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(57) ABSTRACT 

A lateral bracing system is disclosed for affixing a column to 
a beam in a construction. The lateral bracing system includes 
a pair of buckling restraint blocks, one each affixed to a top 
and bottom flange of a beam. Each buckling restraint block 
includes one or more bores formed through a center of the 
block. The lateral bracing system further includes at least one 
yield link for each buckling restraint block. Each yield link 
includes a first end affixed to the column, and a second end fit 
through a bore in a buckling restraint block and affixed to an 
end of the buckling restraint block. 
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MOMENT FRAME CONNECTOR 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present application claims priority to U.S. Pro 
visional Patent Application No. 60/871.587, entitled 
“Moment Frame Connector', filed Dec. 22, 2006, which 
application is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to hysteretic damping 
for structures used in light-framed constructions, and in par 
ticular to a lateral bracing system constructed to provide a 
high degree of energy dissipation through hysteretic damping 
along with high initial stiffness So that energy is dissipated at 
low force thresholds within a light-framed construction. 
0004 2. Description of the Related Art 
0005. Shear stresses due to natural phenomena such as 
seismic activity and high winds can have devastating effects 
on the structural integrity of light-framed constructions. Lat 
eral forces generated during Such natural phenomena may 
cause the top portion of a wall to move laterally with respect 
to the bottom portion of the wall, which movement can result 
in damage or structural failure of the wall and, in some 
instances, collapse of the building. 
0006. In constructions such as residences and small build 
ings, lateral bracing systems were developed to counteract the 
potentially devastating effects of shear stress on the structural 
integrity of light-framed constructions. Although various 
designs are known, one type of lateral bracing system 
includes vertical Studs spaced from each other and horizontal 
beams affixed to and extending between the studs. The beams 
are affixed to the studs in a manner aimed at increasing struc 
tural performance of the connection under lateral loads. 
0007. Many conventional lateral bracing systems perform 
well initially under lateral loads, but yield and fail upon the 
repetitive lateral loads which often occur during significant 
seismic activity and high winds. Upon appreciable yield or 
failure of the lateral bracing system, the entire system must be 
replaced. 
0008 Another consideration unrelated to loading of struc 
tures is the ease and effectiveness with which such structures 
may be erected by crews at a worksite. One task which adds 
to the time, complexity and cost of constructions is having to 
weld components together at the worksite. Bolted connec 
tions are typically preferred, in that they may be accom 
plished more quickly, effectively and without the additional 
equipment and labor costs associated with welding. 

SUMMARY 

0009 Embodiments of the present invention, roughly 
described, relate to a lateral bracing system for affixing a 
column to a beam in a construction. In embodiments, the 
lateral bracing system includes a pair of buckling restraint 
blocks, one each welded to a top and bottom flange of a beam. 
Each buckling restraint block includes one or more bores 
formed through a center of the block. The lateral bracing 
system further includes at least one yield link for each buck 
ling restraint block. Each yield link includes a first end affixed 
to the column, and a second end fit through a bore in a 
buckling restraint block and affixed to an end of the buckling 
restraint block. 
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0010. The lateral bracing system has sufficient stiffness 
and rigidity to provide a high degree of resistance to deflec 
tion under applied lateral loads. However, at lateral loads 
above a controllable and predictable level, the structure of the 
present invention provides for stable yielding of the yield 
links. In this way, the applied lateral loads are hysteretically 
dampened from the system, and a high degree of energy is 
dissipated, thereby preventing damage to the frame. More 
over, the energy dissipation and stable yielding of the yield 
links allow the frame to withstand repeated deflection under 
lateral loads without failure. 
0011. In embodiments, a beam may be delivered to the 
worksite having the buckling restraint blocks welded, glued 
or otherwise affixed thereto. Once at the worksite, the yield 
links may be inserted into the bores in the buckling restraint 
blocks and affixed to the buckling restraint blocks and col 
umns. Thus, minimal fabrication of the lateral bracing system 
of the present invention is required at the worksite. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a perspective view of a beam connected to 
a column by a lateral bracing system according to an embodi 
ment of the present invention. 
0013 FIG. 2 is a front view of the lateral bracing system 
according to FIG. 1. 
0014 FIGS. 3-5 are perspective views of a beam con 
nected to a column by a lateral bracing system according to a 
further embodiment of the present invention. 
(0015 FIG. 6 is a front view of the lateral bracing system 
shown in FIGS. 3-5. 
0016 FIG. 7 is a top view of the lateral bracing system 
shown in FIGS. 3-5. 
(0017 FIG. 8 is a side view of a yield link of the lateral 
bracing system shown in FIGS. 3-5. 
0018 FIG.9 is an end view of a buckling restraint block of 
the lateral bracing system shown in FIGS. 3-5. 
(0019 FIG. 10 is a side view of a buckling restraintblock of 
the lateral bracing system shown in FIGS. 3-5. 
0020 FIG. 11 is a side view of a yield link according to an 
alternative embodiment of the present invention. 
0021 FIG. 12 is a side view of a buckling restraint block 
according to an alternative embodiment of the present inven 
tion. 
0022 FIG. 13 is a graph of lateral load vs. lateral displace 
ment of the frame for embodiments of the present invention. 

DETAILED DESCRIPTION 

0023 The present invention will now be described with 
reference to FIGS. 1 through 13, which in embodiments of the 
invention relate to a lateral bracing system having high initial 
stiffness and including yield links capable of effectively dis 
sipating energy generated within the lateral bracing system 
under lateral loads. It is understood that the present invention 
may be embodied in many different forms and should not be 
construed as being limited to the embodiments set forth 
herein. Rather these embodiments are provided so that this 
disclosure will be thorough and complete and will fully con 
vey the invention to those skilled in the art. Indeed, the inven 
tion is intended to cover alternatives, modifications and 
equivalents of these embodiments, which are included within 
the scope and spirit of the invention as defined by the 
appended claims. Furthermore, in the following detailed 
description of the present invention, numerous specific 
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details are set forth in order to provide a thorough understand 
ing of the present invention. However, it will be clear to those 
of ordinary skill in the art that the present invention may be 
practiced without such specific details. 
0024. Referring now to FIGS. 1 and 2, there is shown a 
frame 100 comprised in part of a horizontal beam 102 affixed 
to a vertical column 104. Each of the beam 102 and column 
104 includes an opposed pair of flanges connected by a cen 
tral diaphragm. Although referred to as a vertical column and 
a horizontal beam, it is understood that the column and beam 
may be affixed to each other at angles other than 90° in 
alternative embodiments. The beam 102 is affixed to the 
column 104 by means of a beam stub 110 including a lateral 
bracing system. The lateral bracing system is comprised of a 
pair ofbuckling-restrained braced devices 112, one on each of 
the top and bottom flanges of beam stub 110. Each buckling 
restrained braced device 112 includes a flat, "dog-bone' 
shaped yield link 114 welded or glued at its first end to a 
flange of the beam stub 110 and welded or glued at its second 
end to a flange of the column 104 (“dog bone' shaped in that 
it is narrower at a center portion than at its end portions). 
Covering the center portion of each yield link 114 is a buck 
ling restraint block 116. Blocks 116 are welded or glued to the 
respective flanges of the beam stub 110. 
0025. A shear tab 122 may further be provided between 
the beam stub 110 and column 104. The shear tab 122 may be 
affixed as by welding, gluing or bolting to a flange of column 
104 and as by welding, gluing or bolting to the central dia 
phragm of beam stub 110. The beam stub 110 additionally 
includes an end plate 124 welded at an end of the beam stub 
opposite shear tab 122. End plate 124 may be bolted to a 
similar end plate 126 to affix the beam 102 to the beam stub 
110 as explained hereinafter. 
0026. In operation, the pair of buckling-restrained braced 
devices 112 operate in tandem to oppose rotation of the beam 
relative to the column (i.e., rotation about the shear tab 122) 
under a lateral load. Attempted rotation in a first direction will 
place the first of the devices 112 in tension and the second of 
the devices in compression. Attempted rotation in the oppo 
site direction will place the first of the devices in compression 
and the second in tension. 

0027. The yield link 114 of the respective devices 112 
provides high initial stiffness and tensile resistance to relative 
movement between the column 104 and the beam 102 under 
lateral loads, but provides stable yielding and energy dissipa 
tion under lateral loads above a predictable and controlled 
level. In particular, the bending strength of the column and 
beam could be designed to exceed the moment capacity of the 
yield links 114, and in particular, the thinner center portions 
of yield links 114. Thus, the yield links 114 yield under lateral 
loads before yielding or failure of the column or beam, and 
any damage is limited to the yield links which may be easily 
removed and replaced. The buckling restraint blocks 116 
prevent buckling of the yield links under a compressive load. 
The shear tab 122 is provided to oppose vertical shear (i.e., 
along the length of column 104) under a vertical load. 
0028 Moreover, the lateral bracing system provided 
between beam 102 and column 104 as described with respect 
to the above and below embodiments allows the omission of 
the lateral-torsional buckling restraint system conventionally 
provided as part of the beam. That is, in prior art systems, a 
lateral-torsional buckling restraint system was provided as 
part of the beam to yield in the event of excessive lateral loads. 
These lateral-torsional buckling restraint Systems include a 
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yield link and lateral braces to prevent buckling of the beam. 
Through the use of the lateral bracing system according to the 
present invention, the lateral-torsional buckling restraint sys 
tem found on the beam in the prior art may be omitted. Having 
the ability to control, via a finite cap to the link moment 
capacity, the input demands on the beam through the lateral 
bracing system of the present invention, that is separate from 
the beam itself, allows the beam to be designed without brac 
ing. It also allows the beams and columns to be designed to 
remain elastic at the level of ultimate yield-link connection 
moment capacity. 
0029. Upon lateral loads, the yield links 114 exert forces 
on the flange of the column 104 to which the yield links are 
attached. Accordingly, continuity plates 130 may optionally 
be affixed to the affected flange of column 104 to oppose the 
forces exerted by the yield links. 
0030. As explained in the Background section, it is desir 
able to avoid welding at the worksite. Accordingly, in 
embodiments, the assembly and connection of beam 102 and 
column 104 may be accomplished as follows. Prior to arriving 
at the worksite, the first end of the yield links 114 and the 
buckling-restraint blocks 116 may be welded or glued to the 
beam stub 110. The end plate 124 may also be welded or 
glued to the stub 110. 
0031. The beam stub 110 may then be welded or glued to 
column 104 by welding/gluing the second end of the yield 
links 114 to the flange of column 104, and welding/gluing the 
shear tab to the diaphragm of column 104. The shear tab may 
then be bolted to the diaphragm of the beam stub 110. The 
joined beam stub 110 and column 104 may then be delivered 
to the worksite. The inclusion of beam stub 110 allows all 
welding/gluing to take place before the column arrives at the 
worksite. The end plate 126 may be welded or glued to the 
beam 102 and the beam may then be delivered to the worksite. 
Once at the worksite, the beam 102 may be affixed to the beam 
stub 110 by bolting the end plates 124 and 126 together. 
0032. An alternative embodiment of the present invention 

is now explained with respect to FIGS. 3 through 12. In this 
embodiment a lateral bracing system is provided which 
allows the omission of the beam stub 110 and provides a 
simpler yet effective design. Referring initially to FIGS. 3 
through 7, a frame 200 is comprised in part of a horizontal 
beam 102 affixed to a vertical column 104. Although referred 
to as a vertical column and a horizontal beam, it is understood 
that the column and beam may be affixed to each other at 
angles other than 90° in alternative embodiments. 
0033. The beam 102 is affixed to the column 104 by means 
of a lateral bracing system. The lateral bracing system is 
comprised of a pair of buckling-restrained braced devices 
212, one on each of the top and bottom flanges of beam 102. 
Each buckling-restrained braced device 212 includes one or 
more cylindrical yield links 214, each including threads at its 
ends as explained hereinafter. Each set of one or more yield 
links 214 may be provided within a buckling restraint block 
216 which is welded, glued or otherwise affixed to the upper 
and lower flanges of beam 102. 
0034. A shear tab. 222 may further be provided between 
the beam 102 and column 104. The shear tab 122 may be 
affixed as by welding, gluing or bolting to a flange of column 
104 and as by welding, gluing or bolting to the central dia 
phragm of beam 102. Column flange stiffeners 230 may 
optionally be affixed to the flange of column 104 to oppose the 
forces exerted by the yield links. 
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0035 FIG. 8 shows a side view of an embodiment of a 
cylindrical yield link 214 and FIGS. 9 and 10 show end and 
side views, respectively, of an embodiment of a buckling 
restraint block 216. Cylindrical yield link 214 may beformed 
of steel and includes first and second threaded ends 240, 242, 
and a center portion 244 between ends 240 and 242. Center 
portion 244 preferably has a smaller diameter than ends 240, 
242 So that, upon yielding as explained hereinafter, the yield 
link 214 yields at center portion 244. Tapered sections 246 
and 248 may be provided to smoothly transition from the 
diameter of ends 240,242 to centerportion 244. Although not 
shown, ends 240 and 242 may be chamfered to allow easy 
insertion into the buckling restraint block 216. Centerportion 
244 may include ribs 250, the purpose of which is explained 
hereinafter. It may be possible to form center portion 244 of a 
different material than ends 240 and 242, where the center 
portion has a lower modulus of elasticity. In Such an embodi 
ment, the center portion may be provided with the same 
diameter as end 240, and still be the first portion to yield upon 
tensile stresses above the center portion yield point. 
0036. In the embodiment of FIG. 8, the end 242 may have 
a larger diameter than end 240. As one example, end 242 may 
have a diameter of 1.30 inches, end 240 may have a diameter 
of 1.25 inches, and centerportion 244 may have a diameter of 
1.00 inch, except at ribs 250, which may have a diameter of 
1.25 inches. It is understood that each of the above dimen 
sions may vary above and below that set forth, either propor 
tionately or disproportionately to each other, in alternative 
embodiments. 

0037 Buckling restraint block 216 may be a block of 
metal such as aluminum or steel with one or more bores 260 
formed therethrough for receiving the one or more yield links 
214. Bores 260 may have a diameter which is approximately 
the same as the diameter of ribs 250 and/or end 240, with the 
end 264 being slightly larger to receive threaded end 242 of 
yield links 214. The length (along the length of beam 102) of 
block 216 may for example be 6.50 inches, the width (across 
the width of the flanges of beam 102) may be approximately 
equal to or slightly less than the width of the flanges of beam 
102, such as for example 7.00 inches, and the block 216 may 
have a height of 2.50 inches. When block 216 includes a pair 
of bores 260, the bores may be spaced from each other 4.00 
inches, centerline to centerline. It is understood that each of 
these dimensions may vary, either proportionately or dispro 
portionately to each other, in alternative embodiments. 
0038. The block 216 may include an end 262, through 
which end 240 of yield link 214 protrudes when the device 
112 is assembled as explained below, and an end 264 opposite 
end 262. A portion of bores 260 may be threaded adjacentend 
264, for receiving threaded end 242 of the yield link as 
explained below. 
0039 Beam 102 may be delivered to the worksite having 
block 216 welded, glued or otherwise affixed thereto. Column 
may be delivered to the worksite having sheartab 222 welded, 
glued or otherwise affixed thereto. Referring now to FIGS. 6 
through 10, once at the worksite, yield links 214 may be 
inserted into bores 260, with end 240 of yield link 214 
inserted first into end 264 of block 216 (i.e., right to left from 
the perspective of FIGS. 6 and 7). The smaller diameter 
portions 240, 244 and 250 of the yield link pass through the 
larger diameter bore 260 until threaded yield link end 242 
engages the threaded end of the bore. At that point, end 242 
may be threaded into block end 264 to affix the yield link 214 
to the buckling restraint block 216. The end 242 of yield link 
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214 may include ahead to drive the link into the block, but the 
head may be omitted in alternative embodiments. 
0040. For each yield link 214, the link is screwed in until 
link end 240 protrudes from block end 262. As seen for 
example in FIG. 6, a nut 270 is then threaded onto link end 
240, the end 240 passes through a hole formed in the flange of 
column 104, and a second nut 272 is threaded onto end 240. 
Once nuts 270 and 272 are tightened down on opposed sides 
of the column flange, the buckling-restrained braced device 
212 is fixed in position to oppose movement between beam 
102 and column 104. 

0041. In particular, the pair of buckling-restrained braced 
devices 212 operate in tandem to oppose rotation of the beam 
102 relative to the column 104 under a lateral load. The yield 
link 214 of the respective devices 212 provides high initial 
stiffness and tensile resistance to relative movement between 
the column 104 and the beam 102 under lateral loads, but 
provides stable yielding at center portion 244 and energy 
dissipation under lateral loads above a predictable and con 
trolled level. In particular, bending strength of the column and 
beam could be designed to exceed the moment capacity of 
portions 244 of yield links 214. Thus, the yield links 214 yield 
under lateral loads before yielding or failure of the column or 
beam, and any damage is limited to the yield links which may 
be easily removed and replaced. 
0042. The buckling-restraint blocks 216 prevent buckling 
of the yield links under a compressive load. In particular, the 
relative diameter of bore 260 to the diameter of the center 
portion 244 of the yield links 214 limits the amount which the 
yield links may buckle. As set forth above, the center portion 
244 may include ribs 250. The enlarged diameter of ribs 250 
further limit the amount to which the yield links 214 may 
buckle within bore 260 of buckling restraint block 216. In 
embodiments, there may be three ribs 250, but there may be 
one, two or more than three in alternative embodiments. In 
further embodiments, ribs 250 may be omitted altogether. 
0043. In the embodiments described with respect to FIGS. 
8 through 10, the link end 242 has a greater diameter than link 
end 240, thereby allowing the yield link to pass freely through 
the buckling restraint block 216 until engagement of the 
threads in link end 242 and block end 264. In the alternative 
embodiments of FIG. 11, the yield link 214 has ends 240 and 
242 with equal diameters, for example 1.25 inches. In such 
embodiments, the block 216 may have a bore 260 threaded 
along its entire length as shown in FIG. 12. The embodiment 
of FIGS. 11 and 12 may operate with or without ribs in the 
Smaller diameter center portion. 
0044. In accordance with the embodiments of the present 
invention described above with respect to FIGS. 1-12, the 
lateral bracing system has sufficient stiffness and rigidity to 
provide a high degree of resistance to deflection under applied 
lateral loads. However, at lateral loads above a controllable 
and predictable level, the structure of the present invention 
provides for stable yielding of the yield links. In this way, the 
applied lateral loads are hysteretically dampened from the 
system, and a high degree of energy is dissipated, thereby 
preventing damage to the frame. Moreover, the energy dissi 
pation and stable yielding of the yield links allow the frame 
100 to withstand repeated deflection under lateral loads with 
out failure. 
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0045. In the event the links are damaged upon yielding, the 
lateral bracing system may be restored to its virgin integrity 
and load bearing capabilities simply by removing and replac 
ing the yield links. The structural frame remains intact and 
need not be replaced. 
0046 FIG. 13 is a plot of the response of an embodiment 
of the buckling-restrained braced device 112 of FIGS. 1 
through 2 and an embodiment of the buckling-restrained 
braced device 212 of FIGS. 3 through 10 for applied lateral 
loads. As seen, both embodiments perform elastically until 
their yield point at about 22,000 lbs. lateral load. 
0047 Although the invention has been described in detail 
herein, it should be understood that the invention is not lim 
ited to the embodiments herein disclosed. Various changes, 
substitutions and modifications may be made thereto by those 
skilled in the art without departing from the spirit or scope of 
the invention as described and defined by the appended 
claims. 
What is claimed is: 
1. A lateral bracing system for use in constructions, the 

lateral bracing system comprising: 
a structural frame having a beam and a column; and 
a buckling restraint block affixed to the beam; and 
a yield link, threaded into the buckling restraint block and 

bolted to the column, the yield link capable of yielding in 
tension and compression to dissipate stress within the 
frame upon a lateral load applied to the structural frame. 

2. A lateral bracing system as recited in claim 1, wherein 
the buckling restraint block and yield link between the beam 
and column allows omission of a lateral-torsional buckling 
restraint system on the beam. 

3. A construction including a beam and a column, the 
construction comprising: 

a buckling restraint block capable of being affixed to an end 
of the beam, the buckling restraint block including a first 
end nearest the end of the beam when the block is affixed 
to the beam, a second end opposite the first end and a 
bore between the first and second ends; and 

a yield link including a first end capable of being affixed to 
the column, and a second end fit through the bore in the 
buckling restraint block and capable of being affixed to 
the second end of the buckling restraint block, the yield 
link capable of yielding in tension and compression to 
dissipate stress within the frame upon a lateral load 
applied to the beam and/or column. 

4. A construction as recited in claim 1, wherein the second 
end of the yield link is threaded to mate with threads on the 
second end of the buckling restraint block. 

5. A construction as recited in claim 1, wherein the yield 
link includes a middle section having a lower strength than 
the first and second ends, the yield link yielding at the middle 
section upon a given tensile force. 

6. A construction as recited in claim 5, wherein the middle 
section has a smaller diameter than the first and second ends. 

7. A construction as recited in claim 1, further comprising 
one or more ribs of larger diameter in a middle section of the 
yield link, the one or more ribs opposing buckling of the yield 
link by coming into contact with walls of the buckling 
restraint block defining the bore. 

8. A construction as recited in claim 7, wherein the one or 
more ribs comprise three ribs. 

9. A construction as recited in claim 1, wherein the second 
end of the yield link has a larger diameter than the first end of 
the yield link. 
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10. A construction, comprising: 
a column; 
a beam; 
a shear tab affixed between the column and beam; and 
a lateral bracing system affixed between the column and 

beam, including: 
a pair ofbuckling restraint blocks, one each on a top and 

bottom flange of the beam, each buckling restraint 
block including a first end affixed to an end of the 
beam, a second end opposite the first end and at least 
one bore between the first and second ends; and 

a pair of yield links, each yield link including a first end 
affixed to the column, and a second end fit through the 
bore in one of the buckling restraint blocks and affixed 
to the second end of one of the buckling restraint 
blocks, a yield link of the pair of yield links capable of 
yielding intension and compression to dissipate stress 
within the frame upon a lateral load applied to the 
beam and/or column. 

11. A construction as recited in claim 10, wherein each 
buckling restraint block includes a pair of parallel bores. 

12. A construction as recited inclaim 11, wherein each bore 
in a buckling restraint block includes yield link therethrough. 

13. A construction as recited in claim 10, wherein the 
second end of each yield link is threaded to mate with threads 
on the second end of each buckling restraint block. 

14. A construction as recited in claim 10, wherein each 
yield link includes a middle section having a smaller diameter 
than the first and second ends. 

15. A construction as recited in claim 10, further compris 
ing one or more ribs of larger diameter in a middle section of 
each yield link, the one or more ribs opposing buckling of the 
yield link by coming into contact with walls of the buckling 
restraint block defining the bore. 

16. A construction as recited in claim 15, wherein the one 
or more ribs comprise three ribs. 

17. A method of assembling a frame having a beam, col 
umn and lateral bracing system therebetween, comprising the 
steps of: 

(a) affixing a buckling restraint block to a first one of the 
beam and column; 

(b) affixing a yield link to the buckling restraint block; and 
(c) bolting the yield link to a second one of the beam and 

column. 

18. A method as recited in claim 17, said step (a) of affixing 
a buckling restraint block to a first one of the beam and 
column comprising the step of affixing the buckling restraint 
block by one of gluing or welding. 

19. A method as recited in claim 17, said step (b) of affixing 
a yield link to the buckling restraint block comprising the step 
of screwing a threaded end of the yield link into a threaded 
portion of the buckling restraint block. 

20. A method as recited in claim 17, said step (a) of affixing 
a buckling restraint block to a first one of the beam and 
column comprising the step of affixing the buckling restraint 
block to one of the beam and column prior to the beam and 
column arriving at a worksite. 

21. A method as recited in claim 17, the buckling restraint 
block affixed in said step (a) and the yield link affixed in said 
step (b) together resisting lateral deflection of the beam rela 
tive to the column, but yielding at a center portion of the yield 
link upon loads above a threshold level. 
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22. A method as recited in claim 17, the buckling restraint 
block affixed in said step (a) and the yield link affixed in said 
step (b) together resisting lateral deflection of the beam rela 
tive to the column placing tensile forces on the yield link by 
the yield strength of the yield link. 

23. A method as recited in claim 17, the buckling restraint 
block affixed in said step (a) and the yield link affixed in said 
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step (b) together resisting lateral deflection of the beam rela 
tive to the column placing compressive forces on the yield 
link by the yield link being constrained against buckling by 
the walls of the bore of the buckling restraint block. 

c c c c c 


