
- 1 - TERMINATION dF THE SECONDARY MEMBRANE OF AN LNG TANK Technical field
of the invention 5 The present invention relates to the making of
impermeable and thermally insulated tanks built into a loadbearing
structure. Prior art 10 French patent applications No. FR 2 691 520 and No.
FR 2 724 623 have already proposed an impermeable and thermally insulated
tank built into a loadbearing structure formed by the double hull of a
ship. Each 15 wall of the tank has, in succession, proceeding from the
inside of the tank to the loadbearing structure, a primary impermeable
barrier in contact with the product contained in the tank, a primary
thermally insulating barrier, a secondary impermeable barrier and a 20
secondary thermally insulating barrier. The primary thermally insulating
barrier, the secondary impermeable barrier and the secondary thermally
insulating barrier are essentially made up of multiple 25 prefabricated
panels fixed to the loadbearing structure. Each prefabricated panel is
formed of: firstly, a first rigid plate carrying a layer of thermal
insulation with which it forms a secondary thermally insulating barrier
element; secondly, a 30 flexible or rigid sheet stuck essentially to the
whole of the surface of the thermal insulation layer of the aforementioned
secondary thermally insulating barrier element, said sheet forming a
secondary impermeable barrier element; thirdly, a second thermal insulation
35 layer which partly covers the aforementioned sheet and sticks to it;
and, fourthly, a second rigid plate covering the second thermal insulation
layer with which it forms a primary thermally insulating barrier element.
- 2 - In a zone at the top of the vertical walls of the tank, the secondary
impermeable barrier is connected to the loadbearing structure. This zone,
known as the 5 "termination zone of the secondary membrane", is not
described in the aforementioned documents. 



Figure 1 shows a cross section through the termination zone of the
secondary membrane of a prior art tank. The 10 loadbearing structure 1 is
formed by the double hull of a ship. It comprises a vertical section 2 and
a horizontal section 3. An L-shaped flat 4 is welded to the horizontal
section 3 and extends downwards. 15 In a known manner, prefabricated panels
(not shown) are fixed to the vertical section 2 to form the primary
thermally insulating barrier, the secondary impermeable barrier and the
secondary thermally insulating barrier. Figure 1 shows the layer 5 of
insulating material and 20 the impermeable sheet 6 of the uppermost
prefabricated panel. In the termination zone of the secondary membrane, the
sheet 6 must be connected impermeably to the 25 loadbearing structure 1.
This is done by using a flexible sheet 7 which is bonded on the one hand to
the sheet 6 of the prefabricated panel, and on the other hand to the
L-shaped flat 4. The sheet 7 is bonded to the L-shaped flat 4, and two
layers of mastic 8 are 30 provided, in the manner shown in more detail in
Figure 2. A compression beam 9 is bolted to the L-shaped flat 4.      This
system of closing the secondary membrane has 35 several disadvantages. In
the first place, the mechanical join between the sheet 7 and the L-shaped
flat 4 is complicated to prepare because it requires not only bonding the
sheet  -3- 7  but also applying two layers of mastic 8 and bolting down the
beam 9. In the second place, the limited surface area bonded 5 between the
sheet 7 and the L-shaped flat 4 requires the use of highly trained and
experienced labour to carry out all the steps correctly and ensure there
can be no leaks of LNG in either gaseous or liquid form. 



10 Summary of the invention One problem which the present invention seeks
to solve is the provision of a tank that avoids at least some of the
disadvantages of the prior art mentioned above. In 15 particular, it is an
object of the invention to provide a tank in which the secondary
impermeable barrier can be connected more easily to the loadbearing
structure. It is another object of the invention to maximize the
possibility of automating the manufacture of the tank 20 and make it as
reliable as possible. The solution proposed by the invention is a liquefied
natural gas container comprising a loadbearing structure and an impermeable
and thermally insulated 25 tank designed to contain liquefied natural gas,
said tank comprising a plurality of tank walls fixed to said loadbearing
structure, each tank wall having in succession, in the direction of the
thickness, proceeding from the inside of said tank to the outside, 30 a
primary impermeable barrier, a primary thermally insulating barrier, a
secondary impermeable barrier and a secondary thermally insulating barrier,
said tank walls comprising at least one vertical wall, the 



secondary impermeable barrier of said vertical wall 35 comprising a first
impermeable sheet at the top of said wall and a connecting device which
impermeably connects said first impermeable sheet to said loadbearing
structure, said container being characterized in that said connecting
device comprises a first metal plate  - 4 - parallel to said fifst
impermeable sheet, a third impermeable sheet bonded to said first metal
plate, and a second impermeable sheet which is bonded on the one hand to
said first impermeable sheet and on the other 5 hand to said third
impermeable sheet. As a variant, the second impermeable sheet may be bonded
directly to the first metal plate. This container may be for example a ship
or a land- 10 based container. Given the abovementioned features, the
second impermeable sheet is bonded to each of two parallel surfaces. This
bonding can therefore be done easily in an automated and reliable manner.
The first impermeable sheet can be bonded before installation in 15 the
tank, in the workshop. The first plate is metallic, so it can be connected
to the loadbearing structure, directly or indirectly, by continuous
welding. This continuous welding can also be done easily in an automated
and reliable manner. The invention thus makes 20 it possible to dispense
with the use of layers of mastic. In addition, the bonding of the second
sheet does not require highly trained and experienced labour.   For
preference, said second impermeable sheet is 25 flexible and has an
unbonded zone between the first impermeable sheet and the third impermeable
sheet. Because of the flexibility of the second sheet and because of the
unbonded zone movements imposed by the 30 loadbearing structure and the
secondary thermal insulation are absorbed by the secondary impermeable
barrier. 



Advantageously, said first metal plate is welded to a 35 metal component
connected to the loadbearing structure. For preference, said metal
component has a vertical part and a horizontal part, the first metal plate
being welded to the vertical part and the horizontal part  - 5 - being
connected to the ldadbearing structure. The length of the horizontal part
allows the position of the vertical part to be adjusted during installation
5 of the metal component. This allows the position of the vertical part to
be adjusted to suit the position of the first sheet. In one embodiment the
vertical part, to which the third impermeable sheet is bonded, is
positioned in such a way that the first and third 10 sheets are situated in
the same plane. This further simplifies bonding. Advantageously, said first
impetuteable sheet is bonded to a layer of insulating material or to a
plate of 15 plywoodforming part of the secondary thermally insulating
barrier. In one embodiment, said loadbearing structure comprises vertical
concrete wall sections installed on land. In another embodiment, said
loadbearing structure comprises the double hull of a floating vessel. 



Brief description of the figures  The invention will be understood more
clearly, and other objects, details, features and advantages thereof will
become more clearly apparent in the course of the following description of
various particular embodiments of the invention, given purely by way of
illustration and without implying any limitation, with reference to the
appended drawings. In these drawings:  Figure 1 is a cross section through
a prior art 30            tank at the termination zone of the secondary
35membrane,  Figure 2 shows a detail from Figure 1,  Figure 3 is a cross
section through a tank in one embodiment of the invention, at the
termination zone of the secondary membrane,  - 6 -  Figures 4 and 5 show
details from Figure 3,  Figure 6 is a perspective view of the termination
zone of the secondary tank membrane shown in Figure 3, at a corner,
5Figures 7 and 8 show a bracket in the corner of Figure 6,  Figure 9 is a
view similar to Figure 6, in which certain parts have been removed,  Figure
10 is a cross section through a tank in 10another embodiment of the
invention, at the termination zone of the secondary membrane,  Figures 11
and 12 show details from Figure 10, and 



Figure 13 is a perspective view of the termination zone of the secondary
tank membrane shown in 15Figure 10, in a corner. Detailed description of
embodiments of the invention Figures 3 to 9 relate to a tank in a first
embodiment 20 of the invention. The tank has several tank walls and is
built into a loadbearing structure 11. The loadbearing structure 11 may be
the double hull of a ship or other kind of floating vessel. 25 As in the
prior art, each tank wall has in succession, proceeding in the direction of
the thickness from the inside of the tank to the outside, a primary
impermeable barrier, a primary thermally insulating barrier, a secondary
impermeable barrier, and a 30 secondary thermally insulating barrier. Much
as in the prior art identified in the introduction, the primary thermally
insulating barrier, the secondary impermeable barrier and the secondary 35
thermally insulating barrier consist essentially of multiple prefabricated
panels fixed to the loadbearing structure 11.  - 7 - consists of an
assembly of "impermeable sheets. Each sheet consists of a composite
material whose two outer layers are fibreglass cloths and whose
intermediate layer is a thin deformable aluminium foil approximately 5 0.1
mm thick. Depending on how it is made, the sheet may be rigid or flexible.
Each prefabricated panel therefore comprises, in part, a rigid sheet bonded
to a layer of thermally insulating material. At the joins between adjacent
panels, strips of flexible sheet 10 connect adjacent rigid sheets. In a
zone at the top of a vertical wall of the tank, the secondary impermeable
barrier, also known as the secondary membrane, is connected to the
loadbearing 15 structure 11. Figure 3 shows, in cross section, this zone
known as the termination zone of the secondary membrane. Figures 4 and 5
show details from Figure 3. The loadbearing structure 11 comprises a
vertical 20 section 12 and a horizontal section 13. An L-shaped flat 14 is
welded to the horizontal section 13. The flat 14 has a vertical part 27
that extends down, parallel to the vertical section 12, and a horizontal
part 28 situated at the lower end of the vertical part 25 27 and extending
at a distance from the vertical section 12. 



A fixing bracket 20 is fixed under the horizontal part 28. A U-shaped
stirrup 21 is fixed to the flat 14 and 30 to the bracket 20. More
specifically, the stirrup 21 has two parallel arms 30 connected by a wall
29 perpendicular to the arms 30. The arms 30 are fixed, one to the
horizontal part 28 of the flat 14, and one to the bracket 20. 35  It may be
observed, firstly, that the loadbearing structure 11 and the flat 14 are
the same shape as in the prior art shown in Figure 1. In other words, the
invention does not necessitate changing the shapes of  - 8 - commonly used
loadbearing structures. Secondly, the bracket 20 and the stirrup 21 can be
fixed easily in an automated and reliable manner by continuous welding. 5
In Figures 3 to 5 a layer 15 of thermally insulating material belonging to
a prefabricated panel at the top of the wall is visible. This layer 15 is
covered by a rigid sheet 16, except at an upper edge. At this upper edge
the layer 15 is thinner and the panel has a 10 recessed face 24 containing
a horizontal groove 25. The face 24 is approximately in the same plane as
the wall 29 of the stirrup 21, which is possible because the geometry of
the stirrup 21 is such that, during its fixing, the position of the wall 29
can be adjusted. 15 A metal plate 22 is welded to the wall 29 of the
stirrup and extends down, covering the face 24 as far as the groove 25. At
its lower extremity the plate 22 has a lip 26 which is bent into the groove
25. A strip 20 of rigid sheet 23 is bonded to the plate 22. As Figure 5
shows, a strip of flexible sheet 17 is bonded both to the sheet 16 and to
the sheet 23. Between the sheets 16 and 23 is an unbonded zone. It 25 can
be seen that this bonding is performed on two parallel surfaces on which
there are rigid sheets. This bonding can therefore be done easily, in an
automated and reliable manner. In a variant, there is no strip of sheet 23
and the strip of sheet 17 is bonded directly 30 to the plate 22. The
foregoing structure enables the sheet 16 of the prefabricated panel to be
connected impermeably to the loadbearing structure 11 by means of the
flexible sheet 



35 17, optionally the rigid sheet 23, the plate 22, the stirrup 21, and the
flat 14. Moreover, the flexibility of the sheet 17 allows movements of the
loadbearing structure 11 and the secondary thermal insulation to be
absorbed by the secondary impetmeable barrier, leaving  - 9 - an unbonded
zone between the sheet 23 and the sheet 16.    Figure 6 is a perspective
view of a corner of the tank formed by two vertical walls. In each wall,
certain of 5 the components described above can be seen. Figure 7 is
similar to Figure 6 and shows a variant in which a bracket 31 is fixed in
the angle, to keep the flexible sheet 17 in position. The reason for this
is 10 that bonding to a flat surface subjects the bonding of the angle
zones to a resultant of thermomechanical forces perpendicular to the plane
of bonding, which can cause the bonded join to peel apart and fail.
Depending on the dimensions of the tank and the bonding 15 characteristics,
such a bracket 31 may or may not be necessary. Figure 8 shows the bracket
31 and its fixing bolts in more detail. Figure 9 is similar to Figure 6,
but the flexible sheet 20 17 has been drawn back to show the components
beneath it. It can be seen that the rigid sheet 23 takes the form, along
the walls, of a planar strip. As in the prior art, such a planar strip is
fabricated from two layers of fibreglass cloth, one on either side of an 25
aluminium foil, soaked together in resin and hot-pressed while the resin
cures. In the corner, the rigid sheet 23 takes the form of an L-shaped
strip. This kind of non-planar strip may be made by curing the resin, with
heat and pressure, on a mould with the desired 30 shape. As a variant, in
the corner, a flexible sheet 23 is used, which, because of its flexibility,
is able to conform to a corner zone. 



Figures 10 to 13 show a second embodiment of a tank 35 according to the
invention. The tank has several tank walls and is built into a loadbearing
structure 111. The loadbearing structure 111 comprises vertical wall
sections made of prestressed concrete. In this embodiment the loadbearing
structure 111 and the tank  - 10 - form a land-based LNG container. A metal
plate 114 is fixed to the loadbearing structure 111. For example, the plate
114 may be positioned while 5 the concrete is being poured. A metal plate
120 is welded to the plate 114 and extends horizontally. In a similar way
to the first embodiment, the primary thermally insulating barrier, the
secondary impermeable 10 barrier and the secondary thermally insulating
barrier of the tank are essentially made up of multiple prefabricated
panels fixed to the loadbearing structure 111. Figure 11 in particular
shows that each upper prefabricated panel comprises a layer 115 of
insulating 



15 material covered by a plywood plate 132. The plate 132 is covered by a
rigid sheet 116, except at a thinner upper edge, where the plate 132 has a
recessed face 124. 20 A metal plate 122 is screwed to the panel 132, on the
face 124, leaving an uncovered zone 133 adjacent to that part of the panel
132 which is covered by the sheet 116. The plate 122 is partly covered by a
rigid sheet 123. 25 As shown in Figure 12, a strip of flexible sheet 117 is
bonded on the one hand to the sheet 116, and on the other hand to the sheet
123. Between the sheets 116 and 123 is an unbonded zone. It may be observed
that this 30 bonding is done on two parallel surfaces on which there are
rigid sheets. The bonding can therefore be done easily, in an automated and
reliable manner. The sheets 116 and 123 are preferably both in the same
plane, thus making bonding even easier. As a variant, there is no 35 sheet
123, and the strip of sheet 117 is bonded directly to the plate 122.  angle
bar 121 has a horizontal wall 130 welded to the plate 120 and a vertical
wall 129 welded to the plate 122. 5 Consequently the above structure makes
it possible to connect the sheet 116 of the prefabricated panel impermeably
to the loadbearing structure 111, by means of the flexible sheet 117, the
rigid sheet 123, the plate 122, the angle bar 121, and the plates 120 and
10 114. The sheet 117 can be bonded in an automated and reliable manner. In
a similar way, the angle bar 121 can be welded in an automated and reliable
manner. The geometry of the angle bar 121 allows the position to be
adjusted to coincide with the position of the plate 15122. Figure 13 shows
the termination zone of the secondary membrane in perspective. An angle
zone 133 between two adjacent vertical walls can be seen. This angle is
more 



20 open than in the case of the first embodiment so there is less risk of
detachment by peeling. However, depending on the size of the tank and the
peeling characteristics, a securing bracket may optionally be fitted, in a
similar way to the bracket 31 in the first 25 embodiment. Although the
invention has been described in relation to a number of specific
embodiments, it will be obvious that it is not limited to these in any way
and that it 30 encompasses all technical equivalents of the means described
and their combinations if these come within the scope of the invention. In
the two embodiments described above, the flexible 35 sheet forms with in
particular the plate 22 or 122 a connecting device which impermeably
connects the sheet of a prefabricated panel to the loadbearing structure.
One connecting device has been described in relation to a floating vessel
and the other to a land-based  - 12 - container. Both connecting devices
may however be used with a floating vessel or a land-based container.  - 13
- CLAIMS 



Liquefied natural gas container comprising a loadbearing structure (11,
111) and an impermeable  5 and thermally insulated tank designed to contain
liquefied natural gas, said tank comprising a plurality of tank walls fixed
to said loadbearing structure, each tank wall having in succession, in the
direction of the thickness, proceeding from 10the inside of said tank to
the outside, a primary impermeable barrier, a primary thermally insulating
barrier, a secondary impermeable barrier and a secondary thermally
insulating barrier, said tank walls comprising at least one  15 vertical
wall, the secondary impermeable barrier of said vertical wall comprising a
first impertheable sheet (16, 116) at the top of said wall and a connecting
device which impermeably connects said first impermeable sheet to said
loadbearing  20 structure, said container being characterized in that said
connecting device comprises a first metal plate (22, 122) parallel to said
first impermeable sheet, and a second impermeable sheet (17, 117) which is
on the one hand bonded to said 25first impermeable sheet and on the other
hand connected to said first metal plate. Container according to the
preceding claim, in which said second impermeable sheet is flexible 30and
has an unbonded zone between the first impermeable sheet and the first
metal plate. Container according to either of the preceding claims, in
which a third impermeable sheet (23,  35 123) is bonded to said first metal
plate, said second impermeable sheet being bonded to said third impermeable
sheet. Container according to one of the preceding  - 14 - 



claim, in which said first metal plate i welded to a metal component (21,
121) connected to the loadbearing structure. 5 5.Container according to the
preceding claim, in which said metal component has a vertical part (29,
129) and a horizontal part (30, 130), the first metal plate being welded to
the vertical part and the horizontal part being connected to 10the
loadbearing structure. 6. Container according to one of the preceding
claims, in which said first impermeable sheet is bonded to a layer of
insulating material (15) or 15to a plate of plywood (132) forming part of
the secondary thermally insulating barrier. 7. Container according to one
of the preceding claims, in which said loadbearing structure
20comprisesverticalconcretewallsections installed on land. 8. Container
according to one of the preceding claims, in which said loadbearing
structure 25comprises the double hull of a floating vessel. 


