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SUMMARY

Cylindrical shells containing circular holes arranged in various periodic arrays are currently
used in a large number of components. Most of this equipment is designed using standards
such as the ASME Boiler and Pressure Vessel Code, TEMA, A.D. Merkblitter in Germany,
or the British Standards. These standards typically contain formulas and curves for determin-
ing the required shell wall thickness. In most cases, these criteria are based on very simple
geometric and average stress concepts. The use of such methods would be satisfactory provided
that the resulting safety factors for various hole sizes and penetration arrangements were the
same as the safety factors for unperforated shells designed to the same standards.

In the present paper, the limit pressures are evaluated for cylindrical perforated shells con-
taining circular holes arranged in the various penetration patterns typically found in practice.
Statically admissible discontinuous fields of stress are used to obtain rigorous lower bound limit
pressures. These solutions are shown to be quite close to the actual limit pressures based on
the efficiency of the discontinuous fields of stress and a comparison with upper bound solu-
tions, Such design considerations as the minimum axial spacing that can be used without re-
ducing the limit pressure are evaluated. The resulting optimal spacing parameters are obtained
over the interesting range of ligament efficiencies (minimum ligament width <+ pitch of pen-
etration pattern) for both the diamond (romboidal) and rectangular penetration patterns.

The results of this work show that for many penetration configurations, the present stan-
dards require substantially thicker shells than would be needed to maintain the same safety
factors that are used for unperforated shells. On the other hand, there are some penetration con-
figurations for which the existing standards allow the use of thinner shells than would be need-
ed to maintain the same safety factors. Revised design curves which provide the same margin
of safety for all configurations are derived and are proposed for use in the standards.








