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Abstract—This paper deals with the large deflection and stability behaviour of inextensible
spherical air-supported membranes subjected to an accumulating ponding fluid. It is assumed
that ponding fluid is available to fill an initial axi-symmetric deformation around the apex and
that due to such accumulation deflections increase until under certain conditions collapse of
the structure occurs.

The problem is reduced to a set of differential equations which are solved numerically to
determine the parameters defining the deflected wrinkled shape of the membrane. A simple
expression for use in design of such structures is obtained and the results presented in non-
dimensional graphic form.

1. INTRODUCTION

This is the second in a series of three papers dealing with the axi-symmetric large
deflection and stability behaviour of inextensible air supported spherical membranes
subjected to axi-symmetric loading. In this paper the case of hydrostatic pressure due
to an accumulating ponding medium is treated. It is assumed that an initial axi-sym-
metric depression around the apex is enlarged by an accumulating liquid or ponding
medium which may or may not fill the depression to its capacity, depending on the
density of the liquid, the internal pressure and the geometric parameters of the structure.

The wrinkled region of the membrane is considered in an Eulerian description sat-
isfying the equations of equilibrium and the Gauss-Codazzi relation. The paper deals
in detail with the case when the density of the liquid, the internal pressure and the
initial geometry are such as to result in the liquid filling the axi-symmetric deformation
to its capacity. This loading case is referred to as the ‘‘critical’’ state since no increase
in load is possible. The problem is defined by a set of integro-differential equations of
the Volterra type, which can be solved by a number of numerical techniques, The
problem can also be stated in the form of a third-degree differential equation or, al-
ternatively, in terms of a set of first order differential equations which are solved by
a modified Euler's method, the accuracy of which is estimated to be of the order 0(1/
n?), where n is the number of steps used in the numerical integration. The solution
technique is complicated by the fact that there are several discontinuities within the
domain of integration, necessitating the division of the loaded membrane into several
sub-domains (see Fig. 6). A further complication arises due to the fact that the value
of the hydrostatic pressure is a function of the unknown displacement of the membrane.

Based on the results obtained, a simple approximate design expression is proposed
for the large-deflection and stability behaviour of such membranes when subjected to
hydrostatic pressure due to an accumulating ponding medium. The expression relates
the initial imperfection or deflection, the density of the liquid and the internal pressure.
The results indicate that very large structures are more sensitive to this type of loading
than structures with smaller radii of curvatures.

+ The results presented here were obtained in the course of research sponsored by the Natural Sciences
and Engineering Research Council of Canada, Grant No. A-2736.
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2. THE PROBLEM

Assume the existence of an initial axi-symmetric depression around the apex of a
spherical membrane caused by an attached cable or by some imperfection. The depres-
sion is characterized by the vertical central deflection, fo (see Fig. 1). Assume that an
accumulating ponding medium is available which can fill this depression to its capacity
and/or increase the size and depth of the depression. The question arises as to what
will happen to the structure under such loading conditions.

For a given internal pressure and initial geometry, the density of the ponding medium
may be such that the depression will fill up to its capacity with little additional deflection
taking place and the central cable remaining in tension. This, in turn, means that any
further accumulation of ponding medium is impossible and that the structure will remain
in stable equilibrium (see Fig. 2). On the other hand, the combination of ponding medium
density, internal pressure and initial geometric parameters may be such that when a
significant amount of ponding medium has accumulated in the initial depression, the
tension in the cable goes to zero and the size and depth of the depression increases,
without the ponding medium filling the depression to its capacity (see Fig. 3). It is
assumed that ponding medium is available so as to keep on accumulating in the depres-
sion, thereby increasing the deflections and the volume and weight of the ponding
medium. Clearly in such a case the structure will collapse.

These are two extreme cases. In the first case, the combination of critical parameters
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Fig. 1. Initial axi-symmetric deformation of membrane due to concentrated load.
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Fig. 2. Axi-symmetric deformation of membrane subjected 1o hydrostatic load of liquid with
low density.

Fig. 3. Successive deflection profiles of membrane due to liquid of high density.
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Fig. 4. Deflection profile of membrane under the action of a liquid of “critical”* density.

is such that an accumulating ponding medium cannot substantially increase the size of
the depression, as a result of which the structure remains stable. In the second case
the combination of parameters is such that the depression grows beyond bounds and
ultimately leads to collapse. There is, of course, a third possibility, namely when the
density of the ponding medium, the internal pressure and the initial ggometry have the
right ‘‘critical’’ combination such that during the accumulation process there will be a
loading stage reached when the ponding medium fills the depression completely and
thus no further load can be applied to the structure (see Fig. 4). This paper treats this
**critical’” case and establishes the shape associated with this loading condition. The
analysis shows that the shape associated with this “*critical loading case” is independent
of the pattern of the initial imperfection.

3. BASIC RELATIONSHIPS FOR AN AXI-SYMMETRICALLY WRINKLED MEMBRANE

The wrinkled region of the membrane is defined by the angle ¢, (see Fig. 6). In this
region tensile stresses exist only in the meridional direction, while the circumferential
**hoop”’ stress vanishes due to wrinkling. For the deformed **mean’’ surface of such
an axi-symmetrically deformed membrane, the equations of equilibrium read

d - =0 Ne_
% (Rq sin &N,) = 0; R, - (1a,b)
which, after simple transformations can be rearranged in the form
Q o [°
Tmrsnd Req; Q = 2m fo qRyr cos ¢ dd 2

in which the unknown meridional membrane force, N, was replaced by Q, representing
the total force exerted on the membrane by the internal pressure; R, and R, denote
the meridional and circumferential radii of curvatures while ¢ is internal pressure and
¢ designates the meridional angle (see Fig. 5). For an axi-symmetrical menibrane
r = R, sin ¢ and the single (nontrivial) Gauss—-Codazzi equation takes the form

1 dr e ) )
e — t
¢ = s d Y Substi utl;lg this result into eqns (2) we have
a__2 . o, f
dd 2mrgtand’ Q=2 o ¥ dr (3a,b)

Fig. 5. Definition of coordinate system, loading and stress state.
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the second of which can also be written as

aQ
ar 27rg. 4)

If the internal pressure g is given as function of r, eqns (3) can be solved for the shape
of the deformed wrinkled region in the polar coordinate system r, ¢. To determine the
shape in terms of the orthogonal coordinates (r, &), a further equation relating 4 to r
and ¢ and given by

dh
el tan ¢ (5

has to be solved, assuming that the internal pressure is also expressed in terms of A,
as

= g(h) (6)

The set of equations, eqns (3)-(6), describes any axi-symmetrically wrinkled region
completely and can be solved analytically or numerically, depending on the form of
the function for g.

If the material is considered to be inextensible, the solution must also satisfy the
compatibility condition that the meridional arc length is unchanged during deformation.

4. EQUATIONS FOR THE WRINKLED MEMBRANE AT THE *‘CRITICAL"’ STATE

Figure 6 shows a meridional section through a spherical inextensible membrane
subjected to an internal pressure, go, and a hydrostatic loading due to an accumulating
ponding medium of density y. The membrane is subdivided into a number of regions.
In the central region, between the centre of the pond and point B, the curvature of the
membrane is positive, while in the remaining outer portion, the curvature is negative.

It is quite clear that at the apex, the deformed membrane is in a stress state of all-
around tension. The shape of this portion of the membrane with a biaxial stress state
is spherical, as a natural consequence of the assumed inextensibility of the material.
The two-way action continues out into the membrane for some distance, the spherical
domain being defined by the angle ¢, . At that point the combination of liquid pressure,
internal pressure and geometric parameters of the structure are such that the membrane
starts to wrinkle in the circumferential direction. Thus at this point, designated as
point A in Fig. 6, the circumferential (hoop) membrane stress changes suddenly from
a positive value to zero, representing a discontinuity in the state of stress and conse-
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Fig. 6. Cross-section of deformed membrane in *‘critical’’ state.
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Fig. 7. Stress state at boundary between wrinkled and unwrinkled domains.

quently a discontinuity in the curvature at that point (see Fig. 7). However, the slope
has to be continuous at this point, a condition which is imposed in the solution tech-
nique. A similar discontinuity in circumferential membrane stress occurs at point D,
separating the wrinkled region (extending from A to D) from the outer unwrinkled
spherical portion of the membrane. At points B and C, defined by ¢5 and ¢, in Fig.
6, the curvatures are continuous. Due to these discontinuities, the membrane is sub-
divided into five regions, within each of which the hydrostatic pressure, ¢, and therefore
the total load, Q, are analytical. Equations (3)-(6) are applied to each of these regions
independently and the appropriate continuity conditions imposed at the boundaries of
the regions, i.e. at points A, B, C and D.
In domains 7 and V, the shape of the membrane is spherical and hence

r=Rosindfor0=d=d,o0rd=dp.

In domains I/ and Il the pressure g and the total force Q are expressed as

Q=qO—‘Y<Hm+kj;rtand>dr> )
Q= ﬂrJQO—‘Y[VA - kj:'rrrztand)dr+ wr (H,,, + kj:tantbdr)] (8)
where

%RS(] ~ cos $4)(2 — cOs ba — cos® ba)

k = ~1forda < b < ds
T 11 for s < b <0O.

Va

Finally, in domain IV (0 < ¢ < ¢p) the pressure and total load are defined by

q9 = 4o

Q=mr'qp— vy [VA + fr" P tand)dr]. (9a)

As stated above, at points A and D, the boundaries between wrinkled and unwrinkled
domains, continuity of slope is imposed, whereas at points B and C, the curvature must
be continuous. Therefore the boundary/continuity conditions between the various do-
mains (see Fig. 6) are established as

at point A brda) = du(dl) } (10a)
ri{da) = ru(da) = ri(da) = Ro sin da (10b)
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at point B ru(ds) = ruf—on) (1
druy _ g’_lg
d¢ wu b—ba B dd) it b~ dn (12)
at point C r”[(O) = f[v(O) (13)
dr,” drIV
i = —= 14
dd je=0 db |s-0 (e
at point D rividp) = Ro sin &p. (15)

In domain IV, the outermost wrinkled region, the shape of the membrane can be
determined analytically since eqn (3) takes the simple form

dr _mrqo = V- vy

do 27nrqo tan ¢ (16)

where

V, =V, +kfm'rrr2tan¢dr

denotes the entire volume of the accumulated ponding medium. The solution to eqn
(16) is given as

r= \/L YV, + Csin )
Tqo

which after satisfying conditions (13) and (15) is rewritten as

_ sin? ¢p _ sin ¢
r =r \/1 + [—_(ro/Ro)2 l] _sin ¢'_D “7)

Vi *
ro =\ ¥ ru(0) = riv(0).
Tqo

The meridional radius of curvature, Ry, is therefore obtained in the form

where

R 1 d __ B-ro (18)
® cosdddp 2V1I + Bsind

where

ind
B=[———s'“ o2 | ——.
(ro/Ro) sin ¢p
Consequently, the boundary conditions at point C may be expressed in terms of two
parameters ro (or V,,,) and ¢p as

ru(0) = ro (19a)

dry,

dé

(19b)

o=0 2
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In domains /7 and II1, eqns (3), (5) and (6) can be solved numerically only. Substi-
tuting eqns (7) and (8) into eqns (3) and (6), one obtains

gy — [V,. - kfr wrttan d do + 7 (H,,. + kfor lan¢dr>]

dr
d¢ 2artan ¢ - ¢ (20)
% = ktan $ 2n
dr

g=qo—% (H,,, + k f“r tan ¢ dr) (22)

which is a set of integro-differential equations of the Volterra type to be solved by any
one of a number of numerical methods. Alternatively, this set can be transformed into
a third degree differential equation, with respect to () as

2 g (Y
r tan ¢(d¢)

® (el E)
ar\"" %4 " "de

There are difficulties with establishing boundary conditions for this equation as well
as with convergence when a numerical solution is attempted. For this reason the prob-
lem was recast in the form of a set of first order differential equations. First, the
dimensionless quantities

F=rlRy, h=h/Ryy V= VIuR}

+tan¢d-%=

0. (23)

q

g/q0. O = Q/mR3q0, ¥ = Rov/qo
are introduced into eqns (20)-(22) after which one obtains
g _7q - Vy
dé 2fGtan ¢
%L; = ktan ¢
where
g=1-(H,+h7y 24)

V, - ’:?"dﬁ.

<l
Il

From eqn (24) one obtains

dv -
- ="

Finally, instead of eqns (20)-(22), we arrive at the simple set of equations

N |
dd 27Gtan ¢ (26)
dh = ktan ¢ (26b)

dr
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dv
w- " (26¢)
G=1-(Hn+ h7. (26d)

Since the boundary conditions, eqns (10) and (19), depend on ¢4, ¢p and ry, the shape
of the wrinkled membranc in domains /7 and /17 can be determined as a function of
these quantities.

Finally, the inextensibility condition has to be met which imposes the condition

FDPD d"
[ == o - ba. 7)

ata COS &

5. NUMERICAL SOLUTION TECHNIQUE

The set of equations, eqns (26), were solved using a modified Euler's method, the
accuracy of which is estimated to be of the order 0(1/n?), where n is the number of
steps used in the numerical integration process. The procedure was carried out as
follows:

(1) Assume an increment for Ad, and assume that values for all parameters are
known at point i. Therefore one can obtain

o _Pg-Vy
A7 = fiAd where f; = 77 tan & (28a)
Ah! = ktan ¢;AF (28b)
AV = BAh| (28¢)

and
lsr = & + Ad; Fluy =F + AF; Rley = b + Akl Vie, =V, + AV,
where the primed quantities are intermediate values used in obtaining increments for

the parameters corresponding to the next point.
(2) Increments of the respective functions are calculated by means of the expressions

1
Ar; = E(fi + fir1)Ad (2%a)
o k _
Ah; = E(tan &; + tan ¢+ 1)AF (29b)
AV, = - %(ﬁz + Fi AR (29¢)

and finally
Gis1 =& + Ad; Fiuwy =F + A% Ry = li + Ahi; Viey =V, + AV,

The procedure is initiated by assuming values for the non-dimensional liquid depth
at the axis of symmetry, H,,, the non-dimensional density ¥, and the angle ¢, denoting
the location of point A. Since the shape of the membrane is known in the unwrinkled
central spherical region (between points 0 and A) the actual numerical integration starts
at point A in accordance with the above outlined procedure, using the preselected value
of Ad. The procedure is continued until the nondimensional pressure § = 0 which
corresponds to point B (Fig. 6), the inflection point along the deflected membrane, At
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this location, values of the parameter k& and ¢ have to be altered, namely & has to be
changed from -1 to I, and ¢y has to be changed to — ».

The procedure is continued until point C (¢ = 0) is reached where the actual value
of G is verified. Naturally this value should be equal to 1. If §. < I, the assumed density
is not large enough to keep the membrane in equilibrium with the internal pressure go
and therefore must be increased in accordance with the expression

Vi1 = ¥/G;(0). (30)
The whole process is repeated until the required accuracy defined by
[0 - 1] <e 31)

is obtained, where ¢ is any preselected small positive number.

Using this procedure with an assumed value for the nondimensional liquid depth
and a value for ¢4, the corresponding value for the nondimensional density of the
accumulation ponding medium can be determined.

Next the continuity conditions, eqns (19), are considered at point C. The radius of
curvature at this point can be written in the form

dF
dé

.
—gp= (51“7“2’ - 1) 12 sin éo) (32)
G=0 ¢

where go = g(0) and 7. are known from the numerical integration process (eqns 28 and
29). The position of point D is determined from eqn (32) since

sin &p = Flgo + VI + go). (33)
The shape of the wrinkled membrane in domain /V is found using eqn (17) which,

of course, corresponds to the assumed value of H,, and is a function of the angle ¢..
To establish the value of {4 the inextensibility condition, eqn (27), is imposed by

S(da) = bp — ba (34)
where
y  dF
S(ba) = f —

denotes the dimensionless length of the deformed arc which is calculated numerically

during the integration process. On the basis of eqn (34) the value of ¢, is established
as

o5V = oF - SO

where ¢’ is obtained from eqn (33) for an assumed value ¢$”. The procedure is re-
peated until the required accuracy defined by

(n+1) _ 4(n)
l i’A___ﬂ’A_ <e (36)

3

is reached, where e is an arbitrarily chosen small positive constant. For an assumed
value of the nondimensional liquid depth, H,,, the critical shape of the deformed wrin-
kled membrane is completely determined by this procedure and the corresponding
nondimensional density, ¥, and all parameters of deformation are established.
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6. NUMERICAL RESULTS

The equations defining the problem have been numerically integrated by the above
described procedure for a range of values of the nondimensional liquid depth at the
axis of symmetry, H,. On Fig. 8 the results of this analysis are shown in graphical
form, where the parameters of deformation, ¢4, ¢s, ¢p, the dimensionless density, ¥,
and the dimensionless weight of the liquid, P, are plotted as functions of H,,,.

It was established that as H, — 0.801 the angle ¢p — 86.4° and the numerical
procedure becomes divergent. This, in turn, means that for H,, = 0.801 the state of
equilibrium for the *‘critical’’ shape of the deformed membrane (see Fig. 4) does not
exist,

Figure 9 gives a cross-section of half the membrane for various values of assumed
non-dimensional liquid depth at the axis of symmetry. In Fig. 10 the key parameters,
including 7, V, H,,, and the inverse of the non-dimensional density, '-9‘_1 = go/Roy are
plotted as a function of the total nondimensional vertical displacement f = f/R, at the
axis of symmetry. There are two things which are noteworthy on this diagram. Firstly,
the total central deflection and the nondimensional liquid depth at the axis of symmetry
are proportional, as is shown by the lowest of the lines in Fig. 10. What is perhaps
more surprising, and fortuitous, is the fact that the nondimensional inverse density can
also be approximated by a straight line given by

f
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Fig. 9. Deflection profiles for various liquid densities.

on the basis of which we arrive at the following very simple design expression relating
the three critical design parameters

do
— = 0.2]2. 38
—y (38)

This expression permits an estimation of the initial allowable axisymmetric depression
around the apex of a spherical inflatable for a given ponding medium before accu-
mulation of that medium in the depression leads to catastrophic results. For example,
if we assume that the internal overpressure is 400 Pa, then the maximum initial central
deflection at the apex, f.,, is estimated as

400

fer = 5212 9810

= 0.192 m.

What is perhaps surprising is the fact that the magnitude of this initial central deflection
or imperfection does not depend on the initial radius Ro of the membrane. Since the
maximum stress in the membrane is a direct function of Ry, which implies that the
larger the membrane the smaller the internal pressure, and therefore this result shows
that spherical structures with large radii of curvatures are more sensitive to imperfec-
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Fig. 10. Plot of key parameters vs total deflection.

tions and initial inward deflections than structures with sharper radii of curvatures; i.e.
collapse due to an accumulation of ponding medium resulting from an inijtial depression
around the apex of the structure is more likely for a structure with a very large radius.

The total weight of the accumulating ponding medium is plotted against nondimen-
sionalized deflection at the axis of symmetry in Fig. 11 by means of the heavy curve.
For comparison purposes the graph for a concentrated load applied at the apex is also
shown (see [1]). An approximate solution in the relatively small deflection domain,
based on an energy method and assumed isometric deformations [2] is indicated by a
straight line tangential to the initial portion of the curve for liquid loading.

Although the overall shape of the two curves shown in Fig. 11 are similar in ap-
pearance, their physical meaning is quite different. In the case of the liquid loading,
each point on the curve corresponds to the ‘‘critical state’ of loading and represents
a value of the nondimensional liquid density corresponding to that critical state. For
example if f is approx. 0.7, the critical dimensionless density equals 7.0 and the total
dimensionless weight of the liquid P = 1.57. As can be seen from this graph the max-
imum weight of accumulating ponding medium Pq.x = 2.226 which corresponds to the
minimum dimensionless density ¥mi» = 2.86. This density, in turn, implies that if ¥ <
2.86, a ‘“critical state,”’ as indicated in Fig. 4, is impossible, since the internal pressure
will be high enough so as to keep the initial depression from growing, irrespective of
its initial magnidude. A spherical inflatable may therefore be classified as ‘*absolutely
stable’’ under a hydrostatic loading due to an accumulating ponding medium, provided
the following condition is satisfied

15—0 =< 2.86. (39)
do
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The practical significance of this expression may be rather limited since for an internal
pressure qo = 400 Pa and density of water y = 9810 N/m?, the radius for such an
‘‘absolutely safe’’ spherical inflatable is calculated as less than 0.117 m,

Due to the similarity of the load-deflection diagram of the liquid loading and con-
centrated loading, shown in Fig. 11, and because the load deflection diagram for the
concentrated load shows stable and unstable regions (see [1]), attempts were made to
obtain results for the liquid loading case which correspond to the ‘*second’” and *‘third"
modes of failure; i.e. the unstable region and the case of the entirely wrinkled mem-
brane. For the mode of deformation indicated in Fig. 6, the numerical procedure proved
to be divergent for nondimensional deflections f = 1.72 (or H,, > 0.801). For this
reason, the second mode of deformation, indicated in Fig. 12, was analyzed in which
the accumulating ponding medium does not fill the depression to its capacity. The
governing equations are identical to those used for the critical case. The boundary
conditions are also similar, but now point C, the point where the pressure due to the
ponding medium is 0, is unknown and must be determined for a given density. The

- P \/"%4
A P:T = 3
RO qo qORO
3.Q7 2.226
2.2} \
i il
20 7N
1 )
[~ d % 7
| 8L rd
1.6
|.4f

CONCENTRATED
FORCE

0.8

0.6

04

0.2

- f
0.7 1.5 162172 =
L Ro

—

| 1 J ll l L1 _ 1 I | N | 1
04 08 12 1.6 20 24 28 32

Fig. 11, Non-dimensional Joad-deflection curves.
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Fig. 12. Deflection profile for liquid loading with density greater than *‘critical’’ value.

numerical procedure is similar to that used above. One starts at point A and assumes
the values of the nondimensional liquid depth, H,,, the nondimensional density ¥, and
the angle ¢4 . Next the integration process, using eqns (28) and (29), is continued until
g = 1, which corresponds to point C on the deflected membrane; thus 7. and ¢, arc
determined. If &. = 0, a larger nondimensional density value ¥ must be assumed. Next
the values of ¢p and 7, are calculated using the boundary condition at point C and the
relations (17) and (18)

.. S— 4
o= VT Bsne “0

sin¢D=B—§§<l + \/1 +§§-’r§)

where

- 1 dr
Re = Cos 80 40

S

Finally the inextensibility condition, eqn (34), is used to solve for ¢4 to within a pre-
determined accuracy as defined by eqn (36).

This procedure was applied for a single value of the dimensionless density ¥ = 4.55.
Two solutions, corresponding to two possible equilibrium states, were established and

Fig. 13. Deflection profile of completely wrinkied membrane.
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the corresponding deformation parameters and load are indicated in Fig. 8. Figure 11
also indicates the ‘‘second mode behaviour’’ for a nondimensional density ¥ = 4.55.
From this result and an analogy with the ‘*‘second mode behaviour’’ for the case of the
axi-symmetric concentrated load, we conclude that the first or so-called ‘‘critical
state,”’ in which the ponding medium fills the depression to capacity, corresponds to
stable equilibrium and implies values for ¢p < 90°.

Finally the case of the entirely wrinkled membrane, supported along its perimeter
and subjected to a hydrostatic loading resulting from an accumulating ponding medium,
was analyzed (see Fig. 13). The numerical procedure is identical to that used for an
investigation of the *‘second mode type’’ behaviour. Only the boundary condition has
to be modified to read

riv(ido) = Ro sin Bo.

Relations (40) must also be slightly changed. From the continuity condition at point C
one obtains

1

B = - (41a)
'2—1—?; — sin ¢,

o 7.

fo = V1 + Bsin ¢, (410)

2
<-——s“‘_ Bo _ 1) B (410)

0

sin ¢p

which, together with the inextensibility condition, eqn (34), and assumed values for
H,, and ¥ leads to a determination of all load and deformation parameters. This *‘third
mode of failure’’ was solved for only a single nondimensional density case ¥ = 4.55.
The result is shown in the top right area of Fig. 11. By analogy with the case of the
axi-symmetric concentrated load, and for obvious physical reasoning, this mode of
deformation and the associated equilibrium must be stable.

7. CONCLUSIONS

The large deformation and stability behaviour of inextensible spherical inflatables
subjected to internal pressure and axi-symmetric hydrostatic loading resulting from an
accumulating ponding medium has been investigated. It is shown that for such struc-
tures the possibility of increasing deflections and ultimate collapse due to an accu-
mulating ponding medium is possible provided

1& > 2.86.

do

A relation between critical values of the internal pressure and density of the liquid and
the allowable maximum deflection or initial imperfection at the apex are related by an
approximate expression given as

do
~— = 0.212.
vf

Since stress and strength considerations for the membrane will impose a smaller internal
pressure for structures with large radii of curvatures, this expression implies that for
a given density, like that of water, the allowable imperfections or initial depressions
are smaller the larger the radius of curvature of the structure. This, in turn, implies
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that large air-supported spherical membranes are more sensitive to collapse by an
accumulating ponding medium, initiated by initial imperfections, than are structures
with smaller dimensions.

Air supported membranes generally exhibit features in their large deflection and
stability behaviour which are very similar to and are characteristic of the stability
behaviour of elastic shells [1]. Since shells as a rule are highly imperfection sensitive,
by analogy one might expect that air supported membranes behave in a similar manner.
Indeed, in a recent study [3], the imperfection sensitivity of such inflatables was con-
firmed experimentally, since the critical values obtained by experiments were consis-
tently lower than the corresponding theoretical predictions. It may therefore be im-
portant to verify the above conclusions by means of carefully planned and executed
experiments before the approximate expression suggested in this paper is adopted for
codes or is used in the design of large-scale inflatable structures.
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