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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The presentinvention relates to a floating mod-
ule according to the preamble of the appended independ-
entclaim. The invention also relates to a floating structure
that comprises a plurality of interconnected floating mod-
ules.

BACKGROUND OF THE INVENTION

[0002] Various floating structures, such as docks, plat-
forms and bridges, are known in the prior art. Some of
these floating structures are modular, consisting of inter-
connected floating modules. A problem associated with
the known modular floating structures is that they are
difficult and slow to assemble and disassemble. Another
problem associated with the known modular floating
structures is that the floating modules can be intercon-
nected in only a particular way. Yet another problem as-
sociated with the known modular floating structures is
thatthey are not strong enough to withstand harsh weath-
er conditions and large loads.

OBJECTIVES OF THE INVENTION

[0003] It is the main objective of the present invention
to reduce or even eliminate the prior art problems pre-
sented above.

[0004] Itis an objective of the present invention to pro-
vide a floating module for a modular floating structure. In
more detall, it is an objective of the invention to provide
a floating module that enables the assembling and dis-
assembling of a modular floating structure in an easy and
quick manner. It is a further objective of the invention to
provide a floating module that can be attached to other
floating modules in various ways.

[0005] Itis an objective of the present invention to pro-
vide a modular floating structure. In more detail, it is an
objective of the invention to provide a modular floating
structure that withstands harsh weather conditions and
large loads. It is a further objective of the invention to
provide a modular floating structure that can be placed
in various places. ltis yet a further objective of the inven-
tion to provide a modular floating structure that is suitable
for temporary and permanent applications.

[0006] In order to realise the above-mentioned objec-
tives, the floating module according to the invention is
characterised by what is presented in the characterising
portion of the appended independent claim. Advanta-
geous embodiments of the invention are described in the
dependent claims.

DESCRIPTION OF THE INVENTION

[0007] A floating module according to the invention
comprises a reinforced concrete shell having a rectan-
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gular top slab and sidewalls extending from the edges of
the rectangular top slab to define a cavity therein, and a
floating element arranged inside the cavity to provide
buoyancy. The floating module according to the invention
further comprises a corner element at each corner of the
rectangular top slab, the corner element comprising at
least two attachment points, and a side element at each
longer side of the rectangular top slab, the side element
comprising at least two attachment points.

[0008] The floating module according to the invention
is meant to be placed in water, such as ariver, a lake or
asea, and it can be used for various purposes. The float-
ing module can be used alone or attached to other floating
modules. The interconnected floating modules form a
modular floating structure. Depending on the arrange-
ment, the orientation and the number of the interconnect-
ed floating modules, the floating structure can function,
for example, as a dock, a platform or a bridge.

[0009] The floating module can have the shape of a
rectangular block, the length and the width of which can
be, for example, 8-12 m and 4-6 m, respectively. Prefer-
ably, the length of the floating module is twice the width
of the floating module. The height of the floating module
can be 1-3 m, and preferably 1.5-2.5 m. The floating mod-
ule can have the length of 10 m, the width of 5 m and the
height of 2 m. The ratio of width to length of the floating
module can be, for example, 1:1, 1:2, 1:3 or 1:4.

[0010] The reinforced concrete shell comprises four
sidewalls, which extend downwards from the edges of
the rectangular top slab (deck). The sidewalls are con-
nected to the edges of the rectangular top slab. Two of
the sidewalls are connected to the longer sides of the
rectangular top slab, and two of the sidewalls are con-
nected to the shorter sides of the rectangular top slab.
The ends of the sidewalls are connected to the ends of
other sidewalls. Preferably, the sidewalls extend perpen-
dicularly from the edges of the rectangular top slab, which
means that the sidewalls are perpendicular to the rec-
tangular top slab. In some cases, the sidewalls can be
tilted towards each other. The sidewalls are preferably
rectangular and planar.

[0011] The length of the rectangular top slab is prefer-
ably twice the width of the rectangular top slab. The length
and the width of the rectangular top slab can be, for ex-
ample, 8-12 m and 4-6 m, respectively. The rectangular
top slab can have the length of 10 m and the width of 5
m. The thickness of the rectangular top slab can be, for
example, 10-30 cm. The rectangular top slab is prefera-
bly planar. The ratio of width to length of the rectangular
top slab can be, for example, 1:1, 1:2, 1:3 or 1:4.
[0012] The rectangular top slab together with the side-
walls define the cavity of the reinforced concrete shell.
The bottom part of the reinforced concrete shell can be
open, or it can be closed, for example, with a rectangular
bottom slab. The rectangular bottom slab is connected
at its edges to the sidewalls.

[0013] The floating elementis arranged inside the cav-
ity. The floating element provides buoyancy in water so
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that the floating module can float. The floating element
can be dimensioned in such a manner that when the (un-
loaded) floating module is in water, about half of the float-
ing module is above the water surface. The floating ele-
ment can be, for example, a pontoon, i.e. an airtight hol-
low structure, or an element made of a material having
a density less than that of water. The floating element
can have various shapes and sizes depending on the
application. The floating element can have, for example,
the shape of acylinder or arectangular block. The floating
element may consist of one or more floating sections.
[0014] In the floating module according to the inven-
tion, one corner element is attached to each corner of
the rectangular top slab. The corner element can, for ex-
ample, be made of hot galvanized steel. Each corner
element comprises at least two attachment points that
can be used in attaching the floating module to other
floating modules. The attachment point may comprise,
for example, one or more holes for receiving an attach-
ment bolt. The floating modules can be interconnected
with attachment means that can attach to the attachment
points of the corner elements. The attachment means
may comprise, forexample, attachmentbolts. The corner
element can consist of one or more parts. Preferably, the
corner element consists of two parts, one of the parts
being arranged at the longer side of the rectangular top
slab and the other part being arranged at the shorter side
ofthe rectangular top slab. The two parts can be attached
to each other or arranged at a distance from each other.
Each of the two parts comprises at least one attachment
point.

[0015] In the floating module according to the inven-
tion, at least one side element is attached to each longer
side of the rectangular top slab. The number of side el-
ements can be chosen based on the ratio of width to
length of the rectangular top slab. In a case where the
length of the rectangular top slab is twice the width of the
rectangular top slab, the floating module comprises one
side element on each longer side of the rectangular top
slab. In this case, the side elementis placed in the middle
of the longer side. Preferably, the side element is ar-
ranged close to the edge of the rectangular top slab. The
side element can, for example, be made of hotgalvanized
steel. Each side element comprises at least two attach-
ment points that can be used in attaching the floating
module to other floating modules. The attachment point
may comprise, for example, one or more holes for re-
ceiving an attachment bolt. The floating modules can be
interconnected with attachment means that can attach
to the attachment points of the side elements. The at-
tachmentmeans may comprise, for example, attachment
bolts. The side element can consist of one or more parts.
Preferably, the side element consists of two parts, each
of which comprises at least one attachment point. The
two parts are arranged consecutively, and they can be
attached to each other or arranged at a distance from
each other.

[0016] Preferably, each corner element and each side
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element comprise two attachment points. The distance
between the attachment points in the adjacent corner
and side elements can be the same as the distance be-
tween the attachment points in the adjacent corner ele-
ments. This allows the floating module to be attached to
other floating modules in various ways. For example, two
floating modules can be attached to each other so that
their longer sides or shorter sides are side by side, or
that the shorter side of one floating module is side by
side with the longer side of the other floating module. In
other words, two floating modules can be attached to
each other so that their longitudinal directions are parallel
or perpendicular.

[0017] The attachment point is preferably such that it
enables the attachmenttoiitin a releasable manner. The
attachment point in the corner element or the side ele-
ment may comprise, for example, one or more holes to
which the attachments means, such as attachment bolts
are attached, or one or more openings through which the
attachment means, such as chains, can be passed. The
attachment point in the corner element or the side ele-
ment may comprise, for example, a counterpart for an
attachment member of the attachment means.

[0018] An advantage of the floating module according
to the invention is that it enables the assembling and
disassembling of a modular floating structure in an easy
and quick manner. Another advantage of the floating
module according to the invention is that it can be con-
nected to other floating modules in various ways.
[0019] According to an embodiment of the invention
the reinforced concrete shell comprises a support beam
that surrounds the edges of the rectangular top slab. The
support beam is preferably connected to the corner ele-
ments and the side elements. In some cases, the side
elements can be integrated to the support beam. Prefer-
ably, the support beam overhangs the sidewalls. The
support beam improves the rigidity of the floating module
and it can sustain impacts from other floating modules.
The support beam enables the attachment of various
components, such as ladders, bollards and lampposts,
to the floating module. The support beam can, for exam-
ple, be made of hot galvanized steel. The support beam
can have, for example, a square, round, or rectangular
cross section.

[0020] According to an embodiment of the invention
the support beam is hollow. The hollow support beam
enables to arrange various components, such as electric
cables, and water pipes and hoses, inside the support
beam. The corner element(s) and/or the side element(s)
may comprise one or more openings through which, for
example, an electric cable, or a water pipe or hose can
pass into or out of the support beam.

[0021] According to an embodiment of the invention
the reinforced concrete shell comprises tubes arranged
to extend through the rectangular top slab in its longitu-
dinal and transverse directions. Preferably, the rein-
forced concrete shell comprises at least two tubes in the
longitudinal direction of the rectangular top slab and at
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least four tubes in the transverse direction of the rectan-
gular top slab. The tubes are preferably arranged to ex-
tend between the corner elements and the side elements.
The tubes enable to pass various components, such as
electric cables, and water pipes and hoses, through the
tubes from one floating module to another. The corner
element(s) and/or the side element(s) are preferably at-
tached to the tube(s) and comprise one or more openings
through which, for example, an electric cable, or a water
pipe or hose can pass into or out of the tube.

[0022] According to an embodiment of the invention
the floating element is made of polystyrene. The polysty-
rene is a material from which it is easy to manufacture
floating elements in various shapes and sizes. The float-
ing element can, for example, be a rectangular block hav-
ing a length of 6-8 m, a width of 3-4 m, and a height of
1-1.5m.

[0023] According to an embodiment of the invention
the reinforced concrete shell is reinforced with a hot gal-
vanized reinforcement mesh. The hot galvanized rein-
forcement mesh is highly corrosion and oxidation resist-
ant and easy to use in the manufacturing of the floating
module. The reinforced concrete shell can alternatively
be reinforced with a stainless steel or composite rein-
forcement mesh.

[0024] According to an embodiment of the invention
the reinforced concrete shell comprises a rectangular
bottom slab, wherein the sidewalls extend to the edges
ofthe rectangular bottom slab. In this case, the reinforced
concrete shell is a closed structure, wherein the cavity is
defined by the rectangular top and bottom slabs and the
sidewalls. The surface area of the rectangular bottom
slab is preferably the same or smaller than the surface
area of the rectangular top slab. In a case where the
surface area of the rectangular bottom slab is smaller
than that of the rectangular top slab, the sidewalls are
tilted towards each other.

[0025] According to an embodiment of the invention
the sidewalls are tilted inwards. In other words, the op-
posite sidewalls of the reinforced concrete shell are tilted
towards each other. An advantage of the tilted sidewalls
is that it increases the structural strength of the floating
module against ice loads.

[0026] According to an embodiment of the invention
the floating module comprises at least one rubber ele-
ment that is arranged in connection with the attachment
point. In otherwords, atleast one of the attachment points
in the floating module is provided with a rubber element.
The rubber element can be arranged to the attachment
point of the corner element or the side element. Each or
only some of the attachment points in the floating module
can be provided with the rubber elements. The rubber
element can be attached to the attachment point by using
the attachment means. For example, the rubber element
may comprise through-holes for attaching the rubber el-
ement to attachment bolts which are attached to the at-
tachment point. The rubber element can have, for exam-
ple, a shape of a rectangular block or a cylinder. The
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rubber element can, for example, be made of a natural
or synthetic rubber.

[0027] The rubber elements are used between attach-
ment points of interconnected floating modules. The rub-
ber elements are elastic, which permits a slight relative
movement of the floating modules in waves. The rubber
elements also improve the load distribution between in-
terconnected floating modules by reducing the shear
forces acting on the floating modules.

[0028] According to an embodiment of the invention
the floating module comprises at least one elastic ele-
ment that is arranged in connection with the sidewall.
Depending on the use of the floating module, one or more
of the sidewalls can be provided with one or more elastic
elements. In some applications, all sidewalls of the float-
ing module are provided with one or more elastic ele-
ments. The elastic elements can be arranged at different
heights of the sidewall. Preferably, the elastic element is
arranged in connection with the lower portion of the side-
wall. The elastic element can be attached to the sidewall.
Alternatively, the elastic element can be attached to an
end of a flexible connecting element, such as a chain, a
cable or the like. The other end of the flexible connecting
element can be attached to the corner element or the
side element, or to the upper portion of the sidewall. Pref-
erably, the other end of the flexible connecting element
is attached in a releasable manner. The elastic element
can be, for example, a rubber element or a spring ele-
ment. The rubber element can have, for example, a
shape of a rectangular block, a cylinder, or a ball. The
rubber element can be made of a natural or synthetic
rubber. The spring element can be made of a metal, syn-
thetic or composite material.

[0029] The elastic elements prevent the sidewalls of
interconnected floating modules from hitting each other.
The elastic elements, especially the ones arranged in
connection with the lower portion of the sidewall, improve
the load distribution between the interconnected floating
modules. Because of the elastic elements, the sagging,
i.e. bending downward, of the interconnected floating
modules is small. When an external downward pressing
force acts on one or more floating modules, the elastic
elements between the other interconnected floating mod-
ules are compressed against the sidewalls. As a result,
the load produced by the external downward pressing
force is more evenly distributed over the interconnected
floating modules.

[0030] The present invention also relates to a floating
structure. The floating structure according to the inven-
tion comprises a plurality of floating modules according
to the invention attached to each other using attachment
means, which are attached to the attachment points of
the floating modules.

[0031] Thefloating structure according to the invention
is a modular structure, which comprises interconnected
floating modules. The floating modules are arranged side
by side and in one or more layers. The floating structure
according to the invention is meant to be placed in water,
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such as a river, a lake or a sea, and it can be used for
various purposes. Depending on the arrangement, the
orientation and the number of the interconnected floating
modules, the floating structure can function, for example,
as a dock, a platform or a bridge. The number of the
floating modules in the floating structure can be, for ex-
ample, 2-10, 10-50, 50-200, or more than 200. The length
of the floating structure can be, for example, less than
25m, 25-50 m, 50-100 m, or more than 100 m. The width
of the floating structure can be, for example, less than
10 m, 10-20 m, or more than 20 m.

[0032] The floating modules can be attached to each
otherin various ways. The adjacent floating modules can
be arranged side by side so that their longitudinal direc-
tions are parallel or perpendicular with respect to each
other. The floating modules can be arranged in more than
one layer, i.e. arranged on top of each other, which con-
siderably improves the rigidity of the floating structure.
[0033] The floating modules are attached to each other
in a releasable manner so that one or more floating mod-
ules can be removed from the floating structure when
needed. On the other hand, one or more floating modules
can be added to the floating structure when needed. Be-
cause the floating modules are attached in a releasable
manner, a damaged floating module can be easily re-
placed.

[0034] The attachment means may comprise, for ex-
ample, a chain that is attached to the attachment points
in the floating modules. The attachment point in the cor-
ner element or the side element may comprise, for ex-
ample, an opening through which the chain is passed.
The attachment means may comprise, for example, an
attachment member that is attached to a counterpart in
the attachment point.

[0035] Anadvantage of the floating structure according
to the invention is that it can withstand harsh weather
conditions and large loads. Another advantage of the
floating structure according to the invention is that it can
be easily assembled in various places. Still another ad-
vantage of the floating structure according to the inven-
tion is that it can be easily disassembled. Still another
advantage of the floating structure according to the in-
vention is that it is suitable for temporary and permanent
applications.

[0036] According to an embodiment of the invention
the floating modules are arranged in at least two layers.
By arranging the floating modules in more than one layer,
the rigidity of the floating structure can be improved and
thus the floating structure can better withstand harsh
weather conditions and large loads. Furthermore, the
floating structure according to this embodiment has a
larger freeboard, which facilitates the mooring of a vessel
to the floating structure.

[0037] According to an embodiment of the invention
the floating modules are arranged in a staggered manner.
By arranging the floating modules in a staggered manner,
the rigidity of the floating structure can be improved and
thus the floating structure can better withstand harsh
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weather conditions and large loads.

[0038] According to an embodiment of the invention
the floating structure comprises rubber elements be-
tween the sidewalls of the adjacent floating modules. The
rubber elements prevent the sidewalls of the floating
modules from hitting each other. The rubber elements
also improve the load distribution.

[0039] According to an embodiment of the invention
the floating structure is a dock, a platform or a bridge.
[0040] The exemplary embodiments of the invention
presented in this text are not interpreted to pose limita-
tions to the applicability of the appended claims. The verb
"to comprise" is used in this text as an open limitation
that does not exclude the existence of also unrecited fea-
tures. The features recited in the dependent claims are
mutually freely combinable unless otherwise explicitly
stated.

[0041] The exemplary embodiments presented in this
text and their advantages relate by applicable parts to
the floating module as well as the floating structure ac-
cording to the invention, even though this is not always
separately mentioned.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042]

Fig. 1 illustrates a floating module according to a first

embodiment of the invention,

fig. 2 illustrates a floating structure according to an
embodiment of the invention, and
fig. 3 illustrates a floating module according to a sec-

ond embodiment of the invention.
DETAILED DESCRIPTION OF THE DRAWINGS

[0043] The same reference signs are used of the same
or like components in different embodiments.

[0044] Fig. 1 illustrates a floating module according to
a first embodiment of the invention. The floating module
100 can be used alone, or it can be attached to other
floating modules, which together form a floating structure,
such as a dock, a platform or a bridge.

[0045] The floating module 100 comprises a reinforced
concrete shell 101, which comprises a rectangular top
slab 102 and sidewalls 103 that extend perpendicularly
downwards from the edges of the rectangular top slab
102. The reinforced concrete shell 101 is reinforced with
ahotgalvanized reinforcementmesh (notshowninfig. 1).
[0046] The rectangular top slab 102 and the sidewalls
103 define a cavity (not shown in fig. 1), inside which is
arranged a floating element (not shown in fig. 1). The
floating element provides buoyancy so that the floating
module 100 can float in water. The floating element has
the shape of a rectangular block and it is made of poly-
styrene.
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[0047] The floating module 100 comprises a corner el-
ement 104 at each corner of the rectangular top slab 102,
and a side element 105 at each longer side of the rec-
tangular top slab 102. Each corner element 104 and each
side element 105 comprise two attachment points 106
that can be used in attaching the floating module 100 to
other floating modules in various orientations. The float-
ing module 100 can be attached to another floating mod-
ule so that the longitudinal directions of the interconnect-
ed floating modules are parallel or perpendicular. The
floating module 100 can be attached to other floating
modules with attachment means (not shown in fig. 1) that
can attach to the attachment points 106 in the floating
module 100.

[0048] The reinforced concrete shell 101 comprises a
support beam 107 that surrounds the edges of the rec-
tangular top slab 102 and overhangs the sidewalls 103.
The supportbeam 107 is attached to the corner elements
104 and the side elements 105. The support beam 107
is hollow, which enables the arrangement of electric ca-
bles (not shown in fig. 1) inside the support beam 107.
[0049] Fig. 2 illustrates a floating structure according
to an embodiment of the invention. The floating structure
200 is a bridge that is placed in a river 201 between two
riverbanks 202 and it provides a river crossing for people
and vehicles. The ends of the floating structure 200 com-
prise widened sections 203, which are connected
through ramps 204 to the riverbanks 202.

[0050] The floating structure 200 comprises a plurality
of interconnected floating modules 100. The floating
modules 100 are arranged in two layers and they are
attached to each other with differing orientations that pro-
vides a rigid structure and thus enables the floating struc-
ture 200 to withstand harsh weather conditions and large
loads. The floating modules 100 are attached to each
other using attachment means 205, which attach to the
attachment points 106 of the floating modules 100. Rub-
ber elements (not shown in fig. 2) are arranged between
the sidewalls 103 of the adjacent floating modules 100
in order to prevent the sidewalls 103 of the floating mod-
ules 100 from hitting each other.

[0051] Fig. 3 illustrates a floating module according to
a second embodiment of the invention. The floating mod-
ule 100 can be used alone, or it can be attached to other
floating modules, which together form a floating structure.
[0052] The floating module 100 comprises a reinforced
concrete shell 101, which comprises a rectangular top
slab 102 and sidewalls 103 that extend perpendicularly
downwards from the edges of the rectangular top slab
102. The rectangular top slab 102 and the sidewalls 103
define a cavity (not shown in fig. 3), inside which is ar-
ranged a floating element (not shown in fig. 3) that pro-
vides buoyancy.

[0053] The floating module 100 comprises a corner el-
ement 104 at each corner of the rectangular top slab 102,
and a side element 105 at each longer side of the rec-
tangular top slab 102. Each corner element 104 and each
side element 105 comprise two attachment points 106
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that can be used in attaching the floating module 100 to
other floating modules in various orientations. The float-
ing module 100 can be attached to otherfloating modules
with attachment bolts 301 that are attached to the attach-
ment points 106.

[0054] The reinforced concrete shell 101 comprises
tubes 302 that are arranged to extend through the rec-
tangular top slab 102 in its longitudinal and transverse
directions. The tubes 302 enable to pass electric cables,
and water pipes and hoses, through the tubes 302 from
one floating module to another.

[0055] The floating module 100 comprises upper and
lower rubber elements 303, 304. The upper rubber ele-
ments 303 are attached with the attachment bolts 301 to
the attachment points 106. The lower rubber elements
304 are attached to the sidewall 103 with chains 305.
The upper and lower rubber elements 303, 304 prevent
the sidewalls 103 of the floating modules 100 from hitting
each other.

[0056] Only advantageous exemplary embodiments of
the invention are described in the figures. It is clear to a
person skilled in the art that the invention is not restricted
only to the examples presented above, but the invention
may vary within the limits of the claims presented here-
after. Some possible embodiments of the invention are
described in the dependent claims, and they are not to
be considered to restrict the scope of protection of the
invention as such.

Claims
1. A floating module, comprising:

- a reinforced concrete shell having a rectangu-
lar top slab and sidewalls extending from the
edges of the rectangular top slab to define a cav-
ity therein, and

- a floating element arranged inside the cavity
to provide buoyancy,

characterised in that the floating module compris-
es:

- a corner element at each corner of the rectan-
gular top slab, the corner element comprising at
least two attachment points, and

- a side element at each longer side of the rec-
tangular top slab, the side element comprising
at least two attachment points.

2. The floating module according to claim 1, charac-
terised in that the reinforced concrete shell com-
prises a support beam that surrounds the edges of
the rectangular top slab.

3. The floating module according to claim 2, charac-
terised in that the support beam is hollow.
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The floating module according to any of the preced-
ing claims, characterised in that the reinforced con-
crete shell comprises tubes arranged to extend
through the rectangular top slab in its longitudinal
and transverse directions.

The floating module according to any of the preced-
ing claims, characterised in that the floating ele-
ment is made of polystyrene.

The floating module according to any of the preced-
ing claims, characterised in that the reinforced con-
crete shell is reinforced with a hot galvanized rein-
forcement mesh.

The floating module according to any of the preced-
ing claims, characterised in that the reinforced con-
crete shell comprises a rectangular bottom slab,
wherein the sidewalls extend to the edges of the rec-
tangular bottom slab.

The floating module according to any of the preced-
ing claims, characterised in that the sidewalls are
tilted inwards.

The floating module according to any of the preced-
ing claims, characterised in thatthe floating module
comprises at least one rubber element that is ar-
ranged in connection with the attachment point.

The floating module according to any of the preced-
ing claims, characterised in thatthe floating module
comprises at least one elastic element that is ar-
ranged in connection with the sidewall.

A floating structure, characterised in that the float-
ing structure comprises a plurality of floating mod-
ules according to any of the preceding claims at-
tached to each other using attachment means, which
are attached to the attachment points of the floating
modules.

The floating structure according to claim 11, char-
acterised in that the floating modules are arranged
in at least two layers.

The floating structure according to claim 11 or 12,
characterised in that the floating modules are ar-
ranged in a staggered manner.

The floating structure according to any of claims 11
to 13, characterised in that the floating structure
comprises rubber elements between the sidewalls
of the adjacent floating modules.

The floating structure according to any of claims 11
to 14, characterised in that the floating structure is
a dock, a platform or a bridge.
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