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CAST STRUCTURAL CONNECTORS

T'his application claims the benefit of U.S.
Provisional Application No. 60/795,170, filed 27

April 2006.
5
FIELD OF THE INVENTION
This 1nvention relates to structural connections and members for use in the
construction industry. The present invention in particular relates to cast structural
connectors and members for static, quasi-static and dynamic loading applications.
10

BACKGROUND OF THE INVENTION

Concentrically braced frames are a particularly popular choice for the lateral force
resisting systems of steel structures because of their design simplicity, their low cost,
the ease with which they are constructed, and the increased stiffness they provide over
|5 other lateral load resisting systems. The diagonal brace members of braced frames are
subject to predominately axial forces, and in the event of a severe earthquake, seismic
energy 1s dissipated through the cyclic yielding in tension and inelastic buckling in
compression of the brace members. Typical bracing members include angles,

channels, wide flange (W) sections, and rectangular and circular hollow sections.

20 Hollow structural sections (HSS) 1n particular are a common selection for lateral
bracing members because of their efficiency in carrying compressive loads, their
improved aesthetic appearance, and because of the wide range of section sizes that are
readily available. Further, HSS have been used extensively in seismic applications to
dissipate energy. Round HSS in particular have enhanced performance over

25  rectangular HSS because of reduced residual stress concentrations.

Hollow structural sections are efficient members for carrying axial loads, however
their connections are generally cumbersome, expensive, and can be difficult to design
when they are used in demanding situations, including seismic applications. As well,
the need for designing and constructing buildings taking into consideration seismic

30 loads 1s also becoming more prevalent. Specifically, bracing is being used more often
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and this bracing needs to be able to withstand cyclic inelastic loading of the bracing in

tension and compression.

Previously devised connectors have been focused on the residential or lightweight
construction industries, providing “quick and easy” type connections not readily

applicable to brace members under seismic conditions.

For example, U.S. Patent Application Publication No. 2005/0163564 to Tuell
describes a construction system with interlocking connectors formed of a plate
material. Although these connectors allow flexibility in assembling a structure, they

may suffer undesirable connection failures during seismic loading.

Casting 1s a manufacturing approach that allows versatility and geometric freedom in
designing a load-bearing metallic element having controlled dimensions and pre-

determined performance characteristics. Because of this, the use of cast materials as

structural elements 1s known.

For example, U.S. Patent Nos. 6,059,482 and 6,474,902 to Beauvoir describe a bolted
connector having a bulkhead for connection between a column and a beam. However,
these prior art connectors are only designed to provide moment connection between a
beam and column, and are not specifically designed for seismic applications. In
particular, the design of these connectors does not allow for controlled yielding or

developing the full strength of a bracing member.

Accordingly 1t would be advantageous to provide connectors for bracing members
that can be mass-customized. Further it would be advantageous to provide connectors
compatible with bracing members of different sizes and configurations. Still further it
would be advantageous to provide connectors operable to develop the full strength of

a bracing member under seismic conditions.

PCT/CA2007/000716
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SUMMARY OF THE INVENTION

The present invention provides cast connectors for use in a structural frame.

[n one aspect, the present invention 1s a cast structural connector for use in a brace
assembly for a structural frame, the brace assembly including a brace member such as
5 a hollow structural section (HSS) or wide flange (W) section, the connector
comprising: a first end configured to receive the brace member and be welded to the
brace member; a second end adapted to be fixed to the structural frame; and an
intermediate portion disposed between the first end and second end; wherein the first
end includes a bevel enabling complete joint penetration welding between the first

10  end and the brace member.

The structural section can be HSS or W-section structural members, for example. In
the case of HSS, the bevel on the distal end of the first end has dimensions equal to or
smaller than the inside dimensions of the HSS. In the case of a W-section, bevelled
distal edges have dimensions equal to or smaller than dimensions between the tlange
5  portions of the W-section. Therefore, according to this aspect, the bevel enables the
connector to receive and be welded to structural members of varying dimensions. The
bevel further enables complete joint penetration groove welding between the first end
and the hollow structural section thereby developing the full axial strength of the

hollow structural section 1n severe seismic conditions.

20  In another aspect, the connector of the present invention can be connected to a
structural frame directly, 1.e. by means of bolting or welding, or via a standard

fabricated end connection, such as a gusset plate for example.

Although static applications are of course possible (to columns, to bracings, in trusses,
etc.), the connector of the present invention 1s particularly well suited for
25 1mplementation in seismic load resistant braced frames. In such bracing applications,
the intermediate portion provides predominately axial transmission of forces and
incidental moments as the frame deforms. Casting manufacturing allows for the mass
production of such connectors operable for connection to a range of member sizes.
The bracing will provide varying load-bearing capacity depending on the geometric

30  properties of the hollow structural section or W-section member.
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Further features of the invention will be described or will become apparent 1n the

course of the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of the preferred embodiments is provided herein below by way

of example only and with reference to the following drawings, in which:

FIGS. 1A, 1B, 1C and 1D are a top view, side view, end view and perspective view,

respectively, of an embodiment of the connector of the present invention;

FIGS. 2A and 2B are side views showing a connector with a thick hollow structural

section and a thin hollow structural section, respectively;

FIG. 3 is a side view of a connector and a brace member featuring a zoomed section

micrograph of a polished and etched complete penetration joint weld;

FIGS. 4A and 4B are a side exploded view and a perspective exploded view,

respectively, of a connector in combination with a brace member and gusset plate;

FIGS. 5A and 5B are a side view and an enlarged perspective view, respectively, of a

connector connecting a brace member to a frame;

FIG. 6 is a perspective view of a connector for use with a brace member having an

oval cross-section;

FIG. 7 is a perspective view of a connector for use with a brace member having a

rectangular cross-section;

FIGS. 8A, 8B, 8C are a side view, bottom view and perspective view, respectively, of

a connector having a flexural plastic hinge portion;

FIGS. 9A and 9B are perspective views of a connector for use with a W-section brace

member:

FIG. 10A is a top view of a connector and a brace member and FIG. 10B 1s a side

view of the connector;

PCT/CA2007/000716
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FIG. 11 is a tensile load-deformation plot for both a thin-walled and thick-walled

brace-connector assembly;

FIGS. 12 illustrate modelled stresses in a connector and weld due to compressive

yielding of a brace member; and

FIGS. 13 illustrate modelled stresses in a connector and weld due to tensile yielding

of a brace member.

[t is to be expressly understood that the description and drawings are only for the

purpose of illustration and as an aid to understanding, and are not intended as a

definition of the limits of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The connectors of the present invention are best understood as an intermediate
connector between an axially-loaded bracing member and a standard bolted or welded
connection directly to a structural frame or to a standard fabricated end connection
connected to the structural frame, such as a gusset plate. The bracing member can be,
for example, a HSS, which is commonly used as a lateral bracing member 1n seismic
bracing applications. The HSS can be of various dimensions and cross-sectional
shapes, including, circular, rectangular, square, oval, or elliptical, to name a few. The

bracing member can also be a W-section member, discussed below.

The connectors can be used in static, quasi-static or dynamic loading applications,
wherein “dynamic applications” include fatigue, cyclic, seismic, impulsive, blast and
impact loadings. The connectors are also operable to provide a load-bearing function
in static applications with axial loading of structural members, such as columns,
bracings, trusses, space frames, etc. The connectors are particularly directed to
seismic-resistant bracing applications where the connector develops the full capacity
of a brace member under severe seismic conditions. What 1s meant by “severe
seismic conditions” is repeated cycles of tension yielding and inelastic buckling,
including the increase in strength that is expected as the brace member reaches large

inelastic strains (1.e. the overstrength).

PCT/CA2007/000716
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The connectors of the present invention are particularly useful as mass-customized
cast steel or other cast metal connectors for predominately axially-loaded members.
Casting manufacturing enables the geometric freedom to design a cast steel connector
that fits between a HSS brace member and a single gusset plate (as an example) to
develop the full axial strength of the brace member. The connector itself can be
shaped to accommodate any standard HSS section of a given outer diameter (i.e.
variable wall thickness) with a pre-qualified complete joint penetration (CJP) groove

weld to the tube.

The benefits of this connection are numerous. First, provided that an appropriate
weld electrode 1s selected and an appropriate welding procedure, according to well
known methodologies, is followed, the resulting CJP groove weld between the HSS or
W-section and the connector 1s stronger than the brace member for the range of
overstrength that is expected in such structural members. Further, the bevelled edge
on the casting allows for the same welding protocol to be used for a brace member of
varying thickness. Generally speaking, HSS having approximately 100-500 mm outer
diameter and 3.2-16.0 mm wall thickness are suitable for seismic applications. Since
each connector can fit a range of section sizes, a small number of connectors — one for
each standard tube outer diameter — would cover a range of brace options, thus one or
two connector types can be used throughout an entire building structure with the

appropriate storey shear being achieved by varying the wall thickness of the brace.

An additional benefit of the cast connector design of the present invention is that since
casting manufacturing 1s predisposed to mass production, the cost per connector can
be dramatically reduced with repetition, undercutting the cost of individually
designing, detailing, and fabricating the reinforced, fabricated HSS-to-gusset
connections. The improved aesthetics of the compact and streamlined connector also

promote 1ts use 1n architecturally exposed steel applications.

Attachment of the other end of the connector either directly to the structural frame or
to one or more gusset plates attached to the structural frame accommodates simple
fabrication, construction, and site erection. Furthermore, leaving a gap between the
end of the connector and any structural element ensures that the flexural plastic hinge
that forms at the brace end during compressive buckling will occur 1n the gusset plate

rather than 1n the brace.

PCT/CA2007/000716
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Alternatively, the connector can include a plastic hinge portion located away from the
gusset plate allowing the formation of a flexural plastic hinge induced during
compressive brace buckling to occur in the cast connector rather than in the connected

agusset plate, as discussed below.

The connector of the present invention 1s intended to develop the full axial capacity
of, or any particular design load in, a connected structural steel member. One end of
the cast connector can be designed to couple with any typical standard tfabricated
structural connection, such as a gusset plate of standardized dimensions, or be welded
directly to the structural frame, for example, at a beam-column intersection or along a
truss. The other end of the connector 1s designed to connect to a range of brace
members of various sizes. For HSS, the connector 1s compatible with a given outer
geometry but of variable wall thickness. For W-sections, the connector 1s compatible
with a given web height but of variable flange and web thicknesses. This particular

feature allows for mass-customization of connectors.

As shown in FIGS. 1A to 1D, a connector 10 includes a first end 12, an intermediate

portion 14 and a second end 16. Connection to the structural member 1s achieved

using the first end 12.

The first end 12 1s chamfered or bevelled at a distal end so that i1t can be used with
corresponding structural member 18 of different thicknesses, as can best be seen in
FIGS. 2A and 2B. In this case, the structural member 1s a HSS brace member. The
angle of the bevel, a, can be selected so that a groove weld produces a weld portion
20 which 1s of sufficient volume to effect a good weld, preferably 45 to 60 degrees.
In particular, the bevel in the first end 12 enables complete joint penetration groove
welding between the first end 12 and a brace member. A complete joint penetration
groove weld develops the full axial capacity of a given brace member under severe
seismic conditions. The bevel in the first end 12 also facilitates alignment and
centering with the brace member. FIG. 3 illustrates a polished and chemically etched

section cut through the CJP groove weld between a connector and a HSS 168 x 9.5

mm brace member.

One advantage of the present invention 1s that the connector 10 may be attached to the

structural member 18 on or off site. Generally speaking a weld that need not be made

on site 1s a better weld with more reliable properties.

PCT/CA2007/000716
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The connector 10 has a second end 16 that 1s adapted to be bolted to one or more
standard fabricated end connections 22 as can best be seen in FIGS. 4A, 4B, S5A and
SB. The second end 16 may have a plurality of holes 24 (FIG. 1A) therein adapted to
receive bolts when connected to standard fabricated end connections 22, such as a

gusset plate. The end connections 22 enable the bracing member 18 to be attached to

the structural frame 26 to be braced.

Alternatively, the second end 16 may be adapted to be welded to one or more standard
fabricated end connections and in that instance no holes would be required (not
shown). Furthermore, the second end 16 may be adapted to be welded directly to the

structural frame 26, whether directly to a beam-column intersection, to a truss,

directly to a beam or column, etc.

The intermediate portion 14 1s shown to include a gradual slope or curvature from the
first end 12 to the second end 16, improving castability and allowing tor the gradual

dispersion of forces between the brace member 18 and the end connection 22.

As shown in FIG. 5A, two cast connectors 10 can be shop-welded to the ends of a
brace member 18 allowing for bolted installation of the brace-connector assembly 1n
the building frame 26. In FIG. 5B the cast connector 1s shown connected to a

standard fabricated end connection located in a beam-column intersection of the

structural frame.

[t should be understood that the configuration of the second end 16, namely the
thickness, the number and orientation of holes 24 adapted to receive bolts when
connected to standard fabricated end connections 22, will vary greatly depending on

the particular axialloading capacity requirements and dimensions of the connector 10.

As will be appreciated by those skilled in the art this connection can be used with
hollow structural sections of different thicknesses. Further this connection allows for
erection tolerances in length and angle of the brace while still connecting to a circular,

square, rectangular and elliptical or oval hollow section without requiring profiling,

bevelling or chamfering of the structural member.

PCT/CA2007/000716
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For example, FIG. 6 illustrates a connector 28 having a first end 30 for connecting

with an oval-shaped HSS. FIG. 7 illustrates a connector 32 having a first end 34 for

connecting with a square-shaped HSS brace member.

As shown in FIGS. 8A, 8B and 8C, another embodiment of the connector 36 can
include a flexural plastic hinge portion 38 which 1s spaced away from the gusset plate.
This allows the formation of a flexural plastic hinge, induced during compressive
brace buckling, to occur in the cast connector 36 rather than in the connected gusset

plate, thereby preserving the gusset plate and the beam-column intersection in the

event of severe seismic conditions.

Referring to FIGS. 9A and 9B, a further embodiment of the connector of the present
invention 1s particularly designed for use 1n association with a W-section brace
member. In this case, the connector will have a corresponding W-section first end 40
that 1s adapted to be welded to the W-section brace member 42. In particular, the end
40 includes opposing bevelled edges 44 having a generally V-shaped groove 46 for
receiving a web portion 48 of the brace member 42, and the end 40 further includes a

web bevelled edge 50 for receiving the web portion 48. The V-shaped groove 46 acts
to align and center the first end 40 with the brace member 42. The bevelled edges 44

and 50 enable a complete joint penetration weld to be made between the first end 40

with the brace member 42 for brace members of varying flange and web thicknesses.

It will be appreciated by those skilled in the art that the connectors of the present
invention may be cast from various materials. It will be particularly useful to cast
these connectors 1n steel. Also, different alloys and different types of steel may be
used for the casting depending on the properties that are required for the particular

application.

PCT/CA2007/000716
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Example

HSS brace members having an outer diameter of 168 mm were selected as an example
for use with a connector in accordance with the present invention. The HSS brace
members had an outer diameter of 168 mm, and different wall thicknesses. Such
brace members are readily available from most steel tube manufacturers as this 1s a
common pipe size. Further, the nominal radius of gyration for most of the available
|68 mm tubes provides slenderness ratios that are below 200 at typical brace member
lengths (a requirement for tension-compression braces). Finally, the yield capacity of
168 mm diameter tube ranges from approximately 550 to 3,000 kN (125 to 675 kip),
depending on the wall thickness and steel grade. This gives the end user of the
connector the ability to provide the appropriate level of lateral strength to each storey

of a medium-rise structure while specifying the same cast connector.

The bolted end of the casting was designed to resist the highest probable yield
strength of the thickest walled 168 mm CHS brace members that are typically
available in North America: HSS 168x13 CAN/CSA-G40.20/G40.21 Grade 350W
and HSS 6.625x0.500 ASTM AS500 Grade C. This was achieved using 12 1-inch
diameter ASTM A490 bolts for connection to a 30 mm gusset plate. The 12
pretensioned high-strength bolts provide sufficient slip resistance (assuming a blast
cleaned faying surface) to carry the probable yield strength of the largest available
168 mm HSS. While a ship-critical connection 1s not specifically required in certain
regulatory codes (unlike the use of pretensioned bolts), slip-critical connections
perform better under cyclic loading regimes and are preferred 1n seismic applications.
Further, increasing the number of bolts beyond the number that would be required to
satisty the bolt shearing design requirement ensures that the connector will remain
virtually fully elastic in the bolt region. This could allow for reuse of the connector
after a seismic event. In practice, the end user of the connector can specify the
number of bolts to use based on the strength of the connected tube. The end user also
has the option of cutting off the extra length of the connector tab for aesthetic

purposes, 1f so desired.

Design of the casting between pre-determined boundary conditions was carried out
using 3-dimensional solid modeling software with consideration for the flow of force

though the connector and bearing in mind the limitations of casting manufacturing.

10

PCT/CA2007/000716
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For sand casting, the steel casting process most commonly used for structural
engineering-sized components, and the process used for the manufacture of the
connector prototypes, transitional geometry is kept smooth to ensure quality casting.
Further, the casting’s geometry should be conducive to directional solidification,
thereby reducing the need for risering and other special and costly casting

considerations.

As designing a component that can be cast soundly is paramount, iterations of stress
design followed by foundry analysis is generally required, with recommendations
being made by the foundry to improve solidification of the finished product. For the
cast connector of the present example, foundry suggestions resulted in an 18%

increase 1n the connector’s mass.

With reference to FIGS. 10A and 10B, the dimensions of the example connector are

as follows:

Outer Diameter = D = 168 mm
Length=L =510 mm

Maximum Gusset Length = L, = 330 mm
Gap =g =31 mm

Tab Thickness =t =23 mm

Tab Width = W = 282 mm

In concentrically braced frames, the brace member itself 1s the energy-absorbing
element. Therefore, according to the principles of capacity design, the cast connector
preferably remains elastic during tensile yielding of the brace member, buckling of
the brace, or plastic hinging of the brace at midspan and at the two brace ends, due to
overall or local inelastic buckling. The elastic behavior of the connector was
established using finite element stress analysis during the design process of the

prototype connector.

A solid modeling software package was used for the 3-dimensional design of the
example connector. This model was forwarded to the foundry for their use n
producing the pattern from which the sand moulds for the prototypes were made. For

the purposes of finite element stress analysis, the connector model was modified to
include a complete joint penetration groove weld between a 336 mm long (2

diameters) HSS 168x13 brace member of nominal diameter and thickness and the cast

11

PCT/CA2007/000716
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connector. Because of symmetry, finite element modeling of only a quarter of the
assembly was required. The geometry of the part was exported directly into finite
element analysis software. Solid bodies were meshed using higher order 3-
dimensional tetrahedral solid elements, with each element defined by 10 nodes having
three degrees of freedom at each node. These elements have quadratic displacement
behavior and are best suited for modeling solid bodies that are curved or have
irregular boundaries. Symmetry boundary conditions were required on three taces of
the model such that the finite element model analyzed represented a full brace-
connector assembly. As the gusset plate to which the connector bolts keeps the cast
connector tabs from moving inward, a “compression only” boundary condition was
applied to the inside face of the connector tab. Finally, displacements were applied to
the internal faces of the 27-mm diameter bolt holes over a width of 25.4 mm (1-inch)
to reproduce the effects of bolt bearing. It 1s important to note that the
aforementioned boundary conditions do not permit overall brace buckling. The
boundary conditions do, however, permit symmetric local buckling of the circular
brace member in the example provided. As a result, the stresses produced during
finite element analysis for compressive loading represented an upper bound on those
that would actually be present in the connector during overall brace buckling.
“urther, as linear strain hardening was assumed for the cast matenial, stresses and

deformations calculated that are beyond yielding of the casting are conservatively

large.

Non-linear analysis was carried out by applying incremental displacements to the
bearing faces of the bolt holes. In reality, the bolts are pretensioned resulting in load
transfer through distributed frictional stresses between the cast tabs and the gusset
plate, however, application of displacement in this manner adequately emulated static
displacement-control loading of the connector assembly and also produced
conservatively large stress concentrations at the bolt holes. Non-linear matenal
properties were considered and geometrical non-linearities were taken into account by
allowing large deformations, which also permitted shape change during loading.
Reduced integration was used for the formulation of the local stiffness matrix of each

element.

Finite element analysis confirmed that when the brace assembly was loaded, inelastic

deformations were localized in the brace member up to the probable yield capacity of

12
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the brace as shown in FIG. 11. Further, finite element stress analysis showed that
when a tensile or compressive deformation was applied to the connector that caused a
brace force corresponding to the design yield force, AR, F), stresses in the casting were
generally below the cast steel nominal yield stress of 345 MPa. Stresses only
exceeded 345 MPa in the weld region, which was both expected and acceptable as the
weld metal will exhibit higher strength levels than were accounted for in the finite
clement analysis. The stress distribution in the tubular brace was uniform at a very
small distance from the welded connection, showing none of the shear-lag issues

associated with the typical weld fabricated slotted tube-to-gusset connections.

FIG. 12A and 12B 1llustrate modelled equivalent (von-Mises) stresses in the
connector and weld due to compressive yielding of a HSS 168x13 brace that 1s
supported against overall buckling. FIG. 13A and 13B 1llustrate modelled equivalent

(von-Mises) stresses in the connector and weld due to tensile yielding of a HSS

|68x13 brace.

Prototype cast steel connectors were manufactured with steel produced to ASTM
A958 Grade SC8620 Class 80/50. This cast material has a chemical composition
similar to that of a standard wrought steel grade and 1s considered a weldable base
metal according to CSA W59 provided that the silicon content of the casting does not
exceed 0.55% by weight. Material produced to this specification has a minimum
vield stress of 345 MPa, a minimum ultimate tensile strength of 550 MPa, a minimum
elongation of 22%, and a reduction in area of 35% in 50 mm. An additional Charpy
V-Notch (CVN) impact test value requirement of 27 Joules (20 ftelb) at -20°C (-4°F)
was specified to ensure the connection had a suitable toughness at the weld region
between the connector and the brace. This exceeds the general toughness requirement
for energy-dissipating elements or welded parts, but more closely corresponds with

the CVN requirement for the weld filler material required for dynamically loaded

connections.

With respect to welding procedure, a suitable protocol was prepared tfor a CJP groove
weld from one side on steel backing with a 60 degree vee or bevel joint having a 3

mm root gap.

Proof-of-concept laboratory testing consisted of pseudo-dynamic testing and static

tensile testing of connector-brace assemblies as well as destructive examination of a

13
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cast connector. Test results from static and pseudo-dynamic testing of concentrically
loaded brace-connector assemblies demonstrated that the use of a cast steel connector
1s a viable means of connecting to tubular brace members for seismic (or even static)
applications. Correlation between laboratory measurements and the finite element

>  results served to validate the finite element modeling conducted for the purpose of

designing the connector.

It will be appreciated that the above description is related to the invention by way of
example only. Many vanations on the invention will be obvious to those skilled 1n
the art and such obvious variations are within the scope of the invention as described

[0 herem whether or not expressly described.

14



CA 02649585 2014-10-14

CLAIMS
What is claimed is:

1. A structural connector for use in a brace assembly for a structural frame, the brace
assembly including a brace member having a yield capacity, the brace member being a hollow
structural section having outside diménsions and inside dimensions, wherein the connector can
accommodate substantially all or all of the vyield cabacity of the brace member during loading,
the connector comprising:

(a) a first end configured to receive the brace member and be connected to the

brace member:

(b) a second end adapted to be connected to at least one standard fabricated end
connection by means of welding or by means of bolting, the standard fabricated end
connection for connection to the structural frame; and

(C) an intermediate portion disposed between the first end and the second end, the
intermediate portion being sloped between the first end and the second end;

the first end including a bevel enabling complete joint penetration groove welding
between the first end and the brace member, the bevel being disposed on a distal end of
the first end, the distal end having dimensions less than or equal to the inside
dimensions of the hollow structural section, and the bevel being configured to receive a
plurality of different hollow structural sections of different inside dimensions and

generally equal outside dimensions;

and the first end, the second end and the intermediate portion being disposed within an

axis defined by the brace member.

2. The connector of claim 1, wherein the hollow structural section has a cross-section that

is generally circular, rectangular, square, oval, or eliiptical.
3. The connector of claim 1, wherein the intermediate portion includes a fliexural plastic
hinge region.

4. The connector of claim 1, wherein the standard fabricated end connection is a gusset

plate.

5. The connector of claim 1, wherein the second end includes a plurality of holes drilled
therein for receiving a corresponding plurality of bolts, and wherein the standard fabricated end

connection is a gusset plate and the second end is operable to be bolted to the gusset plate.
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6. The connector of claim 1 for use in static, quasi-static or dynamic applications.

7. The connector of claim 6, wherein the distal edges include notches for receiving a web
portion of the end of a W-section.

8. The connector of claim 1, wherein the loading includes dynamic loading and static
loading.

9. The connector of claim 8, wherein the dynamic loading includes seismic induced

loading, wind induced loading and blast induced loading.

10. The connector of claim 9, wherein the seismic induced loading includes severe seismic
loading.

11. The connector of claim 1, wherein the connector is a cast structural connector or forged
structural connector.

12. The connector of claim 1, wherein the connector is a cast structurai connector.

13. The connector of claim 1, wherein the connector can accommodate all of the yield
capacity of the brace member.

14. A structural connector for use in association with a W-section and a structural frame, the
W-section having a web portion and flange portions and dimensions between the flange
portions and having a yield capacity, wherein the connector can accommodate substantially all
or all of the yield capacity of the W-section during loading, the connector comprising:

(3) a first end;

(b) a second end adapted to be connected to the structural frame; and
(c) an intermediate portion;

wherein the first end is configured to receive an end of the W-section, the first end
including bevelled distal edges, the distal edges having dimensions equal to or smaller
than the dimensions between flange portions of the W-section, the first end adapted to
be connected to the W-section, and wherein the bevelled distal edges enable complete
joint penetration groove welding between the first end and the end of the W-section.

15.  The connector of claim 14, wherein the first end, the second end and the intermediate
portion are disposed within an axis defined by the W-section.

16. The connector of claim 14, wherein the intermediate portion includes a flexural plastic
hinge region.
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17. The connector of claim 14, wherein the bevelled distal edges include notches for

receiving a web portion of the end of the W-section.

18. ‘The connector of claims 14, wherein the loading include dynamic loading and static
loading.

19. The connector of claim 18, wherein the dynamic loading includes seismic induced
loading, wind induced loading and blast induced loading.

20. The connector of claim 19, wherein the seismic induced loading includes severe seismic
loading.
21. The connector of claim 14, wherein the connector is a cast structural connector or a

forged structural connector.
22. The connector of claim 14, wherein the connector is a cast structural connector.

23. The connector of claim 14, wherein the connector can accommodate all of the yield
capacity of the W-section.

24. A structural brace assembly comprising a structural frame, a structural connector, at
least one standard fabricated end connection, and a brace member, the brace member having a
yield capacity characterised in that the connector can accommodate substantially all or all of the
yield capacity of the brace member during loading, wherein the structural connector comprises:

(a) a first end configured to receive the brace member and be connected to

the brace member,

(b) a second end adapied to be connected to the at least one standard
fabricated end connection by means of welding or by means of bolting, the at

least one standard fabricated end connection being connected to the

structural frame; and
(¢) an intermediate portion disposed between the first end and second end;

wherein the first end includes a bevel means for receiving the brace member, the ﬁt‘st
end for connecting to the brace member, wherein the connector can accommodate
substantially all or all of the vield capacity of the brace member during loading.

295. The brace assembly of claim 24, wherein the bevel enables complete joint penetration
groove welding between the first end and the brace member.

26. The brace assembly of claim 24, wherein the first end, the second end and the
intermediate portion are disposed within an axis defined by the brace member.
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27. The brace assembly of claim 24, wherein the intermediate portion of the connector
iIncludes a flexural 'plastic hinge region.

28. The brace assembly of claim 24, wherein the brace member is a hollow structural
section or a W-section.

29. The brace assembly of claim 24, wherein the standard fabricated end connection is a

gusset plate.

30. The brace assembly of claims 24, wherein the loading includes dynamic loading and
static loading.

31. The brace assembly of claim 30, wherein the dynamic loading includes seismic induced
loading, wind induced loading and blast induced loading.

32. The brace assémbiy of claim 31, wherein the seismic induced loading Iincludes severe
seismic loading.

33. The brace assembly of claim 24, wherein the connector is a cast structural connector or
a forged connector.

34.  The brace assembly of claim 24, wherein the connector is a cast structural connector.

35. The brace assembly of claim 24, wherein the connector can accommodate all of the

yield bapacity of the brace member.

36. A method of assembling a brace assembly to a structural frame, the structural frame

including a gusset plate end connection, the brace assembly comprising:
N (a) a brace member having a yield capacity; and
(b)  a structural connector, the connector including:
(i} afirst end,
(i) a second end; and
(i) an intermediate portion disposed between the first end and second end;

wherein the first end includes a bevel means for receiving the brace member,
the bevel means enabling complete joint penetration groove welding between
the first end and the brace member, and wherein the connector can
accommodate substantially all or all of the yield capacity of the brace member

during loading,
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the method comprising attaching to the end connection the second end of the connector
by means of bolting, wherein the first end of the connector and the hollow structural

section are prewelded.

37. The method of claim 36, wherein the first end, the second end and the intermediate
portion are disposed within an axis defined by the brace member.

38. The method of claim 36, wherein the intermediate portion of the connector inciudes a

flexural plastic hinge region.

39. The method of claim 386, wherein the connector is a cast connector or a forged
connector.

40. The method of claim 36, wherein the connector is a cast connector.

41. The connector of claim 36, wherein the connector can accommaodate ali of the yield

capacity of the brace member.

42. A method of assembling a brace assembly to a structural frame, the structural frame
including a gusset plate end connection, the brace assembly comprising:

(a) a brace member having a yield capacity; and
{(b) a: structural connector, the connector including:
(i) afirst end;
(i) a second end; and
(i) an intermediate portion disposed between the first end and second end;

wherein the first end includes a bevel means for receiving the brace member,
the bevel means enabling complete joint penetration groove welding between
the first end and the brace member, and wherein the connector can
accommodate substantially all or all of the yield capacity of the brace member

during loading,
the method comprising:

(A) attaching the end connection to the second end of the structural connector by means
of bolting; and

(B) welding the first end of the connector to the brace member.

43, The method of claim 42, wherein the first end, the second end and the intermediate |

portion are disposed within an axis defined by the brace member.
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44, The method of claim 42, wherein the brace member is a hollow structural section.

45, The method of claim 42, wherein the connector is a cast structural connector or forged
connector. |

46, The method of claim 42, wherein the connector is a cast structural connector.

47. The method of claim 42, wherein the intermediate portion of the connector includes a

flexural plastic hinge region.

48. The connector of claim 42, wherein the connector can accommeodate all of the yield
capacity of the brace member.

49. A use of a structural connector in a brace assembly, the brace assembly including a
brace member having a y‘ield capacity, to protect a structural frame from loading, wherein the
connector can accommodate substantially all or all of the yield capacity of the brace member

during the loading, the connector comprising:

(a) a first end configured to receive the brace member and be connected to the
brace member;

(b) a second end adapted to be connected to the structural frame; and
(C) an intermediate portion disposed between the first end and the second end,

the first end, the second end and the intermediate portion are being disposed within an
axis defined by the brace member;

wherein the first end includes a bevel enabling complete joint penetration groove welding
between the first end and the brace member.

50. A structural connector for use in a brace assembly for a structural frame, the brace
assembly including a brace member having a vield capacity, wherein the connector can
accommodate substantially all or all of the vield capacity of the brace member during loading,

the connector comgprising:

(a) a first end configured to receive the brace member and be connected to the brace member,
the first end including a bevel enabling complete joint penetration groove welding between the
first end and the brace member;

(b) a second end having two plates with a gap in between the two plates, the gap configured for
receiving at [east one standard fabricated end connection between the two plates, the standard
fabricated end connection for connection to the structural frame; and

(c) an intermediate portion disposed between the first end and the second end.
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91. The connector of claim 50, wherein the first end, the second end and the intermediate
portion are disposed within an axis defined by the brace member.

92. The connector of claim 50, wherein the brace member is a hollow structural section having
outside dimensions and inside dimensions and wherein the bevel is disposed on a distal end of

the first end, the distal end having dimensions less than or equal to the inside dimensions of the
hollow structural section.

63. The connector of claim 52, wherein the hollow structural section has a cross-section that is

generally circular, rectangular, square, oval, or elliptical.

54. The connector of claim 53, wherein the bevel is configured to receive a plurality of different
hollow structural sections of different inside dimensions and generally equal outside dimensions.

53. The connector of claim 50, wherein the intermediate portion is sloped between the first end
and the second end.

86. The connector of claim 50, wherein the intermediate portion includes a flexural plastic hinge
region.

57. The connector of claim 50, wherein the second end is bolted or welded to the at least one

standard fabricated end connection.

58. The connector of claim 57, wherein the standard fabricated end connection is a gusset

plate.

59. The connector of claim 50, wherein the plates of the second end include a plurality of holes
drilied therein for receiving a corresponding plurality of bolts, wherein the standard fabricated
end connection 1s a gusset plate and wherein the second end is operable to be bolted to the
gusset plate.

60. The connector of claim 50 for use in static, quasi-static or dynamic applications.

61. The connector of claim 60, wherein the distal edges includes notches for receiving a web

portion of the end of a W-section.

62. The connector of claim 50, wherein the loading includes dynamic loading and static
loading.

63. The connector of claim 62, wherein the dynamic loading includes seismic induced loading,
wind induced loading and blast induced loading,.

64. The connector of claim 63, wherein the seismic induced loading includes severe seismic
loading.
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65. The connector of claim 50, wherein the connector is a cast structural connector or forged
structural connector.

66. The connector of claim 50, wherein the connector is a cast structural connector.
67. The connector of claim 50, wher_ein the first end is bolted or welded to the brace member.

68. The connector of claim 50, wherein the connector can accommodate all of the yield

capacity of the brace member.
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