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high-pressure and low-pressure sprink-
lers (Fig. 13) activated by the same
detection system will come into opera-
tion. The high-pressure sprinklers will
deluge the membrane and external
surface of the fire-rated partitions as
they slide into place, while low-pressure
sprinklers will spray the entire floor area
of the sealed compartment. At this
time or after a specified degree of danger
has been reached, an alarm system will
warn occupants to evacuate to a fire-
rated, self-supporting shelter at base-
ment level. Escape from this mass
shelter to the outside will occur through
one or more emergency airlocks,
continuously throughout the duration
of the fire. Apart from these precautions,
it is envisaged that the normal require-
ments of alternative means of escape (to
the basement shelter), fire-rated stair-
cases, etc., will apply equally to multi-
storey, pneumatic buildings.

Rigid membrane buildings

Multi-storey, pneumatic buildings in-
corporating rigid membranes (i.e. tin-
plate, rigid PVC, etc.) fall into two
classes, namely buildings in which the
habitable spaces are pressurised as
shown in Figs. 14 and 15, and build-
ings in which the habitable spaces are
under ambient atmospheric conditions
(Figs. 16 and 17). When the building
environment is pressurised, normally
the entire building enclosure acts as a
short pressurised cylindrical shell under
axial compression (i.e. the building load)
and lateral wind load.

In the case of a rigid membrane we are
able to calculate the required internal
pressure as a function of membrane
thickness rather than total building load.
Since the cylindrical shell is self-sup-
porting in the deflated state, pressurisa-
tion will serve to extend this range of
stability to include the case of super-
imposed loads, by increasing the critical
buckling stress of the shell. Whereas
flexible membrane buildings derive their
form and resistance to buckling, torsion
and bending from the internal pressure,
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rigid membrane buildings are stable in
themselves, provided the cylindrical wall
is sufficiently thick.

Although the structural variations
illustrated in Figs. 14, 15, 16 and 17
appear to differ only marginally from
the flexible membrane building types dis-
cussed previously, in respect to the
design and integration of mechanical
services, construction techniques6é and
prefabrication, there are nevertheless a
number of secondary considerations
which apply to rigid membrane con-
struction, alone.

1. Individual floors may be attached
directly to the rigid, membrane wall
(Fig. 14). Therefore, it will be possible
to develop a built-in floor system,
allowing complete continuity between
floors and building enclosure. Some
thought has been given to the develop-
ment of cable-network floor systems for
incorporation in multi-storey, pneu-
matic construction. It is intended to
provide the required reaction at the
periphery of each floor (where the cables
are supported) by means of fluid pres-
sure, thus obviating the need for a heavy
edge-beam construction. Preliminary,

theoretical calculations have indicated
that for spans (i.e. diameter) of 60-80 ft
the self-weight of the floor structure
could be reduced to less than 15 psf per
floor area. Model tests on such light-
weight, pneumatic, cable floors are
scheduled to be conducted in the near
future.

2. The rigid membrane column will
resist lateral fluid pressure applied
externally to the curved surface.? 1 This
particular property is of importance in
the type of pneumatic building shown
in Fig. 17, where floors are supported
by a pressurised annulus, while the
building environment remains at atmos-
pheric conditions.

3. Rigid membranes will allow the
designer to increase the material thick-
ness well beyond the limits which must
apply in the case of flexible membranes.
It will therefore be possible to employ
inherently weaker materials with other,
more advantageous, properties.

4. Whereas an exterior cable-network
has been proposed for the reinforcement
and bracing of flexible, membrane
buildings, a similar procedure may be
adopted in the case of rigid membrane
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Figure 14 Rigid, membrane building with built-in floor system
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Figure 16 High pressure, rigid, membrane, central core sup-
ports suspended floor system., Building environment is not
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Figure 18 Typical pressurised, rigid membrane buildings.
Hoop rings and dome shaped roof are a direct result of structural
considerations (areas shown black are transparent)

structures using circumferential and
longitudinal stiffeners. Although it is
unlikely that an optimum solution will
be obtained by giving primary structural
significance to such stiffeners, never-
theless a reinforced system may be
favoured where the resistance of stress
concentrations (e.g. due to the attach-
ment of floors to the membrane) or the
minimisation of direct solar penetration,
are major design criteria.

There has been much interest recently
in the rediscovery of Van Der Neut’s8
early theoretical observations regarding
stiffened cylindrical shells under axial
compression. His findings, now well
confirmed by test data,? included the
supposition that external stringers are
much more effective than internal
stringers in stiffening a cylindrical shell
against buckling.

Sample elevational treatments are
shown in Figs. 18 and 19 for pressurised
and unpressurised building environ-
ments incorporating structural and
non-structural enclosures. It is apparent
that the designer of multi-storey rigid
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pressurised

membrane buildings will be able to draw
on a number of interesting and func-
tional themes, which highlight the
combination of transparent and opaque
surfaces. The distinctive features
(Fig. 18) such as dome-roof and
double-storey exterior tension rings
occur as a direct consequence of the
intrinsic characteristics of this form of
pneumatic construction.
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