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ANCHORING 

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 
could be sand bags or water bags. Larger structures require heavier. anchoring. There are 
a number of ways of doing it: integrally made tie downs, buried edge, weighted edges, 
taped edge, or tension net anchors. Buried edge is good for a semi.permanent installation 
where you can dig a trench. A taped edge is good for a small installation on'a smooth 
floor; tie downs and tension nets are good for sites with existing things to tie to (trees. 
fire hydrants), or where it wou ld be easy to drive tent stakes or augers. 

The anchoring system must wi thstand not only windloading but also the internal air 
pressure of the structure. Precise structural shou ld be left to 2 engineers, 
3 Ph.D. mathematicians, and a computer, but a little rough math can give you a close 
enough estimate of what anchors to use. We will deal first with inflation pressure and 
second with wind loads. 

PRESSURE LOAD ... On any suriace 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 pov.-erful direct ,drive fan is 
2 pounds per sq. ft. (2Ib.fsq.ft.). A normal working pressure is llb./sq.ft. On a water 
manometer, 1" of water equals 5Ib.fsq.ft. (see monometer drawing). Indoors you can keep 
a structure up with as little as Y.lb./sq.ft. 

Make a sketch of the shape, find the radius of curvature by making a section through it, on 
this diagram the tension equals pressure times radius of curvature. ' The tension is the 
downward force you need per foot of edge. 

TIft '" (P)(Rc) TIft downward force needed 
per foot of edge 

P pressure (in Ibs./sq.ft.) 

Rc .. radius of curvature (in feet) 

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 pressur!! which 
the bubble was designed to withstand was 2Ib./sq.ft. The ropes spanned 
between parking meters so the load on each rope was (tension per foot of 
width) between meters) . Tension = (30·)(2Ib./sq.ft.l and 

Tension per rope " (9)(30·J(2Ib./sq.ft.) .. 540 Ibs. per rope. 2500 Ibs test 
3/8 inch dia nylon rope was used. 

If you want to do an inflat.able with the weighted edge (instead of a plastic floor): findthe 
total downward force required, then divide by the perimeter to get force required per unit 
of length of the perimeter. 

WINDLOADING 

To figure windloads: find the area of resistance the structure presents fu the wind. 
(len"gth)(height). The horizontal force from the wind blowing on the structure can be 
up to 10Ib./sq.ft. on the shape of the structure and the wind velocity. A 
lower, more shallow-sloping profile will create less resistance (and will ...... createmeo..-e.: 
negative pressure on the leeward side of the bubble. 

Bubble I 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 II and III are actually getting some lift help from the wind. Bubble III 
would probably need less fan pressure in the wind because of the negative presS'-:Jre 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) shou ld be designed for 101b./sq.ft. pressure. For a structure 
50' long and 15' high, the design force would be which is 7500 Jbs 
force on the structure. 

FORMULA (area presented to the wind)(10Ib/sq.ft.l '" wind load 

If 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. 
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TOTAL LOAD 

This wind load must be added to the inflation load to get the total load that the anchoring 
sy5tem has to counteract. If it is possible that the whole wind-load could be on one anchor 
point (such as when a square pillow with a square net anchored down at each comer presents 
one comer to the wind). then the total windload must be added to the inflation load on 
each anchor. If the wind is coming di rectly against one side, then the windload divided by 
the number of anchors that will be under tension should be added to the inflation load for 
each anchor. 

TYPES OF ANCHORING SYSTEMS 

TheSe systems have the structural advantage of distributing the forces evenly around the 
whole perimeter of the building. We used one with pieces of pipe taped into the edge over 
a waterbed environment so that we were able to remove t he inflatable by lifting it over the 
bed without having to move the water bed which weighed 3000 Ibs. Because the plastic floor 
is eliminated. this type of inflatable wou ld also be good for a .gre!!!lhouse, storage facility, pool 
cover, etc. These types might tend to last lcoger, too, because they are more static so people 
probably wquJdn't walk through the walls or otherwise freak out at the expense of the plastic. 

WE IGHTED EDGE 

Weighted Edge is anything heavy that can be laid on the edge of the plastic or 
taped into the edge. See illustration. 

I saw an interesting inflatable that John Reeves did in the Summer T~ing program 
in Boston that was an inflated hemisphere (out of 2 mil silver mylar) that tied down 
to a pieC1l of telephone cable that he had gotten the phone company to donate. A 
20' diameter circle of this phone cable weighed about 200 Ibs. The phone company 
usually just chops it up and melts it down again. John's bubble leaked air between 
the"cable and the edge of the plastic. This could be desireable if you want to circu late 
a lot of air, but if you have pressure problems a flap could be taped on inside the 
bubble. like on giant Bird·Air and most commercial inf latables. A section of the detai l 

might look like this:* 

Looking at the elevation drawing of this, notice the catenary curves between each 
tie-down point. This is the natural configuration the line between two weighted points 
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 
t ie-downs throug, the whole edge of the inflatable, rather than gathering the stress 
at the point where the tie-<iown 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. 
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TAPED EDGE 
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Edges can be taped to anything smooth enough to tape To 

BURIED EDGE 

L 
Jim Cook at H. T. McGill Co. in Houston showed us th is method of burying edges. 
He has had extensive 8xperillflce with it. His company has done polyethylene 
swimming pool covers, Christmas tree warehouses, and other stuff. The holes In 
the bottom ere important. Unless they are there, the underground poly collects 
water. makes mud, and the lubricated plastic slips out of the ground. 

FRAME EDGE 

J im Cook ,Iso showed us pictures of a system he did with two by four frames. 

Wrap the poly at least one time all the way around the smaller piece of wood before 
nailing or bolting this ont to the 2 X 4. The frame will eet as ten$lon r ing containing 
the Inflation pressure, as well as acting as a hold-down against the wind. 

TAPED ROPES 

This Is one of the few weys to make a poly bubble that has fI plastic floor without a net. 
Another way Is lust to put some heavy things like people or bricks wrapped In something 
soft Inside the bubble while infl~ting It. 
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NETS 

Advantages of a plastic-floor building with a net are portability. lotal enclosure, 
large inflatables, and ease of construction of the anchoring system. In a large 
inflatable, it would be difficult to make a connection between a tie-down rope 
and polyethylene that could withstand the great forces on the bubble. Nets till 
also be very beautiful. 

To design your net. make a model of your bubble and start playing with string. 
If yOU can, set up the model somewnere tha t you can nail into lhe floor (like a 
piece of plywood) to simulate anchoring points. If you already halle a site fOf 
the bubble picked out, put nails in where there are natural anchon, like parking 
meters or trees or cars. If you are going to use your own augers, then you are 
,totally free to do anything with the net, spider webs, star shapes, giant grids, 

whatever ... To test your model, get the fan that is going to hold up your big 
bubble and use It as a wind source. This testing can be really informative if 
you very the wind and the pressure inside the inflatable. Nylon string (hardware 
storel is a nice model material. 

Building a net can be a major job. Wa made a 100'X 100' net with a 5·foot grid 
by staking down ali tha horizontal ropes. then tying slip knots every 5 feet in 
each rope, slipping tha vertical ropes through and popping the knots. 

Tha knots at the adge of the nat ware just square knots, tiad onto loops in the 
adge rope. If you are tying knots, think about knots that don't involve slipping 
the whole rope through aach knot. 

The 100' pillow nat: Our fint net was this 100' squara. We used parachute cord 
for the bulk of tha nat, %" nylon rope for tha 2nd, 3rd, and 4th rop85 from the 
edge, end 3/8" nylon rope for the edge. At each corner we tilKh " 0" ring to 
avoid the rope rubbing and cutting Itself at this strass point. From tha 0 ring to 
the anchor we used soma 10,000 lb. nylon strapping that we got from a surplus 
store with a dooble D ring on the and 50 that we could tighten and loosen the 
net. Tlghtanlng the net In the wind helped quite a bit in lowering the profile of 
the su rface prasented to the wind. We used 10,000 lb. uugers. Chtlrley Tilford 
has since mede another 100' pillow out of 6 mil poly (the original was 4 mill 
using 8 net with 20' aquares Instead of 6' squores. 

ROPE STRENGTH 

Ch.rley Mnd. from New York the accompuny lng approximate rope Itrength chert: 

DIAMETER BREAKING POINT 
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We got our 10,000 lb. augers from a telephone supply co. in Houston. Telephone 
stlpply co.'s are generally a good source lor these. These augers are about 5 feet tall . 
A,B. Chllnce Co., Jersey Ave., New Brunswick, N.J. has 10,000 Ib (1" X66" shaft, 
S" hel ix) augl!rs for about S6.15. Big augers generally have an eye at the top that you nic 
stit:k u long (6'1 heavy pipe through and twin them into the ground . This generally 
takcs 2 Ilcople. Smull bubbles can be anchored with dog· anchors wh ich cost about 
$1.25 cuch from a pet store or hardware store. Trees, light poles, lire hydrants, parking 
meters. cars, etc., are still the cheapest. 

When you have your bubble up and the wind comes up, tighten your net and increase your 
inflation pressure. The increased air pressure will keep the side of the bubble from caving 
in and the tigh tened net will I:jecrease the area presented to the wind. (See photo of bubble 
about to take us all for a ride In Air Supply Sectioo.l JtI.. 
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Curv!lture determines stress : a tmy plast IC rose carnes /3 hundrol pounQs pressure and 
a huqe weather balloon has a p",ssure barely above atmc<pt1enc. Yet we stresses on both 
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Make a little cube out of th in elastic sheet. Then Inflate. Tk con1ers , sharply curved, 
MnA ~ 'mpli J1)nrlc the m,dJ:l)lnts 3rc taut enougn tb burst! Be,ne, rutter, chese areas t8/tl 
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equal amount In all dl Y'ceDons. deprly, the best shaPe 15 a Sphere, an.d these. 
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PNEUM,I..TtCS: At K~Y Td -.Ai~k 
HYBRID STRUCTURING 

ATtIJ'f _no Mr. Bird', tmpre.lve c:hNw. 
m.n1l1nd h_lng Mr. Lundy'. enthuulIm I 
lIrilh to introci.lct .• note of construct ..... pn-
6lim11m. P..JmImc.lly. I comider thet the 
tppUc.t1on· in the field of ItrUctures · of 
pnlUmltic techniques Is 106 involved whh 
tpfving norrnal structural Ind shelter prob-

EL 'It'h1l.1h.lntwmittent enclowre of 
. "mmlng pool, or protection of trMtitionli 

, ormruetion wori( b extremely uMfuI, ... ch 
IIPPllcadom, if 100 iNkietpreld, can well re­
aJl, in the fo'lowlng actionf which .re detri· 
menU! to increasing the development of V 

pneumatic technology : 
11 Over-emphasis may be given to the static 
siting of .ir structures.. 
2) Direct cost comparisons with traditional 
structures m~ 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 snould be related to new 
applications rather than concentrate on trie 
perfection of existing applications since 
these very applications are still extremely 
arbitrary. 
White 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 desi{11ers 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 
administraton_ 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 pneuma"i:ic 
structu res). 
I n this paper, reference to air structures 
ir.:;:ludes 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 Architecrure 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 withou_t 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-

IMtdc.n "IndNlW.i 'giroups- hi my c.­
..chlteci:t tnd phy.icll pI.nnen· make 
eccure!l' ~ aJblUntlltld dem~ on 
pneumatic UdtnolOW. At 'itl, mge of the 
conference II1.t some.epec:tI of thi' tech­
nology which are of ~rtk:ul ... Intcnst to mt 
• an ...-ch it8ct: 
a) Multi-memb,-.ne construction which 
enIIbfes variable preauriution tnd contain­
ment (ct. paper by R. Szilard). 
bl The lNllilllbility and performance If)«:if­
ication of trlfllParent membranes . 
cl The contrd of light and radiation by 
both membranes. intennembrane conatruct· 
Ion and contained gaaes. or l!quidl (ct. p.,..-s 
by R. S:dl.-d and N. Laing). V 

dl The containment of granular tubatances 
between membranes to control humidity, 
sou nd transference etc. 
e) The capacity of controlled air movement· 
through the material of the membranes. Such 
a possibility enables changes in the norm" 
methods of foul air evacuation. 
fl Multi· layer bonding enabling v.iable cel 
constnJction. Such hybrid construction can 
enable the simultaneous use of hi!ll presaJre 
seated volumes and low pressure air-support­
ed volumes.. 
gl UltrHonic bonding enabling an increased 
variation of membrane material. An incre. 
sed use of various materiats is urgently 
required not only to enable varying structur­
al perfonnance specifications to be met but 
also to achieve varying textural qualities. 
h) Further information on the perform­
ance of hi!ll and low pressure structures in 
movement. "tie 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. 
iI Self·packing, on deflation, of large vot­
ume membranes. 
il 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 
Ict. paper by R. Szilard). 
As roofs, walls and floors no longer exist 
in the conventi011al sense, their pneumatic 
equivalents no longer need to provide the 
additive structural support normally reo 
quired. Only col lective stability is requ ired 
and the air one breathes can become the 
major structural force. This being so, the 
interior fittings or divisions of such 
sbUctures become relatively more perman· 
em (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 fee<i is onlv one 
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example of the advantage of co-ordinated 
use of air within such structure"s. Methods of 
cleaning and mOl/ement related to the whole 
or part of the structure should also be indu­
dod_ 

I n the past major urban congregation 
areas were detennined by the location of a 
large pennanent structure providing mass 
accommodation or shelter such as the 
Roman Circus, the Mediaeval Cathedral, the 
Market Hall and Itle Sports Stadium. With 
the use of air structures such permanence is 
not requiredand so the additional restrict­
ions of the fixed site should now be avoided. 
I n effect large air structures can enable 
planner5 to r:everse the pattern of traditional 

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

Theuse of air structures to provide sAon­
term small and medium sized ~ial facilities 
enables the siting of shon-term mobile 
housing to be independent of towns offering 
similar facilities. 
Air structures are already used to provide 
industrial production space panicularty 
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
ope4 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 fabddams, 
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 
enabl ing rapid yet variable control and com­
munication to be achieved. Such realisation, 
backed by increasing design and develop­
meht work, can enable air structures to 
contribute to a higher degree of sensitivity 
in society's continuous control of the 
physical environment. 

This conference and the possibilities of 
future exchange that it has created must 
assist in establishing new priorities for future 
work. While I 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 
realisatiol"l. of the future potential. 
Pneumatic.s, 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 panicular location must 
also be made and designed for. 

This then is the major role for <-if structures 
now and in the future . 

L 

• 
L 

L 



, 
j 

A RESPONSIBLE METROPOLITAN NEWSPAPER' 

DAILY 

Faculty Urges U.C 
Contr%f Air Labs 

Some dared to enter, others iust gaped at th is huge plastic air container In 
Tr;ou", .... , ..... F·310," 

lower Sproul Piau .it the U.C. Campus 

Breathing- That's Their Bag 
3F,IlKELEY- A 4O-by.w-foot can cam pus e ~ ~ ... iih their The voice invited onlookers affixed small yellow cl'rcles to 

piastic bag was the theater, Clean Air Pod (CAP 1500) per- to take shelter in lbe CAP oruookers' foreheads. ''These 
~:.z.g~ a.nd prop yesterday Illr formed outdoors at the Uni· 1500 which, it said, had been are sensors w.mch can be 

vemty of california campus tested "in Akron under gov- monitored by a Human Re-
a chWingly realistic bit of as part of a three-day Envi. ernment contract," The air &lurces Sat e III t e whidl is 
theater about a "day when the ronmentai Teach-in. system inflating CAP 1500 also t r-a c kin g your fmaJ move-
air becomes too polluted to As an 'air raid siren drew screens out deadly pollutants, ments," it was amiably ex. 
breath!. U.C. students to lower Sproul the voice said. p I a fn e d by a I man called 

"Air Emergency" was ~n. Plaza, a monotone loudspeak. Those who didn't go Into "F·310," who described him· 
er voice informed them that CAP 1500 were given "nega· sell as a " human mentad pro. 

ceived and built by a Sausall· an "air failure" had occurred tive census forms" to fill out g ram m e d only to answer 
to "family" of dropout ar· and those who couldn't escape before dying. questions from the press." 
chilecls called the Ant Farm. from the pollution would die White·jacketed Ant Far m The teach-in toncludes to.. 
The commune, touring. Amerir -- wtthin""1S"li'illitites. members wearing gas masks day. 



• 
GLOBE err\" TODA Y was a one night show at the Sausalito Art Center in which 
we were given tolal cont rol over the environment. music, admission charge, etc. 
We infla ted a weather balloon dome abou t 30' dia , in the cen ter, with a long tube 
entrance and squeeze-through hOI lips at ei ther end. plus a sma il inflatable wit h a 
water bed in it. a shrouded picture phone cen ter with the help of The Cinema 
Wo rkshop vid eo equ ipment. an inflatable sculpture. and o ther ex tras (see Plan). 
Admission was by barte r. or $ 1.50 donation - we go t 44 dollars, 4 joint s, and one 
Budweiser - not enough to pay expenses. a lot of people got in free. There was a 
band tha t never came. but the environm ent took over and especially the picture 
phone was a dynamit e invisible environment between the inside (of the balloon) 
and the outside. This event would have been idea l for a seq uential time audience 
like a museum where we could live in it for say a week. It was a treme ndous energy 
output for a one night stand , we forgot to take any photos. 
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Reasonab l e Facsimile Earth Wks. 
John Paski ew i cz 

TH E INFLATQ-NETWORK 
(liS we know it) 

Architectural Design 
The only periodical to consistently 
publish state o f the art material on 
pneumatic structures. 
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17 We l sford 
Pittsburgh Pa 15 2]3 

Erwi n S Strauss 
'rT A Enterpr i ses 
1015 Laguna St suite 10 
Santa Barbers Ca , 93 101 

Charley Ti 1 ford 
%Ant i och 
Co l umbi a Md . . , 

• 

Chrysa li s /P ar i s 
7 Rue Des Ecuyers 
7800 St.Ge rmain En Laye 
France 

13.50$ per year 
Architectural Design 
26 Bloomsbury Way 
l ondon w.e. l ' England 

June 1966 issue has a complete 
issue o n pneumatic structures. 
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Bob Co l omb 
POBox 8103 
Kansas City ., 

0"10 . 04 112 

Hugh McCarney 
20 Will iam St 
Mt Ve rp on N.Y . 10552 

ARCH I GRHm mAGAZ I NE IS 
PUBLISHED fRom 
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Bud Donnel ly 
POBox 2181 

Alley Friends 

59 ABEROARE GRROENS 
L ONDO N N W 6 

Cin ci nnati Oh io 45202 
3300 Rage St 
Phi l ade lphia Pa 19104 
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Jay St e inhau er 
11 25 Cl ev l and 
La Gra nge Pk I II 60525 

BUBBLE PRIMER - phi l osophy 
fo r an i nf l atab l e co ll ege and 
a ki nf of feasi~ility report 
from: Ruru k Ekstrom AlA 

1035 1- Barcan Ci rcle 
Columb i a MO. 
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