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ABSTRACT: The results of an extensive experimental program on the stability of cylindrical and conical shells
under various loading conditions are presented and discussed. Loading conditions for both cylinders and cones
include axial compression, axial compression with internal or external pressure, bending with and without
internal pressure, axial compression combined with both bending and internal pressure, and a limited amount of
data on torsion of conical shells. Where feasible, values suitable for design are recommended and areas needing
additional theoretical and experimental study are indicated.
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ABSTRACT: The results of an investigation to determine the influence of small deflections on the stability of
internally pressurized conical shells under axial compression is presented. The critical axial load is found to
depend on a geometry parameter for the small end of the cone, the internal pressure, and, unlike results for
cylindrical shells, the end fixity of the shell. Experimentally obtained data are in qualitative agreement with
theory but differ quantitatively, probably because of yielding of the low melting temperature alloy used to
clamp the ends of the shells and yielding of the shell material.
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“Vibrations of Pressure Loaded Hyperboloidal Shells”, ASCE Journal of the Engineering Mechanics Division,
Vol. 98, No. 5, September/October 1972, pp. 1017-1030
ABSTRACT: This paper investigates the effect of external lateral pressure on the free vibrations of
hyperboloidal shells of revolution. A finite element computer program was developed based on Sander’s linear
shell theory. This analysis was in good agreement with available experimental results and can be used in the
future cooling tower structures. The most interesting result obtained from the investigation was the discovery
that for certain hyperboloidal shell geometrics, the lowest frequency mode shapes contain more than one
meridional half wave. This result was verified experimentally in the reference.
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“Stability of Pressurized Hyperboloidal Shells”, ASCE Journal of the Engineering Mechanics Division, Vol.
101, No. 5, September/October 1975, pp. 663-678
ABSTRACT: The data obtained are compared with predicted results using a linear finite element stability
analysis and a corresponding nonlinear analysis wherein the effects of geometric nonlinearities are included.
Experimental buckling loads were in good agreement with linear theory predictions, and the geometric
nonlinearities were found to have little effect on the calculated critical loads of the hyperboloids tested. The
experimental results were also compared to analytical data for cylindrical shells. The ratio of experimental
results to analytical predictions were far lower for cylindrical shells than hyperboloidal shells. These results
indicate that hyperboloidal shells have a lower sensitivity to geometric imperfections than cylindrical shells.
The experimental data for internally pressurized hyperboloidal shells under axial load indicate that the axial
buckling value asymptoptotically approaches a constant value when the additional load carried by the internal
pressure is subtracted. Sanders thin shell (strain-displacement) equations were used to develop finite element
models for both the linear and nonlinear analyses.
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1585-1602
ABSTRACT: An analytical and experimental investigation was carried out to determine the buckling loads of
hyperboloidal shells with different geometries subjected to the axisymmetric loadings of external pressure and
axial compression. Sander’s thin shell equations were used in conjunction with the finite element method to

determine the bifurcation buckling load of the shell. The experimental program yielded data on the instability
behavior of hyperboloidal shells subjected to combined loadings. Molded PVC specimens were used in the
experiments. Shell specimens were: (1) Clamped on both ends; and (20 clamped on one end and free on the
other end. The experimental data were found to be in good agreement with the analysis for all types of loading
conditions.
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“Stability of Shells Attached to An Elastic Core”, ASCE Journal of the Engineering Mechanics Division, Vol.
102, No. 5, September/October 1976, pp. 839-849
ABSTRACT: The effect upon the buckling strength of a soft elastic core attached to a shell of revolution
subjected to axisymmetric loads is investigated. The axisymmetric stress problem is solved by using the finite
element method to solve the body of revolution problem with an axis of material symmetry subjected to Fourier
expandable thermal, body force, and surface traction loading. The governing equations are derived for a
triangular toroidal continuum element attached to shell elements. The elastic core influence coefficient matrix
of the core is derived by applying the unit line load at the interface nodal point of the core. The inversion of the
influence coefficient matrix yields an equivalent stiffness matrix of the core which is then combined with the
shell stiffness matrix. Results from this investigation are in good agreement with available analytical and
experimental results for cylindrical shells. New results are obtained for conical and spherical shells.
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