I *I Innovation, Sciences et Innovation, Science and CA 2826767 C 2019/07/23

Déeveloppement economique Canada Economic Development Canada
Office de |la Propriete Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 826 767
12y BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2012/02/14 (51) Cl.Int./Int.Cl. EO4B 1/24 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2012/08/23 £04B 1/38 (2006.01), £04B 1/58 (2006.01)
2 1s , (72) Inventeur/Inventor:
(45) Date de delivrance/lssue Date: 2019/0//23 SHUHAIBAR. CONSTANTINE. US
(85) Entree phase nationale/National Entry: 2013/038/07 L
(73) Proprietaire/Owner:
(86) N° demande PCT/PCT Application No.: US 2012/025122 SHUHAIBAR. CONSTANTINE. US
(87) N° publication PCT/PCT Publication No.: 2012/112608 (74) Agent: SMART & BIGGAR

(30) Priorite/Priority: 2011/02/14 (US61/442,738)

(54) Titre : RACCORD A GOUSSET EN DEUX PARTIES
(54) Title: SPLIT GUSSET CONNECTION

///
204
D
| @ e
& <> (I:_
&
I
\Bm

(57) Abrege/Abstract:
A gusset connection that allows greater relative movement between connected structural members and simplifies erection in the
fleld. The gusset connection can be a first gusset portion moveably or fixedly connected to a vertical column and a second gusset

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 2826767 C 2019/07/23

anen 2 8206 767
(13) C

(57) Abrege(suite)/Abstract(continued):

connection moveably or fixedly connected to a horizontal beam. A diagonal brace iIs moveably or fixedly connected to the gusset
connection. The first and second gusset portions are not directly connected to each other to allow relative movement between the
column, beam, and diagonal brace.



woO 2012/112608 A3 | I JHI WO ) 00 ) 0 AR R

CA 02826767 2013-08-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

[nternational Bureau — . o
?:_f/)) (10) International Publication Number
(43) International Publication Date nnﬂ/ WO 2012 / 1 1260 8 A3
23 August 2012 (23.08.2012) WIPO | PCT

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
E04B 1/24 (2006.01) E04B 1/58 (2006.01) kind of national protection available). AE, AG, AL, AM,
E04B 1/38 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
1Y Tnt tional Apolication Number- CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(41} ‘nternstignst Appication Number: DCTIUSA01/005 13 DZ, EC, EE, EG, ES, FL GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
14 February 2012 (14.02.2012) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
- . OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
61/442.738 14 February 2011 (14.02.2011) US kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Inventor; and UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(71) Applicant : SHUHAIBAR,. Constantine [US/US]; 325 TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Berry Street, #310, San Francisco, CA 94158 (US). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(74) Agent: WILLINK, Christopher; Kilpatrick Townsend & Ly, ML, MK, M1, NL, NO, PL, PZ, RO, RS, SE, 51, 5K,

Stockton LLP, Two Embarcadero Center, 8th Floor, San
Francisco, California 94111 (US).

(54) Title: SPLIT GUSSET CONNECTION

2A

FIGUR

SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page/

(57) Abstract: A gusset connection that allows greater relat-
1Ive movement between connected structural members and
simplifies erection in the field. The gusset connection can be
a Tirst gusset portion moveably or fixedly connected to a ver-
tical column and a second gusset connection moveably or
fixedly connected to a horizontal beam. A diagonal brace is
moveably or fixedly connected to the gusset connection. The
first and second gusset portions are not directly connected to
each other to allow relative movement between the column,
beam, and diagonal brace.
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SPLIT GUSSET CONNECTION

BACKGROUND
[0002] This invention generally concerns a structural joint, and more specifically concerns a
gusset connection that allows greater relative movement between connected structural members

and simplifies erection in the field.

[0003] Figure 1A shows a typical prior art gusset connection in a braced frame structure. A
horizontal structural member Bm (beam) 1s connected to a vertical structural member C
(column). To connect the diagonal structural member Br (i.e., brace) to the beam-column
assembly, a gusset plate G 1s used. The brace 1s connected (e.g., pinned, bolted) to the gusset
and the gusset 1s connected to both the beam and the column, typically by welding. Length L, is
the clear length of the column C between ends of gusset plates G, and length L, is the clear

length of the beam Bm between ends of gusset plates G.

[0004] The addition of the prior art gusset plate, which can be welded to the beam and column,
creates fixity where relative motion of the beam Bm and column C is not possible. In practice,
this leads to the introduction of large internal torces applied to portions of the beams and
columns. Figure 1B shows respective bending moments M/M; in the beam Bm and column C
and respective shear forces V/V, in the beam Bm and column C that are resultant in a structure
from the use ol a bolted/welded gusset plate G. Also shown are the bending moment My, and

shear force Vy, for brace Br. While Figure 1B shows a bolted configuration between the beam

Bm and column C, the same forces occur in welded joints (and welded and bolted)

configurations as shown in Figure 1C.

[0005] Shear force Vy is proportional to bending moment My, and beam clear length Ly (i.e.,
Vi, o« My/Ly). Likewise, shear force V. is proportional to bending moment M. and column clear
length L. (i.e., Vo €« M/l.¢). Increasing the width and height of the gusset plates to strengthen
the joints directly reduces the beam clear length L;, and column clear length L., which in turn
causes larger shear forces Vy, and V. to occur for otherwise the same bending moments M;, and

M. applied to the structure by external forces (e.g., winds, earthquakes, etc.). In extreme
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situations these large internal forces can fracture the beam, the beam to column bolted/welded
assembly, the column, and/or the gusset welds, if the prior art connection parts are not designed

accordingly. However, if all the prior art connection parts are designed to accommodate the large

internal forces, then structure weight, material requirements, and cost increase significantly.

BRIEF SUMMARY OF THE INVENTION

[0006] Accordingly, there 1s described a structural joint, comprising: a vertical column, wherein
a tirst gusset portion 1s tfixedly connected to the vertical column at a joint location; a horizontal
beam fixedly connected to the vertical column at the joint location, wherein the horizontal beam
has a second gusset portion fixedly connected to the horizontal beam, wherein the second gusset
portion 18 spaced apart from the first gusset portion at the joint location; and a diagonal brace
moveably connected between the first gusset portion and the second gusset portion at the joint
location, wherein the first gusset portion is not directly connected to the horizontal beam and

wherein the second gusset portion 1s not directly connected to the vertical column.

[0007] In some aspects, the first gusset portion may be fixedly connected to the vertical
column at a joint location. A horizontal beam may be fixedly connected to the vertical column at
the joint location. The horizontal beam can have a second gusset portion fixedly connected to

at the joint location. The diagonal brace can be moveably connected to the first gusset portion
and the second gusset portion at the joint location. The diagonal brace can be moveably
connected to the first gusset portion via a first moveable connection. The diagonal brace can be
moveably connected to the second gusset portion via a second moveable connection. The first

and second moveable connections can be separate from each other.

[0008] In some aspects, the first gusset portion and second gusset portions may be first and

second gusset plates, respectively, separated by a gap.

[0009] In some aspects, the diagonal brace may be moveably connected to at least one of the

gusset plates by a plurality of bolts.

|0010] In some aspects, the plurality of bolts may pass through horizontally, vertically, or

angularly oriented slots of the at least one gusset plate and brace.

0011} In some aspects, the diagonal brace may be also rotatably connected within the gap by a

pin.
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[0012] In some aspects, the first gusset portion and second gusset portion may be stubs. The

stubs may be moveably connected to a gusset plate, which may be secured to the diagonal brace.

[0013] In some aspects, the stubs may be moveably connected to the gusset plate by a plurality

of bolts.

[0014] In some aspects, the plurality of bolts may pass through horizontally oriented, vertically

ortented, angularly oriented, or curved slots of the stubs and/or the gusset plate and/or the brace.

[0015] A structural joint including a column is also described. A beam can be fixedly

connected to the column at a fixed connection. A brace can be moveably connected to beam and
column via a gusset assembly. The beam can be fixedly connected to a first portion of the gusset
assembly and the column can be fixedly connected to a second portion of the gusset assembly. A

means for moveably connecting the brace to the gusset assecmbly can be provided such that

potentially destructive forces applied to the beam are transterred to the column via the fixed

connection and not by the first portion of the gusset assembly, and such that the potentially

destructive forces applied to the column are transferred to the beam via the fixed connection and

not by the second portion of the gussetl assembly.

[0016] A method for assembling a structural joint 1s also described. In the method, a beam 1is

fixedly connected to a column to create a joint. A gusset is assembled at the joint for attachment
of a brace, or the beam and column can include pre-manufactured gusset portions where the joint
1s made. A brace can be moveably connected to the gusset such that forces applied to the beam
that move the beam do not move the column via transfer of force from the gusset, and such that

forces applied to the column do not move the beam via transter of force from the gusset.

[0017] These and other embodiments of the invention are described in further detail below

with reterence to the following tigures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figures 1A-1C are various side views of a prior-art braced frame structure.

[0019] Figures 2A-2E are various stde or end views of a braced frame joint, according to

embodiments of the invention.

CA 2826767 2017-10-10
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[0020] Figures 3A and 3B are side views of an acute angle braced frame joint, relative to a

beam, according to embodiments of the invention.

[0021] Figures 4A and 4B are side views of an acute angle braced frame joint, relative to a

column, according to embodiments of the invention.

[0022] Figure 5 is a side view of a pinned gusset assembly, according to one embodiment of

the invention.

[0023] Figures 6A-6H are various side or end views of a braced frame joint, according to

embodiments of the invention.

[0024] Figures 7A-7D are various side or end views of a braced frame joint, according to

embodiments of the invention.

[0025] Figures 8A-8D are various side or end views of a pinned braced trame joint, according

to embodiments of the invention.

[0026] Figures 9A-9D are various side or end views of a braced frame joint, according to

embodiments of the invention.

[0027] Figure 10 is a side view of a beam and brace gusset assembly, according to one

embodiment of the invention.

[0028] Figure 11 is a side view of a column and ground gusset assembly, according to one

embodiment of the invention.

[0029] Figure 12 1s a side view of a truss constructed using gusset assemblies, according any

of the gusset assemblies disclosed in Figures 2A-11.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Embodiments of the invention include a gusset that adds minimal stress to all
components it 1s connected to, such as a beam and column. In this case, the beam, column, and
brace see minimal increases in their stresses by adding our gusset. Thus, the advantage of the
prior art gusset (to enable brace beam coupling to a column and beam joint) is maintained, while
the unwanted force transfer attributes of the prior art gusset (due to large earthquake-like forces)

are in large part negated. Accordingly, for a structure having a beam/column/brace joint, when
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external forces (e.g., earthquake forces) are applied, the inventive gusset will not transter
movement of the beam to the column, movement of the column to the beam, and movement of
the brace to the beam and/or column — as would a standard gusset connection. Thus, force
transfer between the column, beam, and brace will occur as 1f the inventive gusset was not
present, but instead will mimic true dynamic loads around an imaginary work point that connects
all three members. In some embodiments, the inventive gusset itself may also have lower
stresses than the prior art gusset. All of this is achieved by allowing greater relative movement

between connected members via the inventive gusset connection.

[0031] Embodiments of the invention provide a gusset for joining a column, beam, and a
diagonal support member for a steel-framed building. The gusset allows for the column and
beam to hold and support the diagonal support for the triangulating loads, as is typically expected
for a standard prior art gusset. In addition, the gusset also allows the column, beam, and
diagonal support to independently move relative to each other in reaction to extreme dynamic

loads, which may be the result of extreme winds or earthquakes, and which may also cause a

prior-art joint to fail.

10032] Accordingly, relative to a prior art gusset, the inventive gusset does not transfer
(significant) movement of the beam to the column, and vice-versa, and thus the gusset does not
amplify and/or transfer dynamic loads. For example, a swaying moment enacted on a column
will expectedly it to move, and to some degree a beam connected thereto, however the inventive
gusset will not transfer the swaying moment onto the beam, and thus not amplity the effects of
movement caused by a prior art gusset. The inventive gusset can include a first gusset portion
moveably or fixedly connected to a column and a second gusset portion moveably or fixedly
connected to a beam. These gusset portions are not directly connected to each other, and are

moveably, fixedly, and/or rotatably connected to a diagonal support.

[0033] As used herein, "moveably connected” or “moveable” or “moving connection” 1s
understood to mean a connection between two or more structural members which allows for
horizontal and or/ vertical relative movement between the members under extreme dynamic
loading. Such a connection typically does not allow movement under static or typical dynamic
loads (e.g., as applied from light/medium force winds). Relative to a prior art bolted gusset,
"moveably connected” should be understood to allow movement well beyond drill hole

tolerances. An example of a moveable connection is a secured bolt within a slot, which 1s
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secured to not move under static or typical dynamic loads, but can move within slots under
extreme dynamic loads. Accordingly, slotted bolt connections as described herein should be
understood to be moveable connections. It should be well understood, that where slotted
connections are disclosed, only one connected portion (e.g., gusset plates, brace) is required to
include slots to provide the moveable connection. However, in some embodiments, more than

one or all connected portions include slots to provide the moveable connection.

[0034] As used herein, "fixedly connected" or “fixed connection” or “non-moveably
connected” is understood to mean a connection between two or more structural members which
is not configured to provide relative movement (beyond what a prior art bolted gusset provides).
An example of a fixed connection is a welded joint or a bolted connection, and in some cases a
welded and bolted connection. To some degree, bolt hole tolerances can allow limited
movement, however, this may or may not occur under high loads and will certainly be well
limited, and thus ultimately mimic a welded connection. Accordingly, welded joints and bolted
connections (in the absence of slots) as described herein should be assumed to be fixed

connections.

[0035] As used herein, "rotatably connected” or rotatable connection” or “rotating
connection” is understood to mean a connection between two or more structural members which
allows rotational relative movement between the members. An example of a rotatable
connection is a pin joint. Accordingly, pin joints as described herein should be assumed to be
rotational connections. However, gusset assemblies having pins situated within a gap will allow

for rotational, horizontal and/or vertical relative movement.

[0036] As used herein, "force" or “earthquake-like force” or “potentially destructive force” 1s
understood to be dynamic forces externally applied to a building structure that tar exceed
dynamic loads applied by normal winds and shifting internal building loads. Such forces can be

applied from earthquakes, hurricanes, tsunamis, and the like.

[0037] Figure 2A shows a beam-column-brace joined by a gusset assembly 200, according to
one embodiment of the invention. The gusset assembly 200 includes two gusset plates
200a/200b separated by a gap. The gap should be wide enough to provide enough free
movement without collision of the two gusset plates 200a/200b. In some embodiments, width of

the gap ranges from 12 mm - 300 mm, or more commonly between 25 mm - 100 mm. Gusset

plate 2000 is fixedly connected to the beam Bm by, for example, welding thereto, and likewise,

6
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gusset plate 200a i1s welded the column C. The diagonal brace Br is bolted to both gusset plates
using a plurality of bolts 202. Generally, the column C, beam Bm, and brace Br are pre-
fabricated structural elements, such as I-beams or tubes. It should be understood that use of the
term "bolt" 1s meant to include a variety of fasteners such as bolt/nut combinations, screws,
rivets, etc. The gusset plates 200a/200b can be constructed from a high strength materials such
as steel plate or composites. Thickness and other dimensions of the gusset plates 200a/200b can
be derived from the requirements of the particular structure that is being constructed, in the same

manner as a prior art gusset plate.

[0038}] The plurality of bolts 202 are moveably connected within slotted bolt holes 204 of the
~gusset plates 200a/200b and diagonal brace Br. As assembled, the slotted bolt holes 204 are
perpendicular to the shown centerline of the gap G, and thus angularly oriented with regards to
the structure as a whole. In some embodiments, curved slots may be used. The gap and slots
204 allow the gusset plates 200a/200b to move relative to each other. Accordingly, the beam Bm
and column C can move relative to each other (since they are fixedly connected to the gusset
plates 200a/200b) effectively as if the gusset was not present, and thus rotate around work point
WP1, which is where centerlines of the beam Bm and column C intersect. An alternative work
point WP2 is placed at where the centerline of the gap G physically intersects the beam Bm and
column C joint. This arrangement prevents the transfer of respective dynamic loads applied to

the column C and beam Bm to one another via the gusset plates 202a/202b.

10039] In some embodiments, the bolts are secured to the faces of the gusset plates through an
overly large hole instead ot a slot using large washers. A polymer, rubber, or soft-metal O-ring
may be situated within this overly large hole to help center the bolt and/or absorb shock,
vibrations, and forces. The bolts within the slots 204 can be tightened to a degree that is
pertormed with a prior art connection, and in some cases less so or more so. It is expected that
earthquake-like forces will be so large to make bolt tightness a non-critical factor. When
potentially destructive forces are applied to the gusset assembly 200, it does not behave in the
manner depicted in Figure 1A, where bending moment induced shear forces are amplified by

presence of the gusset.

[0040] In some embodiments, only the diagonal brace Br or the gusset plates 200a/200b

include the slots, while the other includes tapped holes for the bolt to directly secure to.
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[0041] One advantage of the invention 1s the ability to weld the gusset plates 202a/202b to the
beam Bm and column C in a shop (1.e., off the construction site) and simply assemble the
components using the bolts 202 in the field (1.e., field bolting on the construction site). The prior
art arrangement in Figure 1 requires welding on the construction site, which is less reliable and
accurate, less controlled, more costly, and more time-consuming than shop welding. In an 1deal
situation, structural members are prefabricated as much as possible and little to no structural
connecting via welding 1s required at the construction site. For these reasons and more, shop

welding and field bolting are strongly preferred in the construction industry.

[0042] Figure 2B shows the same arrangement as Figure 2ZA with one set of slotted bolt holes
204 1n gusset plate 200b being perpendicular to the centerline of the beam Bm, and thus
vertically oriented with regards to the structure as a whole. The other set of slotted holes 204 in
gusset plate 200a are perpendicular to the centerline of the column C, and thus horizontally

oriented with regards to the structure as a whole.

[0043] This arrangement still allows the relative movement of beam Bm and column C that
Figure 2A provides, and may serve to isolate the forces transferred from the brace Br to the beam
Bm and the column C. Since the bolt holes 200 1n gusset plate 202b are vertical, vertical motion
1s allowed (no force transter), and force can only be transterred horizontally where the bolts bear
on the plate. A similar condition occurs at gusset plate 202a, where horizontal movement i1s
allowed (no force transfer), and force can only be transterred vertically where the bolts bear on
the plate. Thus, the fixed connection (e.g., weld) at the beam Bm receives horizontal force only
(parallel to the weld) and the fixed connection (e.g., weld) at the column C receives vertical force

only (parallel to the fixed connection).

[0044] Figures 2C and 2D show end views of the gusset assembly 200. As shown, the brace
Br can be moveably connected to only one side of the gussets 202a/202b, as depicted in Figure

2C. Alternatively, the brace Br can be moveably connected to both sides of the gussets

202a/202b as depicted in Figure 2D.

[0045] Figure 2E shows an embodiment where only one gusset plate include slots 204, while

the other gusset plate 1s fixedly connected (e.g., bolted and/or welded).

[0046] Figures 3A and 3B show alternative gusset assemblies 300 of the gusset assemblies 200

shown in Figures 2A and 2B, respectively. Here, the main difterence between those assemblies
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is that brace Br is configured at an acute angle, and thus the gusset plates 302a/302b are not
symmetric about dividing centerline CL. As shown, the gusset plates 302a/302b are configured
such that the dividing centerline CL intersects work point WP1. Accordingly, gusset plate 302a
is larger than gusset plate 302b. Alternatively, the dividing centerline CL can be shitted in a
parallel manner to intersect WP2, as shown in Figure 2A. This alternative embodiment would
create a more central gap between the gusset plates 302a/302b than what 1s shown. In all other

aspects, the gusset assemblies 300 can be constructed as disclosed with regards to gusset plate

assembly 200.

[0047] Figures 4A and 4B show alternative gusset assemblies 400 of the gusset assemblies 300
shown in Figures 3A and 3B, respectively. Here, the main difference between those assemblies
1s that brace Br is configured at an obtuse angle. As shown, the gusset plates 302a/302b are
configured such that the dividing centerline CL intersects work point WP1. Accordingly, gusset
plate 402a is larger than gusset plate 402b. Alternatively, the dividing centerline CL can be
shifted in a parallel manner to intersect WP2, as shown in Figure 2A. This alternative
embodiment would create a more central gap between the gusset plates 402a/402b than what 1s
shown. In all other aspects, the gusset assemblies 400 can be constructed as disclosed with

regards to gusset plate assembly 200.

[0048] Figure 5 shows a beam-column-brace joint connected by a gusset assembly 500,
according to one embodiment of the invention. Here, the diagonal brace Br is connected to the
gusset assembly 500 using a single pin 502 instead of a plurality of bolts. To accommodate the
pin 502, a semi-circular cut is made in each of the gusset plates 504a/504b along the gap edges to
cradle the pin. This connection allows for relative horizontal and vertical relative movement via
presence of the gap, which is spaced both horizontally and vertically, as well as rotational
relative movement via the pin 500. In all other aspects, the gusset assembly 500 can be

constructed as disclosed with regards to gusset plate assembly 200.

[0049] Figure 6A shows a beam-column-brace assembly connected by a gusset assembly 600,
according to one embodiment of the invention. Here, the gusset assembly 600 includes a first
stub 602 which is fixedly connected to the beam Bm by a fixed connection (e.g., bolting and/or
welding). A second stub 604 fixedly connected to the column C in a similar fashion. A gusset
plate 606 is fixedly connected to the brace Br. The first stub 602 and the second stub 604 can be

constructed from a extruded material, such as steel “angle iron”. The gusset plate 606 is



moveably connected to the first stub 602 using slotted bolt holes 608 that are oriented diagonally
(perpendicular to centerline CL). Horizontal and vertical gaps are respectively present between
the edges of the gusset plate 606 and the beam Bm and column C. This arrangement allows

relative movement of beam Bm and column C, as described herein, and also provides the added

advantage ot 1solating the forces transferred from the brace Br to the beam Bm and column C.

[0050] Figure 6B shows an alternative arrangement of the first stub 602 and the second stub
604 for gusset assembly 600. Here, the gusset plate 606 1s moveably connected to the first stub
602 using slotted bolt holes 608 that are vertically oriented. Similarly, the gusset plate 606 is
moveably connected to the second stub 604 using slotted bolt holes 608 that are horizontally

oriented.

[0051] Figures 6C and 6D show alternative arrangements of the attachments of the brace Br to
the gusset plate 606. Figure 6C shows the brace Br in a bolted configuration. Figure 6D shows

brace Br pinned to the gusset plate via a large pin, which may be rotatable.

[0052] Figures 6F, 6F, 6G, and 6H various configuration for attachment of the first stub 602
and second stub 604 to the beam Bm and column C, respectively. Figures 6E and 6F shows
single sided and double sided stub attachment configurations, respectively, that are welded to the
beam Br or column C. Figures 6G and 6H show single-sided and double-sided stub attachment

configurations, respectively, that are bolted to the beam Br or column C.

[0053] Figure 7A shows a beam-column-brace assembly connected by a gusset assembly 700,
according to one embodiment of the invention. The gusset assembly 700 is similar to what 1s
disclosed 1n Figure 2A. However, here, the gusset assembly 700 1ncludes a first gusset plate 702
fixedly attached to the column C and a second gusset plate 704 fixedly attached to the beam Bm.
The first gusset plate 702 and the second gusset plate 704 are offset from the centerlines of the
beam and the column that bisect their webs, such that the first gusset plate 702 and the second
cusset platc 704 slide past each other in different planes. The brace Br 1s bolted to both gusset

plates via slotted holes 706 arranged at an anglc (perpendicular to the centerline ot the centerline

CL) are used.

[0054] [0001] Figures 7B, 7C, and 7D show different arrangements of the gusset
assembly 700. In Figure 7B the first gusset plate 702 and second gusset plate 704 are arranged
as shown in Figure 7A, such that brace Br is located therebetween. Alternatively, as shown in

Figure 7C, the first
10
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gusset plate 702 and second gusset plate 704 can be arranged such that one side of the brace Br 1s
exposed. In such an arrangement, both the first gusset plate 702 and second gusset plate 704 are
arranged on the same side of webs of the column C and beam Bm. Alternatively, as shown 1n
Figure 7D, the first gusset plate 702 and second gusset plate 704 can be arranged to contact one

another at inner sides, with the brace Br being doubly placed at outer sides.

[0055] Figure 8A shows a beam-column-brace assembly connected by a gusset assembly 800,
according to one embodiment of the invention. Gusset assembly 800 is similar to gusset
assembly 700, but here gusset plates 802 and 804 are interconnected to brace Br by a physical
pin. An oversized hole is made in gusset plates 802 and 804 that allows them to move
perpendicular the centerline CL of the brace Br. Similarly with respect to Figures 7B-7D,
Figures 8B-8D respectively show that the brace Br can be sandwiched between the two gusset
plates 802 and 804, or be on one side of the gusset plates 802 and 804, or the brace Br having a
forked end can sandwich both gusset plates 802 and 304.

[0056] Figure 9A shows a beam-column-brace assembly connected by a gusset assembly 900,
according to one embodiment of the invention. Figure 9A shows a new configuration of the
invention (similar to the one depicted in Figure 6) with the gusset assembly 900 having three
plates. The first plate 902 is fixedly connected to the beam Bm and a second plate 904 1s fixedly
connected to the column C. A third (or main) plate 906 is fixedly connected to the brace Br (in
this case welded). The third plate 906 is moveably connected to the first plate 904 via slotted
bolt holes arranged perpendicular to the centerline of the brace Br. The third plate 906 is also
moveably connected to the second plate 904 via slotted bolt holes arranged perpendicular to the
centerline of the brace Br. Gaps exist between the edge of the third plate 906 and both the beam
Bm and column C. The third plate 906 can be furnished as a single plate portion bolted to one
side of the first and second plates 902/904, such that it only contacts one of the first and second
plates, or the third plate can be arranged as two plate portions sandwiching the first and second

plates 902/904 welded to the beam Bm and column C.

[0057] Figure 9B and Figure 9C show alternative arrangements for connecting the brace Br to

the third plate 906, by a physical pin and bolting, respectively.

[0058] Figure 9D shows the same beam-column-brace assembly of Figure 9A with the slotted
bolt holes in second plate 904 being parallel to the beam Bm and the slotted holes in the first

11
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plate being parallel to the column C. This arrangement may provide the added advantage of

1solating the forces transferred from the brace to the beam and column as outlined in Figure 2B.

[0059] Embodiments of the invention are not limited to beam Bm and column C joints. For
example, Figure 10 shows two different configurations of gusset assemblies for attaching a brace
Br to a mid-portion of a beam Bm (where two braces Br meet at a beam Bm). Two different
gusset assemblies are shown for the sake of brevity, in some embodiments this may be the case,
and in other embodiments the configurations can be identical. The left hand side shows a gusset
assembly 1000, which is similar to the one depicted in Figure 2A. The right hand side shows a

gusset assembly 1010, which has a configuration similar to the one depicted in Figure 6A.

[0060] Figure 11 is another example of an application of the invention to a different portion of
a building structure. Here, the gusset assembly disclosed in Figure 2A is applied to a column-
brace-base plate location. It should be understood, that all the gusset assemblies disclosed herein
can be applied at the column-brace-base plate location by replacing a beam with a base plate in

the disclosed figures.

[0061] Embodiments of the invention are not limited to building structures, but can be applied
to many load bearing structures that typically use beam and column construction. For example,
Figure 12 shows a typical truss. Any of the joints shown can be constructed according to the
embodiments disclosed herein. Generally, embodiments of the invention are constructed

according to known techniques for structural building construction.

[0062] The above description is illustrative and is not restrictive. Many variations of the
ivention will become apparent to those skilled in the art upon review of the disclosure. The
scope of the invention should, therefore, be determined not with reference to the above

description, but instead should be determined with reference to the pending claims along with

their tull scope or equivalents.

[0063] One or more features from any embodiment may be combined with one or more

features of any other embodiment without departing from the scope of the invention.

[0064] A recitation of "a", "an" or "the" 1s intended to mean "one or more" unless specifically

Indicated to the contrary.

12



THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A structural joint, comprising:

a vertical column, wherein a first gusset portion 1s ﬁxédly connected to the
vertical column at a joint location;

a horizontal beam fixedly connected to the vertical column at the joint location,
wherein the horizontal beam has a second gusset portion fixedly connected to the horizontal
beam, wherein the second gusset portion is spaced apart from the first gusset portion at the joint
location; and

a diagonal brace moveably connected between the first gusset portion and the

second gusset portion at the joint location, wherein the first gusset portion 1s not directly

connected to the horizontal beam and wherein the second gusset portion is not directly

connected to the vertical column.

2. The structural joint of claim 1, wherein the first gusset portion and second

gusset portion are first and second gusset plates, respectively, separated by a gap.

3. The structural joint of claim 2, wherein the diagonal brace 1s moveably

connected to the first and second gusset plates by a plurality of bolts.

4. The structural joint of claim 3, wherein the plurality of bolts pass through one
of horizontally oriented slots, vertically oriented slots, angularly oriented slots and curved slots

of the first and second gusset plates.

>. The structural joint of claim 3 or 4, wherein the diagonal brace is also

rotatably connected within the gap by a pin.

6. The structural joint of claim 1, wherein the first gusset portion and second
gusset portion are stubs, the stubs being moveably connected to a gusset plate which 1s secured

to the diagonal brace.

7. The structural joint of claim 6, wherein the stubs are moveably connected to

the gusset plate by a plurality of bolts.
13
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8. The structural joint of claim 7, wherein the plurality of bolts pass through one
of horizontally oriented slots, vertically oriented slots, angularly oriented slots, and curved slots

of at least one of the stubs and the gusset plate.

14
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