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Fig. 10. Design of the second prototype building (concluded). 

were 16 ft (4'9 m) in diameter, inter­
connected and pressurised indirectly 
through air-release valves located in 
the cylindrical wall of the core. 

In view of the desirability of a 
transparent enclosure, glass-clear, 
ultra-violet stabilised (partially) 
PVC with a thickness of 20 mil was 
selected as the mem brane material. 
A further important factor in this 
selection was the availability of an 
operational heat sealer most suit­
able for the jointing of polyvinyl 
chloride (PVC) films. While the 
construction of the building was 
funded by a $1,000 grant from the 
National Science Foundation, this 
sum was only adequate for the 
purchase of materials and did not 
include labour costs for the fabrica­
tion of the membrane enclosure. It 

was, therefore, resolved that the 
fabrication of the membrane using 
the existing heat sealer should form 
part of the construction process. 

Estimates of the weight of the 
air-supported floor including occu­
pants indicated that an environ­
mental pressure of around 5-in WG 
(1'3 kN/m 2) would be required for 
the core chamber while I-in WG 
(0'25 kN/m 2) would suffice for the 
surrounding domes. An exterior 
cable network consisting of con­
centric horizontal and radial verti­
cal cables was, therefore, incor­
porated in the design of the two­
storey cylinder. Much consideration 
was given to the alternative methods 
which could be adopted for provid­
ing a simple access system to the 
core chamber. The solution adopted 
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for the first prototype building 
could neit be applied in this case 
since the building was to be sited on 
a grassed area in which no excava­
tion was permitted. It was finally 
decided to provide a 3-ft 8-in 
(11'2 m) diameter vertical airlock 
tube adjacent to the central chamber 
allowing access directly to the first 
floor level. However, the tyr=e of 
opening which could be employed 
between the airlock and the high 
pressure chamber remained a major 
source of concern for some time. 
Experience with the first prototype 
building suggested to the authors 
that some form of stiffening would 
be required around the penetrated 
area of the core membrane. At the 
same time due to the circumferen­
tial stresses in the mem bra ne a 
vertical zip was likely to be 
unsatisfactory. The final solution 
consisted of a rectangular steel 
frame attached to the exterior cable 
network and taped to the perimeter 
of a 2-ft (0'6 I m) square opening in 
the membrane. A 3-ft (0,91 m) 
square plastic flap attached at the 
top edge to the inside surface of the 
membrane served as a self-sealing 
door. The bottom edge of the flap 
was stiffened by means of " steel 
rod with a radius of curvature 
similar to that of the membrane 
enclosure. This simple device per­
formed most efficiently during the 
operation of the building and 
suggested that the extra expense of 

providing more elaborate structur­
ally self-supporting entrance sys­
tems of the type used in the first 
building may not be warranted in 
some instances. 

Since the building was to be 
sited in. the open, there was no 
opportunity for the provision of 
overhead safety ropes in case of 
sudden collapse. A self-supporting 
steel frame to be positioned inside 
the core chamber between the 
ground and first floors was proposed 
as an alternative solution. The frame 
was designed so. that it could be 
used as a support platform during 
erection and yet permit the first 
floor to lift off and remain air­
supported some 9 in (229 mm) 
above the frame during noonal 
operation of the building. Threaded 
through the tubular columns of the 
frame were four cables acting as 
ties between the ground and first 
floors. These cables were designed 
to act as intermediate supports 
for the first floor plate whenever it 
was required to close the trap door 
and support the floor by air pressure 
acting on its underside. In other 
words, the first floor could be air­
supported in two ways. First, with 
the trap door open the supporting 
force would be provided by the 
membrane enclosure due to the 
environmental pressure acting on 
the dome roof of the chamber (the 
normal form of operation). Second, 
with the trap door closed and the 
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environmental pressure in the 
ground floor compartment greater 
than in the first floor compartment, 
the supporting force would be 
provided by the greater environ­
mental pressure acting on the under­
side of the first floor plate. 

CONSTRUCTION DETAILS 

Several alternative methods of con­
struction of the air-supported first 
floor pia te were investigated, namely 
timber framing with plywood skins, 
timber framing with steel reinforce­
ment and polyurethane foam core 
with plywood skins. While the 
latter offered by far the lightest 
structural solution, it was initially 
viewed with scepticism due to the 
absence of an accurate theoretical 
method of structural analysis. Ac­
cordingly, a I-ft (0,30 m) wide and 
8-ft (2'4 m) long test section was 
constructed for full scale load tests. 
The test section consisted of a 3-in 
(76 mm) thick polyurethane (2 lb 
density) foam core sandwiched 
between two i-in (9'5 mm) thick 
plywood sheets glued at the inter­
faces. Subsequent load tests demon­
strated the inherent strength of this 
type of laminated construction. 
Shear failure of the foam core 
occurred at a maximum uniformly 
distributed load of 800 lb (J 2 kN/m) 
(i.e., 100 lb per ft (J ·45 kN/m)). 
Before the foam failed, a maximum 
deflection of 2 in (50'8 mm) was 
recorded at midspan. In view of this 

J. Pohl and J. Montero 

excellent test result the same con­�
struction was adopted for the� 
building floor with the addition of� 
blocking pieces at 2-ft (0'61 m)� 
centres.� 

The membrane enclosure was i 
designed to be prefabricated in 
eight sections, namely the central 
cylinder, the central dome cap, the 
airlock cylinder, the airlock dome 
cap and the four peripheral domes. 
While the patterns for the central 
chamber and airlock entrance were 
determined by the application of 
simple spherical geometry, the inter­
face between the peripheral domes 
and the cylindrical core chamber 
required a much more complex 
geometrical analysis. One of the 
students with a sound background 
in mathematics volunteered to in­
vestigate this problem and finally 
developed a small computer pro­
gram which provided a good 
estimate of the required shape. In 
view of the difficulties which would 
be encountered in heat sealing the 
resultant multi-curved seam, it was 
decided to tape the peripheral 
domes to the central cylinder. In the 
case of the dome sections, timber 
moulds were required to be built to 
serve as a firm base during the 
jointing operation. 

As shown in detail (A) of Fig. 10, 
the construction detail of the 
attachment of the central cylinder 
membrane to the ground and first 
floors differed in no significant 
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respect from the detail adopted for 
the lirst prototype building (Fig. 5). 
However, while thc latter was 
erected on brick pier and steel pipe 
footings, the second prototype 
building was designed to rest 
directly on a level surface. It was, 
therefore, proposed to anchor the 
central chamber by means of pipe 
stakes sliding through a series of 
eyebolts screwed into the curved 
edge of the ground floo . At the 
same time, it was decided 10 seam a 
I-in diameter steel pipe into the 
hem of the four peripheral domes 
to be anchored to the gillund with 
pegs. 

CONSTRUCTION PHASE 

The construction phase of the 
multi-cellular, multi-enclosure 
building began with the organisa­
tion of the students (20) into work 
gangs delegated with the responsibi­
lity of executing the separate phases 
of the project. As shown in Fig. 11, 
the construction of the building was 
planned over a period of 21 worki ng 
days. The bar chart identifies the 
number of students involved (verti­
cal axis) in each sequence and the 
time allotted to complete each 
operation. The structure was pre­
fabricated in five general sections, 
namely the two floors of the central 
chamber, the peripheral domes, the 
central chamber, the airlock cham­
ber and the entrance to the building. 
Again the search for a suitable 

inflation unit required more time 
than anticipated at the planning 
stage. Finally, two axial fan units 
were connected in series with a 
centrifugal fan to produce the 
required environmental pressure of 
5-in WG (1'3 kN/m 2) for the two­
storey central chamber. 

The sequence of operations 
employed for the assembly of the 
prefabricated components is shown 
in Fig. 12. The location of the 
central cylinder and domes was set 
out with a white marking agent. 
After the ground floor had been 
set in place with the safety frame 
securely fastened, the first floor 
plate was lifted on to the frame 
and the interior cables attached. 
Next, the membrane cylinder was 
draped over both floors and fixed 
into position. This enabled the 
central chamber to be temporarily 
inflated so that the exterior network 
of plastic coated cables could be 
positioned. Finally, the membrane 
interface between the peripheral 
domes and the central cylinder was 
completed using a lacing technique 
in addition to the tape joint 
originally planned (Fig. 13). Full 
inflation of the structure required 
the operation of all three fan units 
at maximum power for six minutes. 
Subsequently, the environmental 
pressures of the central and periph­
eral chambers were monitored by 
two 'U'-tube manometers and con­
trolled by regulating the speed of the 
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Fig. 11. Bar chart describing construction sequence of second prototype building. 
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Fig. 13. The completed second prototype bllilding. 

centrifugal fan unit. After an initial OPERATION AND PERFORMANCE 

running-in period, no difficulties The building remained open for 
were encountered in the regulation public display over a period of ten 
of the pressure in the peripheral days. During this time, at least 500 
chamber by adjustment of the air­ persons entered the peripheral 
release valves located in the mem­ chamber of the building while some 
brane enclosure of the central 80 students and campus visitors 
high pressure chamber. were sufficiently interested to climb 

While 600 manhours were through the airlock cylinder on to 
required for the construction of the the air-supported first floor level of 
building, the material cost totalled the central chamber. The peripheral 
$656.00 (US). It may be of interest area of the building was connected 
to note that on the basis of a more to the outside by a short airlock. I 
suitable inflation unit such as a tunnel fitted with a simple zip door 
roots blower the daily operating at each end. Once inside the build­
costs of the building structure were ing, the following procedure was 
calculated as $1.20 for a total floor followed in entering or departing 
area of a little less than 750 sq ft from the central two-storey 
(69 m 2). chamber. 

Multi·Storey Air-Supported Buildings 

*TO ENTER-'Open the vertical 
zip of the airlock cylinder and 
step into the airlock; close the 
zip; ascend the ladder and slide 
the plastic flap sealing the entrance 
of the first floor compartment 
slightly to one side (pressure 
equalisation will proceed in­
stantly); fold the flap back and 
climb on to the air-supported 
first floor; close the fla r.' 
*TO DEPART-'Slide the en­
trance flap sligh tly across the 
opening in the membrane enclo­
sure (pressure equalisation will 
proceed instantly); fold theAap 
back and step on to the ladder in 
the airlock cylinder; close the 
flap and descend the ladder; open 
the zip and step out; close the 
zip.' 
Observation of the environmental 

properties of the building continued 
under a variety of conditions of 
occupancy during the entire period 
of public display. Some fifty persons 
noted their reactions after experienc­
ing the air-supported building 
environment. Their conclusions 
may be summarised as follows: 

(a)� The transparency and ex­
tremely low thermal resistiv­
ity of the PVC membrane 
resulted in high heat gains 
during daylight hours and 
correspondingly high heat 
losses during nights. For 
example, during the morning 
hours of 8 :00 to 10:00 am 

while the external air tem­
perature in the shade did not 
exceed 58°F (l4°C), the build­
ing temperature rose to 75°F 
(24°C). By noon on the same 
day the indoor temperature 
had risen 22° F (I 2° C) above 
the outdoor temperature of 
73°F (23°C). At night the 
indoor temperature quickly 
fell to the same level as the 
outdoor temperature. 

(b)� There was no noticeable 
effect of the hyperbaric en­
vironment (I in WG (0,25 
kN/m 2») on entering the 
peripheral dome area. How­
ever, on entering the vertical 
airlock cylinder some persons 
experienced a slight pop 
within the middle ear. While 
no official complaints were 
recorded, it might be sug­
gested that more care should 
have been taken in the design 
of the building to control the 
rate of compression and 
decompression in the airlock 
chamber. In view of the 
satisfactory performance of 
the airlock system in the first 
prototype building which 
required a much higher 
environmental pressure (10 in 
WG (2,5 kN/m 2», it was 
assumed that the rate of 
pressurisation in the second 
prototype building could be 
virtually instantaneous. 
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(c)� The acoustical environment 
of the building was clearly 
dictated by the curved form 
of the perimeter domes and 
central cylinder. In the in­
flated state, the impervious 
membrane acted as an acous­
tically hard (reflecting) sur­
face. At the centre of each 
dome there was a distinct 
concentration of sound lead­
ing to echoes. Upon moving 
slightly out of the centre, the 
echo disappeared. Similar 
effects could be experienced 
in the central chamber, 
particularly at first floor 
level. 

Structurally, the second prototype 
building performed extremely well 
in resisting wind gusts of up to 40 
mph (64 km/h), which occurred on 
one occasion during the public 
display period. 

From the architectural point of ..1\� view, the building was designed to ill, combine a number of separately 
defined spaces. Although the pe­
ripheral domes were structurally one 'II 
space, they appeared to the internal 
viewer to possess individual quali­~r
ties. At the same time, the central }, chamber became the focal point of 

. "', the building with the first floor area 
offering the greatest degree of 

I 
I� privacy. 
l 
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In all, the results were most 
heartening and suggested that the 
multi-cellular multi-enclosure air­
supported building type should 
warrant further experimental studies 
in the near future. 
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