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METHOD OF MANUFACTURI NG AN UNDERGROUND STORAGE TANK AND
CORRESPONDI NG TANK

FI ELD OF THE | NVENTI ON

The present invention relates to the construction of
buried structures, nore particularly to buried storage
t anks designed to contain a fluid, notably a liquid, for
exanpl e wat er.

BACKGROUND OF THE | NVENTI ON

There already exist tanks partially or totally
buried in the ground, intended for storing a fluid such
as water.

Such tanks typically conprise an outer wall buried
in the ground and form ng a ground support system
defining a first volune to be excavated, a raft, and an
inner lining coating the outer wall and joined in a
fluid-tight manner to the bottom slab, for sealing a
storage space for the fluid. Such inner lining is
traditionally made of steel or of reinforced concrete
cast directly against the outer wall and integral with
the raft.

The outer wall and the inner lining nust cope with
maj or tensile and conpressive forces due to ground and
groundwat er pressures and to internal fluid pressure. 1In
particular, the inner lining needs a significant anount
of reinforcenent to withstand shrinkage of the concrete
constituting it, thermal stresses while concrete is
setting, and high hoop tension stresses, which may | ead
to cracking.

To conply with recent standards for water storage
structures, it is necessary to further limt the maxi num
width of cracks in structures. Wth present construction
met hods, this |leads to increasing the dinensions of the
lining for a steel liner or to using nore reinforcing
steel for a concrete liner. However, the additional cost
can be significant due to the quantities of steel
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required. Also, with a concrete |iner, the packing
density of steel bars can be so tight as to make it
difficult to place and conpact the concrete properly.
Finally, the fluid tightness of the structures and their
durability can depend heavily on workmanship and on
i nspection during construction of the |iner.

An object of the present invention is to provide a
met hod of fabricating a buried storage tank, notably a
buried tank for storing a fluid, in particular a |iquid,
havi ng i nproved and durabl e resi stance to cracking, which
is easy to inplenent, econom cal, and does not require a
| arge quantity of materials.

Anot her object of the present invention is to
provi de such a buried storage tank that has inproved and
durabl e resi stance to cracking.

SUMVARY OF THE | NVENTI ON

A method of fabricating a buried storage tank
conprises at |least the foll ow ng steps:

form ng bel ow ground a structure conprising an
outer wall formng a first enclosed periphery defining a
first volume, a raft, and an inner wall formng a second
encl osed periphery defining a fluid-tight storage space
for a fluid inside the first volunme; and
applying a prestressing force on the inner wall

directed towards the inside of the storage space, whereby
the inner wall is subjected to conpressive hoop stress.

The inner wall fornms an inner |ining defining,
inside the first volume, a fluid-tight storage space for
a fluid to be stored. According to the present
invention, the inner wall may be subjected to a radial
prestressing force directed towards the inside of the
st orage space, before a fluid is introduced into the
space for storing.

The inner wall is defornmed towards the inside of the
st orage space, and i s subjected to conpressive hoop
stress.
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For a structure of circular section extendi ng around
an axis, a radial direction is defined as a direction
perpendi cular to the axis of the structure and passing
via said axis.

In this exanple, the hoop stress applied to said
structure is orthoradial, i.e. perpendicular to such a
radial direction and to the axis of the structure.

When the storage space is then filled with the
stored fluid, the stored fluid exerts a radial inside
pressure on the inner wall, whereby the inner wall tends
to recover its initial position.

The hoop stress due to prestressing conpensates a
part of the tensile hoop stress in the inner wall induced
by said inside pressure, so that resulting tensile
stresses in the inner wall are maintained at |evels | ow
enough not to require | arge anounts of reinforcenent, or
even to avoid the use of reinforcenent conpletely. The
inner wall is subjected to limted traction, and crack
formation is limted or even avoi ded.

In an inplenentation, the outer wall and the inner
wal |l are formed so as to be spaced apart from each ot her,
whereby a gap is fornmed between them

In an exanple, during the prestressing step, the gap
is filled with at | east one prestressing fluid, so that
the prestressing fluid exerts the radial prestressing
force on the inner wall.

As is known, concrete walls usually shrink while the
concrete is setting. Wth conventional construction
met hods where the inner wall is cast directly against the
outer wall, a gap created between the two walls by the
shrinkage allows the inner wall to expand outwardly upon
the storage space being filled with the stored fl uid.

The inner wall nust therefore be even nore reinforced in
order to Iimt cracking.

Wth the nethod of the invention, the conpressive
hoop stress created in the inner wall due to the
prestressing blocks any relative novenent between the
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inner and outer walls so that tension created in the
inner wall is limted and, consequently, the w dths of
the cracks created therein are limted. Inner wall
reinforcing neans can thus be nmuch nore limted or even
omtted.

The prestressing fluid is advantageously a |liquid
material, for exanple water. Under such circunstances,

the prestressing force exerted on the inner wall is due
to the hydrostatic pressure of the liquid material poured
into the gap. |In certain enbodinents, the liquid

material may remain in its liquid state over tine.
However, the prestressing fluid may al so be a
hardening material, nore particularly a self-hardening
material. For exanple, the prestressing fluid may
conprise concrete, in particular slowsetting concrete.
When the fluid introduced into the gap is a
hardening material, for exanple concrete, the rheol ogy of
the fluid and also its pouring sequence are
advant ageousl y selected so as to adjust the pressure that
is applied to the inner wall.
For exanple, when the fluid is concrete, its
rheol ogy may be adjusted (for exanple by using adjuvants,
retarders) so that it starts to set (harden) (notably at
the bottom of the gap) only once the gap has been
entirely filled, thus ensuring that the force exerted at
the bottomof the inner wall is at the target val ue.
The method of the invention may al so conpri se
monitoring the rate of introduction of the prestressing

fluid into the gap. In particular, when the prestressing
fluid is a hardening material such as concrete, the fluid
may be introduced into the gap step by step, i.e. a

second vol une of concrete may be introduced into the gap
only once a first volunme of concrete has already set
(hardened) inside the gap. The maxi mum pressure neasured
in the concrete can thus be limted.

The nmethod nay al so conprise nonitoring at | east one
pressure inside the gap.
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In an inplenmentation, limt values are set for the
m ni mum and maxi mum pressures of the prestressing fluid
inside the gap prior to starting pouring.

In an inplenentation, prior to the prestressing
step, limt values are predeterm ned for conpression of
the inner wall during filling of the gap.

In an inplenentation, the top of the gap is seal ed,
t he seal ed gap remai ning connected to supply nmeans for
supplying a filling substance under pressure, and the
filling substance is introduced in the gap via said
supply neans so as to increase the prestressing force
applied on the inner wall. It should be observed that
the filling substance is generally a fluid, which fluid
may be the prestressing fluid or a different fluid, and
when different it may be added after introduction of the
prestressing fluid, e.g. in order to adjust the
prestressing pressure or to increase said pressure over
the lifetime of the structure, should said pressure
decr ease.

To obtain the final target conpression at al
| ocations of the liner, the prestressing of the inner
wal |l may al so be obtai ned by using conventional nethods
(in addition to or as an alternative to the above-
descri bed nethod). For exanple, the inner wall may be
prestressed using prestressing reinforcenent, notably
reinforcenent installed horizontally around the inner
wall. The reinforcenent may be cables or bars for
exanpl e.

The present invention also provides a buried storage
tank, notably a tank for storing a fluid such as water,
whi ch tank may be obtained by the above-nentioned
fabrication nethod.

The buried storage tank of the invention conprises
an underground structure including an outer wall form ng
a first encl osed periphery defining a first volune, a
raft, and an inner wall form ng a second encl osed
peri phery defining a fluid-tight storage space for a
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fluid inside the first volunme, the tank being adapted to
be inafilled state where a fluid is stored in the
storage space or in an enpty state where the storage
space is enpty, the tank conprising prestressing neans
adapted for applying a prestressing force on the inner
wal | directed towards the inside of the storage space in
at | east one configuration, whereby, in the enpty state
of the tank, the inner wall is subjected to conpressive
hoop stress.

In an enbodi nent, the outer wall and the inner wall
are separated from each other by an internediate | ayer
the internediate | ayer conprising prestressing neans.

In an enbodi ment, the | ayer conprises a hardening
material that has set (hardened), for exanple concrete,
which, inits fluid state, is provided to apply a radi al
prestressing force on the inner wall.

I n anot her enbodi nent, the | ayer conprises a
material in the liquid state, said material exerting a
prestressing force on the inner wall towards the inside
of the storage space.

The inner wall may be a concrete wall, in particular
a reinforced concrete wall, or it nay be made of steel

The peripheral underground structure may have a
circular or an oval shape.

In an enbodi ment, the internediate | ayer may extend
continuously around the entire periphery of the inner
wal | .

Except when obviously inconpatible and unl ess
ot herwi se stated, features of any one enbodi nent or
exanpl e described herein can be applied to other
enbodi nents or exanpl es descri bed herein.

BRI EF DESCRI PTI ON OF THE DRAW NGS

The invention can be better understood on readi ng
the foll owm ng description of the enbodi nents of the
invention given as non-limting exanples, with reference
to the acconpanyi ng drawi ngs, in which:
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Figure 1 is a perspective view of a buried storage
tank according to the present invention;

Figures 2 to 5 are a schematic section views al ong
I1-11 of Figure 1, showing the different steps of
fabricating the buried storage tank of Figure 1 according
to an enbodi ment of the present invention;

Figures 6a) to 6¢) illustrate a second enbodi nent
in which prestressing fluid is introduced in the gap in a
st ep- by-step process;

Figure 7 illustrates a third enbodi nent in which
the gap is seal ed before introducing the prestressing
fluid therein;

Figure 8 illustrates a fourth enbodi nent in which
prestressing of the inner wall is also obtained with
hori zontal prestressing reinforcenent;

Figures 9, 9A and 9B illustrate a fifth enbodi nent

in which the inner wall is also conpressed by using
vertical prestressing reinforcenent.
In the drawi ngs, |ike reference signs generally

refer to the sane parts throughout the different views.

DETAI LED DESCRI PTI ON

Figures 1 to 5 illustrate a buried storage tank in
an enbodi ment of the present invention, particularly
provided for the storage of fluids, and particularly
liquids such as water. By way of exanple, such a tank
has an outside dianmeter lying in the range 10 neters (m
to 60 m and a total height lying in the range 10 mto
100 m

The tank 100, illustrated in Figure 1, conprises an
underground structure including an outer wall 20 form ng
a first encl osed periphery defining a first volune Vi, a
raft 10, and an inner wall 30 form ng a second encl osed
peri phery defining, inside the first volunme V1, a fluid-
tight storage space S for a stored fluid W

In the present description, unless otherw se stated,
| ow and high portions of a structure are defined along a
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vertical axis, a low portion referring to the bottom
portion of the structure, directed to the deepest ground.

In the illustrated exanple, the tank 100 is opened
at its top end 100a. However, although not shown, it is
al so possible for the tank to be provided with a covering
structure.

In the present description, a filled state of the
tank 100 is defined as a state in which a fluid is stored
in the storage space S. In contrast, a state where the
storage space S is enpty (i.e. no fluid is stored
therein) is defined as an enpty state of the tank 100.

As can be seen fromthe description below, in the
Figure 1 exanple, the tank conprises prestressing neans
adapted, in at |east one configuration, to apply on the
inner wall 30 a radial prestressing force directed
towards the inside of the storage space and to apply at
the sane tinme a radial prestressing force on the outer
wall 20 directed towards the outside of the storage
space. Due to said neans, in the enpty state of the
tank, the inner wall 30 is subjected to conpressive hoop
stress.

When the tank 100 is filled with a stored fluid as
shown in Figure 1, an inside pressure due to the stored
fluid is exerted on the inner wall 30, inducing tensile
hoop stress in said wall. This stress is balanced by the
al ready existing conpressive stress in the inner wall 30,
consequently preventing cracks formng in the inner wall
30.

The structure of such a tank can be better
understood in light of the steps for fabricating it as
described below with reference to Figures 2 to 5.

Typically, the outer wall 20 is first forned in the
ground G and subsequently the earth contained in the
first volume V1 defined thereby is excavated. Then, the
raft 10 is formed. The outer wall 20 and the raft 10
thus formthe base structure of the tank shown in
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Figure 2, which defines an excavation of correspondi ng
shape in the ground.

As shown for exanple in Figures 1 and 2, the outer
wall 20 forns a thick vertical supporting wall having its
outer surface 20c in contact with the ground G In the
illustrated exanple, the outer wall 20 has a generally
cylindrical shape extending around a nmain vertical axis
X1l. In the exanple, when seen in projection on a
hori zontal plane, the outer wall 20 has a circul ar shape.
However, in other enbodinents, the outer wall 20 may have
any other suitable shape, in particular an oval shape.

The outer wall 20 is typically nmade of reinforced
concrete. It may for exanple be achieved by the
di aphragm wal | technique, in particular by making a
plurality of individual diaphragm panels, either in
succession or in alternation. This exanple is not
limting however, and the outer wall may be made al so by
the techni que known as Berlin walls or by systens of
sheet piles or any other appropriate technique for making
deep foundations. Since the above-nentioned techni ques
are well known to the person skilled in the art, they are
not described here in nore detail.

The raft 10 is connected to the outer wall 20,
preferably in a fluid-tight manner. The raft 10 extends
hori zontally fromthe bottom portion of the outer wall
20, and is generally made of reinforced concrete.

As shown in Figure 3, the inner wall 30 is then
formed to define a fluid-tight storage space S for the
stored fluid W inside the first vol une.

The inner wall 30 lines the outer wall on the inside
and is linked to the bottom concrete slab 10 in a fl uid-
tight manner. Advantageously, watertight gaskets (not
shown) nmay be provided at the junction of the inner wall
30 with the slab 10.

The inner wall 30 may be nmade of concrete, notably
of fiber reinforced concrete. It nmay for exanple be
constructed using slipformtechni ques.
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In the illustrated enbodi ment, the inner wall 30 has
a cylindrical shape centered on axis X1 and thus extends
in parallel with the outer wall 20. The inner wall 30 is
spaced apart fromthe outer wall 20 in a radial direction
(i.e. adirection orthogonal to the axis X1), around its
entire circunference. An annulus or gap 40 is thus
formed between the inner and outer walls 30, 20.

In the present enbodi nent, the above-nentioned
conpressive hoop stress in the inner wall 30 is obtained
by introducing a prestressing fluid into the gap 40, in a
step illustrated in Figure 4.

In the exanple, the prestressing fluid is concrete
(referenced Cin the drawi ngs), which may be di scharged
directly in the gap 40 via one or nore hoppers 42.

When the concrete C contained in the gap is inits
fluid state, due to the hydrostatic pressure of the
concrete C, the inner wall 30 is subjected to a
deformation towards the inside of the storage space,
resulting in conpressive hoop stress. Dotted lines D1 in
Figure 4 show the deformation of the inner wall 30 in an
exagger at ed manner.

Advant ageously, limts for the m nimum and maxi num
pressure of the concrete Cinside the gap are set before
starting pouring, and, during the pouring of the concrete
Cinto the gap 40, neans are used for nonitoring pressure
i nside the gap 40.

Such neans may conprise sensors 50 as illustrated in
Figure 4, such as pressure cells connected to the surface
in order to provide real tine results to operators.

Advant ageously, the concrete C may be chosen to be
slowsetting, so that it starts to set at the bottom of
the gap 40 only once the gap 40 has been entirely filled,
thus ensuring that the pressure force F1 exerted by the
poured concrete C at the bottomend of the inner wall 30
IS maxi m zed.

As shown in Figures 1 and 5, the annulus forned
bet ween the inner and outer wall 20, 30 forns an
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internedi ate | ayer 70 of concrete. The internediate

| ayer forns a structure that is clearly distinct fromthe
outer and inner walls, first and second junction surface
being clearly visible respectively between the
internedi ate layer 70 and the outer wall 20 and the
internedi ate layer 70 and the inner wall 30. However,
the internediate | ayer 70 nol ded between the outer and
inner walls fornms a unitary construction with said walls,
preventing any voids being fornmed between them

Figure 5 shows the tank once the concrete C has
cured and the storage space S has been filled with stored
fluid, notably water W

The inside pressure exerted by the stored fluid Won
the inner wall 30 is represented by arrows F3 in
Fi gure 5.

The reaction of said inner wall 30, prestressed by
the prestressing fluid C, is represented by arrow F2.

As a consequence of the stored fluid pressure F3,
the inner wall 30 tends to expand outwardly (that is,
towards the outside of the storage space), inducing
tensile hoop stress in the inner wall.

The conpressive hoop stress of the inner wall 30,
due to the prestressing, balances this tension resulting
fromthe stored fluid pressure, so that tensile stresses
of the inner wall stay at acceptable levels. The inner
wall is subjected to limted traction, and crack
formation is limted or even avoi ded.

The resulting deformation of the inner wall 30 is
represented in an exaggerated nmanner by dotted |ine D2,
in Figure 5.

In some circunstances, it is desired that the
maxi mum pressure in the gap does not exceed a
predet er mi ned val ue.

Further, limt values may be set for conpression of
the inner wall 30 during filling of the gap 40 and neans
(not shown) may be provided to nonitor the deformation of
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the inner wall 30 during prestressing, for exanple strain
gauges.

In an inplenmentation shown in Figures 6a) to 6¢), in
order to avoid exceeding such limt values, the nethod
may i nclude nonitoring the rate at which concrete is
i ntroduced into the gap.

In particular, the concrete C may be introduced into
the gap 40 step by step.

As shown in Figure 6a), a first volune of concrete
Cl is introduced into the gap 40 to fill a portion (here
the bottomthird) of the gap 40.

After the first volunme of concrete has set
conpletely, and as shown in Figure 6b), a second vol une
C2 of concrete is introduced into the gap, filling a
second portion (here a second third) of the gap 40.

Thereafter, once the second volune C2 has set, a
third volunme of concrete C3 is introduced into the gap,
above the first and second volumes Cl, C2 (Figure 6c¢)).

Since the maxi num pressure in the concrete increases
with increasing depth of liquid concrete, it can easily
be understood that in this step-by-step process, the
maxi mum pressure neasured in the concrete is limted in
conpari son with the enbodi nent described with reference
to Figure 4. As a direct consequence, the prestressing
force applied to the inner wall is also limted.

In contrast, in other cases, the pressure obtained
in the gap under atnospheric pressure may not be
sufficient.

In such circunstances, the top of the gap may be
sealed by a cap 62 as shown in Figure 7, and additional
pressure nmay be applied.

The seal ed gap may be connected to supply nmeans 60

configured to supply a filling substance to the gap, the
filling substance being the sane or different fromthe
prestressing material, and the filling substance may be

introduced in the gap under pressure, via the supply
means 60. The additional pressure may be applied from
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the top of the gap, though a hole 64 fornmed in the cap
62, or through holes 66 placed at any location in the
inner wall 30, as a function of the target conpression at
each | ocati on.

The prestressing force applied on the inner wall is
t hus i ncreased.

Anot her solution for obtaining the final desired

conpression at all locations of the liner is provided by
t he enbodi nent of Figure 8.
As shown, the prestressing of the inner wall is

further enhanced here by prestressing reinforcenent 80
di sposed horizontally inside the gap 40 and surroundi ng
the inner wall 30. These cables may be installed in the
gap 40 before introducing the prestressing fluid therein.

In yet another enbodi nent shown in Figures 9, 9A
and 9B, the inner wall may further be prestressed using
vertical prestressing reinforcenent 82, e.g. anchored in
the concrete raft 10 and fastened to the top end of the
inner wall 30. As shown in Figure 9A, which is a section
view on line | XA-1 XA of Figure 9, a plurality of cables
82 may be distributed in the circunferential direction,
preferably in regular manner.

Nevert hel ess, the above-described enbodi nents are
not limting on the present invention.

As an exanple, the prestressing fluid need not be a
hardeni ng material such as concrete. The prestressing
fluid may for exanple be water or any other fluid that
remains in a liquid state.

Under such circunmstances, the internediate |ayer 70
is constituted by a liquid, the liquid exerting a force
on the inner wall 30 towards the inside of the storage
space 10 throughout the life of the tank.

Further, under such circunstances, inlets such as
hol es 64, 66 described with reference to Figure 7 may
advant ageousl y be kept accessible so that prestressing
fluid or any other filling substance can be added in the
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gap so as to maintain the appropriate pressure on the
inner wall 30 for the entire life of the tank 100.
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CLAI M5
1. A nmethod of fabricating a buried storage tank (100)
conprising at |east the foll ow ng steps:

form ng bel ow ground a structure conprising an
outer wall (20) formng a first encl osed periphery
defining a first volune (V1), a raft (10), and an inner
wal | (30) form ng a second encl osed periphery defining a
fluid-tight storage space (S) for a fluid inside the
first volunme (V1); and

applying a prestressing force on the inner wall
(30) directed towards the inside of the storage space
(S), whereby the inner wall is subjected to conpressive
hoop stress.

2. A nethod according to claim1l, wherein the outer wall
(20) and the inner wall (30) are forned so as to be
spaced apart from each other, whereby a gap (40) is
formed between them and the prestressing step conprises
filling the gap (40) with at |east one prestressing fluid
(©, so that the prestressing fluid (C) exerts the
prestressing force on the inner wall (30).

3. A nethod according to claim2, wherein the
prestressing fluid (C) is a hardening materi al.

4. A nethod according to claim2 or claim3, wherein the
prestressing fluid (C conprises concrete, in particular
sl ow setting concrete.

5. A nethod according to any one of clains 2 to 4,
further conprising nonitoring the rate of introduction of
the prestressing fluid (C) into the gap (40).

6. A nmethod according to any one of clains 2 to 5,
further conprising nonitoring at |east one pressure
i nside the gap (40).
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7. A nmethod according to any one of clains 2 to 6,
further conprising sealing the top of the gap (40), the
seal ed gap remai ning connected to supply neans (60) for
supplying a filling substance, and introducing the
filling substance in the gap via said supply nmeans (60)
SO as to increase the prestressing force applied on the
i nner wall (30).

8. A nethod according to any one of clains 1 to 7,
wherein the inner wall (30) is fornmed after the outer
wal | (20) has been fornmed and the earth inside the first
volunme (V1) has been renoved.

9. A nethod according to any one of clains 1 to 8,
wherein the inner wall (30) is prestressed using
prestressing reinforcenent (80, 82).

10. A buried storage tank (100) conprising an underground
structure including an outer wall (20) formng a first
encl osed periphery defining a first volume (V1), a raft,
and an inner wall (30) formng a second encl osed

peri phery defining a fluid-tight storage space (S) for a
fluid inside the first volunme, the tank being adapted to
be in afilled state where a fluid is stored in the
storage space or in an enpty state where the storage
space is enpty, wherein the tank conprises prestressing
means adapted for applying a prestressing force on the
inner wall (30) directed towards the inside of the
storage space (S) in at |east one configuration, whereby,
in the enpty state of the tank, the inner wall (20) is
subj ected to conpressive hoop stress.

11. A buried storage tank (100) according to claim 10,
wherein the outer wall (20) and the inner wall (30) are
separated from each other by an internedi ate |ayer (70),
and the internediate | ayer conprises the prestressing
nmeans.
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12. A buried storage tank (100) according to claim11,
wherein the internedi ate | ayer (70) conprises a hardening
mat eri al that has set, notably concrete.

13. A buried storage tank (100) according to claim11,
wherein the internmediate layer (70) is nmade of a materia
inthe liquid state, said material exerting a force on
the inner wall (30) directed towards the inside of the
storage space (9S)

14. A buried storage tank (100) according to any one of
clains 11 to 13, wherein the internediate | ayer (70)
extends continuously around the entire periphery of the
i nner wall (30).

15. A buried storage tank (100) according to any one of
clains 10 to 14, wherein the inner wall (30) is a
concrete wall.

16. A buried storage tank (100) according to any one of
clains 10 to 14, wherein the inner wall (30) is nmade of
st eel .



