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[5 7 ] ABSTRACT 
A method for constructing an underground storage 
tank for low-temperature lique?ed gas is provided 
which comprises the steps of driving into the ground a 
shell having a wall-thickness capable of withstanding 
the leakage; disposing compound segments on the bot 
tom of the shell whenever the soil within the shellvis 
excavated to a predetermined depth, stacking the 
compound segments one upon another for forming a 
compound segment layer in a predetermined spaced 
apart relation with the shell; and placing a concrete 
layer in the space between the shell and the com 
pound segment layer. 

2 Claims, 8 Drawing Figures 
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METHOD FOR CONSTRUCTING AN 
UNDERGROUND STORAGE TANK 

The present invention relates to an underground stor 
age tank for storing a large quantity of volatile, low 
temperature lique?ed gas such as lique?ed petroleum 
gas, lique?ed natural gas, lique?ed ethylene gas or liq 
ue?ed ammonia. 

In general the underground storage tanks for storing 
a large quantity volatile, low-temperature lique?ed 
tanks are superior to the storage tanks constructed on 
the ground in many respects, but it is generally ex 
tremely dif?cult to thoroughly test the soil at the ?eld 
site so that theconstruction schedule tends to be de 
layed by unexpected high groundwater and earth pres 
sures and large leakage of groundwater. Moreover the 
cost tends to increase because of the unexpected high 
heat leaks into the storage tanks and because of the in 
correct analyses of the results of the soil tests even after 
the storage tanks are constructed. - 
The present invention was made to overcome the 

above and other defects and problems encountered in 
the prior art methods for constructing the underground 
storage tanks. Brie?y stated, according to the present 
invention, a reinforced concrete shell that is circular 
or polygonal in cross section and having a wall 
thickness capable of withstanding the leakage is driven 
into the ground. When the soil in the shell is excavated 
to a predetermined depth, compound segments are 
layed on the bottom of the shell and stacked one upon 
another so as to be spaced apart from the shell by a pre 
determined distance which is dependent upon the soil 
conditions thereby forming a compound segment layer. 
The intermediate concrete layer is formed by placing 
concrete into the space between ‘said shell and said 
compound segment layer; and the adjacent inner plates 
of the compound segment which are made of a metal 
capable of withstanding low temperature are then 
joined to each other through retaining walls or plates 
in such a manner that the inner metal plates may ex 
pand or contact (depending upon the change in tem' 
perature and pressure of lique?ed gas). 
The present invention will become more apparent 

from the following description of one preferred em 
bodiment thereof taken in conjunction with the accom 
panying drawings. . 
FIGS. 1-4 are schematic vertical sectional views used 

for explanation of the steps of construction of an un 
derground storage tank in accordance with the present 
invention; 
FIG. 1 illustrating a cylindrical shell driven into the 

ground until it reaches the sound foundation; 
FIG. 2 illustrating the excavation of the soil within 

the side wall and the laying and stacking of compound 
segments; 
FIG. 3 illustrating the concrete being placed between 

the shell and the compound segment layer; and 
FIG. 4 illustrating the completed underground stor 

age tank; 
FIG. 5 is a sectional view taken along the line, 5-5 

of FIG. 4; and 
FIGS. 6-8 are fragmentary vertical sectional views on 

an enlarged scale of the portions encircled by the cir 
cles A, B, and C, respectively. 

First referring to FIGS. l-3, a concrete shell 4 is 
placed in an annular hole formed by excavating the soil 
1 until the sound foundation 2 such as hardpan, bed 
rock or frozen soil is reached. 
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2 
The thickness of the shell 4 is such that the leakage 

may be prevented. The conventional construction 
method may drive the shell 4 with a wall-thickness of 
one meter a depth of 50 meters, and if leakage should 
occur because of defects in the prefabricated shell 4, a 
chemical grout may be used to ?ll the cracks, voids or 
the like or the cut-off walls or a freezing method may 
be used so that the excavation may proceed. 
After the soil 1 within the shell 4 is excavated to a de 

sired depth which is required to stack a desired number 
of compound segments 6 to be described in more detail 
hereinafter, the compound segments 6 are stacked one 
upon another from the bottom of the excavated hole in 
spaced apart relation with shell 4 and are welded to the 
?anged retaining walls (not shown) in such a manner 
that the compound segments 6 may be expandable and 
contractable for example between dowels (not shown) 
provided on the shell 4. (See FIG. 2). 
The compound segment 6 which is in the form of a 

square or rectangular lagging and has major surfaces 
having a radius of curvature equal to that of the shell 
4, generally consists of a reinforced concrete slab and 
a metal plate which is capable of resisting a low temper 
ature and which is bonded to the inner surface of the 
reinforced concrete slab. The spacing between the 
compound segments 6 and the shell 4 is determined de 
pending upon the soil conditions, and is used to form 
an intermediate reinforced concrete layer to be de 
scribed hereinafter. 
The soil excavation may be made preferably by a me 

chanical shovel excavator whereas the compound seg 
ments may be stacked preferably by a hydraulically 
operated crane. 
The intermediate concrete layer is placed in the 

space 5 between the compound segments 6 and the 
shell 4 preferably by a concrete pump. 
The roof and bottom of the shell 4 have conventional 

heat insulating layers and cladding plates made of a 
metal capable of withstanding a low temperature and 
are welded to the inner plates of the compound seg 
ments. Thus the underground storage tank for low 
temperature lique?ed gas may be constructed. 
Next referring to FIGS. 4—8, the construction of the 

underground storage tank of the present invention will 
be described in detail. 

In FIGS. 4-8 the soil surrounding the storage tank is 
designated by the reference character 1. There is pro 
vided a concrete shell 4 which is comprised of an inter 
mediate concrete layer 5 and a compound segment 
layer 6 which is lined with a heat insulating layer 7. A 
thin metal wall 8 is the innermost wall of the storage 
tank. The bottom 9 of the storage tank is constructed 
below the metal wall 8'and comprises concrete, sand 
heat insulating material and the like. An upper, insulat 
ing layer 12 is suspended from a roof 3 by means of 
stays 13. 
As shown in FIG. 8, the bottom of the storage tank 

comprises the insulating layer 7 below the thin metal 
wall 8 and a ?ne sand layer 9 in which are disposed a 
plurality of heating coils 11 for heating the bottom and 
a plurality of drain pipes 10 for draining groundwater. 
The drain pipes 10 are in communication with a duct, 
and water in the duct is pumped upto the ground sur 
face through a pit. 
When there is much seeping water in the foundation 

below the bottom of the storage tank, water close to the 
bottom is frozen together with the drain pipes because 
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the temperature of liquefied gas is very low so that it 
becomes impossible to drain groundwater. The pres 
sure of groundwater directly acts upon the bottom of 
the storage tank so that the bottom is destroyed. To 
overcome this problem, the present invention provides 
the heating coils so as to prevent groundwater in the 
drain pipes from being frozen. The present invention is 
not limited to the heating coils, but any other suitable 
heating means may be used. 
As described above the compound segments are 

stacked one by one upon the bottom of the excavated 
hole so that the scaffolding or the like is not needed at 
all. The thickness of the intermediate concrete layer 
may be determined depending upon the soil conditions 
and adjusted by the spacing between the shell and the 
compound segments which in turn may be adjusted by 
the positions of the compound segments. Therefore a 
large quantity of heat leak into the storage tank may be 
prevented. Moreover the shell, the intermediate con 
crete layer, and the compound segments cooperate 
with each other to withstand the earth, groundwater 
and-lique?ed gas pressures. The metal plates may ex 
pand and contract depending upon the lique?ed gas 
pressure and temperature so that their mechanical 
strengths may be much enhanced. Furthermore the 
drain pipes and the heating means for heating the drain 
pipes are provided in the bottom of the storage tank so 
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that the drain pipes may be prevented from being fro 
zen. Therefore, even when much groundwater seeps 
into the foundation below the bottom, it may be easily 
drained so that the pressure of groundwater may be al 
ways maintained at a constant level. Thus the present 
invention provides a very reliable, dependable and safe 
underground storage tank for lique?ed gas. 
What is claimed is: 
l. A method for constructing an underground storage 

tank for low-temperature lique?ed gas, said method 
comprising the steps of excavating an annular hole in 
the soil until a sound foundation is reached; forming a 
first concrete, outer shell in the annular hole with the 
outer shell resting on the foundation; removing the soil 
to the desired depth from the area within the outer 
shell; vertically stacking a plurality of segments within 
the outer shell, the stacked segments being positioned 
inward of the inner wall surface of the outer shell to de 
fine an annular space between the outer shell and the 
vertically stacked segments; filling the annular space 
with a second, inner shell of concrete; and adding a 
roof and a bottom to the inner and outer shells. 

2. The method according to claim 1 wherein there is 
further included the step of coupling the segments to 
each other so that expansion and contraction is permit 
ted. 

* * * * * 


