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(67)  The invention relates to an insulating structure
for a vessel and a method for mounting the insulating
structure to at least one exterior surface of the vessel,
the vessel being for containing a material to be main-
tained within a controlled temperature range. The insu-
lating structure comprises a frame being formed by a
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plurality of interconnected beams and being configured
to enclose the vessel. The frame is supported independ-
ently of the vessel and is placed at a distance from at
least one exterior surface of the vessel. The insulating
structure further comprises aplurality of insulating panels
mounted on the frame.
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Description
TECHNICAL FIELD

[0001] In general, the present invention relates to an
insulating structure for a vessel, tank, container or any
other receptacle adapted to contain a substance to be
maintained within a temperature range. The insulating
structure is formed by a detachable and self-supported
frame that is placed at a distance from the vessel, sub-
stantially surrounding such vessel, and a plurality of mod-
ular insulating panels mountable on the frame to sub-
stantially cover and thermally insulate the vessel.

BACKGROUND

[0002] Vessels may often require an outer insulation
to prevent the vessel from exchanging heat with the sur-
rounding environment. It is well known that continuous
sheets of mineral wool or similar insulation material may
be directly attached onto the exterior surface of the ves-
sels. This insulation material may be also coupled to
some cantilevers directly attached by welding to the outer
surface of the vesselin order to create an insulating jacket
that contacts the outer surface of the vessel. When main-
tenance work is to be carried out on such vessels or on
the insulation jackets themselves, at least part of the in-
sulation material may need to be removed to access the
vessel or insulation. This may interrupt associated pro-
duction processes that take place inside the vessel and
reduce the lifetime of the vessel and insulation jacket. In
addition, total or partial removal of the insulation material
may damage the vessel or the insulation itself which may,
again, affect the production processes, affect the insula-
tion properties of the jacket and reduce the lifetime of the
insulation and vessel.

[0003] Document US4122640 teaches an insulating
jacket for a tank wherein vertically disposed insulated
panel sections are affixed to wire cable members or the
like on the outside walls of the tank structures. Improved
articulated fasteners are provided for securing panel sec-
tions to the wire cable members.

[0004] Document US2746578 teaches the assembly
of anchoring posts to the exterior of a vessel by means
of pins which may be welded to the surface. Bats of in-
sulating material and cladding strips or panels are cou-
pled to the posts by means of screws passing through
the panels and the posts.

[0005] Document US4044517 teaches an insulating
jacket for a tank wherein insulated panels are attached
to modular tracks mounted on horizontal courses on the
outside walls of the tanks. The individual tracks are made
up of modular segments secured together both by splice
plates and take-up devices in a pre-tensioned fashion.
[0006] Document US2955686 teaches an insulating
jacket for tanks including vertical pipes and horizontal
straps. The jacket also includes brackets which hold in-
sulating material between the straps and the tank sur-
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face. Cladding sheets are then mounted to the straps
and posts by means of self-tapping screws.

[0007] In all of the above documents, the insulating
jacket is mounted directly to the exterior surface of the
tank or vessel by means of tensioned bands, welding or
by use of pins or screws. As the jacket is directly mounted
to the tank, thermal expansion in the tank may lead to
overstretching of the components. Repeated expansion
and shrinkage may lead to mechanical fatigue of the rigid
components of the insulating jacket, causing related
pathologies. Furthermore, the vessel must sustain the
weight of its own structures and contents as well as that
of the insulating jacket. Moreover, rigid components of
the insulating jackets mustbe sized such thatthey closely
fit the geometry of the vessel, considering too the outer-
most size due to thermal expansion. For all of these rea-
sons, the properties of the insulating jackets disclosed in
the above documents must be taken into account during
the design of the vessel. In addition, these insulating jack-
ets do not have adaptable or configurable structures so
they have not been designed to be mounted on particular
vessels, disassembled and mounted on other vessels
with similar or different geometries and shapes.

[0008] It would therefore be advantageous to provide
aninsulating structure for a vessel which can be mounted
independently of the vessel, can be adapted to vessels
of a wide variety of sizes and geometries and can be
locally disassembled for maintenance access.

DESCRIPTION OF THE INVENTION

[0009] The present invention is intended to overcome
the aforementioned problems by provision of an insulat-
ing structure for a vessel according to claim 1 and a meth-
od for mounting the insulating structure to a vessel ac-
cording to claim 12. Preferred embodiments of the inven-
tion are defined in dependent claims.

[0010] A first aspect of the invention refers to an insu-
lating structure for a vessel, the vessel being for contain-
ing a material to be maintained within a controlled tem-
perature range. The insulating structure, that is config-
ured to at least partially enclose the vessel, comprises a
frame formed by a plurality ofinterconnected beams. This
frame is supported independently of the vessel, in other
words, the frame is self-supported, and is placed at a
distance from at least one exterior surface of the vessel.
Therefore, the frame and vessel are not attached to each
other and may not be in direct contact. The insulating
structure further comprises a plurality of insulating panels
mounted on the frame in order to thermally insulate the
vessel from the surrounding environment. For example,
the insulating structure may be configured to substantial-
ly cover the side walls and the top wall of the vessel. The
insulating panels are independently removable once
mounted on the frame, such that said panels can be
mounted to substantially cover the vessel and can be
totally or partially removed for, for example, performing
maintenance tasks on the vessel without damaging the
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vessel or insulation. The frame may be placed at a dis-
tance from the outer surface of the vessel that may be
different depending on the insulating requirements for
the vessel and on the size and geometry of the vessel
itself. For example, this distance may substantially cor-
respond to the thickness of the insulting material of the
insulating panels to directly contact the outer surface of
the vessel with said insulting material or may be even
greater leaving an air chamber between the insulating
structure and the vessel. By way of example, this distance
may range from 0 to 50 cm, and more preferably, from
10 to 30 cm.

[0011] As used herein, the term "vessel" may refer to
any kind of tank, reactor, container or receptacle adapted
to contain a substance that needs to be maintained within
a temperature range, e.g., a temperature range that is
different from the environment. Said substance may be
contained in such a vessel to be subjected to a chemical
or mechanical process or may be simply stored.

[0012] In some embodiments, the frame comprises a
first group of beams of the plurality of beams whose
beams are couplable to each other to form a plurality of
substantially vertical columns surrounding side walls of
the vessel. These vertical columns may be equally
spaced from each other surrounding the entire perimeter
of the vessel. The frame further comprises a second
group of beams, wherein each beam of said second
group of beams is couplable to respective upper ends of
two adjacent vertical columns by interposition of first join-
ing elements. The frame also comprises a third group of
beams of the plurality of beams, wherein the third group
of beams are at an angle, for example an obtuse angle,
to the first group of beams and form the roof of the frame.
The roof of the frame is to cover the roof or top wall of
the vessel. Each beam of the third group of beams is
couplable to a respective vertical column by interposition
of one of the first joining elements at one end and to a
second joining element at the opposite end. The frame
further comprises a fourth group of beams of the plurality
of beams, wherein each beam of the fourth group of
beams is couplable to free ends of two adjacent beams
of the third group of beams by interposition of the second
joining elements.

[0013] Therefore, each first joining element is to join a
vertical column, two beams of the second group of beams
and one beam of the third group of beams to each other,
while each second joining element is to join a beam of
the third group of beams and two beams of the fourth
group of beams to each other. The first joining elements
and the second joining elements may be, for example,
nodal joints or truss connections.

[0014] Insomeembodiments, the beams of the vertical
columns have a male end and a female end and are
coupled to each other via male-female junctions. In this
way, a female end of a particular beam is inserted in to
the male end of the immediately adjacent beam. In more
preferred embodiments, the female end of lower beams
of each vertical column is inserted into a male end of a
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respective base to form a male-female junction between
the base and the vertical column. These bases, that may
be made of cement or concrete, are configured to support
the frame. Therefore, the insulating structure may be a
ground-standing or a floor-standing structure configured
to substantially cover the side and top walls of the vessel.
[0015] In some embodiments, the male end of the up-
per beams of the vertical columns are respectively cou-
pled to the corresponding first joining element by respec-
tive male-female junctions.

[0016] In some embodiments, the beams may be high
strength tubular beams and the first and second joining
elements may be tubular joints with an adequately
number and orientation of female ends. By way of exam-
ple, the tubular beams and the tubular joints may have
a quadrangular cross-section in order to increase
strength and stability of the frame.

[0017] In some embodiments, the frame comprises a
plurality of bolt passing cylinders or hollow cylinders
which are configured to receive respective pins of the
insulating panels, the hollow cylinders and the pins form-
ing hinge connections. These hinge connections allow a
certain degree of positional tolerance during the mount-
ing of the insulating structure and are able to compensate
some positional deviations between the insulating panels
and the frame due to thermal expansions of the vessel.
[0018] In some embodiments, the insulating panels
comprise an outer rigid corrugated layer and an inner
non-rigid layer of insulating material, the inner non-rigid
layer facing the exterior surface of the vessel. For exam-
ple, the outerrigid corrugated layer may be made of steel
or any other metal and the inner non-rigid layer of insu-
lating material may be made of mineral wool with steel
wire or strip mesh. Examples of mineral wool are alkaline
earth silicate wool (AES wool), alumino silicate wool
(ASW), polycrystalline wool (PCW) or Kaowool, among
others. The inner non-rigid layer of insulating material
may be attached to the inner surface of the outer rigid
corrugated layer by interposition of a panel frame that
surrounds the inner non-rigid layer of insulating material.
[0019] The insulating panels may have a size and
shape that corresponds to the gap between the adjacent
beams on which the insulating panel is to be mounted.
Thus, the size and shape of the insulating panels adapts
to the different gaps existing in the frame to substantially
cover the outer surfaces of the vessel.

[0020] Insome embodiments, the outer rigid corrugat-
ed layer atleast partially overlaps the inner non-rigid layer
of insulating material to protect it from the environment
and from the entry of water. The outer rigid corrugated
layer defines at least one overhanging portion protruding
from at least one side of the inner non-rigid layer of in-
sulating material. The overhanging portion may be
placed at a lower side of the inner non-rigid layer such
that this overhanging portion of a particular insulating
panel overlaps the outer rigid corrugated layer of at least
one insulating panel placed immediately below. This
overhanging portion prevents water from entering the in-
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sulation and vessel.

[0021] Moreover, the outer rigid corrugated layer may
comprise one longitudinal protruding portion at each side
of the inner non-rigid layer, said protruding portions com-
prising the pins to mount the insulating panels on the
frame attached thereto.

[0022] In some embodiments, the insulating structure
comprises a plurality of straps transversely disposed rel-
ative to the first beams and encircling the vessel, mount-
ed on the outer rigid corrugated layer of the insulating
panels. The tension in the straps causes the inner non-
rigid layer of the insulating panels to be compressed be-
tween the outer rigid corrugated layer and the exterior
surface of the vessel.

[0023] A second aspect of the invention refers to a
method for mounting an insulating structure to at least
one exterior surface of a vessel. The vessel may be for
containing a material to be maintained within a controlled
temperature range. The method comprises mounting a
frame comprising a plurality of interconnected beams.
The frame is supported independently of the vessel and
placed enclosing the vessel and located at a distance
from the at least one exterior surface of the vessel. The
method further comprises mounting a plurality of insulat-
ing panels on the frame to substantially cover the vessel.
The panels are removably mounted on the frame and the
frame is configured to adapt to vessels of different sizes
and geometries and to be detachable.

[0024] In some embodiments, mounting the frame
comprises coupling a first group of beams of the plurality
of beams to each other forming a plurality of substantially
vertical columns surrounding side walls of the vessel. It
also comprises coupling each beam of a second group
of beams of the plurality of beams to upper ends of two
adjacent vertical columns by interposition of first joining
elements and coupling each beam of a third group of
beams of the plurality of beams to a respective vertical
column by interposition of a respective first joining ele-
ment and to a second joining element at the opposite
end. The third group of beams is placed at an angle, for
example, an obtuse angle, relative to the first group of
beams and forms the roof of the frame. The method fur-
ther comprises coupling each beam of a fourth group of
beams of the plurality of beams to free ends of two ad-
jacentbeams of the third group of beams by interposition
of the second joining elements.

[0025] In some embodiments, the method comprises
coupling lower beams of each vertical column into re-
spective bases, the bases being configured to support
the frame.

[0026] In some embodiments, the method comprises
mounting the insulating panels on the frame by inserting
anumber of pins of the insulating panels into correspond-
ing bolt passing cylinders in the beams of the frame, such
that the insulating panels are mounted/detached on/from
the frame by means of a longitudinal displacement of the
panel relative to the knuckles which they are coupled to.
[0027] In some embodiments, the method comprises
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placing a plurality of straps transversely to the first beams
and encircling the vessel, the straps being mounted on
outer rigid corrugated layers of the insulating panels. By
tensioning the straps, the inner non-rigid layers of insu-
lating material of the insulating panels are compressed
between the outerrigid corrugated layers and the exterior
surface of the vessel. This direct contact between the
inner non-rigid layers of insulating material and the outer
surface of the vessel improves the thermal insulation of
the vessel.

[0028] The insulating structure presents several ad-
vantages and/or differences compared with previous
structures. In particular, the insulating structure is an
adaptable and modular structure able to cover a wide
variety of vessels, tanks or containers. It is self-supported
and is thermally isolated from the vessel, avoiding gal-
vanic pairs and overstrains due to thermal expansion.
The insulating structure is mounted with dry and remov-
able joints that allow the insulating structure to be easily
assembled and disassembled as many times as neces-
sary. In addition, the insulating structure is configured to
cover both the vertical walls and the roof of the vessel.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

Fig. 1 shows a perspective view of an insulating
structure enclosing a vessel according to an embod-
iment of the invention.

Fig. 2 shows a perspective view of the frame of the
insulating structure of Fig. 1 enclosing the vessel.
Fig. 3 shows a perspective view of the insulating
structure of Fig. 1 partially assembled.

Fig. 4 shows a perspective view of part of the insu-
lating structure of Fig. 1, showing the tensioning
straps.

Fig. 5 shows an enlarged plan view of part of the
insulating structure of Fig. 1 enclosing the vessel.
Fig. 6 shows a perspective view of the frame of Fig.
2 with one wall insulating panel mounted to it, show-
ing the main parts that make up the wall of the insu-
lating structure.

Fig. 7 shows an illustration of the mounting process
between two vertical beams and the base.

Figs. 8A and 8B show a perspective view of the
mounting process between beams of the first, sec-
ond and third group by interposition of the first joining
element.

Fig. 9 shows a perspective view of the joining ele-
ment shown in Figs. 8A and 8B.

Fig. 10 shows a perspective view of a beam 12 from
the second group of beams

Fig. 11 shows anillustration of the assembly process
between the first joining element and the beams of
the third group of beams.

Fig. 12 shows a perspective view of the joint between
beams of the third and fourth groups of beams by
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interposition of the second joining element.

Fig. 13 shows a perspective view of the second join-
ing element shown in Fig. 12.

Fig. 14 is an example of a front perspective view of
an example pre-fabricated insulating panel accord-
ing to the embodiment shown in Fig. 1.

Fig. 15 shows a rear perspective view of the pre-
fabricated insulating panel of Fig. 14.

Fig. 16 shows the assembly process of a wall insu-
lating panel to the frame.

Fig. 17 shows a plan view of the panel of Fig. 16
assembled to the vertical beams.

Fig. 18 shows an enlarged view of the overlap be-
tween insulating panels mounted on two consecutive
rows of insulating panels to form the side wall of the
insulating structure.

Fig. 19 shows an upper perspective view of an insu-
lating panel for the lower row of the roof of the insu-
lating structure.

Fig. 20 shows a lower perspective view of an insu-
lating panel for the upper row of the roof of the insu-
lating structure.

Fig. 21 shows the panels of Figs. 19 and 20 arranged
as they would be when assembled to the roof of the
insulating structure.

Fig. 22 shows an enlarged view of the overlapping
section when the panels are assembled to form the
roof of the insulating structure.

Fig. 23 shows the roof of the insulating structure par-
tially disassembled.

Fig. 24 shows the mounting of a cover to close the
remaining opening 15 in the roof of the frame.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0030] Fig. 1 shows a perspective view of the fully as-
sembled insulating structure 1 enclosing a vessel (not
shown in this figure) according to an embodiment of the
invention. It should be understood that the insulating
structure 1 depicted in Figure 1 may include additional
components and that some of the components described
herein may be removed and/or modified without depart-
ing from a scope of the insulating structure 1.

[0031] In this embodiment, the insulating structure 1
comprises a frame 2 enclosing the vessel, wherein a plu-
rality of insulating panels 3-5 with different sizes and ge-
ometries are mounted on the frame 2. The vertical col-
umns 6 of the frame 2 are visible in Fig. 1 and are formed
by a number of modular and tubular beams. The frame
2 is supported by a number of concrete bases 7 at the
lower ends of the vertical columns 6, said bases 7 being
attached to the ground by, for example, screws. The ex-
terior of the insulating panels 3-5 is made of a corrugated
steel sheet which protects the inner layers (not shown in
this figure) of the insulating panels 3-5 and the vessel
from the environmental elements. Tensioned straps 8
enclose the vertically oriented insulating panels 3 in an
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annular fashion. The vertically oriented insulating panels
3 form a side wall of the insulating structure 1. Modular
insulating panels 4-5 with a trapezoidal geometry are
mounted on beams forming the roof of the insulating
structure 1. The opening left in the center of the roof pan-
els 4-5 is covered by a removable circular steel cover 9
which has an inner non-rigid layer (not shown) of insu-
lating material attached thereto. This removable circular
steel cover 9 may allow access, for example, to the inlets
and outlets of the vessel.

[0032] Fig. 2 shows a perspective view of the frame 2
of the insulating structure 1 of Fig. 1 enclosing the vessel
10.

[0033] The frame 2, which is to support the insulating
panels 3-5, encloses but does not come into contact with
the vessel 10. The frame 2 is supported by a number of
concrete bases 7 such that each base 7 supports one
vertical column 6. The frame 2 is itself modular, compris-
ing a plurality of interconnected beams 11-14. These
beams 11-14 are of four types: a first group of vertically
oriented beams 11 forming vertical columns 6 that com-
pletely surrounds the side wall of the vessel 10, a second
group of horizontally oriented beams 12 which connect
the vertical columns 6 to each other and that form the
outer circumference of the roof, a third group of inclined
beams 13 which form the roof of the frame 2, and a fourth
group of horizontally oriented beams 14 which define the
opening 15 at the top of the frame 2 and which connect
the inclined beams 13 to each other. For example, the
beams 13 forming the roof of the insulating structure 1
may be inclined at an angle of around 15° with respect
to the horizontal.

[0034] While in the embodiment of Figs. 1 and 2 a par-
ticular number and distribution of the beams and panels
form the insulating structure, such insulating structure
may be formed by a different number and distribution of
such panels and beams. For example, while in Fig. 2 the
vertical columns 6 are formed by seven coupled beams
11, the number of beams may be different based on the
height of the vessel 10. In addition, the length of the
beams 11 may vary depending on the size and the ge-
ometry of the vessel 10 as well as the number of vertical
columns 6 and the distance between adjacent vertical
columns 6. Same reasoning applies to beams 12-14
whose number and length may vary depending on the
size and geometry of the vessel 10.

[0035] Fig. 3 shows aperspective view of the insulating
structure 1 of Fig. 1 partially assembled, supporting itself
and without the vessel 10. As shown in this figure, the
insulation panels 3-5 are supported by the frame 2 and
not by the vessel 10.

[0036] Each vertical column 6 is fixed to a particular
base 7 which in turn will be affixed to the ground by at-
taching means such as screws, bolts and nuts, etc. The
vertically oriented insulating panels 3, that form the side
wall of the insulating structure 1, have a width that sub-
stantially corresponds to the distance between two ad-
jacent vertical columns 6 and a number and height that
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substantially corresponds to the number and length of
the beams 11 of the vertical columns 6. Therefore, the
side wall of the insulating structure 1 may be formed by
a number of vertically oriented panels equal to (n-1)*m,
wherein "n" is the number of vertical columns 6 and "m"
is the number of beams 11 of each vertical column 6.
[0037] Theinclined oriented insulating panels 4-5, that
form the roof of the insulating structure 1, have a width
that substantially corresponds to the distance between
two adjacent inclined roof segments formed by beams
13 of the third group of beams. Since these inclined roof
segments have aradial disposition towards the center of
the opening 15, the width of the insulating panels 4 will
be greater than the width of the insulating panels 5. The
numberand length ofthe inclined panels 4-5 substantially
corresponds to the number and length of the beams 13.
Therefore, the roof of the insulating structure 1 may be
formed by a number of vertically oriented panels equal
to (n-1)*s, wherein "n" is the number of vertical columns
6, and thus of radial roof segments, and "s" is the number
of beams 13 (two beams 13 in such embodiment) of each
radial roof segment. The mounting of such radial roof
segments is imbricated, resembling scaled rings.
[0038] Fig. 4 shows a perspective view of part of the
insulating structure of Fig. 1, showing the tensioning
straps 8. Tensioning straps 8 surround the perimeter of
the side wall of the insulating structure 1, two straps being
applied to each annular row of wall insulating panels 3.
The tensioning straps 8 compress the non-rigid layer (not
shown in this figure) of the wall insulating panels 3 against
the exterior surface of the vessel 10.

[0039] Fig. 5 shows an enlarged plan view of part of
the insulating structure 1 of Fig. 1 enclosing the vessel
10, showing the tensioning straps 8 compressing the wall
insulating panels 3 against the outer surface of the vessel
10. The exterior surface of the vessel 10 is represented
with a dotted line.

[0040] The insulating panels 3-5 are all formed by an
outer rigid corrugated layer 16 and an inner non-rigid
layer of insulating material 17, the inner non-rigid layer
of insulating material 17 facing the exterior surface of the
vessel 10. The outer rigid corrugated layer 16 of each
insulating panel 3 is attached to the vertical beams 11
by joints 18 that will be later explained in more detail. The
beams 12-13 from the second and third group are cou-
pled to each other by means of the first joining element
19. The tensioning straps 8 compress the inner non-rigid
layer of insulating material 17 against the outer wall of
the vessel 10 to improve thermal insulating of the insu-
lating structure 1. The portion of the frame 2 shown in
Fig. 5is still separate from the vessel 10 and is supported
by the bases 7 while at least part of the inner non-rigid
layer of insulating material 17 contacts the outer surface
of the vessel 10.

[0041] Fig. 6 shows a perspective view of the frame 2
of Fig. 2 with one wall insulating panel 3 mounted to it,
showing the main parts that make up the side wall of the
insulating structure 1.
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[0042] The figure shows the junctions between the wall
insulating panels 3 and roof insulating panels (not shown)
and the frame 2. The upper beam 11 of the vertical col-
umn 6 is coupled to beams 12-13 from the second and
third group of beams by means of the first joining element
19. The joining element 19, that is a nodal joint, forms a
male-female joint with the end of each of the four beams
11-13 connected by it. The wall insulating panel 3 is cou-
pled to the beams 11,13 by means of a joint 18, in par-
ticular a hinge joint, which is formed by pins (not shown
in this figure) attached to the inner surface of longitudinal
profiles 20 that are, in turn, attached to the inner surface
of the side edges of the outer rigid corrugated layers 16.
The beams 11,13 have bolt passing cylinders or hollow
cylinders (not shown in this figure) attached thereto in
which the pins of the insulating panels 3 are removably
inserted.

[0043] Fig. 7 showsanillustration of the mounting proc-
ess between two vertical beams 11 forming a vertical
column 6 of the frame 5 and the base 7. Each vertical
beam 11 has a female upper end 11a and a male lower
end 11b, wherein the female upper end 11a of a vertical
beam 11 fits within the male lower end 11b of the vertical
beam 11 immediately above. The base 7 is a concrete
block having a female end 16 protruding from the upper
surface of the block where the female lower end 11b of
the lowest vertical beam 11 of the vertical column 6 is
attached to. The female and male ends 11a-b and the
male connection 7a of the base 7 have passing holes 21
located in correspondence to each other, such that a
screw, bolt or pin, for example, is then inserted into the
resulting passage. This ensures that the vertical columns
6 are not disassembled when mounted. The vertical
beams 11 have a quadrangular cross section. Additional
beams 10 may be added in the same way, depending on
the height of the vessel 1 for which the insulating structure
2 is to be used. This figure also shows the bolt passing
cylinders 22 of the vertical beams 11 which are located
at both edges of the outer face and in proximity to both
ends of the vertical beams 11.

[0044] Figs. 8A and 8B show a perspective view of the
mounting process between beams 11,12,13 of the first,
second and third group by interposition of the first joining
element 19.

[0045] The beams 11,12,13 are coupled to each other
by interposition of the first joining element 19 which has
four branches 19a-c in the form of male connection ends.
One of the branches 19a, which is to be joined to a beam
13 from the third group, is inclined at an angle corre-
sponding to the angle of the roof of the insulating structure
1, e.g., 150 to the horizontal plane. The branches 19b
are to be inserted into the female ends of respective
beams 12 of the second group of beams and branch 19c
is to be inserted into the female end of a beam 11 of the
first group of beams. The first joining element 19, that is
a nodal joint, may be made of four quadrangular hollow
profiles welded together. Both the branches 19a-c and
the beams 11-13, have at least one through hole 21 at
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each end such that when the beams 11-13 are joined to
each other by interposition of the first joining element 19,
each hole 21 in the branches 19a-c aligns with a hole 21
in the beams 11-13. Screws, bolts or pins may then be
inserted into the passages resulting from this alignment.
[0046] Fig. 9 shows a perspective view of the joining
element 19 shown in Figs. 8A and 8B. In such figure, the
holes 21 are situated on the outer faces of the branches
19a-c to which the beams 11-13 from the first, second
and third groups are to be mounted.

[0047] Fig. 10 shows a perspective view of a beam 12
from the second group of beams having a through hole
21 at each end and wherein both ends of the beam 12
are a male end 12a. These male ends 12a are to be
inserted in respective branches 19b of two joining ele-
ments 19, as shown in figures 8 and 9. The beams 12
and the first joining elements 19 define the outer perim-
eter of the roof of the insulating structure 1.

[0048] Fig. 11 shows an illustration of the assembly
process between the first joining element 19 and the
beams 13 of the third group of beams that form the in-
clined segments of the roof of the insulating structure 1.
[0049] Thebeams 13 are atan inclination of about 150
to the horizontal. A female end 13a of the beam 13 is
connected to the corresponding male branch 19a of the
first joining element 19 such that the holes in both parts
align and a screw, bolt or pin may be inserted into the
resulting passage. The bolt passing cylinders 22 of the
beam 13 face away from the vessel 10. The female end
13b of the beam 13 is inserted into the male end 13a of
the immediately contiguous beam 13 such that the holes
in each part align and a screw, bolt or pin may be inserted
into the resulting passage. Additional beams 13 of the
same or different lengths may be attached depending on
the size of the vessel, although in this embodiment only
two beams 13 from the third group are used per vertical
column 6 of the frame 2.

[0050] Fig. 12 shows a perspective view of the joint
between beams 13-14 of the third and fourth group of
beams by interposition of the second joining element 23.
[0051] The second joining element 23 has a similar
structure to the first joining element 19 but with three
branches 23a-b, which are a combination of female and
male connections, for joining a beam 13 from the third
group of beams to two beams 14 from the fourth group
of beams. The branch 23a, that is a male connection, to
which the beam 13 from the third group of beamsiis joined
is inclined by around 150 with respect to the horizontal
plane. Branches 23b, which are female connections, are
joined by respective male-female junctions to corre-
sponding beams 14 of the fourth group of beams. The
beams 14 of the fourth group of beams have a structure
substantially identical to the structure of beams 12 of the
second group of beams as shown in Fig. 10, but they will
be shorter. These beams 14 of the fourth group of beams
are to define the opening 15 of the insulating structure
1. Each branch 23a-b has at least one hole 21 which can
be used to screw, bolt or pin the joining element to the
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beams 13-14. The second joining element 23 may be
made of three hollow profiles welded together.

[0052] Fig. 13 shows a perspective view of the second
joining element 23 shown in Fig. 12. In this figure, the
holes 21 of the branches 23b are situated on the outer
faces of the branches 23a-b while the holes 21 of the
branch 23a are situated on the outer surface of the branch
23a and its opposite surface.

[0053] Fig. 14 shows a front perspective view of an
example of a pre-fabricated insulating panel 3 according
to the first embodiment of the invention. Fig. 15 shows a
rear perspective view of the pre-fabricated insulating
panel 3 of Fig. 14 together with an enlarged view of a
portion of the panel 3 to show several of its components.
The wall insulating panel 3 comprises an outer corrugat-
ed steel sheet 16, having at its two parallel vertical edges
two steel profiles 20 attached thereto. Pins 25 are cou-
pled to the two steel profiles 20 by interposition of pin
supports 24 which are welded longitudinally to the vessel-
facing surface of the steel profiles 20 such that the pins
25 of the panel 3 can be coupled with the corresponding
bolt passing cylinders 22 of the frame 2 to form hinge
joints. The corrugated steel sheet 16 also comprises an
inner frame 26 composed of an L-shaped profile perpen-
dicular to the panel 3 itself. The inner frame 26 may be
welded to the vessel-facing surface of the corrugated
steel sheet 16 and is used to fix the non-rigid insulating
layer 17 to the corrugated steel sheet 16. The inner non-
rigid insulating layer 17 is a 400 mm thick stone wool
blanket sewn using galvanized steel wire to a steel strip
mesh. The stone wool blanket is secured to the corru-
gated steel sheet 16 by joining the strip mesh to the inner
frame 26 using hooks or cable ties. The upper edge of
the corrugated metal sheet 16 is substantially aligned
with the upper edge of the stone wool layer 17.

[0054] Fig. 16 shows the assembly process of a wall
insulating panel 3 to the frame 2. Fig. 17 shows a plan
view of the panel 3 assembled to the vertical beams 11.
[0055] The pins 25 of the panels 3 are inserted into the
bolt passing cylinders 22 of the frame 2 by performing a
longitudinal movement in the direction of the arrows of
the panel 3 relative to the frame 2. In this way, the pins
25 are inserted into the bolt passing cylinders 22 forming
a hinge joint 18.

[0056] Fig. 18 shows an enlarged view of the overlap
between insulating panels 3 mounted on two consecutive
rows of insulating panels 3 to form the side wall of the
insulating structure 1. The overlap between the corrugat-
ed steel sheets 16 protects the inner non-rigid insulating
layers 17 and the vessel 10 from the environment and
from the entry of water. To achieve this overlap, the cor-
rugated metal sheet 16 is oversized with respect to the
stone wool layer 17 on each of the wall panels 3. The
corrugated metal sheet 16 extends below the lower edge
of each stone wool layer 17. Besides, the two steel pro-
files 20 attached to the parallel vertical edges of the cor-
rugated metal sheet 16 do not reach the bottom edge of
the corrugated metal sheet 16 such that at least the por-
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tion of the corrugated metal sheet 16 that overlaps with
the insulating panel 3 immediately below is not covered
by the steel profiles 20.

[0057] For each pair of columns 6, the lowest panels
3 are mounted first, and then the panel 3 immediately
above is mounted such that the overhanging part 26 on
the lower edge of the corrugated metal sheet 16 of the
higher panel 3 covers part of the lower panel 3 with a
tight fit between the two corrugated metal sheets 16. This
is repeated until the beams 12 from the second group
are reached. As the upper edge of the corrugated metal
sheet 16 is aligned with the upper edge of the stone wool
layer 17, the stone wool layer 17 of the uppermost insu-
lation panel 3 can fit close to the beams 12 with minimal
gap. This provides a more complete insulation of the ves-
sel 10.

[0058] Fig. 19 shows an upper perspective view of an
insulating panel 4 for the lower row of the roof of the
insulating structure 1. The geometry ofthe insulating pan-
el 4 is substantially trapezoidal and the corrugated steel
sheet 16 is made by welding two symmetrical halves lon-
gitudinally on one edge. The corrugated steel sheet 16
overhangs the stone wool layer 17 on the lower edge and
is shy of the stone wool layer 17 on the opposite edge
defining an exposed portion 28 of stone wool layer 17.
The overhanging portion 27 of the corrugated steel sheet
16isto coverthe beams 12 from the second group, where
the roof meets the wall of the insulating structure 1. This
is so that the overhanging portion 27 covers the exposed
part of the wall insulating panels 3, so that these are
protected from the elements and so that water does not
reach the inner layers 17 of the wall insulating panels 3
or the surface of the vessel 10.

[0059] Fig. 20 shows a lower perspective view of an
insulating panel 5 for the upper row of the roof of the
insulating structure 1. The corrugated steel sheet 16
overhangs the stone wool layer 17 at both ends defining
a first overhanging portion 29 and a second overhanging
portion 30. The first overhanging portion 29 is greater
than the second overhanging portion 30 to both cover
the exposed part 28 of the stone wool 17 on the panel 4
of Fig. 19 and to cover part of the corrugated steel sheet
16 of the same panel 4 in the same way as described for
the wall panels 3 in Fig. 18. The second overhanging
portion 30 is to cover the beams 14 of the fourth group
of beams.

[0060] The corrugated steel sheets 16 of the insulating
panels 4-5 also have at their respective two parallel lon-
gitudinal edges two steel profiles 31 attached thereto
which are similar to the steel profiles 20 of the wall insu-
lating panels 3. Pins 32 are also coupled to the two steel
profiles 31 by interposition of respective pin supports
which are welded longitudinally to the vessel-facing sur-
face of the steel profiles 31 such that the pins 32 of the
panels 4-5 can be coupled with the corresponding bolt
passing cylinders 22 of the beams 13 to form hinge joints.
[0061] Fig. 21 shows the panels of Figs. 19 and 20
arranged as they would be when assembled to the roof
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of the insulating structure 1. The insulating panels 4-5
forming the roof of the insulating structure 1 completely
cover the inner non-rigid layer 17 of insulating material
of such panels 4-5 and the beams 12-14 of the second,
third and fourth groups of beams

[0062] Fig. 22 is an enlarged view of this overlapping
section when the panels 4,5 are assembled to the roof
of the insulating structure 1. The hinge joints 18 formed
by the pins 32 of the panels 4,5 and the bolt passing
cylinders 22 ofthe beams 13 are also visible in this figure.
[0063] Fig. 23 shows the partially disassembled roof
of the insulating structure 1. As there is no overlap be-
tween laterally adjacent panels, these can be disassem-
bled and reassembled independently of each other. This
allows localized maintenance work to be carried out with-
out dismantling the whole structure.

[0064] Fig. 24 shows the mounting of a cover 9 to close
the remaining opening 15 in the roof of the frame 2. The
removable circular steel cover 9 has an inner non-rigid
layer (not shown) of insulating material attached to its
inner surface that is similar to the inner non-rigid layer of
insulating material of the insulating panels 3-5. This re-
movable circular steel cover 9 may allow access, for ex-
ample, to the inlets and outlets of the vessel 10. The
removable circular steel cover 9 is mounted over and
coupled to the frame 2 by means of, forexample, screws,
bolts or pins. The removable circular steel cover 9 over-
laps with the corrugated steel sheets 16 of the insulating
panels 5 so that the inner layers of the structure 1 and
the vessel 10 are protected from the elements and from
the entry of water.

Claims

1. Aninsulating structure (1) for a vessel (10), the ves-
sel (10) for containing a material to be maintained
within a controlled temperature range, character-
ized in that the insulating structure (1) comprises:

a frame (2) comprising a plurality of intercon-
nected beams (11,12,13,14) and being config-
ured to enclose the vessel (10), wherein the
frame (2) is supported independently of the ves-
sel (10) and is placed at a distance from at least
one exterior surface of the vessel (10); and

a plurality of insulating panels (3,4,5) mounted
on the frame (2).

2. The insulating structure (1) of claim 1, wherein the
frame (2) comprises:

a first group of beams (11) of the plurality of
beams, wherein the beams (11) of the first group
of beams are couplable to each other to form a
plurality of substantially vertical columns (6) sur-
rounding side walls of the vessel (10);

a second group of beams (12) of the plurality of
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beams, wherein each beam (12) of the second
group of beams is couplable to upper ends of
two adjacent vertical columns (6) by interposi-
tion of first joining elements (19);

a third group of beams (13) of the plurality of
beams, wherein the third group of beams (13)
are at an angle to the first group of beams (11)
and form a roof of the frame (2), each beam (13)
of the third group of beams being couplable to
a respective vertical column (6) by interposition
of a respective first joining element (19) at one
end and to a second joining element (23) at the
opposite end; and

a fourth group of beams (14) of the plurality of
beams, wherein each beam (14) of the fourth
group of beams is couplable to free ends of two
adjacent beams (13) of the third group of beams
by interposition of the second joining elements
(23).

The insulating structure (1) of claim 2, wherein the
beams (11) of the vertical columns (6) have a female
end (11a) and a male end (11b) and are coupled to
each other via male-female junctions.

The insulating structure (1) of claim 3, wherein the
male end (11b) of lower beams (11) of each vertical
column (6) is inserted into a female end (7a) of a
respective base (7) to form a male-female junction
between the base (7) and the vertical column (6),
wherein the bases (7) support the frame (2).

The insulating structure (1) of claim 3, wherein the
male end of upper beams (11) of the vertical columns
are respectively coupled to the first joining element
(19) by respective male-female junctions.

The insulating structure (1) of any one of the preced-
ing claims, wherein the frame (2) comprises a plu-
rality of bolt passing cylinders (22) configured to re-
ceive respective pins (25,32) of the insulating panels
(3,4,5) forming respective hinge joints (18).

The insulating structure (1) of any one of the preced-
ing claims, wherein the insulating panels (3,4,5)
comprise an outer rigid corrugated layer (16) and an
inner non-rigid layer of insulating material (17), the
inner non-rigid layer facing the exterior surface of
the vessel (10).

The insulating structure (1) of claim 7, wherein the
outer rigid corrugated layer (16) is made of steel.

The insulating structure (1) of claim 7, wherein the
inner non-rigid layer of insulating material (17) is
made of mineral wool with steel wire or strip mesh.

10. The insulating structure (1) of claim 7, wherein the
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1.

12.

13.

14.

outer rigid corrugated layer (16) at least partially
overlaps the inner non-rigid layer (17) of insulating
material, the outer rigid corrugated layer (16) defin-
ing at least one overhanging portion at one side of
the inner non-rigid layer (17) of insulating material.

The insulating structure (1) of claim 10, wherein the
overhanging portion of a particular insulating panel
(3,4,5) overlaps the outer rigid corrugated layer (16)
of at least one adjacent insulating panel (3,4,5).

The insulating structure (1) of any one of the preced-
ing claims, wherein the insulating structure (1) com-
prises a plurality straps (8) transversely disposed rel-
ative to the first beams (11) and encircling the vessel
(10), mounted on the outer rigid corrugated layer (16)
of the insulating panels, wherein the tension in the
straps (8) causes the inner non-rigid layer (17) of the
insulating panels to be compressed between the out-
errigid corrugated layer (16) and the exterior surface
of the vessel (10).

A method for mounting an insulating structure (1) to
at least one exterior surface of a vessel (10), the
vessel for containing a material to be maintained
within a controlled temperature range, the method
comprising:

mounting a frame (2) comprising a plurality of
interconnected beams (11,12,13,14), the frame
(2) being supported independently of the vessel
(10) and placed enclosing the vessel (10) and
located at a distance from the at least one exte-
rior surface of the vessel; and

mounting a plurality of insulating panels (3,4,5)
on the frame (2) to substantially cover the ves-
sel.

The method of claim 13, wherein mounting the frame
(2) comprises:

coupling a first group of beams (11) of the plu-
rality of beams to each other forming a plurality
of substantially vertical columns (6) surrounding
side walls of the vessel (10);

coupling each beam (12) of a second group of
beams of the plurality of beams to upper ends
of two adjacent vertical columns (6) by interpo-
sition of first joining elements (19);

coupling each beam (13) of a third group of
beams of the plurality of beams to a respective
vertical column (6) by interposition of a respec-
tive first joining element (19) and to a second
joining element(23) atthe opposite end, the third
group of beams (13) being at an angle to the
first group of beams (11) and forming a roof of
the frame (2); and

coupling each beam (14) of a fourth group of
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beams of the plurality of beams to free ends of
two adjacent beams (13) of the third group of
beams by interposition of the second joining el-
ements (23).

The method of claim 14, comprising coupling lower
beams (11) of each vertical column (6) into respec-
tive bases (7), the bases being configured to support
the frame (2).

The method of any one of the preceding claims,
wherein mounting the insulating panels (3,4,5) on
the frame (2) comprises inserting a number of pins
(25,32) of the insulating panels into corresponding
bolt passing cylinders (22) in the beams of the frame
(2), such that the insulating panels are slidable lon-
gitudinally in the direction of the bolt passing cylin-
ders (22) forming hinge joints (18).

The method of any one of the preceding claims, com-
prising placing a plurality of straps (8) transversely
to the first beams (11) and encircling the vessel (10),
the straps (8) being mounted on outer rigid corrugat-
ed layers (16) of the insulating panels, wherein a
tension in the straps (8) causes inner non-rigid layers
(17) of the insulating panels to be compressed be-
tween the outer rigid corrugated layers and the ex-
terior surface of the vessel (10).
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