wing.) Bubbles Il and 111 are actually getting some lift help from the wind. Bubble 11l
would probably need less fan pressure in the wind because of the negative pressure on the
outside created by the wind blowing over the low profile. A structure to be left up for
more than, say, an afternoon (or a structure for an event which you don’t want to have to
postpone due to high wind) should be designed for 101b./sq.ft. pressure. For a structure
50" long and 15’ high, the design force would be (50°){15’){10lb./sq.ft.) which is 7500 lbs
force on the structure. : ) T S PR

FORMULA (area presented to the wind)(10lb/sq.ft.) = wind load

i ' 1f 7500 Ibs seems like a lot, think of the force on just the minimal area your body presents
— ———— . to the wind in.a good, high wind,

SECcTION
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Whinkles in your pillow mean the plastic skin is stressed along the wrinkles

There are little or nostresees the other way . ‘ @ @ @
< (m} “lu» . Remﬁ;rced paCCh | / | .
' Curvature determines stress: 3 tiny plastic hose, carnes a hundred gouﬂds pressure and ]
i 2 huge weather balloon hes a pressure barely above atmespheric. Yet the stresses on both
Nt \ the Nose wall and the balloon <kin ma;/ be the same - tgg tiny tbe wall 1s shavply
7 e e curved and the weather balloon surtace \sflatter: Tf thé earth were o aiant balicon, magne
7 M\M\j’ ] !Y\\onvkehttl‘etglressur% wou)g be Ta@&de’ \tx?_s:deh-[;gt ter_}%e the ?{oazo%) 50 mhtl harply curved
w— : ake 3 little cube ou In plastic sneet. Then nflate. The corviers s Y curve
. Aslgmng jqr‘log 3 Or/’(\) vﬂ(}?ﬁ‘gg@cd (ngl\ér;g e?%%‘ﬁac‘fm il hang limply  while ghc midpomnts Pare tauthenough to purst! ;186’55 tgad:%g tgfse énﬁésa take
éhgisvﬁff gﬁ?‘j( : ;Ve:? clgim\gentéﬁce. through size) will dutomaticall . more stress. The CUbE tries o hecome a sphere - 2 shape i whic € Skin curves f

poges are - : Poﬁ:%?@ Witk Tt matenals.

Tend to spread close “due to the air pressu , €gual amount n
- open and leak | inside y
air o
Not recommended ™% ' RY o |
S . , -

\

Aring or hula hoop taped around 8 circular hole will become a self closing door - Sul\\;{egcyf)es s\ év;gg;je mtc;y AV A N o
1t Ts located so it rests {lat on the %ﬁdsydhen no one s entenng. A ﬁkés, The coeo End 2r e will sppronmote & sprendf surfece. ‘
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PNEDMATICS - A KEY TO'WRWIABY
HYBRID STRUCTURING

Aner seeing Mr. Bird's impressive achieve-
ments and hearing Mr. Lundy's enthusiasm |
wish 1o introduce a note of constructive pes-
Simism. Pessimistically, | consider that the
-application - in the fleld of structures - of
pneumatic techniques is tod involved with
splving normal structural and shelter prob-
s. While the intermittent enclosure of
wimming pools or protection of traditional
gonstruction work is extremely useful, such

applications, if too widespread, can well re- -

sult in the following actions which are detri-
mental to increasing the development of V

pneumatic technology:

1) Over-emphasis may be given to the static
siting of air structures.

2) Direct cost comparisons with traditional
structures may be made.

3) The fixed-period accommodation avail-
able with air structures may only be exploi-
ted for disaster or random-use of air struc-
tures.

All these actions can retard the investigation
of new applications requiring improved and
more complex air-structures. In addition the
development of new materials and fabricat-
ion techniques should be related to new
applications rather than concentrate on the
perfection of existing applications since
these very applications are still extremely
arbitrary.

While space exploration and defence pro-
grams provide a valuable technical “'spin-off’”’
of the development air-structure technology,
its very peculiarity is likely to restrict, in the
near future, the technological advance of air
structuring related to civil and social activit-
ies. Too many architects and designers wait
to see what NASA and various Defence pro-
jects will produce. This conference must
increase the content and frequency of ex-
change between scientists, engineers, manu-
facturers, architects, planners and social
administrators. An immediate task could be
to agree on the semantic definition of the
various structures and systems we are now
discussing (air-supported structures; air-
inflated structures; air structures; pneumatic
membrane structures; sealed pneumatic
structures).

In this paper, reference to air structures
includes air-supported and air-inflated
structures, together with air-controlled and
air-moved structures. In addition, we must
keep mutually aware of the alteration of
attitudes of authorities and others to the
employment of air structures. In September
1965 the Department of Architecture and
Civic Design of the Greater London Council
refused to license a high-pressure air-beam
structure for temporary use as a place of
public entertainment on the grounds that it
constituted merely “a tent without poles or
frame’’. In December 1965 the same depart-

ment of the G L C were prepared to consid-

er the use of the identical structure on
receipt of calculations related to stability.
Only when a continuous exchange is estab-

fined can individual groups - Inmy case
architects and physical planners - make ‘
accurate and substantiated demands on
pneumatic technology. At this stage of the
conference | list some aspects of this tech-
nology which are of particular interest to me
as an architect:

a) Multi-membrane construction which
enables variable pressurisation and contain-
ment {(cf. paper by R. Szilard).

b) The availability and performance specif-
ication of transparent membranes.

c) The control of light and radiation by
both membranes, intermembrane construct-
ion and contained gases or liquids (cf. papers
by R. Szilard and N. Laing). v

d) The containment of granular substances
between membranes to control humidity,
sound transference etc.

e) The capacity of controlled air movement
through the material of the membranes. Such
a possibility enables changes in the normal
methods of foul air evacuation.

f) Multi-layer bonding enabling variable cel
construction. Such hybrid construction can
enable the simultaneous use of high pressure
sealed volumes and low pressure air-support-
ed volumes.

g) Ultra-sonic bonding enabling an increased
variation of membrane material. An increa-
sed use of various materials is urgently
required not only to enable varying structur-
al performance specifications to be met but
also to achieve varying textural qualities.

h) Further information on the perform-
ance of high and low pressure structures in
movement. The existing U K inflatable
vehicle transporter which both protects the
vehicle and propels it on the Hovercraft
principle is an example of this. Movement
must include the employment of the Hover
craft or Ground Effect Machine {G E M)
principle.

i} Self-packing, on deflation, of large vol- -
ume membranes.

j) A new method of costing air-structures
which is related to the variation of use and
not merely material and unit plant cost. Any
mechanical plant, pumps, blower etc. must
be accepted as a structural element.

The variation and individual control of vol-
umes singly or in combination enables the
separation of membranes related to the
elimination of particular adverse conditions
{cf. paper by R. Szilard).

As roofs, walls and floors no longer exist

in the conventional sense, their pneumatic
equivalents no longer need to provide the
additive structural support normally re-
quired. Only collective stability is required
and the air one breathes can become the
major structural force. This being so, the
interior fittings or divisions of such
structures become relatively more perman-
ent (see the interior of Lundy/Bird US
Atomic Energy Commission’s travelling
exhibit). .

~ Movement of such internal parts must also

be investigated. The use of air-pallets for
such intermittent movement is extremely
valid. The use of an air-conditioning plant as
the structural pressure feed is only ane

67

72| D5

Paper given at Ist International Colloquium

on Pneumatic Structures Stuttgart

example of the advantage of co-ordinated
use of air within such structures. Methods of
cleaning and movement related to the whole
or part of the structure should also be inclu-
ded.

In the past major urban congregation
areas were determined by the location of a
large permanent structure providing mass
accommodation or shelter such as the
Roman Circus, the Mediaeval Cathedral, the
Market Hall and the Sports Stadium. With
the use of air structures such permanence is
not required and so the additional restrict-
jons of the fixed site should now be avoided.
In effect, large air structures can enable .
planners to revérse the pattern of traditional

urban congregation and servicing nodes
found in existing towns or cities. In new
proposed urban settlements such nodes need
no longer be permanent generators of fixed
urban patterning.

Theuse of air structures to provide short-
term small and medium sized social facilities
enables the siting of short-term mobile
housing to be independent of towns offering
similar facilities.
Air structures are already used to provide
industrial production space particularly
where the demand for such space is likely to
fluctuate. Thus in effect we already have the
mobile factory, but it must be further devel-
oped and its potential further exploited.
Work on disaster control and emergency
planning has, over the past years, produced
a wide range of pneumatic appliances and
applications such as fabridams,
dracones, vehicular hover-pads and
GEMs or hovercraft. However, such uses
of air structures have not yet been seen as a
method of reducing the dependence of
emergency planning. That is, they have not
been viewed as a potential asset to society
enabling rapid yet variable control and com-
munication to be achieved. Such realisation,
backed by increasing design and develop-
ment work, can enable air structures to
contribute to a higher degree of sensitivity
in society’s continuous controf of the
physical environment.

This conference and the possibilities of
future exchange that it has created must
assist in estabiishing new priorities for future
work. While 1 accept the fact that develop-
ment of present projects is by no means per-
fect, a desire to achieve greater accuracy in
the immediate tasks must not impair our
realisation of the future potential.
Pneumatics, as far as partial or total structur-
ing are concerned, are likely to stagnate un-
less this is realised. The field of valid applica
tion has scarcely been touched.

The determination of the extent, inter-
action and location of activities that require
buildings is no longer a sufficient brief.

The quantitative assessment of the valid
social life related to particular location must
also be made and designed for.

This then is the major role for &ir structures
now and in the future.




._‘

|

Tribune photo-by F-310,”

Some dared to enter, others just gaped at this huge plastic air container in lower Sproul Plaza at the U.C. Campus

Breathing -

BERKELEY—A 40-by-40-foot

plastic bag was the theater,
siage and prop yesterday for
a chillingly realistic bhit of
theater about a day when the
air becomes too polluted to
breathe.

“Air Emergency” was con-
ceived and built by a Sausali-
to “family” of dropout ar-
chitects called the Ant Farm.
The commune, touring Ameri=

can campuses wiih their
Clean Air Pod (CAP 1500) per-
formed outdoors at the Uni-
versity of California campus
as part of a three-day Envi-
ronmental Teach-in.

As an air raid siren drew
U.C. students to lower Sprout
Plaza, a monotone loudspeak-
er voice informed them that
an “air failure” had occurred
and those who couldn’t escape
from the pollution would die

~within 15 Thiniites.

The voice invited onlookers
to take shelter in the CAP
1500 which, it said, had been
tested “in Akron under gov-
ernment confract.” The air
system inflating CAP 1500 also
screens out deadly pollutants,
the voice said.

Those who didn’t go into
CAP 1500 were given “nega-
tive census forms” to fill out
before dying.

White-jacketed Ant Farm
members wearing gas masks

That's Their Bag

affixed small yellow clrcles to
onlookers’ foreheads. “These
are sensors which can be
monitored by a Human Re-
sources Satellite which is

"tracking your final move-

ments,” it was amiably ex-
plained by a‘man called
“F-310,” who described him-
self as a “human mentad pro-
grammed only to answer
questions-from the press.”

The teach-in concludes to-
day. )
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