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This invention relates to 4 ¢losed veéssel capable of
withstanding éxternal pressure:

The intended use of a vessel capable of maintaining a
partial vacuum as indicated by ad internal préssiire of
the order of 1 p: s. i. (absolute) is in conjunction with
wind tunnels for simulating high altitude conditions.
The vessel as presently corstiucted is capable of with-
standing some internal pressure: of the order of 15
p. s. i. g., so that it could be used for storage of some
product with a varying vapor pressure. Still another
use will be apparent to those: skilled iti the art in that the
vessel can be used for storage of a product having a vapor
pressure which in comibinatioit with' air might produce
a pressure both above and Below atmospheric; depending
on temperature and other conditions.

The vessel is generally of spheroidal or of spherical
segmental form and is desigied for relatively large
capacity. The advantdage of a vessel comprising a cluster
of connected small spherical segments over an ordinary
spherical vessel for the same capacity and pressure lies
in savings of metal and cost resulting from thinner walls
and the consequent lesser welding. For a sphere to
withstand a predetermined pressure; the: shell thickness
must be increased in direct proportion: té the radius
of curvature. Thus, a multiple segment vessel has much
thinner walls than the equivalent c¢apacity spherical
vessel.

In the past, however, all multiple segmient vessels for
large capacity storage at substantially superatmoespheric
internal pressure have been: formed with diaphragms of
metal plates, which diaphragms, have béen désigned on
the same basis as shell or segmental wall platés in the
vessel. This basis is the maximum pérmissible tensile
stress. ‘The savings in metal resulting from the use of
a plurality of connected smaller spheres a§ against a single
larger sphere of the same capacity was theteby offset by
the need for installing these diaphragms between various
segments. Because the diaphragms were designed to
withstand the same stress: as the spherical shells, approxi-
mately the same amount of metal was. us€d in the dia-
phragms as was saved in changing fromi the single sphere
to a segmental vessel. In a gas storage vessel, for ex-
ample, the combined weight of the diaphragms and: the
segmental wall plates was the same a§ the weight of a
single spherical vessel of the samie gas capacity as the
multiple segment vessel. ‘

However, if such multiple: segment. vessels with inter-
nal diaphragms and desigoed for internal pressire were
subjected to external pressure or to interral: partial vacu-
um the diaphragms would buckle before the ségmental
wall plates, Therefore, in order to riake the diaphragms
as strong as the wall plates;. they would have to be thick-
ened or strengthened or both, thus itcréasing the weight.

By the use of the presetit invention;. these diaphragms
may be replaced with: structural elements deésigned in
accordance with the usual practice: for  non-buckling
columns. These columns are essentially supported along
the entire length so that the:slenderness ratio need not be
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considered as a controlling factor in the stress analysis.
This permits the use of an allowable stress in the stric-
tural members of about 15,000 p. s. i. This compares
with the stress of between 2,000 and 4,000 p. s. i. which
would be allowable for diaphragins if they were used
instead of columns in the construction of a vacuum mul-
tiple segment vessel. It is' immediately apparent, there-
fore, that the cross sectional amount of metal used in
the internal bracing structure of such multiple’ segment
vessels can be materially decreased sinice the use of
structural shapes instead of diaphragms pefmits a désign
which can be stressed to a§ much as seven times the
amount of stress permitted in the diaphraginis. A coii=
siderable savings in metal inay thus bé effected in such
vessels. v

Essentially the closed vessel for éxternal pressure com-
prises a plurality of spherical segments wherein adjacent
segments are secured to internal ciirved members to form
a fluid-tight pressure vessel, with internal straight hori-
zontal and vertical compressiont members secured at their
ends to oppositely situated curved compression members
to prevent pressure deformation.

An embodiment of the present invention is shown in
the accompanymg drawmgs, in which?

Fig. 1 is a plan view of the multiple spherical segment
vessel;

Fig. 2 is a side elevational view of the vessel shown
in Fig. 1;

Fig. 3 is an enlarged fragmentary sectional view taken
along the lines 3—3 of Fig. 1;

Fig. 4 is an enlarged fragmenta:y sectional view taken
along the linés 4—4 of Fig. 1; and

Fig. 5 is a view similar to Fig: 4, showmg a modifica-
tion of the internal curved comipression members.

The embodiment of the vessel as illustrated in Figs.
1 and 2 is approximately 108" square and about 77’ High.
From these dimensions it will be seen that the vessel is
quite large and comparable in siz¢ to a building.

The vessel generally indicated 10 comprises a series
of interconnecting spherical segmerits 11 which form the
pressure shell. Each segment irtersects with at least
three other segments. As illustrated in Fig. 2, the end
or edge segments are larger in that they extend over
greater spherically curved areas than those ségments
internal of the ends. The segments ot the corfiers are
those having the greatest expanise of surface. Those
segments which are not on the edges of the vessél have
even a smaller surface expanse; although all segments in
the emibodiment illustrated have the same radius of ciiva-
turé. 'The plates making up segments are welded to-
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Curved compression members 12 are shaped to con-
form to the arc of segmental iitersection and are secured
to adjacent segmerits. Adjacent segments may be comn-
tiguous along the intersection as shown in Fig. 4 in Which
case the segments may be welded to each other as well ds
to the curved compression member 12. The particular
curved compression member 12 is shown as a T struc-
taral shape which has been curved so-that the cross flange
is spaced from the shell plates and the connéection to the
shell plates is made by welding the free end of the web
in a 3-way weld at the intersection of the shell pladtes.
This is particularly illustrated in Fig. 4 wherein the weld
is designated 13.

In the embodiment shown in Fig. 3, four ititersectinig
curved compression members 12 are joiniéd to colunmitt
15 at their point of intersection. The contection of
these five members can be miade by nvetmg or weldirig,
A preferred forin of connection is' provided in & single
structural casting in which all five meénbers extend away
from the theoretical point of ¢onhection. Tn some appli- |

-cations the structural metnbers could be iade of castings
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which resemble structural shapes in cross-section and
when incorporated in the vessel would comprise joined
arches. A casting of joined arches eliminates the diffi-
culty in field assembling five members so that they inter-
sect at the theoretical point of connection.

An alternative form of compression member is shown
in Fig. 5 wherein an M-beam 14 is used instead of a
T shape. The adjacent edges of spherical segments are
welded to one of the flanges of the beam rather than to
each other. Preferably the shell plates are welded to
the flange independently of each other to avoid a three-
way weld.

Vertical compression members or columns 15 extend
between and are secured at their ends to oppositely situ-
ated curved compression members 12. Those illustrated
are wide flange beams, but other structural shapes may
be used. Some of the vertical compression members 15
may be extended through the bottom of the vessel, with
the protruding portions 16 of said vertical columns rest-
ing on a foundation 17 to support the vessel.

Horizontal compression members 18 are secured to
oppositely situated curved compression members in the
same manner as are the vertical compression members.
To provide further rigidity in the structure, the horizontal
and vertical compression members 18 and 15 are bolted
or welded at their points of intersection within the vessel.
In the preferred embodiment, the ends of the horizontal
and vertical compression members 18 and 15 are secured
at the points of intersection of curved compression mem-
bers 12.

In providing a vessel to act as a reservoir for air
simulating high altitude conditions, the tendency of the
vessel to collapse because atmospheric pressure is greater
than the pressure within the vessel must be withstood by
the shell plates and the internal bracing structure. The
spherical form of the segmental shell plates provides
some resistance to external pressure whereby the forces
on the shell segments are transmitted to the curved com-
pression members attached on the lines of intersection
of the segments. These forces produce compression
within these curved members which is in turn carried by
the cross bracing members which extend between the
opposite sides, both horizontally and vertically.

Connections 19 or 20 for air ducts may be made in
any intermediate segment or lobe or at any corner
segment. A corner connection 19 can be twice the diam-
eter of a lobe connection 20 since the corner lobes are
larger as stated above.

As an example of a vessel, the embodiment illustrated
in Figs. 1 and 2 has six spherical segments across the
width, six along the length and four in depth. If each
segment has a radivs of curvature of 15'—16"" the vessel
will have a capacity of 800,000 cubic feet. In accord-
ance with the current A. S. M. E. code, a sphere of any
radius to accommodate an external pressure of 13.5
p. s. i. may have an allowable stress of no greater than
2465 p. s. i. To meet this allowable stress requirement,
the shell thickness of a 15"—6”" radius sphere must be
0.51”. The total weight of metal in the outer surfaces
is 1,130,000 pounds. A single sphere to accommodate
the same capacity and pressure would have a radius of
58 and a shell thickness of 1.91”, and would weigh
3,500,000 pounds. If diaphragms were used and also
stressed to 2465 p. s. i, they would weigh 2,370,000
pounds which, in combination with the 1,130,000 pounds
used in the spherical segments, totals 3,500,000 pounds,
the same as the single sphere. Employing the com-
pression members disclosed in this invention, and stress-
ing the internal straight horizontal and vertical com-
pression members to 15,000 p. s. i. which is the maximum
allowable compressive stress in laterally unsupported
columns, only 900,000 pounds of compression members
need be used in conjunction with the 1,130,000 pounds
used in the spherical segments. Thus, including the
curved compression members, the total weight of the
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preseat vessel made in accordance with the disclosed in-
vention is 2,030,000 pounds, or 58% of the weight of
an equivalent single sphere.

In this 6 x 6 x 4 lobed spherical segment vessel capable
of withstanding 13.5 p. s. i. external pressure and de-
signed for a capacity of 800,000 cubic feet by using a
radius of curvature of 15°—6’’ for the spherical segments,
the curved compression members may be stressed also to
as much as 15,000 p. s. i. and each may be a standard
7" WF weighing 59.5#/ft. formed on a circular radius
of 13'—514¢". The straight horizontal and vertical
members will be stressed at 15,000 p. s. i. and each is a
14" x 14’ 12" WF weighing 1114 /1t.

Although no savings in metal result in the spherical
shell segmeunts themselves over a vessel formed with
diaphragms, the following two measures effect savings by
allowing a higher compression stress in the shell: (1)
spacing the curved compression members closer together
than the wave length of an elastic buckle in the shell so
that the curved members form effective stiffeners; and
(2) locating the curved compression members at spaces
of one wave length or greater but runmning intermediate
siffeners on the shell between the curved members.

As seen from Fig. 2, the portions of the shell outside
the outer foundation may be supported by cantilever con-
struction. However, it is desirable to provide interme-
diate framing in the form of tie rods to transfer the
otherwise overhanging weight to a vertical column. This
may be done by means of an intermediate member 21.

These auxiliary tie members may be secured to the
ends of vertical and horizontal compression members
by riveting, welding, or bolting. For convenience in
riveting or bolting, gusset plates may first be affixed to
the compression members. If desired, additional di-
agonal tie members can be connected at the ends of each
horizontal compression member, or a tie member can be
extended vertically between the outer ends of unsup-
ported horizontal members.

A spherical segmental vessel constructed according to
the invention herein is also capable of withstanding
internal pressures greater than atmospheric so that the
vessel may be used for storing liquids having a widely
varying vapor pressure. Capacity to withstand internal
pressure in a vessel storing volatile liquids is important

5 to eliminate the need for venting.

The foregoing description has been given for clearness
of understanding only and no unnecessary limitations
should be understcod therefrom.

I claim:

A closed vessel, the outer shell of which consists en-
tirely of a plurality of external intersecting and inter-
connected spheroidal surface segments of equal radii of
curvature, a structural compression member conforming
to the arch of the segments and contiguous to each line
of intersection of the connected surface segments, and
formed to abut the adjacent edges of adjoining surface
segments and weldably secured thereto to provide a fluid-
tight vessel, and a plurality of spaced structural com-
pression members extending between opposite walls of
the vessel internally thereof, and being secured at their
ends to opposite sides of the vessel surface segments at
points of intersection of said arched compression mem-
bers, said vessel being free of internal diaphragms, the
external shell segments being proportioned for a low
stress according to the nature of shells under external
pressure and the internal structural members being pro-
portioned for a high stress according to the nature of
columns, the external pressure load being carried partly
by the shell and partly by the compression members,
whereby the vessel may be free of internal diaphragms
and the distribution of load effects a saving in material
over the material required for a simple sphere of equal
capacity under external pressure.
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