OCTOBER 1969

Technical Comments

TECHNICAL COMMENTS 2047

Comments on “Buckling of Cylindrical
Shells with Eccentric Spiral-
Type Stiffeners”

R. R. MEYER*
McDonnell Douglas Astronautics Company,
Santa Monica, Caldf.

S assumed by author Soong in Ref. 1, there is indeed a
typographical error in the reported dimension of the rib
depth for specimen #4, Pt. 2 of Ref. 2. The d dimension re-
ported there as 0.293 in. should have been denoted as 0.193 in.
The caleulated buckling value of Ref. 2 for this case, 739 b/
in., was based upon the correct dimension of 0.193 in.

In Table 1 of Mr. Soong’s article, it is not clear that column
3, shown there as “Ref. 6, § = 45°, N,,” refers to calculated
values for buckling as developed in that reference. Com-
parison of the theoretical values for the two theories shows
(with the exception of #4, Pt. 2) negligible difference between
them. Additional bending theory developed at McDonnell
Douglas has also confirmed the postulates of local stability
as assumed in Ref. 2, demonstrating that there is no sig-
nificant difference between theoretical values for axial com-
pression and bending buckling loads per inch for the case of
45° eccentric stiffened cylinders. Thus, the simpler theory
developed in Ref. 2 is adequate for computing buckling values
for almost all cases of practical interest for 45° eccentric
stiffened cylinders.

It should be emphasized that weight comparisons for opti-
mum design should be based upon all modes of buckling
failure for the construction, viz., general instability, between
ring buckling, if applicable, skin buckling, and rib crippling;
otherwise erroneous conclusions may be reached for optimum
configurations.
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Reply by Author to R. R. Meyer
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HE purpose of the author’s paper! was the derivations
and parametric studies of a general method for instability
analysis of cylinders with arbitrary skew stiffeners, under
various loading conditions. It is possible and might be ex-
pected that for a specific type of load, such as a uniform axial

Received April 3, 1969; revision received April 24, 1969.
* Research Specialist A, Stress Analysis Research, Structures
Staff, Commercial Airplane Group.

compression, and a fixed geometry, such as the 45° skew
angle, a simpler method could yield comparable results, as
has been shown in Ref. 2. But, this is not the point. Also,
the possibility that the spiral-type stiffening might have
weight advantages over the conventional types was sug-
gested under the assumptions of general instability. Skin and
panel types of instability are understood as different issues.

In R. R. Meyer’s Comment, an interesting point has been
brought up, namely, the applicability of the local instability
theory that Meyer? has utilized to predict nonuniform axial
loading cases by means of uniform axial compression analyses.
It is a good opportunity to discuss this theory briefly.

There is no clear, definitive description of the local in-
stability theory in literature. From the derivations of Vla-
sov® and of Mushtari and Galimov,* one might tentatively
give the following description. The local instability theory
asserts that instability of a local nature is possible and may
provide as a lower limit for the general instability of the shell
if the membrane stresses in the local region are large enough
to cause a loss of stability in that locality.

In the derivations, the original general differential equa-
tions of equilibrium which are linear? or nonlinear* with vari-
able coefficients had been reduced to a pair of linear equations
with constant coefficients of the Donnell form? by simply
assigning the principal curvatures at the local points as con-
stant and neglect complications from the boundary. It
seems clear that with these generous assumptions and omis-
sion of boundary constraints, the local instability theory is not
intended as an exact theory, presumably as an estimate of
lower bound. The quality of such estimates can be found only
after performing an appropriate analysis, say, a bending analy-
sis for a bending problem.

It is interesting to review briefly the related literature.
The authors of Refs. 5-9 performed analyses on cylinders,
sandwich types or isotropic, under variable axial compressive
loads and found that predictions based on uniform axial load
would have obtained the same buckling stress. On the other
hand, linear''!* and nonlinear'?:13 analyses performed on iso-
tropic cylinders®®:12:13 and stiffened cylinders™ under bending
load showed that bending stress is 1.3 times or more greater
than the compressive buckling stress. In addition, experi-
ments performed on cylindrical isotropic shells,*'1® sandwich
shells,®® and isotropic elliptic shells,’®1" and for materials
ranging from aluminum alloy®~17 to steel and brass,'* found
that for the same cylinder bending-buckling stress is 25 to
60% greater than the corresponding compression-buckling
stress, the exact value depending on the R/{ ratio.

In view of these analyses and tests reported by previous in-
vestigators, one might comment that the local instability
theory should be used with caution, and preferably only as a
lower bound. It is doubtful that it will remain as a lower
bound when stiffening and anisotropicity are added to shell
problems.

Finally, the author would like to thank R. R. Meyer for
furnishing the information in his Comment regarding a
typographical error in his reported dimension of specimen
#4, Pt. 2.
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[ATAA J. 6, 2301-2305 (1968)]

IN the above paper,

1) Equation (6) should read
Xg = —2wW,.y
2)_Equation (10) should read
ON. = (Bu + EA./b)e + ...
3) Equation (11) should read
oM, = Cue + (Cx + 2E.A,/a)es 4 . ..
M,y = ~Cgue — .
4) Equation (13) should read
6N, = Bue + Bies + Cuxa + Ciaxe
8N, = Bue + Bnes + Ciaxi + Cuxe
0N ., = Bue; + Cuxs
5) Equation (15) should read
0N,y = Boyes
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