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United States Patent Office 
2,820,568 

WALL STRUCTURE 
Leonard P. Zick aad Harry C. Boardman, Chicago, H., 
assigners to Chicago Sridge & Iron Company, a cor 
poration of ilirois 

{Continuation of application Seriai No. 237,396, Jealy 8, 
1953. This applicasion October 14, 1954, Serial No. 

2 Claims. (C. 220-22) 
This invention relates to a wall structure and more 

particularly to walls subjected to liquid and/or earth 
loads such as may be found in liquid storage tanks, break 
waters, cofferdams and the like, and is a continuation of 
applicants' copending application Serial No. 237,396, filed 
July 18, 1951. 
The problem of providing a wall structure capable of 

withstanding great loads without additional bracing has 
been present especially in the field to which this inven 
tion applies. The ioads referred to are those which may 
be applied to one gir either side of such a wall. 

Eliquid storage tanks which have walls made of plates 
welded or riyeted together in a circular plan, obtain their 
ability to withstand internally applied pressures by ring 
tension in the shell plates. At the greater depths of liquid, 
the piates must be thicker to withstand greater pressures 
and hence greater ring tension. It is recognized that 
there is an economical limit to the size of such tanks. 
Ring tension alone cannot be used in tanks having a plan 
other than circular, so trusses and braces must be pro 
vided to strengthen the side walls. Some walls are re 
quired to withstand pressure from either side. Tank par 
titions made of plates are in this class and must be tied 
to opposite side walls and sometimes to the bottom and 
roof of the tank so as to withstand pressures on either 
side. Also in this class of walls are the side walls of 
underground storage tanks, which must be able to with 
stand both internai iiquid pressure and external earth 
pressures. Such side walls, when made of plates, must 
be reinforced with a great deal of bracing structure. 
The wail structure of this invention is adapted to with 

stand all of the pressures applied to it without the ad 
ditioi of trusses, bracing or other reinforcing structure. 
in generai, the wali structure of this invention employs 
a series of hollow cylinders which are arranged with their 
axes parallel and with some space between cylinders. 
Each cylinder acts as a beam to resist pressures applied 
either axially of the cylinder or laterally from any di 
rection. Reiatively thin webs join the cylinders and 
bridge the spaces between them. Any pressures applied 
directly to the webs are carried or transferred to the 
cylinders. A wali constructed in accordance with this in 
vention may have a single support wherein the cylinders 
would act somewhat like cantilevers or may be provided 
with a support at each end of the cylinders. 

Specific embodiments of the invention are illustrated 
in the accompanying drawings, in which: 

Fig. 1 is a vertical section through approximately the 
middle of a cylindrical storage tank showing the wall of 
this invention as a partition in the tank; 

Fig. 2 is a plan view of the tank of Fig. 1 with the 
roof. removed; 

ifig. 3 is a broken plan view partly in section as taken 
along line 3-3 in Fig. 4 of a rectangular tank incorpo 
rating the wall of this invention as a side wall; 

Fig. 4 is a vertical sectional view of the tank of 
Fig. 3 taken substantially along line 4-4 in Fig. 3; 

Fig. 5 is an enlarged fragmentary plan view of one 
ccriner cf the tank shown in Fig. 3; 

Fig. 6 is a vertical sectional view taken along line 
6-6 in Fig. 5; 

Fig. 7 is a view similar to Fig. 6 showing a modifica 
tion of the wall structure; 
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Fig. 8 is similar to Figs. 6 and 7 showing a further 

modification of the wall structure; and 
Figure 9 is a view similar to Figure 1 showing a fur 

ther modification in which the wall thickness of the par 
tition tubes is varied; and Figure 10 is a view similar 
to Figure 2 showing a further modification in which the 
partition is off center. 
The waii structure of this invention may be very ap 

propriately used as a partition in a cylindrical storage 
tank such as is illustrated in Figs. 1 and 2. The parti 
tion wall generally indicated 8 comprises a series of 
horizontally arranged hollow metal cylinders 11, 2, 13, 
and 245 with a cylinder Si at the bottom and 14 at the 
top of the wall. These hollow cylinders are arranged 
with their axes parallel and vertically spaced one above 
the other. As seen in Fig. 2, the cylinders each extends 
between opposite side walls of the cylindrical tank 15 
and in this particular embodiment extends diametrically 
across the tank. Each cylinder acts as a beam to trans 
fer by bending and shear all pressures to the side walls 
i5 of the storage tank. In this regard the cylinders ordi 
narily act independently of each other. 
To complete the wall structure the spaces between the 

cylinders are filled or bridged by relatively thin vertical 
webs i6. The bottom cylinder 1 is spaced above the 
bottom 17 of the tank and a web 3 bridges the space 
between the lower cylinder 1 and the bottom. Like 
wise a web 9 bridges the space between the upper cyl 
inder 24 and the top 20 of the cylindrical tank. These 
webs are each respectively secured along their edges 
to the cylinders i and 4 and to the top 20 and bottom 
27 of the tank as well as to the side walls 35. Thus a 
iiquid-tight partition across the tank is effected by the 
combination of the cylinders and the webs. 
When the cylindrical tank is filled on one side of the 

partition only, the pressures on the webs are transferred 
to the cylinders which in turn have end reactions at the 
side walls. As is known, a cylindrical tank contains 
the pressure exerted against its side walls by ring ten 
Sion in the plates making up its side walls. in the case 
of a partition extending diametrically across the cylin 
drical tank, this ring tension is balanced by the end re 
actions of the cylinders making up the partition. This 
condition exists when the partitioned tank contains liq 
laid only on one side, and irrespective of on which side 
of the partition the liquid is present. 
The wall structure is also particularly suited for par 

titions in cylindrical tanks adapted to divide the tank 
along a plane which is off-center. Thus, the partition 
shown in Figs. 1 and 2 could be moved to the right or 
left of its center position as shown in Fig. 10 and still 
Serve to divide the tank without the addition of ties to 
the tank walls or other bracing structure. In the case 
of a nondiametrical vertical partition, for example, cham 
ber Y might be smaller than chamber X on the other 
side of the partition. When the larger chamber X is 
fied with liquid and Y is empty, the partition is sub 
jected to axial tensile loads in addition to the side bending 
loads since the ring tension in the shell plates at the 
ends of the cylinders induces tension in the cylinders. 
On the other hand, the smaller chamber Y may be filled 
when chamber X is empty, in which case the cylinders 
in the partition would be subjected to axial compressive 
loads as well as side bending. The cylinders which make 
up the partition are particularly adapted to withstand 
axial leads as well as bending loads. 

If desired, the cylinders may be drilled with sufficient 
holes to open them to either side of the partition, in 
which case the storage capacity of the tank is not 
markedly decreased. Also the cylinders may, if desired, 
remain closed to the interior of the tank and openings 
through the shell at the ends of the cylinders may be 
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provided for access to the interior thereof. If the cyl 
inders contain only atmospheric air, there may be some 
small buoyancy which can be transferred from one cyl 
inder to the next through the webs 6; however, the 
cylinders may be considered as acting independently for 
all purposes with the webs only transferring pressures 
against them to the cylinders. 
The wall of this invention provides a means whereby 

tanks may be built of greater dimensions. In cylin 
drical tanks there is an economical limit to their size 
because all parts of the side walls cooperate in with 
standing the pressures exerted against them by ring ten 
sion in the shell. Of course tanks may be made much 
larger by the addition of considerable bracing structure 
to reinforce the side walls. 

In Figs. 3 and 4, a rectangular tank employing the 
wall in this invention as its side wall is illustrated. The 
tank has the usual bottom 25 made of plates upon a 
suitable foundation and a top 26 also made up of plates 
and supported on rafters 27 and posts 28 extending 
between the rafters and the bottom 25. The side walls 
of the tank are constructed of a plurality of cylinders 
30 similar to the cylinders shown in Figs. 1 and 2 in 
the partition. These cylinders are arranged with their 
axes vertical and parallel with a space being left be 
tween each adjacent pair of cylinders. The cylinders 
are arranged in plan to the configuration of the tank 
and, as illustrated in Fig. 3, the plan is generally rec 
tangular or equare although the plan of the tank could 
be curved instead of rectangular or square. As best 
seen in the detail of Fig. 5, the cylinders 30 are joined 
across the shortest distance between them by half-cylin 
ders 31 welded along the free edges thereof to the cyl 
inders 30. The half-cylinders 31 serve the same purpose 
as the flat plate webs shown in the partition of Fig. 1 
in that they transfer the pressure against them to the cyl 
inders 30. The corner cylinder 30a may have the webs 
joined to it along parallel lines 90 spaced apart in the 
case of a rectangular tank or along parallel lines lying in 
the planes of the adjoining sides. This structure at the 
corners may vary such as by using a quarter-cylinder to 
bridge the space between the adjoining cylinders 30 of 
the intersecting side walls. 

In this structure the pressure on the side walls is car 
ried by shear and bending in the cylinders 30 to the 
ends thereof. These end reactions are resisted by the 
bottom plates 25 and the top plates 26 of the tank. Since 
each cylinder 30 acts independently of the others, there 
is no limitation to the size to which such tanks may be 
built. The side walls can thus be extended to any di 
mension without varying the strength of the individual 
components of the side wall. 

In some installations it may be desirable to build 
a tank utilizing a side wall of the present construction 
wherein the reactions at the ends of the cylinders may 
be resisted only at one end. Such structures are illus 
trated in Figs. 7 and 8. In Fig. 7 the cylinder 30 is 
connected at one end to the bottom plates 34 of the 
tank and act somewhat in the manner of a cantilever. 
That is, all pressure against the side wall is carried to 
the bottom plates by the cylinder 30. 

In the form illustrated in Fig. 8, the cylinder 30, is 
extended beyond the foundation surface in to the ground 
35 so that the end reaction may be resisted by earth 
and in this instance each cylinder acts as a beam having 
one fixed end Support. If desired, ballast may be added 
within the cylinders 30 to help resist overturning in the 
forms shown in Figs. 7 and 8. This ballast may be sand, 
concrete or similar materials or may be the liquid in the 
tank. In the latter case, holes in the cylinders are pro 
vided for entry of the stored liquid into some or all of 
the cylinders. 

Rectangular or polygonal shaped tanks are often used 
for underground liquid storage. Such tanks must be 
made to withstand both internal liquid pressure and ex 
ternal earth pressure. The side wall of this invention 
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4 
is well adapted to withstand such loads as the cylinders 
have a section modulus which is the same about all axes. 
In underground storage the webs between cylinders may 
most appropriately be made of flat plates as in the par 
tition illustrated in Figs. 1 and 2. The rounded plates 
31 illustrated in Fig. 3 are most desirable in tanks which 
are adapted to withstand only internally applied pressure 
since the plates may be made much thinner and yet 
transfer all pressures against them to the cylinders. 

In some applications of the wall structure of this in 
venticin, the webs between cylinders described above may 
be omitted and the cylinders arranged with their periph 
eries in contact. Welding may be used to join the ad 
jacent edges of the cylinders, in which case, the entire 
wall is formed of joined cylinders. The webs are in 
tended to carry liquid loads thereon to the adjacent 

20 

30 

40 

cylinders which in turn, carry the load to the Support 
for the cylinders. For example, the cylinders used in 
a partition such as illustrated in Fig. 1 are spaced apart 
a distance varying with the distance of the cylinder from 
the bottom. The lower cylinder is 12 inches from 
the bottom and the web vertical widths are 14, 16, 20 
and 22 inches respectively progressing upwardly in a 30 
foot diameter tank having 19 foot side walls. The cylin 
ders are sufficiently strong to carry the loads on the 
webs, but in some installations it may be desirable to 
eliminate the webs in part or altogether. It may also 
be desirable in some instances to decrease the wall thick 
ness of the cylinders with increase in distance of the 
cylinder from the bottom as shown in Fig. 9. Further 
more, it may be desirable to increase tube wall thickness 
at the center of the tubes. 
The foregoing detailed description has been given for 

clearness of understanding only, and no unnecessary limi 
tation should be understood therefron, for some modi 
fications will be obvious to those skilled in the art. 
We claim: 
1. A metal cylindrical fluid storage tank capable of 

withstanding great loads having a metallic vertical cylin 
drical wall, a metallic bottom joined thereto, and a 
vertical partition wall within the tank connected at each 
end to said cylindrical wall and along its lower end to 
said tank bottom, said tank being free from additional 
bracing, said partition wall comprising a plurality of hori 
Zontally arranged elongated metal cylinders arranged and 
Spaced in parallel relation, each cylinder being resistant 
to both axially and laterally applied loads and being 
connected to its adjacent cylinder by narrow webs edge 
joined, the vertical spacing between the cylinders increas 
ing in proportion to the distance of the cylinders from 
the bottom of the tank. 

2. A metal cylindrical fluid storage tank capable of 
withstanding great loads having a metallic vertical cylin 
drical Wall, a metallic bottom joined thereto, and a 
vertical partition wall within the tank connected at each 
end to said cylindrical wall and along its lower end to 
said tank bottom, said tank being free from additional 
bracing, said partition wall comprising a plurality of 
horizontally arranged elongated metal cylinders arranged 
and spaced in parallel relation, each cylinder being resist 
ant to both axially and laterally applied loads, and being 
connected to its adjacent cylinder by narrow webs edge 
joined, the wall thickness of the cylinders decreasing 
with increase in distance of the cylinders from the bottom 
of the tank. 
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