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(54) REINFORCED WOODEN STRUCTURAL PANEL

(57) The present invention relates to a wooden struc-
tural panel for use in construction applications, said
wooden structural panel being a rectangular cuboid hav-
ing a length, a width, and a height, wherein said length
is equal to or greater than said width, and wherein said
width is equal to or greater than said height, said wooden
structural panel comprising: a plurality of laminated

wooden members; two opposite primary faces extending
in the length-width direction; at least one space arranged
between said two opposite primary faces; at least one
material arranged in said at least one space; wherein the
average density of the total amount of material in said at
least one space is greater than the average density of
said wooden members.
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Description

Field of the Invention

[0001] The present invention relates to structural ele-
ments for use in the construction of buildings, and spe-
cifically to a prefabricated reinforced wooden structural
panel.

Background

[0002] Historically, concrete elements have often been
used in the construction of buildings. However, a desire
to use more environmentally friendly materials has led
to the search for alternative materials to be used when
constructing buildings. When constructing buildings to-
day, wooden structural panels are sometimes used as
construction elements for the construction of roofs, floors,
or walls. Commonly available wooden structural panels
have at least the following drawbacks as compared to
other traditional construction elements such as concrete
blocks or panels: lower stability, less efficient sound in-
sulation, lower stiffness, shorter span, more sensitive to
moisture. Furthermore, one common area where the use
of traditional wooden structural panels has drawbacks is
in wind stability of building constructed using these pan-
els.
[0003] Thus, when using wooden structural panels in
the construction of floors, it is often necessary to coat the
upper surface of the panels with cement, concrete, rub-
ble, or gravel in order to achieve a stiff and stable surface
on which a floor covering or flooring may be arranged.
When using wooden structural panels to separate one
level of a building from another, a ceiling material often
has to be attached to the wooden structural panel in order
to achieve improved sound insulation between floors. Ap-
plying any of these materials to the wooden structural
panel after it has been mounted to the remaining con-
struction elements is a time consuming and work inten-
sive activity that adds an extra step to the construction
process. Also, lead times increase as flooring cannot be
applied to a cement or concrete covered surface of the
wooden structural panel until the cement or concrete has
set. Also, the addition of moisture through the cement or
concrete may lead to a potentially unhealthy indoor cli-
mate.

Summary of the Invention

[0004] The present invention is based on the realiza-
tion that by providing a wooden structural panel with im-
proved structural properties, it will not be necessary to
coat the wooden structural panel with cement or the like,
thereby maintaining the aesthetic appearance of the
wooden structural panel and saving time at the construc-
tion site.
[0005] An object of the present invention is therefore
to alleviate the abovementioned problems and provide a

wooden structural panel that has improved structural
properties. The wooden structural panel according to the
present invention has improved stability, improved sound
insulation and improved usability compared to commonly
available wooden structural panels.
[0006] The above and other objects which will be evi-
dent from the following description are achieved by a
wooden structural panel according to the present inven-
tion.
[0007] According to a first aspect of the present inven-
tion, a wooden structural panel for use in construction
applications is provided, said wooden structural panel
being a rectangular cuboid having a length, a width, and
a height, wherein said length is equal to or greater than
said width, and wherein said width is equal to or greater
than said height, said wooden structural panel compris-
ing:

a plurality of laminated wooden members,
two opposite primary faces extending in the length-
width direction,
at least one space arranged between said two op-
posite primary faces,
at least one material arranged in said at least one
space,
wherein the average density of the total amount of
material in said at least one space is greater than
the average density of said wooden members.

[0008] The term construction applications is to be un-
derstood as meaning e.g. the construction of buildings,
verandas, walls, or similar. The wooden structural panel
according to the present invention is suitable for use as
a building material or construction element when con-
structing load bearing or supporting elements of a build-
ing.
[0009] According to one exemplary embodiment, the
two opposite primary faces extend the entire length and
width of the wooden structural panel.
[0010] A plurality of laminated wooden members is to
be understood as meaning that the wooden structural
panel comprises at least two wooden members that are
adhered to each other. Furthermore, the term laminated
is to be understood as meaning that each wooden mem-
ber is adhered to its neighbors by means of e.g. adhe-
sives and/or mechanical fasteners. Pressure and/or heat
may additionally be applied to the wooden members to
further strengthen their adherence to each other.
[0011] According to one exemplary embodiment, said
plurality of laminated wooden members are laminated to
each other in at least 3 layers, preferably at least 5 layers,
and most preferably at least 7 layers, measured in the
height direction of the wooden structural panel.
[0012] According to one exemplary embodiment, said
plurality of laminated wooden members is a plurality of
wooden boards, wherein each board has a thickness that
is at between 2 mm and 100 mm, preferably between 10
mm and 75 mm, most preferably between 10 mm and 50

1 2 



EP 3 409 860 A1

3

5

10

15

20

25

30

35

40

45

50

55

mm, and a width that is between 30 mm and 250 mm,
preferably between 50 mm and 175 mm, most preferably
between 75 mm and 125 mm. It should be noted that,
regardless of if said wooden members are boards or not,
according to at least one exemplary embodiment, each
one of said plurality of laminated wooden members is
formed from the same wooden material or the same spe-
cies of wood. While this is beneficial from a practical (and
sometimes aesthetical) point of view, in at least another
exemplary embodiment at least one of said plurality of
laminated wooden members is formed from a different
wooden material or species of wood compared to at least
another one of said plurality of laminated wooden mem-
bers.
[0013] Thus, a wooden structural panel that is strong
and stiff may be achieved, as the lamination of the wood-
en members has a strengthening and stiffening effect on
the panel.
[0014] The lamination of wooden members to each
other facilitates the creation of said at least one space.
For example, a number of wooden members may be
omitted or skipped during the process of laminating said
wooden members, thus creating a space or a number of
spaces in which said at least one material may be ar-
ranged in order to increase the density of the wooden
structural panel. Additionally, or alternatively, the proc-
ess of creating at least one space inside said wooden
structural panel while laminating said plurality of wooden
members may enable the creation of a space that is sur-
rounded on all sides by said wooden members. In other
words, the at least one space and the at least one material
arranged therein may be built-in or encapsulated inside
the wooden structural panel during its construction.
[0015] According to one exemplary embodiment, the
total weight of the at least one material arranged in said
at least one space is at least 10%, preferably at least
25%, and most preferably at least 50% of the total weight
of the plurality of laminated wooden members.
[0016] According to one exemplary embodiment, the
wooden structural panel according to the present inven-
tion weighs at least 125%, preferably at least 150%, most
preferably at least 175% of what a solid block having the
same length, width and height as said wooden structural
panel, and having the same average density as said plu-
rality of wooden members of the present invention.
[0017] According to one exemplary embodiment, each
one of said at least one space is a rectangular cuboid.
By having a space that is shaped as a rectangular cuboid,
standard construction elements, such as concrete
beams or steel beams, may be used to fill the at least
one space in order to increase the density of the wooden
structural panel. Other shapes of the at least one space
are conceivable as well. According to one exemplary em-
bodiment, each one of said at least one space has a
triangular cross-section, a curved cross-section, or an
irregular cross-section. Thus, an I-beam or other objects
present inside said space may be built in by the lamina-
tion of said plurality of wooden members.

[0018] According to one exemplary embodiment, each
one of said at least one space has a length that is between
10 % and 90 %, preferably between 30 % and 80 %, most
preferably between 40 % and 70 % of the length of the
wooden structural panel. According to one exemplary
embodiment, said at least one space has a length that
is at least 100% of the length of the wooden structural
panel.
[0019] According to one exemplary embodiment, each
one of said space has a width that is between 10 % and
90 %, preferably between 30 % and 80 %, most prefer-
ably between 40 % and 70 % of the width of the wooden
structural panel. According to one exemplary embodi-
ment, said at least one space has a width that is at least
100% of the length of the wooden structural panel.
[0020] According to one exemplary embodiment, each
one of said space has a height that is between 10 % and
90 %, preferably between 30 % and 80 %, most prefer-
ably between 40 % and 70 % of the height of the wooden
structural panel.
[0021] According to one exemplary embodiment, said
wooden structural panel is a prefabricated wooden struc-
tural panel. In other words, said wooden structural panel
may be manufactured off-site in a production facility, thus
providing better conditions for high quality and efficient
production of the wooden structural panels. Said wooden
structural panel being prefabricated means that the
wooden structural panel is ready to be used in the con-
struction or assembly of a building without any further
modification or adjustments.
[0022] According to one exemplary embodiment, said
length of said wooden structural panel is at least 2500
mm, preferably at least 4000 mm, most preferably at least
6000 mm. By having a wooden structural panel that has
a length of over 2500 mm, or over 4000 mm, or over 6000
mm, better usability in construction applications is
achieved. For example, the distance between supporting
walls may be increased. That the at least one material
arranged inside said at least one space has higher den-
sity than the surrounding wooden members has at least
the effect that the stiffness of the wooden structural panel
is improved in a building application. This enables the
wooden structural panel of the present invention to be
produced in lengths that are greater than what was pos-
sible using previously known wooden structural panels.
[0023] According to one exemplary embodiment, said
width of said wooden structural panel is at least 300 mm,
preferably at least 1200 mm, most preferably at least
2000 mm. Thus, better usability in construction applica-
tion may be achieved. That the at least one material ar-
ranged inside said at least one space has higher density
than the surrounding wooden members has at least the
effect that the stiffness of the wooden structural panel is
improved in a building application. This enables the
wooden structural panel of the present invention to be
produced in widths that are greater than what was pos-
sible using previously known wooden structural panels.
[0024] The width of the wooden structural panel is de-
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termined partly by the intended use of the panel, with
certain applications calling for wider panels and some for
less wide panels, but also by external constraints such
as the width of commonly available trucks and transpor-
tation vehicles for transporting the wooden structural
panels from a production site to a construction site.
[0025] The wooden structural panel according to the
present invention may be produced in sufficiently large
dimensions to be effectively used in construction appli-
cations, without losing its desired stability and stiffness.
Furthermore, the increased density of the wooden struc-
tural panel of the present invention provides it with im-
proved sound insulating properties. This is due to the fact
that lower density wooden structural panels more easily
transmit sound from one side of the panel to the other.
The increased density makes the wooden structural pan-
els less susceptible to transmitting sound waves as the
amount of energy required to set the wooden structural
panel in motion is increased with increased weight and/or
density. Thus, buildings may be constructed using the
wooden structural panel of the present invention that
have the above advantages over buildings constructed
using traditional wooden structural panels.
[0026] According to one exemplary embodiment, said
two opposite primary faces are defined by at least some
of said plurality of laminated wooden members.
[0027] The two opposite primary faces may alterna-
tively be referred to as a top surface and a bottom surface
of said wooden structural panel. The top surface and the
bottom surface may be substantially identical.
[0028] This is to be understood as meaning that the
top surface and the bottom surface of the wooden struc-
tural panel may consist of laminated wooden members,
and that the at least one material arranged in said at least
one space is not accessible or visible from the top or
bottom surface of the wooden structural panel. Thus,
there is no need for a separate flooring to be placed on
top of the wooden structural panel in order to have a
wooden floor in a building constructed using the wooden
structural panel of the present invention. Thus, construc-
tion of buildings may be made more efficient by using the
wooden structural panel of the present invention. Simi-
larly, there is no need to attach a ceiling material to the
wooden structural panel of the present invention, as the
wooden structural panel itself may function as a ceiling.
The work task of attaching a ceiling material to a structural
panel made of e.g. concrete or wood involves significant
inconvenience for the construction worker. The present
invention allows this work step to be removed altogether.
[0029] By using a wooden structural panel according
to the present invention, the total amount of material used
is less than when using commonly available wooden
structural panels and covering or coating these with e.g.
concrete, cement, sand, or gravel, upon which a flooring
and/or ceiling material is applied. Thus, a more environ-
mentally friendly construction element is achieved.
[0030] According to one exemplary embodiment, said
at least one material comprises at least one granular filler

material.
[0031] A granular filler material is to be understood as
being a material comprising a plurality of small, e.g. hav-
ing an average diameter that is less than 100 mm, par-
ticles. The particles may or may not be of uniform size
and shape. Examples of granular filler material are
crushed concrete, gravel, sand, and ground granulated
slag.
[0032] According to one exemplary embodiment, said
at least one granular filler material comprises at least one
material chosen from a group comprising the following
materials: crushed concrete, gravel, sand, and ground
granulated slag.
[0033] By using a granular filler material, a cheap and
efficient way to increase the average density of the wood-
en structural panel is achieved. Thus, the stability, stiff-
ness, and sound insulating properties may be improved
in a cost efficient way. By choosing a material from the
above group, cost efficiency is improved.
[0034] By using a granular filler material, a good pack-
ing fraction may be achieved. Thus, there is little room
from the granular filler material to move around inside
said at least one space and the stiffness and stability of
the wooden structural panel is increased. Using a gran-
ular filler material allows a stable and stiff wooden struc-
tural panel to be created without introducing any liquid
material, such as fluid cement, to the wooden structural
panel. By using a liquid material such as fluid cement,
unwanted moisture is introduced to the at least one
space. If said space is then enclosed by said plurality of
wooden members, the moisture is encapsulated therein,
which may lead to a lowered lifetime of said wooden
structural panel, along with decreased indoor air quality.
[0035] According to one exemplary embodiment, said
at least one material comprises a combination of different
granular filler materials. Said combination of different
granular materials may be chosen from a group compris-
ing the following materials: crushed concrete, gravel,
sand, and ground granulated slag. By using a combina-
tion of different granular filler materials, an even better
packing fraction may be achieved. The at least one space
may for example first be filled with a first granular filler
material having a first average grain size, after which said
at least one space is filled with a second granular material
having a second average grain size, wherein said second
average grain size is smaller than said first average grain
size. Said second average grain size may for example
be between 1 % and 50 % of said first average grain size.
[0036] According to one aspect of the invention, said
wooden structural panel is created by first laminating a
plurality of wooden structural members to each other so
as to form at least one space, after which said at least
one space is filled with a first granular filler material, after
which said at least one space is filled with a second gran-
ular filler material. Filled is to be understood as meaning
that said material is introduced into said at least one
space, and not necessarily that said at least one space
is completely filled by said material. According to one
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exemplary embodiment, said first and second granular
filler material may be compacted by means of vibrating
said wooden structural panel. According to one exem-
plary embodiment, said at least one space is covered by
a plurality of laminated wooden members after having
been filled with said granular filler material.
[0037] According to one exemplary embodiment, said
at least one material comprises at least one reinforce-
ment beam.
[0038] According to one exemplary embodiment, said
at least one reinforcement beam comprises at least one
steel beam, concrete beam or reinforced concrete beam.
[0039] A reinforcement beam is to be understood as
being any kind of solid member having a length that is
significantly greater than both its width and its height.
Significantly greater in this case is meant to be interpreted
as the length being at least 5 times the width and/or
height. Examples of reinforcement beams are concrete
beams, steel beams, and reinforced concrete beams.
[0040] According to one exemplary embodiment, said
reinforcement beam may be surrounded on all sides by
said wooden members. In other words, said reinforce-
ment beam may be arranged in a space that has sub-
stantially the same cross-sectional geometry and dimen-
sions as the reinforcement beam.
[0041] By providing the wooden structural panel with
a reinforcement beam, the stability and stiffness of the
panel is further increased. Thus, less sound is translated
through the panel, and the wooden structural panel re-
quires fewer supporting walls and/or pillars in order to
prevent the wooden structural panel from arching down-
wards when it is used in a horizontal orientation. This
enables a wooden structural panel to be used in the con-
struction of very large rooms which have few and far be-
tween supporting elements.
[0042] According to one exemplary embodiment, said
at least one material comprises at least one reinforce-
ment beam and at least one granular filler material.
[0043] According to one exemplary embodiment, said
at least one reinforcement beam has a bending stiffness
that is at least 2 times, preferably at least 3 times, and
most preferably at least 4 times as high as that of said
plurality of laminated wooden members.
[0044] According to one exemplary embodiment, said
at least one material comprises at least one insulation
material.
[0045] It should be understood that said at least one
insulation material may be at least one sound insulation
material or at least one thermal insulation material, or a
combination of both.
[0046] By arranging at least one insulation material in-
side said at least one space, improved thermal insulation
or sound insulation may be achieved while maintaining
the stability and stiffness of the wooden structural panel.
[0047] According to one exemplary embodiment, said
at least one material comprises at least one reinforce-
ment beam and at least one insulation material.
[0048] According to one exemplary embodiment, said

at least one insulation material is a material chosen from
a group comprising the following materials: glass wool,
mineral wool, wool, Styrofoam, and polymer foam.
[0049] According to one exemplary embodiment, said
plurality of laminated wooden members are cross lami-
nated.
[0050] By cross laminating said plurality of wooden
members, a stronger and stiffer structural panel is
achieved. A cross laminated wooden structural panel has
a strength to weight ratio that is greater than that of other
laminated wooden structural panels and that of concrete
elements. Thus, the desired strength can be achieved
using relatively little weight, which gives the manufacturer
of the wooden structural panel the possibility to add dens-
er material to the wooden structural panel in order to fur-
ther increase its stability, stiffness, and sound insulating
properties, even before it is transported to the construc-
tion site. Cross lamination means that a massive wood
construction product is created using bonded single-lay-
er panels arranged at right angles to one another. The
layers may be bonded together using adhesives and/or
mechanical fasteners.
[0051] According to one exemplary embodiment, said
at least one space is created by cross laminating a plu-
rality of wooden members in a predefined patter so as to
create at least one space inside said wooden structural
panel. For example, said wooden structural panel may
be created by first cross laminating at least one bottom
layer using a plurality of wooden members, said at least
one bottom layer having the same width and length as
the wooden structural panel that is to be created. Then,
at least one middle layer is created by cross laminating
a plurality of wooden members on top of said at least one
bottom layer so as to form a frame around at least one
space that is to be created. In other words, said at least
one middle layer is laminated onto some portions of said
at least one bottom layer, and not onto other portions of
said at least one bottom layer. In other words, the cross
sectional area of said middle layer is lower than the cross
sectional area of said at least one top layer or said at
least one bottom layer, in said length-width direction.
Said at least one middle layer may for example have the
cross-sectional shape of a numerical digit 0 or a numer-
ical digit 8. Other shapes are also conceivable, for ex-
ample a circle with a cross. The outer dimensions of said
at least one middle layer may be the same as the outer
dimensions of the wooden structural panel that is to be
created. Finally, at least one top layer is created by cross
laminating a plurality of wooden members on top of said
at least one middle layer, covering both said at least one
middle layer and the at least one space created there-
between. Said at least one top layer may have the same
width and length as the outer dimensions of the wooden
structural panel that is to be created.
[0052] According to one exemplary embodiment, said
wooden structural panel further comprises:

two opposite side faces extending in the length-
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height direction, and wherein said at least one space
is arranged between said two opposite side faces.

[0053] According to one exemplary embodiment, said
two opposite side faces are defined by at least some of
said plurality of laminated wooden members.
[0054] This is to be understood as meaning that the
two side faces of the wooden structural panel consist of
laminated wooden members, and that the at least one
material arranged in said at least one space is not ac-
cessible or visible from either side of the wooden struc-
tural panel. The construction of buildings may be made
more efficient by using the wooden structural panel of
the present invention.
[0055] The two opposite side faces may be substan-
tially identical.
[0056] According to one exemplary embodiment, said
wooden structural panel further comprises:

two opposite end faces extending in the width-height
direction, and wherein said at least one space is ar-
ranged between said two opposite end faces.

[0057] According to one exemplary embodiment, said
two opposite end faces are defined by at least some of
said plurality of laminated wooden members.
[0058] This is to be understood as meaning that the
two end faces of the wooden structural panel may consist
of laminated wooden members, and that the at least one
material arranged in said at least one space is not ac-
cessible or visible from either end of the wooden struc-
tural panel. The construction of buildings may be made
more efficient by using the wooden structural panel of
the present invention.
[0059] The two opposite end faces may be substan-
tially identical.
[0060] According to one exemplary embodiment, the
smallest dimension of said space is equal to or greater
than the smallest dimension of each one of said plurality
of wooden members.
[0061] This is to be understood as meaning that ac-
cording to one exemplary embodiment, the at least one
space has a height that is equal to or greater than the
height of each one of the plurality of wooden members.
For instance, in a cross-laminated wooden structural
panel, such a space can be created by leaving out one
or more wooden member compared to if a solid cross-
laminated wooden structural panel would have been pro-
duced.
[0062] According to one exemplary embodiment, said
wooden structural panel further comprises at least one
wooden sheet. Said at least one wooden sheet may be
used to cover the top or bottom of said wooden structural
panel, or it may be used to cover any of the sides or end
surfaces of the wooden structural panel.
[0063] According to one exemplary embodiment, said
wooden structural panel may for example comprise at
least one bottom layer of laminated wooden members,

at least one middle layer of laminated wooden members,
and at least one wooden sheet used to cover the top of
said wooden structural panel. Alternatively, said wooden
structural panel may comprise a bottom wooden sheet,
at least one middle layer of laminated wooden members
and at least one top wooden sheet. Said wooden sheets
may be laminated onto said plurality of laminated wooden
members, or adhered thereto in any other fashion.
[0064] According to one exemplary embodiment, the
average density of the total amount of material in said
space is at least 2 times greater, preferably at least 2.5
times greater, most preferably at least 3 times greater,
than the average density of said wooden members.
[0065] By having a denser material arranged inside
said at least one space, a strengthening and sound in-
sulating effect is achieved.
[0066] According to a second aspect of the present
invention, there is provided a use of a wooden structural
panel according to any embodiment of the first aspect of
the present invention for constructing a building, wherein
said wooden structural panel is prefabricated.

Brief description of the drawings

[0067] The above, as well as additional objects, fea-
tures and advantages of the present invention, will be
better understood through the following illustrative and
non-limiting detailed description of exemplary embodi-
ments of the present invention, with reference to the ap-
pended drawing, wherein:

Figure 1 a is a perspective view of a cross-laminated
wooden structural panel according to at least one
exemplary embodiment of the present invention,
Figure 1 b is a cross-sectional view of the cross-
laminated wooden structural panel of Fig. 1 a,
Figure 1 c is an exploded perspective view of the
cross-laminated wooden structural panel of Fig. 1 a,
Figure 2 is a cross-sectional view of a cross-laminat-
ed wooden structural panel according to at least one
exemplary embodiment,
Figure 3 is a cross-sectional view of a cross-laminat-
ed wooden structural panel according to at least one
exemplary embodiment,
Figure 4 is a cross-sectional view of a cross-laminat-
ed wooden structural panel according to at least one
exemplary embodiment,
Figure 5a is a perspective view of a laminated wood-
en structural panel according to at least one exem-
plary embodiment of the present invention,
Figure 5b is a cross-sectional view of the laminated
wooden structural panel of Fig. 5a,
Figure 6a is a perspective view of a laminated wood-
en structural panel according to at least one exem-
plary embodiment of the present invention,
Figure 6b is a cross-sectional view of the laminated
wooden structural panel of Fig. 6a,
Figure 7 is a cross-sectional view of a laminated
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wooden structural panel according to at least one
exemplary embodiment,
Figure 8 is a cross-sectional view of a laminated
wooden structural panel according to at least one
exemplary embodiment,
Figure 9a is a perspective view of a laminated wood-
en structural panel according to at least one exem-
plary embodiment of the present invention,
Figure 9b is a cross-sectional view of the laminated
wooden structural panel of Fig. 9a.

Detailed description of the drawings

[0068] In the present detailed description, embodi-
ments of a wooden structural panel according to the
present invention are mainly discussed with reference to
drawings showing a wooden structural panel with com-
ponents and portions being relevant in relation to various
embodiments of the invention. It should be noted that this
by no means limits the scope of the invention, which is
also applicable in other circumstances for instance with
other types or variants of wooden structural panels than
the embodiments shown in the appended drawings. Fur-
ther, that specific features are mentioned in connection
to an embodiment of the invention does not mean that
those components cannot be used to an advantage to-
gether with other embodiments of the invention.
[0069] The invention will now by way of example be
described in more detail by means of embodiments and
with reference to the accompanying drawings.
[0070] Figure 1 a is a perspective view of a cross-lam-
inated wooden structural panel 1 according to at least
one exemplary embodiment of the present invention. The
wooden structural panel 1 is shaped as a rectangular
cuboid having a length L, a width W, and a height H. The
length is larger than the width, and the width is larger
than the height. Thus, the wooden structural panel 1 may
be used in the construction of walls, floors, roofs, or sim-
ilar panel shaped construction elements.
[0071] The wooden structural panel 1 has two primary
faces 3 extending in the length-width direction, two side
faces 5 extending in the length-height direction, and two
end faces 7 extending in the width-height direction. The
two primary faces 3 are parallel with each other, the two
side faces 5 are parallel with each other, and the two end
faces 7 are parallel with each other. The primary faces
3 are perpendicular to both the side faces 5 and the end
faces 7, and the side faces 5 are perpendicular to the
end faces 7.
[0072] The wooden structural panel 1 of Fig. 1 a is
made from a plurality of cross-laminated wooden mem-
bers 9. The wooden members 9 are attached to each
other using a combination of adhesive, pressure and
heat, and they are arranged in a number of layers 11. In
Fig. 1 a, a 7-layer wooden structural panel 1 is shown.
An odd or even number of layers are both possible. For
example, a 3-layer wooden structural panel, a 4-layer
wooden structural panel, a 5-layer structural panel, or a

6-layer wooden structural panel is possible. Every other
layer 11 is arranged so that each wooden member 9 of
that layer has its longitudinal extension in a length-direc-
tion, and every other layer 11 is arranged so that each
wooden member 9 of that layer 11 has its longitudinal
extension in a width-direction. In other words, the wooden
structural panel 1 alternatingly comprises lengthwise lay-
ers 11 a and widthwise layers 11 b. The wooden mem-
bers 9 all have substantially identical cross-sectional ge-
ometry, namely that of a rectangle. The length of the
wooden members 9 varies depending on their position
in the wooden structural panel 1. For example, the wood-
en members 9 extending in the length-direction of the
wooden structural panel 1 are significantly longer than
the wooden members 9 extending in the width-direction
of the wooden structural panel 1. Each one of the wooden
members 9 is shaped as a board 9’, meaning that they
have a substantially longer length than their width and
height.
[0073] All the outward facing surfaces 3, 5, 7 of the
wooden structural panel 1 of Fig. 1 a consists of wooden
members 9 that are laminated to each other. This means
that the wooden structural panel 1 has wooden surfaces
on all sides. The two side faces 5 and the two end faces
7 consist of a combination of board ends 13 and board
sides 15, while the two primary faces 3 consist of upper
and lower sides 17 of the boards, respectively. Thus,
when used as a building element, there is no need to add
a floor covering or ceiling material in order to achieve a
wooden finish as this is already present on all sides of
the wooden structural panel 1. This means that the den-
sity increasing material 100 that is arranged inside the
wooden structural panel 1 cannot be seen from outside
the wooden structural panel 1.
[0074] Figure 1 b is a cross-sectional view of the cross-
laminated wooden structural panel 1 of Fig. 1 a. Here,
the alternating lengthwise and widthwise layers of wood-
en members 9 are clearly seen. In Fig. 1 b, the space
101 that is arranged inside the wooden structural panel
1 is shown. The space 101 is arranged between the two
primary faces 3, between the two side faces 5, and be-
tween the two end faces 7 of the wooden structural panel
1. The space 101 has a height that is smaller than the
height of the wooden structural panel 1, and that is great-
er than the height of the individual wooden members 9
used to create the wooden structural panel 1. In other
embodiments, the height of the space 101 may be equal
to or greater than the height of the individual wooden
members 9. Specifically, the space 101 in Fig. 1 b has a
height that is equal to three times that of the wooden
members 9, and a width that is equal to five times that
of the wooden members 9. The space 101 has been cre-
ated by cutting some of the wooden members 9 that are
arranged in the middle layers 21, in this case the third,
fourth and fifth layers, to a shorter length so as to create
a space 101 when these wooden members 9 are lami-
nated together to form a panel. This is discussed below
in relation to Figure 1 c. Inside the space 101, a granular
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filler material 103 is arranged. The granular filler material
103 increases the density and stiffness of the wooden
structural panel 1. The entire space 101 is filled with the
granular filler material 103.
[0075] Figure 1 c is an exploded perspective view of
the cross-laminated wooden structural panel 1 of Fig. 1
a. As seen herein, the wooden structural panel 1 com-
prises a space 101 arranged inside the wooden structural
panel 1. In this exemplary embodiment, this space 101
has substantially the same shape (although of smaller
dimension) as the wooden structural panel 1 as a whole.
In other embodiments the space may have a different
shape, such as triangular, circular or curved, as seen
from a width-height cross-section. The space 101 is filled
with a granular filler material 103, such as sand or gravel.
The granular filler material 103 has a higher density than
the wooden members 9, thus increasing the average
density of the wooden structural panel 1.
[0076] The space shown in Figure 1 c is created by
first cross laminating two bottom layers 19 using a plu-
rality of wooden members 9. The two bottom layers 19
have the same width and length as the wooden structural
panel 1 that is to be created. Then, three middle layers
21 are created by cross laminating a plurality of wooden
members 9 on top of said two bottom layers 19 so as to
form a frame 23 around the space 101 that is to be cre-
ated. In other words, the three middle layers 21 are lam-
inated onto the outer portions of the two bottom layers
19, and not onto the middle portions of the bottom layers
19. As such, the cross sectional area of each one of the
three middle layers 21 is smaller than the cross sectional
area of each one of the two bottom layers 19, as meas-
ured in the length-width direction. The three middle layers
21 have the cross-sectional shape of a numerical digit 0.
The outer dimensions of the three middle layers 21 are
the same as the outer dimensions of the wooden struc-
tural panel 1 that is to be created. Finally, the space cre-
ated inside the frame 23 formed by the middle layers 21
is filled with a density increasing material, after which two
top layers 25 are created by cross laminating a plurality
of wooden members 9 on top of said three middle layers
21, thus covering both the middle layers 21 and the space
101 created between the bottom layers 19, the top layers
25, and the middle layers 21. The top layers 25 have the
same width and length as the outer dimensions of the
wooden structural panel 1 that is to be created.
[0077] Figure 2 is a cross-sectional view of a cross-
laminated wooden structural panel 1’ according to at least
one exemplary embodiment. The wooden structural pan-
el 1’ and the space 101 created therein are similar to
those shown in Fig. 1 b. Inside the space 101, two con-
crete beams 105 are arranged at a distance from each
other and from side walls 107 of the space 101. The two
concrete beams 105 run substantially in parallel with
each other and each one has a longitudinal extension in
the length direction of the panel 1’. A respective subspace
between the side walls 107 of the space 101 and each
one of the two concrete beams 105 is filled with a granular

filler material 103, as is a subspace between the two con-
crete beams 105. The granular filler material 103 increas-
es the density of the wooden structural panel 1’ and helps
keep the concrete beams 105 in place. The concrete
beams 105 increase the density of the wooden structural
panel 1’, as well as its stiffness.
[0078] Figure 3 is a cross-sectional view of a cross-
laminated wooden structural panel 1" according to at
least one exemplary embodiment. The wooden structural
panel 1" and the space 101 created therein are similar
to those shown in Fig. 1 b. Inside the space of Fig. 3, two
steel I-beams 109 are arranged at a distance from each
other and from the side walls 107 of the space 101. The
subspace between the side walls 107 of the space 101
and each one of the two steel I-beams 109 is filled with
a granular filler material 103, as is the subspace between
the two steel I-beams 109. The granular filler material
103 increases the density of the wooden structural panel
1" and helps keeping the steel I-beams 109 in place. The
steel I-beams 109 may be attached to the wooden struc-
tural panel 1" by means of mechanical fasteners (not
shown). The steel I-beams 109 increase the density of
the wooden structural panel 1", as well as its stiffness.
[0079] Figure 4 is a cross-sectional view of a cross-
laminated wooden structural panel 1"’ according to at
least one exemplary embodiment. The wooden structural
panel 1’" and the space 101 created therein are similar
to those shown in Fig. 1 b. Inside the space of Fig. 4, two
concrete beams 105 are arranged at a distance from
each other and from the side walls 107 of the space 101.
The subspace between the side walls 107 of the space
101 and each one of the two concrete beams 105 is filled
with an insulation material 111, as is the subspace be-
tween the two concrete beams 105. The insulation ma-
terial 111 increases the thermal and/or sound insulation
properties of the wooden structural panel 1"’. The con-
crete beams 105 may be attached to the wooden struc-
tural panel 1"’ by means of mechanical fasteners (not
shown). The concrete beams 105 increase the density
of the wooden structural panel 1"’, as well as its stiffness.
[0080] Figure 5a is a perspective view of a laminated
wooden structural panel 1"" according to at least one
exemplary embodiment of the present invention.
[0081] The wooden structural panel 1"" has two prima-
ry faces 3"" extending in the length-width direction, two
side faces 5"" extending in the length-height direction,
and two end faces 7"" extending in the width-height di-
rection. The two primary faces 3"" are parallel with each
other, the two side faces 5"" are parallel with each other,
and the two end faces 7"" are parallel with each other.
The primary faces 3"" are perpendicular to both the side
faces 5"" and the end faces 7"", and the side faces 5""
are perpendicular to the end faces 7"".
[0082] The wooden structural panel 1"" of Fig. 5a is
made from a plurality of cross-laminated wooden mem-
bers 9 and two steel beams 113. The wooden members
9 are arranged in two top layers 25 and two bottom layers
19, and three middle layers 21"" covering the two end
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faces 7"" of the wooden structural panel. The two top
layers 25 and the two bottom layers 19 may be substan-
tially identical as those disclosed in the embodiment of
Fig. 1 a. The middle layers 21"" however may be arranged
differently, as will now be explained. The two steel beams
113 are arranged between the two top layers 25 on one
side, and the two bottom layers 19 on the other side. The
two steel beams 113 are arranged at either side face 5""
of the wooden structural panel 1"". Thus, each one of the
two side faces 5"" of the wooden structural panel 1"" com-
prises the two steel beams 113, respectively. In Fig. 3,
a 7-layer wooden structural panel 1"" is shown, having
two cross-laminated top layers 25, two cross-laminated
bottom layers 19, a plurality of wooden members 9 lam-
inated to each other so as to cover each one of the end
faces 7"" of the wooden structural panel 1"", and two steel
beams 113 arranged along either side face 5"" of the
wooden structural panel 1"". Different number of layers
are also conceivable, such as a 3-layer wooden structural
panel, or a 5-layer wooden structural panel. The plurality
of wooden members 9 arranged to cover either end face
7"" of the wooden structural panel 1"" extend in the width-
direction. The two steel beams 113 extend in the length-
direction.
[0083] The wooden members 9 all have substantially
identical cross-sectional geometry, namely that of a rec-
tangle. The length of the wooden members 9 varies de-
pending on their position in the wooden structural panel
1"". For example, the wooden members 9 extending in
the length-direction of the top and bottom layers 25, 19
of the wooden structural panel 1"" are significantly longer
than the wooden members 9 covering the end faces 7""
of the wooden structural panel 1"". Each one of the wood-
en members 9 is shaped as a board 9’, meaning that they
have a substantially longer length than their width and
height.
[0084] The two primary faces 3"" and the two end faces
7"" of the wooden structural panel 1"" of Fig. 5a consists
of wooden members 9 that are laminated to each other.
Each one of the two side faces 5"" comprises a steel
beam 113. This means that the wooden structural panel
1"" has wooden surfaces on four out of six sides. The
two end faces 7"" consist of a combination of board ends
13 and board sides 15, while the two primary faces 3""
consist of upper and lower sides 17 of the boards, re-
spectively. Thus, when used as a building element, there
is no need to add a floor covering or ceiling material in
order to achieve a wooden finish as this is already present
on the primary faces 3"" of the wooden structural panel
1"". This means that the density increasing material that
is arranged inside the wooden structural panel cannot be
seen from outside the wooden structural panel 1"" when
arranged in a construction application, except on the side
faces 5"" of the wooden structural panel 1"".
[0085] Figure 5b is a cross-sectional view of the lami-
nated wooden structural panel 1"" of Fig. 5a. Here, the
wooden members 9 of the top and bottom layers 25, 19
of the wooden structural panel 1"" are clearly seen, as

are the two steel beams 113 defining a portion of each
respective side face 5"" of the wooden structural panel
1"". The two outermost layers, in a height-direction, con-
sist of boards 9’ extending in the length-direction of the
wooden structural panel, while each respective neigh-
boring layer consists of wooden members extending in
the width-direction.
[0086] In Fig. 5b, the space 101"" that is arranged in-
side the wooden structural panel 1"" is shown. The space
101"" is arranged between the two primary faces 3"", be-
tween the two side faces 5"", and between the two end
faces 7"" of the wooden structural panel 1"". The space
101"" has a height that is less than the height of the wood-
en structural panel 1"", and that is greater than the height
of the wooden members 9 used to create the wooden
structural panel 1"". The space 101"" has been created
by attaching steel beams 113 to the two bottom layers
19 of the wooden structural panel 1"", thus creating side
faces 5"" of the wooden structural panel 1"". A plurality
of wooden members 9 extending in a width-direction
have been laminated onto each other at either end face
7"" of the wooden structural panel 1"". The two top layers
25 are then attached to the steel beams 113 and to the
wooden members 9 covering the end faces 7"" of the
wooden structural panel 1"".
[0087] Inside the space 101"", one steel I-beam 109 is
arranged at a distance from the two steel beams 113
arranged at either side of the space 101"". The subspac-
es between the respective two steel beams 113 and the
single I-beam 109 is filled with a granular filler material
103. The granular filler material 103 increases the density
of the wooden structural panel 1"" and helps keep the
steel I-beam 109 in place. The steel I-beam 109 increase
the density of the wooden structural panel 1"", as well as
its stiffness.
[0088] Figure 6a is a perspective view of a laminated
wooden structural panel 1 a according to at least one
exemplary embodiment of the present invention. The
wooden structural panel 1 a of Fig. 6a is similar to that
of Fig. 1 a with the exception that the wooden structural
panel 1 a of Fig. 6a does not comprise cross-laminated
wooden members 9, but instead comprises normally lam-
inated wooden members 9.
[0089] The wooden structural panel 1a of Fig. 6a is
made from a plurality of laminated wooden members 9.
The wooden members 9 are arranged in a number of
layers 11. In Fig. 6a, a 7-layer wooden structural panel
1 a is shown. Different number of layers are also con-
ceivable, such as a 3-layer wooden structural panel, or
a 5-layer structural panel. Every other layer is offset rel-
ative to the adjacent layers in the width-direction by half
a width of the wooden members 9. In other words, the
wooden structural panel 1 a alternatingly comprises a
first type of layer 11 a and a second type of layer 11 b
that is widthwise offset relative to the first type of layer
11 a.
[0090] All the outward facing surfaces 3a, 5a, 7a of the
wooden structural panel 1 a of Fig. 6a consists of wooden
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members 9 that are laminated to each other. This means
that the wooden structural panel 1 a has wooden surfaces
on all sides. The two side faces 5a of the wooden struc-
tural panel consist of a number of side faces 15 of boards
that have been laminated onto each other and the two
end faces 7a of the wooden structural panel 1 a consist
of a number of board end faces 13. The two primary faces
3a of the wooden structural panel 1 a consist of upper
and lower sides of the boards 17, respectively. Thus,
when used as a building element, there is no need to add
a floor covering or ceiling material in order to achieve a
wooden finish as this is already present on all sides of
the wooden structural panel 1 a. This means that the
density increasing material that is arranged inside the
wooden structural panel 1 a cannot be seen from outside
the wooden structural panel 1a.
[0091] Figure 6b is a cross-sectional view of a laminat-
ed wooden structural panel 1 a according to Fig. 6a. Here,
the alternating offset and non-offset layers 11 a, 11 b of
wooden members 9 are clearly seen. Fig. 6b discloses
a 7-layer wooden structural panel 1 a. In Fig. 6b, the
space 101 a that is arranged inside the wooden structural
panel 1 a is also shown. The space 101 a is arranged
between the two primary faces 3a, between the two side
faces 5a, and between the two end faces 7a of the wood-
en structural panel 1 a. The space 101 a has a height
that is less than the height of the wooden structural panel
1 a, and that is greater than the height of the wooden
members 9 used to create the wooden structural panel
1 a. Specifically, the space 101 a in Fig. 6a has a height
that is equal to three times that of the wooden members
9, and a width that is equal to five times that of the wooden
members 9. The space 101 a has been created by cutting
some of the wooden members 9 that are arranged in the
middle layers 21, in this case layers 3-5, to a shorter
length so as to create a space 101 a when these wooden
members 9 are laminated together to form a panel. Inside
the space 101 a of Fig. 6a, a granular filler material 103
is arranged. The granular filler material 103 increases
the density and stiffness of the wooden structural panel
1 a.
[0092] Figure 7 is a cross-sectional view of a laminated
wooden structural panel 1 a’ according to one exemplary
embodiment. Here, the wooden members 9 are laminat-
ed in such a way so that they completely surround and
envelope two steel I-beams 109 that are arranged inside
the wooden structural panel 1a’. Compared to the previ-
ous embodiments, where a space has first been created
by laminating the wooden members 9 to each other in a
predefined pattern and which then has been filled with a
material, Fig. 7 shows an embodiment in which the den-
sity-increasing material (the two steel I-beams 109) have
been completely integrated in the lamination of the wood-
en members 9. In other words, the wooden structural
panel 1 a’ of Fig. 7 has been built around the two steel
I-beams 109. Apart from this, the wooden structural panel
1 a’ is similar to the wooden structural panel 1 a of Figs.
6a-b.

[0093] Figure 8 is a cross-sectional view of a laminated
wooden structural panel 1 a" according to one exemplary
embodiment. This embodiment is identical to that of Figs.
6a-b with the exception that two spaces 101 a have been
created inside the wooden structural panel 1 a" by pro-
viding a central wooden member 115 attached to both
the top layers 25 and the bottom layers 19 so that it di-
vides the space into two spaces 101 a. Apart from this,
the wooden structural panel 1 a’ is similar to the wooden
structural panel 1 a of Figs. 6a-b.
[0094] Figure 9a is a perspective view of a laminated
wooden structural panel 1 b according to at least one
exemplary embodiment of the present invention. The
laminated wooden structural panel 1 b of Fig. 9a com-
prises two substantially identical wooden halves 2b. Each
one of the two wooden halves 2b has a length, a width,
and a height. The length is larger than the width, and the
width is larger than the height. Thus, the wooden struc-
tural panel 1 b created using these two halves 2b may
be used in the construction of walls, floors, roofs, or sim-
ilar panel shaped construction elements. Each one of the
two halves 2b has a recess 4b formed on their inward
facing surface 6b, so that when these two inward facing
surfaces 6b are put together and the two halves 2b are
laminated onto each other, a space 101 b is formed be-
tween them.
[0095] The wooden structural panel 1 b has two prima-
ry faces 3b extending in the length-width direction, two
side faces 5b extending in the length-height direction,
and two end faces 7b extending in the width-height di-
rection. The two primary faces 3b are parallel with each
other, the two side faces 5b are parallel with each other,
and the two end faces 7b are parallel with each other.
The primary faces 3b are perpendicular to both the side
faces 5b and the end faces 7b, and the side faces 5b are
perpendicular to the end faces 7b.
[0096] The wooden structural panel 1 b of Fig. 9a is
made from two laminated wooden members, or wooden
halves 2b. All the outward facing surfaces 3b, 5b, 7b of
the wooden structural panel 1 b of Fig. 9a consists of a
portion of either one of the two wooden halves 2b. This
means that the wooden structural panel 1 b has wooden
surfaces on all sides. Thus, when used as a building el-
ement, there is no need to add a floor covering or ceiling
material in order to achieve a wooden finish as this is
already present on all sides of the wooden structural pan-
el 1 b. This means that the density increasing material
that is arranged inside the wooden structural panel 1 b
cannot be seen from outside the wooden structural panel
1 b.
[0097] Figure 9b is a cross-sectional view of the lami-
nated wooden structural panel 1 b according to Fig. 9a.
In Fig. 9b, the space 101 b that is arranged inside the
wooden structural panel 1 b is shown. The space 101 b
is arranged between the two primary faces 3b, between
the two side faces 5b, and between the two end faces
7b of the wooden structural panel 1 b. The space 101 b
has a height that is less than the height of the wooden
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structural panel 1 b. The space 101 b has been created
by cutting or milling away a portion of each one of the
two wooden halves 2b that are laminated onto each other.
Inside the space 101 b of Fig. 8, a granular filler material
103 is arranged. The granular filler material 103 increas-
es the density and stiffness of the wooden structural pan-
el 1 b.
[0098] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the [element, device, component,
means, step, etc.]" are to be interpreted openly as refer-
ring to at least one instance of said element, device, com-
ponent, means, step, etc., unless explicitly stated other-
wise. Furthermore, any reference signs in the claims
should not be construed as limiting the scope.

Claims

1. A wooden structural panel for use in construction
applications, said wooden structural panel being a
rectangular cuboid having a length, a width, and a
height, wherein said length is equal to or greater than
said width, and wherein said width is equal to or
greater than said height, said wooden structural pan-
el comprising:

a plurality of laminated wooden members,
two opposite primary faces extending in the
length-width direction,
at least one space arranged between said two
opposite primary faces,
at least one material arranged in said at least
one space,
wherein the average density of the total amount
of material in said at least one space is greater
than the average density of said wooden mem-
bers.

2. The wooden structural panel according to claim 1,
wherein said two opposite primary faces are defined
by at least some of said plurality of laminated wooden
members.

3. The wooden structural panel according to any one
of the preceding claims, wherein said at least one
material comprises at least one granular filler mate-
rial.

4. The wooden structural panel according to any one
of the preceding claims, wherein said at least one
material comprises at least one reinforcement beam.

5. The wooden structural panel according to any one
of the preceding claims, wherein said at least one
material comprises at least one insulation material.

6. The wooden structural panel according to claim 5,
wherein each one of said at least one insulation ma-
terial is a material chosen from a group comprising
the following materials: glass wool, mineral wool,
wool, Styrofoam, and polymer foam.

7. The wooden structural panel according to any one
of the preceding claims, wherein said plurality of lam-
inated wooden members are cross laminated.

8. The wooden structural panel according to any one
of the preceding claims, wherein said wooden struc-
tural panel further comprises:

two opposite side faces extending in the length-
height direction, and wherein said at least one
space is arranged between said two opposite
side faces.

9. The wooden structural panel according to claim 8,
wherein said two opposite side faces are defined by
at least some of said plurality of laminated wooden
members.

10. The wooden structural panel according to any one
of the preceding claims, wherein said wooden struc-
tural panel further comprises:

two opposite end faces extending in the width-
height direction, and wherein said at least one
space is arranged between said two opposite
end faces.

11. The wooden structural panel according to claim 10,
wherein said two opposite end faces are defined by
at least some of said plurality of laminated wooden
members.

12. The wooden structural panel according to any one
of the preceding claims, wherein the smallest dimen-
sion of said space is equal to or greater than the
smallest dimension of each one of said plurality of
wooden members.

13. The wooden structural panel according to any one
of the preceding claims, wherein the average density
of the total amount of material in said space is at
least 2 times greater, preferably at least 2.5 times
greater, most preferably at least 3 times greater, than
the average density of said wooden members.
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