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This invention relates to fabricated sheet net 
all tanks, and more particularly to the bolted steel 
talkS connonly employed for the storage of oil. 

Heretofore, it has been the coininon practice 
to fabricate steel tanks by suitably forming the 
Side sheetS or staves with outwardly turned 
flanges at the upper and lower edges thereof, 
and to bolt the flanges to the decks and bottoms 
Of the tank. In the larger size tanks, two or 
inore tiers of staves are employed in which case 
the top and bottoin edges respectively of the 
ioWe? and upper tiers of Staves are secured re 
Spectively to the deck and botton of the tank, 
while the other horizontal iianges of the staves 
are Seclied to each othel. 

In the ina:nufacture of the tank elements re 
ferred to, it has been the common practice to 
iform the individual staves by shearing a blank 
to size, punching the bolt openings through the 
Sheet thus provided, and then forming the sheet, 
With the proper tank curvature and bending the 
lippei and lower edges of the sheet outwardly to 
form the horizontal iianges by means of which 
the sheet is secured to the deck or bottom of the 
tank or to the fanges of adjacent tiers of Staves. 
In fortning the bolt openings, the openings 
through each horizontal flange are punched on 
a line spaced a constant distance from the ad 
jacent; curved face of the sheet. 

In assembling the Staves, the Vertical edges of 
each stave are overlapped with respect to the 
vertical edges of the adjacent staves, and the 
same is true of the horizonial attaching fanges, 
and accordingly the ends of the horizontal flanges 
adjacent one vertical edge of the Stave are offset 
to provide a space to receive the overlapping por 
tions of the horizontal flanges of the adjacent 
staWes. 
As previously stated, it has been customary to 

nanufacture bolted steel tanks in accordance 
with the method outlined, and Such method in 
volves serious disadvantages which have been ac 
cepted in the industry as necessary evils, and 
tanks manufactured in accordance with the 
inethod referred to have been accepted as Stand 
ard. As previously stated, the bolt openings of 
the attaching flanges are arranged Onlines spaced 
constant distances from the curved surface of the 
stave, and when each stave is asseinbled in over 
lapping relationship with respeci, to the adja 
cent slaves, the openings in each end of each 
flange are radially, offset with respect to the 
openings in the adjacent ends of the adjacent 
staves. In other words, the flange openings have 
been arranged a constant distance fron the 
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curved surfaces of the Staves, and the staWes be 
ing curved horizontally approximately in accord 
ance with the curvature of the desired finished 
tank, the bolt openings in each horizontal flange 
Will be arranged. On an arc of a circle, and such 
arc will be eccentric to each other arc, due to 
the overlapping of the stave edges. 
In making the decks and bottoms of the tanks, 

however, the corresponding bolt openings are 
arranged on a true circle, and accordingly there 
can never be more than one fiange opening in 
registration with its corresponding opening in 
the deck or botton, and it accordingly is neces 
Sary to drift or otherwise elongate all of the re 
raining bolt openings of each fiange in order 
to permit the bolts to be inserted. The overlap 
ping relationship referred to also disturbs the 
desired registration of the fiange openings of the 
contacting horizontal flanges of adjacent tiers in 
the larger sized tanks. The drifting of the open 
ings obviously increases the danger of leakage in 
a tank, and the manufacture of a tank under such 
Conditions requires a considerable amount of la 
bor in view of the large number of bolt openings 
which inust be drifted. As previously stated, only 
One Opening in a horizontal flange, if any, will 
register with a corresponding opening in the deck 
or botton of the tank, and such opening Will 
lie Substantially centrally of the width of the 
Stave, and from Such opening the successive 
openings toward the vertical edges of the stave 
must be drifted to progressively increasing ex 
tents. 
An important object of the present invention is 

to eliminate the difficulties involved in prior coin 
structions by providing a stave structure so 
formed that perfect registration is secured be 
tween the bolt openings of the flanges and the 
Corresponding Openings of the elements to be 
bolted thereto. 
A further object is to provide a tank structure 

Wherein the horizontal fanges of the staves are 
rovided with bolt openings arranged eccentri 

cally With respect to the adjacent curved surfaces 
of the Staves, whereby the assembly of the staves 
in overlapping relationship causes the fiange 
OpeningS to be arranged in a Substantially per 
fect circle corresponding in diameter to the circle 
of the corresponding openings in the elements to 
which the horizontal flanges are to be secured. 
A further object is to provide a tank structure 

of the character referred to wherein the bolt 
openings of each horizontal flange are arranged 
at progressively different distances from the 
curved Surface of the stave whereby the differ 
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2 
ence in the distances from the curved Surface of 
the stave to the end openings of the horizontai 
flange is equal to the distance between the outer 
curved surfaces of two adjacent staves at their 
Overlapping point. 
Other objects and advantages of the invention 

Will become apparent during the course of the 
following description. 

in the drawings I have shown one embodiment 
of the invention. In this showing, 

Figure 1 is a side elevation of an oil storage 
tank, 

Figure 2 is a face view of a stave blank, parts 
eing broken away, 
Figure 3 is an edge elevation of a staWe showing 

the horizontal flanges formed at the upper and 
lower edge thereof, parts being broken a Way, 

figure 4 is a fragmentary horizontal Sectional 
view, somewhat exaggerated, showing Overlap 
ing tank staves formed in accordance with prior 
methods, 

Figure 5 is a similar view showing the asserinbly 
of tank Staves in accordance with the present 
method, 

Figure6 is a fragmentary section on line 6-6 
of Figure 5, and, 

Figure is a fragmentary side elevation of a 
portion of the botton of a tank. 

Referring to Figure 1, the numeral 10 desig 
nates an oil storage tank shown in the pi'esent 
instance as being formed of two tiers of staves, 
11 and 12. The tank is provided with a deck 13 
secured to the upper ends of the top tier of Staves, 
While a, bottom 4 is secured to the lower edge of 
the lower tier of staves. it will become apparent 
that the present invention is applicable eitheir to 
a multi-tier tank or to a tank having a single 
tier of staves, in which latter case the Upper and 
lower edges of the staves will be Secured respec 
tively to the deck and bottom of the tank. 

in Figure 2 of the drawings a blank from which 
a finishd stave is made has been illustrated and 
is designated by the numeral i5. In forming the 
blank, a suitable sheet is sheared to rectangular 
form to provide parallel vertical edges 16 and 
horizontal upper and lower edges 17 and 18. ne 
blank is provided adjacent each vertical edge 
with a series of bolt receiving openingS 19 air 
ranged parallel to the adjacent edges. 
The top and bottom edge portions of the blank 

are punched to provide two series of bolt openings 
20 and 21, and each of these series is airranged 
on a line varying in its distance froin the adjacent 
edge of the sheet in a manner and for a purpose 
to be described. The blank is formed into a fin 
ished stave by curving the sheet horizontally Sub 
stantially to the curvature of the desired finished 
tank, and by bending the sheet adjacent the top 
and bottom edges thereof along lines 22 and 23 
to form upper and lower horizontal flangeS 24. 
and 25. This operation completes the finished 
stave indicated by the numeral 26, except that it 
is necessary to offset one end of each horizontal 
flange for a purpose to be described. 
While the rows of bolt openings 20 and 21 ap 

pear as straight lines in the Stave blank illus 
trated in Figure 2, it will be apparent that each 
row of such openings will be curved in the fin 
ished sheet due to the horizontal curvature of 
the body of the sheet and the flanges 24 and 25. 
The dotted lines 22 and 23 represent the vertical 
limits of the curved faces of the sheet, and it will 
be apparent that the rows of openings 20 and 2i. 
are arranged varying distances therefrom... ihis 
variation in the distance of the OpeilingS 20 and 
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21 from the adjacent curved face in the stave de 
pends on two elements, namely the gage of the 
metal from which the stave is made and the thick 
less of the gasket, if any, arranged between the 
overlapping vertical edges of the sheetS. 

Referring to Figure 2, it will be noted that the 
upper line of openings 20, for example, has its 
opening 27 at one end of the row arranged rela 
tively closely to the curved surface of the sheet 
while the opening 28 at the opposite end of the 
row is arranged a relatively greater distance 
from the Surface of the sheet. The difference in 
the distances of the openings 2 and 28 from the 
curved surface of the sheet Will be edual to the 
Sum of the thickness of the metal and the gasket 
employed, for a purpose to be described. The 
Sane relationship exists between the end open 
ings 29 and 30 of the row of openings 21. 
The reasons for the arrangement of the rows 

of boit openings 26 and 21 will become apparent 
froin an exaimination of Figure 4 wherein a poi'- 
tion of a standard tank structure has been illus 
tated in S.OneWhat exaggerated for:ri. Erefeiling 
to Figure 4, the numeral 31 designates a plurality 
of standard Staves the bodies of which are initial 
ly curved approximately to the desired curvature 
Gf the finished tank, and each stave is provided 
With upper and lower fianges 32, which are ide 
tiga. With each other and have their edges ar 
;anged concentric with the body of the stave. 
The sheets aire assembled by being arranged with 
their edges in overlapping relationship, and gas. 
kets 33 are arranged between the overlapping 
edgas. The bolt openings 34 of the fiages 32 
are stampad on a line equidistantly Spaced from 
the edges of the flanges 32, and in the finished 
stave, it will be apparent that the line of open 
iings 34 is arranged on an arc of a circle con 
centric with the curvature of the body of the 
Stave. 
Accordingly it Will be apparent that when the 

adjacent edges of two staves are Overlapped, the 
adjacent end openings 34 of the two staves are 
offset from eagh other as indicated by the dotted 
lines 35, and the distance to which these open 
ings are offset will be exactly equal to the thick 
ness of the Stave plus tile thickness of the gasket 
33. it, will be apparent that the left hand end 
opening 34 of the stave shown centrally of Fig 
ure 4 will be offset inwardly of the corresponding 
cpening of the next stave, while the right hand 
ed opening of such central stave is offset out 
Wardly of the corresponding opening of the next 
adjacent stave. At the same time, the bolt 
cpeihings of the tank botton, assuring that the 
flanges 32, shown in Figure 4 are to be secured 
to the bottom, are arranged in a true circle, and 
an arc of this circle is indicated by the dot arid 
dash ines 36 in . Figure 4. The circle of the 
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3. d bottom bolt openings intersects the arc of the 35 
in 2 or circles 34 substantially centrally of the 
width of the stave, as showin, and accordingly 
it will be apparent that the centers. Of the open 
ings 34 all lie radially in Wardly or radially out 
Wardly of the line 36, unless oile of the openings 
34 should lie exactly centrally of the width of 
the stave. Such central opening accordingly 
can be the only opening which will register 
with its corresponding opening in the tank bot 
tom and it is necessary to drift or otherwise ra- 4& 
dially enlarge all of the openings 34 in order to 
insert the bolts therein. The bottom opening 
cCresponding to the end openings in adjacent 
flanges 32 lies between the centers of such end 
openings, and both of the latter accordingly must 25t 
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1,943,191 
be drifted to receive their bolt. In the case of 
heavier tanks, where the staves overlap to the 
extent of two boit openings, it will be apparent 
that four openings must be drifted at each stave 
joint. 
The conditions referred to, namely, the neces 

sity for drifting practically all of the horizontal 
flange bolt Openings, also exists for the same 
reasons at the top of the tank where the top 
Stave fianges are to be secured to the deck. It 
also Will be apparent that in the case of a tank 
having two or more tiers of staves, the same 
overlapping condition of the adjacent edges of 
the staWes exists, and accordingly it is similarly 
necessary to drift the openings for the recep 
tion of the bolts for securing the stave tiers to 
gether. 
The application of the present invention will 

be apparent from the examination of Figure 5 in 
which one of the staves 26 is illustrated in some 
What exaggerated form in its relationship to the 
ends of the next adjacent staves. The fianges 
ShOWn in Figure 5 inay be considered the bot 
tOn flanges 25, but it will be apparent that the 
Sane Structural features are present in both 
the upper and lower flanges of the staves. In 
the completed Stave, the line of the centers of 
the openings 2i Will be arcuate as indicated 
by the dot and dash lines 37. ihe arc on which 
the centers of the openings 21 lie will be a part 
of a circle whose radius is equal to the radius 
of the arc. 36, but as previously stated, such arc 
is eccentric With respect to the arc of curvature 
of the body of the stave. Accordingly the line 
37 Will be closer to the body of the stave at onse 
end than at the other, and the difference Will 
amount to the thickness of the body of the stave 
plus the thickiness of the gasket, if any, en 
ployed between the Overlapping edges of the 
sheet. In itiuid storage tank constiructions, such 
as oil tanks, Such a gasket is essential in order to 
provide leak-proof joints, and accordingly gaskets 
38 have been illustrated in Figure 5 between the 
Overlapping edges of the staWes. These gaskets 
are compressible within reasonable limits, but 
their effective thickness, under compression, 
When the tank Staves are bolted together, read 
ily inay be measured to determine the degree of 
eccentricity of the arc 37. In actual practice, 
the allowance for gasket thickness ordinarily 
is is of an inch. - 
From the foregoing it Will be apparent that the 

end opening of the Series 21 at the left side of 
Figure 5 is arranged radially outwardly of the 
Outer Curved Surface of the stave a greater dis 
tance than the end opening of the next adjacent 
Stave flange and the difference in these distances, 
as previously stated, Will be the thickness of the 
Stave sheet plus the thickness of the packing, and 
When the Staves are bolted in assembled rela 
tionship, the two end openings referred to Will 
lie in registration. This condition holds good 
throughout the circumference of the tank, and 
accordingly the various arcS 37 become continua 
tions of each other to complete a substantially 
true circle concentric with and equal in diameter 
to the circle 36 of the centers of the openings in 
the tank bottom. With the bottom openings and 
the openings 21 spaced the same distance apart, 
proper registration may be obtained to permit the 
insertion of the bolts for Securing the side walls 
of the tank to the botton. 

In Figures 6 and 7, the relationship of the 
Staves to the tank botton has been illustrated. 
As previously stated, the Staves are assembled 

3 
With respect to each other by placing them in 
Overlapping relationship, and obviously the 
flanges of the adjacent staves are similarly over 
lapped. Since Such flanges lie in a common hori 
ZOntal plane it is necessary to offset one end of 
each flange to receive the end of the adjacent 
flange therebeneath. Referring to Figure 7, it ac 
Cordingly Will be noted that one end of the bottom 
flange 25 is offset upwardly as at 39 to receive the 
ends of the adjacent fange 25. 

In Figure 6, the Overlapping vertical edges of 
two of the staves have been illustrated with the 
gasket 33 therebetween, and the same strip of 
packing, or a separate strip, extends outwardly 
between the overlapping flanges 25. Similarly, a 
gasket di0 is arranged between the fianges 25 and 
the tank bottom 14. As will be apparent from 
the foregoing description, the bottom is provided 
With the usual openings 41 which are arranged 
On the circle previously referred to and indicated 
by the numeral 36. In the manner referred to, 
the present invention operates to place the open 
ingS 21 in Substantially perfect registration with 
the openings 41 to receive the usual attaching 
bolts 42. The overlapping vertical edges of the 
Stave are secured together by the usual bolts 43. 
The elements shown and described in Figures 6 
and 7 are shown substantially in their conven 
tional form, except that it will be apparent that 
the Openings 2i are not elongated in Figure 6 for 
the reason that the present invention eliminates 
the necessity for drifting the openings to permit 
the insertion of the bolts 42. 
The arrangement, shown in Figures 6 and 7 is 

Substantially identical With the arrangement at 
the top of the tank for Securing the staves to the 
deck 13. Moreover, it will be apparent that the 
arrangerinent of the Openings 20 and 21 in the 
upper and lower flanges 24 and 25 is identical, 
and accordingly the openings 20, when the lower 
tier of Staves is assembled, lie in a substantially 
perfect circle coinciding with the circle of the 
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OpeningS 21 in the lower flange of the upper tier , 
of Staves. Accordingly it is also unnecessary to 
drift any of the openings in the adjacent flanges 
of the staves of multi-stave tanks. 
Accordingly it will be apparent that the present 

invention possesses substantial advantages over 
prior constructions in that it eliminates the Sub 
Stantial amount of time and labor ordinarily re 
quired to drift or otherwise enlarge the bolt 
Openings of the flanges of tank staves to permit 
the flange openings to receive the bolts by which 
they are Secured to adjacent elements of the tank. 
Moreover, it will be apparent that the danger of 
leakage is materially decreased by the elimina 
tion of a Substantial number of bolt openings 
which are materially larger than is necessary in 
Order for them to receive the bolts. It also Will 
be apparent that the present invention provides 
a stave structure which readily may be manufac 
tured as cheaply as the staves in present use 
Without the disadvantages thereof. 

It is to be understood that the form of the in 
Vention herewith shown and described is to be 
taken as a preferred example of the same and 
that various changes in the shape, size and ar 
rangement of parts may be resorted to without 
departing from the spirit of the invention or the 
Scope of the subjoined claims. 
I claim: 
1. A fabricated cylindrical tank comprising a 

plurality of tank elements including side Walls 
made up of a plurality of staves each having its 
vertical edges arranged respectively inwardly and 
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4. 
outwardly of the adjacent vertical edges of the 
adjacent Staves in overlapping relationship there 
With, each Stave having its body portion arcuate 
in horizontal cross-section, each stave having a 
horizontal flange at one vertical extremity there 
of provided with a plurality of fastening element 
receiving openings arranged in an arcuate line 
eccentric to the CrOSS-Sectional arc of the stave, 
the difference in the distances of the extremities 
of said arcuate line from the body portion of the 
Stave being Substantially equal to the distance be 
tween the oute faces of two adjacent staves at 
their overlapping point whereby the arcuate lines 
Of all of the stave flange openings lie on a circle, 
Said flanges lying against an adjacent tank ele 
ment provided With a plurality of openings lying 
On a circle coinciding with said first named circle, 
and fastening elements passing through the 
flange Openings and the coinciding openings of 
said last named tank element. 

2. A fabricated cylindrical tank comprising a 
plurality of tank elements including side walls 
made up of a plurality of Staves each having its 
vertical edges arranged respectively inwardly and 
outwardly of the adjacent vertical edges of the 
adjacent Staves in overlapping relationship there 
with, each stave having its body portion arcuate 
in horizontal cross-section, each stave having 
horizontal flanges projecting radially outwardly 
from its upper and lower edges, each flange being 
provided with a plurality of fastening element 
receiving OpeningS arranged in an arcuate line 
eccentric to the cross-sectional arc of the stave, 
the difference in the distances of the extremities 
of each airculate line from the body portion of 
the Stave being substantially equal to the distance 
between the Outer faces of two adjacent Staves 
at their overlapping point with the two arcuate 
lines coaxial whereby the arcuate lines of the 
lower flanges and the arcuate lines of tie upper 
fianges iie in substantially true circles, the upper 
flanges and the lower flanges respectively lying 
against adjacent tank elements each provided 
with a plurality of openings lying on a circle of 
the same diameter as Said first named circles, 
and fastening elements passing through the 
flange openings and the corresponding openings 
of said iast named tank elements. 

3. A fabricated cylindrical tank comprising a 
plurality of tank elements including a bottom, 
and side Walls made up of a plurality of staves 
each having its vertical edges arranged respec 
tively inwardly and outwardly of the adjacent 
vertical edges of the adjacent staves in overlap 
ping relationship therewith, each stave having 

1,943,191 
its body portion arcuate in horizontal cross-sec 
tion, each Stave having an outstanding horizon 
tall flange at its lower edge provided with a plu 
rality of fastening element receiving openings 
arranged in an arcuate line eccentric to the cross 
Sectional arc of the Stave, the difference in the 
distances of the extremities of Said arcuate line 
from the body portion of the Stave being Sub 
Stantially equal to the distance between the outer 
faces of two adjacent staves at their overlapping 
point Whereby the arcuate lines of all of the 
Stave flange openings lie On a circle, Said bottom 
lying beneath Said flanges and provided with a 
plurality of openings lying on a circle coinciding 
With Said first named circle, and fastening ele 
ments passing through the flange openings and 
the corresponding openings of Said bottom. 

4. A tank Constructed in accordance with claim 
3 wherein each Stave is provided at its upper end 
With a horizontal outstanding flange provided with 
fastening element receiving openings corre 
Sponding in position to the openings in said lower 
fanges whereby the openings in said upper 
flanges lie Substantially in a true circle, said tank 
including a tank element having a horizontal 
portion overlying Said upper flanges and pro 
Vided with a Series of openings arranged sub 
Stantially in a true circle coinciding with the 
circle of openings in Said upper flanges, and fas 
tening elements passing through the openings in 
S&id uppei tank element and Said upper flanges. 

5. In a Stave for fabricated cylindrical tanks 
comprising a transversey arcuate sheet metal 
body having an Outstanding fange at one ver 
tical extremity provided with a series of fasten 
ing ele: inent receiving openings arranged on an 
aircuate line eccentric to the curvature of the 
body of the Stave, the radius of curvature of said 
arcuate line being equial to the radius of curva 
ture of the outer surface of the body of the sheet 115 
pius the distance from said outer surface to said 
arcuate iine substantially centrally of its length. 

6. In a stave for fabricated cylindrical tanks 
coin prising a transversely arcuate sheet metal 
body provided at its upper and lower extremities 120 
with outstanding flanges each provided with a 
Series of fastening element receiving openings 
lying in an arcuate line eccentric to the curvature 
of Said body, the radius of curvature of each of 
said arcuate lines being equal to the radius of 125 
curvature of the outer surface of the stave body 
plus the distance between said outer surface and 
the arcuate line substantially central of the 
length thereof, Said arcuate lines being coaxial. 
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