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57 ABSTRACT 
An air supported building structure having a pair of 
parallel spaced side walls, a curved sheet metal mem 
brane forming the roof and side walls disposed be 
tween the vertical walls, a weight mounted for vertical 
movement attached to one end of the curved mem 
brane for continuously biasing an end outwardly, the 
other end of the sheet being permanently attached to 
the fixed structure such as the vertical walls or the 
foundation. -- - - - - - - - -------------------------- - - - - - - - - - - - - - - - - - 

An air supported building having a pair of parallel, 
spaced vertical side walls and a curved sheet metal 
membrane forming the roof and side walls in which 
the metal member is composed of elongated channel 
members in which the sides of the channels are 
mechanically joined together. 

10 Claims, 9 Drawing Figures 
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AIR SUPPORTED METAL ROOF AND METHOD OF 
RASING AND LOWERING 

BACKGROUND OF THE INVENTION 
Air supported structures have been known for some 

time. The Lanchester U.S. Pat. No. 1,402,077 granted 
in 1922 taught that large exposition buildings could be 
constructed by pressurizing a building covered by a 
canvas roof. The canvas was treated with a coating of 
bitumen or tar to reduce loss of air. Today, vinyl coated 
nylon fabrics permit larger and lighter multi-curved air 
supported structures to be built but such 'soft' shelled 
structures have the same problems of public accep 
tance that met the Lanchester structure as well as the 
very real problem of longevity of the fabric materials. 

In 1944 Stevens (U.S. Pat. No. 2,355,248) proposed 
a huge circular air supported structure with a stainless 
steel roof membrane. The Stevens circular roof solved 
the longevity problem but the problems of erecting and 
supporting the multi-curved roof remained unsolved 
until MacMillian (U.S. Pat. No. 3, 13,403) in 1963 
proposed a half cylinder shape between parallel rigid 
side walls. 
Applicant knows of no buildings which have been 

constructed using the Stevens or MacMillan teachings 
nor of any other air supported structure utilizing a 
metal roof membrane. Such metal membranes have 
two basic design problems which are solved by the 
present disclosure. First, it is very costly to construct a 
steel membrane of practical size because of the prob 
lems of structurally joining long strips of metal in an 
airtight seal. Secondly, none of the metal membranes 
thus far proposed can structurally survive a depressuri 
zation which would lower the roof to a plane close to 
the floor. All known metal membranes upon lowering 
would simply self-destruct. 

SUMMARY OF THE INVENTION 

The gist of the present invention is the use of a metal 
panel presently mass produced by Kaiser Aluminum 
Company of Oakland, Calif. for conventional post and 
beam construction. The Kaiser roofing and siding sys 
tem is sold under the trademark designation Zip-Rib 
and is presently in use by the San Francisco Port Au 
thority on a conventional post and beam building hav 
ing a roof area of over 870,000 square feet. 
The roof system described herein using the Zip-Rib 

Kaiser panel has the unique ability to structurally sur 
vive a depressurization of the building whether by acci 
dental loss of power or planned lowering of the building 
to floor level or near floor level. 
An object of the present invention is to provide a 

metal roof and side wall construction which is sup 
ported by differential fluid pressure which can be con 
structed from relatively inexpensive readily available 
panels. 
Another object is to provide a metal roof and side 

wall which can be easily and repeatedly erected and 
taken down simply by raising and lowering the differen 
tial pressure without structurally damaging the metal 
roof and sidewall membrane. 

Still another object is to provide a structure as de 
scribed which can be assembled from elongated narrow 
panels which can be transported to the job site on con 
ventional transportation means, and quickly and inex 
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2 
pensively constructed into the desired membrane at the 
job site. 
A further object is to provide a method of safely low 

ering the building in the event of depressurization 
which is automatic and requires no special equipment 
other than the on-site roof lowering permanently in 
stalled equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a floor plan view of a building constructed 
in accordance with the present invention. 
FIG. 2 is an enlarged cross sectional view taken along 

line 2-2 of FIG. 1. 
FIG.3 is an enlarged cross sectional view taken along 

line 3-3 of FIG. 1. 
FIG. 4 is a side elevation view taken along line 4-4 

of FIG. 5. 
FIG. 5 is an end elevation view taken along line 5-5 

of FIG. 4. 
FIG. 6 is a cross sectional view taken along line 6-6 

of FIG. 5. The metal membrane is shown in solid line 
in the fully raised position and in dotted line in the par 
tially raised position. 
FIG. 7 is a cross sectional view taken along line 7-7 

of FIG. 4. 
FIG. 8 is a cross sectional enlarged view taken along 

line 8-8 of FIG. 1. The metal membrane is shown in 
solid line in the fully raised position and in dotted line 
in the partially raised position. 
FIG. 9 is an enlarged perspective view of the Zip-Rib 

panels shown in FIG. 8. 
BRIEF DESCRIPTION OF THE PREFERRED 

EMBODIMENTS OF THE INVENTION 

The building structure of the present invention con 
sists briefly of an air impermeable floor 2, a pair of par 
allel substantially planar air impermeable side walls 3 
and 4; a metal membrane 6 forming the roof and end 
walls dimensioned to coact with said side walls in form 
ing an enclosed building space; the metal membrane 
consisting of a plurality of channel shaped elongated 
panels 7 having small radius corrugations 8 arranged 
with their longitudinal axis parallel to the side walls and 
having an unbroken length equal to the length of the 
roof and end walls; the panels having parallel upstand 
ing sides or ribs 11 and 12 terminating in outwardly and 
downwardly curved flanges 13 and 14 of dissimilar ra 
dii, the panels being mechanically joined at their sides 
by positioning the curved flanges one within the other 
and mechanically reducing the radii of the larger flange 
until the flanges are in interlocking relationship; means 
16 and 17 forming an air impermeable seal between the 
metal membrane and the side walls; and means 18 for 
raising the pressure inside the building above the out 
side pressure sufficient to raise the membrane above 
the floor and to maintain the membrane above the 
floor. 

Referring specifically to the invention, the panels 
used are sold under the trademark Zip-Rib by Kaiser 
Aluminum Company of Oakland, Calif. and are pres 
ently available in widths of 12 inches and thicknesses 
of 0.032 inch, 0.040 inch and 0.050 inch and have a 
beam strength capable of being used in spans up to 14 
feet in conventional construction under load. 
The panels are cold rolled into their unique shape 

and may be manufactured in any length, subject only 
to the length limitations of shipping conditions. Panel 
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lengths of 110 feet have been installed on pier termi 
nals by the San Francisco Port Authority. Lengths ex 
ceeding such a length can be obtained by forming the 
panels at the job site from metal coils. 
The panels are presently made from aluminum but 

could also be made from stainless or galvanized steel. 

The flanges are locked together by a closure tool 19 
available on the market which mechanically reduces 
the diameter of the curved flange thereby locking the 
panels together without holes, end laps or welding. 
The floor of the building may be of standard con 

struction provided it is impermeable to air to provide 
differential pressurization of the inside of the building. 

The side walls are also standard construction of air 
impermeable material. The walls must be adequately 
supported to be free standing, to support lateral loads 
from the differential pressure, wind loads and earth 
quake design loads. Buttress members 21 are shown in 
FIGS. 1, 5 and 7 to take the lateral loads. 
As shown in the drawings, the panels are arranged so 

that their longitudinal axis is parallel to the side walls 
so that a single panel of unbroken length continues 
from a first end 22 to a second end 23. Thus the closure 
tool can be run from one end of the building to the 
other and make a continuous closure without a single 
hole or weld required. Further, all joining of the panels 
can be done on the flat floor surface at floor level 
thereby shortening the time to construct the membrane 
and eliminating all hoisting of the panels to roof eleva 
tions as in present standard construction. 

Referring to FIG. 8, a detail of side wall 4 is shown 
with the membrane 6 being raised (dotted line) and in 
final raised position (solid line). When the membrane 
is being raised, no seal is necessary between flange 14 
and the wall face 24 but it is advantageous to seal this 
space when the membrane is raised to final position. A 
flexible vinyl or rubber strip placed along both edges of 
the membrane is used. One edge 26 of the seal is at 
tached to the underside of the panel nearest the side 
wall, and the other edge of the seal 27 is attached to 
wall face 24. An identical sealing strip is attached in a 
similar manner to the other side of the membrane and 
to the face of wall 3. 
The means for raising the membrane and for holding 

it in place is provided by conventional blowers 18. 
Since Zip-Rib in 0.040 inch thickness weighs only 
0.094 lbs. per square foot, a pressure of only about 1 
to 5 pounds per square foot is required to raise the 
membrane. The pressure to hold the membrane in 
place should be higher so that the membrane will be 
held rigid. A pressure of about 7.5 pounds per square 
foot is adequate. The pressure will depend upon wind 
or snow loads that can be anticipated. 
Air inflated structures must be vented to insure a 

proper supply of fresh air. Air vents 28 may be placed 
at any place in the structure, but are preferably 
mounted on the roof to permit the escape of the hottest 
air. In winter conditions, the air vents could be located 
at a lower elevation to conserve the warm air. 

All air inflated structures should be provided with 
some means for preventing the roof from descending to 
floor level so that personnel can escape from the build 
ing in the event of a power failure and a lowering of the 
roof. Actually, it would take several hours for a roof to 
descend to floor level in the event of a power failure, 
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4 
but in the event of a structural failure resulting in a 
massive air leak or merely for psychological reasons, a 
plurality of panels 29 should be erected to project from 
the building floor at sufficient intervals to prevent the 
membrane from reaching floor level. Preferably the 
panels should be at sufficient spacing to support the 
membrane without damage to the panels. 

Referring to FIG. 2, one method of pivotally affixing 
the first end of the membrane to the floor in an air in 
permeable relationship is shown. A metal angle 31 is 
anchored to the top of the foundation 32 as by a bolt 
33. A second series of angles 34 are attached to the 
ends of the panels. Flange leg 36 hooks over the angle 
31 and will pivotally hold the membrane in place as the 
membrane is raised. To further lock the membrane in 
place, a threaded stud bolt 37 is attached to the flange 
31 and a slotted opening is made in the flange leg 36 
to allow vertical arching movement as the membrane 
is raised. After the membrane is raised, a nut 38 can be 
threaded onto the bolt 37. 
The means for attaching the membrane to the other 

foundation is similar to the attachment above de 
scribed. The parts are identified by the same numbers 
with the addition of a prime (") mark. Since end 23 
must move laterally, only a positioning stud 39 is at 
tached to the angle 31' and registers with a slotted 
opening in angle leg 36". The roof lowering mechanism 
is shown in FIGS. 1, 3 and 6. 
A biasing means is attached to the second end of the 

membrane to a raised curved position by the pressure 
means the same mechanism also effects return move 
ment of the second end to a position away from the first 
end when the pressure means permits the differential 
pressure to be decreased. A plurality of cables 41 are 
attached to a bracket 42 carried by each of several pan 
els. A connector 43 inserted through an opening 44 in 
the bracket pivotally connects the bracket to the cables 
41. 
The biasing force could be achieved by motors and 

automatic switching but a simple and practical system 
is shown in the drawings by way of example. 
A plurality of wells 46 are formed in the ground adja 

cent the second end 23. The cable 41 is placed over 
sheave 47 and suitable weights 48 are attached to the 
ends of the cables. Thus in the event of pressure failure, 
the weights automatically drop into the wells and the 
cables pull the second end horizontally outward from 
the structure preventing buckling and destruction of 
the metal membrane. 
Air inflated structures require ventilation to atmo 

sphere and the constant replenishment of the air. The 
membrane, therefore, need not be air tight. Where, 
however, it is desired to make the membrane air tight 
and to control the ventilation by more precise controls, 
a sealing strip of rubber, vinyl or other air and water 
tight materials can be placed in an elongated strip 49 
along the top of the flange 13 in FIG. 9. This may either 
be a separate strip or a coating placed on the panel 
flange in manufacture. The sealing strip would run the 
entire length of the panel and would be placed on the 
top of flange 13 or the underside of flange 14. When 
the zipper tool 19 crimped the two flanges together, the 
sealing strip 49 would effectively prevent the passage 
of air. 
The method of constructing a building structure ac 

cording to the present invention consists briefly of con 
structing an air impermeable floor 2; erecting a pair of 
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parallel substantially planar air impermeable side walls 
3 and 4 joining the floor, joining a plurality of channel 
shaped, ribbed elongated metal panels 7 into a single 
air impermeable membrane 6 forming the roof and end 
walls and dimensioned to coact with the side walls in 
forming an enclosed building space. 
The panels have parallel upstanding sides 11 and 12 

terminating in outwardly and downwardly curved 
flanges 13 and 14 of dissimilar radii and are mechani 
cally joined at their sides by positioning the curved 
flanges one within the other and mechanically reducing 
the radii of the larger flange until the flanges are in in 
terlocking relationship. The first end 22 of the end wall 
or membrane is anchored to the floor. An air seal is 
maintained between the roof and side walls and be 
tween the second end 23 and the floor. After the roof 
has been raised, the second end is anchored to the floor 
as shown in FIG. 3 to prevent further raising of the roof 
and end walls. Finally, sufficient air pressure differen 
tial is maintained to prevent lowering of the roof and 
end walls. 
As shown in FIG. 2, the first end is pivotally mounted 

to the floor to permit the first end to be anchored while 
the roof is in the horizontal position as shown in dotted 
lines and while moving through arc 51 to the fully 
raised position. By providing a pivoting anchorage, as 
shown, an air impermeable seal may be maintained 
even though there is some angular displacement of the 
end wall due to pressure fluctuations. 
While the present disclosure contemplates that viable 

structures can be constructed from Zip-Rib panels and 
erected according to the method just described, a 
major feature of the present invention is the solution of 
the self destruction problem inherent in present metal 
membrane structures. 
As herein described, the method of lowering an air 

supported metal membrane roof system consists briefly 
of constructing an air impermeable floor 2; erecting a 
pair of parallel substantially planar air impermeable 
side walls 3 and 4 joining the floor and selecting a flat 
air impermeable metal membrane forming the roof and 
end walls. The metal membrane may be constructed 
from light gauge steel or aluminum in which the joints 
are arranged so that the membrane may move from a 
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flat position on the floor to an arcuate shape along its 45 
longitudinal axis as shown in FIG. 6. The membrane 
must also be able to return to its flat shape if the air 
pressure is removed. The membrane is pivotally an 
chored to the foundation and floor as shown in FIG. 2 
and previously described. Air pressure is introduced 
beneath the membrane while at the same time main 
taining an air seal around the four sides of the mem 
brane. One method of maintaining the seal at the free 
end 23 while the membrane is being raised is to pile 
sand on the edge as disclosed in MacMillan U.S. Pat. 
No. 3,003,403. After the membrane has been raised, 
the second end 23 is anchored to the foundation and 
floor as shown in FIG. 3 and as previously described. 
Sufficient differential pressure is maintained by fans 
18. The biasing force for holding end 23 while the 
membrane is being raised is shown in FIG. 6 and has 
been previously described. The same biasing system for 
lowering the roof membrane is also shown in FIG. 6 
and has also been previously described. In the event of 
pressure failure or for merely taking down the mem 
brane for any reason, the weights 47 move downwardly 
and pull cables 41 which in turn pull the entire mem 
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6 
brane to the right as shown in FIG. 6. By maintaining 
a biasing force on the end 23, the thin sheet metal 
membrane is prevented from deforming into sharp ra 
dius curves and from thereby buckling and destroying 
the metal integrity of the membrane. 
While any metal membrane constructed according to 

the broad guidelines set forth above will be operative, 
a preferred choice of materials is the Kaiser Aluminum 
Company's Zip-Rib deep channel panels. 

I claim: 
1. A building structure comprising: 
a. an air impermeable floor; 
b. a pair of parallel substantially planar air impermea 
ble side walls, 

c. a metal membrane forming the roof and end walls 
dimensioned to register with and form a sliding rel 
atively air tight seal with said side walls in forming 
an enclosed building space; 

d. said metal membrane consisting of a plurality of 
channel-shaped side ribbed, elongated panels ar 
ranged with their longitudinal axis parallel to said 
side walls and having an unbroken length equal to 
the length to said roof and end walls; 

e. said panels having parallel upstanding sides termi 
nating in outwardly and downwardly curved 
flanges of dissimilar radii; 

f, said panels being mechanically joined at their sides 
by positioning said curved flanges one within the 
other and mechanically reducing the radii of said 
larger flange until said flanges are in interlocking 
relationship; and 

g. means for raising the pressure inside said building 
above the outside pressure sufficient to raise said 
membrane above said floor and maintain said 
membrane above said floor. 

2. A building structure as described in claim 1 com 
prising: 

a. internal panels projecting upwardly from said floor 
for receiving and holding said membrane at an ele 
vation above said floor for protecting personnel in 
the event of an emergency lowering of said mem 
brane; and 

b. sealing means forming an air impermeable seal be 
tween said membrane and said side walls. 

3. A building structure as described in claim 1 com 
prising: 
a means pivotally affixing a first end of said mem 
brane to said floor in an air impermeable relation 
ship; and 

b. biasing means attached to a second end of said 
membrane permitting movement of said membrane 
to a raised curved position by said pressure means 
and effecting movement of said second end to a po 
sition away from said first end when said pressure 
means permits said differential pressure to be de 
creased and said membrane to be lowered from its 
fully raised position. 

4. A building structure as described in claim 2 com 
prising: 

a. said sealing means including an air impermeable 
sealing strip mounted along the longitudinal axis of 
said flanges for compression therebetween upon 
mechanical reduction of the radii of said flanges. 

5. A building structure as described in claim 3 com 
prising: 

a. said biasing means includes pre-selected weights 
moveable from a first elevation to a second higher 
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elevation upon raising of said roof and end walls 
and back to said lower elevation upon lowering of 
said membrane; and 

b. cable means connected to said second end and said 
weights. 

6. A method of constructing a building structure 
comprising: 

a. constructing an air impermeable floor; 
b. erecting a pair of parallel substantially planar air 
impermeable side walls joining said floor; 
joining a plurality of channel shaped, ribbed elon 
gated metal panels into a single air impermeable 
membrane forming the roof and end walls and di 
mensioned to coact with said side walls in forming 
an enclosed building space, said panels having par 
allel upstanding sides terminating in outwardly and 
downwardly curved flanges of dissimilar radii and 
being mechanically joined at their sides by posi 
tioning said curved flanges one within the other 
and mechanically reducing the radii of said larger 
flange until said flanges are in interlocking relation 
ship; 

d. anchoring a first end of said end wall to said floor; 

C. 

e. introducing air pressure beneath said roof and end 
walls to effect raising thereof between said side 
walls; 

f. maintaining an air seal between said roof and side 
walls and between a second end of said end wall 
and said floor; 

g. anchoring said second end to said floor to prevent 
further raising of said roof and end walls; and 

h. maintaining sufficient pressure within said struc 
ture to prevent lowering of said roof and end walls. 

7. A method of constructing a building structure as 
defined in claim 6 comprising: 

a. anchoring said first end by a pivotal means permit 
ting angular displacement of said end in relation to 
said floor while maintaining an air impermeable 
seal; and 

b. providing a sliding, air impermeable seal between 
said second end and said floor. 

8. A method of constructing a building structure 
comprising: 

a. constructing an air impermeable floor; 
b. erecting a pair of parallel substantially planar air 

8 
impermeable side walls joining said floor; 

c. selecting a flat air impermeable metal membrane 
forming the roof and end walls formable in its lon 
gitudinal direction into an arcuate shape and de 

5 formable to said initial flat shape and dimensioned 
to coact with said side walls in forming an enclosed 
building space; 

d. anchoring a first end of said end wall to said floor; 

e. introducing air pressure beneath said roof and end 
walls to effect raising thereof between said side 
walls; 

f. maintaining an air seal between said roof and side 
walls and between a second end of said end wall 
and said floor, 

g, anchoring said second end to said floor to prevent 
further raising of said roof and end walls; 

h. maintaining sufficient pressure within said struc 
ture to prevent lowering of said roof and end walls; 
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i. providing a biasing means having a force acting 
away from said structure with a force permitting 
raising of said roof by differential pressure; and 

j. providing sufficient biasing force to move said sec 
25 ond end away from said structure when the differ 

ential pressure is insufficient to maintain said roof 
and end walls in a raised position so that said men 
brane may return to said flat form. 

30 9. A method of lowering a building structure as de 
fined in claim 7 comprising: 

a. reducing the differential air pressure inside said 
structure so that it is incapable of maintaining said 
roof and end walls at a fixed elevation above said 
floor; 

b. pulling said second end wall in a direction parallel 
to said floor in a direction axially to and away from 
said building until said ceiling ceases to drop. 

10. A method of lowering a building structure as de 
40 fined in claim 8 comprising: 

a. attaching weights to said second end wall in a sus 
pended position so that gravitational force can pro 
vide the automatic biasing force necessary to pull 
said second end outwardly in the event of a de 

35 

45 crease in air pressure below the selected pressure 
necessary to hold said roof in a raised position. 
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