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1 
This inVention relates to Stor8ge VeSSels for 

the Storage of liquids? 
Vessels of large size are Widely USed for the 

stOrage of VariousgaSes and liquids,When lig 
uidsare t0 be Stored,the VeSSels must be Strong 
enoUgh to SuStain the Weight of the iquid 8S 
Wellasthe Vapor preSSüre of thisliQuid,Asthe 
size of the VeS8eis inCreases the thickness of the 
steel used in their COnStruction becOmes Quite 
large?Asit is dificult to Weld Steel piates over 
certain thickneSSeS,Such as 1}A’,this Cre8teS 
?many problems? 

? haVe invented a StOrage tank Wherein large 
amounts of liquid may be Stored,andthe thick 
ness of the metal plates uSed in COnStructing 
the VeSSel may be kept tO 8 miniaUm??n 8C 
C0mplishing thiS ICOnStruct my VeSSel 0f88e 
ries ofinterSectingSphereSWithdiaphragmSpoSi 
tioned coincident with the plane of interSection 
of each pair of adjacent Spheres?The VeSSel is 
arrangedVerticallywiththe Spheresalignedalong 
aVerticalaxis of rotation?This VeSSel h8S SideS 
that are thinner than Would be the Sides Of a 
SingleSphere ofthe SameCapacity,andthUSper? 
mits building a larger VeSSelfor a,given thick 
neSS of metalplateS. 
?n order to make the most econ0mical USe 0? 

metalthe Storage VeSSel which is the Subject of 
this inventio? is COnStrUCted aCCording tO Cer? 
tain mathematical formulae that I have found 
are applicable to thistype of ConStruction? 
The inVentiCn Will be deScribed 8S related t0 

the embodiment Cf the Same Set out in the aC 
cornpanying draWingS,Of the draWingS,?ig.1 
isa,VerticalSection taken through the Center Of 
8,storage WeSSe COnStructed 8CC0rding to the 
method of this inVention;?g,2 is a,horizon? 
tal Section t8ken along ine &?20f Eig?1;and 
Fig,3 is a,Vertical Section through 8,modifed 
form of Storage VeSSel? 
?nthe embodimentShown the VeSSelCOmpriSeS 

intersectingspheres garranged alonga VertiCal 
axis with diaphragmS ? extending along the 
Blane of intersection,These diaphragmS haVe 
circular Cut-out portions?2in the Centers of the 
diaphragmswithreinforcementsaroundtheedges 
of the cut-out portions?These reinforCementS 
may Consist of circular fat plateS 3 arranged 
one on top and one on the bott0m of the SeC 
tion o?daphr8gmSurroUndingeach hole?TheSe 
plates are weded or otherwiseattached to the 
diaphragms,The entire Vesselis Supported by 
a cyindricalor Conic8 Supp0rt ? resting on a 
foundation f5? 
Aithough the veSSel is Shown Constructed of 

spheres havingequal radi of Curvature,this is 
not required,asthe radi may difer one from 

20 

2 
the other,The intersecting Spheres,each of 
Which has 8 Constant radius of Curvature,may 
be replaCed by members having diferent radi 
Of curvatureindiferent planes? 
?n order to make the most economical use Of 

Construction material,?have developed mathe 
1maticalformulaeforthe thickneSSOfeach Sphere 
and each diaphragm;this makes poSsible the 
fabrication of aStorage VeSSel of agiven CapaC? 
ity with the SmaileStamount of Construction ma 
terialpoSSible?The development of these math? 
ematical formulae Will be presentedin the dis 
CUSSionfollowing, 
The basic equation for CurVed Surfaces Under 

load: 

(1) 
expreSSeSequilibrium ofradiallyinwardandout 
Ward forces When T1 equals latitude Stress in 
pounds per inch of meridianarc,T2 eguals meri 
dian StreSS in pounds per inch Of latitude arC, 
R1equalsradius of curvatureininchesat right 

25 

30 

35 

40 

45 

50 

angles to a meridian plane,R2 equalS radius of 
CurvatUre in inches in a meridian plane,and P 
equalscombinedgasandliguid preSSurein pounds 
per Square inch?If the radius of curvature of 
the SurfaceiSCOnStant foreach indiVidualShell 
the R1 equals R2 equals R,and Eguation 1 be? 
C0YY16S 

The point ofgreatest streSSinasphericalshel 
above the Support is just above its bottom dia 
?hragm,The Weight of liguid above the dia 
phragmperSquareinch of diaphragmequals 

where W equalsthe total Weight of liquidaboye 
the diaphragm and h equals the radius of the 
diaphragminincheS,This unit Weight 0fiquid 
is designatedhereinas L. 
In all the equatiOnS Set Out herein the dia 

phragm area,is taken aS the OVerallarea,cov? 
ered by the diaphragm and b0Unded by its Cir 
Cumference,No allowance is made for any cut 
out areas of thetype Shown inthe drawings,as 
thesewilordnariybereinforcedattheirmar 
gin8. 
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Ifallabovethe diaphragmisCOnsideredafree 
body,the equilibrium equation of verticalforces 
at the diaphragm Wil be 

when Prh°equalsthe total preSSureat the di 
aphragm. Equation4beCOmeS 

The horizontal Component of T2 is equal to T, 
the diaphragm StreSSin pounds per inch Of the 
periphery of the diaphrgam?Then 

Where d equals distance from the diaphragm in 
incheSt0theCenter of Curvature ofitStop Spheri? 
calshell,b equals distance from the diaphragm 
to the Center Of CUrvature of its bott0mShell,and 
the total distance between centers of Curvature 
(d?b)equals V,Substitutingin Equation2the 
Value ofT2from Equation 6thereis obtainedthe 
expreSSion 

When thesphericalShelsand diaphragmsare 
belowtheSupport,thentheweight ofiquidbelow 
the diaphragm beCOmeSthe imp0rtant faCt0r, 
Here 

?? 

Where Wiisthe Weight of the liquid below the 
diaphragmand histheradius of thediaphragm? 
The equationsfor StreSSes below the SUpport be? 
Come - 
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ForalpointsaboVetheshelt0Whichthe Sup? 
DortiSattachedthegreatest Stressinthe Spheri 
CalShellWillbejuStaboVethe diaphragm10Cated 
at the bottom of the shell,For al spheric81 
Shells below the shell to which Support is a?? 
tachedthegreatest StreSS willbejust below the 
diaphragmlocatedatthetop ofthesheil, 
For each Shell aboVe the Shel to Which the 

Support is attached the latitude stress(T1)is 
always greater than the meridian StreSS(T2). 
Foreachshell below the shel1to Whichthe Sup… 
port is attached the meridian stress(T2)is 
greater than the latitude StreSS(T1)?This can 
be Seen by inspection of the Equations 6 and9 
and of EquationS11 and12,Thereforeabovethe 
Shelto Which the Supportis attached the 1ati 
tudeStreSS(T1)governsthe designs,While below 
the Shell to Which the SUpport isattached the 
neridian StreSS(T2)governsthe design. 
The analysis of Stresses given herein for 8 

VeSSel COnStructed 8CCOrding to my method3 
Shows that the StreSSeS Vary Over the entire yes? 
Sel,AS a practical matter alarge Storage ves8e? 
is Seldom made with Sides Varying in thickness 
from One levelto another On the VeSSel,There? 
forein COnstructing this improyed Storage Ves? 
Seleach Shellis made0funiformthickneSs,and 75 
eaCh diaphragm is made of Uniform thickness, 
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4 
but the shels Vary in thickness one from the 
Other,andthe diaphragms Varyin thickneSS On^ 
from the other,In designingSphericalShellSto 
be usedabove the Shel1tO which the sUpport is 
attached the latitude stress(T1)ataleveljust 
abovethe diaphragmatthe bottomof the shel1iS 
USedasthe design basis?For shells to be used 
belowthe shelto whichthe Supportisattached 
themeridianstreSS(T2)ataleveljuSt below the 
diaphragmat the top of the Shellis used aS the 
deSign basis,Forthe diaphragmsthe StreSS(T) 
attheperiphery ofthe diaphragmisuSed asthe 
deSign baSiS? 
The thickness of,the shells and diaphragms 

maybe found by dividing the design stress by 
the product of theallowable workingstreSSand 
thejoint eficienCy. Theallowable WOrkingStreSS 
is determined bythetype of COnStruction mate 
rialuSed,asWelasotherfactors Wellunderstood 
bythe Workmanskiledintheart,Thejointefi 
Ciency depends Up0n the type of joint used in 
building the VeSSel?This eficiency factor has 
beenassignedtothediferenttypesofjoints,such 
8S Welded jointS,riyeted joints,and the like, 
This,too,isWellunderstood bythemanskilledin 
theart, 
FrOm the foregoingitiseyident that forShels 

and diaphragms ab0Ve the Shell to which the 
SUpp0rt is attached the thickneSSes are deter? 
mined bydividing Equations 9and 7,respectivey, 
by the product of the allowable Workingstress 
and the j0int eficiency?For shells and di? 
aphragmS belowtheshellto WhichtheSupportis 
attaChed,the thickneSSes are found by dividing” 
Equations12and101espectively bythe product 
Of allowable Working Stressandjoint eficiency, 
The thickneSS equationforshelsabovetheshell 
t0Which the Supportisattachedbecomes 

and for diaphragms above theshel1t0Which the 
SUpp0rtisattached becOmes 

which shouldbecomparedwith 
_VP 
?2S? 

Where?isthegaspreSSurealone,andthelarger 
Value Of Busedin thedesign,Inthe ordinary 
normalStorage veSSel Equation15wil1alwaysbe 
greater than Equation 14?The thickness for 
ShellS belowthe Shel1to whichthesupportisat 
taChedbecomes 

(13) 

(14) 

B (15) 

andfor diaphragms belowtheshel1to whichthe 

(16) 

SUpp0rtisattached becomes 

_Y(???) B1= 2SE (17) 

Where A and A1 equalshel1thicknessabove and 
belowthe Shelto whichthe supportisattached, 
reSpectively,and B and B1 equal diaphragm 
thickneSSabove andbelowtheshel1towhichthe 
SUpport is attached,respectivey?S equalsthe 
alowable workingstress,and Eegualsthejoint 
eficiency. 
WhentheSupportison anintermediateshel, 

aSShownin Fig,3,Equation9shouldbeapplied 
to boththelevelofthe upperdiaphragmandthe 
levelofthe Support;and Equation12should be, 
appliedt0boththelevelofthe1ower diaphragm… 
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entire‘weight oftheshelljoined to a ShellSeg 
mentintermediatethetop and bottom ShellSeg 
ments,Said SphericalShellSegments being thin-. 
ner than 8,Single Spherical Shell?Of the Same 
capacitywith thethickness ofSucceedingspheri 
Cal Shell?Segments inCreaSing from the,tOp.,0f 
the veSSel to the Support and from the bottorn 
of the.VeSSel to the Support,the thickneSS of 
each Shell-segment being Substantially uniform? 
OVe its entire area and the thickneSS of eaCh? 
diaphragm.being.SubStantialy Uniform over its 
entire area? 

8. AStOrageVeSSel8SSet OutinClaim 7,Where 
in the thickness-in inches Of any shel Section? 
ab0Vethe SUpportisthe quotient of the product 
Ofthe radius of Curvatureininchesand.theSum 
of?the combined gas,and liQuid preSSure in 
pounds per Square inch of lower diaphragm 
area,and the Weight Of liquidin poülds above 
Said<diaphragm per Square inch of diaphragm 
area,divided by twice the product of the de? 
Sign StreSSin p0Unds per Square inch and the 
joint eficiency;and the normalshel thickness? 
in inCheS below the SUpp0rt is the quotient of 
thepr0duct of the C0mbinedgasandliquid pres 
Surein p0undsper Squareinch at the bottom of, 
the VeSSeland the radiu80f Curvatureininches 
ofthe bott0m Shell dividedbytwicethe product 
of the allowable working Stress in pounds per 
squareinchandthejoint eficiency. 
9,AStOrage VeSSelaSSet oütin claim 7where 

inthethicknessin inches of any diaphragnis 
the quotient Of the product of the distance in 
inches betweenthe Centers of curvature of the 
ShellSections adjoining the diaphragmand the ° 
gaS preSSurein p0undSper SQuare inch of dia 
phragmarea, divided by twice the product of 
theallowablewOrkingStressin poundspersquare, 
inch and thejoint eficiency. 

10. A Storage VeSSel for liquids havingasub 
Stantialy VerticalaxiSand Comprisingaseriesof 
interSectingsphericalShellSegmentsintersecting 
in SubStantialy horizontal planes with dia? 
phragmSlocatedat theinterSections,andasup 
port for SUpporting the entire weight of the 
veSSelattachedtoashellsegment belowthetop 
Segment,Said Spherical Shel Segments being 
thinnerthana SingleSphericalShellof thesame 
Capacity and each Shell Segment having a uni 
form thickneSS with the thickness of succeeding 
SphericalShel Segmentsincreasingfromthetop 
OftheVeSSelto the Support.andfromthe bottom 
0f the VeSSelto the Support,and the thickness 
inincheSOf anySphericalShellabovethesupport 
being equal t0 the QUOtient of the product of 
radiuS Of Curvature in,inches and sum of the 
C0mbinedgaSandliquid preSSure in pounds per 
Squareinch Of diaphragmarea onthediaphragm 
at the b0ttOm Of Said Shel and the Weight in 
poundSOfliquidaboveSaiddiaphragmperSquare 
inch of diaphragm,area divided by twice the 
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product oftheallowable workingStressinpounds, 
per Squareinch on Said Shelandthejoint.efi 
CienCy? 
11,AStorage VeSSel for liquids haVingasub 

Stantially Vertical axis and Comprising a,series 
ofinterSectingSphericalShellSegmentsintersect 
ingin SubStantially horizontal planes with dia 
phragmSlocatedat theinterSections,andasup 
p0rt for Supp0rting the entire Weight of the 
VeSSelattaChed t08,ShellSegment belowthe top 
Segment,Said spherical Shel Segments being 
thinnerthana SingleSphericalShellof thesame 
capaCity and each Shel Segment having a uni 
formthickness.with thethicknessof succeeding 
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8? 
Spherical.shelSegments.increasingfrom the top? 
of the VeSSeltothe SUpportandfrom thebott0mm 
Of the VeSSel t0 the SUpp0rt,and the thickneSS? 
in incheSof any.diaphragm aboVe the Support 
beingequalt0thequotient of the product ofthe 
distanceininches betweenthe Centersof curva?“ 
ture0f the Shel SeCtionSadjoiningthe Saiddia? 
phragmandthegaSpreSSureinpoundsperSquare 
inchof diaphragmareadividedbytwicethe prod? 
UCt Of the allowable Working StreSSin pounds per? 
SQuareinchandthe”joint eficiency? 

12.A.Storage VeSSel for liquids haVingasub 
Stantiallyverticalaxisand ComprisingaSeries of 
interSecting SphericalShellSegmentSinterSecting 
in SubStantially horizOntal planes with dia? 
phragmS10CatedattheinterSections,andasup? 
p0rtforSupportingtheentire Weight ofthe VeSSel… 
attached to a,Shel Segment abovethe bottom 
Segment,Said Spherical Shell;Segments being, 
thinnerthana SingleSphericalShell of theSame? 
Capacity and eaCh Shell Segment having a uni 
form thickneSSwith thethickness of Succeeding 
SphericalShellSegmentSincreasingfrom thetop 
Of theVeSSeltotheSupp0rt andfromthe bottom 
of theveSSeltotheSupport,andthethicknessin 
inches ofany SphericalShellbelowthesupport 
beingequaltothe Quotient of the product ofthe? 
radiuSOf Curvatureininches of Said shelland 
Sum Of the COmbinedgas and liquid pressure in 
p0undSperSQuareinch of diaphragmareaonthe 
diaphragmat thetOp of Saidshellandthe weight, 
of liquid in pounds below Said diaphragm per 
Squareinch Of diaphragmarea,divided bytwice 
the product of the alowable Working stressin 
poundSperSquareinch,and thejoint eficiency.? 
13.A.StOrage VeSSelforliquids having.asub? 

Stantialy Vertical axis and comprisinga series? 
ofinterSectingSphericalshelSegmentsintersect-, 
ing in SubStantiallyhorizontal?planeswith dia?? 
phragmSloCatedat.theinterSections,andasup? 
portforSUpportingtheentireweight ofthevessel 
attaChed to?a Shel Segment.above the bottom 
Segment,Said SphericaL Shel Segments being, 
thinnerthana Single.SphericalShelofthesame 
Capacity and eaChShell Segment haying a uni 
form thickneSSWith the thicknessof succeeding; 
SphericalshelSegmentsincreasingfromthetop? 
of the VeSSeltotheSupportandfromthebottom? 
Of the.tveSSektothe SUpport,and.the thickness? 
ininches of any diaphragm below the support 
beingequaltothequotientuofthe product of the 
distanceininchesbetween centers of curvature· 
of the Shell-SectionS.adjoining Said diaphragm, 
and Sum Of COmbinedgasandliquid pressurein” 
poundsper“Square inchof diaphragmarea and, 
Weight ofliquidin poundsbelowthe diaphragm. 
perSQUareinch Of diaphragmarea,dividedby? 
twicetheproduct ofthealowableworkingstress? 
in poundSperSquareinchandjointeficiency.… 
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