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INTRODUCTION

The design of horizontal cylindrical vessels with dished
heads to resist internal pressure is covered by existing
codes. However, the method of support is left pretty
much up to the designer. In general the cylindrical shell is
made a uniform thickness which is determined by the
maximum circumferential stress due to the internal
pressure. Since the longitudinal stress is only one-half of
this circumferential stress, these vessels have available a
beam strength which makes the two-saddle support
system ideal for a wide range of proportions. However,
certain limitations are necessary to make designs
consistent with the intent of the code.

The purpose of this paper is to indicate the approximate
stresses that exist in cylindrical vessels supported on two
saddles at various locations. Knowing these stresses, it is
possible to determine which vessels may be designed for
internal pressure alone, and to design structurally adequate
and economical stiffening for the vessels which require it.
Formulas are developed to cover various conditions, and a
chart is given which covers support designs for pressure
vessels made of mild steel for storage of liquid weighing
42 lb. per cu. ft.

HISTORY

In a paper1 published in 1933 Herman Schorer pointed
out that a length of cylindrical shell supported by
tangential end shears varying, proportionately to the sine
of the central angle measured from the top of the vessel
can support its own metal weight and the full contained
liquid weight without circumferential bending moments in
the shell. To complete this analysis, rings around the entire
circumference are required at the supporting points to
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transfer these shears to the foundation without distorting
the cylindrical shell. Discussions of Schorer's paper by H.
C. Boardman and others gave approximate solutions for the
half full condition. When a ring of uniform cross section is
supported on two vertical posts, the full condition governs
the design of the ring if the central angle between the post
intersections with the ring is less than 126°, and the
half-full condition governs if this angle is more than 126°.
However, the full condition governs the design of rings
supported directly in or adjacent to saddles.

Mr. Boardman's discussion also pointed out that the
heads may substitute for the rings provided the supports
are near the heads. His unpublished paper has been used
successfully since 1941 for vessels supported on saddles
near the heads. His method of analysis covering supports
near the heads is included in this paper in a slightly
modified form.

Discussions of Mr. Schorer's paper also gave successful
and semi-successful examples of unstiffened cylindrical
shells supported on saddles, but an analysis is lacking. The
semi-successful examples indicated that the shells had
actually slumped down over the horns of the saddles while
being filled with liquid, but had rounded up again when
internal pressure was applied.

Testing done by others, 2,3 gave very useful results in the
ranges of their respective tests, but the investigators
concluded that analysis was highly indeterminate. In recent
years the author has participated in strain gage surveys of
several large vessels.4 A typical test setup is shown in
Fig. 1.

In this paper an attempt has been made to produce an
approximate analysis involving certain empirical
assumptions which make the theoretical analysis closely
approximate the test results.

SELECTION OF SUPPORTS

When a cylindrical vessel acts as its own carrying beam
across two symmetrically placed saddle supports, one-half
of the total load will be carried by each support. This
would be true even if one support should
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