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Description
Technical field

[0001] The presentinvention is directed towards a mul-
ti-floor building structure, including an array of pillars and
several horizontal structures supported on said array of
pillars, wherein at least the horizontal structures are
made of engineered wood.

[0002] According to that, the present invention is in-
tended for obtaining a multi-floor building structure where
the horizontal structures are mostly or entirely made of
engineered wood elements connected together prefera-
bly through durable moisture-resistant structural adhe-
sives such as polyurethane or other resins.

State of the Art

[0003] Building construction with concrete or steel
structures allows to obtain high buildings of more than
ten stories and up to more than one hundred stories with
great resistance and durability, achieving diaphanous
spaces. However, the construction with concrete or steel
is slow and consumes a lot of energy and produces many
CO2 emissions.

[0004] Wood construction is also known, and it is ad-
vantageous over the concrete and steel construction
methods because wood absorbs CO2 while growing, and
structures made of wood retain the absorbed CO2 during
the entire life span of the building. Also is lighter, easy to
manipulate and to transport.

[0005] Despite the above advantages, wood construc-
tion methods usually used, known as balloon frame, con-
sisting in the use of wooden struts nailed or screwed to-
gether with enclosure panels, only allow the construction
of low buildings, such up to four or five stories, given their
low resistance compared to concrete or steel construc-
tion.

[0006] Prefabricated wood structures are also known,
providing cost reductions, quality improvements, reduc-
tion in the construction times and material optimizations.
[0007] Those known prefabricated wood structures
comprise the prefabrication of structural elements or
structure portions in a production facility, its transport to
the building site, and the later assembling those elements
or portions to obtain the complete structure.

[0008] Despite the above, this system has several lim-
itations. First, size of the prefabricated structural ele-
ments or structure portions is limited by the transport
thereof, typically limited to a truck size. The second lim-
itation of this prefabricated wood structures is the struc-
tural connection between independent structural ele-
ments or structure portions in the building site, which is
normally obtained by nails, screws or tailor made metallic
nodes.

[0009] Because of those two limitations, in those pre-
fabricated wood structures the structural elements and
structure portions, once assembled, do not behave as a
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single rigid structural body, but as different independent
structural elements connected to each other.

[0010] A structure of independent interconnected ele-
ments is much less efficient than a rigid unitary structure,
from the perspective of the mass / resistance relation.
[0011] Prefabricated building structures, typically
made of mass timber or similar types of engineered wood,
are also known. Those building structures commonly
comprise pillars and beams, and sometimes even sec-
ondary beams supported on the beams, all covered by
a mass timber slabs.

[0012] Onthose building structures, the connection be-
tween beams and pillars commonly comprises metallic
connectors, and each beam, secondary beam and mass
timber slab are not rigidly connected to each other, but
articulated, reducing the overall load-resistance of the
structure, and requiring a sub-optimal amount of material
and weight to withstand the structural loads.

[0013] In some cases, a concrete layer is poured cov-
ering the mass timber slabs to provide structural conti-
nuity to the horizontal structure, but greatly increasing
the weight.

[0014] Itis also known to use i-joist as said beams and
secondary beams above described, but also not rigidly
connected to each other, obtaining a slab with the same
problems described above.

[0015] There are also known the so called structural
insulated panels, comprising an upper and lower layers
of engineered wood facing each other, separated and
rigidly connected to each other through a rigid insulant
material placed in between.

[0016] This product can be used as a wall, as a roof,
but its use as a building floor requires the addition of
beams or secondary beams underneath to increase its
structural resistance, with the problems described above.
Also, the connection between adjacent panels does not
provides a transmission of the structural loads between
adjacent panels.

[0017] Document WO2016191510A1 describe a pre-
fabricated wood structure comprising floor segments,
each made of upper and lower horizontal boards spaced
apart to each other by interposed vertical boards creating
a slab segment. Those slab segments include coupling
configurations on its sides allowing for coupling adjacent
slab segments together.

[0018] Despite the above, this solution does not pro-
vide a structural continuity between adjacent upper and
lower horizontal boards, preventing the transmission of
horizontal loads between adjacent upper horizontal
boards or adjacent lower horizontal boards, preventing
the horizontal structure to behave structurally as a single
continuous and rigid horizontal structure, withstanding
bending forces and transmitting such forces to pillars.
[0019] In addition, because WO2016191510A1, and
other similar documents, do not describe a structurally
unitary slab that channels and accumulates loads around
the pillars supporting the slab, there is also no known
optimization of the strength of different areas of the slab
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to support such concentrated loads and to achieve a re-
duction in weight and cost of the structure.

[0020] The presentinvention aims to solve the above
and other technical problems, providing a building tech-
nology with engineered wood.

Brief description of the invention

[0021] The presentinvention is directed towards a mul-
ti-floor building structure, for example a building with at
least five stories.

[0022] The proposed building structure comprises, in
amanner already known, pillars and one horizontal struc-
ture, made of engineered wood, for each building floor
of the building supported on said pillars, each horizontal
structure including vertical through holes for inserting the
pillars therethrough.

[0023] According to that, the pillars are continuous un-
interrupted pillars crossing the overlapped horizontal
structures through said vertical through holes.

[0024] Each horizontal structure is supported on sev-
eral pillars, to which it is connected, preferably through
first seats integrated in the pillars.

[0025] Each pillar can be, for example, one single ver-
tical strut of engineered wood, preferably with fibers ori-
ented in a vertical direction, or a plurality of parallel ver-
tical struts made of engineered wood, preferably with fib-
ers oriented in a vertical direction, rigidly connected to
each other at a horizontal distance.

[0026] Those pillars can also be made of other mate-
rials such as steel or concrete.

[0027] Itwillbe understood that the horizontal structure
can be also a storey ceiling slab, or a roof slab, and that
a horizontal element is an element with its main surfaces
being substantially horizontal, and a vertical element is
an element with its main surfaces being substantially ver-
tical.

[0028] Theengineered wood are derivative wood prod-
ucts which are manufactured by binding or fixing fibers,
particles, fibers, veneers or boards of wood, wood chips,
wood powder, or other vegetal products such bamboo,
together with adhesives to form composite material. This
type of wood is also known as mass timber, composite
wood, man-made wood, or manufactured board.

[0029] The most common types of engineered wood
are the plywood, which is manufactured from sheets of
laminated veneer switching directions and bonded under
heat and pressure with durable moisture-resistant adhe-
sives, the laminated veneer lumber (LVL), whichis similar
to plywood but with the veneers all stack in the same
direction, the oriented strands board (OSB) manufac-
tured from wood flakes oriented in multiple directions
compressed and glued together, the laminated strand
lumber (LSL), which is similar to OSB but with the strands
all stack in the same direction, and the medium-density
fiberboard manufactured from wood fibers or sawdust
compressed and glued together. Other types of engi-
neered wood products are commonly known as Glulam,
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and cross-laminated timber (CLT).

[0030] Preferably, the engineered wood used in the
present invention in the main engineered wood compo-
nents, or at least for the engineered wood components
supporting higher loads, such the upper and lower hori-
zontal layers, have a maximal compressive/tensile
strength comprised between 10 to 40 N/mm2 and/or a
maximal shear strength up to 8 N/mm2, and the adhe-
sives used preferably have, once hardened, a maximal
compressive strength equal or higher than the compres-
sive strength of the attached engineered wood compo-
nents and a maximal shear strength equal or higher than
the shear strength of the attached engineered wood com-
ponents.

[0031] Each horizontal structure comprises an upper
horizontal layer and a lower horizontal layer of engi-
neered wood facing each other, and vertically separated
and rigidly connected through an array of intersected lon-
gitudinal and transversal vertical ribs of engineered wood
elongated in a longitudinal horizontal direction and in a
transversal horizontal direction.

[0032] The longitudinal and transversal horizontal di-
rections are two horizontal and intersecting directions,
which can be perpendicular to each other, or can define
different non-orthogonal angles between them.

[0033] According to that, the horizontal structure is a
rigid slab including two overlapped and separated hori-
zontal layers connected to each other through vertical
ribs oriented in two intersecting horizontal directions,
such the longitudinal and transversal horizontal direc-
tions, defining an array of vertical ribs.

[0034] Also, the longitudinal and transversal vertical
ribs are structurally attached to both the upper and lower
horizontal layers, mainly withstanding shear loads be-
tween both upper and lower horizontal layers.

[0035] The present invention further proposes, in a
manner not known in the state of the art, the following
features:

the upper and lower horizontal layers are made of
engineered wood segments structurally adhered to-
gether providing structural continuity at least in the
longitudinal and transversal horizontal directions
across the entire horizontal structure; and

the thickness and/or the load-resistance per square
centimeter of the upper and/or lower horizontal lay-
ers increases, in a gradual or stepped manner, with
the proximity to the vertical through holes; and/or

the thickness, the load-resistance per squared cen-
timeter, and/or the proximity between, successive
longitudinal and transversal vertical ribs increases,
in a gradual or stepped manner, with the proximity
to the vertical through holes.

[0036] According to that, each of the upper and lower
horizontal layers are structurally continuous both in the
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longitudinal and transversal horizontal directions, resist-
ing and transmitting tensile and/or compressive structur-
al loads in said at least two different horizontal directions
across the entire horizontal structure. This, combined
with the array of longitudinal and transversal vertical ribs,
provides a bi-directional slab structurally continuous
across the entire horizontal structure of one building floor,
obtained by individual engineered wood segments struc-
turally adhered together, for example using durable mois-
ture-resistant structural adhesives such as polyurethane
or other resins.

[0037] A bi-directional slab can withstand and transmit
longitudinal and transversal bending loads between ad-
jacent bays across the entire horizontal structure, reduc-
ing the maximum bending loads accumulated on the
nodes between the horizontal structure and the pillars.
[0038] The structural continuity of the upper and/or
lower horizontal layers can be obtained by a continuous
sheet of engineered wood extending in the longitudinal
and transversal directions, or by multiple parallel contin-
uous bands of engineered wood extending in the longi-
tudinal direction, providing structural continuity in the lon-
gitudinal direction, and multiple parallel continuous
bands of engineered wood extending in the transversal
direction, providing structural continuity in the transversal
direction, said bands of engineered wood being rigidly
connected to each other in the intersections, and option-
ally defining light-weighting apertures between the inter-
secting bands.

[0039] In order to optimize the structural strength, the
weight, and the cost of the horizontal structure, it is pro-
posed to increase the structural strength of the upper
and/or lower horizontal layers and/or of the array of lon-
gitudinal and transversal vertical ribs in the surroundings
ofthe vertical through holes, where the pillars are inserted
and where the loads are concentrated.

[0040] Said structural strengthening is obtained by an
increase of the thickness of the upper and/or lower hor-
izontal layers, and/or by an increase of the thickness of
the longitudinal and transversal vertical ribs and/or by an
increase in the proximity between the longitudinal and
transversal vertical ribs in the surroundings of each ver-
tical through hole and/or by an increase of the load-re-
sistance per square centimeter of the engineered wood
constitutive of the upper and/or lower horizontal layers,
using more resistant engineered wood in the proximity
of the through-holes than in other areas.

[0041] Said increase in the thickness of the horizontal
layers or of the ribs and/or said increase in the load-re-
sistance per square centimeter and/or said increase in
the proximity between ribs can be a gradual increase,
providing a gradation of load-resistances, thicknesses
and/or separation distances across the building struc-
ture, or a stepped increase, providing several sudden
increases in the thickness, load-resistance per square
centimeter and/or proximity between said elements.
[0042] Inthis case, the horizontal structure caninclude
preferably atleastthree, and preferably four, five or more,
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different thicknesses and/or load-resistances, and/or
separation distances between elements, providing the
maximal resistance around each vertical through hole,
where the thickness and/or proximity between the ele-
ments will be the maximal, providing an intermediate re-
sistance in regions comprised between pairs of adjacent
vertical through holes of the same longitudinal or trans-
versal aligned succession of vertical through holes, and
providing the minimal thickness and/or proximity, and
therefore the minimal weight and cost, in central non-
reinforced portions of the horizontal structure away from
the vertical through holes and from the longitudinal or
transversal aligned succession of vertical through holes.
[0043] Optionally, in addition to those three different
thicknesses and/or load-resistances and/or proximities,
other intermediate thicknesses and/or load-resistances
and/or proximities can be provided between said three
areas.

[0044] Preferably, the vertical through holes of each
horizontal structure comprises several longitudinal suc-
cessions of vertical through holes aligned in the longitu-
dinal horizontal direction, defined by the direction of the
longitudinal vertical ribs, and several transversal succes-
sions of vertical through holes aligned in a transversal
horizontal direction defined by the transversal vertical
ribs, defining an array of vertical through holes. The pillars
inserted through said array of vertical through holes will
also constitute an array of pillars including several longi-
tudinal aligned successions of pillars and several trans-
versal successions of pillars.

[0045] Alternatively, some or all the through-holes can
be misaligned, in correspondence with misaligned pillars.
[0046] Additionally, the present invention further pro-
poses an embodimentaccording to which the engineered
wood segments, constitutive of the upper and lower hor-
izontal layers, mostly comprises fibers orientedin the lon-
gitudinal horizontal direction and in the transversal hori-
zontal direction.

[0047] Thiscanbe obtained by using engineered wood
elements made of wood fibers mostly oriented at least in
said longitudinal and transversal horizontal directions, or
by combining two types of engineered wood elements,
ones with wood fibers mostly oriented in the longitudinal
horizontal direction and others with wood fibers mostly
oriented in the transversal horizontal direction. This com-
bination can be obtained by overlapping the two types of
engineered wood elements, or by placing different seg-
ments of those two types of engineered wood elements
coplanar to each other, and including additional engi-
neered wood elements in the intersections, producing
the overlap of the two types only on the intersections.
Other combinations of engineered wood elements with
fibers oriented in one orin at least two different horizontal
directions are also possible to obtain such result.
[0048] Alternatively or additionally, the longitudinal
vertical ribs can be made of engineered wood rib seg-
ments mostly comprising fibers oriented in the longitudi-
nal horizontal direction and the transversal vertical ribs
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can be made of engineered wood rib segments mostly
comprising fibers oriented in the transversal horizontal
direction.

[0049] As explained above, the engineered wood con-
tains wood fibers glued together. In some kinds of engi-
neered wood said wood fibers are oriented mostly in a
particular direction, providing an anisotropic material, the
load-resistance per square centimeter of the engineered
wood being greater in the direction of the strains than in
other directions.

[0050] As the upper and lower horizontal layers are
structurally continuous in the longitudinal and transversal
directions and are used to transmit and withstand the
loads supported by the horizontal structure, the construc-
tion of said upper and lower horizontal layers with engi-
neered wood with the fibers oriented at least in said lon-
gitudinal and transversal directions increases the overall
structural performance of the horizontal structure.
[0051] Equally, the shear forces supported by the lon-
gitudinal and transversal vertical ribs, are better with-
stand by engineered wood with the fibers oriented par-
allel to the main longitude of the vertical rib.

[0052] Each horizontal structure comprises several
elongated reinforced portions, elongated in the longitu-
dinal or transversal direction and comprising one aligned
succession of aligned vertical through holes. Said elon-
gated reinforced portions, oriented in the longitudinal and
in the transversal horizontal directions, surround central
non-reinforced portions of the horizontal structure devoid
of vertical through holes.

[0053] According to one embodiment of the present
invention, in at least some elongated reinforced portions,
the thickness of the upper and/or lower horizontal layers
is bigger than the thickness of the upper and/or lower
horizontal layers in other portions of the horizontal struc-
ture different to the elongated reinforced portions.
[0054] Itis to say, that a strip of the upper and/or lower
horizontal layers, spanning an aligned succession of ver-
tical through holes where pillars are inserted, is made of
a thicker engineered wood than other non-reinforced ar-
eas of the horizontal structure, typically said central non-
reinforced portions.

[0055] Additionally or alternatively, the thickness of,
and/or the proximity between, longitudinal or transversal
vertical ribs, parallel to the main longitude of the elongat-
ed reinforced portion where they are contained, is bigger
than the thickness of, and/or the proximity between, the
longitudinal or transversal vertical ribs contained in other
portions of the horizontal structure different to the elon-
gated reinforced portions, typically said central non-re-
inforced portions.

[0056] Also, it is preferred if the longitudinal or trans-
versal vertical ribs, parallel to the main longitude of the
elongated reinforced portion where they are contained,
fully extends over the entire elongated reinforced portion.
[0057] Itis also proposed that, in at least some elon-
gated reinforced portions of each horizontal structure,
the load-resistance per square centimeter of the engi-
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neered wood constitutive of the upper and/or lower layers
in the elongated reinforced portions can be bigger than
the load-resistance per square centimeter of the engi-
neered wood constitutive of the upper and/or lower layers
in other portions of the horizontal structure different to
the elongated reinforced portions.

[0058] Similarly, the load-resistance per square cen-
timeter of the engineered wood constitutive of the longi-
tudinal or transversal vertical ribs, parallel to the main
longitude of the elongated reinforced portion where they
are contained, can be bigger than the load-resistance
per square centimeter of the engineered wood constitu-
tive of the longitudinal or transversal vertical ribs in other
portions of the horizontal structure different to the elon-
gated reinforced portions.

[0059] According to that, different types of engineered
wood, having different load-resistance characteristics,
can be used on different portions of the same elements,
obtaining better resistances where it is necessary, and
reducing cost and/or weight in other areas.

[0060] The present invention also proposes that, an
elongated stiffener, made of engineered wood, can be
included in at least some of the elongated reinforced por-
tions.

[0061] Said elongated stiffener will protrude upwards
and/or downwards from the horizontal structure extend-
ing in the main longitude of the elongated reinforced por-
tion where it is included, the elongated stiffener being
rigidly and structurally connected to the horizontal struc-
ture, for example though adhesives.

[0062] According to that, said elongated stiffener will
be an engineered wood element, preferably a horizontal
element, which extends in the longitudinal or transversal
direction of the elongated reinforced portion. This elon-
gated stiffener is rigidly and structurally connected, for
example through adhesives, to the horizontal structure
and, because it protrudes from the horizontal structure
upwardly and/or downwardly, it provides a local increase
in the height of the horizontal structure, increasing its
bending resistance.

[0063] Preferably, said elongated stiffener is made of
engineered wood with fibers mostly oriented in a hori-
zontal direction parallel to the main longitude of the elon-
gated stiffener.

[0064] Said elongated stiffener can be interrupted by
the vertical through holes or can be continuous along the
entire longitude of the elongated reinforced portion, for
example being one or two elongated stiffeners tangent
to the vertical through holes or an elongated stiffener
passing through the pillars or can be a wide elongated
stiffener continuous along the entire longitude of the elon-
gated reinforced portion with the vertical through holes
passing therethrough.

[0065] Said elongated reinforced portion of the hori-
zontal structure connects successive pillars through a
reinforced portion of the horizontal structure which con-
stitutes a virtual beam at least partially embedded in the
horizontal structure.
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[0066] Also, each horizontal structure comprises one
collar reinforced portion surrounding each vertical
through hole. Said collar reinforced portions will be co-
incident with the intersections between two elongated
reinforced portions.

[0067] According to an embodiment, in at least some
collar reinforced portions of each horizontal structure, the
thickness of the upper and/or lower horizontal layers can
be bigger than the thickness of the upper and/or lower
horizontal layers in other portions of the horizontal struc-
ture different to the collar reinforced portions.

[0068] Similarly, the thickness of, and/or the proximity
between, longitudinal or transversal vertical ribs can be
bigger than the thickness of, and/or the proximity be-
tween, the longitudinal and transversal vertical ribs con-
tained in other portions of the horizontal structure differ-
ent to the collar reinforced portions.

[0069] Said other portions can be the above cited cen-
tral non-reinforced portions, where a weight reduction is
sought, and also regions of the elongated reinforced por-
tions defined between the collar reinforced portions.
[0070] According to another embodiment, in at least
some collar reinforced portions, the load-resistance of
the engineered wood constitutive of the upper and/or low-
er layers in the collar reinforced portions is bigger than
the load-resistance of the engineered wood constitutive
of the upper and/or lower layers in other portions of the
horizontal structure different to the collar reinforced por-
tions.

[0071] Similarly, the load-resistance per square cen-
timeter of the engineered wood constitutive of the longi-
tudinal or transversal vertical ribs in the collar reinforced
portions can be bigger than the load-resistance per
square centimeter of the engineered wood constitutive
of the longitudinal or transversal vertical ribs in other por-
tions of the horizontal structure different to the collar re-
inforced portions.

[0072] Asinthe previous case, said other portions can
be the above cited central non-reinforced portions, where
aweightreduction is sought, and also regions of the elon-
gated reinforced portions defined between the collar re-
inforced portions.

[0073] Additionally oralternatively, in atleast some col-
lar reinforced portions an annular stiffener made of en-
gineered wood can be included surrounding the vertical
through hole. Said annular stiffener will protrude upwards
and/or downwards from the horizontal structure sur-
rounding the vertical through hole, the annular stiffener
being rigidly and structurally adhered to the horizontal
structure.

[0074] Said annular stiffener will be an engineered
wood element, preferably a horizontal element, which
encloses the vertical through hole. This annular stiffener
is rigidly and structurally adhered to the horizontal struc-
ture and, because it protrudes from the horizontal struc-
ture upwardly and/or downwardly, it provides a local in-
crease inthe height of the horizontal structure, increasing
its bending resistance.
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[0075] Preferably, said annular stiffener is made of en-
gineered wood with fibers mostly oriented at least in the
longitudinal and transversal horizontal directions.
[0076] The collar reinforced portion increases the re-
sistance of the horizontal structure on its intersection with
one pillar, creating a virtual capital. Said collar reinforcer
portion further conducts and distributes horizontal loads
around the vertical through hole, increasing the stiffness
of the horizontal structure.

[0077] Saidelongated stiffenerand/orannular stiffener
can be an engineered wood board adhered to the upper
and/or lower horizontal layer or can be separated from
the horizontal structure at a certain vertical distance and
rigidly connected thereto through interposed spacers or
through interposed spacers defined by extensions of the
longitudinal and/or transversal vertical ribs protruding
through openings of the upper and/or lower horizontal
layers. Said spacers will greatly increase the structural
effect of the stiffener.

[0078] Preferably, each pillar includes at least one first
seat for each building floor, and each horizontal structure
is supported on said first seats through a second seat
facing at least one first seat.

[0079] The first seats are defined as an upward facing
surface, preferably a horizontal upwards facing surface.
[0080] Each first seat can protrude from the pillar, for
example in the form of a capital or a corbel, and/or can
be defined in a housing of the pillar, such a perimeter
groove, a step, a carved niche or in an horizontal through
hole of the pillar, or can be defined in a hollow interior of
the pillar, for example when the pillar is formed by several
vertical struts separated in the horizontal direction and
rigidly connected to each other through spacers, creating
a hollow interior within the pillar.

[0081] Each second seat can be defined on the lower
horizontal layer of the horizontal structure or on down-
wardly exposed portions of the longitudinal and/or trans-
versal vertical ribs.

[0082] Dependingon the position ofthe first seats, said
second seats can be adjacent to the vertical through hole,
can be defined in a protrusion partially penetrating in said
through holes in a horizontal direction or can be defined
in bridge portions completely crossing the through hole,
in one ortwo horizontal directions, creating several partial
through holes, each housing one of said several vertical
struts separated in the horizontal direction and rigidly
connected to each other through spacers.

[0083] Those lower horizontal layer and/or longitudinal
or transversal vertical ribs constitutive of the second seat
are reinforced portions of the horizontal layer and/or lon-
gitudinal or transversal vertical ribs, because are on close
proximity to one vertical through hole, and therefore are
thicker and/or more load-resistant per square centimeter
and/or closer to each other than in other regions of the
horizontal structure.

[0084] Alternatively, each horizontal structure is sup-
ported on said first seats through a second seat defined
on the elongated stiffener and/or on the annular stiffener
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described above.

[0085] According to an alternative embodiment of the
presentinvention, the upperand/orlowerlayeris, or com-
prises, a continuous sheet of engineered wood, covering
the entire horizontal structure, made of coplanar engi-
neered wood boards, or several overlapped and struc-
turally adhered layers of coplanar engineered wood
boards, each engineered wood board constituting one of
the engineered wood segments. In this case, when com-
bined with the i-joists, the upper and lower flanges will
be adhered to said continuous sheet of engineered wood,
which will act as the additional engineered wood element
providing structural continuity to the intersections be-
tween i-joists.

[0086] The presentinvention also proposes that each
horizontal structure can be made of several independent
prefabricated horizontal structure segments laterally
connected to each other in a rigid manner through com-
plementary coupling configurations structurally adhered
together, each horizontal structure segment comprising:

an upper horizontal layer segment and a lower hor-
izontal layer segment of engineered wood facing
each other, and vertically separated and rigidly con-
nected through an array of intersected longitudinal
and transversal vertical rib segments of engineered
wood elongated in the longitudinal and transversal
horizontal directions;

the coupling configurations being placed at least in
an outer perimeter of each upper and lower horizon-
tal layer segments, providing a partial overlap be-
tween adjacentupper and lower horizontal layer seg-
ments.

[0087] According to that, each horizontal structural
segment is a portion of the horizontal structure and in-
cludes coupling configurations on its perimeter. Said cou-
pling configurations are defined in the edges of the upper
and lower horizontal layers and are complementary to
other coupling configurations of adjacent horizontal
structure segments.

[0088] When connected, the coupling configurations
of adjacent horizontal structure segments are partially
overlapped, increasing the adhesion surface.

[0089] Thanks to this feature, the horizontal structure
segments can be prefabricated in advance, transported
to the building side, installed in their positions together
with the pillars, and adhered to each other through the
coupling configurations and structural adhesive applied
therein. Once the structural adhesive is hardened, the
horizontal structure is complete.

[0090] Preferably, during the hardening of the horizon-
tal structure, the horizontal structure segments will be
supported on provisional supports, such provisional
props, which can be removed once the hardening is com-
pleted. Typically, the hardening time will be between
24-48 h.
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[0091] Preferably, atleast some of the horizontal struc-
ture segments will include at least one vertical through
hole.

[0092] Optionally, the horizontal structure segments
with vertical through holes can be produced with a pre-
fabricated segment of the pillar inserted and structurally
attached thereto.

[0093] The coupling configurations may comprise lap
joints, stepped lab joint, double lap joint, strap joints,
stepped strap joint, scarf joint, finger joint or a combina-
tion thereof.

[0094] Inalapjoint, the coupling configurations of both
board segments to be connected are overlapped.
[0095] In a stepped lap joint, the coupling configura-
tions of both board segments to be connected are over-
lapped, each coupling configuration being defined by one
or several stepped local thickness reductions of the board
segment, for example halving the thickness on each cou-
pling configuration, or by creating two or three stepped
thickness reductions on each coupling configuration, so
that when both coupling configurations are overlapped,
the adjacent board segments are coplanar.

[0096] In a double lap joint one coupling configuration
is inserted in a groove defined between two facing por-
tions of the other coupling configuration.

[0097] In a strap joint a connector is simultaneously
overlapped and structurally adhered to both adjacent
board segments. Said connector can be overlapped to
the board segments or can be flush with a surface thereof,
inserted in a thickness reduction of both adjacent board
segments. A stepped strap joint is similar to the strap
joint, but the connector, and both adjacent board seg-
ments, having a stepped configuration.

[0098] In a scarf joint, two beveled edges of two adja-
cent board segments are connected and structurally ad-
hered to each other.

[0099] In a finger joint the coupling configurations are
tooth-shaped and interlinked and structurally adhered to
each other.

[0100] A particular example of strap joint comprises
elongated link elements made of engineered wood tightly
inserted and adhered simultaneously in adjacent hous-
ings defined on edges of adjacent and coplanar upper
and/or lower horizontal board segments.

[0101] The present invention also proposes to define
a gap distance between the inner surfaces of each ver-
tical through hole and the pillar inserted therein.

[0102] At least in some of the vertical through holes,
the gap distance can be filled with hardened adhesive,
providing a rigidly connection between the horizontal
structure and the pillar.

[0103] At least in some of the vertical through holes,
the gap distance can be an empty air gap, providing an
articulated connection between the horizontal structure
and the pillar.

[0104] Each pillar can be one single vertical strut of
engineered wood made of several successive pillar seg-
ments rigidly connected through complementary ad-
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hered coupling configurations providing partial overlap
between the successive pillar segments.

[0105] Alternatively, each pillar can include a plurality
of parallel vertical struts made of engineered wood, rigidly
connectedto each other at a horizontal distance, the pillar
being made of several successive pillar segments rigidly
connected through complementary adhered coupling
configurations providing partial overlap between the suc-
cessive pillar segments. The horizontal distance can be
a longitudinal horizontal distance and/or a transversal
horizontal distance, increasing the inertia of the pillar
without increasing its mass, and providing a hollow inte-
rior.

[0106] Preferably the first seat of the pillar is housed
within said hollow interior and the second seat of the hor-
izontal structure is housed within the vertical through hole
of the horizontal structure and penetrates in said hollow
interior.

[0107] In atleast some portions of the horizontal struc-
ture, preferably in the central non-reinforced portions, the
horizontal structure can further include a rigid lightweight
material, such rigid foam, wood wool, rock wool, honey-
comb cardboard or cork panel, preferably with thermal
and/oracousticinsulant properties, selected to withstand
shear loads between the upper and/or lower horizontal
layers and structurally adhered thereto.

[0108] Said rigid lightweight material will constitute a
light spacer and will reduce the number of longitudinal
and transversal vertical ribs needed, especially in the
central non-reinforced regions, reducing the weight of
the horizontal structure, and also providing thermal and
acoustic insolation between successive stories.

[0109] Also, atleast some of the ribs may include light-
weighting apertures, reducing the weight and also allow-
ing the passage of mechanical installations.

[0110] The upper and/or lower layer of the horizontal
structure may also include light-weighting apertures,
preferably defined between the ribs. Those light-weight-
ing apertures, typically placed on the lower layer, reduce
the weight, and allows access to the mechanical instal-
lations.

[0111] Preferably, the light-weighting apertures de-
crease, in a gradual or stepped manner, with the prox-
imity to the vertical through holes, it is to say, those light-
weighting apertures are smaller and/or more spaced
apart to each other the closer they are to the vertical
through-holes. Preferably, no light-weighting apertures
exist adjacent to the vertical through-holes, for example
closer to 50cm from a vertical through-hole.

[0112] The upper and/or lower layer of the horizontal
structure may include light-weighting apertures, prefer-
ably non-coincident with the longitudinal and transversal
vertical ribs, to reduce the weight of the horizontal struc-
ture. Typically, those light-weighting apertures will be big-
ger in the central non-reinforced portion of the horizontal
structure.

[0113] According to an embodiment of the present in-
vention, each horizontal structure comprises i-joists
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made of engineered wood oriented in the longitudinal
and in the transversal directions.

[0114] Each i-joist comprises an upper flange, a lower
flange and a central web in-between. The central webs
constitute said longitudinal and/or transversal vertical
ribs of the horizontal structure and the upper and lower
flanges will be an integral part of the upper and lower
horizontal layers of the horizontal structure.

[0115] According to that, the i-joist are used as spacers
between the upper and lower horizontal layers of the hor-
izontal structure, using intersecting i-joist oriented in the
longitudinal and transversal horizontal directions.
[0116] In this embodiment, the structural continuity in
the longitudinal horizontal direction and in the transversal
horizontal direction of the upper and/or lower horizontal
layers will be provided by engineered wood segments
structurally adhered to the upper and/or flanges of the
longitudinal and transversal i-joists on the intersections
between the upper and/or lower flanges, oriented in the
longitudinal horizontal direction, and upper and/or lower
flanges oriented in the transversal horizontal direction.
[0117] The upper and lower flanges of the i-joists can
be integrated into the upper and/or lower horizontal lay-
ers by being structurally adhered thereto, the structural
strength of the upper and/or lower horizontal layers being
the result of the combined structural strengths of all the
adhered elements, including the upperand lower flanges.
[0118] Alternatively, the upper and/or lower horizontal
layers can be integrally constituted by the upper and/or
lower flanges, in combination with additional engineered
wood elements overlapped and structurally adhered to
the intersections between the upper flanges oriented in
the longitudinal and transversal horizontal directions
and/or to the intersections between the lower flanges ori-
ented in the longitudinal and transversal horizontal direc-
tions, providing structural continuity in the longitudinal
and transversal directions and rigidity to said intersec-
tions through the additional engineered wood elements.
[0119] Typically, on each intersection one i-joist will be
continuous and will interrupt an intersecting i-joist, pre-
venting the structural continuity of its upper and lower
flanges.

[0120] The additional engineered wood element or
segments will be overlapped or embedded through
stepped strap joints (recess staggered steps) and ad-
hered to the interrupted upper and/or lower flanges, and
also the interrupting upper and/or lower flange placed in
between, providing structural continuity to the interrupted
upper and/or lower flanges and a rigid linkage between
the intersected i-joists, said engineered wood elements
acting as link elements. A similar embodiment is pro-
posed when both the longitudinal and transversal i-joists
are interrupted in the intersection.

[0121] Preferably, the upper and lower flanges have
fibers mainly oriented in the main direction of the upper
and lower flange. It is also preferred that the additional
engineered wood element has fibers mainly oriented in
the main direction of the interrupted upper and/or lower
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flange adhered thereto.

[0122] The above-described embodiment, according
to which the horizontal structure is composed of, or con-
tains, intersecting i-joists, could be implemented irre-
spective of the essential features of the proposed inven-
tion and other optional features, in particular irrespective
of whether the horizontal structure includes vertical
through-holes, whether is supported on pillars or whether
the horizontal structure comprises increasing reinforce-
ments in proximity to the pillars. Therefore, this particular
embodiment could be the subject of a divisional patent
application.

[0123] Accordingly, said particular embodiment object
of a potential divisional patent application would we a
building structure comprising lineal horizontal supports,
and one horizontal structure, made of engineered wood,
for each building floor of the building structure, the hori-
zontal structure being supported on said lineal horizontal
supports.

[0124] Thelineal horizontal supports can be, for exam-
ple, walls or beams preferably extending in the longitu-
dinal and/or transversal horizontal directions.

[0125] According to this particular embodiment, each
horizontal structure will comprise longitudinal i-joists
made of engineered wood oriented in a longitudinal hor-
izontal direction, and transversal i-joists made of engi-
neered wood oriented in a transversal horizontal direc-
tion, each longitudinal and transversal i-joist comprising
an upper flange, a lower flange vertically separated and
rigidly connected through a central web placed in-be-
tween, the central web and the upper flanges and/or the
lower flanges of the longitudinal and transversal i-joists
intersecting each other, interrupting its continuity.
[0126] The horizontal structure will further comprise
engineered wood segments structurally adhered to the
upper and lower flanges, on all the intersections between
longitudinal and transversal i-joists, providing structural
continuity to the upper and lower flanges at least in the
longitudinal and transversal horizontal directions across
the entire horizontal structure, defining a continuous
building floor.

[0127] Said engineered wood segments can be over-
lapped to the upper and/or lower flanges on the intersec-
tions or can be partially or completely embedded in re-
cesses of the upper and/or lower flanges of the longitu-
dinal and transversal i-joists.

[0128] Optionally, web connectors, preferably made of
engineered wood, can be structurally adhered to the cen-
tral webs of the longitudinal and transversal i-joists, on
at least some of the intersections between longitudinal
and transversal i-joists, providing structural continuity to
the central webs at least in the longitudinal and transver-
sal horizontal directions.

[0129] The horizontal structure of this particular em-
bodiment will be preferably supported on several lineal
horizontal supports, some of said lineal horizontal sup-
ports being central lineal horizontal supports supporting
non-peripheric regions of the horizontal structure spaced
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apart from the perimeter thereof. According to that, the
horizontal structure is supported on the lineal horizontal
supports in non-peripheric regions, the horizontal struc-
ture passing uninterrupted above the central lineal hori-
zontal supports.

[0130] The engineered wood segments connecting the
intersecting upper and/or lower flanges of this particular
embodiment, can be portions of an upper horizontal layer
and/or of a lower horizontal layer, the engineered wood
portions being structurally adhered together providing
structural continuity to the upper horizontal layer and/or
to the lower horizontal layer at least in the longitudinal
and transversal horizontal directions across the entire
horizontal structure.

[0131] Preferably, the upper and/or lower flanges are
structurally adhered to the upper and/or lower horizontal
layers along its longitude, in which case the upper and/or
lower flanges will be an integral part of the upper and
lower horizontal layers.

[0132] Optionally, the horizontal structure of the par-
ticular embodiment can include at least some elongated
reinforced portions, overlapped on one of said lineal hor-
izontal supports and elongated in a direction parallel to
said lineal horizontal support. On each elongated rein-
forced portion:

the thickness and/or the load-resistance per square
centimeter of the upper and/or lower flanges or hor-
izontal layers is bigger than the thickness and/or the
load-resistance per square centimeter of the upper
and/or lower flanges or horizontal layers in other por-
tions of the horizontal structure different to the elon-
gated reinforced portions; and/or

the thickness and/or the load-resistance per square
centimeter, and/or the proximity between central ribs
of longitudinal or transversal i-joists, perpendicular
to the main longitude of the elongated reinforced por-
tion where they are contained, is bigger than the
thickness and/or the load-resistance per square cen-
timeter and/or the proximity between central ribs of
longitudinal or transversal i-joists contained in other
portions of the horizontal structure different to the
elongated reinforced portions.

[0133] The lineal horizontal supports of successive
floors of the building structure will be connected to each
other, for example through pillars or vertical struts cross-
ing the horizontal structure through vertical through
holes.

[0134] The above particular embodiment can be also
combined with other features of the present invention.
[0135] It will be understood that references to geomet-
ric position, such as parallel, perpendicular, tangent, etc.
allow deviations up to = 5° from the theoretical position
defined by this nomenclature.

[0136] Other features of the invention appear from the
following detailed description of an embodiment.
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Brief description of the Figures

[0137] The foregoing and other advantages and fea-
tures will be more fully understood from the following de-
tailed description of an embodiment with reference to the
accompanying drawings, to be taken in anillustrative and
non-limitative manner, in which:

Fig. 1 shows a schematic perspective view of the
building structure, according to a first embodiment
of the present invention, where in seek of clarity the
upper and lower layers have not been shown;

Fig. 2 shows a schematic perspective view of the
building structure according to a second embodi-
ment of the presentinvention, where a portion of the
upper and lower layers has been not shown in seek
of clarity;

Fig. 3 shows a schematic perspective view of the
building structure according to a third embodiment
of the presentinvention, where a portion of the upper
and lower layers has been not shown in seek of clar-

ity;

Fig. 4 shows a schematic perspective exploded view
of the building structure according to a fourth em-
bodiment of the present invention in which the hori-
zontal structure is formed by several horizontal struc-
ture segments connected through coupling configu-
rations, this figure further includes a zoomed views
of two adjacent horizontal structure segments de-
coupled (left view) and coupled (right view);

Fig. 5A shows a schematic perspective view of the
connection between intersecting upper and lower
flanges of longitudinal and transversal i-joists ac-
cording to a fifth embodiment;

Fig. 5B shows a schematic perspective view of the
fifth embodiment shown in Fig. 5A, further including
an upper horizontal layer attached to the upper flang-
es;

Fig. 6A shows a schematic perspective view of the
connection between intersecting upper and lower
flanges of longitudinal and transversal i-joists ac-
cording to a sixth embodiment;

Fig. 6B shows a schematic perspective view of the
sixth embodiment shown in Fig. 6A, further including
an upper horizontal layer attached to the upper flang-
es;

Fig. 7 shows a schematic perspective view of the
connection between intersecting central webs of lon-
gitudinal and transversal i-joists according to a sev-
enth embodiment.
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[0138] In these drawings, the areas where the adhe-
sive is applied are indicated with a hatch.

Detailed description of an embodiment

[0139] The foregoing and other advantages and fea-
tures will be more fully understood from the following de-
tailed description of an embodiment with reference to the
accompanying drawings, to be taken in aniillustrative and
not limitative way.

[0140] The proposed multi-floor building structure
comprises a plurality of vertical pillars 1, and one hori-
zontal structure 5 made of engineered wood for each
building floor of the building.

[0141] Each horizontal structure 5 includes a plurality
of vertical through holes 3, with one pillar inserted on
each vertical through-hole.

[0142] Each pillar 1 includes at least one first seat 2
for each building floor, where one horizontal structure 5
is supported through a second seat included in said hor-
izontal structure 5.

[0143] In Figs. 1, 2 and 4 each pillar is a vertical strut
of engineered wood with a protruding capital, defining a
perimetral step as a first seat 1, for each building floor.
[0144] InFig. 3 each pillaris a plurality of vertical struts
separated in the horizontal direction and rigidly connect-
ed to each other, defining a hollow pillar 1 with the first
seat 2 contained therein.

[0145] Each horizontal structure 5 comprises an upper
horizontal layer 10 and a lower horizontal layer 20 of en-
gineered wood facing each other, and vertically separat-
ed and rigidly connected through an array of intersected
longitudinal and transversal vertical ribs 31, 32 of engi-
neered wood elongated in longitudinal and transversal
horizontal directions LD, TD.

[0146] The upper and lower horizontal layers 10, 20
are made of engineered wood segments structurally ad-
hered together providing structural continuity at least in
the longitudinal and transversal horizontal directions
across the entire horizontal structure.

[0147] In the example shown in Fig. 2 both upper and
lower horizontal layers 10, 20 are continuous layers of
engineered wood covering the entire surface of the hor-
izontal structure 5.

[0148] In the example shown in Fig. 3 the upper hori-
zontal layer 10 is a continuous layer of engineered wood
covering the entire surface of the horizontal structure 5,
but the lower horizontal layer 20 is defined by a grid of
intersecting lower longitudinal and transversal flanges of
the longitudinal and transversal i-joists, said longitudinal
and transversal flanges being connected to each other
in the intersections through engineered wood segments
adhered thereto overlapping the intersections, the lower
horizontal layer 20 including light-weighting apertures
between the flanges.

[0149] The horizontal structure is non-uniform, opti-
mizing the resistance and the weight on different regions
thereof depending on the requirements, increasing the
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resistance of the horizontal structure 5 on proximity to
the pillars 1, where loads are concentrated, and reducing
weight on other regions of the horizontal structure 5.
[0150] Said optimization can be obtained, for example
as shown in Figs. 1, 2 and 3, by a gradual or stepped
increase, with the proximity to the vertical through holes
3, in the thickness and/or the load-resistance per square
centimeter of successive longitudinal vertical ribs 31 and
of successive transversal vertical ribs 32.

[0151] The increase in thickness can be obtained, for
example, by laterally adhering multiple vertical ribs or by
using thicker engineered wood segments in certain are-
as.

[0152] The increase in the load-resistance per square
centimeter is typically obtained by using more resistant
engineered wood as engineered wood segments consti-
tutive of the vertical ribs in certain areas, or by laterally
adhering additional vertical ribs of a more resistant en-
gineered wood in certain areas, obtaining an increase in
thickness and an increase in the load-resistance per
square centimeter in said areas.

[0153] As shown in Figs. 1 and 2, the longitudinal and
transversal vertical ribs 31, 32, surrounding each vertical
through hole and tangent to the pillar 1, are thicker than
in other areas, said thickening extending in the longitu-
dinal and transversal directions from the vertical through-
hole in a surrounding area close to the vertical through-
hole, for example less than 1 meter.

[0154] Additionally, or alternatively, the reinforcement
of the vertical ribs can be obtained by a gradual or
stepped increase, with the proximity to the vertical
through holes 3, in the, the proximity between successive
longitudinal vertical ribs 31 and between successive
transversal vertical ribs 32.

[0155] In the examples shown in Figs. 1, 2 and 3, the
distance between longitudinal vertical ribs 31 is smaller
as closer is a particular longitudinal vertical rib 31 to a
longitudinal succession of vertical through holes 3
aligned in the longitudinal horizontal direction LD.
[0156] Similarly, the distance between transversal ver-
tical ribs 32 is smaller as closer is a particular transversal
vertical rib 32 to a transversal succession of vertical
through holes 3 aligned in the transversal horizontal di-
rection TD.

[0157] The optimization in the resistance and weight
of the horizontal structure 5 can be also obtained by a
gradual or stepped increase, with the proximity to the
vertical through holes 3, in the thickness and/or in the
load-resistance per square centimeter of the upper
and/or lower horizontal layers 10, 20.

[0158] According to one embodiment of the present
invention, the horizontal structure 5 is reinforced not only
around the vertical through-holes, in an annular rein-
forced portion 50, but it can include certain reinforcement
in at least some elongated reinforced portions 40.
[0159] Each elongated reinforced portion 40 will be
elongated in the longitudinal or transversal horizontal di-
rections LD, TD and will comprise one aligned succes-
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sion of aligned vertical through holes 3.

[0160] To obtain said reinforcement, in said elongated
reinforced portion 40, the thickness and/or the load-re-
sistance per square centimeter of the upper and/or lower
horizontal layers 10, 20 will be bigger than the thickness
and/or the load-resistance per square centimeter of the
upper and/or lower horizontal layers 10, 20 in other por-
tions of the horizontal structure 5 different to the elongat-
ed reinforced portions 40.

[0161] Additionally or alternatively, the thickness
and/or the load-resistance per square centimeter of the
longitudinal or transversal vertical ribs 31, 32, parallel to
the main longitude of the elongated reinforced portion 40
where they are contained, is bigger than the thickness
and/or the load-resistance per square centimeter of the
longitudinal or transversal vertical ribs 31, 32 contained
in other portions of the horizontal structure 5 different to
the elongated reinforced portions 40, typically the non-
reinforced central portions of the horizontal structure 5
surrounded by longitudinal and transversal reinforced
portions.

[0162] It is also proposed that the proximity between
the longitudinal or transversal vertical ribs 31, 32, parallel
to the main longitude of the elongated reinforced portion
40 where they are contained, is bigger than the proximity
between the longitudinal or transversal vertical ribs 31,
32 contained in other portions of the horizontal structure
5 different to the elongated reinforced portions 40.
[0163] Inthisregard, Figs. 1,2 and 3 show an horizon-
tal structure where the longitudinal vertical ribs 31 ex-
tending between vertical through-holes aligned in the lon-
gitudinal direction LD, contained in the elongated rein-
forced portion 40, are closer than the longitudinal vertical
ribs 31 not contained in the elongated reinforced portion
40.

[0164] According to the first embodiment shown in Fig.
1, the upper layer 10 has three different thicknesses.
[0165] The thinnest thickness is in the central non-re-
inforced portions of the horizontal structure 5 distant from
all the vertical through holes 3, the thickest thickness is
defined in the upper layer 10 comprised in collar rein-
forced portions 50, around each vertical through-hole,
and an intermediate thickness is defined in the upper
layer 10 comprised in elongated reinforced portions 40
of the horizontal structure 5.

[0166] Each elongated reinforced portion 40 is elon-
gated in the longitudinal or transversal horizontal direc-
tion LD, TD and comprises one aligned succession of
aligned vertical through holes 3, and each non-reinforced
portion is completely surrounded by elongated reinforced
portions 40 and lacks vertical through-holes.

[0167] Said thickness increases can be produced out-
wards, increasing the overall thickness of the horizontal
structure 5, orinwards, maintaining the external surfaces
of the horizontal structure 5 flat.

[0168] The same reinforcement described in regard to
the upper layer 10 con be implemented in the lower layer
20.
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[0169] In this example the intermediate thickness is
approximately double than the thinnest thickness, and
the thickest thickness is at least triple than the thinnest
thickness.

[0170] According to one embodiment, the horizontal
structure 5 can include longitudinal and transversal i-
joists 60, each comprising an upper flange 61, a lower
flange 62 and a central web 63 in between.

[0171] In this case, the central web 63 acts as the lon-
gitudinal and transversal vertical ribs 31, 32 of the hori-
zontal structure 5, and the upper and lower flanges 61,
62 are, or are integrated in, the upper and lower layers
10, 20 of the horizontal structure 5.

[0172] According to that, the optimization above de-
scribed can be obtained, for example as shown in Fig.
3, by reducing the distance between the longitudinal and
transversal i-joists 60, with its proximity to a vertical
through-hole.

[0173] In the examples shown in Fig. 3, the distance
between central webs 63 of longitudinal i-joists 60 is
smaller as closer is a particular i-joist 60 to a longitudinal
succession of vertical through holes 3 aligned in the lon-
gitudinal horizontal direction LD.

[0174] Similarly, the distance between central webs 63
of transversal i-joists 60 is smaller as closer is a particular
i-joist 60 to a transversal succession of vertical through
holes 3 aligned in the transversal horizontal direction TD.
[0175] The intersection between longitudinal and
transversal i-joists 60 produces an interruption of the
structural continuity of the upper flanges 61, of the lower
flanges 62 and/or of the central webs 63. Those inter-
rupted upper and lower flanges 61, 62 are reconnected
by structurally adhering an engineered wood segment or
element, acting as a link element, over each intersection,
connecting the convergent upper flanges 61 and lower
flanges 62 of the longitudinal and transversal i-joists 60.
[0176] In the embodiment shown in Fig. 3, the upper
and lower layers 10, 20 covers the entire horizontal struc-
ture 5, also covering the intersections between the upper
flanges 61 and lower flanges 62. The structural adhesion
of the upper and lower layers 10, 20 to the upper and
lower flanges 61, 62 restores the structural continuity be-
tween the intersected upper and lower flanges 61, 62 in
the longitudinal and transversal horizontal directions LD,
TD.

[0177] Figs. 5A and 6A sown alternative embodiments
of this engineered wood segments adhered to the upper
and lower flanges 61, 62. In this case those engineered
wood segments are one independent engineered wood
segment for each i-joist 60 intersection. Said engineered
wood segment can be a linear strip of engineered wood
connecting two aligned and interrupted segments of the
upper or lower flange 61, 62, or can be a cross-shaped
engineered wood segment connecting all the upper or
lower flanges 61, 62 converging on the same intersec-
tion.

[0178] Said cross-shaped engineered wood segment
can be substituted, for example, by a square engineered
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wood segment where said cross-shape can be inscribed.
[0179] In Fig. 5A the engineered wood segment is
overlapped to the upper and lower flanges 61, 62, while
in Fig. 6A the upper and lower flanges include a recess
where said engineered wood segments are housed, re-
sulting in the engineered wood segment being flush with
the upper and lower flange 61, 62.

[0180] InFig. 5B and 6B an alternative embodiment is
shown where, in addition to the engineered wood seg-
ment shown in Figs. 5A and 6A, additional engineered
wood segments are included, covering the upper flanges
61 with the engineered wood segments adhered to their
intersections, and covering the lower flanges 62 and the
engineered wood segments adhered to their intersec-
tions, creating a continuous upper horizontal layer 10 and
a continuous lower horizontal layer 20.

[0181] Inthe embodiment shown in Fig. 5B the contin-
uous upper and lower horizontal layer includes recesses
to house the engineered wood segments adhered on the
intersections between upper and lower flanges 61, 62.
[0182] The central webs 63 of the intersecting longitu-
dinal and transversal i-joists 60 can be also connected
through link elements, preferably made of engineered
wood, adhered to the interrupted central webs and/or to
the central webs convergent on an intersection region
between longitudinal and transversal i-joists 60, as
shown inFig. 7. Said link element can connect two central
web coplanar portions through a strut passing across the
interposed central web or can adhere to perpendicular
central webs to each other.

[0183] As shown in Fig. 2, the horizontal structure 5
caninclude an elongated stiffener 41 made of engineered
wood. Said elongated stiffener 41 will be contained in
one elongated reinforced portion 40 of the horizontal
structure 5.

[0184] The elongated reinforced portion 40 will be a
region of the horizontal structure 5 elongated in the lon-
gitudinal or transversal horizontal direction LD, TD and
will comprise one aligned succession of aligned vertical
through holes 3.

[0185] The elongated stiffener 41 is made of engi-
neered wood and protrudes upwards and/or downwards
from the horizontal structure 5 and extends in the main
longitude of the elongated reinforced portion 40. The
elongated stiffener 41 is rigidly and structurally connect-
ed to the horizontal structure 5, providing an increase in
its structural resistance.

[0186] In the example shown in Fig. 2 the elongated
reinforce portion 40 extends in the longitudinal horizontal
direction LD, and the elongated stiffener 41 also extends
in said direction protruding downwardly from the lower
layer 20, extending between consecutive vertical
through-holes contained in the elongated reinforced por-
tion 40.

[0187] In this example, the elongated stiffener 41 is
separated from the horizontal structure 5 at a certain ver-
tical distance and rigidly connected thereto through in-
terposed spacers. In this case, the interposed spacers
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are defined by extensions of the longitudinal vertical ribs
31 protruding through openings of the lower horizontal
layer 20.

[0188] Alternatively, the elongated stiffeners 41 can be
one or two symmetric elongated stiffeners 41 tangent to
the vertical through-holes and can extend continuously
along the elongated reinforced portion 40.

[0189] Optionally, in at least some collar reinforced
portions 50 surrounding one vertical through hole, an an-
nular stiffener made of engineered wood can be included.
Said annular stiffener will protrude upwards and/or down-
wards from the horizontal structure 5 surrounding the ver-
tical through hole and will be rigidly and structurally con-
nected to the horizontal structure 5, optionally at a certain
vertical distance through interposed spacers such those
described in regard to the longitudinal stiffener 41.
[0190] The horizontal structure 5 can be made of sev-
eral independent prefabricated horizontal structure seg-
ments 6 laterally connected to each other in a rigid man-
ner through complementary coupling configurations 70
structurally adhered together, as shown in Fig. 4.
[0191] Each horizontal structure segment 6 comprises
an upper horizontal layer segment 11 and a lower hori-
zontal layer segment 21 of engineered wood facing each
other, and vertically separated and rigidly connected
through an array of intersected longitudinal and transver-
sal vertical rib segments 33, 34 of engineered wood elon-
gated in the longitudinal and transversal horizontal direc-
tions LD, TD.

[0192] The coupling configurations 70, connecting the
horizontal structure segments 6, are placed at leastin an
outer perimeter of each upper and lower horizontal layer
segments 11, 21, providing a partial overlap between ad-
jacentupper and lower horizontal layer segments 11, 21.
[0193] Once all the upper horizontal layer segments
11, 21 have been structurally connected through the cou-
pling configurations 70, they constitute the upper and
lower layers 10, 20 and ensure the transmission of lon-
gitudinal and transversal horizontal loads though the up-
per and lower layers 10, 20.

[0194] In this example shown in Fig. 4 the longitudinal
and transversal vertical rib segments 33, 34 are central
webs of longitudinal and transversal i-joist segments.
[0195] According to the example shown in Fig. 4, the
horizontal structure 5 comprises several first horizontal
structure segments 6, each with one vertical through hole
3 in a central region thereof, several second horizontal
structure segments 6 each comprised between two first
horizontal structure segments 6 and supported thereon
through the coupling configurations 70, and several third
horizontal structure segments 6 surrounded by, and sup-
ported between, several second horizontal structure seg-
ments 6.

[0196] In this example, the coupling configurations 70
of the first horizontal structure segments 6 comprises a
stepped configuration in the perimeter of the lower hori-
zontal layer segment 21, which extends in cantilever from
the edge of the first horizontal structure segment 6, pro-
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viding a support for the second horizontal structure seg-
ment 6, and a stepped configuration in the perimeter of
the upper horizontal layer segment 11, which is retracted
from the edge of the first horizontal structure segment 6.
The coupling configuration 70 in the second horizontal
structure segments 6 is inverse, with a stepped configu-
ration and with an upper horizontal layer segment 11 ex-
tending in cantilever on opposed ends and with a lower
horizontal layer segment 21 retracted on opposed ends.
[0197] Also, the coupling configurations 70 between
the second and third horizontal structure segments 6 fol-
low the same logic. According to that, the first horizontal
structure segments 6 can be placed in place first, then
the second horizontal structure segments 6 can be
placed in between, by a downward movement, coupling
the correspondent coupling configurations 70, which will
be attached by structural adhesives, and later the third
horizontal structure segments 6 can be placed between
the second horizontal structure segments 6 by a down-
ward movement, coupling the correspondent coupling
configurations 70 by structural adhesives.

[0198] The coupling configurations 70, as described
above, one with upwards facing exposed surfaces and
the complementary coupling configuration 70 having
downwards facing exposed surfaces, provide temporary
support for the assembly between the horizontal struc-
ture segments while the structural adhesive hardens.
[0199] The end of the vertical rib segments is prefera-
bly placed between the edge of the upper horizontal layer
segment 11 and the edge of the lower horizontal layer
segment 21.

Claims

1. A multi-floor building structure comprising pillars (1),
and one horizontal structure (5), made of engineered
wood, for each building floor of the building support-
ed on said pillars (1), each horizontal structure (5)
including vertical through holes (3) for inserting the
pillars (1) therethrough, wherein
each horizontal structure (5) comprises an upper
horizontal layer (10) and a lower horizontal layer (20)
of engineered wood facing each other, and vertically
separated and rigidly connected through an array of
intersected longitudinal and transversal vertical ribs
(31, 32) of engineered wood elongated in longitudi-
nal and transversal horizontal directions (LD, TD);
characterized in that

the upper and lower horizontal layers (10, 20)
are made of engineered wood segments struc-
turally adhered together providing structural
continuity at least in the longitudinal and trans-
versal horizontal directions (LD, TD) across the
entire horizontal structure (5); and

the thickness and/or the load-resistance per
square centimeter of the upper and/or lower hor-
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izontal layers (10, 20) increases, in a gradual or
stepped manner, with the proximity to the verti-
cal through holes (3); and/or

the thickness, the load-resistance per square
centimeter and/or the proximity between suc-
cessive longitudinal vertical ribs (31) and suc-
cessive transversal vertical ribs (32) increases,
in a gradual or stepped manner, with the prox-
imity to the vertical through holes (3).

The multi-floor building structure according to claim
1 wherein the vertical through holes (3) comprises
several longitudinal successions of vertical through
holes (3) aligned in the longitudinal horizontal direc-
tion (LD), and several transversal successions of
vertical through holes (3) aligned in the transversal
horizontal direction (TD), defining an array of vertical
through holes (3).

The multi-floor building structure according to claim
1 or 2 wherein:

the engineered wood segments, constitutive of
the upper and lower horizontal layers (10, 20),
comprises wood fibers oriented mostly in the
longitudinal horizontal direction (LD) and in the
transversal horizontal direction (TD); and/or
the longitudinal vertical ribs (31) are made of rib
segments of engineered wood comprising wood
fibers mostly oriented in the longitudinal horizon-
tal direction (LD) and the transversal vertical ribs
are made of rib segments of engineered wood
comprising wood fibers mostly oriented in the
transversal horizontal direction (TD).

The multi-floor building structure according to claim
1, 2 or 3, wherein in at least some elongated rein-
forced portions (40) of each horizontal structure,
elongated in the longitudinal or transversal horizon-
tal direction (LD, TD) and comprising one aligned
succession of aligned vertical through holes (3):

the thickness and/or the load-resistance per
square centimeter of the upper and/or lower hor-
izontal layers (10, 20) is bigger than the thick-
ness and/or the load-resistance per square cen-
timeter of the upper and/or lower horizontal lay-
ers (10, 20) in other portions of the horizontal
structure (5) different to the elongated reinforced
portions (40); and/or

the thickness and/or the load-resistance per
square centimeter, and/or the proximity be-
tween longitudinal or transversal vertical ribs
(31, 32), parallel to the main longitude of the
elongated reinforced portion (40) where they are
contained, is bigger than the thickness and/or
the load-resistance per square centimeter
and/or the proximity between the longitudinal or
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transversal vertical ribs (31, 32) contained in oth-
er portions of the horizontal structure (5) differ-
ent to the elongated reinforced portions (40).

5. The multi-floor building structure according to any

preceding claim wherein in at least some collar re-
inforced portions (50) of each horizontal structure
(5), each surrounding one vertical through hole:

the thickness and/or the load-resistance per
square centimeter of the upper and/or lower hor-
izontal layers (10, 20) is bigger than the thick-
ness and/or the load-resistance per square cen-
timeter of the upper and/or lower horizontal lay-
ers (10, 20) in other portions of the horizontal
structure (5) different to the collar reinforced por-
tions (50); and/or

the thickness and/or the load-resistance per
square centimeter and/or the proximity be-
tween, longitudinal or transversal vertical ribs
(31, 32) is bigger than the thickness and/or the
load-resistance per square centimeter and/or
the proximity between the longitudinal and
transversal vertical ribs (31, 32) contained in oth-
er portions of the horizontal structure (5) differ-
ent to the collar reinforced portions (50).

6. The multi-floor building structure according to any

preceding claim wherein

in at least some elongated reinforced portions
(40) of each horizontal structure (5), elongated
in the longitudinal or transversal horizontal di-
rection (LD, TD) and comprising one aligned
succession of aligned vertical through holes (3),
an elongated stiffener (41) made of engineered
wood protrudes upwards and/or downwards
from the horizontal structure (5) extending in the
main longitude of the elongated reinforced por-
tion (40), the elongated stiffener (41) being rig-
idly and structurally connected to the horizontal
structure (5); and/or

in at least some collar reinforced portions (50)
of each horizontal structure (5), each surround-
ing one vertical through hole, an annular stiffen-
er made of engineered wood protrudes upwards
and/or downwards from the horizontal structure
(5) surrounding the vertical through hole, the an-
nular stiffener being rigidly and structurally con-
nected to the horizontal structure (5).

The multi-floor building structure according to claim
6 wherein the elongated stiffener (41) and/or the an-
nular stiffener is/are separated from the horizontal
structure (5) at a certain vertical distance and rigidly
connected thereto through interposed spacers or
through interposed spacers defined by extensions
ofthe longitudinal and/or transversal vertical ribs (31,
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32) protruding through openings of the upper and/or
lower horizontal layers (10, 20).

The multi-floor building structure according to any
preceding claim wherein each pillar (1) includes at
least one first seat (2) for each building floor, and
each horizontal structure (5) is supported on said
first seats (2) through a second seat facing at least
one first seat (2), wherein

each first seat (2) protrudes from the pillar (1)
and/or is defined in a housing or in a hollow in-
terior of the pillar (1), and wherein

each second seat is defined on the lower hori-
zontal layer (20) or on a downwardly exposed
portions of the longitudinal and/or transversal
vertical ribs (31, 32).

The multi-floor building structure according to claim
6 or 7 wherein each pillar (5) includes at least one
first seat (2) for each building floor, and each hori-
zontal structure (5) is supported on said first seats
(2) through a second seat defined on the elongated
stiffener (41) and/or on the annular stiffener.

The multi-floor building structure according to any
preceding claim wherein each horizontal structure
(5) comprises i-joists (60) made of engineered wood
oriented in thelongitudinal and in the transversal hor-
izontal directions (LD, TD), each comprising an up-
perflange (61), alower flange (62) and a central web
(63) in-between, wherein the central webs (63) con-
stitute said longitudinal and/or transversal vertical
ribs (31, 32) and wherein the upper and lower flanges
(61, 62) are an integral part of the upper and lower
horizontal layers (10, 20), and the structural conti-
nuity in the longitudinal horizontal direction (LD) and
in the transversal horizontal direction (TD) of the up-
perand/or lower horizontal layers (10, 20)is provided
by engineered wood segments structurally adhered
to the upper and/or lower flanges (61, 62), on the
intersections between the upper and/or lower flang-
es (61, 62), oriented in the longitudinal horizontal
direction (LD), and the upper and/or lower flanges
(61, 62) oriented in the transversal horizontal direc-
tion (TD).

The multi-floor building structure according to any
preceding claimwherein the upper and/or lower layer
(10, 20) is, or comprises, a continuous sheet of en-
gineered wood, covering the entire horizontal struc-
ture (5), made of coplanar engineered wood boards,
or several overlapped and structurally adhered lay-
ers of coplanar engineered wood boards, each en-
gineered wood board constituting one of the engi-
neered wood segments.

The multi-floor building structure according to any
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preceding claim wherein each horizontal structure
(5) is made of several independent prefabricated
horizontal structure segments (6) laterally connected
to each other in a rigid manner through complemen-
tary coupling configurations (70) structurally ad-
hered together, each horizontal structure segment
(6) comprising:

an upper horizontal layer segment (11) and a
lower horizontal layer segment (21) of engi-
neered wood facing each other, and vertically
separated and rigidly connected through an ar-
ray of intersected longitudinal and transversal
vertical rib segments (33, 34) of engineered
wood elongated in the longitudinal and transver-
sal horizontal directions (LD, TD);

the coupling configurations (70) being placed at
least in an outer perimeter of each upper and
lower horizontal layer segments (11, 21), pro-
viding a partial overlap between adjacent upper
and lower horizontal layer segments (11, 21).

The multi-floor building structure according to any
preceding claim wherein each vertical through hole
define agap distance between inner surfaces thereof
and the pillar inserted therein, and wherein

atleast in some of the vertical through holes (3),
the gap distance is filled with hardened adhe-
sive, providing a rigidly connection between the
horizontal structure and the pillar; and/or
atleast in some of the vertical through holes (3),
the gap distance is an empty air gap, providing
an articulated connection between the horizon-
tal structure and the pillar.

The multi-floor building structure according to any
preceding claim wherein each pillar (1) is:

one single vertical strut of engineered wood
made of several successive pillar segments rig-
idly connected through complementary adhered
coupling configurations providing partial overlap
between the successive pillar segments; or

a plurality of parallel vertical struts made of en-
gineered wood, rigidly connected to each other
at a horizontal distance, the pillar being made
of several successive pillar segments rigidly
connected through complementary adhered
coupling configurations providing partial overlap
between the successive pillar segments.

The multi-floor building structure according to any
preceding claim wherein in at least some portions of
the horizontal structure (5) the horizontal structure
further includes a rigid lightweight material, selected
among rigid foam, wood wool, rock wool, honeycomb
cardboard or cork panel and selected to withstand
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shear loads, structurally adhered to the upper and/or
lower horizontal layers (10, 20).

16. The multi-floor building structure according to any
preceding claim wherein: 5

at least some of the longitudinal and/or trans-
versal vertical ribs (31, 32) include light-weight-

ing apertures and/or the upper and/or lower hor-
izontal layers (10, 20) of the horizontal structure 70
(5) include light-weighting apertures or light-
weighting apertures defined between the longi-
tudinal and transversal vertical ribs (31, 32); or

at least some of the longitudinal and/or trans-
versal vertical ribs (31, 32) include light-weight- 75
ing apertures and/or the upper and/or lower hor-
izontal layer (10, 20) of the horizontal structure

(5) include light-weighting apertures or light-
weighting apertures defined between the longi-
tudinal and/or transversal vertical ribs (31, 32), 20
wherein the light-weighting apertures decrease,

in a gradual or stepped manner, with the prox-
imity to the vertical through holes (3).

25

30

35

40

45

50

55

16



EP 4 245 939 A1

17



EP 4 245 939 A1

N uw., x%\\w \u Ao

SN
_ g .ﬁd&“&% %ﬂﬂ“ﬁr
(A |

N

18



EP 4 245 939 A1

19



EP 4 245 939 A1

20






EP 4 245 939 A1




EP 4 245 939 A1

23



10

15

20

25

30

35

40

45

50

55

EP 4 245 939 A1

9

des

Europdisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 22 38 2247

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X EP 3 919 698 Al (PHYLEM STRUCTURES SL 1-16 INV.
[ES]) 8 December 2021 (2021-12-08) E04B5/12
* figures 1-11 * EQ04B5/14
* paragraph [0030] * E04B5/43
————— E04C3/36
A GB 2 490 304 A (HAAN IAN DE [GB]) 1-16 E04C3/14
31 October 2012 (2012-10-31) E04C3/16
* figures 1-22 * E04B1/10
A WO 2008/070709 A2 (GEORGIA PACIFIC WOOD 1-16
PRODUCTS [US]; NICHOLS KIRK M [US] ET AL.)
12 June 2008 (2008-06-12)
* figures 1-10 *
A US 5 031 371 A (DAVISTER MICHAEL D [US]) 1-16
16 July 1991 (1991-07-16)
* figures 1-8 *
TECHNICAL FIELDS
SEARCHED (IPC)
EQO4B
EO4C
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 2 August 2022 Petrinja, Etiel
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A technological background s
O : non-written disclosure & : member of the same patent family, corresponding
P :intermediate document document

24




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 4 245 939 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 22 38 2247

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

02-08-2022
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 3919698 Al 08-12-2021 EP 3919698 Al 08-12-2021
WO 2021245177 Al 09-12-2021
GB 2490304 A 31-10-2012 NONE
WO 2008070709 A2 12-06-2008 Us 2008134619 Al 12-06-2008
WO 2008070709 A2 12-06-2008
US 5031371 A 16-07-1991 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

25



EP 4 245 939 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« WO 2016191510 A1 [0017] [0019]

26



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

