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2:Claims:;
1. . ‘

* This-invention - relates to-closed storage:tanks

for liguids and more particularly to round-stesl

tank constiuctions-of: thésflat bottom-~; cylindyi-
cal shell-, and dome reof type:

Insucha tank+a horizontal fut bottom: por-

tion is-connected-as By welding:to o vertical cy-

lindrical body-portion-or-shelliforming-therewith

the peripheral bottom corner portion of-the:tank;
while-the top end‘of ‘the shell'is-connected as by
welding to an outwardly. convex-top-or self-sus-
tained shallow dome~ portion- forming: with:- the
shell the- penpheral top corner portionr of the-
tank,
If internal vapor pressure as- from- volatile:
ligquids-is developediin-such-astank it may subject
. certain-portions-thereof* to-unduly-high-or con-
centrated or-unfavorable stresses:-which-if unre=

strained’ or-not  compensated for may produce:

structural ‘deformations'which maylead:to failure-
of: the~tank or-ofiparts:thereof: - Especially- the

peripheral’-top~ and ‘bottom corner: portions:of:
the tank:become-vulnerablé-rendering the: tank:
liable- to- failure: should" infernal - super-atmos--

pheric pressure: prevail

While any-material in-order to-resist-orabsorh:
forees’must berdéformed in-accordance-with-the:
internal-stresses ereatediin: the material; normatl-
deformations ihsteel are-very small-and-elastie:
and :disappear when: the forece: is removed,. and:
their: appesrance: and: disappearance. -ares- not:
However, -one: must.
guard: againstand aveid:deformations.of axlarger:
inelastic. and: ‘permanent:order remaining -after:
the force is removed, as they'may:léad -to failure:

_necessarily- objectionable:

of:: the: tank' structure:.

-'Phe:generalcharacter: of. the: forces;. stresses,.
strains; and: potential deformations:-to: which: the:
tank:wallsy or: tank structure may: ‘be :subjected.:

will ‘be undérstood from:the: fact:that the: inter«

nalivapor:pressure tends to:deform the:straight:
sides:of the-tank towards: assuming: a curvediand-

non~straight: form; thereby subjecting: especially
the corner portions.of:the tank:to excessive, con-
centrated and. unfavorable- stresses and strains

through which:undue: deformation.and - failure:

may: oceur;

It is among the objects of this invention:to-pro~
vide simple‘andieffective anti-deformation means
forthe tank; and'more-particularly for-the-cornet

portions -thereof, so-that a tank-of the flat bot=-
toms; eylindrical shell-; and dome-roof-type may -
be-rendered:‘safé-even-though the- operation of

the -tank: involves  intérnal” super~atmospheric
vapor pressure as a prevalent forece:
The:charscter:and correctional nature of these
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- stresses will be‘mors-apparent and clearly undet-’

stooed, if ‘Tor examplé, the top portion of the'tank:
is-lookied-upon asia- dished:-or-domed meniber that
may-be subfected! eithier 16 outwardiy: dirécted
radia):! fotees- crsating - tension: stresses’ i that
marginhal-annular? portion: of” the: member; or:to
inwardly directed radial Iorees-creatingcompress
sion-stresses it the marginal apnular portion-of
the'member; - A dished'mernberthus-subjeetsd:
tension: o1 compression: in the murginal annulay

i

portishi thereof ‘may-absorb tension strssses of ‘&

relatively high orderwithoutsuffering any result-
ant-objectiona] ‘deformation, yet it miay crumple,
buckle andibecome permanently defornied undés!
relatively: light compressionistresses: Therefores
in the caserof such members compression:stresses
are-much’ more critival thanitension stresses; and:
torillustiate the preséntinstahce the compressioy
stresses:will” herein ‘be: termed the: critical ones;
while tensionstrésses will bé: referred to as non-
criticals

Reverting to the“tank as‘suchy it can be v1su—,
alized -that thesperipheraltop-corner portion: is
being subjected to non-ciitical: tension stresses’
whin the:préssure-insidecthie tank is substantiale
Iy equal’ to': that of thesouter: atmosphere; the:
stresses: beihg assumed: to:be. eatised by o roof
load such as may be due to the weight of the root
itselt; o snow load; orsother loads or equipment
placedupon the:roof iortop: portiomn of-the tank:
Such &' load pon: the root: tends to fatten the
convex shape-thereot; and ‘tends to-force the pe<-
ripheral bortion of the-tép or reof outwardly-and’
toimposes radial outwardly-directed’ forces upon:

5 the-periphersl top-corneri portion of ‘the tank:.

By contrast;: wheno ittternal’ upward  vapor
pressurersubstantiallyexceeds tha oppositely: dis
rected roof load, tension: stressss ‘are set up i
the: top:-or: roef alarg: with: tha-tendenvy of the

: dome’ tosbulge upwardly-and to:accefitiate-the”

convexity theteof: - ‘This ig*tantdamount to as
tendeney::of the:peripherdl ‘top-edge portion o+
contiactior else of 1t dimmeter to decreass; and’
thus® to- séb’ up- compression™ stresses” in the:
peripheral ‘edge:portion vt-peripheral corner por..
tionof ‘thestank; that'is a-portion including sets
tions:of-theiroof s well ag-of the:shell joinlngohe
another:at the top corner of the:tank: :
It:is a'more:specifie object of this-invention: to’
obvidte “or ‘compensate for déformation-prodiei
ing marginal stresses by providing-antizdeformas
tion means which aregimple and efféctive-against
compression férces: for the peripheral top eornet:
portion ‘ofthe-tank; in short-to provide a- tsml{a
top constituting % cup-shaped glider: g
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Upward internal vapor pressure in the tank
also sets up deformational tendencies and strains
in the lower peripheral corner portion at the
bottom of the tank, especially when the liquid
level in the tank is low. Such stresses are due

to upward pull transmitted marginally from the.

roof and vertically through the shell which up-
ward pull fends to raise the peripheral edge por-
tion of the tank bottom off the ground, and thus
to deform the normally flat tank bottom into an
outwardly or downward bulge, as the deforma-
tion of the tank as a whole follows its tendency of

being deformed towards the general shape of a-

sphere.
It is therefore another obJect of this 1nvent10n
to obviate such potential deformation of the tank

bottom by providing efficient and simple anti-

deformation means in conjunction with anti-
deformation means for the top corner portion. .

I attain the foregoing objects by embodying in
the top of the tank a cup-shaped or cupped
girder having an effective cross-sectional area
that presents a relatively high moment of inertia
to the compression or buckling forces; and by
providing internal corner braces extending be-
tween the tank bottom and the shell, which afford
efficient force transmission between the shell area
and the bottom area of the tank while neutraliz-
ing or side-tracking deformation-inducing forces
from the peripheral corner portion, or preventing
such forces or stresses from acting dlrectly or un-
favorably upon the corner portion.

The cupped girder according to this invention
has embodied in the marginal annular portion
and welded thereto a supplementary concentric
steel ring or ring member of suitable steel profile
spaced from the exfreme edge -of the tank top,
that is from the peripheral juncture of the tank
top with the shell. 'Thatis to say, the ring mem-
ber while unitary and concentric with the tank
top is of a diameter significantly smaller than
the peripheral or outer diameter of the top so
that the ring member is spaced a significant
distance from the- periphery .of the top. The
cupped girder further comprises stiffening ele-
ments radially extendlng between the steel ring
and the per1pheral Juncture of the tank top with
the shell. - -

In order to attain eﬂiment force transnussmn

or stiffening interconnection between the respec-
tive horizontal and vertical areas of the bottom
corner portion, there is provided a representative
brace member comprising a foot portion having a
radially extending vertical rib or flange the free
edge of which is welded to the horizontal tank

bottom, and a head portion: having a vertically -
extending rib or flange the free edge of. whlch ;

is welded to the vertical shell,:

The invention possesses other obJects and fea-
tures of advantage, some of ‘which with the fore-
going will be set forth in the following descrip-
tion. In the following description and in the
claims, parts will be identified by specific names
for convenience, but they are intended to be as
generic in their application to similar parts as the
art - will permit. In the accompanying drawings
‘there has been illustrated the best embodiment

of the invention known to me, but such embodi- -

ment is to be regarded as typical only of many
possible embodiments, and the invention is not to
be limited thereto.

The novel features considered characterlstlc of,

my invention are set forth with particularity in
the appended claims. The invention itself, how-

ever, both as to its organization and its method of -
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operation, together with additional objects and
advantages thereof, will best be understood from
the following description of a specific embodi-
ment when read in connection with the accom-
panying drawings in which:

Fig. 1 is a diagrammatic part-sectional top
view of the tank embodying top corner- and
bottom corner anti-deformation means;

Fig. 2 is a vertical section of the tank taken
upon the line 2—2 of Fig. 1;
© Figs. 3 and 4 are diagrams illustrating tenta-
tive deformations of the tank due to exterior

. roof load and to internal super-atmospheric pres-

15 :

sure respectively; :
Fig. 5 is a detail perspectlve view of the bottom
corner anti-deformation means enlarged relative

- to Figs. 1 and 2;
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Fig. 6 is a further ‘enlarged perspective detail
view of & bottom corner brace member;

Fig. 7 is an enlarged :detail sectional view of
the -top corner portion of the tank taken.on line
1—1 of Fig, 1;

Fig. 8 is an external perspectlve v1ew of-the
corner portion shown in Fig. 7; »

Fig. 9 is a sectional view of the top corner por-
tion similar to Fig. 7 although modified with re-
spect to the arrangement of- the antl deforma-
tion means; .

Fig. 10 is an internal perspectlve view of the’.

:r corner portion of Fig. 9;

Fig. 11 is a sectional view of a further modl-
fication of the anti-deformation means;

Fig. 12 is an internal perspective view of the
corner portion of Fig. 11. .

According to the semi- dlagrammamc views of
Figs. 1 and-2 the tank T:1 comprises a horizontal
flat bottom 18, a cylindrical vertical shell or body
portion ii oi the diameter D rising from the
bottom and welded thereto, and a-shallow out-.

» wardly convex top or dome portion {2 fixed to

and connected with the top end of the shell by
means of an annular connecting element {8 of
obtuse angular cross-section and-welded to the
shell and to the dome respectively, The periph-~

- eral bottom corner portion of. the tank is pro-

vided 'with- anti-deformation means as repre-
sented by radially and upwardly extending cot-
ner: brace members {4 and 'i5, the members 14
being longer-than the members 5. A supple-
mentary ring member (8 of angular cross-section
is concentric with the shell {{ although of a diam-
eter d smaller than the diameter D of the shell, -
and is welded to the top side of the dome. andv
thus unitary therewith. -

The peripheral top corner portlon of the tank
thus comprises the annular connecting element
13, the supplementary ring element 6, and the
marginal annular portion or peripheral zone (7
of the top or dome defined by the differential of
the diameters D and d, that is D—d=2d:.. From:
a viewpoeint of stress analysis this peripheral zone
may also be said to include the top edge portion

{i2 of the shell ‘11, The moment of inertia of-
the cross-section of .the cupped. girder can be
said to be represented by the moment of inertia
of the cross-section of the component portlone'
Jjust enumerated.

Figs. 3-and 4 111ustrate in exaggerated fashlon.
potential deformaiions . (indicated. in- dot-and-
dash lines) of the tank T» when (a) an external
vertical roof load prevails as indicated by arr owWs
i8 in Fig. 3, and when (b). internal super-at-
mospheriec vapor-pressure prevalls as indicated by
arrows {9 in Fig. 4. -~ . -

-In Fig. 3 the roof load 18 causes tenta,twe de-




forfationg of the tank (as indicatéd {4 dot-and-
dash liriés) a5 it ténds to-flatten the top or dome,
ard thu§ to expand or spread the marginil por-
tion thereof as well as to widen or expand the
top-edge portion of the shell. ‘This is indicated
by thé respective diameters D and Dy of the nof-
mal ahd of the éxpanded coridition of the tank
top.  Such deformation is resisted by tension
stresses in' the corner ‘portion or ring girder,
whieh . stresses aré herein termed noh-critical.
The vertical-Joad is transmitted down through
the vértical walls 6f the shéll to the tank bottom
and to the foundation indicated at F; hehée;
neither the lowér shell bortion nor the bottom
is shown t6 uhdergo any substantial deforimas
tlon ih this instance or load condition.

In Fig. 4 theé interhal preséure in the closed
tank-tends-to deform the same towairds the gen-
_eral-Shape of a sphere. The déformation of the
tatik (a$ indicated in dci-and-ddsh lines) com-
prises a barrel-like outward bulging of the: ver-
-tigal shell, én upward bulging or incréaseéd eon=
vexity of:thé top, as well as§ a downward bulging
of thé bottomi. This thereéfore shows a -contrac-
tion or decrease of the diameter of the top cor-
néx portion, with attendant peripherally directed
compression” stresses: which must be adéquately
absorbed by the cornet portion’ if-undue perma-
nént deformations or buckling or c¢rushihg i§ to
be precluded: This deforingtion is indicated by
the respective diaméters D-and D: of the neérmal
and of the ¢ontracted conditions of the tank top.
Afiti-deformation means agaihst such stresses in
the top -corner portion of thé tahk are presénted
in the form of what Has herein been termed the
cupped girder including the supplementary ring
element 1§, Anti-déformation means for the bot-
tomn ¢orner portion aré in the form of the corher
brace members 14 and 15 which transfer or dis-

persé-the vertical upward pull from an-interme-

diate portion of the shell to a bottom ared- suf=
ficiently spaced from the’ périphery to neutralize
undesirable deformational corner stresses:

'The somewhat enlarged; but still diagrammatic

detail (Fig.- 5) of the arrangenmient of thé brace-

members shows' an -effedtive manner” of frans-
mitting vertical upward: pill from a- vertical ¢y«
liridrical area 19 of thé shell to a Horizontal area
28076f the bottom, Sinee éach-of the larger biace
metibers (4-has a hotizontal and radially extend=
ing foot portion - 14% and 4 vertically extending
hegd portion 147, =~ Similarly each of the sinaller
brace members- §5 has a foéot portion 158 and &
head portion 15 AW enldrged- representative
example of such' & brice member is shown in the
pefspective: detail Fig.-6.
of ‘g:length of inclined angle irony {5° répresent=
irig- the body Pottion, ‘a foot portion (54 in the
form of & lerigth of Structural steel of T-=shaped
profile, and a head portion £5¢ of similar shape,
the body portion being weldéd to  the foot- and
hedd portions. The foot axd. head edges 15¢ anid
15¢ respettively of the T-shapes in- turn are
welded: in rib-like fashion to the bottom and to
thé shell respectively of the tank.

Pigs. T and 8 represent enlarged details of the
iniproved construction of the top correr portion
of ‘the tank siich as largely disclosed in Figs, 1
ahd 2, Fig: 7 indéed being a partial vertical secs
tion taken upon Fig, 1. Fig‘. 8 more fully illus«
trates by perspective the appéararice of an em-
bodiment of the supplementary ring mémber {6
which-being in the ferm of af gntiularly hént

angle iroti comiprises & vértieal cylindrical pors
tiori - 16¢-and- s- horizontal flange-portion 165 ex«

This member consists
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tending inwardly from: the tep shd-of the eyiins
drical portion; the portion 188 being welded to
the tank top-as‘at:16% The moment of inertia of
the peériphéral zone of ‘the eupped: girder: relas
tn'le to‘af'n assumed ax’ls A1 'thus compnses the

penpheral annular top pertion dx, and t;o SOmé
extent of the top end’ portion T1a.8F the veértical
wall of shell'of the tank.

A todification of the cupbed girder constiues
tion ‘a8 shown in Figs: 9' and 10 provides for a
supplementary ring member 24 to be welded to
the uiiderside of the tahk topas at21% . Thisting
member is an angle iten bent ihto rihg shape
and consisting of a vettical cylindrital portion
215 welded to' the tatik top, and-of a horizontal
flange' portion 21 extending outwardly from the
lower end of the cylindrical portion. “The parts
otherwise shown cotrespond to: stiilar barts i
Figs. 7 and 8. The moment of inertia of the
peripheral Zonié of the cupped gird elative to
an assuied axis Az thus comprises the ‘combined
cross-gectional aress of the fing member 21, of

5 the anglé shape of the conriecting member 13’~ of

the peripheral afinulaf top portion ds; and to
some extent it may be said to ificliide ‘the ¢ross:
sectionial area of thé top end portlon jivof the
shell o vertical wall of the ta

Figs. 11 and 12 show 4 further mod1ﬁcatxon of
the elipped glrder construction pfovxdlng B Sups
plementary ring membeér 22 consisting of a struc-
tural steel shapé bent itito ring form. "Thecross~
section i§-a channel shape. 1€ thie titye fems
beér éomprises . a vertmal cyllndrmal portion 22%
ah upper horlzontal flange-225; 2 Tower horizontal
flanige 22¢, both ﬂanges extendmg inwardly from
the body portion. This ring fhember is welded
t6 the underside 6f the tank top as at 23. Be-
tween the ring 22 and the tank wall'are provided
radially extendinig stiffening tetiibers 24 in the
nature of ‘a structural shape Wavitig T-profile,
and ‘otherwise showii to be shaped or slighfly
curved in; conformity With the Hallow eutrve of
the tank top. & chp angle, 6r Pracket member
25 fastened to the inner 1466 of the tank wall sups-
ports the outer’end of the stﬁfe bots member and’

IS with respect to ohe another as by ang}e n‘ons
26 welded to thé top anid to Fespective Web por-
tmns of the I-shape of the stlffenmg membiers

The monient of mertia
axis Ay of ‘the peripheral voneof the¢upped gitder
iti this ‘embodiment May be said to eompiise the
combined eréss-sectional areas ‘of the channel
proﬁle of ‘the ving 22, of the ghgle profilé of: angre
irons 26, 6f the angle profile o t
tihg oF ‘inermber 18 of the @htiulat periph ral'
top . portion 0 dehned substantigly by the dis«
tance bétween the Fing 22-afd thetank wall, and
to some extent the top-ehd: porbion 1¢ of the"
tank-shen itself:

Stress conditions in the tatk tiay be fur
111ustrated and ana,lyzed a8 follows:
S B of ‘the ¢ylindiical;:
flat Yottom, and dome roof type has an open
vént or edbhservation vent set to-obetate a1 1 6%

- per gqitare inch o 1688 of eithey vacuui or pres-

siife; 'The steel plates that o 6 hiaks up the
shell may be butt-welded together and fillet-
welded directly to the tom.  The plates that
make P -the. roof -and thoss thit make
up the bottom are usually lap«welded - fo=-
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gether, 'The roof-is usually contiected to the
shell as by a continuous-angle or angle profile
shaped into 4 rmg, the angle being of obtuse con-
ﬁguratlon The tank bottom may rest directly
on the ground or on a layer of sand, gravel or
crushed stone; A usual thickness found in the
roof plates is about %'’ to %’’, bottom plates
usually being. ¥4’” to %'’ thick, while the thick-
ness of the shell plates depends upon the size of
the tank and the weight of the stored fluid and
may vary from '’ for the top ring or course to
1’ or'more for the bottom ring or course of welded
plates.

Let us assume that there be no liquid.in the

tank and the tank is filled with air or an air-
vapor mixture at or near. outside atmospheric

pressure. The weight of the roof plates and any .

such superimposed roof loads as snow or equip-
moent create low compr ession stresses in the roof
_plates, let us say 300 pounds per square inch.
Because of such a load there is a tendency of the
roof to flatten, and of the diameter of the roof
to increase where it is connected to the top edge
portion of -the shell. This tendency creates a
relatively low tension stress in the peripheral
top corner portion of the tank, that is in the
connecting ring and the adjacent associated por-
tions of the roof and of the shell which corner
portion acts as a .horizontal tension ring and
counteracts or prevents the flattening of the roof.
The weight of the roof, of the shell and of super-

imposed roof loads also. creates relatively low

compression stress, let - us say 300 pounds per
sguare inch which act vertically in the cylindrical
shell.. Thess stresses . together with the weight
of the bottom plates are transmitted directly to
the
stresses in the boftom. plates.

Let us now assume the tank to be partially
filled with lquid. and to have the space . above
the liquid in the tank filled with air or an air-
vapor mixture at or near the outside atmospheric
pressure. The weight of the liquid imposes sub-
stantially no additional stress upon the bottom
plates since that weight is transmitted directly to
the soil or foundation. However, additional
stresses are those which are due to outward hy-
drostatic pressure from the liquid tending to burst
the vertical shell by creating therein horizontal
or ring stresses.
be-determined so that a maximum stress does not
exceed about 18,000 pounds per square inch.

A steel ring of thin plate can safely resist a
uniform outwardly directed pressure creating-a
tension stress of this-intensity regardless of the
diameter of the ring; since the internal pressure
tends to hold the ring to a perfect circular form,
or to change it to that form if -any small irregu-
larities exist in its shape before the pressure is

applied. - Yet if the same ring is subjected to.

s uniform inwardly directed pressure creating a
compression stress in the ring, even a ring of
perfect circular form may buckle and fail at a
relatively low stress intensity, while a ring hav-
ing initial small irregularities will buckle and
fail at even lower- stress value. That is to say,
the -resistance of sueh a steel ring to buckling
and failure depends upon (a) the diameter of
the ring, (b) the area of the cross-section of
the ring, and (¢) the lateral stiffness of the ring
such as measured mathematically by the moment
of inertia of the cross-sectional area of the ring
(for a given area the moment of inertia increases
as.the depth of the cross-sectlon in radial direc-
tlon increases). .

The thickness of the plates may :
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By comparison let us now consider stress ¢oxi
ditions which develop in a tank of the above
defined general type, when super-atmospheric gas
pressure prevails in the tank:
~ Again we have a cylindrical, flat bottom, dome
roof type tank, however with a conservation vent
set to operate at say 2.5 pounds per square inch
(40 cunces per square inch pressure) and at 1
ounce per square inch vacuum. The problem of
this invention is to utilize that general type of
tank in spite of an internal vapor pressure which
would normally endanger a tank of such a shape
with the hazard -of failure by crushing.

Let it be assumed that there is no lquid
or very little liquid in the tank, the space with-

in the tank being largely filled with an air-vapor.

mixture at a pressure of 2.5 pounds per square
inch above the pressure of the outside atmosphere.
The stresses due to the tank weight and super-
imposed roof load may be the same as above as-

sumed for this type of tank where internal vapor.

pressure approximately equals that of the outer
atmosphere. However, upward pressure against
the underside of the roof caused by the super-
atmospheric. vapor pressure creates tension
stresses, let us say 3,000 pounds per square inch,
This is tantamount to a

diameter at the periphery where it is connected
to the shell. The tendency which under the as-
sumed conditions is much greater than the op-
posite one resulfing from the roof loads, creates
compression stresses in the peripheral top corner
portion of the tank and adjacent portions of the
roof ahd shell plates. This top corner portion,
therefore, is thus called upon to act as a hori-

zontal ring under compression and to resist such -

compression adequately, that is without permit-
ting undue deformation if the rising of the roof
resulting -in inward-collapse of the shell is to be
prevented.

In order to provide anti-deformation means

- against such happenings, this invention converts

the peripheral top corner portion of the tank into

5. a compression- or crush-resisting girder having

sufficient radial width as well as-adequate cross- .
sectional area to afford sufficient moment of in-

ertia to prevent the inward collapse of the top
end-portion of the tank shell: Such a girder may

be-said to comprise the peripheral annular por- -
tion of the dome, the supplementary ring ele- -

ment such as exemplified above by the members

16, 21 and 22 respectively, the connecting ring-

or -member exemplified above at 13, 132-and (3¢

- respectively, and adjacent portions of the dome

and of the vertical tank shell respectively as far
as they can be assumed to contribute to the erush-

resistance or moment of inertia of this girder -

construction in the top corner portion of theg

tank.

Upward vapor pressure on the roof, in this in--

stance well exceeding the weight of the roof and :

the -shell, also creates tension stresses of, say

1000 pounds per square inch, acting vertically in--
). the shell plates and tending to pull the shell

upwardly and off the ground. This upward pull

upon a shell according to this invention is to be
neutralized by downward pressure upon the tank -
bottom, since the soil, in the absence of special -

upon the bottom along its periphery where.the
shell tends to pull it up.

In order to compensate for or neutralize thlS--_:-
potential effect this invention provides radial.
76 members upon and umtary with the bottom of -

anchoring means, cannot exert a downward:pull :
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the tank to extend radially in that critical infer-
mediate zone of the tank bottom where it is to
be rendered resistant. These radial members are
represented by the horizontal and radially ex-
tending foot portions 142 and (52 of the inclined
brace members {4 and 15, the length and spac-
ing from one another of these horizontal radial
members being such that the bottom plates are
thereby given adequate strength and ability to
transfer the downward pressure from the shell to
the bottom safely and without allowing critical
deformations to occur. From the foot portions
or base members extend the inclined brace mem-
bers proper to transmit the downward forces act-
ing upon the base members to a zone of the shell
which is spaced an adequate distance upwardly
from the bottom. The forces acting through the
inclined brace members are thus well distributed
to a cylindrical zone of the shell the height of

which zone is defined by the height of the head o

portions 14 and 15% of the brace members i and
{5 respectively.  Thus it will be visualized that
the inclined brace members transfer the critical
forces from an annular horizontal zone Zi of the
bottom area 29 to a vertical cylindrical zone Za
of the shell area 19, these zones being defined
by the length of the foot portions and the head
portions respectively of the brace members.

By combining the cupped girder in the top and

the bracing connections between zones Z: and Z2 3

at the bottom portion of the tank one may uti-
lize an otherwise standard tank safely under
internal super-atmospheric pressure conditions
where this general type of tank would otherwise
be unsafe or be lable to failure.

I claim: :

1. In a closed liquid storage tank adapted to
be subjected to internal super-atmospheric pres-
sure, a top portion comprising a cylindrical sheil

portion, a convexly shaped sheet metal top fixed 4

peripherally -to .the shell portion, reinforcing
means for said top comprising a ring member of
structural profile unitary and concentric with
the top and of a diameter significantly smaller
than the peripheral diameter of the top so that
said ring is spaced a significant distance from
the periphery of the top, said ring member in

(>3

10

15

45
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cross-section comprising .a verfically extending
portion welded edgewise to said top and a free
horizontal portion extending from said vertical
portion at the end thereof which is pointing away
from said top, said ring member being disposed
at the underside of the top, with the addition
of radial vertically curved reinforcing members of
I-shaped profile extending between the ring and
the shell.

2. In a closed liquid storage tank adapted to
be subjected to internal super-atmospheric pres-
sure; a top portion comprising a cylindrical shell
portion, a convexly shaped sheet metal top fixed
peripherally to the shell portion, reinforcing
means for said top comprising a ring member of
structural profile unitary and concentric with the
top and of a diameter significantly smaller than
the peripheral diameter of the top so that said
ring is spaced a significant distance from the
periphery of the top, said ring member in cross-
section comprising a vertically extending portion
welded edgewise to said top and a free horizontal
portion extending from said vertical portion at
the end thereof which is pointing away from said
top, said ring member having the profile of &
structural channel disposed at the underside of
the top and having inwardly directed free flanges,
with the addition of radial vertically curved re-
inforcing members extending between the ring
and the shell.

FRED L. PLUMMER.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Numher Name Date
720,924 Intze o Febh. 17, 1903
1,513,605 Kramer . -cco—-. Oct. 28, 1924
1,846,294 Wiggins ... _._-_ Feb. 23, 1932
2,009,606 Diffenderfer —___.__ July 30, 1935
2,201,652 JOOr May 21, 1940
2,237,308 Tarson - —.———.___ Apr. 8, 1941
2,333,792 Jackson .. ___._ Nov. 9, 1943"
2,395,685 Schmitz - oo~ Feh. 26, 1946




