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tank has a pair of first anchor rods coupled to a respective
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SEALED AND THERMALLY INSULATING
TANK COMPRISING AN ANGLE BRACKE'T

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The invention relates to the field of sealed and thermally
insulating tanks. In particular, the mvention relates to the
field of sealed and thermally 1nsulating tanks 1n the context
of the storage or transportation of low-temperature liquids,
such as ship-borne tanks for transporting Liquefied Petro-
leum Gas (also referred to as LPG) at, for example, a
temperature of between —50° C. and 0° C., or for transport-
ing liquefied natural gas (LNG) at approximately —162° C.
at atmospheric pressure.

TECHNOLOGICAL BACKGROUND

Liquefied gas tanks are known for example from docu-
ment FR3008765. That document describes a methane
tanker tank comprising a plurality of longitudinal tank walls
and a plurality of transverse tank walls. Each wall of the tank
comprises a double sealing membrane intercalated with a
double insulating barrier.

When the liquefied gas 1s being loaded and offloaded, the
change in temperature imposes high thermal deformations
and therefore stresses on the sealed membranes of the tank.
Likewise, during transport at sea, the movement of the
liquefied gas 1n the tank applies strong forces to the insu-
lating barriers and the membranes of the tank. In order to
avold impairment of the sealing of the tank, according to
document FR3008765, the sealed membranes of the tank are
anchored on the bearing structure using anchoring couplers
in the zone where the longitudinal walls meet the transverse
walls. The sealed membranes are connected to the coupler
by composite beams fixed to an internal face of nsulating
box structures that form the thermally 1nsulating barriers.

Document W0O2017064413 describes a sealed and ther-
mally 1nsulating structure 1n particular for liquefied petro-
leum gas (LPG). In document W0O2017064413, anchor
strips are fixed to msulating edging blocks during prefabri-
cation. The msulating edging blocks and the anchor strips
mounted together are then aligned along the edge corner
during fabrication of the tank 1n the bearing structure. The
angle pieces of the membrane are welded on the anchor
strips 1n a subsequent step.

SUMMARY

One 1dea underlying the invention 1s to have the tensile
forces 1n the sealed membrane absorbed by couplers
anchored on the bearing structure without applying high
shear stresses to the elements that make up the thermally
insulating barrier.

According to a mode of embodiment, the invention pro-
vides a sealed and thermally insulating tank incorporated
into a polyhedral bearing structure, a first bearing wall of the
bearing structure and a second bearing wall of the bearing
structure forming an edge corner of the bearing structure, the
tank comprising a first tank wall anchored on the first
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bearing wall and a second tank wall anchored on the second
bearing wall, the tank walls comprising a thermally msulat-
ing barrier anchored on the corresponding bearing wall and
a sealed membrane borne by said thermally insulating
barrier.

According to a mode of embodiment, such a tank may
comprise one or more ol the following features.

According to a mode of embodiment, the tank further
comprises an angle bracket, the angle bracket comprising a
first flange borne by the thermally 1nsulating barrier of the
first tank wall and a second flange borne by the thermally
insulating barrier of the second tank wall, an end portion of
the sealed membrane of the first tank wall turned towards the
edge corner being fixed in a sealed manner to the first flange
of the angle bracket and an end portion of the sealed
membrane of the second tank wall turned towards the edge
corner being fixed 1n a sealed manner to the second flange
of the angle bracket in such a way that the angle bracket
connects 1n a sealed manner the sealed membrane of the first
tank wall and the sealed membrane of the second tank wall
in line with the edge comer,

the angle bracket comprising a pair of first tabs each
projecting from a respective end portion of the first flange 1n
the direction of the first bearing wall and a pair of second
tabs each projecting from a respective end portion of the
second flange in the direction of the second bearing wall,

the tank further comprising a pair of first anchor rods each
comprising a first end and a second end opposite the first
end, said first end being anchored to the second bearing wall
and said second end being coupled to a respective first tab
of the pair of first tabs, one, several or each of said first
anchor rods extending from the second bearing wall 1n the
direction of the corresponding first tab 1n order to transmit
a tensile load between the angle bracket and the second
bearing wall and retain the angle bracket on the thermally
insulating barrier,

the tank further comprising a pair of second anchor rods
cach comprising a first end and a second end opposite the
first end, said first end being anchored on the first bearing
wall and said second end being coupled to a respective
second tab of the pair of second tabs, one, several or each of
said second anchor rods extending from the first bearing
wall 1n the direction of the corresponding second tab in order
to transmuit a tensile load between the angle bracket and the
first bearing wall and retain the angle bracket on the ther-
mally insulating barrier.

By virtue of these features, the same angle bracket con-
nects 1n a sealed manner the sealed membranes of two tank
walls while being coupled to each of the bearing walls
bearing said tank walls. Such an angle bracket directly
coupled to the bearing walls thus prevents stresses on the
sealed membrane passing through the edging blocks on
which 1t lies. Furthermore, since such an angle bracket 1s
directly coupled to the two bearing walls forming the edge
corner of the bearing wall, 1t may be correctly kept 1n
position in the tank 1n relation to each of said bearing walls,
and this angle bracket therefore does not need to be fixed
onto the edging blocks other than by the anchor rods and can
simply lie on said edging blocks. Such an angle bracket
simply lying on the edging blocks under the action of the

anchor rods makes 1t possible to limit workshop prefabri-
cation and does not require any other step of fixing, for
example by riveting, of the angle brackets on the edging

blocks.
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By virtue of these features, the angle bracket has good
rigidity facilitating 1ts placement on the edging blocks.
Furthermore, such ngidity makes 1t possible to increase the
levels of mechanical stress passing through the angle brack-
ets.

According to a mode of embodiment, one said or each
first tab projects from a lower face of the first tlange facing
the first bearing wall at a distance from a lateral edge of the
first flange of the angle bracket forming one end of the first
flange, and one said or each second tab projects from a lower
tace of the second flange facing the second bearing wall at
a distance from a lateral edge of the second flange of the
angle bracket forming one end of the second flange.

By virtue of these features, the lateral edge of the first
flange may extend beyond the tab and therefore approach an
adjacent element, for example the edge facing an adjacent
angle bracket. Thus the space separating two adjacent angle
brackets may be limited to facilitate producing a sealed
connection along the edge comer between said adjacent
angle brackets while also forming a suflicient space to allow
an anchor rod to pass into this zone.

According to a mode of embodiment, a longitudinal edge
of the first flange parallel to the edge corner projects beyond
the first tabs 1n a direction perpendicular to the second
bearing wall 1n such a way that said longitudinal edge of the
first flange 1s further from the second bearing wall that said
first tabs 1n said direction perpendicular to the second
bearing wall, and/or a longitudinal edge of the second flange
parallel to the edge corner projects beyond the second tabs
in a direction perpendicular to the first bearing wall 1n such
a way that said longitudinal edge of the second flange is
turther from the first bearing wall than said second tabs 1n
said direction perpendicular to the first bearing wall.

By virtue of these features, the available surface area on
the flange of the angle bracket for welding the sealed
membrane may be enlarged and mounting tolerances can be
managed more easily.

According to a mode of embodiment, the thermally insu-
lating barrier of the first tank wall forms a first support
surface on which the sealed membrane of the first tank wall
lies, and the thermally insulating barrier of the first tank wall
forms a first milling arranged at one end of the first support
surface turned towards the edge comer, the first flange of the
angle bracket being housed 1n said first milling 1n such a way
that an upper face of the first flange of the angle bracket 1s
flush with the first support surface; and the thermally 1nsu-
lating barrier of the second tank wall forms a second milling
arranged at one end of the second support surface turned
towards the edge corner, the second flange of the angle
bracket being housed 1n said second milling 1n such a way
that an upper face of the second tlange of the angle bracket
1s flush with the second support surface.

By virtue of these features, the angle bracket and the
thermally 1nsulating barriers of the tank walls together form
substantially planar and uniform surfaces for receiving the
sealed membranes of said tank walls.

Such an angle bracket may be formed with different
lengths. According to a mode of embodiment, the tank
comprises a row of angle brackets juxtaposed and connected
in a sealed manner 1n pairs along the edge corner.

According to a mode of embodiment, several, certain or
all of the angle brackets in the row of angle brackets
comprise a first flange borne by the thermally insulating
barrier of the first tank wall and a second flange borne by the
thermally insulating barrier of the second tank wall, an end
portion of the sealed membrane of the first tank wall turned
towards the edge corner being fixed 1n a sealed manner to the
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first flange of said angle brackets and an end portion of the
sealed membrane of the second tank wall turned towards the
edge comer being fixed 1n a sealed manner to said second
flange of said angle brackets 1n such a way that said, several,
certain or all of the angle brackets 1n the row connect 1n a
sealed manner the sealed membrane of the first tank wall and
the sealed membrane of the second tank wall 1n line with the
edge corner,

one, several or each of said angle brackets further compris-
ing a pair of first tabs each projecting from a respective end
portion of the first flange of said angle bracket in the
direction of the first bearing wall and a pair of second tabs
cach projecting from a respective end portion of the second
flange of said angle bracket in the direction of the second
bearing wall,

the tank comprising a row of first anchor rods each com-
prising a first end and a second end opposite the first end, a
plurality of first anchor rods in the row of first anchor rods
having a said first end anchored to the second bearing wall
and a said second end coupled to at least one first tab of at
least one angle bracket in the row of angle brackets, said first
anchor rods extending from the second bearing wall 1n the
direction of said at least one first tab 1n order to transmit a
tensile load between said at least one angle bracket and the
second bearing wall and retain said at least one angle bracket
on the thermally insulating barrier,

the tank further comprising a row of second anchor rods
cach comprising a first end and a second end opposite the
first end, a plurality of second anchor rods in the row of
second anchor rods having a said first end anchored on the
first bearing wall and a said second end being coupled to at
least one second tab of at least one angle bracket in the row
ol angle brackets, said second anchor rods extending from
the first bearing wall 1 the direction of said at least one
second tab 1n order to transmit a tensile load between said at
least one angle bracket and the first bearing wall and retain
said at least one angle bracket on the thermally insulating
barrier.

According to a mode of embodiment, the second end of
one said anchor rod 1s jointly coupled to two anchor tabs
belonging to two adjacent angle brackets in said row of
angle brackets to retain said two adjacent angle brackets on
the thermally insulating barrier. Such an arrangement may
be employed for one, several or all of the first anchor rods
and/or for one, several or all of the second anchor rods. This
arrangement makes 1t possible to use the anchor rod jointly
for anchoring two angle brackets, which limits the number
ol anchor rods to be installed and the corresponding space
occupied thereby.

According to a mode of embodiment, the thermally 1nsu-
lating barrier of the first tank wall comprises a row of first
edging blocks anchored on the first bearing wall and juxta-
posed along the edge corner, at least two of said first edging
blocks each comprising a groove formed 1n the thickness of
the first edging block from an upper face of the first edging
block 1n such a way as to form a space accessible from the
second bearing wall 1n the first edging block, the anchor rods
of said pair of first anchor rods being housed 1n the grooves
of the two first edging blocks, the first flange of the angle
bracket being disposed overlapping said two first edging
blocks 1n such a way that the first tabs of said angle bracket
project into said grooves of the two edging blocks.

Such an 1nsulating block may be formed 1n different ways
and with different materials, notably 1n the form of blocks of
insulating foam, for example polyurethane foam, or in the
form of box structures filled with an insulating filling.
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According to a corresponding mode of embodiment, at least
one of the first edging blocks comprises:

a bottom panel which is rectangular overall,

a cover panel which 1s rectangular overall disposed parallel
to the bottom panel plumb with the bottom panel,

spacer elements, disposed between the bottom panel and the
cover panel and extending in a thickness direction of the
edging block between the bottom panel and the cover panel
in such a way as to keep the cover panel at a distance from
the bottom panel,

an msulating filling disposed between the bottom panel and
the cover panel and between the spacer elements, 1 such a
way as to fill an internal space of the edging block,

in which the cover panel has at least one cut-out opening on
a transverse edge of the cover panel facing the second
bearing wall at a position located between two longitudinal
edges of the cover panel, a transverse side of the edging
block facing the second bearing wall comprising at least one
opening located in line with said at least one cut-out,

the spacer elements and the msulating filling being disposed
in such a way as to form a free space under said at least one
cut-out of the cover panel and 1n line with said at least one
opening on the transverse side of the edging block, said free
space forming the groove formed 1n the thickness of said
edging block. According to a mode of embodiment, the or
cach groove of the edging block may be formed using this
structure comprising a cut-out in the cover panel and an
opening on the side of the edging block. The insulating
filling may be made of different materials, for example glass
or rock wool, perlite, polymer foam, etc.

According to a mode of embodiment, the thermally insu-
lating barrier of the second tank wall comprises a row of
second edging blocks anchored on the second bearing wall
and juxtaposed along the edge corner, at least two of said
second edging blocks each comprising a groove formed 1n
the thickness of the second edging block from an upper face
of the second edging block 1n such a way as to form a space
accessible from the first bearing wall 1n the second edging
block, the anchor rods of said pair of second anchor rods
being housed i the grooves of the two second edging
blocks, the second flange of one angle bracket being dis-
posed overlapping the two second edging blocks in such a
way that the second tabs of said angle bracket project into
said grooves of the two second edging blocks.

By virtue of these features, the anchor rods are not housed
between the edging blocks. The distance between two adja-
cent edging blocks can thus be limited.

By virtue of these features, sealing of the sealed mem-
brane 1s ensured 1n a corner of the tank.

The angle bracket may be formed in different ways,
preferably from a metallic material.

According to a mode of embodiment, the tlanges and the
tabs of the angle bracket are attached to one another or
formed from a single element 1n such a way that the angle
bracket 1s one-piece. By one-piece, i1t 1s meant that the angle
bracket 1s a single part or a plurality of parts which are
pre-assembled for example by welding. According to a
mode of embodiment, one angle bracket 1s made up of two
anchor strips disposed respectively either side of the edge
corner and ol one or more angle pieces attached on the
anchor strips 1n order to connect them 1n a sealed manner 1n
line with the edge corner. Other modes of embodiment
employing anchor strips are described below.

According to a mode of embodiment, the thermally insu-
lating barrier of a first tank wall comprises a row of edging
blocks anchored on the first bearing wall and juxtaposed
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along the edge corner 1n such a way as to form a support
surface parallel to the first bearing wall,

the tank comprising a row of anchor strips extending parallel
to the edge comer, said anchor strips being borne by the first
support surface and anchored to the second bearing wall by
a row of anchor rods, one, several or each of said anchor rods
comprising a first end anchored to the second bearing wall
and a second end coupled to the row of anchor strips 1n order
to transmit a tensile load between the row of anchor strips
and the second bearing wall, an end portion of the sealed
membrane of the first tank wall turned towards the edge
corner being fixed 1n a sealed manner on said row of anchor
strips,

a first and a second of said edging blocks each comprising
a groove formed 1n the thickness of said edging block from
an upper face of said edging block 1n such a way as to form
a space accessible from the second bearing wall in the
edging block, a first and a second of said anchor rods being
housed respectively in the groove of the first and of the
second edging block,

an anchor strip 1n the row of anchor strips 1s supported
overlapping the first edging block and the second edging
block, said anchor strip comprising a first tab and a second
tab projecting respectively from two opposite end portions
of the anchor strip 1n the direction of the first bearing wall,
the first and second tabs being engaged respectively 1n the
groove of the first edging block and of the second edging
block and being respectively coupled to the first anchor rod
and to the second anchor rod.

Such a tank 1n which the tabs of the anchor strip are
housed 1n the grooves of the edging blocks does not require
adaptation of the space between said edging blocks in order
to house said anchor rods therein. It 1s thus possible to
reduce the spacing between said edging blocks. The reduc-
tion 1n the space between two adjacent edging blocks may
lead to a reduction 1n the insulation to be placed between
said edging blocks and therefore a simplification of the
industrial application and a limitation of industrial risk 1n the
positioning.

Furthermore, the arrangement of the anchor rods in the
grooves may ofler greater freedom 1in positioning of the
couplers allowing anchoring of the edging blocks on the
bearing walls.

In some modes of embodiment, some or all of the edging
blocks may comprise a groove formed in the thickness of
said edging block from an upper face of said edging block
such as to form a space accessible from the second bearing
wall 1n the edging block, 1n such a way that all of said anchor
rods or a majority of the latter are housed in said grooves.

According to a mode of embodiment, said first and second
edging blocks have an equal length taken in a direction
parallel to the edge comer, and the anchor strip supported
overlapping the first edging block and the second edging
block has a length taken 1n the direction parallel to the edge
corner which 1s less than said length of the edging blocks.

According to a mode of embodiment, the groove of the
first edging block constitutes a first groove, the first edging
block turther comprising a second groove formed in the
thickness of said first edging block from the upper face of
said edging block and spaced apart from the first groove
along the edge comer 1n such a way as to form a second
space accessible from the second bearing wall, a third of the
anchor rods being housed in the second groove of said
edging block,
one anchor strip 1n the row of anchor strips 1s disposed only
on the first edging block, said anchor strip comprising a first
tab and a second tab projecting respectively from two
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opposite end portions of the anchor strip in the direction of
the first bearing wall, the first and second tabs being engaged
respectively in the first and second grooves of the first
edging block and being respectively coupled to the first
anchor rod and to the third anchor rod.

In some modes of embodiment, some or all of the edging
blocks may comprise two grooves spaced apart from one
another along the edge corner, one, several or each of said
grooves accommodating one of said anchor rods.

In some modes of embodiment, the row of anchor strips
and/or of angle brackets may comprise only anchor strips
and/or angle brackets disposed overlapping several edging
blocks or a combination of anchor strips and/or of angle
brackets disposed overlapping several edging blocks and of
anchor strips and/or of angle brackets disposed on only one
edging block. These two arrangements of the anchor strips
and/or of the angle brackets may be combined 1n different
proportions. The row of anchor strips and/or of angle
brackets may be made up of identical or different anchor
strips and/or angle brackets and the row of edging blocks
may be made up of identical or different edging blocks. In
a mode of embodiment, the anchor strips and/or the angle
brackets have a uniform length.

In a mode of embodiment, the edging blocks have a
uniform length. In this case, the uniform length of the anchor
strips and/or of the angle brackets may be a whole fraction
or an integer multiple of the uniform length of the edging
blocks. For example, 1n a mode of embodiment in which the
uniform length of the anchor strips and/or of the angle
brackets 1s half of the uniform length of the edging blocks,
the anchor strips and/or the angle brackets are alternately
disposed on only one edging block or overlapping several
edging blocks. In a mode of embodiment, one anchor strip
and/or one angle bracket may also overlap more than two
edging blocks.

According to a mode of embodiment, the thermally insu-
lating barrier of one second tank wall comprises a second
row of edging blocks anchored on the second bearing wall
and juxtaposed along the edge corner 1 such a way as to
form a second support surface parallel to the second bearing
wall,
the tank comprising a second row of anchor strips extending
parallel to the edge corner, said anchor strips being borne by
the second support surface and anchored to the first bearing
wall by a second row of anchor rods, one, several or each of
said anchor rods comprising a first end anchored to the first
bearing wall and a second end coupled to the second row of
anchor strips in order to transmit a tensile load between the
second row of anchor strips and the first bearing wall, an end
portion of the sealed membrane of the second tank wall
turned towards the edge corner being fixed 1n a sealed
manner on said second row of anchor strips,

a first and a second of said edging blocks 1n the second row
cach comprising a groove formed in the thickness of said
edging block from an upper face of said edging block i such
a way as to form a space accessible from the first bearing
wall 1n the edging block, a first and a second of said anchor
rods 1n the second row being housed respectively i the
groove of the first and of the second edging block 1n the
second row,

one anchor strip in the second row of anchor strips is
supported overlapping the first edging block and the second
edging block in the second row, said anchor strip comprising
a first tab and a second tab respectively projecting from two
opposite end portions of the anchor strip 1n the direction of
the second bearing wall, the first and second tabs being
engaged respectively 1n the groove of the first edging block
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and of the second edging block in the second row and being
respectively coupled to the first anchor rod and to the second
anchor rod 1n the second row.

According to a mode of embodiment, the grooves of the
first and second edging blocks 1n the row of edging blocks
of the first tank wall are located 1n front of the grooves of the
first and second edging blocks 1n the second row of edging
blocks 1n line with the edge corner, in such a way that the
first anchor rod and the second anchor rod anchored to the
first bearing wall respectively intersect the first anchor rod
and the second anchor rod anchored to the second bearing
wall.

According to a mode of embodiment, the tank further
comprises angle pieces disposed on the edging blocks of the
first tank wall and of the second tank wall, the angle pieces
comprise two planar portions located in the planes of the
sealed membrane of the first and second tank walls, said
planar portions of said angle pieces being fixed 1n a sealed
manner to at least one metal strip 1n the row ol metal strips
in such a way as to connect 1n a sealed manner the sealed
membrane of the first tank wall and the sealed membrane of

the second tank wall.

The angle pieces fixed 1n a sealed manner on the metal
strips thus fulfil the same function as the angle bracket above
and make 1t possible to connect 1n a sealed manner the sealed
membranes of the two tank walls. Consequently, according
to a mode of embodiment, an angle bracket and an assembly
formed by one or more angle pieces fixed 1n a sealed manner
on metal strips may be substituted one with the other, for
example over part or all of an edge corner of the tank. The
modes of embodiment of angle brackets may also be used in
combination along an edge corer for example 1n an alter-
nating manner, etc.

According to a mode of embodiment, the bearing struc-
ture comprises a third bearing wall on which 1s anchored the
thermally insulating barrier of a third tank wall, said third
tank wall comprising a sealed membrane lying on the
thermally 1nsulating barrier of said third tank wall, the third
bearing wall forming with the first bearing wall and the
second bearing wall a corner of the bearing structure located
at one end of said edge corner,
the tank comprising a sealed corner piece comprising a first
flange lying on the thermally insulating barrier of the first
tank wall, a second flange lying on the thermally nsulating
barrier of the second tank wall and a third flange lying on the
thermally msulating barrier of the third tank wall.

According to a mode of embodiment, the thermally 1nsu-
lating barrier of each of the first, second and third tank walls
comprises a respective corner isulating block, said corner
insulating blocks being joined 1n line with the corner of the
bearing structure.

According to a mode of embodiment, the corner piece 1s
adjacent to a last angle bracket or a last anchor strip in the
row ol angle brackets and/or of anchor strips, the first flange
of the last angle bracket or anchor strip being connected 1n
a sealed manner to the first flange of the corner piece and the
second flange of the last angle bracket or anchor strip being
connected 1n a sealed manner to the second flange of the
corner piece.

According to a mode of embodiment, the corner insulat-
ing block of the first tank wall comprises a groove formed
in the thickness of said corner insulating block of the first
tank wall from an upper face of said corner insulating block
of the first tank wall 1n such a way as to form a space
accessible from the second bearing wall 1 said corner
insulating block,
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the comer insulating block of the second tank wall com-
prising a groove formed in the thickness of said corner
insulating block of the second tank wall from an upper face
of said corner msulating block of the second tank wall 1n
such a way as to form a space accessible from the first
bearing wall 1n said corner insulating block.

According to a mode of embodiment, a last angle bracket
or anchor strip located at the end of the row of angle brackets
and/or anchor strips of the first tank wall 1s disposed
overlapping an edging block and the corner insulating block
of the first tank wall, said end angle bracket or anchor strip
comprising a tab projecting into the groove of said corner
insulating block of the first tank wall and being coupled to
a last anchor rod located at the end of the row of anchor rods
in order to transmit a tensile load between said angle bracket
or anchor strip and the second bearing wall,

According to a mode of embodiment, a last angle bracket
or anchor strip located at the end of the second row of angle
brackets and/or anchor strips of the second tank wall 1s
disposed overlapping an edging block and the corner insu-
lating block of the second tank wall, said end angle bracket
or anchor strip comprising a tab projecting into the groove
of said corner insulating block of the first tank wall and
being coupled to a last anchor rod located at the end of the
row of anchor rods 1n order to transmit a tensile load
between said angle bracket or anchor strip and the first
bearing wall.

According to a mode of embodiment, the tank further
comprises a corner anchor rod having a first end anchored on
the bearing structure in the corner of the bearing structure
and a second end attached to the corner piece in order to
transmit a tensile load between the corner piece and the
bearing structure and retain the corner piece on the thermally
insulating barriers of the first, second and third tank walls,
said corner anchor rod extending 1n a central direction of the
solid angle formed by the corner of the bearing structure and
being attached to a central zone of the corner piece located
at the point of connection between the first, second and third
flanges of the corner piece.

According to a mode of embodiment, the corner piece
comprises a hollow cylindrical base which 1s open in the
central zone of the corner piece, said base having a perto-
rated bottom, the second end of the corner anchor rod
passing through the perforated bottom and being housed in
said hollow base 1n such a way as to retain said base on the
bearing structure, a metal corner plate being fixed 1n a sealed
manner on the corner piece 1n such a way as to block 1 a
sealed manner the opening of the base. Coupling of the
corner piece with the corner anchor rod 1s thus simple to
achieve through the opening of the base while maintaining
sealing of the corner piece by means of the metal corner
plate.

According to a mode of embodiment, the last angle
bracket comprises, at one end of the first flange connected in
a sealed manner to the first flange of the comer piece, a third
tab, a last first anchor rod in the row of first anchor rods
being coupled to one of the tabs of the pair of tabs of the first
flange located at said end of said first flange and to said third
tab, and 1n which the last angle bracket comprises, at one end
of the second flange connected in a sealed manner to the
second flange of the corner piece, a fourth tab, a last second
anchor rod 1n the row of second anchor rods being coupled
to one of the tabs of the pair of tabs of the second flange
located at said end of said flange and to said fourth tab.

Such a tank may form part of an onshore storage facility,
for example for storing LPG or may be stalled in an
inshore or deep-water tloating structure, notably a methane
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tanker, a floating storage and regasification unit (FSRU), a
floating production storage and offloading (FPSO) unit, or
the like.

According to a mode of embodiment, the imvention also
provides a ship for transporting a cold liquid product, the
ship comprising a double hull and an abovementioned tank
disposed 1n the double hull.

According to a mode of embodiment, the invention also
provides a method for loading or offloading such a ship, in
which a cold liquid product 1s conveyed through insulated
pipelines from or to a floating or onshore storage facility to
or from the tank of the ship.

According to a mode of embodiment, the invention also
provides a system for transierring a cold liquid product, the
system comprising the abovementioned ship, insulated pipe-
lines arranged 1n such a way as to connect the tank installed
in the hull of the ship to a floating or onshore storage facility
and a pump for causing a cold liquid product to flow through
the 1nsulated pipelines from or to the floating or onshore
storage facility to or from the tank of the ship.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood, and other objects,
details, features and advantages thereof will become more
clearly apparent during the course of the following descrip-
tion of a number of particular modes of embodiment of the
invention which are given solely by way of nonlimiting
illustration with reference to the appended drawings.

FIG. 1 1s a schematic perspective view of a sealed and
thermally insulating tank in relation to an angle of 90°
formed by two walls of said tank 1n which the sealing
membrane of one of the tank walls 1s not depicted;

FIG. 2 1s a detaill view of the sealed and thermally
insulating tank i FIG. 1 illustrating a plurality of edging
insulating elements and angle brackets at said angle of the
tank;

FIG. 3 1s a schematic perspective view ol an edging
insulating element 1n FIG. 2 1n which the cover panel 1s not
depicted;

FIG. 4 1s a schematic perspective view of the edging
insulating element in FIG. 3 illustrating the cover panel of
said edging insulating element;

FIG. 5 1s a schematic perspective view of an angle
bracket;

FIG. 6 1s a schematic perspective view of a corner
structure at the point of connection of three walls of the tank
in FIG. 1;

FIG. 7 1s a schematic perspective view from below of the
angle piece i FIG. 6 forming the sealed membrane corner;

FIG. 8 1s a schematic perspective view of an end angle
bracket 1n the row of angle brackets intended to collaborate
with a corner nsulating element;

FIG. 9 1s a schematic perspective view ol an edging
insulating element according to a variant embodiment;

FIG. 10 15 a plan view of a barrier of a longitudinal wall
of a sealed and thermally 1nsulating tank at one edge corner
with a transverse wall of the tank in which the sealed
membrane 1s not illustrated so as to show the collaboration
of the anchor strips with the anchor rods in this varant
embodiment;

FIG. 11 1s a schematic cutaway depiction of a tank of a

methane tanker and of a terminal for loading/oftloading this

tank.

OF

(Ll

DETAILED DESCRIPTION OF MOD.
EMBODIMENT

The drawings are described hereaiter in the context of a
bearing structure formed by the internal walls of a double
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hull of a ship for transporting liquefied gas. Such a bearing
structure has a polyhedral geometry, for example a prismatic
shape. Such a bearing structure comprises for example
longitudinal walls extending parallel to the longitudinal
direction of the ship and forming a polygonal cross section
in a plane perpendicular to the longitudinal direction of the
ship. These longitudinal walls meet at longitudinal edge
corners, which form for example angles of the order of 135°
in an octagonal geometry. The general structure of such
polyhedral tanks 1s for example described 1n relation to FIG.
1 of document FR3008765.

These longitudinal walls are interrupted in the longitudi-
nal direction of the ship by transverse bearing walls which
are perpendicular to the longitudinal direction of the ship.
The longitudinal walls and the transverse walls meet at front
and rear edge comers.

Each wall of the bearing structure bears a respective tank
wall. Each of the tank walls comprises at least one thermally
insulating barrier bearing a sealing membrane in contact
with a fluid stored 1n the tank such as liquefied natural gas
(LNG), or liquetied petroleum gas comprising butane, pro-
pane or propene, efc.

By convention, the adjective “upper” applied to an ele-
ment of the tank denotes the part of that element oriented
towards the interior of the tank and the adjective “lower”
denotes the part of that element oriented towards the outside
of the tank, regardless of the orientation of the wall of the
tank 1n relation to the earth’s gravitational field. Likewise,
the term “above” denotes a position located closer to the
interior of the tank and the term “below” denotes a position
located closer to the bearing structure, regardless of the
orientation of the wall of the tank 1n relation to the earth’s
gravitational field. Furthermore, since the tank walls have a
similar structure, the description of one element of one tank
wall described hereinafter applies by analogy to the other
tank walls. The following description of FIGS. 1 to 8 1s thus
given 1n the context of a 90° angle of the tank, but this
description 1s equally applicable by analogy to tank angles
having other configurations such as forming angles at 135°.

FIG. 1 1llustrates a tank angle at an edge comner 1, front
or rear, between a longitudinal bearing wall 2 and a trans-
verse bearing wall 3 of the bearing structure forming an
angle of the order of 90°. A longitudinal tank wall 1s
anchored on the longitudinal bearing wall 2 and a transverse
tank wall 1s anchored on the transverse bearing wall 3.

The thermally 1nsulating barrier of the longitudinal tank
wall 1s made up of a plurality of insulating elements
anchored on the whole longitudinal bearing wall 2. These
insulating elements together form a planar surface on which
the sealing membrane of the longitudinal tank wall 1s
anchored. These insulating elements comprise a plurality of
universal insulating elements 4 juxtaposed in a regular
rectangular grid pattern. The thermally insulating barrier of
the longitudinal tank wall also comprises a row of edging
insulating elements 35 described below 1n relation to FIGS. 3
and 4, disposed along the edge cormer 1. The insulating
clements 4, 5 are anchored on the bearing structure by any
suitable means, such as for example using anchor members
6. Such anchor members 6 may be formed in many ways and
are Tor example described 1n document W0O2017064413.

The insulating clements 4, 5 lie on the longitudinal
bearing wall 2 with the interposition of mastic beads (not
depicted) forming parallel straight or undulating lines. A
plurality of intermediary spaces 7 separate into pairs the
adjacent edging insulating elements 5. The ntermediary
spaces 7 of two tank walls 1n line with the edge corner 1 are
preferably aligned as shown in FIG. 2.
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The sealing membrane of the longitudinal tank wall 1s
made up of a plurality of metal sheets 8 juxtaposed with one
another with overlap. These metal sheets 8 preferably have
a rectangular shape. The metal sheets 8 are welded together
in order to ensure sealing of the sealing membrane. The
metal sheets 8 are for example made of stainless steel with
a thickness of 1.2 mm.

In order to allow the sealing membrane to deform in
response to the various stresses experienced by the tank, in
particular 1n response to the thermal contraction resulting
from the loading of liquefied gas into the tank, the metal
sheets 8 have a plurality of corrugations oriented towards the
inside of the tank. More particularly, the sealing membrane
of the tank wall comprises two series of perpendicular
corrugations forming a regular rectangular pattern. Prefer-
ably, the corrugations extend parallel to the edges of the
rectangular metal sheets 8.

In order to connect the sealed membrane of the longitu-
dinal tank wall and the sealed membrane of the transverse
tank wall, the tank comprises a row ol metal angle brackets
9 arranged in line with the edge comer 1. These angle
brackets 9 are aligned along the edge corner 1. These angle
brackets 9 are connected in a sealed manner in pairs along
the edge corner 1 1n such a way as to ensure sealing of the
sealed membrane 1n line with the edge comer 1.

As shown 1n FIGS. 1 and 2, the angle brackets 9 comprise
a first tlange 10 and a second flange 11. Said first flange 10
extends parallel to the longitudinal bearing wall 2. This first
flange 10 lies on one or more edging sulating elements 5
of the longitudinal tank wall. Likewise, the second flange 11
lies on one or more edging insulating elements 5 of the
transverse tank wall and extends parallel to the transverse
bearing wall 3. One end of the sealed membrane of the
longitudinal tank wall 1s anchored in a sealed manner, for
example by means of lap welding, on the first flanges 10 1n
the row of angle brackets 9. Likewise, one end of the sealed
membrane of the transverse tank wall 1s anchored on the
second flanges 11 in the row of angle brackets 9.

Furthermore, the angle bracket 9 1s anchored on the
bearing walls 2, 3 forming the edge corner 1 by means of
anchor rods 12 shown in FIG. 1. Each of these anchor rods
12 comprises a first end anchored on a respective bearing

wall 2, 3 and a second end coupled to two corresponding
adjacent angle brackets 9 via, for example, a respective

fastener 101 1n order to transmit the tensile loads to which

said angle brackets 9 are subjected directly to said bearing
wall. These anchor rods 12 extend parallel to the bearing
wall on which they are not anchored forming the edge corner
1. In other words, the anchor rods 12 anchored on the
longitudinal bearing wall 2 extend parallel to the transverse
bearing wall 3 and vice versa. Such anchor rods 12 are for
example described 1n document W0O2017064413 1n relation
to FIGS. 4 to 6, 9, 14 and 16.

FIGS. 3 and 4 show an edging insulating element 5 used
to form the rows of edging insulating elements 5 shown 1n
FIGS. 1 and 2. This edging insulating element 5 1s described
in the context of an edging isulating element of a longitu-
dinal wall at the edge corner 1, and its features can be
applied by analogy to other edging 1nsulating elements 5 of
the tank.

The edging insulating element 5 comprises a bottom panel
13, side panels and a cover panel 14. All of these panels have
a rectangular shape and together define an internal space of
the edging insulating element 5 1n which an msulating filling
15 1s housed. This msulating filling 15 1s preferably non-
structural, for example perlite or glass wool.
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The bottom panel 13 and the cover panel 14 extend
parallel to one another and, as shown in FIG. 2, parallel to
the longitudinal bearing wall 2 on which they are anchored.
The side panels extend perpendicularly to the bottom panel
13. The side panels connect the bottom panel 13 and the
cover panel 14 1n such a way as to form an insulating box
structure which has a parallelepiped shape overall. Bearing
spacers 16 are disposed between the bottom panel 13 and the
cover panel 14 1n the internal space of the edging insulating
clement 5. The panels and the bearing spacers 16 are
attached by any suitable means, for example clips, screws,
nails or the like.

These bearing spacers 16 extend perpendicularly to the
transverse bearing wall 2 and perpendicularly to the longi-
tudinal bearing wall 3 forming the edge corner 1. These
bearing spacers 16 are spaced 1n pairs with a regular pitch.
Furthermore, longitudinal side panels 17 forming the lon-
gitudinal edges of the edging insulating element 5 are
arranged parallel to the bearing spacers 16. These longitu-
dinal side panels 17 are spaced with the regular pitch of
adjacent bearing spacers 16.

A first transverse side of the edging insulating element 5
tacing the universal insulating elements 4 1s formed by a first
transverse side panel 18 extending parallel to the transverse
bearing wall 2. This first transverse side panel 18 comprises
through-orifices 19 intended to allow an inert gas to circulate
in the thermally insulating barrier.

A second side of the edging insulating element 5 parallel
to and facing the transverse bearing wall 3 1s formed by three
unconnected plates 20. Each of these plates 20 extends
parallel to the transverse wall 3. Furthermore, edges of these
plates 20 are arranged 1n line with bearing spacers 16 or with
longitudinal side panels 1 such a way as to lie flush with
said bearing spacers 16 or said longitudinal side panels 17.
The bearing spacers 16 in line with which two adjacent
plates 20 are arranged are also adjacent, such that the plates
20 are separated 1n pairs with the regular pitch separating
two adjacent bearing spacers 16. In other words, the second
side of the edging insulating element 3 has two openings 21
defined by the plates 20 and corresponding to the spacing
between two adjacent bearing spacers 16 1n line with which
the edges of said plates 20 are arranged.

The bottom panel 13 comprises rims 22 projecting from
the longitudinal side panels 17 and from the first transverse
side panel 18. Cleats 23 are borne by the rims 22 and
collaborate with anchor members 6 allowing anchoring of
the edging insulating element 5 on the bearing wall. Such
rims 22, cleats 23 and anchor members 6 may be formed in
many ways and are for example described 1n document

W02017064413.

As shown 1n FIG. 4, the cleat 23 and the rim 22 on which
said cleat 23 lies may comprise 1n their thickness a recess 51.
This recess 51 extends in the length direction of the 1nsu-
lating elements over the whole thickness of the cleat 23 and
over the whole thickness of the rim 22. The recesses 51 of
two adjacent edging 1nsulating elements 5 thus form a shaft
allowing a stud of the anchor member 6 to be housed. This
arrangement of the cleat 23 and of the rim 22 thus allows a
reduction in the space required between said adjacent edging
isulating elements 5.

The cover panel 14 comprises, on an upper face opposite
the msulating filling 15, steps 24 on each side of the edging
insulating element 5 having a rim 22. These steps 24 are
located 1n line with the corresponding side panels 17, 18 and
form a support zone for bridging elements 25 disposed
between two adjacent insulating elements 4, 5 1n order to
form a continuous support surface for the sealed membrane.
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Such steps 24 and such bridging elements 25 may be formed
in many ways and are for example described 1n document
W02017064413.

The upper face of the cover panel 14 further comprises a
transverse milling 26 and a longitudinal milling 27.

The transverse milling 26 extends 1n a direction parallel to
the transverse bearing wall over the whole length of the
cover panel 14 1n said direction parallel to the edge corner
1. The transverse milling 26 extends from one edge of the
cover panel 14 located in line with the plates 20 defining the
second side of the edging msulating element 3. This trans-
verse milling 26 extends for example over a distance sub-
stantially equal to one third of the width of the cover panel
14 1n a direction perpendicular to the transverse bearing wall
3.

The longitudinal milling 27 extends 1n a direction per-
pendicular to the transverse bearing wall 3 and connects the
step 24 1n line with the first transverse side panel 18 and the
transverse milling 26. Preferably, this longitudinal milling
277 1s centred on the cover panel 14 1n a direction parallel to
the edge corner 1. A longitudinal anchor strip 28 1s disposed
in this longitudinal milling 27 in order to anchor, for
example by lap welding, two adjacent metal plates 8 of the
sealed membrane of the tank wall.

The cover panel 14 also has two cut-outs 29 located in line
with the openmings 21 on the second side of the edging
insulating element 3. These cut-outs 29 extend 1n a direction
perpendicular to the transverse wall 3 by more than the
width of the transverse milling 26 taken in this same
direction. The transverse milling 26 1s extended around the
cut-out 29 by a respective milling 30 surrounding said
cut-out 29 beyond the transverse milling 26 1n said direction
perpendicular to the transverse bearing wall 3. Closure
plates 31 connect the cover panel 14 and the bottom panel
13 between the adjacent bearing spacers 16 located 1n line
with the cut-outs 29. Thus, the edging insulating element 3
has two grooves 32 formed 1n the thickness of said edging
insulating element 3 and each defined by the opening 21, the
cut-out 29, the adjacent bearing spacers 16 flush with the
opening 21 and the closure plate 31. These grooves 32 are
preferably centred between the longitudinal milling 27 and
the longitudinal side panels 17. The groove 32 has dimen-
s1ons allowing an anchor rod 12 to be housed. Preferably, the
insulating filling 15 1s disposed in the edging insulating
clement 5 between the adjacent bearing spacers 16 except
for the adjacent bearing spacers 16 defining the grooves 32
in order to allow anchor rods 12 to be housed 1n said grooves
32.

Many methods may be used in order to form the cover
panel 14. In the mode of embodiment shown i FIG. 4,
sheets of plywood having different dimensions are stacked
in order to form the cover panel 14 having the steps 24 and
the millings 26, 27, 30. In a mode of embodiment which 1s
not depicted, the cover panel 14 1s formed by a sheet of
plywood 1n which the steps 24 and the millings 26, 27, 30
are directly formed.

As shown in FIG. 5, each flange 10, 11 of the angle
bracket 9 has a pair of tabs 33, for example pre-assembled
by welding on the flanges 10, 11 or obtained by folding a
single piece of sheet metal. The tabs 33 of each pair of tabs
33 are disposed at opposing lateral ends of the flange 10, 11
and are therefore spaced apart from one another along the
edge corner 1. It will be understood from the fact that the
tabs are disposed at the lateral ends that said tabs 33 are
closer to the edges of the flange 10, 11 than to the middle of
the flange 10, 11 1n a direction parallel to the edge comer 1.
These tabs 33 project from a lower face of the flange 10, 11
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perpendicularly to said flange 10, 11. One end of the tab 33
opposite the point of connection between the tlanges 10, 11
has a cut-out 34. A bottom 35 of this cut-out 34 extends
perpendicularly to the flange 10, 11 from which said tab 33
projects. These tabs 33 of the first flange 10 may be coplanar
with a corresponding tab 33 of the second flange 11.
Advantageously, the tabs 33 of the first flange 10 and the
tabs 33 of the second flange 11 are formed in a continuous
manner. Such tabs 33 which are continuous with the flanges
10, 11 increase the rigidity of the angle bracket 9. In another
mode of embodiment, the tabs 33 of the flanges 10, 11 are
discontinuous at the edge corner.

As shown 1 FIG. 2, the angle brackets 9 have a dimen-
s10n 1n a direction parallel to the edge corner 1 equal to half
of the dimension of the edging 1nsulating elements S 1n the
same direction. The row of angle brackets 9 thus comprises
alternating angle brackets 9 lying on two adjacent edging
insulating elements 3 and angle brackets 9 lying on only one
of said edging insulating elements 5.

Moreover, the flanges 10 of the angle brackets 9 have a
length 1n a direction perpendicular to the transverse bearing
wall 3 substantially equal to the length of the transverse
millings 26 of the edging insulating elements 5 on which
said flanges 10 lie in this same direction. The flanges 10 are
housed 1n and have a thickness substantially equal to the
depth of the transverse millings 26 such that an upper face
of the tlanges 10 1s flush with an upper face of the cover
panel 14 and of the longitudinal anchor strips 28. As shown
in FI1G. 1, bridging plates 46 similar to the bridging plates 25
are disposed 1n the milling 30 surrounding the grooves 32
and flush with the upper face of the cover panel 14. Thus, the
flanges 10, the longitudinal anchor strip 28 and the upper
tace of the cover panel 14 and the bridging plates 46 together
form a substantially planar and continuous support surface
for receiving the end of the sealed membrane of the longi-
tudinal tank wall. The flanges 11 of the angle brackets 9 are
arranged 1n a similar manner on the edging insulating
clements of the transverse tank wall.

The angle brackets 9 are arranged on the edging insulating,
clements 5 1n such a way that the tabs 33 of one angle
bracket 9 are housed 1n a respective groove 32 of a corre-
sponding edging insulating element 5 on which said angle
bracket 9 lies. Thus, the tab 33 projects from a tlange 10, 11
and passes through a cut-out 29 of the cover panel 14 on
which said flange 10, 11 lies. Furthermore, since the angle
brackets 9 are juxtaposed along the edge corner 1, the same
groove 32 houses a respective tab 33 of each of the two
adjacent angle brackets 9 which meet in said groove 32.

Preferably, the tabs 33 project from the flanges 10, 11 at
a distance from the edges of the tlanges 10, 11 1n such a way
that the end of the flange 10, 11 forming said edge at least
partially covers the cut-out 29. This arrangement allows two
adjacent angle brackets 9 to cover as far as possible the
cut-outs 29 of the edging insulating elements 5 on which
they lie and therefore makes 1t possible to reduce the space
required for connecting in a sealed manner said adjacent
angle brackets 9. The sealed connection between two adja-
cent angle brackets 9 may be achieved 1n many ways, for
example by means of a corrugated connecting piece 36 such
as shown in FIG. 6. Such corrugated connecting pieces 36
comprise two planar bases 37 surrounding a corrugation and
forming an angle corresponding to the angle of the angle
brackets 9. These planar bases 37 are for example lap welded
on the ends of the adjacent angle brackets 9.

As shown 1 FIG. 1, each groove 32 furthermore houses
an anchor rod 12. Preferably, as shown in FIG. 1, the edging
insulating elements 5 anchored on the transverse bearing
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wall 3 are aligned with the edging insulating elements 5
anchored on the longitudinal bearing wall 1n such a way that
the grooves 32 of said edging insulating elements 5 are
aligned 1n a plane perpendicular to the edge comer 1. Thus,
the anchor rods 12 anchored on the longitudinal bearing wall
2 intersect the anchor rods 12 anchored on the transverse
bearing wall 3.

The anchor rods 12 are coupled with the tabs 33 housed
in said grooves 32. Thus, the flanges 10, 11 of one angle
bracket 9 are anchored by means of two anchor rods 12
housed 1n respective grooves 32 formed in the edging
insulating element(s) 5 on which said flange 10, 11 of the
angle bracket 9 lies. Collaboration between the anchor rods
12 such as to couple the tabs 33 and the anchor rods 12 may
be achieved in many ways, for example 1n a similar way to
collaboration between the anchor rods and the tabs described
in document W0O2017064413, which i1s to say using an end
of the anchor rod comprising a U-shaped hook each branch
of which collaborates with the bottom 35 of a tab 33.

Since the anchor rods 12 are housed in the grooves 32
formed 1n the edging nsulating elements 5, advantageously
there 1s no need for the space between the edging insulating
clements 5 to be set at a s1ze for housing said anchor rods 12.
Thus, the distance between two edging insulating elements
5 along the edge corner 1 may be reduced simply to the
distance required for housing the anchor members 6 of the
edging insulating elements 5, for example the distance 1is
approximately 50 mm.

Furthermore, since the angle brackets 9 are directly
anchored on each of the bearing walls 2, 3 forming the edge
corner 1 via the anchor rods 12, 1t 1s not necessary to fix said
angle brackets on the edging insulating elements 5. Thus, the
angle brackets 9 may lie directly in the transverse millings
26 and do not need to be anchored on the edging msulating
clements 5 by means of screwing, riveting, or the like.

In a mode of embodiment which is not depicted, the angle
brackets 9 have a length 1n a direction parallel to the edge
corner 1 which 1s identical to the length of the edging
insulating elements 5 1n the same direction. Furthermore,
cach edging insulating element S comprises only a single
groove 32 centred 1n this direction parallel to the edge corner
1. Thus, the longitudinal milling 27 1s disposed in line with
the groove 32 and extends the milling 30 surrounding the
groove 32.

Advantageously, 1n this mode of embodiment which 1s not
depicted, each tlange 10, 11 of the angle brackets 9 overlaps
two adjacent edging isulating elements 5 in such a way that
the tabs 33 of said flange 10, 11 are each housed 1n a groove
32 of one of the edging insulating elements 5 on which said
flange 10, 11 lies.

In another mode of embodiment which 1s not depicted, the
angle brackets 9 have a length 1n a direction parallel to the
edge corner 1 which 1s 1dentical to the length of the edging
insulating elements 5 1n this same direction. Moreover, the
edging 1nsulating elements 5 do not comprise any grooves
32 and the anchor rods 12 are housed between the adjacent
edging 1insulating elements 5 1n a similar way to that
described 1 document W02017064413. This mode of
embodiment necessitates sutlicient spacing between the edg-
ing 1nsulating elements 5 in order to house the anchor rods
12 but does not require anchoring of the angle bracket 9 on
the edging insulating eclements 35, thus allowing simple
mounting ol the sealed membranes in line with the edge
COrners.

In another mode of embodiment which 1s not depicted, the
angle brackets 9 have a length 1n a direction parallel to the
edge corner 1 which 1s equal to half of the length of the
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edging insulating elements 5 1n this same direction. More-
over, the edging insulating element S has a single groove 32
centred on said edging insulating element 5 1n this same
direction. Furthermore, anchor rods 12 are disposed both 1n
the grooves 32 formed 1n the edging nsulating elements 3
and between said edging insulating elements 5. Fach angle
bracket 9 lies on a respective edging insulating element 3
and has on the one hand a tab 33 housed 1n the groove 32 of
said edging insulating element 5 and coupled with the
anchor rod 12 housed 1n said groove 32 and, on the other
hand, a tab 33 housed in the space between said edging
insulating element 5 and an adjacent edging insulating
clement collaborating with an anchor rod 12 housed 1n said
space.

FIG. 6 shows a tank corner at the point of connection
between two longitudinal bearing walls 2 and a transverse
bearing wall 3. The thermally 1nsulating barrier of each of
the tank walls comprises a corner insulating clement 38
extending the rows of edging insulating elements 5 along the
edge corners of the bearing walls 2, 3 meeting at said corner.
One corner piece 39 lies on the corner insulating elements
38. This corner piece 39 comprises three corner flanges 40
cach extending in a plane parallel to a respective bearing
wall 2, 3 and lying on a corner insulating element 38 of a
corresponding tank wall. This corner piece 39 1s anchored 1n
the comer of the bearing structure by a single corner anchor
rod.

Only features of the comer insulating element 38 of a
longitudinal tank wall are described hereinatter, this descrip-
tion applying by analogy to the other corner insulating
elements 38 of the other tank walls. Likewise, collaboration
between one corner tlange 40 lying on said corner insulating
clement 38 and the row of angle brackets 9 along the edge
corner 1 described hereimnaiter applies by analogy to col-
laboration between the other corner tlanges 40 and the other
rows of angle bracket 9 along the other edge corners forming,
the corner.

The corner insulating element 38 illustrated in FIG. 6
comprises 1n 1ts thickness a groove 41 facing the transverse
bearing wall 3 similar to the grooves 32 described above.
Furthermore, this corner insulating element 38 comprises a
corner milling extending, along the edge corner 1, the
transverse milling 26 of the edging insulating elements 5 in
which the angle brackets 9 are housed along the edge corner
1.

FIG. 7 1s a schematic perspective view from below of the
corner piece 39 forming the sealed membrane corner. The
corner piece 39 comprises a hollow cylindrical base 47 an
internal opening of which opens 1n the corner formed by the
point of connection of the three corner flanges 40. This
cylindrical base 47 comprises a bottom 48 perforated by a
through-orifice 49.

When the tank 1s fabricated, a corner anchor rod 99
extending 1n a central direction of the solid angle formed by
the corner of the bearing structure 1s welded onto the bearing,
structure 1n said corner of the bearing structure. To this end,
an anchor plate (not depicted) extending 1n a plane perpen-
dicular to the direction of the corner anchor rod 99 1s fixed
to a first end of said corer anchor rod 99. Edges of this
anchor plate are then welded onto respective bearing walls
forming said corner in order to anchor the corner anchor rod
on the bearing structure at 1ts first end.

When the corner piece 39 1s installed on the comer
insulating elements 38, a second end of the corner rod 99
opposite the first end of the corner rod is mnserted into the
cylindrical base 47 through the through-orifice 49 in the
bottom 48 of the cylindrical base 47 1n such a way as to
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project 1into the internal space of said cylindrical base 47. A
nut 1s then fixed onto this second end of the corner anchor
rod 1n the internal space of the cylindrical base 47 1n order
to couple said cylindrical base 47 on the corner anchor rod.
A metal corner plate 50 such as illustrated 1n FIG. 6 1s then
attached and welded 1n a sealed manner on the corner piece
39 at the cylindrical base 47 in order to close 1n a sealed
manner said cylindrical base 47 and ensure sealing of the
corner piece 1n the corner of the sealed membrane.

As shown 1n FIG. 6, an end angle bracket 42 in the row
of angle brackets 9 lies both on the corner insulating element
38 and an end edging insulating element adjacent to said
corner msulating element 38.

This end angle bracket 42 has, at 1ts end closest to the
corner, two tabs 33 projecting 1n the direction of the longi-
tudinal bearing wall 2. Furthermore, this end angle bracket
42 fully covers a cut-out 43 of the groove 41 similar to the
cut-out 29 of the edging insulating elements 5. In other
words, the edge 44 at the end of the end angle bracket 42
from which said two tabs 33 housed 1n the groove 41 project
lies on the corner milling beyond the groove 41 of the corner
insulating element 38.

Moreover, an anchor rod 12 1s housed in the groove 41 of
the corner 1msulating element 38 and 1s coupled to the two
tabs 33 of the end angle bracket 42 housed 1n said groove 41
in order to anchor the end angle bracket 42 on the transverse
bearing wall 3.

An end angle bracket 42 1n the context of a 135° edge
corner ol the bearing structure 1s shown schematically 1n
FIG. 8 and shows that the end of said end angle bracket 42
has two tabs 33 projecting from the first flange 10 1n order
to collaborate with the end anchor rod housed 1n the corre-
sponding corner msulating element 38.

In a mode of embodiment which 1s not depicted, the end
angle bracket 42 1s identical to the other angle brackets 9 1n
the row of angle brackets 9 and has only one tab 33 housed
in the groove 41 of the comer 1nsulating element 38, this
single tab 33 being coupled to the anchor rod 12 housed 1n
said groove 41.

The corner flange 40 lies in the cormer milling of the
corner insulating element 38. This corner flange extends and
1s flush with the end angle bracket 42. A corrugated con-
necting piece 36 such as described above 1s fixed 1n a sealed
manner, for example by lap welding, both on the end angle
bracket 42 and the corner tlange 40.

FIG. 9 shows an edging msulating element 5 according to
a second mode of embodiment which differs from the first
mode of embodiment shown 1n FIGS. 1 to 6 1n that the angle
brackets 9 are replaced by transverse anchor strips 43
retained 1n a sealed manner by angle pieces attached thereon
as described 1n document W0O2017064413. Elements which
are 1dentical to or have the same function as elements
described above 1n relation to FIGS. 1 to 8 bear the same
reference symbols.

In this second mode of embodiment, the transverse mill-
ing 26 of an edging insulating element 5 does not extend
from the second transverse side of said edging insulating
clement 5. This transverse milling 26 1s for example located
at a distance, taken perpendicularly with the transverse wall
3 of the second transverse side, substantially equal to one
third of the width of the edging imnsulating element 5 1n said
direction. The longitudinal milling 27 1tself extends from the
first transverse side as far as the second transverse side over
the whole width of the edging insulating element 1n a
direction perpendicular to the transverse bearing wall.

As shown 1n FIG. 10, this second mode of embodiment
comprises a row of transverse anchor strips 45 each having
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a structure similar to the anchor strips described 1n document
WO02017064413, which 1s to say that these transverse
anchor strips 45 have two opposing ends folded over to form
tabs 33 extending in the direction of the longitudinal bearing
wall. These transverse anchor strips 435 are planar and extend
parallel to the edge corner 1 at a distance from the second
transverse side of the edging insulating elements on which
they lie. In other words, each transverse anchor strip 45 lies
only on a single row of edging insulating elements 5 and
does not extend parallel to a sealed membrane of a single
tank wall.

These transverse anchor strips 45 have a length 1n a
direction parallel to the edge corner 1 substantially equal to
half of the length taken along this direction of the edging
insulating elements 5. Thus, 1n a similar way to the angle
brackets 9 described above 1n relation to FIGS. 1 to 8, the
row ol transverse anchor strips 45 1includes alternating
transverse anchor strips 45 borne by a single edging 1nsu-
lating element 5 and transverse anchor strips 45 borne
jointly by two adjacent edging insulating elements 3.

Likewise, the tabs 33 of each transverse anchor strip 45
are housed 1n two adjacent grooves 32 along the edge corner,
whether these two adjacent grooves 32 are formed 1n the
same edging insulating element 5 or i two adjacent edging
insulating elements 5. FIG. 10 moreover schematically
shows collaboration between the anchor rods 12 and the tabs
33 of the different anchor strips 45, this collaboration being
similar to the collaboration between the tabs 33 of the angle
brackets 9 and the anchor rods 12 1n FIGS. 1 to 8.

In order to ensure continuity of the sealed membrane at
the edge corner 1, a row of metal angle pieces 1s disposed on
the edging msulating elements 5 which are perpendicular to
the line of the edge corner 1. Such a row of metal angle
pieces 1s for example described 1 document
WO02017064413 and 1s aligned along the edge corner 1, each
metal angle piece having two flanges each extending parallel
to one of the bearing walls 2, 3 forming the edge corner 1.
These angle pieces are welded 1n pairs along the edge corner
1 1n order to ensure sealing of the sealed membrane in line
with the edge corner 1. Furthermore, these metal angle
pieces and the sealed membranes of the tank walls are
welded on the transverse anchor strips 45 1n such a way as
to connect 1n a sealed manner said sealed membranes of the
tank walls 1n line with the edge corner 1.

Thus, 1n this mode of embodiment, the transverse anchor
strips 45 and the metal angle pieces together fulfil the same
function as an angle bracket 9 as described above 1n relation
to FIGS. 1 to 8.

In a varniant which 1s not depicted, the transverse anchor
strips 45 have a length taken parallel to the edge corner 1
substantially equal to the length of the edging insulating
clements 5. Fach edging msulating element 5 has a single
groove 32 substantially centred on said edging insulating
clement 5. The transverse anchor strip 45 1s then arranged so
as to overlap two adjacent edging insulating elements 5 1n
such a way that the tabs 33 of the transverse anchor strips 45
are housed 1n a groove 32 of one of said edging insulating
clements 5 which 1t overlaps.

The technique described above for constructing a tank
having a single sealed membrane may be used 1n diflerent
types ol containers, for example for forming a double-
membrane tank for liquefied natural gas (LNG) 1 an
onshore facility or in a floating structure such as a methane
tanker or the like. In this context, 1t may be considered that
the sealed membrane shown in the previous drawings 1s a
secondary sealed membrane, and that a primary insulating
barrier as well as a primary sealed membrane, not depicted,
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must still be added to this secondary sealed membrane. In
this way, this technique may also be applied to tanks having
a plurality of thermally insulating barriers and sealed mem-
branes overlaid.

Referring to FIG. 11, a cutaway view of a methane tanker
70 shows a sealed and 1nsulated tank 71 having a generally
prismatic shape mounted in the double hull 72 of the ship.
The wall of the tank 71 comprises a primary sealed barrier
intended to be 1n contact with the LNG contained 1n the tank,
a secondary sealed barrier arranged between the primary
sealed barrier and the double hull 72 of the ship, and two
insulating barriers arranged respectively between the pri-
mary sealed barrier and the secondary sealed barrier and
between the secondary sealed barrier and the double hull 72.

In a manner which 1s known per se, loading/ofiloading
pipelines 73 disposed on the top deck of the ship may be
connected, by means of suitable connectors, to a maritime or

harbour terminal 1n order to transier a cargo of LNG from or
to the tank 71.

FIG. 11 depicts one example of a maritime terminal
comprising a loading and offloading station 735, an under-
water pipe 76 and an onshore facility 77. The loading and
offloading station 75 1s a fixed oflshore facility comprising
a mobile arm 74 and a tower 78 supporting the mobile arm
74. The mobile arm 74 carries a bundle of insulated tlexible
conduits 79 that can be connected to the loading/oflloading
pipe“ ines 73. The orientable mobile arm 74 adapts to suit all
sizes ol methane tanker. A connecting pipe, not depicted,
extends inside the tower 78. The loading and ofiloading
station 75 allows the methane tanker 70 to be loaded and
offloaded from or to the onshore facility 77. The latter
comprises liquefied gas storage tanks 80 and connecting
pipes 81 connected by the underwater pipe 76 to the loading
or oflloading station 75. The underwater pipe 76 allows the
transier of liquefied gas between the loading or offloading
station 75 and the onshore facility 77 over a long distance,
for example 5 km, making it possible to keep the methane
tanker 70 a long way away from the shore during the loading
and oflloading operations.

In order to generate the pressure required for the transfer
of the liquefied gas, use 1s made of pumps carried onboard
the ship 70 and/or pumps with which the onshore facility 77
1s equipped and/or pumps with which the loading and
oflloading station 75 1s equipped.

Although the invention has been described 1n conjunction
with a number of particular modes of embodiment, 1t 1s quite
obvious that it 1s not 1n any way restricted thereto and that
it comprises all the techmical equivalents of the means
described and combinations thereol where these fall within
the scope of the mvention.

In particular, a single thermally insulating barrier and a
single sealed membrane are shown and described above, but
the sealed and thermally insulating tank may comprise two
thermally insulating barriers and two sealed membranes
alternately overlaid. Thus the thermally isulating barrier
and the sealed membrane described above may constitute a
secondary thermally insulating barrier and a secondary
sealed membrane of such a tank, a primary thermally
insulating barrier lying on said secondary sealed membrane
and a primary sealed membrane lying on the primary
thermally msulating barrer.

The use of the verbs “comprise”, “have” or “include” and
conjugated forms thereol does not exclude there being
clements or steps other than those listed 1n a claim.

In the claims, any reference sign between parentheses
should not be interpreted as placing a limit on the claim.
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The 1nvention claimed 1s:
1. A sealed and thermally insulating tank incorporated
into a [polyhedral] bearing structure, a first bearing wall (2)
ol the bearing structure and a second bearing wall (3) of the
bearing structure forming an edge corner (1) of the bearing
structure, the tank comprising a first tank wall anchored on
the first bearing wall and a second tank wall anchored on the
second bearing wall, the tank walls comprising a thermally
insulating barrier anchored on the corresponding bearing
wall and a sealed membrane borne by said thermally 1nsu-
lating barrier,
the tank further comprising an angle bracket (9), the angle
bracket (9) comprising a first flange (10) borne by the
thermally 1nsulating barrier of the first tank wall and a
second flange (11) borne by the thermally insulating
barrier of the second tank wall, an end portion of the
sealed membrane of the first tank wall [turned towards]
closest to the edge corner (1) being fixed 1n a sealed
manner to the first flange (10) of the angle bracket (9)
and an end portion of the sealed membrane of the
second tank wall [turned towards] closest to the edge
corner (1) being fixed 1n a sealed manner to the second
flange (11) of the angle bracket (9) 1n such a way that
the angle bracket (9) connects 1n a sealed manner the
sealed membrane of the first tank wall and the sealed
membrane of the second tank wall 1n line with the edge
corner (1),

in which the angle bracket (9) comprises a pair of first tabs
(33) each projecting from a respective end portion of
the first flange (10) [in the direction of] foward the first
bearing wall (2) and a pair of second tabs (33) each
projecting from a respective end portion of the second
flange (11) [in the direction of] toward the second
bearing wall (3),

the tank comprising a pair of first anchor rods (12) each
comprising a first end and a second end opposite the
first end, said first end being anchored to the second
bearing wall (3) and said second end being coupled to
a respective first tab (33) of the pair of first tabs (33),
one said first anchor rod (12) extending from the
second bearing wall (3) [in the direction of] foward the
corresponding first tab (33) 1n order to transmit a tensile
load between the angle bracket (9) and the second
bearing wall (3) and retain the angle bracket (9) on the
thermally insulating barrier,

the tank further comprising a pair of second anchor rods

(12) each comprising a first end and a second end
opposite the first end, said first end being anchored on
the first bearing wall (2) and said second end being
coupled to a respective second tab (33) of the pair of
second tabs (33), one said second anchor rod (12)
extending from the first bearing wall (2) [in the direc-
tion of] toward the [corresponding] respective second
tab (33) 1n order to transmit a tensile load between the
angle bracket (9) and the first bearing wall (2) and
retain the angle bracket (9) on the thermally insulating
barrier,

whevrein the flanges and the tabs of the angle bracket are

assembled by welding ov formed from a single element
in such a way that the angle bracket (9) is one-piece,
and wherein each tab of the pair of first tabs is coplanar
with a corresponding tab of the pair of second tabs.

[2. The sealed and thermally insulating tank according to
claim 1, 1n which the flanges (10, 11) and the tabs (33) of the
angle bracket (9) are formed from a single element in such
a way that the angle bracket (9) is one-piece.}
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3. The sealed and thermally 1nsulating tank according to
claim 1, 1n which one said first tab (33) projects from a lower
face of the first flange (10) facing the first bearing wall (2)
at a distance from a lateral edge of the first flange (10) of the
angle bracket (9) forming one end of the first flange (9), and
in which one said second tab (33) projects from a lower face
of the second flange (11) facing the second bearing wall (3)
at a distance from a lateral edge of the second flange (11) of
the angle bracket (9) forming one end of the second flange
(11).
4. The sealed and thermally 1nsulating tank according to
claim 1, 1n which a longitudinal edge of the first flange (10)
parallel to the edge corner (1) projects beyond the first tabs
(33) i a direction perpendicular to the second bearing wall
(3) 1n such a way that said longitudinal edge of the first
flange (10) 1s further from the second bearing wall (3) than
said first tabs (33) in said direction perpendicular to the
second bearing wall (3), and in which a longitudinal edge of
the second flange (11) parallel to the edge corner (1) projects
beyond the second tabs (33) 1n a direction perpendicular to
the first bearing wall (2) 1n such a way that said longitudinal
edge of the second flange (11) 1s further from the first
bearing wall (2) than said second tabs (33) 1n said direction
perpendicular to the first bearing wall (2).
5. [The sealed and thermally insulating tank according to
claim 1,] A4 sealed and thermally insulating tank incorpo-
rated into a bearing structure, a first bearing wall (2) of the
bearing structure and a second bearving wall (3) of the
bearing structure forming an edge corner (1) of the bearing
structure, the tank comprising a first tank wall anchoved on
the first bearing wall and a second tank wall anchored on the
second bearing wall, the tank walls comprising a thermally
insulating barrvier anchored on the corresponding bearing
wall and a sealed membrane borne by said thermally
insulating barrier,
the tank further comprising an angle bracket (9), the
angle bracket (9) comprising a first flange (10) borne
by the thermally insulating barvier of the first tank wall
and a second flange (11) borne by the thermally insu-
lating barvier of the second tank wall, an end portion
of the sealed membrane of the first tank wall closest to
the edge corner (1) being fixed in a sealed manner to
the first flange (10) of the angle bracket (9) and an end
portion of the sealed membrane of the second tank wall
closest to the edge corner (1) being fixed in a sealed
manner to the second flange (11) of the angle bracket
(9) in such a way that the angle bracket (9) connects in
a sealed manner the sealed membrane of the first tank
wall and the sealed membrane of the second tank wall
in line with the edge corner (1),

in which the angle bracket (9) comprises a pair of first
tabs (33) each projecting from a respective end portion
of the first flange (10) toward the first bearing wall (2)
and a pair of second tabs (33) each projecting from a
respective end portion of the second flange (11) toward
the second bearing wall (3),

the tank comprising a pair of first anchor rods (12) each
comprising a first end and a second end opposite the
first end, said first end being anchored to the second
bearing wall (3) and said second end being coupled to
a rvespective first tab (33) of the pair of first tabs (33),
one said first anchor rvod (12) extending from the
second bearing wall (3) toward the corresponding first
tab (33) in order to transmit a tensile load between the
angle bracket (9) and the second bearing wall (3) and
retain the angle bracket (9) on the thermally insulating
barrier,
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the tank further comprising a pair of second anchor rods

(12) each comprising a first end and a second end
opposite the first end, said first end being anchored on
the first bearing wall (2) and said second end being

coupled to a vespective second tab (33) of the pair of 5

second tabs (33), one said second anchor vod (12)
extending from the first bearing wall (2) toward the

respective second tab (33) in ovder to transmit a tensile
load between the angle bracket (9) and the first bearing
wall (2) and rvetain the angle bracket (9) on the ther-

mally insulating barrier,

whevrein the flanges and the tabs of the angle bracket are

assembled by welding or formed from a single element
in such a way that the angle bracket (9) is one-piece,
and

in which the thermally insulating barrier of the first tank

wall forms a first support surface on which the sealed
membrane of the first tank wall lies, and 1n which the
thermally 1mnsulating barrier of the first tank wall forms
a first milling (26) arranged at one end of the first
support surface [turned towards] closest to the edge
corner (1), the first tlange (10) of the angle bracket (9)
being housed 1n said first milling (26) in such a way that
an upper face of the first flange (10) of the angle bracket
(9) 1s flush with the first support surface, and 1n which
the thermally insulating barrier of the second tank wall
forms a second milling (26) arranged at one end of the
second support surface [turned towards] closest to the
edge comer (1), the second flange (11) of the angle
bracket (9) being housed 1n said second milling (26) in
such a way that an upper face of the second flange (11)
of the angle bracket (9) 1s flush with the second support
surtace.

[6. The sealed and thermally insulating tank according to

claim 1, comprising a row of angle brackets (9) juxtaposed
and connected 1n a sealed manner 1 pairs along the edge

corner (1),
several angle brackets i the row of angle brackets

comprising a first flange (10) borne by the thermally
insulating barrier of the first tank wall and a second
flange (11) borne by the thermally insulating barrier of
the second tank wall, an end portion of the sealed
membrane of the first tank wall turned towards the edge
corner (1) being fixed 1n a sealed manner to the first
flange (10) of said angle brackets (9) and an end portion
ol the sealed membrane of the second tank wall turned
towards the edge corner (1) being fixed in a sealed
manner to said second tlange (11) of said angle brackets
in such a way that said angle brackets (9) connect 1n a
sealed manner the sealed membrane of the first tank
wall and the sealed membrane of the second tank wall
in line with the edge corner (1),

in which one said angle bracket (9) comprises a pair of

first tabs (33) each projecting from a respective end
portion of the first flange (10) of said angle bracket (9)
in the direction of the first bearing wall (2) and a pair
of second tabs (33) each projecting from a respective
end portion of the second ftlange (11) of said angle
bracket (9) in the direction of the second bearing wall

(3);

the tank comprising a row of first anchor rods (12) each

comprising a {irst end and a second end opposite the
first end, a plurality of first anchor rods in the row of
first anchor rods having a said first end anchored to the
second bearing wall (3) and a said second end coupled
to at least one first tab (33) of at least one angle bracket
(9) 1n the row of angle brackets (9), said first anchor
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rods (12) extending from the second bearing wall (3) 1n
the direction of said at least one first tab (33) in order
to transmit a tensile load between said at least one angle
bracket (9) and the second bearing wall (3) and retain
said at least one angle bracket (9) on the thermally
insulating barrier,

the tank further comprising a row of second anchor rods

(12) each comprising a first end and a second end
opposite the first end, a plurality of second anchor rods
in the row of second anchor rods having a said first end
anchored on the first bearing wall (2) and a said second
end coupled to at least one second tab (33) of at least
one angle bracket (9) in the row of angle brackets (9),
saild second anchor rods (12) extending from first
bearing wall (2) 1n the direction of said at least one
second tab (33) in order to transmit a tensile load
between said at least one angle bracket (9) and the first
bearing wall (2) and retain said at least one angle
bracket (9) on the thermally insulating barrier.]

7. [The sealed and thermally insulating tank according to
claim 6.,] 4 sealed and thermally insulating tank incorpo-
rated into a bearing structure, a first beaving wall (2) of the
bearing structurve and a second bearing wall (3) of the
bearing structuve forming an edge corner (1) of the bearing
structure, the tank comprising a first tank wall anchoved on
the first bearing wall and a second tank wall anchored on the
second bearing wall, the tank walls comprising a thermally
insulating barrier anchored on the corresponding bearing
wall and a sealed membrane borne by said thermally
insulating barrier,

the tank further comprising an angle bracket (9), the

angle bracket (9) comprising a first flange (10) borne
by the thermally insulating barvier of the first tank wall
and a second flange (11) borne by the thermally insu-
lating barrier of the second tank wall, an end portion
of the sealed membrane of the first tank wall closest to
the edge corner (1) being fixed in a sealed manner to
the first flange (10) of the angle bracket (9) and an end
portion of the sealed membrane of the second tank wall
closest to the edge corner (1) being fixed in a sealed
manner to the second flange (11) of the angle bracket
(9) in such a way that the angle bracket (9) connects in
a sealed manner the sealed membrane of the first tank
wall and the sealed membrane of the second tank wall
in line with the edge corner (1),

in which the angle bracket (9) comprises a pair of first

tabs (33) each projecting from a respective end portion
of the first flange (10) toward the first bearing wall (2)
and a pair of second tabs (33) each projecting from a

respective end portion of the second flange (11) toward
the second bearing wall (3),

the tank comprising a pair of first anchor vods (12) each

comprising a first end and a second end opposite the

first end, said first end being anchored to the second

bearing wall (3) and said second end being coupled to
a respective first tab (33) of the pair of first tabs (33),
one said first anchor rod (12) extending from the
second bearving wall (3) toward the corresponding first
tab (33) in order to transmit a tensile load between the
angle bracket (9) and the second bearing wall (3) and
retain the angle bracket (9) on the thermally insulating
barrier,

the tank further comprising a pair of second anchovr rods

(12) each comprising a first end and a second end
opposite the first end, said first end being anchored on
the first bearing wall (2) and said second end being
coupled to a vespective second tab (33) of the pair of



US RE49,627 E

25

second tabs (33), one said second anchor rod (12)
extending from the first bearing wall (2) toward the
respective second tab (33) in ovder to transmit a tensile
load between the angle bracket (9) and the first bearing
wall (2) and rvetain the angle bracket (9) on the ther-
mally insulating barvier,

whevrein the flanges and the tabs of the angle bracket are
assembled by welding or formed from a single element
in such a way that the angle bracket (9) is one-piece,

the tank further comprising a vow of angle brackets (9)
Juxtaposed and connected in a sealed manner in pairs
along the edge corner (1),

several angle brackets in the row of angle brackets
comprising a first flange (10) borne by the thermally
insulating barrier of the first tank wall and a second
flange (11) borne by the thermally insulating barrier of
the second tank wall, an end portion of the sealed
membrane of the first tank wall closest to the edge
corner (1) being fixed in a sealed manner to the first
flange (10) of said angle brackets (9) and an end
portion of the sealed membrane of the second tank wall
closest to the edge corner (1) being fixed in a sealed
manner to said second flange (11) of said angle brack-
ets in such a way that said angle brackets (9) connect
in a sealed manner the sealed membrane of the first
tank wall and the sealed membrane of the second tank
wall in line with the edge corner (1),

in which one said angle bracket (9) comprises a pair of
first tabs (33) each projecting from a respective end
portion of the first flange (10) of said angle bracket (9)
toward the first bearing wall (2) and a pair of second
tabs (33) each projecting from a vespective end portion
of the second flange (11) of said angle bracket (9)
toward the second bearing wall (3),

the tank comprising a row of first anchor vods (12) each
comprising a first end and a second end opposite the
first end, a plurality of first anchor rods in the row of
first anchor vods having a said first end anchored to the
second bearing wall (3) and a said second end coupled
to at least one first tab (33) of at least one angle bracket
(9) in the row of angle brackets (9), said first anchor
rods (12) extending from the second bearing wall (3)
toward said at least one first tab (33) in order to
transmit a tensile load between said at least one angle
bracket (9) and the second bearing wall (3) and retain
said at least one angle bracket (9) on the thermally
insulating barrier,

the tank further comprising a vow of second anchor rvods
(12) each comprising a first end and a second end
opposite the first end, a plurality of second anchor vods
in the row of second anchor rods having a said first end
anchored on the first bearing wall (2) and a said second
end coupled to at least one second tab (33) of at least
one angle bracket (9) in the vow of angle brackets (9),
said second anchor rods (12) extending from first
bearing wall (2) toward said at least one second tab
(33) in order to transmit a tensile load between said at
least one angle bracket (9) and the first bearing wall (2)
and retain said at least one angle bracket (9) on the
thermally insulating barrier, and

in which the second end of one said anchor rod (12) 1s
jomtly coupled to two anchor tabs (12) belonging to
two adjacent angle brackets (9) 1n said row of angle
brackets (9) 1n order to retain said two adjacent angle
brackets (9) on the thermally insulating barrier.

8. The sealed and thermally msulating tank according to

claim 1, 1n which the thermally mnsulating barrier of the first
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tank wall comprises a row of first edging blocks (5)
anchored on the first bearing wall (2) and juxtaposed along
the edge corner (1), at least two of said first edging blocks
(5) comprising a groove (32) formed 1n the thickness of the
first edging block (5) from an upper face of the first edging
block (5) 1n such a way as to form a space accessible from
the second bearing wall (3) 1n the first edging block (8), the
anchor rods (12) of said pair of first anchor rods (12) each
being housed in the grooves (32) of the two first edging
blocks (5), the first flange (10) of the angle bracket (9) being
disposed overlapping said two first edging blocks (5) in such
a way that the first tabs (33) of said angle bracket (9) project
into said grooves (32) of the two edging blocks (5).

9. The sealed and thermally 1nsulating tank according to
claim 8, in which at least one of the first edging blocks (5)
COmMprises:

a bottom panel (13) which i1s rectangular overall,

a cover panel (14) which 1s rectangular overall disposed
parallel to the bottom panel (13) plumb with the bottom
panel (13),

spacer elements (16), disposed between the bottom panel
(13) and the cover panel (14) and extending in a
thickness direction of the edging block (3) between the
bottom panel (13) and the cover panel (14) 1n such a
way as to keep the cover panel (14) at a distance from
the bottom panel (13),

an sulating filling (15) disposed between the bottom
panel (13) and the cover panel (14) and between the
spacer elements (16), in such a way as to 11l an internal
space ol the edging block (5),

in which the cover panel (14) has at least one cut-out (29)
opening on a transverse edge of the cover panel (14)
facing the second bearing wall (3) at a position located
between two longitudinal edges of the cover panel (14),
a transverse side of the edging block (3) facing the
second bearing wall (3) comprising at least one opening,
(21) located 1n line with said at least one cut-out (29),

the spacer elements (16) and the isulating filling (15)
being disposed in such a way as to form a free space
under said at least one cut-out (29) of the cover panel
(14) and 1n line with said at least one opening (21) on
the transverse side of the edging block (5), said free
space forming the groove (32) formed in the thickness
of said edging block (5).

10. The sealed and thermally 1mnsulating tank according to
claam 1, in which the thermally insulating barrier of the
second tank wall comprises a row of second edging blocks
(5) anchored on the second bearing wall (3) and juxtaposed
along the edge corner (1), at least two of said second edging
blocks (5) each comprising a groove (32) formed in the
thickness of the second edging block (5) from an upper face
of the second edging block (5) 1n such a way as to form a
space accessible from the first bearing wall (2) 1n the second
edging block (3), the anchor rods (12) of said pair of second
anchor rods (12) each being housed 1n the grooves (32) of
the two second edging blocks (3), the second flange (11) of
one angle bracket (9) being disposed overlapping the two
second edging blocks (3) 1n such a way that the second tabs
(33) of said angle bracket (9) project into said grooves (32)
of the two second edging blocks (5).

11. The sealed and thermally msulating tank according to
claim 1, comprising a vow of angle brackets (9) juxtaposed
and connected in a sealed manner in pairs along the edge
corner (1),

several angle brackets in the row of angle brackets
comprising a first flange (10) borne by the thermally
insulating barrier of the first tank wall and a second
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flange (11) borne by the thermally insulating barrier of
the second tank wall, an end portion of the sealed
membrane of the first tank wall closest to the edge
corner (1) being fixed in a sealed manner to the first
flange (10) of said angle brackets (9) and an end
portion of the sealed membrane of the second tank wall
closest to the edge corner (1) being fixed in a sealed
manner to said second flange (11) of said angle brack-
ets in such a way that said angle brackets (9) connect
in a sealed manner the sealed membrane of the first
tank wall and the sealed membrane of the second tank
wall in line with the edge corner (1),

in which one said angle bracket (9) comprises a pair of
first tabs (33) each projecting from a respective end
portion of the first flange (10) of said angle bracket (9)
toward the first bearing wall (2) and a pair of second
tabs (33) each projecting from a vespective end portion
of the second flange (11) of said angle bracket (9)
toward the second bearing wall (3),

the tank comprising a row of first anchor rvods (12) each
comprising a first end and a second end opposite the
first end, a plurality of first anchor rods in the row of
fivst anchor vods having a said first end anchored to the
second bearing wall (3) and a said second end coupled
to at least one first tab (33) of at least one angle bracket
(9) in the row of angle brackets (9), said first anchor
rods (12) extending from the second bearing wall (3)
toward said at least one first tab (33) in order to
transmit a tensile load between said at least one angle
bracket (9) and the second bearing wall (3) and retain
said at least one angle bracket (9) on the thermally
insulating barrier,

the tank further comprising a vow of second anchor rvods
(12) each comprising a first end and a second end
opposite the first end, a plurality of second anchor vods
in the row of second anchor rods having a said first end
anchored on the first bearing wall (2) and a said second
end coupled to at least one second tab (33) of at least
one angle bracket (9) in the vow of angle brackets (9),
said second anchor rods (12) extending from first
bearing wall (2) toward said at least one second tab
(33) in order to transmit a tensile load between said at
least one angle bracket (9) and the first bearing wall (2)
and retain said at least one angle bracket (9) on the
thermally insulating barvier,

wherein the second end of one said anchor vod (12) is
Jointly coupled to two anchor tabs (12) belonging to
two adjacent angle brackets (9) in said row of angle
brackets (9) in order to retain said two adjacent angle
brackets (9) on the thermally insulating barrier,

in which the bearing structure comprises a third bearing
wall on which 1s anchored the thermally insulating
barrier of a third tank wall, said third tank wall com-
prising a sealed membrane lying on the thermally
insulating barrier of said third tank wall, the third
bearing wall forming with the first bearing wall and the
second bearing wall a comer of the bearing structure
located at an end of said edge comer (1),

the tank comprising a sealed corner piece (39) comprising
a first flange (40) lying on the thermally insulating
barrier of the first tank wall, a second flange (40) lying
on the thermally mnsulating barrier of the second tank
wall and a third flange (40) lying on the thermally
insulating barrier of the third tank wall, the corner piece
(39) being adjacent to a last angle bracket (42) in the
row ol angle brackets (9), the first flange (10) of the last
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angle bracket (42) being connected 1n a sealed manner
to the first flange (40) of the corner piece (39) and the
second flange (11) of the last angle bracket (42) being,
connected 1n a sealed manner to the second tlange (40)
of the comer piece (39).

12. The sealed and thermally 1nsulating tank according to
claim 11, further comprising a corner anchor rod (99) having
a first end anchored on the bearing structure in the corner of
the bearing structure and a second end attached to the corner
piece (39) in order to transmit a tensile load between the
corner piece (39) and the bearing structure and retain the
corner piece (39) on the thermally insulating barriers of the
first, second and third tank walls, said corner anchor rod (99)
extending in a [central direction of the] solid angle formed
by the corner of the bearing structure and being attached to
a central zone of the corner piece (39) located at the point of
connection between the first, second and third flanges of the
corner piece (39).

13. The sealed and thermally mnsulating tank according to
claim 11, 1n which the last angle bracket (42) comprises, at
an end of the first flange (10) connected 1n a sealed manner
to the first flange of the corner piece (39), a third tab, a last
first anchor rod in the row of first anchor rods being coupled
to one of the tabs of the pair of tabs of the first flange located
at said end of said first flange and to said third tab, and 1n
which the last angle bracket (42) comprises, at an end of the
second flange (11) connected 1 a sealed manner to the
second flange of the corner piece (39), a fourth tab, a last
second anchor rod in the row of second anchor rods being
coupled to one of the tabs of the pair of tabs of the second
flange located at said end of said flange and to said fourth
tab.

14. A ship (70) for transporting a cold liquid product, the
ship comprising a double hull (72) and a tank (71) according
to claim 1 disposed 1n the double hull.

15. A method for loading or offloading a ship (70)
according to claim 14, i which a cold liquid product is
conveyed through isulated pipelines (73, 79, 76, 81) from
or to a floating or onshore storage facility (77) to or from the
tank (71) of the ship.

16. System for transferring a cold liquid product, the
system comprising a ship (70) according to claim 14,
insulated pipelines (73, 79, 76, 81) arranged 1n such a way
as to connect the tank (71) installed 1n the hull of the ship to
a floating or onshore storage facility (77) and a pump for
causing a cold liguid product to flow through the insulated
pipelines from or to the floating or onshore storage facility
to or from the tank of the ship.

17. A ship (70) for transporting a cold liquid product, the
ship comprising a double hull (72) and a tank (71) accord-
ing to claim 5 disposed in the double hull.

18. A method for loading or offloading a ship (70)
according to claim 17, in which a cold liquid product is
conveyed through insulated pipelines (73, 79, 76, 81) from
or to a floating or onshovre storage facility (77) to or from the
tank (71) of the ship.

19. A ship (70) for transporting a cold liguid product, the
ship comprising a double hull (72) and a tank (71) accord-
ing to claim 7 disposed in the double hull.

20. A method for loading or offloading a ship (70)
according to claim 19, in which a cold liquid product is
conveyed through insulated pipelines (73, 79, 76, 81) from
or to a floating or onshore storage facility (77) to or from the

tank (71) of the ship.
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