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The present analysis reveals the essential plastic behavior of
the sphere at sufficiently high temperatures. For an
elastoplastic material, however, we can expect a thin elastic
zone to exist near p0. Assuming that this zone is bounded by
P=p0(l ± 1/26) where d<\, and that ep at the boundaries of
that elastic zone is equal to the yield strain ey, we find from
Eqs. (10) by a simple expansion that d»p0ey/6k. By com-
parison, the result given by Cowper1 for an elastic-perfectly
plastic material reads, with the present notation, 6«
2(1 -v)ey/Qk. Both expressions for d coincide with « = 0 and
v- l/2, respectively.

Finally, we mention that the present analysis is not
restricted to the steady-state temperature distribution and can
easily be repeated with other radial temperature gradients.
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been found to be stronger than inside stiffening. ]'4 Inversion
of the stiffener eccentricity effect has been observed in
cylinders under hydrostatic pressure loading.5'6 Singer et al.6

explained that stiffener eccentricity has two opposing effects.
The primary effect is that the actual bending stiffness for
outside stiffening is larger than that for inside stiffening. The
secondary effect is that the actual extensional stiffness in the
circumferential direction for inside stiffening is more than
that for outside stiffening. This secondary effect arises out of
Poisson's effect.

If the stiffener depth in a waffle cylinder is increased, the
eccentricity and second moment of area of the stiffener in-
crease. The consequent increase in actual bending stiffness
causes the buckling load to increase monotonically with in-
crease in stiffener depth. ! The primary effect of stiffener
eccentricity increases the buckling load for outside stiffening
while the secondary effect decreases the same. A possible
variation of the change in buckling load due to the secondary
effect is shown in Fig. I .1 Thus, for a predominant primary
effect, outside stiffening is stronger and a predominant
secondary effect may cause an inversion of the stiffener ec-
centricity effect. This inversion is represented graphically in
Fig. 2.

In this Note waffle cylinders with spiral -cum -orthogonal
stiffener configuration (Fig. 3) have been analyzed for
buckling under uniform axial compression. It is observed that
inversion of the stiffener eccentricity effect may also occur
under axial compression for this type of stiffener con-
figuration and that the inversion is influenced by Poisson's
ratio of the cylinder material.
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Analysis
In an eccentrically stiffened shell-wall construction there is

a coupling between extensional forces and curvature change
and between bending moments and extensional strains. To
account for this coupling the resultant forces and moments on
a shell element may be generalized to the form

Aa,Ac,As
a
B

Nomenclature
= axial, circumferential, and spiral stiffener area
= stiffener grid size
= extensional rigidity of plate, Eh/(\ -v2)

Ci = stiffness parameters
D = bending rigidity of plate, Eh3 712(1 - v 2 )
d = stiffener depth
E = Young' s modulus
h = skin thickness
IQJCJS = moment of inertia of axial, circumferential,

and spiral stiffener area about shell reference
line

L = cylinder length
Nxcr = buckling load
TV = nondimensional buckling load, Nxcr/ER
R = cylinder radius
ta,tc,ts = axial, circumferential, and spiral stiffener

thickness
tsq = equivalent shell thickness
t - nondimensional equivalent thickness, tQq/R

a. = helix angle of spiral stiffener
e;,e2,7 ~ reference surface strains
Xx> Xy> XXy = changes of curvature

Introduction

T HE eccentricity of stiffeners has a large effect on the
critical load in cylindrical shells and outside stiffening has

Received Jan. 3, 1980; revision received Dec. 8, 1980. Copyright ©
American Institute of Aeronautics and Astronautics, Inc., 1980. All
rights reserved.

* Lecturer, Department of Aeronautical Engineering.

Ny =C^

MY =(

Mxy = -Myx = ( (D

Using the method outlined in Ref. 1, the stiffness
parameters are obtained as

C, =B+KAsaT1/tsa

C3 = -KAsaTie/tsa

C2 = Bv+KAsa/ts<

C4 =-KAsae/tsa

S N f f e n e r d e p f h ———•
Fig. 1 Secondary effect.
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Fig. 2 Inversion of eccentricity effect.

CYLINDER AXIS

Fig. 3 Spiral-cum-orthogonal stiffener configuration.
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Fig. 4 Effect of stiffener depth.

C5 =Bv+KAx/tx C6 = B + KAscT2/tsc

C7 = -KAsce/tsc C8 = -KAscT2e/tsc

C9 =B[(l-p)/2]+KAs/ts CIO =-2KAse/ts

Cn = — C3 C12 = — C4

CI3 = -(D+KIsaTl/tsa)

C15 =-C7

C17 = -(Dv+KIsc/tsc)

13

C19 =(

C,4 =-(Dv+KIsa/tsa)

C,6 =~C8

C1S =-(D+KIscT2/tsc)

C20 =D(l-v)+2KIs/ts

Table 1 Effect of Poisson's ratio on inversion of
stiffener eccentricity effect

TV (outside)//^ (inside)
7xl04 . = 0.3 , = 0.333 , = 0.35

5.849
6.698
7.618
9.386

11.155
12.924

1.030
1.042
1.035
1.030
1.007
0.994a

1.016
1.023
1.015
1.007
0.982a

0.968

1.009
1.014
1.004
0.995 a

0.97
0.955

(2)

a Indicates the range of / in which inversion occurs.

where

tsa =2ts + ta tsc = 2ts + tc

Asa = 2As+Aa Asc = 2AS+AC

Isa = 2Is+Ia Isc =2IS+IC

Tl -(ta +2tscos3a) /2tssin2acosa

T2 = (tc + 2ts sin 3 a.) /2ts sinacos 2 a

K =Etxsinctcosa/a

e =

For outside stiffening the sign of the stiffener eccentricity,
e, is negative.

Classical buckling equations under uniform compression
are expressed in terms of stiffness parameters and solved1 for
simply supported edges to obtain the critical load.

Results and Discussions
The effect of stiffener depth is studied by varying the same

and plotting nondimensional buckling load TV against non-
dimensional equivalent thickness ~t. The results are obtained
for L = 406.4 cm, R = 152A cm, ta = tc = ts =0.508 mm,
h= 0.508 mm, a =101.6 mm and a = 45 deg. The material
properties are^ = 7.326 x 106 N/cm2 (10.6 x 106 lb/in.2) and
v=lA.

Figure 4 shows that at lower 7, where change in buckling
load due to secondary effect is small or nonexistent, outside
stiffening is slightly stronger than inside stiffening. This
means the primary effect of stiffener eccentricity is small. At
larger depth, change in buckling load due to secondary effect
is large (Fig. 1) and causes an inversion. Thus at high 7, inside
stiffening is stronger than outside stiffening. Since secondary
effect arises out of Poisson's effect, increasing Poisson's ratio
aggravates the same and, therefore, inversion should occur at
smaller depth. This is verified by the results given in Table 1.
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