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ABSTRACT '

A prefabricated column assembly includes a hollow tubular column having a
longitudinal axis. A gusset plate assembly inciudes a plurality of gusset plates
connected to the column and extending laterally outward from the column in planes
generally parallel to the longitudinal axis of the column. A first pair of the gusset
plates extends laterally outward from the column along a first axis and defines a
space for receiving an end portion of a first beam for mounting the first beam on the
first pair of gusset plates. A second pair of the gusset plates extends laterally
outward from the column along a second axis that is nonparallel and non-coincident
with the first axis. The second pair of gusset plates defines a space for receiving an
end portion of a second beam for mounting the second beam on the second pair of

gusset plates to provide a bi-axial joint connection.
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MOMENT RESISTING BI-AXIAL BEAM-TO-COLUMN JOINT CONNECTION

FIELD OF THE INVENTION
[0001] The present invention generally relates to a moment resisting, bi-axial
beam-to-column joint connection, and more particular to a column assembly and

gusset plate assembly for a bi-axial beam-to-column joint connection.

BACKGROUND OF THE INVENTION

[0002] It has been found in a moment-resisting building having a structural
steel framework, that most of the energy of an earthquake, or other extreme loading
condition, is absorbed and dissipated, in or near the beam-to-column joints of the
building.

[0003] It is desirable to achieve greater strength, ductility and joint rotational
capacity in beam-to-column connections in order to make buildings less vulnerable
to disastrous events. Greater connection strength, ductility and joint rotational
capacity are particuiarly desirable in resisting sizeable moments in both the lateral
and the vertical plane. That is, the beam-to-column moment-resisting connections in
a steel frame building can be subjected to large rotational demands in the vertical
plane due to interstory lateral building drift. Engineering analysis, design and full-
scale specimen testing have determined that prior steel frame connection techniques
can be substantially improved by strengthening the beam-to-column connection in a
way which better resists and withstands the sizeable beam-to-column, joint rotations
which are placed upon the beam and the column. That is, the beam-to-column
connection must be a strong and ductile, moment-resisting connection.

[0004] Holiow Structural Section (HSS) columns are structurally efficient
members to use in a variety of building design applications (both structural and
architectural), including moment frames. However traditional moment connections
types that connect a wide flange (‘H’ section) beam to an HSS column involve
significantly different design considerations than does connecting a wide flange
beam to a wide flange column. During loading conditions, the moments in the wide
flange beams are resolved into concentrated forces at the beam flanges that must be
transferred into the column. The main difference between an HSS and wide flange
column is how the forces from the beam flanges are transferred into the column

webs to be resisted as shear. In a wide flange column, the web (and thus the
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stiffness) is located at the center of the cotumn flange. In an HSS column, the forces
applied to the column face must be transferred to the sidewalls, which act as the
webs of the column. Due to the fact that HSS walls are generally thinner than flanges
on a wide flange column, the thickness of the HSS column wall becomes a critical
consideration for the strength and stiffness of a moment connection between an HSS
column and a wide flange beam. Conventional methods of connecting an HHS
column 1o a wide flange beam must rely on technically uncertain and costly means to
transfer significant moment forces to the webs of HSS columns. These current
methods are typically used in uniaxial moment frame applications. One such method
is directly welding flanges of the wide flange beams to the thin wall flange faces of
the HSS column. This method is self-limiting when the applied moment approaches
the full flexural strength of the beam because of the inherent flexibility of the thin wall
thickness of the HSS flange. Therefore, the direct welding technique has limited
capacity to transfer applied moment forces through out-of-plane bending and shear
to the connecting webs of the HSS column.

[0005] Another conventional method is through-plate connections wherein
the HSS column is cut in two places at each floor level to allow through plates
attached to the top and bottom flanges of the wide flange beam to pass through the
column. These through plates are welded along the full perimeter of the cut sections
of the HSS column on both top and bottom faces of each through plate. These type
of connections have proven to be both costly to fabricate and uncertain in their
performance when subjected to violent earthquakes. For example, the connection
may be inherently susceptibie to out-of-plane punching shear failures in the through-
plate due to cyclic tensile forces in the column.

[0006] Exterior diaphragm plate connections (also known as cut-out plates)
are similar to the through-plate connections in that they use flange plates attached to
the top and bottom flanges of the beam to transfer the moments. However, in the
exterior diaphragm plate connection the HSS column remains continuous and the
top and bottom flange plates are made wider than the width of the HSS column to
allow for cut openings having a perimeter that surrounds and is attached to the full
perimeter of the HSS column. This connection is inherently difficult to fabricate and
erect.

[0007] Interior diaphragm plate connections consist of shop welded plates

that are cut to fit along the inside perimeter of the HSS column, therein stiffening the
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HSS thin wall flanges and providing a means to transfer beam flange forces to the
sidewall webs of the HSS column. Top and bottom flanges of wide flange beam are
directly welded to the thin wall flange faces of the column. The fabrication of this
connection type is difficult because of precise fit up issues and access for welding of
interior diaphragm plates to inside faces of the HSS column. Performance of this

connection type is correspondingly uncertain.

SUMMARY

[0008] In one aspect, a prefabricated column assembly generally comprises
a hollow tubular column having a longitudinal axis. A gusset plate assembly
comprises a plurality of gusset plates connected to the column and extending
laterally outward from the column in planes generally parallel to the longitudinal axis
of the column. A first pair of the gusset plates extends laterally outward from the
column aiong a first axis and defines a space for receiving an end portion of a first
beam for mounting the first beam on the first pair of gusset plates. A second pair of
the gusset plates extends laterally outward from the column along a second axis that
is nonparallel and non-coincident with the first axis. The first and second pairs of
gusset plates each intersect a single plane perpendicular to the longitudinal axis of
the column. The second pair of gusset plates defines a space for receiving an end
portion of a second beam for mounting the second beam on the second pair of
gusset plates to provide a bi-axial joint connection.

[0009] In another aspect, a gusset plate assembly for connection to a hollow
tubular column to attach a beam of a building to the column generally comprises at
least two metal gusset plates sized for transferring the weight of the beam of the
building to the column. The gusset plates are connected together in a fixed
configuration with respect to each other. Each gusset plate includes at least one slot
mated with a slot of another of the gusset plates thereby interconnecting the gusset
plates and forming the gusset plate assembly.

[0010] In still another aspect, a method of assembling a prefabricated
column assembly generally comprises providing a hollow tubular column. A gusset
plate assembly including a plurality of gusset plates is assembled by attaching at
least two of the gusset plates together. The gusset plate assembly is secured to the
hollow tubular column to form the column assembly. A first pair of the gusset plates

extends laterally outward from the column along a first axis and defines a space for
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receiving an end portion of a first beam for mounting the first beam on the first pair of
gusset plates. A second pair of the gusset plates extends laterally outward from the
column along a second axis. The second pair of gusset plates defines a space for
receiving an end portion of a second beam for mounting the second beam on the
second pair of gusset plates thereby providing for bi-axial joint connection.

[0010a] In still another aspect, there is provided a prefabricated column
assembly comprising: a hollow tubular column having a longitudinal axis and at least
one face; and a gusset plate assembly comprising a plurality of gusset plate
subassemblies connected to the column and extending laterally outward from the
column in planes generally parallel to the longitudinal axis of the column, said
plurality of gusset plate subassemblies including a first gusset plate subassembly and
a second gusset plate subassembly, a column portion of the first gusset plate
subassembly extending across the face of the column and being connected to the
column and a column portion of the second gusset plate subassembly extending
across the face of the column and being connected to the column, the column portion
of the first gusset plate subassembly being separated from the column portion of the
second gusset plate subassembly by a gap extending lengthwise of the column over
a full height of the column portions of the first and second gusset plate
subassemblies, the first and second gusset plate subassemblies each including a
beam portion extending outward from the face of the column in a direction parallel to
the face of the column.

[0010b] In still another aspect, there is provided a gusset plate assembly for
connection to a column to attach a beam of a building to the column, the gusset plate
assembly comprising a plurality of gusset plate subassemblies sized for transferring a
weight of the beam and reaction forces and bending moments of the beam to the
column, said plurality of gusset plate subassemblies including a first gusset plate
subassembly and a second gusset plate subassembly, a column portion of the first
gusset plate subassembly extending across a face of the column and connecting to
the column when the gusset plate assembly is connected to the column, and a
column portion of the second gusset plate subassembly extending across the face of

the column and connecting to the column when the gusset plate assembly is
4
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connected to the column, the gusset plate assembly being configured such that when
the first and second gusset plate subassemblies are connected to the column, the
column portion of the first gusset plate subassembly being separated from the
column portion of the second gusset plate subassembly by a gap extending
lengthwise of the column over a full height of the column portions of the first and
second gusset plate subassemblies, the first and second gusset plate subassemblies
each including a beam portion extending outward from the face of the column in a
direction that is the same direction that the column portion extends across the face of
the column when the gusset plate assembly is connected to the column.

[0010c] In still another aspect, there is provided a method of assembling a
prefabricated column assembly comprising: providing a hollow tubular column having
a longitudinal axis and at least one face; assembling a gusset plate assembly
including a plurality of gusset plate subassemblies; and securing the gusset plate
subassemblies to the hollow tubular column to form the column assembly, said
plurality of gusset plate subassemblies including a first gusset plate subassembly and
a second gusset plate subassembly, a column portion of the first gusset plate
subassembly extending across the face of the column and being connected to the
column and a column portion of the second gusset plate subassembly extending
across the face of the column and being connected to the column, the column portion
of the first gusset plate subassembly being separated from the column portion of the
second gusset plate subassembly by a gap extending lengthwise of the column over
a full height of the column portions of the first and second gusset plate
subassemblies, the first and second gusset plate subassemblies each including a
beam portion extending outward from the face of the column in a direction parallel to

the face of the column.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is a diagrammatic perspective of a building framework;
[0012] FIG. 1A is a fragmentary perspective of a four-sided bi-axial beam-to-

column joint connection structure including a column assembly of a first embodiment;
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[0013] FIG. 2 is a perspective illustrating location of a beam assembly on a
pair of column assemblies to construct the bi-axial beam-to-column joint connection
structure of Fig. 1A;

[0014] FIG. 3 is the bi-axial beam-to-column joint connection structure of
Fig. 1A with bolts removed;

[0015] FIG. 4 is a fragmentary perspective of a column assembly of the bi-
axial beam-to-column joint connection structure of Fig. 1A;

[0016] FIG. 5 is the column assembly of Fig. 4 with angle irons removed and
portions of a gusset plate assembly shown in phantom to reveal details of connection
to the gusset plates to the column;

[0017] FIG. 6 is a top view of the column assembly of Fig. 5;

[0018] FIG. 7 is a front view of the column assembly of Fig. 5;

[0019] FIG. 8 is a horizontal section of the column assembly of Fig. 5;

[0020] FIG. 9 is a perspective of a gusset plate assembly of the column
assembly of Fig. 5;

[0021] FIG. 10 is a top view of the gusset plate assembly of Fig. 9;

[0022] FIG. 11 is an enlarged fragmentary top view of a portion of Fig. 10;

[0023] FIG. 12 is a front view of a first gusset plate of the gusset plate
assembly of Fig. 9;

[0024] FIG. 13 is a front view of a second gusset plate of the gusset plate
assembly of Fig. 9;

[0025] FIG. 14 is a perspective illustrating interconnection of the first gusset

plate to the second gusset plate;

4b
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[0026] FIG. 15 is a perspective of.the gusset plate assembly of Fig. 9 prior to
welding;

[0027] FIG. 16 is the bi-axial beam-to-column joint connection structure of
Fig. 1A with cement placed in an interior of a column of the structure;

[0028] FIG. 17 is the bi-axial beam-to-column joint connection structure of
Fig. 1A showing alternative connecting members for attaching a column assembly of
the structure to a beam assembly of the structure;

[0029] FIG. 18 is a fragmentary perspective of a four-sided bi-axial beam-to-
column joint connection structure including a column assembly of a second
embodiment;

[0030] FIG. 19 is the bi-axial beam-to-column joint connection structure of
Fig. 18 with cement placed in an interior of a column of the column assembly;

[0031] FIG. 20 is a fragmentary perspective of a column assembly of a third
embodiment for use in a bi-axial beam-to-column joint connection structure;

[0032] FIG. 21 is a horizontal section of the column assembly of Fig. 20;

[0033] FIG. 22 is a front view of a first gusset plate of a gusset plate
assembly of the column assembly of Fig. 20;

[0034] FIG. 23 is a front view of a second gusset plate of the gusset plate
assembly of the column assembly of Fig. 20;

[0035] FIG. 24 is a fragmentary perspective of a column assembly of a
fourth embodiment for use in a bi-axial beam-to-column joint connection structure;

[0036] FIG. 25 is a perspective of a gusset plate assembly of the column
assembly of Fig. 24;

[0037] FIG. 26 is a front view of a first gusset plate of the gusset plate
assembly of Fig. 25;

[0038] FIG. 27 is a front view of a second gusset plate of the gusset plate
assembly of Fig. 25;

[0039] FIG. 28 is a fragmentary perspective of a column assembly of a fifth
embodiment for use in a bi-axial beam-to-column joint connection structure;

[0040] FIG. 29 is the column assembly of Fig. 28 showing portions of gusset
plates of the assembly in phantom;

[0041] FIG. 30 is an exploded view of the column assembly of Fig. 29;

[0042] FIG. 31 is a fragmentary perspective of a column of the column

assembly of Fig. 28;
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[0043] FIG. 32is a perspective of a gusset plate assembly of the column
assembly of Fig. 28;

[0044] FIG. 33 is a front view of a first gusset plate of the gusset plate
assembly of Fig. 32;

[0045] FIG. 34 is a front view of a second gusset plate of the gusset plate
assembly of Fig. 32;

[0100] FIG. 35 is a fragmentary perspective of a bi-axial beam-to-column
joint connection structure including a column assembly of a sixth embodiment;

[0101] FIG. 36 is a gusset plate assembly of the structure of Fig. 35;

[0046] FIG. 37 is a front view of a first gusset plate of the gusset plate
assembly of Fig. 36;

[0047] FIG. 38 is a front view of a second gusset plate of the gusset plate
assembly of Fig. 36;

[0048] FIG. 39 is a front view of a third gusset plate of the gusset plate
assembly of Fig. 36;

[0049] FIG. 40 is a front view of a fourth gusset plate of the gusset plate
assembly of Fig. 36;

[0102] FIG. 41 is a fragmentary perspective of a bi-axial beam-to-column
joint connection structure including a column assembly of a seventh embodiment;

[0103] FIG. 42 is a gusset plate assembly of the structure of Fig. 41;

[0050] FIG. 43 is a front view of a first gusset plate of the gusset plate
assembly of Fig. 42;

[0051] FIG. 44 is a front view of a second gusset plate of the gusset plate
assembly of Fig. 42;

[0052] FIG. 45 is a fragmentary perspective of a column assembly of an
eighth embodiment for use in a bi-axial beam-to-column joint connection structure;

[0053] FIG. 46 is a top view of the column assembly of Fig. 45;

[0054] FIG. 47 is a front view of a first gusset plate of the column assembly
of Fig. 45;

[0055] FIG. 48 is a front view of a second gusset plate of the column
assembly of Fig. 45;

[0056] FIG. 49 is a perspective of a gusset plate subassembly of the column

assembly of Fig. 45
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[0057] FIG. 50 is an illustration showing how to attach the first gusset plate
to the second gusset plate to construct the gusset plate subassembly of Fig. 49;

[0058] FIG. 51 is a top view of the gusset plate subassembly of Fig. 49;

[0059] FIG. 52 is a fragmentary front perspective of a column assembly of a
ninth embodiment for use in a bi-axial beam-to-column joint connection structure;

[0060] FIG. 53 is a rear perspective of the column assembly of Fig. 52;

[0061] FIG. 54 is a top view of the column assembly of Fig. 52;

[0062] FIG. 55 is a perspective of a gusset plate subassembily;

[0063] FIG. 56 is an illustration showing how to attach a first gusset plate to
a second gusset plate to construct the gusset plate subassembly of Fig. 55;

[0064] FIG. 57 is a top view of the gusset plate subassembly of Fig. 55;

[0065] FIG. 58 is a fragmentary front perspective of a column assembly of a
tenth embodiment for use in a bi-axial beam-to-column joint connection structure;

[0066] FIG. 59 is a rear perspective of the column assembly of Fig. 58;

[0067] FIG. 60 is a top view of the column assembly of Fig. 58;

[0068] FIG. 60A is an enlarged fragmentary top view of a portion of Fig. 60;

[0069] FIG. 61 is a fragmentary front perspective of a column assembly of
an eleventh embodiment for use in a bi-axial beam-to-column joint connection
structure;

[0070] FIG. 62 is a rear perspective of the column assembly of Fig. 61,

[0071] FIG. 63 is a top view of the column assembly of Fig. 61;

[0072] FIG. 64 is a fragmentary front perspective of a column assembly of a
twelfth embodiment for use in a bi-axial beam-to-column joint connection structure;

[0073] FIG. 65 is a rear perspective of the column assembly of Fig. 64;

[0074] FIG. 66 is a top view of the column assembly of Fig. 64;

[0075] FIG. 67 is a fragmentary front perspective of a column assembly of a
thirteenth embodiment for use in a bi-axial beam-to-column joint connection
structure;

[0076] FIG. 68 is a rear perspective of the column assembly of Fig. 67;

[0077] FIG. 69 is a top view of the column assembly of Fig. 67; and

[0078] FIG. 70 is an enlarged fragmentary elevation of a portion of Fig. 69.

[0079] Corresponding reference characters indicate corresponding parts

throughout the drawings.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0104] Referring to Figs. 1-15, a bi-axial beam-to-column moment-resisting
joint connection structure including a column assembly of a first embodiment is
generally indicated at 11. The joint connection structure may be used in the
construction of a building framework 1 (see, Fig. 1). In the illustrated embodiment,
the joint connection structure joins a column assembly 13 including a column 15to a
plurality of full-length beam assemblies 17 each including a full-length beam 19. A
full-length beam is a beam that has a length sufficient to extend substantially the full-
length between adjacent columns in a structure (see, Fig. 2). Thus, a stub and link
beam assembly as shown in Figs. 5 and 16 of U.S. Patent No. 6,138,427, is not a
full-length beam. It will be understood that the beams 19 in Fig. 1A have been
broken away, but are full-length beams. It will be understood that the beams 19 in
Fig. 1A have been broken away, but are full-length beams. In the illustrated
embodiment, the joint connection structure has a 4-sided/4-beam configuration
whereby four full-length beam assemblies 17 are configured to be attached to the
column assembly 13. In the illustrated embodiment, column 15 is an HSS tube
section structure having a rectangular (broadly, "polygonal") cross section defined by
four column faces 20. The beams 19 may have any suitable configuration, such as
an I-beam, H-beam configuration, or hollow rectangular shape (built-up box member
or HSS tube section). In the illustrated embodiments, the column 15 comprises an
enclosed rectangular wall including opposing planar wall members.

[0105] The global moment-resisting frame design configuration of the
building framework 1, can, as needed, provide a distributed moment-resisting space
frame wherein all or most beam-to-column connections are moment-resisting in each
principal direction of the building. This is in contrast to conventional building
frameworks which may use fewer discretely located uniaxial moment frames
throughout a building foot print. Therefore, the framework 1 maximizes structural
redundancy in the lateral load resisting system of a multi-story building to increase
resistance to progressive collapse scenarios when subjected to, for example, terrorist

bomb blast and other catastrophic load environments, while minimizing the number of
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required moment-resisting joints to be constructed which in turn reduces construction
costs.

[0106] Referring to Figs. 5-9, 12, and 13, the column assembly 13 includes

a collar like gusset plate assembly 21 for attaching the column assembly to the beam
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assemblies 17. The gusset plate assembly 21 comprises a plurality of gusset plates
23 connected to the column 15 and extending laterally outward from the column.
The gusset plates 23 extend within planes generaily parallel to a longitudinal axis of
the column 15. A first pair of spaced apart parallel, vertically and horizontally
extending gusset plates 23a sandwich the column 15 and co-axially extending
beams 19. The first pair of gusset plates 23a extends laterally outward from the
column 15 in opposite directions along a first axis and defines spaces for receiving
end portions of beams 19 for mounting respective beam assemblies 17 to the
column assembly 13 via the gusset plate assembly 21. A second pair of spaced
apart parallel, vertically and horizontally extending gusset plates 23b sandwich the
column 15 and co-axially extending beams 19. The second pair of gusset plates 23b
extends laterally outward from the column 15 in opposite directions along a second
axis extending orthogonally to the first axis. The second pair of gusset plates 23b
defines spaces for receiving end portions of beams 19 for mounting respective beam
assemblies 17 to the column assembly 13 via the gusset plate assembly 21. The
first and second pairs of gusset plates each intersect a single plane perpendicular to
the iongitudinal axis of the column 15. In the illustrated embodiment, the gusset
plate assembly 21 is constructed and arranged so that four, co-planar beams 19 are
connected to the column 15.

[0107] Each of the first pair of gusset plates 23a includes a closed interior
slot 41 (broadly, "elongate opening") having an edge defining a closed loop
encompassing the slot. The gusset plates 23a each also include a pair of open slots
43 flanking the interior siot 41 (Fig. 12). The open slots 43 extend from a bottom of
the gusset plates 23 to an interior of the gusset plates. Each of the second pair of
gusset plates 23b includes a closed interior slot 45 (broadly, "elongate opening") of
substantially the same construction as the slot 41, and a pair of open slots 47
flanking the interior slot (Fig. 13). The open slots 47 extend from a top of the gusset
plates 23 to an interior of the gusset plates. The slots 43, 47 of the first and second
pairs of gusset plates 23a, 23b allow the plates to be assembled as schematically
illustrated in Fig. 14. The open slots 43 of the first pair of gusset plates 23a are
configured to mate with the open slots 47 of the second pair of gusset plates 23b
such that portions of the first pair of gusset plates 23a are received in the open slots
of the second pair of gusset plates, and portions of the second pair of gusset plates

are received in the open slots of the first pair of gusset plates. In this way, the
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gusset plates 23a, 23b intersect and extend through each other. In the illustrated
embodiment, the first pair of gusset plates 23a are attached to the second pair of
gusset plates 23b such that top and bottom edges of the first pair of gusset plates
are generally flush with respective top and bottom edges of the second pair of gusset
plates 23b.

[0108] The interconnected pairs of gusset plates 23a, 23b form a coliar like
gusset plate assembly 21 having the appearance of a 3-dimensiona! pound sign
defining a column passage 51, as shown in Fig. 15. In this fashion, intersecting
gusset plates 23a, 23b extend orthogonally with respect to each other. Referring to
Fig. 9, the gusset plates 23a, 23b are welded together along vertical fillet welds 29a
extending along the intersection corners between the gusset plates, which completes
the gusset plate assembiy 21. Horizontal fillet welds 29b (broadly, "first gusset plate-
to-column welds") at top and bottom edges of the gusset plates 23a, 23b extend
transverse to the iongitudinal axis of the column 15 and attach the gusset plate
assembly 21 to the column. Additionally, fillet weids 29c¢ (broadly, "second gusset
plate-to-column welds") in the closed slots 41, 45 in the gusset plates 23a, 23b
attach the gusset plate assembly 21 to the column 15 (Fig. 7). In one embodiment,
double parallel vertical welds extend within and along a length of each slot 41, 45
and connect at rounded ends of the slot, forming a continuous weld around the
perimeter of the slots. The majority of the length of each of the paraliel welds 2S¢
extending along the longitudinal axis of the column. The slots 41, 45 are positioned
generally at a center of the column faces 20 and thus the welds 29¢ within the slots
41, 45 provide additional structure for enhancing the moment resisting capabilities of
the structure.

[0109] Referring to Figs. 1A-3, horizontal cover plates 27 are disposed on
top of and attached to an end of the beams 19. The cover plates 27 have a width
that is greater than a width of the respective beam 19 and a horizontal spacing of the
associated gusset plates 23. The configuration of the cover plates 27 allows the
beams 19 to be lowered between the gusset plates 23 so that each end of the full-
length beam assembly 17 is initially supported in bearing between the cover plate 27
and the top edge of the horizontal extension of the gusset plates 23 of the column
assembly 13. In other words, the beams 19 are self-shoring. In the illustrated
embodiment, the cover plates 27 may rest on a top face of a projecting horizontal leg

of upper angle irons 31 attached to the gusset plates 23. The cover plates 27 extend
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along the length of their respective beams 19 and terminate just beyond the ends of
the gusset plates 23. The cover plates 27 have an oblong radiused slot opening 30
extending along the length of the cover plate. It will be understood that the cover
plates 27 may have other widths, configurations and slot-type oblong openings. For
example, a cover plate (not shown) may have no slot opening 30. Veriical shear
plates 32 are welded at 29d to the web of the beam 17 and have holes 26a for
connection to the gusset plates 23a, 23b.

[0110] The column assembly 13 is bolted to the beam assemblies 17 by
bolts 26 extending through aligned bolt holes 26A in the assemblies. In particular,
boits 26 are used to attach the upper angle irons 31 to the cover plates 27, the lower
angle irons 33 to the gusset plates 23, and the vertical shear plates 32 to the gusset
plates, all through aligned bolt holes 26a in the respective components.

[0111] The joint connection structure 11 outlined above is a bi-axial beam-to-
column type structure. The structure 11 provides for beam assembly connection
along four sides of hollow tubular column 15. Most preferably, each of the
components of the joint connection structure 11, as well as the beam 19 and column
15, are made of structural steel. Some of the components of the joint connection
structure 11 are united by welding and some by bolting. The welding may be initially
performed at a fabrication shop. The bolting may be performed at the construction
site, which is the preferred option in many regions of the world. However, it will be
understood that the beam assembly 17 can be connected to the column assembly
13 in other suitable ways such as by welding, or in an all-bearing connection.

[0112] Referring to Figs. 4, 5, and 12-16, the column assembly 13 may be
fabricated at a fabrication shop and later transported to the construction site. To
fabricate the column assembly 13, the gusset plates 23 are mated with each other
via the slots 43, 47 (Figs. 14 and 15). The mated gusset plates 23 are welded to
each other to form the rigid gusset plate assembly 21 (Fig. 9). The gusset plate
assembly is received on the column 15 by inserting the column in the column
passage 51 of the gusset plate assembly 21. During construction of the column
assembly 13, the column 15 can be turned on its side to facilitate the insertion of the
column through the column passage 51 of the gusset plate assembly 21, and to
facilitate welding of the gusset plate assembly to the faces 20 of the column. The
gusset plate assembly 21 is then located on the column at a selected position, such

as at a predetermined floor location, and welded at 29b or otherwise attached to the
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faces 20 of the walls of the column 15. In the illustrated embodiment, the gusset
plate assembly is welded to the column 15 along horizontal welds 29b located at the
top and bottom of the gusset plates 23, and along weids 29c¢ within slots 41, 45. The
upper angle irons 31 are welded at 29f or otherwise attached to the gusset plates 23.
Thus, at the shop, the column assembly 13 can be constructed exclusively by welds.
In a preferred embodiment, the welds 29 are fillet welds. Fillet welds do not require
ultra-sonic inspection which results in reduced shop fabrication costs. However, the
welds could be groove welds or stitch weids. Other welds and other forms of
connection are also within the scope of the present disclosure.

[0113] Referring to Fig. 2, the full-length beam assembly 17 may also be
fabricated at a fabrication shop prior to being transported to the construction site. To
fabricate the full-length beam assembly 17, the cover plates 27 are welded at 29e or
otherwise attached to the upper flange of the beam. Welding (such as by weld 29¢)
is carried out between the periphery of the slot opening 30 and the top flange of the
beam 19, and along the top flange tips of the beam on the underside of the cover
plate (not shown). The lower angle irons 33 are welded at 29g or otherwise attached
to the bottom flange of the beam 19 and project laterally outwardly from the beam.
Any welds needed to form the full-length beam assembly 17 can be carried out at the
shop. The shop permits use of fixtures and precision manufacturing techniques to
form the collar like gusset plate assembly 21, the column assemblies 13 and the
beam assemblies 17 in a highly accurate manner. In a preferred embodiment, the
welds 29 are fillet welds. Other welds and other forms of connection are also within
the scope of the present disclosure. The cover plate 27 and lower angle irons 33
may have other configurations than those illustrated in the current embodiment.

[0114] At the construction site, the column assembly 13 is joined to the full-
length beam assemblies 17. The column assembly 13 is first erected in a vertical
orientation and the ends of the full-length beam assemblies 17 are positioned
horizontally and adjacent to the column assembly, so that each end of the beams is
over a respective pair of gusset plates 23. The full-length beam assemblies 17 are
then lowered between the gusset plates 23 until the bottom surfaces of the cover
plates 27 engage the top surfaces of the upper angle irons 31. This engagement
initially locates and supports the full-length beam assemblies 17 on the column
assembly 13 to facilitate shoring during erection. To fixedly secure the assemblies

13, 17 bolts 26 are used to attach the upper angle irons 31 to the cover plates 27
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and the lower angle irons 33 to the gusset plates 23 through aligned bolt holes 26A
in the respective components. Thus, at the construction site, the bi-axial beam-to-
column moment-resisting joint connection structure 11, which includes full-length
beam assemblies 17, is completed exclusively through bolted connections. In the
field, the joint connection structure 11 is constructed without the use of welds. The
cover plates 27 are designed to transfer most, if not all, of the vertical shear load
from the full-length beams 19, which may eliminate the need for vertical shear plates
or vertical shear elements, while also reducing material and construction costs. This
beam-to-column all field-bolted joint connection structure 11 employing a hollow
tubular column 15 and gusset plates 23 was not appreciated in conventional joint
connection structures using hollow tubular columns. It is envisioned, however, that
the column assembly 13 can be welded to the beam assemblies 17 without
departing from the scope of the disclosure.

[0115] The column assembly 13 beneficially distributes the resistance to
moments applied by the beams 19 to the column 15 to all four faces 20 of the
column, making it well-suited to resist bi-axial loads applied by the beams to the
column, particularly in severe load events. This is made possible by the use of
welded interlocked orthogonal gusset plates forming the rigid gusset plate assembly
21 that hug the sidewalls and enclose the corners of the column 15. It will be
understood that a moment applied by any one or any combination of the four beams
will be transmitted by the rigid gusset plate assembly 21 to locations all around the
column 15. For example, when a moment is applied on one axis (e.g., as from one
beam 19 connected to gusset plates 23b), it is resisted through connections of the
gusset plates 23b to the faces 20 of the column 15 parallel to the axis of the beam in
a manner similar to gusset plate connections described in U.S. Patent Nos.
6,138,427, 7,178,296, 8,146,322, and 9,091,065. The connection to the paraliel
faces 20 of the column 15 provides a force couple (principally acting in shear along
the length of the welds 29b) formed by the top and bottom horizontal welds 29b
(comprising a horizontal weld group) connecting the gusset plates 23b to their
respective adjacent faces 20 of column 15 to resist applied moment. In addition, top
and bottom horizontal welds 29b of the near gusset plate 23a facing the end of the
beam comprise another horizontal weld group forming a resisting
tension/compression force couple acting perpendicular to the near face 20 of the

column 15 to resist applied moment. The rigid gusset plate assembly 21 also
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transmits the moment to the opposite face 20 of the column 15 through its
connection to the far gusset plate 23a, by providing a redundant resisting
tension/compression force couple (acting perpendicular to the opposite face 20)
formed by the top and bottom horizontal welds 29b (comprising yet another
horizontal weld group) connecting the far gusset plate 23a to the opposite face 20 to
resist the applied moment.

[0116] In addition to the foregoing moment resisting features of the column
assembly 13, the column assembly is configured to provide further moment
resistance unique to bi-axial moments. It can be understood that if moments are
being applied to the joint column assembly from beams 19 which are orthogonally
arranged with respect to each other, the resolved moment vector would not lie in a
vertical plane including the longitudinal axis of either beam. Instead, the moment
vector would lie in a vertical plane somewhere in between orthogonal beams 19, and
would therefore urge the gusset plate assembly 21 to tilt on the column along a
diagonal between the longitudinal axes of said orthogonal beams 19. In this case,
adjacent, near orthogonal faces 20 of the column 15 provide cooperative moment
resistance. More specifically, the welds 29c in the vertical slots 41, 45 in the gusset
plates 23a, 23b, which are located at the mid-depth of the column 15 on the adjacent
faces 20 orthogonal to each other, provide additional moment-resisting capacity by
coupling the same vertical slot welds 29¢ located in their respective slots 41, 45,
which act together orthogonally as a vertical weld group to provide a force couple to
resist the applied bi-axial moment. The rigid gusset plate assembly 21 aiso transfers
the bi-axial moments to the far orthogonal faces 20 of the column 15, which
comprises another vertical weld group to provide additional cooperative moment
resistance. Both the near orthogonal faces 20 and far orthogonal faces act in
concert with the moment resistance force couples described in the preceding
paragraph to make the column assemblies 13 and joint connection structures 11
formed using the column assemblies remarkably robust.

[0117] Concurrently, load transfer redundancy can also be provided under
severe load conditions by a ‘push/pull’ effect of opposite gusset plates 23a (facing
perpendicular to the longitudinal axis of the beam) bearing against the same
opposite faces 20 of the column 15 under the applied moment. Thus, opposing
faces 20 of the column 15 cooperate to resist moment (under extreme load

conditions) from one beam 19, in addition to resistance provided by the welded
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connection of the gusset 23b to the orthogonal side faces 20 of the column 15,
thereby providing redundancy in resisting applied moment. It will be understood that
the column assembly 13 is configured to resist applied moment in the way just
described for moment applied for only one beam 19, for as many as all the four
beams 19 in the joint connection structure 11 made possible by bi-axial interaction of
all aforementioned load transfer mechanisms.

[0118] Beam-to-column moment-resisting joint connection structures 11
including a column assembly 13 having a hollow tubular column 15 and the gusset
plate assembly 21 described above have been shown to perform extraordinarily well
during full-scale simulated earthquake testing. The testing included two uniaxial
moment frame test specimens configured with axially-loaded thin-walled HSS
columns that were moment connected to wide flange beams using all field-bolted side
plate moment connection technology such as disclosed in U.S. Patent No. 9,091,065.
The HSS columns were pre-loaded axially in compression to 40% of their nominal
yield strength, since axial load can have a dominant role on local buckling of HSS
shapes. The applied axial load of 40% was selected based on a suite of parametric
studies which concluded that this level of axial compression in steel moment frame
columns envelopes approximately 95% of typical multi-story buildings. An 18” square
HSS column flange width-to-wall thickness ratio (b#/tr) for one of two test specimens
was set at 21, as compared to the maximum b¢/ts limit of 13.2 allowed by AISC 358
Seismic Provisions, to ascertain if local buckling will occur using the beam-to-column
side plate moment connection technology described herein.

[0119] The side plate test specimen consisting of a square 18” HSS column
(HSS 18x18x3/4) having a b#/ts ratio of 21, pre-loaded with an axial compression load
of 40% of its nominal yield strength, and connected to a 24” deep wide flange beam
(W24x84), was cyclically loaded to ultimate beam failure with no indications of
column distress. Thus, contrary to the industry perception that HSS type columns
could not withstand seismic loading, the thin-walled HSS column assembly
demonstrated extraordinary and robust cyclic performance when subjected to severe

simulated earthquake loading. The HSS column assembly achieved two full cycles of

15

Date Regue/Date Received 2020-09-29



84003327

joint rotation at 6% radians of steel moment frame drift, compared to the industry
prequalification requirement (AISC 358 Seismic Provisions) of only one full cycle at

4% radians of steel moment frame drift. Therefore, the HSS column assembly
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proved not only to be adequate for withstanding seismic loading, the assembly
exceeded current industry standards.

[0120] Further, the unique geometry and stiffness of this all shop fillet-
welded and all field-bolted, bi-axial, beam-to-column moment-resisting joint
connection structure 11 maximizes its performance and the broadness of its design
applications, including both extreme wind and moderate-to-severe seismic
conditions. In particular, the all field-bolted joint connection structure 11 preserves
the physical separation (or gap) between the end of a full-length beam 19 and the
face of the column 15 made possible by the use of vertically and horizontally
extended parallel gusset plates 23 that sandwich the column and the beam similar to
prior designs which feature an all field fillet-welded joint connection structure; thus
reducing the uncertainty of bending moment load transfer between a rigidly attached
steel moment frame beam and column used in the past.

[0121] Further, by including the vertically and horizontally extending parallel
gusset plates 23 that sandwich both the columns 15 and the beams 19, this current
bi-axial application of an all field-bolted joint connection structure 11 preserves the
advantage of increased beam-to-column joint stiffness, with a corresponding
increase in overall steel moment frame stiffness, which results in smaller beam sizes
when the building design is controlled by lateral story drift (not member strength),
and hence reduced material costs. When the building design is controlled by
member strength (not lateral story drift), this bi-axial all field-bolted joint connection
structure 11 also reduces the beam size and the column size, and hence material
quantities and cost, because its connection geometry has no net section reduction in
either the beam or the column (i.e., no bolt holes through either the beam or
column), thereby maintaining the full strength of the beam and column.

[0122] In one aspect of the present disclosure, full-length beams are
connected to gusset plates by bolts so that the full-length beam and gusset plates
are substantially free of welded connection. It will be understood that welding the
full-length beam assemblies 17 to the column assembly 13 is within the scope of that
aspect of the disclosure.

[0123] Referring to Fig. 16, the bi-axial beam-to-column moment-resisting
joint connection structure 11 is shown with column 15 filled with concrete C. Even
greater load capacity and ductility can be provided, when the column 15 is filled with

concrete. For example, additional ductile load carrying capacity is achieved through
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confining the concrete by the surrounding column section. This provides a closed
jacket of steel to preclude bursting of hardened concrete when subjected to heavy
axial compression. Further, the concrete provides an inherent resistance to the
possibility of out-of-plane buckling of the thin side walls of the column 15.

[0124] Referring to Fig. 17, the bi-axial beam-to-column moment-resisting
joint connection structure 11 is shown with upper angle irons 28 instead of cover
plates 27. The angle irons 28 are in the illustrated embodiment welded to the beams
19 prior to being shipped to the construction site.

[0125] Referring to Fig. 18, a bi-axial beam-to-column moment-resisting joint
connection structure of a second embodiment is generally indicated at 111. The joint
connection structure of the second embodiment is substantially identical to the
structure 11 of the first embodiment except HSS column 15 is replaced with a built-
up box column 115, Parts of the joint connection structure 111 of the second
embodiment corresponding to those of the joint connection structure 11 of the first
embodiment are given the same reference numeral plus "100". Hollow steel built-up
box section columns are typically used in the design of high rise buildings, specialty
structures, and residential towers. Referring to Fig. 19, the bi-axial beam-to-column
moment-resisting joint connection structure 111 is shown with built-up box column
115 filled with concrete C.

[0126] Referring to Figs. 20-23, a column assembly of a third embodiment is
generally indicated at 213. The column assembly 213 of the third embodiment is
substantially identical to the column assembly 13 of the first embodiment. Parts of
the column assembly 213 of the third embodiment corresponding to those of the
column assembly 13 of the first embodiment will be given the same reference
numeral plus "200". This numbering convention is repeated in subsequent
embodiments. The only differences between the column assembly 213 of the third
embodiment and the column assembly 13 of the first embodiment is the gusset
plates 223a, 223b of the gusset plate assembly 221 of the third embodiment each
have a narrow closed slots 241, 245 extending vertically along the gusset plates.
Further, plug welds 229c fill the narrow closed slots 241, 245, In the illustrated
embodiment, the plug welds 229c comprise square groove siot welds that extend
along and fill the slots 241, 245 to provide proportionally reduced moment-resisting
strength as compared to the fillet welds 29c¢ in the slots 41, 45 in the first

embodiment. The method of assembling the gusset plate assembly 221 is identical
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to the method of assembling the gusset plate assembly 21 of the first embodiment,
and the method of constructing the column assembiy 213 is otherwise identical to
the method of constructing the column assembly 13 of the first embodiment. Further
the column assembly 213 can be attached to full-length beam assembilies in the
same fashion as column assembly 13 of the first embodiment.

[0127] Referring to Figs. 24-27, a column assembly of a fourth embodiment
is generally indicated at 313. The column assembly 313 of the fourth embodiment is
substantially identical to the column assembly 13 of the first and third embodiments.
The only difference between the two embodiments is the removal of the closed slots
41, 45 in the gusset plates. The method of assembling the gusset plate assembly
321 is identical to the method of assembling the gusset plate assembly 21 of the first
embodiment, and the method of constructing the column assembly 313 is otherwise
identical to the method of constructing column assembly 13 of the first embodiment.
The primary difference being that the gusset plate assembly 313 is not welded to the
column 315 within vertical slots in the gusset plates 323. Further, the column
assembly 313 can be attached to full-length beam assemblies in the same fashion
as column assembly 13 of the first embodiment.

[0128] Referring to Figs. 28-34, a column assembly of a fifth embodiment is
generally indicated at 413. The column assembly 413 of the fifth embodiment is
similar to the column assembly 313 of the fourth embodiment. The primary
difference between the two embodiments is gusset plate assembly 421 is attached to
column 415 by a threaded through-rod connection, instead of being welded to the
column. In particular, threaded rods 461 extend through aligned rod holes 461A in
the gusset plates 423 and the column 415 to secure the gusset plate assembly 421
to the column 415. Each planar face 420 of the column 415 includes rod holes
461A. Each rod hole in a face 420 of the column 415 is axially aligned with a rod
hole in an opposing face 420 of the column. The gusset plates 423 have oversized
rod holes 461A configured to align with the standard rod holes 461A in the column
415. The threaded rods 461 extend through vertically aligned oversized rod holes
461A in the gusset plates 423 and the rod holes 461 in opposing faces of the column
415. During construction of the column assembly 413, the column 415 can be
turned on its side to more easily facilitate insertion of the threaded rods 461. Rod
holes 461A in adjacent faces of the column 415, and their corresponding oversized

rod holes 461A in the gusset plates 423, are axially offset from each other so that the
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threaded rods 461 extending through the adjacent sides of the column assembly will
not interfere with each other. In the illustrated embodiment, the rod holes 461A are
arranged in a rectangular pattern on the faces of the column 415 and the gusset
plates 423. However, the rod holes 461A could be arranged in a different pattern
without departing from the scope of the disclosure. In the illustrated embodiment,
the gusset plate assembly 421 is also attached to the column 415 by top and bottom
horizontal welds 429b. However, it will be understood that the welds 429b may be
omitted within the scope of the present invention. Still further, expansion bolts (not
shown) may be used in place of the threaded rods 461. The expansion bolts would
not extend across the column 419, but instead would expand to bear against an
inner face of the wall of the column through which the expansion bolt is passed.
Thus, different bolts would be used on all four faces 420 of the column 415.

[0129] Referring to Figs. 35-40, a bi-axial beam-to-column moment-resisting
joint connection structure including a column assembly 513 of a sixth embodiment is
generally indicated at 511. The joint connection structure may be used in the
construction of a building framework. In the illustrated embodiment, the joint
connection joins column assembly 513 including a column 515 to three full-length
beam assemblies 517 including full-length beams 519. The column assembly 513 is
similar to the column assembly 313 of the fourth embodiment but includes a
modification to the gusset plate assembly 521 to configure the column assembly for
attaching three beam assemblies 517.

[0130] The gusset plate assembly 521 comprises a plurality of gusset plates
523 connected to the column 515 and extending laterally outward from the column.
The gusset plates 523 extend within planes generally paraliel to a longitudinal axis of
the column 515. A first pair of spaced apart parallel, vertically and horizontally
extending gusset plates 523a sandwich the column 515 and co-axially extending
beams 519. The first pair of gusset plates 523a extends laterally outward from the
column 515 in opposite directions along a first axis and defines spaces on opposite
sides of the column for receiving end portions of beams 519 for mounting respective
beam assemblies 517 to the column assembly 513 via the gusset plate assembly
521. A second pair of spaced apart parallel, vertically and horizontally extending
gusset plates 523b sandwich the column 515 and a beam 519 extending
orthogonally to the co-axially extending beams. The second pair of gusset plates

523b extends laterally outward from the column 515 in opposite directions along a
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second axis extending orthogonally to the.first axis. The second pair of gusset
plates 23b defines a space for receiving an end portion of beam 519 for mounting a
beam assembly 517 to the column assembly 513 via the gusset plate assembly 521.

[0131] The first pair of gusset plates 523a each includes a pair of open slots
543 extending from an edge of the gusset plates 523a to an interior of the gusset
plates (Figs. 37 and 38). The slots 543 are symmetrically spaced about a vertically
extending centerline of the gusset plates 523a. The second pair of gusset plates
523b each includes a pair of open slots 547 extending from an edge of the gusset
plates 523b to an interior of the gusset plates (Figs. 39 and 40). The slots 547 are
asymmetrically spaced about a vertically extending centerline of the gusset plates
523b. In particular, for each gusset plate 523b, slots 547 are laterally spaced from a
vertically extending centerline of the gusset plate 523b toward one side of the gusset
plate. Therefore the gusset plate 523b extends a greater distance from one of the
slots 547, away from the other slot, than it extends from the other slot in an opposite
direction.

[0132] The open slots 543 of the first pair of gusset plates 523a are
configured to mate with the open slots 547 of the second pair of gusset plates 523b
such that portions of the first pair of gusset plates 523a are received in the open
slots of the second pair of gusset plates, and portions of the second pair of gusset
plates are received in the open slots of the first pair of gusset plates. The connected
gusset plates 523a, 523b form gusset plate assembly 521 (Fig. 36). The gusset
plates 523a, 523b are welded together along vertical fillet welds 529a extending
along the intersecting corners between the gusset plates, substantially as shown in
Fig. 11 for the first embodiment. It is noted that the short extension of gusset plates
523b beyond the intersecting gusset plate 523a provides for slots 547 to mate with
interlocking slots 543 to form a controlled rigid intersection of orthogonal gusset
plates that can then be weided at four locations (such as shown in Fig. 11). ltis
understood, however, that a free vertical edge of gusset plate 523b can be made to
flush up to the interior face of rearwardmost orthogonal gusset plate 523a of Fig. 36,
and be welded to the face of the gusset plate without the need of a slotted
interconnected interface. In that case, the slots 547 nearest the edge of the gusset
plates 523b in Fig. 40 would be eliminated and the length of the plates would be
correspondingly shorter. Horizontal fillet welds 529b at top and bottom edges of the

gusset plates 523a, 523b attach the gusset plate assembly 521 to the column 515.
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In the illustrated embodiment, the first pair of gusset plates 523a are attached to the
second pair of gusset plates 523b such that top and bottom edges of the first pair of
gusset plates are generally flush with respective top and bottom edges of the second
pair of gusset plates 523b. It may be seen that the gusset plate assembly 521 forms
only three spaces for receiving end portions of beam assemblies.

[0133] The method of assembling the gusset plate assembly 521 is identical
to the method of assembling the gusset plate assembly 321 of the fourth
embodiment, and the method of constructing the column assembly 513 is otherwise
identical to the method of constructing the column assembly 313 of the fourth
embodiment. Further the column assembly 513 can be attached to full-length beam
assemblies in the same fashion as column assembly 313 of the fourth embodiment.

[0134] Referring to Figs. 41-44, a bi-axial beam-to-column moment-resisting
joint connection structure including a column assembly 613 of a seventh
embodiment is generally indicated at 611. The joint connection structure may be
used in the construction of a building framework. In the illustrated embodiment, the
joint connection joins column assembly 613 including a column 615 to two full-length
beam assemblies 617 including full-length beams 619. The column assembly 613 is
similar to the column assembly 313 of the fourth embodiment but includes a
modification to the gusset plate assembly 621 to configure the column assembly for
attaching two orthogonal beam assemblies 617.

[0135] Each of a first pair of gusset plates 623a includes two open slots 643
extending from an edge of the gusset plates 623a to an interior of the gusset plates
(Fig. 43). The slots 643 are asymmetrically spaced about a vertically extending
centerline of the gusset plates 623a. In particular, for each gusset plate 623a, slots
643 are laterally spaced from a vertically extending centerline of the gusset plate
623a toward one side of the gusset plate. Each of the second pair of gusset plates
623b includes two open slots 647 extending from an edge of the gusset plates 623b
to an interior of the gusset plates (Fig. 44). The slots 647 are also asymmetrically
spaced about a vertically extending centerline of the gusset plates 623b in a similar
fashion to the slots 643 in the first pair of gusset plates 623a.

[0136] The open slots 643 of the first pair of gusset plates 623a are
configured to mate with the open slots 647 of the second pair of gusset plates 623b
such that portions of the first pair of gusset plates 623a are received in the open

slots of the second pair of gusset plates, and portions of the second pair of gusset
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plates are received in the open siots of the first pair of gusset plates. The connected
gusset plates 623a, 623b form gusset plate assembly 621. The gusset plate
assembly provides only two spaces for receiving ends of the beam assemblies 617.
The gusset plates 623a, 623b are welded together along vertical fillet welds 629a
extending along the intersection corners between the gusset plates. It is noted that
the short extension of gusset plates 623b beyond the intersecting gusset plate 623a
provides for slots 647 to mate with interlocking slots 643 to form a controlied rigid
intersection of orthogonal gusset plates that can then be welded at four locations
(such as shown in Fig. 11). It is understood, however, that a free vertical edge of
gusset plate 623b can be made to flush up to the interior face of rearwardmost
orthogonal gusset plate 623a of Fig. 42, and be welded to the face of the gusset
plate without the need of a slotted interconnected interface. In that case, the slots
647 nearest the edge of the gusset plates 623b in Fig. 44 would be eliminated and
the length of the plates would be correspondingly shorter. Horizontal fillet welds 629b
at top and bottom edges of the gusset plates 623a, 623b attach the gusset plate
assembly 621 to the column 615. In the illustrated embodiment, the first pair of
gusset plates 623a are attached to the second pair of gusset plates 623b such that
top and bottom edges of the first pair of gusset plates are generally flush with
respective top and bottom edges of the second pair of gusset plates 623b.

[0137] The method of assembling the gusset plate assembly 621 is identical
to the method of assembling the gusset plate assembly 321 of the fourth
embodiment, and the method of constructing the column assembly 613 is otherwise
identical to the method of constructing the column assembly 313 of the fourth
embodiment. Further the column assembly 613 can be attached to full-length beam
assemblies in the same fashion as column assembly 313 of the fourth embodiment.

[0138] Referring to Figs. 45-51, a column assembly of an eighth
embodiment is generally indicated at 713. The gusset plate assembly 721 of the
eighth embodiment comprises a plurality (four) of gusset plate subassemblies 771
separately welded to column 715. Each subassembly 771 hugs its two adjacent
orthogonal faces 720 of the column 715, thereby enclosing the corner of the column,
and is welded to the column. The gusset plate subassemblies each include a first
gusset plate 723a and a second gusset plate 723b. Facing surfaces of adjacent
gusset plates 723a, 723b define the spaces for receiving end portions of a beam for

mounting a beam assembly to the column assembly 713 via the gusset plate
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assembly 721. The column assembly 713 can be attached to full-length beam
assemblies in the same fashion as column assembly 13 of the first embodiment.

[0139] Each subassembly 771 comprises the first gusset plate 723a having
an open slot 743 located closer to one side of the first gusset plate (Fig. 47), and the
second gusset plate 723b having an open slot 747 located closer to one side of the
second gusset plate (Fig. 48). As explained previously herein, the gusset plates
723a, 723b are attached by mating the slots 743, 747 with each other and weiding
the gusset plates 723a, 723b together at vertical welds 729a extending along the
intersection corners between the gusset plates. The assembled gusset plate
subassemblies 771 have an unsymmetrical, crossed configuration (see, Figs. 49 and
51). The portions of the gusset plates 723a, 723b that define a smaller section are
welded to the four corners of the column 715, and the portions of the gusset plates
that define a larger section extend laterally outward from the column.

[0140] The subassemblies 771 are welded to each face 720 of the column
715 along top and bottom horizontal welds 729b and vertical welds 729c. It will be
understood that other forms of connection of the subassemblies 771 to the column
715 may be employed. In one example, the gusset plates 723a, 723b and column
715 may have bolt holes and receive suitable fasteners such as expansion bolts to
mount the subassemblies on the column.

[0141] The gusset plate assembly 721 beneficially distributes the resistance
to moments applied by the beams (not shown) to the column 715 to all four faces
720 of the column, making it also well-suited to resist bi-axial loads applied by the
beams to the column. This is made possible by the use of welded interlocked
orthogonal gusset plates 723a, 723b forming the rigid gusset plate subassemblies
771 that hug the sidewalls and can be configured to enclose all four corners of the
column 715 to resist bi-axial applied moment. It will be understood that a moment
applied by any one or any combination of the four beams will be transmitted by pairs
of gusset plate subassemblies 771 to locations all around the column 715. The
subassemblies 771 are welded to the faces 720 of the column 715 along top and
bottom horizontal welds 729b and vertical welds 729c.

[0142] The subassemblies 771 cooperate to distribute load to the faces 720
of the column 715.  For example when a moment is applied to one of the
subassemblies 771 (Fig. 49), by a beam (not shown) connected to gusset plates

723b, it is resisted by top and bottom horizontal weids 729b and vertical weld 729c
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which comprise a channel-shaped weld group configuration capable of transferring
in-plane moment to an adjacent face 720 of column 715 paraliel to the axis of the
beam. This in-plane moment transfer to the face 720 of the column 715 is similar to
the in-plane moment transfer described in U.S. Patent Nos. 6,138,427, 7,178,296,
8,146,322 and 9,091,065. The difference is that the weld group in the patents is
rectangular (top and bottom horizontal welds and left and right vertical welds) rather
than channel-shaped. In addition, top and bottom welds 729b and vertical welds
729c of the subassembly 771 having a gusset plate 723a extending transverse to the
longitudinal axis of the beam and connected to the near face 720 also resist the
moment, forming a tension/compression force couple to transfer moment out- of-
plane to the face of the column. These welds 729b and 729c¢ (comprising a channel-
shaped weld group configuration) connect the gusset plate 723a to the near face 720
of column 715 and are capable of resisting applied out-of-plane moment via
tension/compression force couple acting perpendicular to the near face of the
column. In the case of a bi-axially applied moment, where the resolved moment
vector would lie between two orthogonal beams and tend to tilt the gusset plate
subassembly 771 on the column 715 along a diagonal between the longitudinal axes
of the beams, additional moment resisting capacity is provided. The vertical welds
729c connecting the vertical edges of the gusset plates 723b, 723a to adjacent
orthogonal faces 720 of the column 715 act together orthogonally as a vertical weld
group to provide a force couple to resist the applied bi-axial moment. It will be
appreciated that all of the subassemblies 771 may act in this manner to resist bi-
axially applied moment, enclosing as many as all four corners of column 715 to act in
concert with the aforementioned moment resistance force couples to make the
column assembly 713 and a joint connection structure formed using the column
assembly remarkably robust.

[0143] Referring to Figs. 52-57, a column assembly of a ninth embodiment is
generally indicated at 813. The column assembly 813 of the ninth embodiment is
similar to the column assembly 713 of the eighth embodiment but includes a
modification to the gusset plate assembly 821 to configure the column assembly 813
for attaching three beam assemblies. As with the eighth embodiment, each
subassembly 871 hugs its two adjacent orthogonal faces 820 of the column 815,
thereby enclosing the corner of the column, and is welded to the column. The

primary difference between the two embodiments is gusset plate assembly 821 of
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the ninth embodiment comprises two gusset plate subassemblies 871a and 871b of
different construction. As before, all gusset plate subassemblies 871a, 871b are
separately welded to column 815. First subassemblies 871a are identical to the
subassemblies 771 in the eighth embodiment. Second subassembly 871b
comprises a first gusset plate 823a having an open slot 843 located closer to one
side of the first gusset plate, and a second gusset plate 823b having an open slot
847 located closer to one side of the second gusset plate. The second gusset plate
823b of the second subassembly 871b is smaller than the first gusset plate 823a and
has no holes for boits or threaded rods. As explained in an earlier embodiment, the
gusset plates 823a, 823b are attached by mating the slots 843, 847 with each other
and welding the gusset plates 823a, 823b together at vertical welds 829a extending
along the intersection corners between the gusset plates. The assembled second
gusset plate subassemblies 871b have an unsymmetrical cross configuration.
Portions of the gusset plates 823a, 823b that define a top section of the cross are
welded to two adjacent corners of the column 815, and portions of the gusset plates
that define a bottom section of the cross extend laterally outward from the column.
Facing surfaces of adjacent gusset plates 823a, 823b define the spaces for receiving
end portions of a beam for mounting a beam assembly to the column assembly 813
via the gusset plate assembly 821. The column assembly 813 can be attached to
full-length beam assemblies in the same fashion as column assembly 13 of the first
embodiment.

[0144] Referring to Figs. 58-60A, a column assembly of a tenth embodiment
is generally indicated at 913. The column assembly 913 of the tenth embodiment is
similar to the column assembly 713 of the eighth embodiment but includes a
modification to the gusset plate assembly 921 to configure the column assembly for
attaching three beam assemblies. The primary difference between the two
embodiments is gusset plate assembly 921 of the tenth embodiment, in addition to
the pair of gusset plate subassemblies 971, includes a separate gusset plate 923¢
(also forming part of the gusset plate assembly 921) that is not mated with another
gusset plate. Subassemblies 971 are similar to the subassemblies 771 in the eighth
embodiment. As with the eighth embodiment, each subassembly 971 hugs its two
adjacent orthogonal faces 920 of the column 915, thereby enclosing the corner of the
column, and is welded to the column. However, in each subassembly 971 the

portion of the gusset plate 923a overlying the face 920 of the column 915 is longer
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than the portions of the gusset plates 923b (see, Fig. 60). The subassemblies 971
are welded to adjacent corners of the column 915. The separate gusset plate 923c
is welded to an opposite face of the column 915 by top and bottom horizontal welds
929b, vertical welds 929c, as well as by an internal, vertical corner flare bevel weld
929h (see, Fig. 60A). Facing surfaces of adjacent gusset plates 923a, 923a of the
subassemblies 971 define a space for receiving an end portion of a beam for
mounting a beam assembly to the column assembly 913 via the gusset plate
assembly 921. Further, facing surfaces of gusset plates 923b and 923c define
spaces for receiving end portions of beams for mounting beam assemblies to the
column assembly 913. The column assembly 913 can be attached to full-length
beam assemblies in the same fashion as column assembly 13 of the first
embodiment.

[0145] Referring to Figs. 61-63, a column assembly of an eleventh
embodiment is generally indicated at 1013. The column assembly 1013 of the
eleventh embodiment is similar to the column assembly 213 of the tenth embodiment
but instead of a single gusset plate 923c, column assembly 1013 includes two
separate gusset plates 1023d and 1023e. Subassemblies 1071 are identical to the
subassemblies 971 in the tenth embodiment. Each of the subassemblies 1071 are
welded to adjacent corners of the column 1015, and hugs its two adjacent orthogonal
faces 1020 of the column, thereby enclosing the corner of the column. The separate
gusset plates 1023d, 1023e are welded to the column using vertical welds 1029c.
The corner welds 929¢e used in the tenth embodiment, are not used in the eleventh
embodiment. Facing surfaces of adjacent gusset plates 1023a, 1023a of the
subassemblies 1071 define a space for receiving an end portion of a beam for
mounting a beam assembly to the column assembly 1013 via the gusset plate
assembly 1021. Further, facing surfaces of gusset plates 1023b and 1023d, and
facing surfaces of 1023b and 1023e defines spaces for receiving end portions of
beams for mounting beam assemblies to the column assembly 1013. The column
assembly 1013 can be attached to fuli-length beam assemblies in the same fashion
as column assembly 13 of the first embodiment.

[0146] Referring to Figs. 64-66, a column assembly of a twelfth embodiment
is generally indicated at 1113. The column assembly 1113 of the twelfth
embodiment is similar to the column assembly 813 of the ninth embodiment but

includes a modification to the gusset plate assembly 821 to configure the column
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assembly for attaching twc beam assemblies. A first subassembly 1171a is identical
to the subassemblies 771 in the eighth embodiment. Second subassemblies 1171b
are identical to the second subassemblies 871b of the ninth embodiment. Facing
surfaces of adjacent gusset plates 1123a, 1123b, and adjacent gusset plates 1123a,
1123a, define spaces for receiving end portions of beams for mounting beam
assembilies to the column assembly 1113 via the gusset plate assembly 1121. The
column assembly 1113 can be attached to full-length beam assemblies in the same
fashion as column assembly 13 of the first embodiment.

[0147] Referring to Figs. 67-70, a column assembly of a thirteenth
embodiment is generally indicated at 1213. The column assembly 1213 of the
thirteenth embodiment is similar to the column assembly 1113 of the twelfth
embodiment but instead of having the two second subassembilies 1171b, column
assembly 1213 includes two single gusset plates 1223d and 1223e. Subassembly
1271 is similar to the subassemblies 771 in the eighth embodiment, but the portions
of the gusset plates 1223a, 1223b adjacent the faces 1220 of the column 1215
extending over more than half the widths of the faces.. The single gusset plates
1223d, 1223e are attached to the column 1215 using vertical and horizontal weids
1229b, 1229c¢ and corner flare bevel welds 1229h. Facing surfaces of adjacent
gusset plates 1223a and 1123d, and facing surfaces of gusset plates 1223b and
1223e define the spaces for receiving end portions of beams for mounting beam
assemblies to the column assembly 1213 via the gusset plate assembly 1221. The
column assembly 1213 can be attached to full-length beam assemblies in the same

fashion as column assembly 13 of the first embodiment.

[0148] It will be understood that the specific connections described in each
of the embodiments are interchangeable.
[0149] When introducing elements of the present invention or the preferred

embodiments(s) thereof, the articles "a", "an”, "the" and "said" are intended to mean

that there are one or more of the elements. The terms "comprising”, "including” and
"having" are intended to be inclusive and mean that there may be additional
elements other than the listed elements.

[0150] In view of the above, it will be seen that the several objects of the

invention are achieved and other advantageous results attained.
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[0151] As various changes could.be made in the above constructions,
products, and methods without departing from the scope of the invention, it is
intended that all matter contained in the above description and shown in the
accompanying drawings shall be interpreted as illustrative and not in a limiting
sense.

[0152] Bi-axial, moment resisting beam-to-column joint connection structures
and column assemblies that are constructed according to the principles of the
present invention provide numerous unique features, benefits and advantages.
Reference is made to the figures illustrating some of the embodiments to which the

advantages and benefits apply.
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CLAIMS:

1. A prefabricated column assembly comprising:

a hollow tubular column having a longitudinal axis and at least one face; and

a gusset plate assembly comprising a plurality of gusset plate subassemblies
connected to the column and extending laterally outward from the column in planes
generally parallel to the longitudinal axis of the column, said plurality of gusset plate
subassemblies including a first gusset plate subassembly and a second gusset plate
subassembly, a column portion of the first gusset plate subassembly extending
across the face of the column and being connected to the column and a column
portion of the second gusset plate subassembly extending across the face of the
column and being connected to the column, the column portion of the first gusset
plate subassembly being separated from the column portion of the second gusset
plate subassembly by a gap extending lengthwise of the column over a full height of
the column portions of the first and second gusset plate subassemblies, the first and
second gusset plate subassemblies each including a beam portion extending outward

from the face of the column in a direction parallel to the face of the column.

2. The column assembly of claim 1 wherein the gap between the column portion
of the first gusset plate subassembly and the column portion of the second gusset

plate subassembly has a substantially constant width.

3. The column assembly of claim 1 wherein the at least one face of the column
comprises a first face, the column further comprising a second face and a third face,
the first gusset plate subassembly including another column portion extending across
the second face of the column, and the second gusset plate subassembly including

another column portion extending across the third face of the column.

4. The column assembly of claim 1 wherein the beam portions of the first and
second gusset plate subassemblies each have a dimension in a direction
perpendicular to the longitudinal axis of the column that is greater than a dimension
of each of the column portions in a direction perpendicular to the longitudinal axis of

the column.
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5. The column assembly of claim 1 wherein each gusset plate subassembly
includes first and second gusset plates, wherein the first gusset plate extends
through the second gusset plate, and wherein each of the first and second gusset
plates includes at least one slot for mating with the slot of the other of the first and

second gusset plates for interconnecting the first and second gusset plates.

6. The column assembly of claim 5 wherein each slot includes a closed end and
an open end, the open end receiving a portion of the other of the first and second
gusset plates for interconnecting the first and second gusset plates to form the gusset

plate subassembly.

7. The column assembly of claim 5 further comprising welds connecting the first
and second gusset plates to each other, the welds extending along the slots

interconnecting the first and second gusset plates.

8. The column assembly of claim 1 wherein each gusset plate includes a plurality
of holes.
9. The column assembly of claim 1 wherein the column further comprising a

fourth face and wherein another column portion of the second gusset plate
subassembly extends across the fourth face of the column and is connected to the
column and another column portion of a fourth gusset plate subassembly extends
across the fourth face of the column and is connected to the column, said another
column portion of the second gusset plate subassembly being separated from said
another column portion of the fourth gusset plate subassembly by a gap extending
lengthwise of the column over a full height of said another column portions of the

second and fourth gusset plate subassemblies.

10.  The column assembly of claim 1 wherein the gusset plate assembly is welded

to the column.

11.  The column assembly of claim 10 further comprising a first and second gusset
plate-to-column weld connecting a first gusset plate of the first gusset plate

subassembly to the column, the first gusset plate-to-column weld extending
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transverse to the longitudinal axis of the column, and the second gusset-plate-column

weld extending along the longitudinal axis of the column.

12.  The column assembly of claim 11 further comprising a third and fourth gusset
plate-to-column weld connecting a second gusset plate of the first gusset plate
subassembly to the column, the third gusset plate-to-column weld extending
transverse to the longitudinal axis of the column, and the fourth gusset plate-to-

column weld extending along the longitudinal axis of the column.

13. The column assembly of claim 1 wherein the face of the column constitutes a
first face, the column further comprising a second face, and wherein said plurality of
gusset plate subassemblies includes a third gusset plate subassembly and a fourth
gusset plate subassembly, a column portion of the third gusset plate subassembly
extending across the second face of the column and being connected to the column
and a column portion of the fourth gusset plate subassembly extending across the
second face of the column and being connected to the column, the column portion of
the third gusset plate subassembly being separated from the column portion of the
fourth gusset plate subassembly by a gap extending lengthwise of the column over a

full height of the column portions of the third and fourth gusset plate subassemblies.

14.  The column assembly of claim 13 wherein the column further comprising a
third face and wherein another column portion of the first gusset plate subassembly
extends across the third face of the column and is connected to the column and
another column portion of the third gusset plate subassembly extends across the
third face of the column and is connected to the column, said another column portion
of the first gusset plate subassembly being separated from said another column
portion of the third gusset plate subassembly by a gap extending lengthwise of the
column over a full height of said another column portions of the first and third gusset

plate subassemblies.

15. A gusset plate assembly for connection to a column to attach a beam of a
building to the column, the gusset plate assembly comprising a plurality of gusset

plate subassemblies sized for transferring a weight of the beam and reaction forces
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and bending moments of the beam to the column, said plurality of gusset plate
subassemblies including a first gusset plate subassembly and a second gusset plate
subassembly, a column portion of the first gusset plate subassembly extending
across a face of the column and connecting to the column when the gusset plate
assembly is connected to the column, and a column portion of the second gusset
plate subassembly extending across the face of the column and connecting to the
column when the gusset plate assembly is connected to the column, the gusset plate
assembly being configured such that when the first and second gusset plate
subassemblies are connected to the column, the column portion of the first gusset
plate subassembly being separated from the column portion of the second gusset
plate subassembly by a gap extending lengthwise of the column over a full height of
the column portions of the first and second gusset plate subassemblies, the first and
second gusset plate subassemblies each including a beam portion extending outward
from the face of the column in a direction that is the same direction that the column
portion extends across the face of the column when the gusset plate assembly is

connected to the column.
16. A method of assembling a prefabricated column assembly comprising:

providing a hollow tubular column having a longitudinal axis and at least one

face;

assembling a gusset plate assembly including a plurality of gusset plate

subassemblies; and

securing the gusset plate subassemblies to the hollow tubular column to form
the column assembly, said plurality of gusset plate subassemblies including a first
gusset plate subassembly and a second gusset plate subassembly, a column portion
of the first gusset plate subassembly extending across the face of the column and
being connected to the column and a column portion of the second gusset plate
subassembly extending across the face of the column and being connected to the
column, the column portion of the first gusset plate subassembly being separated

from the column portion of the second gusset plate subassembly by a gap extending
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lengthwise of the column over a full height of the column portions of the first and
second gusset plate subassemblies, the first and second gusset plate subassemblies
each including a beam portion extending outward from the face of the column in a

direction parallel to the face of the column.

17. The method of claim 16 wherein assembling the gusset plate assembly

comprises attaching each gusset plate to at least another of the gusset plates.

18. The method of claim 17 wherein attaching each gusset plate comprises mating

slots of respective gusset plates and welding the gusset plates together.

19. The method of claim 16 wherein securing the gusset plate subassemblies to
the hollow tubular column comprises welding the gusset plate subassemblies to the

hollow tubular column.

20. The method of claim 19 wherein securing the gusset plate subassemblies to
the hollow tubular column comprises forming a weld extending transverse to the

longitudinal axis of the column.

21. The method of claim 19 wherein welding the gusset plate subassemblies to
the hollow tubular column comprises forming a first weld extending transverse to the
longitudinal axis of the column and forming a second weld extending along the

longitudinal axis of the column.

22. The method of claim 16 wherein securing the gusset plate assembly to the
hollow tubular column comprises attaching the gusset plate assembly to the hollow
tubular column using threaded rods extending through the column and the gusset

plates.
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