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(567)  The present invention relates to a method for
providing a wood-based load-bearing panel (113.1,
114.1, 115.1) for use in the assembling of a construction
system (100), wherein a position is allocated to the panel,
a panel template is provided, at least one variation of the
panel template is determined based on a variation of pa-
rameters so that the load-bearing capacity of the variation
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is comprised between 1 and 4 times the required vertical
force that the variation must bear at the position of the
panel, then a variation is selected, and the panel is man-
ufactured from the selected variation. The invention also
relates to a wood-based load-bearing panel (115.1) ob-
tainable with such method, and to a construction system
(100) including such panel (115.1).
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Description
Background of the invention

[0001] The present invention relates to a method for
providing a set of wood-based panels that can be used
to assemble a construction system.

[0002] Different solutions are known for designing and
manufacturing wood-based panels for construction sys-
tems, such as multi-floor buildings. In each case, the set
of wood-based panels must bear the loads of the levels
(or storeys) above them.

[0003] A first type of wood-based panel is called
"TFW", for "Timber Frame Wall". It consists of a frame
comprising wooden mounts and crossbeams assembled
to each other. These frame elements are manufactured
from timber machined to the desired dimensions, man-
ually and/or with numerical control machines. The as-
sembly of the frame is done then by using rod-type mem-
bers (tips, screws, bolts...) which connect the mounts to
the crossbeams so as to form a structural frame on which
the bracing panels (generally called "OSB", for "Oriented
Strand Board") are attached. Such unit is called "panel"
of wall. This frame has several advantages. In particular,
the panel is light, and its assembling can be easily com-
pleted on site by workers with standard components. In
addition, other functional elements can be inserted to fulfil
afunction such as thermal insulation, soundproofing, fire
resistance function, thermal inertia, or any other comple-
mentary function.

[0004] However, it appears difficult to completely au-
tomate the assembly of "TFW’ panels, as it still requires
a human operator, even on the most developed lines.
The manufacturing of a construction system with "TFW’
panels thus leads to an increased manufacturing cost,
because of the necessary manpower. In practice, "TFW’
panels are rarely used for buildings having more than
three storeys.

[0005] A second type of wood-based panel is called
"CLT", which stands for "Cross-Laminated Timber". The
elements are pre-fabricated panels which are assembled
on site. The main material is laminated wood (or lamel-
las). In details, it consists of a set of plies (or layers) su-
perimposed on each other. Each ply comprises a set of
wooden structural strips parallel to each other. These
strips are also arranged, on each other, such that the
strips of a given ply are orthogonal to the strips of adjacent
plies. This means that the strips of a given ply may be
substantially horizontal, while the strips of its adjacent
ply may be substantially vertical. The panel is manufac-
tured by preparing each ply at the time, then by super-
imposing the plies, so that one of the faces of the strips
of a ply is in contact with one of the faces of the strips of
adjacent plies, which defines a contact interface. Glue is
arranged at contact interfaces, in order to retain the strips
- and therefore the plies - against each other.

[0006] CLT panels offer a strong mechanical resist-
ance, so they are suited as load-bearing walls for high-
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rise constructions. However, the fact that strips are con-
tiguous and form a continuum of wood and glue leads to
several drawbacks. First, providing a load-bearing panel
requires a significant volume of wood, which is inefficient
in terms of wood, glue, and costs. Second, there is no
room between the strips for inserting insulating elements.
Third, hydroscopic deformations of strips of the same ply
may be transferred from a strip to another, thereby ac-
cumulating deformations.

[0007] In addition, manufacturing a CLT panel may re-
quire an additional cutting step. Indeed, when strips are
bonded together on their side to form a solid layer of the
size of the pre-manufactured panel, openings must be
cut. Most of the time, the parts that have been cut cannot
be repurposed and must be recycled. This cutting step
thus not only increase the production time, but also gen-
erated useless wood pieces.

[0008] A third solution is disclosed in the international
application WO 2013/150188. The panel consists of a
set of superimposed plies, each ply including a set of
wooden structural strips parallel to each other. But con-
trary to "CLT" panels, here the strips of each ply are
spaced apart from each other. Thanks to this distance
between strips, in each ply, functional elements are ar-
ranged in the clearances between the strips, so each ply
alternates structural elements (wooden strips) and func-
tional elements. A wide range of insulation materials can
be combined within the same panel, to provide for differ-
ent functions. Also, like "CLT" panels, the plies are
"crossed", i.e. the strips of a ply are orthogonal to the
strips of an adjacent ply, so the panel alternates plies
with horizontal strips and plies with vertical strips. In ad-
dition, the strips of each ply, while being parallel to each
other, are not on the same line as the strips of shifted
with the parallel strips of other plies. Finally, the strips
are retained against each other by glue arranged on con-
tact interfaces between the faces of the strips of two ad-
jacent plies.

[0009] US application US 2019/0249431 discloses a
comparable cross-laminated panel, but this time glue is
replaced by series of grooves arranged on the faces of
the strips. The grooves of interacting faces are comple-
mentary, so that when the faces are in contact the
grooves prevents the strips from sliding along each other
in the plan of the strips. In addition, a set of screws is
provided to cross the thickness of the strips that are in
contact, so that they can be maintained against each
other in the direction orthogonal to the plan of the strips.
In addition, the plies of horizontal strips are identical, i.e.
they are not shifted. The same applies to plies of vertical
strips, so the strips are stacked across plies, which im-
proves strength and stiffness of the panel for the same
amount of wood.

[0010] In each case, the panel has a structure which
alternates wood-based strips and insulating elements.
Architects usually require that the thickness be the same
over a given wall, which means that the panels should
have the same structure, and thatitis usually not possible
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to reduce the thickness of certain panels which will be
supposed to bear less load. In a multi-level building, this
means that all the panels should be oversized in terms
of wood quantity in order to potentially bear several heavy
levels, compared to what is necessary to comply with
construction standards. This leads to inefficient panels,
with too many wood pieces used, and less space for ad-
ditional insulating elements.

[0011] Overall, there is thus a need for designing and
manufacturing a load-bearing wood-based panel in
which the amount of wood can be reduced, while the
amount of insulating elements can be increased.

Summary of the invention

[0012] Itis accordingly an object of the present inven-
tion to provide a more efficient wood-based panel, and
a method for manufacturing a wood-based panel, where
the quantity of wood is adapted, while maintaining the
benefits of cross-laminated panels which alternate struc-
tural wood-based strips and insulating elements.
[0013] To this end, the present invention relates to a
method for providing a wood-based load-bearing panel
for use in the assembling of a construction system,
wherein the construction system includes a set of levels
which include structural elements, wherein the method
includes:

- Allocating a position to the wood-based load-bearing
panel within the construction system;

- Providing a panel template, which includes a series
of atleastthree superimposed plies, atleasttwo plies
of which including a series of wood-based strips dis-
tributed along the ply, the wood-based strips of at
least one ply being substantially vertically oriented
within the construction system;

- Determining at least one variation of the panel tem-
plate, based on a variation of parameters such as
any of the number and section of plies and the
number and distribution of wood-based strips ineach
ply of the panel template, so that the load-bearing
capacity of the variation is comprised between 1 and
4 times the required vertical force that the variation
must bear at the position of the wood-based load-
bearing panel within the construction system;

- Selecting one of the at least one variation; and

- Manufacturing the panel from the determined varia-
tion.

[0014] The present invention takes a panel-by-panel
approach, which starts from a panel template (similar to
the already known CLT panels) and considers the posi-
tion of each panel in the construction system. It specifi-
cally anticipates the forces that will be applied on each
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panel due to the whole structural environment, and it
adapts the parameters of each panel to that force. The
invention thus reduces the amount of wood needed,
which saves wood and allows to fill the panel in with even
more insulation material than in prior art techniques.
[0015] In this regard, the inventors have found that it
was generally sufficient that the load-bearing capacity of
the panel be no more than 4 times the required vertical
force that the panel must bear. This load-bearing margin
has proven to be sufficient to ensure the structural ca-
pacity of the panel, while offering an improved volume of
wood for manufacturing the panel.

[0016] The present invention thus maintains the ad-
vantages of known CLT panels, especially panels with
both wood-based strips and insulating elements. The
panel can still be manufactured before it is assembled
on site, just like other CLT panels. But thanks to the
present invention, these panels are provided with less
wood, better efficiency, and improved thermal resist-
ance.

[0017] Preferably, the determination is based on a se-
ries of variations. In that case, the step of determining at
least one variation of the panel template further includes:

- Starting from the panel template;

- Varying parameters of the panel template such as
the number and section of plies, and the number,
width and position of the wood-based strips in each

ply;

- Determining at least two variations of the panel tem-
plate from at least two variations of the parameters
of the panel template;

- Determining the load-bearing capacity of the varia-
tions;

- Determining the required vertical force that the var-
iation of the panel template must bear at the position
ofthe wood-based load-bearing panel within the con-
struction system; and

- Comparing that load-bearing capacity with the re-
quired vertical force that the variation of the panel
template must bear.

[0018] Preferably, the step of determining at least one
variation uses "stacks", which are made of the vertically
oriented wood-based strips that are aligned and close to
each other from a ply to another. In details, the method
further includes:

- Gathering substantially vertically oriented wood-
based strips into a series of stacks;

- Determining the local load-bearing capacity of each
stack; and
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- Determining the local required vertical force that
each stack must bear at its position in the wood-
based load-bearing panel within the construction
system; and

- Comparing, for each stack, the local load-bearing
capacity and the local required vertical force that the
stack must bear.

[0019] This preferred embodimentis based on the rec-
ognition that the forces are mainly suffered by the stack
of vertical strips. The number of plies and the distribution
of the vertical strips will thus influence the overall dimen-
sion of wood material that bears the structure above the
panel. By varying those parameters, it allows to meet the
desired load-bearing capacity, but in such a manner that
only the necessary amount of wood is used.

[0020] In this embodiment, the at least one variation
of the panel template is preferably determined so that
the local load-bearing capacity of the stacks is comprised
between 1 and 4 times the local required vertical force
that the stacks must bear for a majority of stacks. This
criteria allows that the desired load-bearing capacity can
be spread along the width of the panel, since all the local
stacks of the panel are taken into account. Even more
preferably, the atleast one variation of the panel template
is determined so that the local load-bearing capacity of
the stacks is comprised between 1 and 4 times the local
required vertical force that the stacks must bear for all
stacks (and not just for a majority of stacks). This criteria
allows to determine one of the most suitable panels.
[0021] The selection of the variation is preferably
based on only one number. To do so, the step of selecting
one of the at least one variation further includes:

- Generating for each variation, an inefficiency func-
tion which is indicative of the load-bearing capacity
surplus of the variation; and

- Selecting the variation with the lowest value.

[0022] Alternatively, the selection of the variation is
made notonly on one panel, butinstead on a set of panels
which are present on the same level (or storey). Such a
global approach allows to potentially .compensate the
low load-bearing capacity of one panel with the higher
load-bearing capacity of neighboring panels. To do so,
the step of selecting one of the at least one variation
further includes

- Considering at least two panels of the same level;

- Considering variations for the at least two panels;

- Generating for each set of variations of the at least
two panels, an inefficiency function which is indica-

tive of the overall load-bearing capacity surplus of
the set of variations; and
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- Selecting the set of variations with the lowest ineffi-
ciency function.

[0023] In all these embodiments, the at least one var-
iation of the panel template can be determined within a
set of pre-determined panel designs, based on a range
of parameters such as the number of plies, and the
number, width and position of the wood-based strips in
each ply. By doing so, the variation can be determined
based on a given range of pre-determined panel designs
rather than on a tailored design. Then the manufacture
of such a given range of panels is easier and less expen-
sive.

[0024] Preferably, all the wood-based strips of at least
one ply have the same width. The wood-based strips can
thus be the same, so the industrialization of the manu-
facturing process is simpler and less expensive.

[0025] To geta more accurate determination of the re-
quired vertical force that the variation of the panel tem-
plate must bear, the required vertical force that at least
one variation of the panel template must bear is deter-
mined based on a distribution of a set of forces applied
on the ceiling right above the panel. Indeed, the more
forces are distributed on the ceiling above the panel, the
more accurate the determination of the required vertical
force on the panel.

[0026] To take full benefit of the invention, especially
the reduction of wood, at least one ply of the panel tem-
plate also includes a set of insulation elements inter-
leaved between at least some of the wood-based strips.
[0027] Inthis case, the values of the distance between
the substantially vertically oriented wood-based strips
can be multiples of a given length, in particular the nom-
inal width of available insulation elements, in particular
of the nominal width of available insulation elements. In
the latter case, insulation material is not wasted, as it
does not have to be cut during manufacturing.

[0028] The plies of the panel can be "crossed", i.e. the
wood-based strips of each ply are parallel to each other,
and the wood-based strips of each ply are not parallel to
the wood-based strips of the neighboring plies, preferably
at 90°. This notably allows the plies to be easily connect-
ed by screws.

[0029] Preferably, at least some of the wood-based
strips of different plies are aligned. This structure facili-
tates the provision of "stacks", since the aligned vertical
strips can be part of a stack, and a force can be consid-
ered at the bottom of this stack.

[0030] The invention also relates to a wood-based
load-bearing panel obtainable with the above-mentioned
method, wherein the panel includes a series of at least
three superimposed plies, at least two plies of which in-
cluding a series of wood-based strips distributed along
the ply, the wood-based strips of at least one ply being
substantially vertically oriented within the construction
system. This panel has the advantages of the present
invention, especially the structure and the use of wood
is adapted to the position of the panel in the building. This
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in turn allows to save wood and to interleave more insu-
lation elements.

[0031] Preferably, the width and height of the panel
depend on transportation and storage requirements,
which facilitates the industrialization of the panel.
[0032] Preferably, at least one opening is provided in
the panel. Such opening is not considered as having a
bearing function in the panel.

[0033] The presentinventionalsorelatestoaconstruc-
tion system, comprising a set of levels, which include a
floor, a ceiling and load-bearing walls, wherein at least
one of the load-bearing walls includes a wood-based
load-bearing panel according to the invention. The struc-
ture of the panel is thus adapted to its position.

[0034] Preferably, all the load-bearing walls of one of
the levels include wood-based load-bearing panels such
as the above-mentioned panels. This configuration en-
sures that no excessive amount of wood is used on a
level. It also allows to potentially compensate the inferior
load-bearing capacity of one panel with the superior load-
bearing of its neighboring panels.

Brief description of drawings

[0035] Otherfeatures and advantages of the invention
will become apparent from the following description of
embodiments of the invention, given for illustrative pur-
poses, by reference to the annexed drawings.

- Figures 1A and 1B are different views of a first illus-
trative example of a wood-based load-bearing panel
according to the invention.

- Figures 2A, 2B, 2C and 2D are views of four other
illustrative examples of a wood-based load-bearing
panel according to the invention.

- Figures 3A, 3B, 3C and 3D are different views of
another example of a wood-based load-bearing pan-
el according to the invention, including a set of insu-
lation elements.

- Figure 4 is a diagram of an example of a method for
providing a wood-based load-bearing panel accord-
ing to the invention.

- Figure 5 is a three-dimensional view of an example
of construction system.

- Figures 6 and 7 are three-dimensional views of a set
of wood-based load-bearing panels in the example
of house of Figure 5, before the implementation of
the method for providing a wood-based load-bearing
panel according to the invention.

- Figure 8 is a three-dimensional view of one of the
levels (or storeys) of the house of Figure 5, including
floor, ceiling and a set of panel templates.
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- Figure 9 is a three-dimensional view of one panel
template of Figure 8.

- Figures 10A, 10B and 10C are three-dimensional
views of different variations of the panel template of
Figure 9.

- Figure 11is an example of table showing the different
forces calculated on each of the stacks for different
variations of the panel template of Figure 9.

- Figure 12 is a three-dimensional view of a set of
wood-based load-bearing panels in the house of Fig-
ure 5, after the implementation of the method for pro-
viding a wood-based load-bearing panel according
to the invention.

Detailed description of the invention

[0036] Figures 1A and 1B show afirstexample of panel
10. In the invention, this panel can be used as a load-
bearing panel in a building. This panel is wood-based,
as it includes a series of wood-based strips. The panel
10 has a height H,, a width W, and a depth D4, (which
are also visible on Figure 9). The panel includes a series
of superimposed plies 11, 12, 13, 14 and 15. Each ply
includes a set of wood-based strips, which can have the
same width or not, and which can be next to each other
or separated by a distance.

[0037] In the example of Figures 1A and 1B, the first
ply 11 includes three wood-based strips 11.1, 11.2 and
11.3, which are substantially vertical and parallel to each
other. They are also called "posts". Strips 11.1 and 11.2
are separated by a distance P1, while strips 11.2 and
11.3 are separated by a distance P2 (or "post pitch").
The second ply 12 includes five wood-based strips 12.1,
12.2, 12.3, 12.4 and 12.5, which are substantially hori-
zontal and parallel to each other. They are also called
"traverses". Two adjacent strips, e.g. 12.2 and 12.3 on
Figure 1A, are separated by a distance P’ (or "traverse
pitch"). The third ply 13 and the 15 ply are structured as
thefirstply 11, i.e. theyinclude three substantially vertical
wood-based strips 13.1, 13.2, 13.3 and 15.1, 15.2, 15.3.
The wood-based strips of plies 11, 13 and 15 are all
aligned with each other, so that they form a series of
three vertical stacks 51, 52 and 53. For instance, stack
51 is made up of strips 11.1, 13.1 and 15.1. The distance
between stacks 51 and 52 is P1, while the distance be-
tween stacks 52 and 53 is P2. The fourth ply 14 are struc-
tured as the second ply 12, i.e. it includes five substan-
tially horizontal wood-based strips 14.1, 14.2, 14.3, 14 .4
and 14.5. The distribution of the strips is thus homoge-
nous along the panel. In this example, all the strips have
the same shape, i.e. the same width and depth. The sub-
stantially vertical strips have the same length, just like
the substantially horizontal strips also have the same
length. When manufacturing the panel, the strips can
thus be easily interchanged, which allows to save time
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and money.

[0038] A panel according to the invention may include
another distribution of the wood-based strips. In particu-
lar, itmay include other numbers of plies and wood-based
strips, as well as other orientations and sizes of wood-
based strips. In terms of orientation, it is preferable that
the wood-based strips of each ply are parallel to each
other, on the one hand, and that the wood-based strips
of each ply are not parallel to the wood-based strips of
the neighboring plies. In addition, it is preferable that
some of the strips be horizontal (compared to the orien-
tation of the construction system), and that some other
strips be vertical, although other orientations are possible
depending on the function and position of the panel in
the construction system.

[0039] In general, a panel according to the invention
includes a series of at least three superimposed plies, at
least two plies of which including a series of wood-based
strips distributed along the ply, the wood-based strips of
at least one ply being .substantially vertically oriented in
the construction system. The substantially vertical wood-
based strips can then form stacks, which help load the
bear for the panel. As detailed below, the number of plies
and the number and distribution of wood-based strips in
each ply of the panel will be determined according to the
invention.

[0040] The width W4, and the height H4, of the panel
may vary from one building to another. In particular, it
may depend on the height of each floor. It may also de-
pend on the capacities of the manufacturing tools. Above
all, they depend on transportation and storage require-
ments, so that the panels can be transported and sorted
in a proper manner from a plant to a construction site.
[0041] The distribution of the substantially vertical
wood-based strips in "stacks" will help the determination
of a panel according to the invention. Itis thus preferable
that at least some of the wood-based strips of different
plies are aligned.

[0042] For the purpose of the invention, the strips can
be any wood-based strips, so they can stem from any
wood species, be it natural or as a wood-polymer com-
posite (e.g. by impregnation of a wood element with a
lactic acid water-based solution). The mechanical prop-
erties of the wood will then be taken into account when
determined the load capacity of the panel.

[0043] From a mechanical standpoint, one can consid-
er that such a panel is subject to three different forces.
The first force is the "vertical compression line load",
which represent the permanent load vertically imposed
on the panel (e.g. the self-weight, the occupancy, the
furniture...). The second force is the "wind load", which
normal to the plane of the panel. The third force is the
"racking force", which is horizontal.

[0044] Figures 2A, 2B, 2C and 2D show four other il-
lustrative examples of a panel according to the invention.
The panel 20 of Figure 2A is similar to the panel 10 of
Figures 1A and 1B, i.e.itincludes five plies, and the "odd"
plies (i.e. plies 11, 13 and 15) have three substantially
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vertical wood-based strips, such as strips 11.1, 11.2 and
11.3 for ply 11. The vertical strips of each ply are aligned
in order to form the three same stacks 51, 52 and 53 as
in panel 10. The difference with panel 10 is that in panel
20 the "even" plies (i.e. plies 12 and 14) have seven sub-
stantially horizontal wood-based strips, such as strips
12.1,12.2,12.3,12.4,12.5,12.6 and 12.7 for ply 12. The
distribution of the wood-based strips is homogenous
along the panel. For the same height as panel 10, the
density of horizontal strips is higher than in panel 10.
[0045] The panel 30 of Figure 2B is similar to the panel
10 of Figures 1A and 1B, i.e. it includes five plies, and
the "even" plies (12 and 14) include five substantially
horizontal wood-based strips, such as strips 12.1, 12.2,
12.3, 12.4 and 12.4 for ply 12. The difference with panel
10 is that in panel 30 the "odd" plies (i.e. plies 11, 13 and
13) have five substantially vertical wood-based strips,
such as strips 11.1, 11.2, 11.3, 11.4 and 11.5 for ply 11.
The vertical strips of each ply are aligned in order to form
the five same stacks 51, 52, 53, 54 and 55. Again, the
distribution of the wood-based strips is homogenous
along the panel. For the same width as panel 10, the
density of vertical strips is higher than in panel 10, so it
can bear more weight and load that panel 10.

[0046] The panel 40 of Figure 2C is an example of in-
homogeneous distribution of the wood-based strips
along the panel. It still includes five plies, and the "even"
plies (12 and 14) include five substantially horizontal
wood-based strips, such as strips 12.1, 12.2, 12.3,12.4
and 12.4 for ply 12. The panel 40 includes three stacks
51, 52, and 53, but in an inhomogeneous manner. The
stack 51 is made of strip 11.1 from first ply, then two strips
next to each other of the third ply, then two strips next to
each other of the fifth ply. The stack 52 is made up of
strips 11.2 and 11.3 of the first ply, two strips of the third
ply and two strips of the fifth ply, the strips of each ply
being next to each other. The stack 53 is made up of
strips 11.4 and 11.5 of the first ply (next to each other),
the one strip of the third ply and one strip of the fifth ply.
The stacks have thus more wood and can bear more
weight and load. The shape of the ending stacks 51 and
53 allows for a specific connection with neighboring pan-
els (if the ending stacks of neighboring panels have a
shape that is complementary to the ones of stacks 51
and 53).

[0047] The panel 50 of Figure 2D is another example
of inhomogeneous distribution of the wood-based strips
along the panel, this time in order to provide an opening
16 in the panel. There are four stacks. The stack 51 is
on the left of the opening 16, while the three other stacks
52, 53 and 54 are on the right of the opening 16. The
stacks 51, 53 and 54 are made up of one strip by "odd"
ply, while the stack 52 is made up of two strips next to
each other by "odd" ply. Horizontally, each of the "even"
plies 12 and 14 includes one horizontal strip (such as
strip 12.5) below the opening 16, and four horizontal
strips (such as strips 12.1, 12.2, 12.3 and 12.4) over the
opening 16. These four horizontal strips form a lintel 17
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for this panel.

[0048] Intheexamples of Figures 2C and 2D, two strips
next to each other can be replaced by one single and
larger strip. But as mentioned above, for manufacturing,
it is preferable that all strips have same width so they can
all be interchanged.

[0049] The space between the wood-based strips can
be filled with insulation material. In details, at least one
of the plies include insulation elements interleaved be-
tween at least some of the wood-based strips. In the ex-
ample of Figures 3A to 3D, the panel 60 is fully filled with
insulation elements. The successive figures allow to see
the different insulation elements within the panel 60. On
Figures 3A and 3D, external insulation elements 21 and
24 are disposed on both sides of the panel. On Figure
3B, we can see horizontal thermal elements 22.1, 22.2,
22.3 and 22.4 interleaved between horizontal strips 12.1,
12.2, 12.3, 12.4 and 12.5. On Figure 3C, we can see
vertical sound-proofing fiber elements 23.1, 23.2, 23.3
and 23.4 interleaved between vertical strips 11.1, 11.2,
11.3, 11.4 and 11.5.

[0050] In terms of manufacturing, it is preferable that
all insulation elements of a same type (thermal or sound-
proofing elements) have the same width. It is thus pref-
erable that the distances P1 and P2 between the strips
are multiples of a given length, preferably the nominal
width of the insulation elements. By doing so, the insu-
lation elements can be simply interchanged during man-
ufacturing.

[0051] The invention can be used to design and man-
ufacture a construction system such as the house 100
of Figure 5. This construction system includes a set of
levels (or storeys) 110, 120 and 130. As can be seen on
Figures 5 and 6, each level of the construction system
100 is made up of several structural elements. The first
level 111 includes a floor 111, a ceiling 112, and load-
bearing walls 113, 114 and 115. In the invention, at least
one of the load-bearing walls (here, at least walls 113,
114 and 115) includes a wood-based load-bearing panel
determined according to the invention. Preferably, all the
load-bearing walls (i.e. walls 113, 114 and 115 and all
the other walls) of one of the levels (here, the first level
11) include wood-based load-bearing panels according
to the invention.

[0052] Reference is made to Figure 4, which shows a
diagram of an example of a method for providing a wood-
based load-bearing panel according to the invention.
[0053] In step 201, the load-bearing walls of the con-
struction system 100 (including walls 113, 114 and 115)
are split into a set of wood-based load-bearing panels.
In the example of Figure 6, given that the walls 113, 114
and 115 have a small width, one panel is enough for each
wall. Larger walls may be split into a set of panels so that
the width and height of the panels meet transportation
and storage requirements (as well as optionally other cri-
teria such as the capacities of manufacturing tools). The
result of such a split on the whole construction system
100 into a series of panels is visible on Figure 7, which
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is a geometrical modelling of the building. The resulting
panels 113.1, 114.1 and 115.1 for walls 113, 114 and
115 are visible on Figure 8, were one can see the inter-
action between the panels 113.1, 114.1 and 115.1, on
one hand, and the floor 111 and the ceiling 112, on the
other hand.

[0054] In step 202, a position is allocated to the wood-
based load-bearing panels in the construction system
100. For instance, the position of panel 115.1 can be
noted P445 1. This position is important for the invention,
since the structure of the panel 115.1 will be determined
below in accordance with its position P45 4 in the build-
ing.

[0055] In step 203, a panel template such as panel 10
is provided. By "template", the invention refers to an ex-
ample of panel which can be used as a starting point to
determine the appropriate panel according to the inven-
tion.

[0056] A more detailed view of panel template 10 is
given on Figure 10. Just like the one on Figures 1A and
1B, the paneltemplate 10 used as a starting pointis made
up of a series of five superimposed plies, where the "odd"
plies include three vertical wood-based strips so that the
strips of different plies are aligned with each other, and
the "even" plies include five horizontal wood-based
strips. The panel template thus includes three stacks 51,
52 and 53.

[0057] Thenaloop of steps 204 to 209 is implemented.
The purpose of this loop is to get at least one variation
which has a load-bearing capacity F2 being comprised
between 1 and 4 times the required vertical force F1 that
this variation must bear.

[0058] In step 205, a variation of the panel template is
generated (or determined) by varying the number of plies
and the number and distribution of the wood-based strips
in each ply of the panel template 10. This variation can
be performed by varying at least one parameter of the
panel template, as indicated in step 204.

[0059] Examples ofvariations 70, 80 and 90 are shown
on Figures 10A, 10B and 10C. The width W, and height
H,q of the variations 70, 80 and 90 are equal to the ones
of the panel template 10. Variation 70 differs from panel
template 10 by the addition of one stack, so that it now
includes four stacks instead of three. This means that
there is a higher density of stacks, but that at the same
time there is more wood material. Then variation 80 in-
cludes five stacks, i.e. an even higher density of stacks.
Variations 70 and 80 both have a homogenous distribu-
tion of stacks along the panel. Variation 90 also includes
five stacks, but here the stacks are distributed in an in-
homogeneous manner, the second and third stacks and
then the fourth and fifth stack being closer to each other.
Such variation allows to strengthen the panel in certain
zones of the panel, in particular where two close stacks
are present. Other variations may also be contemplated.
For instance, if the thickness of the wall does not need
to be constant, the number of plies may also vary (the
more the plies, the more load it can bear).
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[0060] In one embodiment, the variations 70, 80 and
90 can be determined within a set of pre-determined pan-
el designs such as designs 20, 30, 40 and 50, based on
a range of parameters. These parameters can be the
number of plies, and the number, the width and the po-
sition of the wood-based strips in each ply. This set of
pre-determined panel designs allows to manufacture
panels in a more cost-efficient way, notably because less
expensive tools can be used. However, in other embod-
iments, the structure of the panels can be tailored to each
situation, i.e. with no set of pre-determined panel de-
signs.

[0061] In step 206, for a variation such as variation 70,
the required vertical force F144 that the variation must
bear at the position P445 4 of the panel 115.1 within the
construction system 100 is calculated.

[0062] In another embodiment, the vertical wood-
based strips being preferably gathered into a series of
stacks (like stacks 51, 52...), the forces F1 and F2 are
calculated for each stack. In details, for each stack 51,
52, 53..., the local required vertical force F154, F15p,
F1g3... that this stack must bear at its position in the panel
within the construction system is calculated. Also, for
each stack, the local load-bearing capacity F254, F25,,
F2g5... of this stack 51, 52, 53... is also calculated.
[0063] The verticalforce F144thatthe variation 70 must
bear can be determined based on a distribution of a set
of forces applied on the ceiling 112 right above the panel
115.1. To calculate F1 for panel 115.1, template 10 and
variations 70, 80 and 90, the elements of the building,
especially the ceiling above the panel, is modelled as a
grid, i.e. as a set of points distributed along the ceiling,
on each of which a vertical force is applied. Each point
of the grid is subject to a force. The value differs from
one point to another, depending on the structural envi-
ronment of the building.

[0064] The vertical force F1 depends on the position
of the panel in the building. For instance, from a level to
another, top to bottom, the vertical forces on each wall
increase. The same applies to horizontal loads, since the
lower levels bind the higher levels to the foundations of
the building, and since wind forces increase with altitude.
The location within agiven level also influence the vertical
force, notably because of the absence or presence of
one part of the structure right above, or because of local
particularities.

[0065] The vertical force F1 can be calculated for each
variation of the panel, and alternatively for each stack of
each variation of the panel. The principle for calculating
F1 is based on Parametric Design and Finite Element
Analysis (FEA), which are part of the common general
knowledge of the person skilled in the art.

[0066] In the example of posts gathered as "stacks",
each stack can be modelled as an equivalent vertical
beam, the mechanical properties of which depend on the
load-bearing section of the panel. Each beam includes
one top end bound to the ceiling 112, and one bottom
end bound to the floor 111. Both ends are rotationally
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locked with a mechanical spring whose constant stiffness
depends on the shear stiffness in the vertical plane of
the panel, which is given by the constitutive elements of
the beams, notably the type and number of connections
between the strips, the wood species, the section of the
strips, as well as the overall dimension of the load-bearing
section of the panel.

[0067] If the calculation is based on a stack-by-stack
approach (like on Figure 10), the calculation of F1 can
be performed for each stack (F154, F155, F153...). But if
the calculation is based on panel-by-panel approach, the
calculation of F1 can be made for each stack, then an
average of all forces F1 will be calculated for the whole
panel.

[0068] In step 207, for variation 70, the load-bearing
capacity F244 of the variation is also calculated. Alterna-
tively, the load-bearing capacity of the variation of each
stack F254, F25,, F255... can be calculated. The load-
bearing capacity depends on the structure of the varia-
tion. It can be calculated as a function of some of the
parameters of the variation, with an analytic modelling of
the panel, which can be based on standard specifications
and/or on mechanical experiments.

[0069] As an example, F1 and F2 can be calculated
by applying the design rules of Eurocode EN1995-1-1,
Annex C, "Built-up columns". The built-up columns can
be modelled for each stack of the panel (or variation).
The content of Eurocode EN1995-1-1 is incorporated by
reference. Annex C can be combined with Section 6.3.2
of this document, "Columns subjected to either compres-
sion or combined compression and bending", which al-
lows to further account for both in-plane and out-of-plane
bending forces for the design of the panel. In particular,
the skilled person can use Equations 6.23 and 6.24. In
Equation 6.23, the first parameter is:

Oc0d <1
kc,y X f c,0,d

This first parameter corresponds to F1/F2, where F1 and
F2 are:

kc,y X f c,0,d

F2 A
Where Ais the cross section area of the built-up columns,
00,4 18 the vertical compression stress (or force applied
on surface A), f, ; 4is the material compression strength,
and k; , is a buckling load factor.
[0070] The skilled person knows how to calculate F1
and F2 based on Eurocode EN1995-1-1 and on his
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knowledge on Finite Element Analysis (FEA). He also
knows how to use other methods in order to obtain iden-
tical or similar values of F1 and F2.

[0071] In particular, the skilled person knows how to
calculate F1 forone panel. To calculate the (local) vertical
force F1g4, F1g,... 0N each stack, the skilled person will
know how to model each stack as a vertical column and
how to use linear loads.

[0072] In steps 206 and 207, the calculation is made
on each stack 51, 52 and 53 of the variation, so three
forces F1 and F2 are calculated. In another embodiment,
a global calculation is made for the panel, so only one
force F1 and F2 is calculated.

[0073] In step 208, a parameter F3 depending on F1
and F2 is generated. This parameter F3 can be the dif-
ference between F2 and F1, so it gives a "load-bearing
surplus”. Alternatively, F3 can be replaced by F4 which
is the ratiobetween F2 and F1, so it gives a "load-bearing
margin". F3 and/or F4 can help determining whether the
force F2 is comprised between 1 and 4 times the force
F1. It also helps selecting the most appropriate variation,
i.e. the variation with the better F3 value.

[0074] In the embodiment where the calculation is
made for each stack, the method includes the generation,
for each stack, of the difference Dg4, D55, D53... between
the local load-bearing capacity of the stack F25¢, F25,,
F2g5... and the local required vertical force that the stack
must bear F1g4, F15,, F155... The difference D is indica-
tive of the load-bearing surplus of the stack. In that case,
it is determined whether or not the criteria F2 being com-
prised between 1 and 4 times the force F1 is met. To do
so, it is determined if the capacity F254, F25,, F253... is
comprised between 1 and 4 times the local required ver-
tical force that the stacks must bear F154, F15,, F1g3...
for a majority of stacks 51, 52... In another embodiment,
it is determined if the capacity F254, F255, F255... is com-
prised between 1 and 4 times the local required vertical
force that the stacks must bear F154, F1g5, F153... for all
stacks.

[0075] In step 209, it is determined if it is necessary to
implement another variation of the panel template to
achieve the criteria of the force F2 being comprised be-
tween 1 and 4 times the force F1 for atleast one variation
of the panel template. If the answer is "Yes", the loop
204-209 is performed another time, for instance to gen-
erate variation 80 or 90. If the answer is NO, the loop
204-209 is over.

[0076] In different embodiments, different criteria can
be applied. For instance, if at least one variation meets
this criteria, the answer to step 209 can be "No". But in
other instances such as the one of Figure 4, the answer
will be "No" only if a given number of variations meeting
this criteria have been generated.

[0077] Once the loop 204-209 is over, here because a
given number of suitable variations have been deter-
mined, in step 210, one of the variations is selected.
[0078] The selection can be based on different criteria.
In one embodiment, a value indicative of the load-bearing
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surplus of each variation (or of each stack of each vari-
ation) is generated. Then the variation with the lowest
value is selected.

[0079] Alternatively, the neighboring environment of
the panel can be taken into account. To do so, several
panels of level 110, such as panels 113.1, 114.1 and
115.1 are considered. For each of these panels, a panel
template and then atleast one variation of this panel tem-
plate according to the invention are determined. A set of
variations can be made up of one variation by panel. An
"inefficiency function" F can be generated, which is in-
dicative of the overall load-bearing capacity surplus of
the set of variations. For instance, F sums up all the load-
bearing capacity surplus of all considered variations (or
of all stacks of all considered variations), but F can also
be formulated in different ways as long as it is indicative
of the overall load-bearing capacity surplus of the set of
variations.

[0080] Figure 11 is an example of table showing the
different forces calculated on each of the stacks for dif-
ferent variations of the panel template of Figure 9. The
first five lines ("69" to "73") concern the five stacks of
variation 80 (with five stacks). The four last lines ("74" to
"77") concern four stacks of variation 70 (with four
stacks). Thefirstcolumn 301 gives values of vertical force
F1 for each stack. The second column 302 gives values
of load-bearing capacity F2 for each stack. The third col-
umn 303 gives the values F3 of the differences between
F2 and F1, soitis indicative of the "load-bearing surplus"
of each stack. Finally, the fourth column 304 gives the
values of the function F4, which here is the ratio between
F2 and F1, and which is indicative of the "load margin"
of each stack. For instance, if the value of F4 is 5, this
means that the stack is 5 five times more resistant than
necessary. The higher the margin, the less efficient the
design, and the more oversized the structure.

[0081] In this example, we can see that the stacks are
homogenously distributed along variations 70 and 80,
since the values of F2 are the same for each stack of the
same variation. It is because F2 only depends on the
structure of the variation of the panel template. The ver-
tical forces F1 may differ from one stack to another be-
cause of the weight and load imposed by the ceiling right
above the stack, given the position of the stack in the
building. Indeed, F1 takes into account the position of
the stack (and the panel) within the construction system.
[0082] Given that here F1 and F2 are calculated for
each stack, the variation may be considered as appro-
priate depending on if the majority of stacks has a value
F4 comprised between 1 and 4, or whether all of them
have F4 comprised between 1 and 4. In that case, one
can see that no stack of variation 70 is comprised be-
tween 1 and4, soitis notconsidered as a proper variation
of the panel template. But variation 80 has three out of
four stacks having F4 between 1 and 4, so it can be con-
sidered as a proper variation of the panel template. The
same calculation can be made for other variations, so as
to get the most appropriate variation of the panel tem-
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plate.

[0083] In step 211, the selected variation is attributed
to panel 115.1. This means that the panel 115.1 can be
manufactured from the determined variation 70. It will
then be positioned onsite in the construction system 100
at position P45 4.

[0084] In step 212, there is a possibility to implement
the method for other panels of the construction system
100, or possibly to all load-bearing panels. If the answer
is "No", steps 203-211 are performed for other panels. If
the answer is "Yes", all the panels have been determined
and the process is over at step 213.

[0085] The resulting construction system 100 is shown
on Figure 12. In comparison to Figure 6, the quantity of
wood has been adapted for each panel so that a relevant
amount of wood was used in order to ensure the security
of the construction system in terms of standard require-
ments, on one hand, and to avoid using an unnecessary
amount of wood which leads both to waste wood and to
increase overall costs.

[0086] In other words, the load-bearing panels of the
construction system 100 are more efficient. At the same
time, because of their CLT structure, they still present
the advantage that they can be prefabricated in a tailored,
serial and easy manner.

Claims

1. Method for providing a wood-based load-bearing
panel (113.1,114.1,115.1) for use in the assembling
ofa construction system (100), wherein the construc-
tion system (100) includes a set of levels (110, 120,
130) which include structural elements (111, 112,
113, 114, 115), wherein the method includes:

- Allocating a position (P45 1) to the wood-based
load-bearing panel (115.1) within the construc-
tion system (100);

- Providing a panel template (10), which includes
a series of atleast three superimposed plies (11,
12,13, 14, 15), atleasttwoplies (11, 12) of which
including a series of wood-based strips (11.1,
11.2,11.3, 12.1, 12.2, 12.3, 12.4, 12.5) distrib-
uted along the ply (11, 12), the wood-based
strips (11.1, 11.2, 11.3) of at least one ply (11)
being substantially vertically oriented within the
construction system (100);

- Determining at least one variation (70, 80, 90)
of the panel template (10), based on a variation
of parameters such as any of the number and
section of plies and the number and distribution
of wood-based strips in each ply of the panel
template (10), so that the load-bearing capacity
(F24q, F25¢, F25,, F253...) of the variation (70)
is comprised between 1 and 4 times the required
vertical force (F14q, F1g5¢, F15,, F155...) that the
variation (70) must bear at the position (P45 1)
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of the wood-based load-bearing panel (115.1)
within the construction system (100);

- Selecting one of the at least one variation (70,
80, 90); and

- Manufacturing the panel (115.1) from the se-
lected variation (70).

2. The method according to claim 1, wherein the step
of determining atleast one variation of the panel tem-
plate (70, 80, 90) further includes:

- Starting from the panel template (10);

- Varying parameters of the panel template (10)
such as the number and section of plies (11,
12...), and the number, width and position of the
wood-based strips (11.1, 11.2...) ineach ply (11,
12...);

- Determining at least two variations (70, 80, 90)
of the panel template (10) from at least two var-
iations of the parameters of the panel template
(10);

- Determining the load-bearing capacity of the
variations (F2,);

- Determining the required vertical force (F1,q)
that the variation of the panel template (70) must
bear at the position (P445 1) of the wood-based
load-bearing panel (115.1) within the construc-
tion system (100); and

- Comparing that load-bearing capacity (F2,)
with the required vertical force that the variation
of the panel template must bear (F1).

3. The method according to claim 1 or 2, wherein the
step of determining at least one variation of the panel
template (70, 80, 90) further includes:

- Gathering substantially vertically oriented
wood-based strips (11.1, 11.2...) into a series of
stacks (51, 52, 53...);

- Determining the local load-bearing capacity
(F25¢, F25,, F255...) of each stack (51, 52, 53...);
and

- Determining the local required vertical force
(F154, F15p, F1g3...) that each stack (51, 52,
53...) must bear at its position (Ps4, P55, Ps3...)
in the wood-based load-bearing panel (115.1)
within the construction system (100); and

- Comparing, for each stack, the local load-bear-
ing capacity (F2g54, F255, F255...) and the local
required vertical force that the stack must bear
(F1g¢, F150, Fl1s53...).

4. Themethod according to claim 3, wherein the atleast
one variation of the panel template (70, 80, 90) is
determined so that the local load-bearing capacity
of the stacks (F2g4, F25,, F255...) is comprised be-
tween 1 and 4 times the local required vertical force
that the stacks must bear (F1g4, F155, F153...) for a
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majority of stacks (51, 52, 53...).

The method accordingto claim 4, wherein the atleast
one variation of the panel template (70, 80, 90) is
determined so that the local load-bearing capacity
of the stacks (F254, F25,, F253...) is comprised be-
tween 1 and 4 times the local required vertical force
that the stacks must bear (F15¢, F155, F155...) for all
stacks (51, 52, 53...).

The method according to any of claims 1 to 5, where-
in the step of selecting one of the at least one vari-
ation (70, 80, 90) further includes:

- Generating for each variation (70, 80, 90), an
inefficiency function (F) which is indicative of the
load-bearing capacity surplus of the variation;
and

- Selecting the variation with the lowest value of
inefficiency function (F).

The method according to any of the preceding
claims, wherein the at least one variation of the panel
template (70, 80, 90) is determined within a set of
pre-determined panel designs (20, 30, 40, 50),
based on a range of parameters such as the number
and section of plies (11, 12...), and the number, width
and position of the wood-based strips (11.1, 11.2...)
in each ply (11, 12...).

The method according to any of the preceding
claims, wherein the required vertical force (F1,q) that
at least one variation of the panel template (70, 80,
90) must bear is determined based on a distribution
of a set of forces applied on the ceiling (112) right
above the panel (115.1).

The method according to any of the preceding
claims, wherein atleastone ply (11, 12...) of the pan-
el template (60) also includes a set of insulation el-
ements (22.1, 22.2..., 23.1, 23.2...) interleaved be-
tween at least some of the wood-based strips (11.1,
11.2...,12.1,12.2...).

The method according to claim 9, wherein the values
of the distances (P4, P,) between the substantially
vertically oriented wood-based strips (11.1, 11.2...)
are multiples of a given length, in particular the nom-
inal width of available insulation elements.

The method according to any of the preceding
claims, wherein the wood-based strips (11.1, 11.2...)
of each ply (11) are parallel to each other, and the
wood-based strips (11.1, 11.2...) of each ply (11) are
not parallel to the wood-based strips (12.1, 12.2...)
of the neighboring plies (12).

A wood-based load-bearing panel (115.1) obtaina-
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14.

15.

20

ble with the method according to any of claims 1 to
11, wherein the panel (115.1) includes a series of at
least three superimposed plies (11, 12, 13, 14, 15),
at least two plies (11, 12) of which including a series
of wood-based strips (11.1, 11.2, 11.3, 12.1, 12.2,
12.3, 12.4, 12.5) distributed along the ply (11,
12),.the wood-based strips (11.1, 11.2, 11.3) of at
least one ply (11) being substantially vertically ori-
ented within the construction system (100).

The wood-based load-bearing panel (115.1) accord-
ing to claim 12, wherein the width (W,,) and height
(H4q) of the panel (115.1) depend on transportation
and storage requirements.

A construction system (100), comprising a set of lev-
els (110, 120, 130), which include a floor (111), a
ceiling (112) and load-bearing walls (113, 114, 115),
wherein at least one of the load-bearing walls (115)
includes a wood-based load-bearing panel (115.1)
according to any of claims 12 to 13.

The construction system (1) according to the claim
14, wherein all the load-bearing walls (113, 114, 115)
of one of the levels (11) include wood-based load-
bearing panels (115.1) according to any of claims 12
to 13.
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Figure 4

Splitting the load-bearing walls into a set of wood-
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Figure 8
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Figure 10A
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Figure 11

F1 F2 F3 F4
Vertical forces Load-bearing capacity Surplus Fitness
€9 16.5 69'84.19 69'67.69 69 5.1
70 14.7 70 84.18 70 69.48 10 5.7
71 13.14 71 84.19 71 71.05 11 6.4
72 11.56 72 84.19 79 72.92 27
73 11.15 73 84,19 73 73.03 73 1.5
74 11.15 7 112.22 72 10107 2 101
75 67.8 75 112.22 75 44.42 75 1.7
76 94.25 76 112,22 76 17.97 % 1.2
77 42.72 77 112,22 77 §9.5 17 2.6
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