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ABSTRACT
A system for providing an angled construction or bent beam construction. Such system may
include a first beam comprising a first elongated beam segment having a first interlocking joint
portion at one end, and a second beam comprising a second clongated beam segment having a
second interlocking joint at one end, wherein the first interlocking joint portion is configured
to rotatably couple to the second interlocking joint to form a rotatable joint such that the angle

between the first beam and the second beam is adjustable.
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ENGINEERED BEAM WITH ADJUSTABLE ANGLE CONNECTION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority to U.S. Provisional Application
No.: 62/843,679 filed May 6, 2019, which is incorporated herein by reference in its entirety.

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates to design, construction, and maintenance of building
structures. In particular, the present disclosure relates to interlocking structural elements

configured for use in various roof and stair constructions.

BACKGROUND

[0003] Generally, in construction, a beam is a structural element that primarily bends to
resist loads. The loads applied to the beam result in reaction forces at support points of the
beam. The forces applied to the beam produce bending moments and shear forces as internal
factors.

[0004] Some architectural designs arc constructed with beams with a bent axis, so called
bent beams. Such beams can be used to support hip roofs, cathedral ceilings, roofs above
dormers, stair landing/stringers, horizontally bent purlins and some other elements. The
common solution in these situations is to use bent or curved steel beams to achieve required
architectural shape of the structure. However, the bent metal beams are expensive and not
easily obtainable. The full moment connection of the bent steel beam is produced in the metal
shop and requires precise measuring and welding. In wood constructions, bent beams are not
commonly used because of the complexity to create a moment connection in the wood beams
that will be able to resist the load without failure. For example, the common solution to
building a cathedral ceiling is to install a ridge beam supported at two ends with posts.
However, ridge beams are sometimes undesirable since they require an additional support
which can interfere with interior space or be not possible at all.

[0005] Accordingly, there is a need for a beam design and system that would provide an
casy and economical way to create a moment connection with an adjustable angle between the

segments of a bent beam.
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SUMMARY

[0006] There is a need for improvements for how certain architectural structures are
constructed and supported. Specifically, there is a need in wood construction to provide a
moment connection of the straight-beam segments, provide the ability to connect these
segments at variable angles which can be easily adjusted in the field, and make this type
construction cffective and doable with or without special tools. The present disclosure is
directed toward further solutions to address this need, in addition to having other desirable
characteristics.  Specifically, the present disclosure provides engineered beams that are
configured to be interconnected with one another at any combination of angles.

[0007] In some embodiments, the present disclosure provides a system for providing an
angled construction, the system comprising a first beam comprising a first elongated beam
segment having a first interlocking joint portion at one end, and a second beam comprising a
second clongated beam segment having a second interlocking joint at one end, wherein the first
mterlocking joint portion is configured to rotatably couple to the second interlocking joint to
form a rotatable joint such that the angle between the first beam and the second beam is
adjustable. In some embodiments, the first interlocking joint portion comprises at least one
protrusion and at least one recess, and the second interlocking joint portion comprises recess
corresponding to each of the at least one protrusion of the first interlocking joint portion and
protrusions corresponding to each of the at least one recess of the first interlocking joint portion.
In some embodiments, the rotatable joint is configured to be rotated to a desired angle. In some
embodiments, the rotatable joint is configured to fixedly attach the first elongated beam
segment and the second elongated beam segment by at least one of an adhesive, screw, nail,
pin, and bolt. In some embodiments, the first interlocking joint portion and the second
interlocking joint portion have a circular shape to enable the first beam and the second beam
to be rotated relative to one another to set adjust the angle between the first beam and the second
beam. In some embodiments, a diameter of the first interlocking joint portion and the second
interlocking portion are greater than a width of the first elongated beam segment and the second
elongated beam segment.

[0008] In some embodiments, the present disclosure provides a method for providing an
angled construction, the method comprising removably coupling a first beam to a second beam
to create a rotatable joint, the first beam comprising a first elongated beam segment having a
first interlocking joint portion at one end and the second beam comprising a second elongated

beam segment having a second interlocking joint portion at one end, wherein the rotatable joint

2.
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is formed by coupling the first interlocking joint portion and the second interlocking joint
portion; rotating at least onec of the first elongated beam segment relative to the second
clongated beam segment about the rotatable joint to achieve a desired angle between the first
clongated beam segment and the second clongated beam segment; and fixedly attaching the
first elongated beam segment and the second clongated beam segment at the rotatable joint. In
some embodiments, the method further comprises removing excess material from at least a
portion of the first interlocking joint portion and second interlocking joint to form a point. In
some embodiments, the first elongated beam segment and the second elongated beam segment
arc fixedly attached by at least one of an adhesive, screw, nail, pin, and bolt. In some
embodiments, the method further comprises fixedly attaching uncoupled ends of the first
clongated beam segment and the second elongated beam segment to opposing vertical wall
structures to form the angled construction.

[0009] In some embodiments, the present disclosure provides a beam comprising an
clongated beam segment having an interlocking joint portion at a first end and a flat portion at
a second end, the interlocking join portion having at least one protrusion and at least one recess.
In some embodiments, the at least one protrusion has a circular cross-section along its
longitudinal axis; and the at least one protrusion is configured to be attached within at least one
recess within a second elongated beam segment, such that the longitudinal axes of the at least
one protrusion of the beam is aligned in parallel with at least one protrusion of the second
clongated beam segment. In some embodiments, the at lcast one protrusion has a diameter
greater than a width of the elongated beam segment. In some embodiments, the thickness of
the at least one protrusion is less than the thickness of the elongated beam segment to allow
interdigitation with a protrusion of an opposite beam. In some embodiments, the interfocking
join portion comprises one protrusion arranged to form a part of a sidewall of the beam. In
some embodiments, the interlocking joint portion comprises multiple protrusions. In some
embodiments, the protrusions of the beam are arranged to form opposite sidewalls of the beam.
In some embodiments, the diameter of the at least one protrusion is greater than the thickness
of the clongated beam segment. In some embodiments, the beam has a layered structure
alternating an elongated beam segment layer having a layer of the elongated beam segment of
the beam ending with the at least one recess and a protrusion layer having the layer of the
clongated beam segment of the beam extended with the protrusion, wherein the elongated beam
segment layer and the protrusion layer are rigidly attached to each other such that the layer of

the elongated beam segment of the clongated beam segment layer is aligned with the layer of
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the clongated beam segment of the protrusion layer. In some embodiments, the first
interlocking joint portion comprises at least one protrusion and at least one recess; and the
second interlocking joint portion comprises recess corresponding to each of the at least one
protrusion of the first interlocking joint portion and protrusions corresponding to cach of the at

least one recess of the first interlocking joint portion.

BRIEF DESCRIPTION OF THE FIGURES

[0010] These and other characteristics of the present disclosure will be more fully
understood by reference to the following detailed description in conjunction with the attached
drawings, in which:

[0011] FIGS. 1A, 1B, 1C, 1D and 1E show beam joints in accordance with the present
disclosure;

[0012] FIGS. 2A, 2B, 2C, and 2D show beam joints in accordance with the present
disclosure;

[0013] FIGS. 3A, 3B, 3C, and 3D show beam joints in accordance with the present
disclosure;

[0014] FIGS. 4A, 4B, 4C, 4D, 4E, and 4F depict an exemplary process for coupling beams
in accordance with the present disclosure

[0015] FIG. 5 illustrates an exemplary stair construction using the beams in accordance
with the present disclosure;

[0016] FIG. 6A illustrates an exemplary method for building a roof construction using
the beams in accordance with the present disclosure;

[0017] FIG. 6B illustrates an exemplary roof construction using the method of FIG. 6A
in accordance with the present disclosure; and

[0018] FIG. 7 is an exemplary method for manufacturing the beams in accordance with

the present disclosure.

DETAILED DESCRIPTION

[0019] An illustrative embodiment of the present disclosure relates to beams that are
configured with interlocking joints that enable the beams to be coupled together at adjustable
angles. The beams of the present disclosure can be an engineered wood product, such as, for
example, a laminated veneer lumber (LVL) beams with an interlocking joint at one or both

ends of the beams. The interlocking joint can be sized and shaped such that two beams can be
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removably coupled directly to one another, rotated to a create a desired angle at the axis of the
two beams, and fixedly attached to one another once the desired angle is achieved. The present
beams with the interlocking joints have a structure suitable for civil engineering construction
as traditional beams, while having adjustability for producing any combination of angles for a
structure.

[0020] FIGS. 1A-7, wherein like parts arc designated by like reference numerals
throughout, illustratc some embodiments of improved operation for beam construction,
according to the present disclosure. Although the present disclosure will be described with
reference to the example embodiment or embodiments illustrated in the figures, it should be
understood that many alternative forms can embody the present disclosure. Different ways to
alter the parameters of the embodiment(s) disclosed, such as the size, shape, or type of elements
or materials can be employed, in a manner still in keeping with the spirit and scope of the
present disclosure.

[0021] Referring to FIGS. 1A-1E, examples of a beam 100 in accordance with the present
disclosure are depicted. The dimensions of the beam 100 (and other beams discussed herein)
may be referenced in terms of length (L), thickness (T), and width or depth (W), as shown in
FIGS. 1A and 1B. In some embodiments, as shown in FIG. 1A, the beam 100 of the present
disclosure can include an elongated beam segment 102 and an interlocking joint portion 103.
In operation, the interlocking joint portion of one beam is rotatably coupled to the interfocking
joint of an opposing beam to form a rotatable joint 104, as shown in FIG. 1D. In this manner,
the angle between the beams is adjustable to any desired angle. In some embodiments, the
beams of the present disclosure may include an interlocking joint portion 103 at both ends of
the elongated beam segment 102 to connect more than two beams together.

[0022] The elongated beam segment 102 can be an elongated piece suitable for use in
construction, similar in shape to a conventional beam used in construction. The beams can be
made of LVL, or any other customary material used in constructions (steel, wood, plastic, etc.).
The clongated beam segment 102 of the present disclosure may have any cross-sectional shape
(rectangular, round, pipe, combined cross section, etc.), and the cross section may vary as a
function of the beam length (constant, tapered, etc.).

[0023] In some embodiments, the interlocking joint portion 103 can be of a substantially
rounded or circular shape (circle or semi-circle or similar), as depicted in FIG. 1A. Although
the exemplary examples of the interlocking joint portion 103 provided herein includes a

substantially rounded shape, any shape can be utilized, as long as the shape of the interlocking
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joint portion 103 enables rotation of the beam 100 to various angles, as discussed herein. In
some embodiments, the protrusion has a circular or semi-circular shape. The interlocking joint
portion 103 can be manufactured from the same material as the elongated beam segment 102
and may be integrally manufactured with the clongated beam segment 102. In some
embodiments, the interlocking joint portion 103 may be made of a different material than the
elongated beam segment 102. In some embodiments, if not integral with the elongated beam
segment 102, the interlocking joint portion 103 can be engaged with the clongated beam
segment 102 using any known techniques.

[0024] In some embodiments, the interlocking joint portion may be circular with a
diameter (d) that increases with the increase in the width of the elongated beam segment. For
example, the diameter of the interlocking joint portion can be between 16 and 18 inches for
7.25 inches wide or deep clongated beam segment, between 16 and 18 inches for 7.25 inches
wide elongated beam segment, between 17 and 19 inches for 9.5 inches wide elongated beam
segment, between 18 and 20 inches for 11.25 inches wide elongated beam segment, between
20 and 22 inches for 14 inches wide elongated beam segment, or about 24 inches for 16 inches
wide elongated beam segment. To achieve reasonable flexibility in angles the diameter of the
interlocking joint portion can be at least 25% greater than width of the elongated beam segment.
In some embodiments, the diameter of the interlocking joint portion can be between 25% and
70 % greater than width of the clongated beam segment. In some embodiments, the diameter
of the interlocking joint portion can be between 30% and 60 % greater than width of the
elongated beam segment.

[0025] In some embodiments, the interlocking joint portion comprises one or more
protrusions and one or more recesses or gaps for receiving one or more protrusions of the
opposing beam. For example, some embodiments provide two beams with protrusions and
recesses or open portions of the gaps, such that the number of protrusions of one beam matches
the number of recesses of opposite beam and vice versa. Because the recess goes through the
entire width of the beam, each recess of a beam can be an open or empty portion of the entire
gap having a thickness substantially equal to the thickness of the protrusion. For example, if
the beam has two protrusions and one gap, the opposite beam has two recesses or gaps and one
protrusion. In some embodiments, the protrusions and the gaps of the beam are selected such
that the beam of the same design can serve on both sides of the interdigitated arrangement. The
embodiment interdigitates two beams by placing a protrusion or protrusions of one beam into

a corresponding recess or gap of another beam and rotating the beams to form a desired angle.
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Next, the beams are locked to cach other by applying fasteners or adhesive to protrusions of
the beam to lock the beams in the interdigitated arrangement of the desired angle.

[0026] In reference to FIG. 1B and FIG. 1C, in some embodiments, the interlocking joint
portion 103 can comprise a protrusion 106 extending from the end of the beam portion 102 and
a recess 108 sized and shaped to receive a corresponding protrusion of another beam. In this
manner, when the protrusion 106 mates with the recess 108 of an opposing beam 100, a
rotatable joint 104 is created. For example, the protrusions 106 are the male components to the
female recess 108 of the rotatable joint 104. In some embodiments, the recess may extend into
the beam portion.

[0027] In some embodiments, as shown in FIGS. 1A-1E, the beam can have one
protrusion 106. In some embodiments, the thickness of the protrusion 106 is less than the
thickness of the beam portion such that the recess 108 is formed to receive a protrusion 106
from another beam 100. For example, the beam 100 can have only a protrusion 106 arranged
to form a part of a sidewall of the beam 100, i.c., one sidewall of the protrusion 106 is
substantially flush with the sidewall of the elongated beam segment 102, effectively extending
a length of the elongated beam segment 102 on that side. The other side of the sidewall of the
protrusion 106 can be the face of the recess 108, which is not substantially flush with the
clongated beam segment 102. In some embodiments, the beam 100 can have a protrusion 106
arranged at a distance from the sidewall of the beam. The beam with a protrusion 106 that
forms a part of a sidewall of the beam makes the beams interchangeable for interdigitated
arrangement with other beams of the same configuration. In some embodiments, the beam 100
can have two protrusions of the beam 100 that are arranged to form opposite sidewalls of the
beam 100, as shown in FIG. 3A.

[0028] Referring to FIG. 1B, a top perspective view of the beam 100 with the interlocking
joint portion 103 that includes one protrusion 106 and a corresponding recess 108 is shown.
Referring to FIG. 1C, two beams 100 are depicted showing the interlocking joint portions 103
of two beams being interconnected to form the rotatable joint 104. In some embodiments, the
protrusion 106 can be a substantially rounded shape. In some embodiments, the recess 108 can
include a rounded cutout 107 into the end of the beam portion 102 corresponding to the size
and shape of the protrusion 106, as shown in FIG. 1C. In this manner, when two beams are
coupled, the circular protrusions 106 can overlap. Although the exemplary examples provided
herein include a substantially rounded shape, any combination of shapes can be utilized for the

protrusion 106 and the recess 108, as long as the shape of the protrusion enables rotation of the
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beam 100 to various angles, as discussed herein. In some embodiments, the protrusion has a
circular or semi-circular shape.

[0029] As shown in FIG. 1D, the protrusions 106 of each of the beams 100a, 100b fill the
recesses 108 of the opposing beam to create the rotatable joint 104. The beams 100a, 100b can
be rotated about the interconnected, rotatable joint 104 to form any angle A, as shown in FIG.
1D. Referring to FIG. 1E, an above view of the interlocked the beams 100a, 100b is depicted.
[0030] Referring to FIGS. 2A and 2B, exemplary examples of a beam 200 in accordance
with the present disclosure are depicted. The beam 200 of the present disclosure includes an
elongated beam segment 202 similar in shape to the beams 100 discussed with respect to FIGS.
1A-1D. In some embodiments, the at least one end of the beam portion 202 can include an
interlocking joint portion comprising a plurality of protrusions 206 extending from the end of
the beam portion 202 and at least one gap 208 located between each pair of protrusions 206.
In some embodiments, the at least one gap can extend into the beam portion. In some
embodiments, the at least one protrusion 206 and the at least one gap 208 can alternate with
one another. The at least one gap 208 can be sized and shaped to correspond to the size and
shape of a protrusion 206, such that when two beams 200 are connected to form an interfocking
joint 204, the protrusions 206 will mate with the gaps 208 of the opposing beam 200. For
example, the protrusions 206 arc the male components to the female gaps 208.

[0031] In some embodiments, the beam 200 can include more than one protrusion 206
and more than one gap 208. For example, as depicted in FIGS. 2A-2D, the interlocking joint
portion can include two protrusions 206 with two corresponding gaps 208, but more protrusions
may be provided based on an application. The protrusions 206 can be arranged at a distance to
each other, as defined by the corresponding gaps 208, at a spacing that is substantially equal to
the thickness of the protrusions 206 themselves so the opposing beams can be interlocked to
create a rotatable joint 204. In some embodiments, the beams 200 can be used to construct
structures with substantially universal interlocking, rotatable joint 204. Based on the
configuration of the protrusions 206 and gaps 208, for example, in a rotatable joint 204, the
recesses can include an open-ended or open-faced recess 210 or have no open-ended recesses.
In some embodiments, the recess 210 can be defined by a protrusion 206 on one side but
nothing on the other side. For example, a recess 210 can be defined by a face of the adjacent
protrusion 206 and the cutout shaped from the end of the beam.

[0032] FIGS. 2A-2D depict examples of a beams 200 constructed with substantially

universal interlocking joint portions. These beams 200 can be configured to interlock with one
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another to form a rotatable joint. Referring to FIG. 2C, two beams 200 are depicted showing
the interlocking joint portions of two beams being interconnected by interconnecting the
protrusions 206 to form a rotatable joint 204. When interlocked, the beams 200a, 200b can be
rotated about the interconnected interlocking joint 204 portions to form any angle A. Referring
to FIG. 2D, an above view of the interlocked beams 200a, 200b is depicted. As shown in FIG.
2D, the protrusions 206 of each of the beams 200a, 200b fill the gaps 208 and recesses 210 of
the opposing beam to create the rotatable joint 204.

[0033] In some embodiments, the at least one gap 208, including recess 210 can be formed
by subtraction of a circular member from the interlocking joint 204 portion and/or the elongated
beam segment 202. To that end, the at least one gap 208 and recess 210 can have a radius, i.c.,
the radius of subtracted circular member. Also, the at least one gap 208 and recesses 210 can
have an indication of a depth of penetration of a circular protrusion 208 to insert into the gaps
208/recess 210 and form substantially flush to the end of the elongated beam segment 202. In
some embodiments, the radius of the gap 208 is less or equal the radius of the protrusions 206.
[0034] In some embodiments, the protrusions 206 can be sized and shaped to completely
fill the void created by the at least one gap 208 and recess 210, along the width of the
protrusions 206, to improve structural integrity of the beam. To achieve this, in some
embodiments, a radius/diameter of the protrusions 206 can be in a predetermined geometric
relationship (predetermined size and shape) with the radius/diameter and/or the depth of the at
least one gap 208 and recess 210. In this manner, the opposing beams can mesh together to
create a uniform rotatable joint. In some embodiments, the combination of two beams coupled
together about a joint 204 can create a structure unified along a shared plane, as depicted in
FIG. 2D, such that the beams 200a, 200b are flush with one another.

[0035] In some embodiments, the dimensions of the clongated beam segment 202, the
protrusions 206, and respective gaps 208 or recess 210 can vary based on design and application
for the beams 200. In some embodiments, the length of the elongated beam segment 202 can
be significantly longer than a diameter of the protrusions 206, gaps 208, and recess 210. In
some embodiments, the thickness of the combined protrusions 206, gaps 208, and recess 210
can be less than or equal to the thickness of the elongated beam segment 202 to allow
interdigitation with a protrusion 206 of an opposite beam. For example, the thickness of the
combined protrusions 206, gaps 208, and recess 210 can be substantially identical to the

thickness of the elongated beam segment 202. In some embodiments, the thickness of the at
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least one protrusion is a fraction multiple of the thickness of the elongated beam segment 202
to allow interdigitation.

[0036] In some embodiments, the opening of the gaps 208 can be substantially equal to or
Iess than the thickness of the protrusions 206. For example, the gaps 208 can be less than the
thickness of the protrusions 206 to allow sufficient space for adding adhesive locking the beams
together. For example, for 3.5” thick x 11.875” wide LVL, each the protrusions 206 can be
approximately 0.875” inches with the opening of the gaps 208 being 0.840 inches. This
difference in thickness of the protrusion 206 and the gap 208 can provide an access margin that
is multiple of the width of the elongated beam member 202 to allow interdigitation while also
providing sufficient tolerance to accept a protrusion 206 within a gap 208.

[0037] The beams as discussed with respect to FIGS. 1A-2D can be uniform or can include
male and female counterparts. For example, a female beam 300 can be combined with a
corresponding male beam 301 to form a rotatable joint 304. Referring to FIGS. 3A and 3B a
female beam 300 and a male beam 301 are depicted. The interlocking joint portions of these
beams 300, 301 can be configured to interlock with a female or male counterpart (i.c., male to
female or female to male) to form a joint 304, as depicted in FIGS. 3C and 3D.

[0038] Referring to FIGS. 3A and 3B, an exemplary schematic of an interdigitated
arrangement of two beams 300, 301 with female and male protrusions are depicted. For
example, as shown in FIGS. 3A-3D, the female beam 300 can include two protrusions 306 with
a gap 308 therebetween while the male beam 301 can include two recesses 310 with a
protrusion 306 thercbetween. Similarly, as discussed with respect to FIGS. 1A-2D, a female
beam 300 can be rotatably joined with a male beam 301 to form an interlocking, rotatable joint
304. As depicted in FIGS. 3C and 3D, the interlocking joint portions of two separate beams
300, 301 can be removably interjoined with one another to form a rotatable joint and rotated to
a desired angle A. In particular, the protrusions 306 of a first beam are inserted into the recesses
310 of another beam 301, and vice versa. The joining of the protrusions 306, gaps 308 and
recesses 310 of the opposing beams forms the joint 304 capable of rotating to achieve an infinite
number of angles between the two beams 300.

[0039] FIGS. 4A-4F show an exemplary method of assembly of the beams of the present
disclosure. In some embodiments, the beams 400a, 400b of the present disclosure (e.g., beams
100, 200, 300, 301) are connected to create a rotatable joint 404 (e.g., joint 104, 204, 304). In
some embodiments, after the beams 400a, 400b are brought together, they can be rotated about

the rotatable joint 404 until the appropriate angle is obtained. In some embodiments, the beams
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400a, 400b can be attached together to aid in the rotation of the beams. For example, after the
opposing joint portions of the beams are brought to coincidence, the beams 400a, 400b can be
coupled together, while allowing their rotation, using a fastener or a pivot 405, such as a central
pin, bolt, nail or a similar fastener. This can enable the rotation of the segments about the axis
to achieve certain angles between the beams 400a, 400b without losing coincidence. The angle
A can include any combination of angles that the two beams can rotate between one another.
For example, the beams 400a, 400b can create any angle between a substantially 360-degree
angle to a 0O-degree angle. The angle A can be calculated by a=2arcsin*H/2R. In some
embodiments, the beams may include indicia that can help the user set the angle between the
beams. After the desired angle is achieved the beams 400a, 400b can be fixedly coupled
together, for example, via additional nails, bolts, screws, adhesives, etc. In some embodiments,
the excess material can be removed, for example, to leave a triangular shape between the top
of the beams and leave the remaining parts of the joint 404 fastened together.

[0040] In some embodiments, once the appropriate angle is achieved, for example,
through rotation of one or both beams 400a, 400b in different directions, the beams 400a, 400b
can be fixedly coupled together without the addition of supplemental coupling elements (e.g.,
brackets, braces, ctc.). For example, the beams 400a, 400b can be fixedly attached using any
combination of fasteners, including but not limited to adhesives, nails, screws, bolts, brackets
etc. Similar, using the joint 404, the beams 400a, 400b can be locked together in a manner
sufficient to resist both the shear forces and bending moments on the beams 400a, 400b.
Additionally, the beams can be coupled together in such a manner that the need for additional
intermediate supportive structure, such as a ridge beam, can be avoided. Once the beams are
coupled together, the excess materials can be removed from the protrusions.

[0041] As noted above, the beams of the present disclosure can be used in various
structural applications that require a moment connection between the beams. In other words,
the beams of the present disclosure may be utilized in structural applications where the beams
arc located at an angle to one another, such as for example, in the construction of hip roofs,
cathedral ceilings, roofs above dormers, stair landing/stringers, horizontally bent purlins and
similar constructions. In some embodiments, the beams of the present disclosure may be used
to replace pre-fabricated bent beams. In some embodiments, the beams of the present disclosure
can eliminate the need for an additional support.

[0042] FIG. 5 provides an exemplary depiction of a stair construction 510 using the beams

of the present disclosure is provided. The stair construction 510 can include a cutout stringer
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512 with risers 514 and/or threads 516 attached thercto to create a stairway structure. In some
embodiments, the cutout stringer 512 can be constructed from two beams (e.g., beams 100,
200, 300, 301) of the present disclosure to create a stairwell landing with a designed angle A.
The beam construction of beams 512a and 512b can be configured to create a joint 512c¢, such
that the joint 512c¢ is similar in construction to the joints 104, 204, 304 discussed in greater
detail herein. In comparison to traditional beams, the joint 512c can be formed without an
additional support such as a post that would be required with conventional beams.

[0043] Referring to FIG. 6A and FIG. 6B, an exemplary block diagram of a process 600
for building a roof and an illustration of a beam construction resulting from the process 600,
respectively, using the beams of the present disclosure is depicted.

[0044] In traditional roof construction, the roof construction typically includes a plurality
of beams that are positioned at different locations and in different orientations to construct the
roof. Roof construction can include cross beams that extend substantially parallel to the ground
that arc typically supported by vertical wall structures, including top plates, and/or post
structures. The construction can also include rafters that are positioned at an angle to define the
angle of the overall roof construction. The rafters are typically angled to allow for water, snow,
debris run off. To form an angled roof construction, the rafters are affixed, at a first end, to
opposing vertical wall structures (i.e., placed on top plates) on opposing sides of a room or a
house. The rafters from the opposing sides extend at angle from the wall structures and connect
to a ridge beam, which indirectly couples the opposing rafters and acts to provide the support
for the rafters. In contrast, the beams of the present disclosure can be coupled together to act
as rafters at a predefined angle without the need for a ridge beam.

[0045] In reference to FIGS. 6A and 6B, at step 602, walls are installed with top plates
installed on the top portions of the walls. At step 604 the end portions of two beams 600a, 600b
(e.g., beams 100, 200, 300, 301) are connected to create an interlocking joint 604 (e.g., joint
104, 204 or 304). At step 606 one or both of the beams can be rotated to create a desired angle
between the beams. At step 608 the interlocking joint can be secured together using any
combination of adhesive or fasteners and the excess portion of the joint is cut to create a pointed
roof angle, as shown for example, in FIG. 6B. At step 610 the beams are secured to the walls,
for example, by nailing the ends of the beams to the wall plate. Finally, roof coverings as can
be installed over the beams 600a, 600b. Wide variety of roof coverings can be used, including,

without limitation, asphalt, wood, metal, clay, cement and slate, glass and plastic, and plastic
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liquid coatings. A similar process can be utilized to construct stairs, for example, the stairs
shown in FIG. 5.

[0046] In some embodiments, the beams 100, 200, 300, 301, can be formed from a single
piece of material or can be formed through a layered manufacturing process. The layered
structure can be advantageous for composite beam construction that can reduce the cost of the
beam without sacrificing its structural integrity. The layered structure can alternate an
clongated beam segment layer having a layer of the elongated beam segment of the beam
ending with the gap or a cutout for receiving an interlocking joint portion, and an interlocking
joint portion layer having the layer of the elongated beam segment of the beam extended with
the interlocking joint portion. In some embodiments, the layered structure can include multiple
clongated beam segment layers to provide a desired thickness and multiple interlocking joint
portion layers to provide a desired layer thickness, which may be the same or different than the
thickness of the elongated beam segment layer. During the manufacturing of the beam, the
clongated beam segment layer and the protrusion layer are rigidly attached to each other such
that the layer of the clongated beam segment of the elongated beam segment layer is aligned
with the layer of the elongated beam segment of the protrusion layer.

[0047] Referring to FIG. 7, an exemplary block diagram of a process 700 for
manufacturing a beam in accordance with the present disclosure is depicted. At step 702 the
beams (e.g., beams 100, 200, 300 or 301) are cut out from the LVL slabs using a cutting
template that leaves minimal. At step 704 most of the slot material can be removed by large
diameter saw which ideally leaves a small circle segment unremoved. At step 706 the segment
can be precisely removed by routing which is guided by the outside template. Thus, after the
process 706 is complete the inside radius of the slot is equal to the outside radius of protrusion.
In some instances, a radius of the at least one protrusion can be in a geometric relationship with
the radius and the depth of the at least one recess, such that the geometric relationship requires
the geometric shape of the at least one protrusion to be changed.

[0048] In accordance with some embodiments of the present disclosure, a system for
providing an angled construction or bent beam construction is provided. The system includes
a first elongated beam segment having a first interlocking joint portion at one end and a second
clongated beam segment having a second interlocking joint at one end. The first interlocking
joint portion is configured to rotatably couple to the second interlocking joint to form a

rotatable joint at a desired angle.
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[0049] In accordance with aspects of the present disclosure, the first interlocking joint
portion includes at least one protrusion and at least one recess and the second interlocking joint
portion comprises recesses corresponding to each of the at least one protrusion of the first
interlocking joint portion and protrusions corresponding to each of the at least one recess of the
first interlocking joint portion. The rotatable joint can be configured to be rotated to the desired
angle. The rotatable joint can be configured to fixedly attach the first elongated beam segment
and the second elongated beam segment by at least one of an adhesive screw, nail, pin, and
bolt. The fixedly attached first elongated beam segment and the second elongated beam
segment can form the angled construction.

[0050] In accordance with some embodiments of the present disclosure, a method
providing an angled construction is provided. The method includes placing a first elongated
beam segment having a first interlocking joint portion at one end, removably coupling a second
mterlocking joint of a second elongated beam segment with the first interlocking joint portion
of the first elongated beam segment to form a rotatable joint, rotating at least one of the first
clongated beam segment and the second elongated beam segment at the rotatable joint to
achieve a desired angle between the first elongated beam segment and the second elongated
beam segment, and fixedly attach the first clongated beam segment and the second elongated
beam segment at the rotatable joint.

[0051] In accordance with aspects of the present disclosure, the method further includes
removing excess material from at least a portion of the first interlocking joint portion and
second interlocking joint to form a point. The first elongated beam segment and the second
clongated beam segment can be fixedly attached by at least one of an adhesive, screw, nail,
pin, and bolt. The method can further include fixedly attaching uncoupled ends of the first
clongated beam segment and the second elongated beam segment to opposing vertical wall
structures to form the angled roof construction.

[0052] In accordance with some embodiments of the present disclosure, a beam having a
structure suitable for construction is provided. The beam includes an elongated beam segment
having an interlocking joint portion at a first end and a flat portion at a second end, the
interlocking join portion having at least one protrusion and at least one recess.

[0053] In accordance with aspects of the present disclosure, the at least one protrusion has
a circular cross-section along its longitudinal axis and the at least one protrusion is configured
to be rigidly attached to at least one recess within a second elongated beam segment, such that

the longitudinal axes of the at least one protrusion of the beam is aligned in parallel with
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protrusions of the second elongated beam segment. The at least one protrusion can completely
fill the at least one recess along its width and extends outside of the at least one recess. A radius
of the at least one protrusion can be in a geometric relationship with the radius and the width
of the at least one recess, wherein the geometric relationship can require to be changed. The
width of the at least one protrusion can be less than the width of the elongated beam segment
to allow interdigitation or interlocking with a protrusion of an opposite beam. The width of the
at least one protrusion can be multiple of the width of the elongated beam segment to allow
mterdigitation. The width of the at least one protrusion can extend with an access margin is
multiple of the width of the clongated beam segment to allow interdigitation. The beam can
have only one protrusion arranged to form a part of a sidewall of the beam.

[0054] In accordance with aspects of the present disclosure, the beam can have multiple
protrusions arranged at a distance to cach other substantially equal to the width of the
protrusion. The two protrusions of the beam can be arranged to form opposite sidewalls of the
beam. Only one protrusion of the beam can form a sidewall of the beam, such that the opposite
sidewall of the beams ends with the at least one recess. The diameter of the at least one
protrusion can equal the thickness of the elongated beam segment. The diameter of the at least
one protrusion can be greater than the thickness of the elongated beam segment. The beam has
a layered structure alternating an elongated beam segment layer having a layer of the elongated
beam segment of the beam ending with the at least one recess and a protrusion layer having the
layer of the clongated beam segment of the beam extended with the protrusion, wherein the
clongated beam segment layer and the protrusion layer are rigidly attached to each other such
that the layer of the elongated beam segment of the elongated beam segment layer is aligned
with the layer of the elongated beam segment of the protrusion layer.

[0055] As utilized herein, the terms “comprises” and “comprising” are intended to be
construed as being inclusive, not exclusive. As utilized herein, the terms “exemplary”,
“example”, and “illustrative”, are intended to mean “serving as an example, instance, or
illustration” and should not be construed as indicating, or not indicating, a preferred or
advantageous configuration relative to other configurations. As utilized herein, the terms
“about”, “generally”, and “approximately” are intended to cover variations that may existing
in the upper and lower limits of the ranges of subjective or objective values, such as variations
in properties, parameters, sizes, and dimensions. In one non-limiting example, the terms

“about”, “generally”, and “approximately’” mean at, or plus 10 percent or less, or minus 10

percent or less. In one non-limiting example, the terms “about”, “generally”, and
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“approximately” mean sufficiently close to be deemed by one of skill in the art in the relevant
field to be included. As utilized herein, the term “substantially” refers to the complete or nearly
complete extend or degree of an action, characteristic, property, state, structure, item, or result,
as would be appreciated by one of skill in the art. For example, an object that is “substantially™
circular would mean that the object is either completely a circle to mathematically determinable
limits, or nearly a circle as would be recognized or understood by one of skill in the art. The
exact allowable degree of deviation from absolute completeness may in some instances depend
on the specific context. However, in general, the nearness of completion will be so as to have
the same overall result as if absolute and total completion were achieved or obtained. The use
of “substantially” is equally applicable when utilized in a negative connotation to refer to the
complete or near complete lack of an action, characteristic, property, state, structure, item, or
result, as would be appreciated by one of skill in the art.

[0056] Numerous modifications and alternative embodiments of the present disclosure
will be apparent to those skilled in the art in view of the foregoing description. Accordingly,
this description is to be construed as illustrative only and is for the purpose of teaching those
skilled in the art the best mode for carrying out the present disclosure. Details of the structure
may vary substantially without departing from the spirit of the present disclosure, and exclusive
use of all modifications that come within the scope of the appended claims is reserved. Within
this specification embodiments have been described in a way which enables a clear and concise
specification to be written, but it is intended and will be appreciated that embodiments may be
variously combined or separated without parting from the disclosure. It is intended that the
present disclosure be limited only to the extent required by the appended claims and the
applicable rules of law.

[0057] It is also to be understood that the following claims are to cover all generic and
specific features of the disclosure described herein, and all statements of the scope of the

disclosure which, as a matter of language, might be said to fall therebetween.
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CLAIMS

What is claimed is:

1. A system for providing an angled construction, the system comprising:

a first beam comprising a first elongated beam segment having a first interlocking
joint portion at one end; and

a second beam comprising a second clongated beam segment having a second
interlocking joint at one end;

wherein the first interlocking joint portion is configured to rotatably couple to the
second interlocking joint to form a rotatable joint such that the angle between the first beam

and the second beam is adjustable.

2. The system of claim 1, wherein:

the first interlocking joint portion comprises at least one protrusion and at least one
recess; and

the second interlocking joint portion comprises recess corresponding to each of the at
least one protrusion of the first interlocking joint portion and protrusions corresponding to

each of the at least one recess of the first interlocking joint portion.

3. The system of claim 1, wherein the rotatable joint is configured to be rotated to a desired

angle.

4. The system of claim 1, wherein the rotatable joint is configured to fixedly attach the first
clongated beam segment and the second eclongated beam segment by at least one of an

adhesive, screw, nail, pin, and bolt.

5. The system of claim 1, wherein the first interlocking joint portion and the second
interlocking joint portion have a circular shape to enable the first beam and the second beam
to be rotated relative to one another to set adjust the angle between the first beam and the

second beam.
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6. The system of claim 5, wherein a diameter of the first interlocking joint portion and the
second interlocking portion are greater than a width of the first elongated beam segment and

the second elongated beam segment.

7. A method for providing an angled construction, the method comprising:

removably coupling a first beam to a second beam to create a rotatable joint, the first
beam comprising a first elongated beam segment having a first interlocking joint portion at
one end and the second beam comprising a second elongated beam segment having a second
iterlocking joint portion at one end, wherein the rotatable joint is formed by coupling the
first interlocking joint portion and the second interlocking joint portion;

rotating at least one of the first elongated beam segment relative to the second
clongated beam segment about the rotatable joint to achieve a desired angle between the first
clongated beam segment and the second eclongated beam segment; and

fixedly attaching the first elongated beam segment and the second elongated beam

segment at the rotatable joint.

8. The method of claim 7, further comprises removing excess material from at least a portion

of the first interlocking joint portion and second interlocking joint to form a point.

9. The method of claim 7, wherein the first clongated beam segment and the second

clongated beam segment are fixedly attached by at least one of an adhesive, screw, nail, pin,
and bolt.

10. The method of claim 7, further comprises fixedly attaching uncoupled ends of the first
clongated beam segment and the second eclongated beam segment to opposing vertical wall

structures to form the angled construction.

11. A beam comprising an elongated beam segment having an interlocking joint portion at a
first end and a flat portion at a second end, the interlocking join portion having at least one

protrusion and at least one recess.

12. The beam of claim 11, wherein:

the at least one protrusion has a circular cross-section along its longitudinal axis; and
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the at least one protrusion is configured to be attached within at least one recess
within a second clongated beam segment, such that the longitudinal axes of the at least one
protrusion of the beam is aligned in parallel with at least one protrusion of the second

clongated beam segment.

13. The beam of claim 11, wherein the at least one protrusion has a diameter greater than a

width of the elongated beam segment.

14. The beam of claim 11, wherein the thickness of the at least one protrusion is less than the
thickness of the elongated beam segment to allow interdigitation with a protrusion of an

opposite beam.

15. The beam of claim 11, wherein the interlocking join portion comprises one protrusion

arranged to form a part of a sidewall of the beam.

16. The beam of claim 11, wherein the interlocking joint portion comprises multiple

protrusions.

17. The beam of claim 16, wherein the protrusions of the beam are arranged to form opposite

sidewalls of the beam.

18. The beam of claim 11, wherein the diameter of the at least one protrusion is greater than

the thickness of the elongated beam segment.

19. The beam of claim 11, wherein the beam has a layered structure alternating an elongated
beam segment layer having a layer of the elongated beam segment of the beam ending with
the at least one recess and a protrusion layer having the layer of the elongated beam segment
of the beam extended with the protrusion, wherein the elongated beam segment layer and the
protrusion layer are rigidly attached to each other such that the layer of the elongated beam
segment of the clongated beam segment layer is aligned with the layer of the elongated beam

segment of the protrusion layer.

20. The beam of claim 11, wherein:
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the first interlocking joint portion comprises at least one protrusion and at least one
recess; and

the second interlocking joint portion comprises recess corresponding to each of the at
Ieast one protrusion of the first interlocking joint portion and protrusions corresponding to

each of the at least one recess of the first interlocking joint portion.
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