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SLEEVED BRACING USEFUL IN THE

a peak value of rotation has been reached, the building and

CONSTRUCTION OF EARTHQUAKE

its frameWork Will rotate in the reverse direction. During
such angular acceleration, and due to the mass of the

RESISTANT STRUCTURES

building, the building frame Will be subjected to additional
cyclical lateral loads F1, F2, and F3, as shoWn by the arroWs
in FIG. lfand FIG. 1g.
During plan rotation of the ground, the building Will rotate
in plan With an angular acceleration and, after reaching a

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of PCT/IN00/
00087, With an international ?ling date of Sep. 12, 2000, for

peak rotation, Will rotate in the reverse direction. Because of
the mass of the building and the angular acceleration, lateral

Which the US. is a designated state.

forces Will act on the frame, as shoWn by the arroWs in FIGS.
1h and 11'.

BACKGROUND OF RELATED ART

Many design procedures are available to design the build
ing frameWork that can Withstand these earthquake-induced
additional lateral loads. In this context, it is mentioned that
many codes of practice in the United States recommend that
the building frameWork remain elastic, or nearly so, under
moderate earthquakes of frequent occurrence, but be able to

1. Field of the Invention

The present invention relates generally to sleeved braces,
or “buckling restrained braces,” and methods for manufac
turing the same. More speci?cally, the present invention
relates to buckling restrained braces that include yielding

yield locally Without serious consequences during major

core members that extend through an outer sleeve Which

contains a buckling constraining material, Which yielding
core members are laterally spaced apart from the buckling
constraining material by Way of an air gap. Among other
purposes, the buckling restrained braces of the present
invention are useful in the construction of earthquake resis
tant structures, such as earthquake resistant steel building
frames.
2. Background of Related Art
In order to understand the importance of the buckling
restrained braces of the present invention, it is bene?cial to
brie?y describe the nature of the forces that act on a building
or other structure during an earthquake.

20

Many types of structural frame con?gurations and designs
that are intended to resist earthquake-induced loads are

presently available.
25

30

During an earthquake, the ground on Which a building or
other structure is built or by Which the building or other

base plates 4. By avoiding the inclusion of diagonal mem
bers, each opening, or “bay,” betWeen adjacent pairs of
beams 1 and columns 2 readily accommodates doors, Win
doWs, service ducts, and the like. Without diagonal mem
or other loads, the frame undergo excessive lateral sWay, or

35

one or more vertical planes, and plan rotation.

With reference to FIG. 1a, the frameWork of a typical

multistory building, Which comprises beams and columns, is
shoWn. During the up and doWn vibratory motion of the

For example FIG. 2a shoWs a normal building frame
comprising beams 1 and columns 2. The beams 1 are
supported on seating cleats 3 that are located on and secured
to the columns 2. The columns 2, in turn, are supported on

bers, however, When subjected to earthquake (i.e., seismic)

structure is supported is subjected to a variety of primary

vibratory motions, including vertical motion (i.e., up and
doWn motion), lateral drift, inverted pendulum movement in

earthquakes.

drift, as shoWn in FIG. 2b, When lateral forces F1, F2, and
F3 act thereon. In order to counteract loads and, thus, reduce
or prevent such excessive lateral sWay, the connections
betWeen the beams 1 and columns 2 are made rigid.
FIG. 3a shoWs a rigid frame design Which includes beams

5, columns 6, sti?‘eners 7 positioned proximate the junction

ground, the Whole building moves up With a vertical accel

of each beam 5 With a column 6, and base plates 8 located
at the bottom ends of columns 6. The end of beam 5 is

eration, as shoWn in FIG. 1b, and then, after reaching a peak,

connected to the ?ange of column 6 by a full-strength Weld.

40

Will move doWnWard With a vertical acceleration as shoWn

Sti?‘eners 7 are Welded to the column 6 to prevent the ?ange

in FIG. 10. This motion repeats during the duration of the
earthquake. As the ground moves up and doWn, so does the
building and its frameWork. Due to its mass, as the building
accelerates vertically, its frameWork is subjected to addi
tional vertical loads, depending on the direction of motion,

of each column 6 from bending outWardly. Additionally, a
45

5-to-column 6 junction. FIG. 3b shoWs an enlarged vieW of
the rigid connection betWeen a beam 5 and a column 6 of the
rigid frame design of FIG. 3a. FIG. 30 is a cross-sectional

as shoWn by the arroWs in FIGS. 1b and 1c. The beams and

columns of the frameWork of the building can be designed
easily to Withstand these additional vertical loads.

50

As the ground drifts laterally, the Whole building Will
move laterally, With acceleration to one side, as shoWn in

FIG. 1d, and, after reaching a peak value of drift, Will move
in the opposite direction, as shoWn in FIG. 1e. Because of
the mass of the building and the lateral acceleration, the

55

is dissipated at the plastic hinge. Frequently, this system

F2, and F3, as shoWn by the arroWs in FIG. 1d and FIG. 1e.
These lateral loads may result in severe damage to the

su?‘ers severe drift as Well as premature failure at the beam
60

lateral loads, complex frameWork designs have been devel
oped, their complexity making them someWhat undesirable
and often increasing the costs associated With erecting the
frameWork of the building.
Inverted pendulum motion of the ground causes the entire
frameWork of a building and, thus, the entire building, to
rotate in a vertical plane With an angular acceleration. Once

representation taken along line AiA of FIG. 3b.
This con?guration of moment-resisting frame is able to
resist the lateral forces F1, F2, and F3 and exhibits loW
sti?‘ness and high ductility, Which are desirable features in
earthquake-resistant structural systems. FIG. 3d shoWs the
de?ected shape of the frame When subjected to earthquake
induced lateral forces F1, F2, and F3. When the frame is
subjected to an earthquake-induced load, some of the energy

building frame Will be subjected to cyclical lateral loads F1,
frameWork of the building. Conventionally, to counteract

plastic hinge may be positioned adjacent to each beam

5-to-column 6 connections, Which may render it non-func
tional even after moderate earthquakes. Further, this system
is not viable for tall buildings.
FIG. 4a shoWs a frame With concentric “tension only”

intersecting diagonal bracings 12 and 13. The frame includes
columns 11, beams 10, and diagonal bracings 12 and 13. The
65

diagonal bracings 12 extend in the direction labeled as “X.”
The diagonal bracings 13 extend in the direction labeled as

“Y.” The diagonal bracings 12 and 13 typically include

US 7,188,452 B2
4

3
rolled steel angle sections. The diagonal bracings 12 and 13

In such a brace design, When a diagonal bracing 20 is in

cross each other and, hence, are also referred to as “inter

tension, it Will undergo plastic deformation When subjected

secting diagonals,” Which are arranged as an “X” in each bay

to load beyond its yield strength and absorb shock energy.
HoWever, When the same diagonal bracing 20 is compressed,

formed by adjacent pairs of columns 11 and beams 10. A
base plate 17 is positioned at the bottom, or base, of each
column 10. An end plate 14 is Welded to the end of each
beam 10 and, thus, abuts the column 11 When the beam 10
is positioned adjacent thereto. Gusset plate 15, 16 are
secured at the junctions betWeen each column 11 and beam
10 to facilitate the securing of a diagonal bracing 13, 12,
respectively, to the remainder of the frame. In actual prac
tice, the gusset plates 15 may have a different siZe than
gusset plates 16, Which siZes depend on the force in the

it Will buckle at a far lesser load Without absorbing any

shock energy. In order to prevent premature buckling, it is
necessary to increase the stiffness of each diagonal bracing
20 by adopting a much larger structural section. This makes

the diagonal bracing 20 very heavy and expensive. Although
the lateral drift of a building including such a frame is

signi?cantly reduced, providing a very stiff diagonal bracing

FIG. 4b shoWs the joint betWeen each column 11, beam

increases the total stiffness of the frame Which, in turn,
generates larger lateral shears (loads) at the foundation level
of the building, Which is not desirable. Also, When the
diagonal bracings 20 are subjected to a compressive force

10, end plate 14, diagonal bracing 12, 13, and gusset plate

beyond their yield strengths, they Will buckle suddenly

15, 16. Again, the beam 10 has an end plate 14 Welded to an
end thereof. The end plate 14 has holes to facilitate connec
tion thereof and, thus, of the beam 10, to the column 11. The

Without absorbing much energy.
The so-called “eccentric bracing system,” illustrated in
FIG. 6, is a design Which improves upon the preceding frame
designs and Which has been extensively adopted across the
World. Like the previously-described frame designs, an
eccentric bracing system includes beams 24, columns 25,
and diagonal bracings 26 and 27. Diagonal bracing 26 is

diagonal bracing 13, 12, respectively, to be secured thereto.

?ange of the column 11 has matching holes for connecting

20

to end plate 14. Gusset plates 15, 16 are Welded to both a

beam 10 and an end plate 14. Diagonal bracings 13, 12 are

respectively secured to the gusset plates 15, 16 by bolts. In
this connection, the centerlines of column 11, beam 10, and

diagonal bracings meet at point “a” and, hence, the bracing

secured Within a bay betWeen tWo beams 24, While one end

is referred to as “concentric.” In this design, the tension
diagonals 12 and 13 are very slender and can resist tension

of diagonal bracing 27 is secured in a vertically adjacent
(e.g., next-loWer, as shoWn) bay to a beam 24, With the other
end of diagonal bracing 27 being secured to a column 25.

Well, but buckle under even little compressive force.
As shoWn in FIG. 40, F1, F2, and F3 represent earth

beam 24. The end plate 28 has holes formed therethrough to

quake-induced lateral loads that act on the frame at different

25

Additionally, an end plate 28 is secured to an end of each
30

?oor levels. When earthquake induced lateral forces F1, F2,
and F3 act at each floor level of the frame in the direction of
the arroWs, as shoWn in FIG. 40, the frame Will de?ect

laterally, as shoWn, and the diagonal bracings 12 Will be

subjected tension, While the diagonal bracings 13 Will

35

buckle under slight compressive force. When the direction
of loading reverses, as shoWn in FIG. 4d, diagonal bracing
13 Will be in tension and diagonal bracing 12 Will buckle and

and a base plate 30 that has been secured to the bottom, or

40

base, of the column 25. The gusset plate 31 includes holes
to facilitate securing of a loWer end of a diagonal bracing 27
thereto, the opposite, upper end of the diagonal bracing 27
being secured to a beam 24 by Way of a gusset plate 29
protruding from the bottom of the beam 24.

45

bracing 26 and the centerline of beam 24 meet at point “k”,
Whereas the centerline of column 25 and the centerline of
beam 24 meet at point “h”. Thus there is an eccentricity of

become ineffective, as shoWn.

This system resists the earthquake induced lateral loads
very effectively because of the presence of diagonals in the
frameWork. The connection details are also quite simple. If,
during a severe earthquake, the tension in the diagonal
bracings 12, 13 exceeds their yield strength, they enter a
plastic state and absorb shock energy Well. HoWever, they

It can be seen in FIG. 6 that the centerline of diagonal

Will become permanently elongated. Under repeated cyclic
loading, both the diagonal bracings 12 and 13 undergo larger
permanent elongation and, as a result, the structure degrades.
Once the structure degrades, the lateral drift of the frame
Will be beyond acceptable limits, even in minor earthquakes.

‘e1’ (i.e., the distance hik).
Eccentric bracing systems are not as stiff as concentric

bracing systems. Under severe seismic load, a hinge in the
50

A frame that includes diagonal bracing Which is con?g
ured to absorb both tension and compression is shoWn in
FIGS. 5ai5d. Such a frame includes beams 18, columns 19,

diagonal bracing 20, and end plate 21 at the end of each
beam 18, and a gusset plate 22 secured to a beam 18 and an
end plate 21 at the junction betWeen that beam 18 and a
column 19. In addition, a base plate 23 is secured to the

55
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are exerted on the frame in the directions of the arroWs, the

diagonal bracing 20 Will be compressed. When the direction
of loading reverses, as shoWn in FIG. 5d, the same diagonals
Will be in tension.

beam is formed at point “k”, leading to dissipation of
considerable energy. HoWever, due to severe plastic hinge
deformation of the beam link at point “k”, frames Which
employ eccentric bracing systems suffer from considerable
drift, even under loads applied thereto by moderate earth

quakes. Moreover, repairing the shock-absorbing capabili
ties of eccentric bracing systems is very expensive.
According to a report published in 1988, Nippon Steel

bottom, or base, of each column 19.

The junction betWeen a beam 18, column 19, and diagonal
bracing 20 is shoWn in FIG. 5b. The centerlines of beam 18,
column 19, and diagonal bracing 20 meet at point “g” and,
hence, the bracing is said to be “concentric.”
As depicted in FIG. 50, When lateral loads F1, F2, and F3

facilitate securing the beam 24 to Which it is secured to a

column 25. Gusset plates 29, Which include holes there
through to facilitate the securing of corresponding ends of a
diagonal bracing 26 thereto, are secured to opposed surfaces
of the beams 24 that form the top and bottom of a bay Within
Which the diagonal bracing 26 is located. Another gusset
plate 31 is positioned at the junction betWeen a column 25

65

Company, has developed a so-called “unbonded brace” for
use as a diagonal bracing in earthquake-resistant building
frames. FIGS. 9ai9f depict an example of such an unbonded
brace 48, While FIGS. 1011400 shoW use of that unbonded
brace 48 in a building frame.
As shoWn in FIGS. 9ai9f, unbonded brace 48 includes a
yielding core 41, a ?exible coating of “unbending material”
42 that surrounds the yielding core 41, grout 44 surrounding
the yielding core 41 and the unbonding material 42, and a
holloW steel sleeve 43 Which contains the grout 44, the

