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Novel Uses for the 
Buckling Restrained Brace

Brace Yourself!

The Buckling Restrained Brace (BRB) 
was introduced in the United States 
in the late 1990s and since then has 
been used in nearly 500 structures. The 

Buckling Restrained Braced Frame (BRBF), the 
lateral-load resisting system that uses the brace as 
an integral component, has been codified since 
2005. However, due to the attributes of buckling 
restrained braces, many projects use the BRB in 
unique ways that differ from the standard BRBF 
concentrically braced frame.
The BRB brace consists of two main parts: the 

central steel core and the surrounding outer casing 
assembly. The brace’s main load-carrying element, 
the core, is encased in an outer assembly that con-
fines the core and provides stability to the system, 
to the point that the core will yield in compres-
sion. This creates a brace with a strength that is 
nearly the same in both tension and compression 
and is designed not to buckle. Some of the attri-
butes of the BRB brace are that the yield load, 

expected strain-hardened 
capacity and elastic stiff-
ness can all be defined and 
controlled. The symmetri-
cal capacity of tension vs. 
compression allows BRB 

braces to be used in single-diagonal configurations 
without penalty. And the system harnesses the 
ductility of steel to provide sustained, repeatable 
performance and energy absorption. Due in part 
to these features, BRBs have been used in or 
proposed for a variety of applications, including 
bridges, civil structures, horizontal diaphragm 
elements, highrise outrigger frames, externally 
anchored braces, wind towers and many other 

unique applications. The following projects show 
a sampling of some innovative applications.

Single Brace Retrofit
Rutherford & Chekene, a structural engineering 
consulting firm in San Francisco, was presented 
with a unique challenge in the seismic evaluation 
and retrofitting of a historic steel and concrete 
structure. This two-story electrical substation 
was built in the early 1920s and remains an 
important link in the region’s electrical power 
network. Renovations performed over the years 
had removed the lower portion of one of the 
concrete walls. The resulting structure was not 
adequate to meet the owner’s seismic perfor-
mance objectives.
Retrofit options were limited. Replacement of 

the concrete wall that had been removed was not 
an option, as critical communications equipment 
that could not be moved had been placed in that 
area. Bracing on the exterior of the structure was 
not possible because of the historic character of the 
building and the presence of high-voltage buried 
conduits. A single brace could be allowed in the 
high-bay room adjacent to the area where the wall 
had been removed. A buckling restrained brace was 
selected as it was able to support both tension and 
compression loads while maintaining the required 
strength and ductility (Figure 1). In addition, the 
brace strength could be “tuned” to avoid overload-
ing collectors and floor diaphragms, and to match 
the strength of the remaining walls and reduce the 
possible plan-torsion of the structure under strong 
earthquake shaking. A new collector and foundation 
was provided to complete this portion of the retrofit.

Figure 1: Single BRB brace project. Courtesy of Rutherford & Chekene.
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Highrise Outrigger System
The One Rincon Hill South Tower is a 
56-story, 578-foot tall residential structure. 
It is located next to the western approach of 
the San Francisco – Oakland Bay Bridge. 
In the heart of one of the most seismically 
active regions in the US, the design was also 
governed by considerations from powerful 
Pacific winds due to its prominent location 
on the skyline.
The design of the structure includes a rect-

angular concrete core for the seismic and 
wind forces. The length of the core in one 
direction was sufficient to resist overturn-
ing demands, but the other was too narrow 
to adequately control building sway. The 
design team at Seattle based Magnusson 
Klemencic Associates decided to incorpo-
rate an outrigger system into the structure 
to bolster the stiffness in the core’s narrow 
dimension, much the same as the use of 
ski poles can stabilize a skier. The outrig-
ger system served to reach out to the large 
concrete outrigger columns to engage them 
for resistance to overturning at four levels of 
the structure (Figure 2). Buckling restrained 
braces allowed the design team to limit the 
amount of load that would be delivered to 
the outrigger columns while controlling 
the stiffness and response of the building. 
In addition, a large tank at the top of the 
building holding up to 50,000 gallons of 
water is used for two purposes: as a tuned 
liquid damper to counter the sway from 
wind forces and as a reservoir for firefight-
ing purposes.

Bridge
The tallest bridge in California, the Foresthill 
Road Bridge, was determined to be in need 
of seismic retrofitting. This famous bridge, 
spanning the North Fork Canyon of the 
American River, was built in the early 1970s 
and measures 2,428 feet from one side to the 
other. At more than 730 feet above the river, 
it is the fourth highest bridge in the United 
States and the ninth highest bridge in the 
world (Figure 3). The bridge is a truss bridge 
and provides the primary link between the 
towns of Auburn and Foresthill, California. 
As part of the retrofit, the bridge deck is being 
widened to maintain traffic flow while the 
retrofit is taking place.
The design team at Quincy Engineering 

in Sacramento, CA, along with the Placer 
County Department of Public Works, 
completed the seismic evaluation and 
developed alternate retrofit solutions. The 
project included a very detailed project spe-
cific design criteria that was reviewed by a 
Technical Peer Review Panel and had very 
specific performance measures.  There were 
multiple sets of ground motions that were 
based on a 1.0g peak ground acceleration. 
Through all of the detailed analysis, it was 
determined that BRBs achieved the perfor-
mance objectives and allowed for repairable 
damage after a maximum credible event.  
One important design objective was to limit 
the seismic forces on the longitudinal abut-
ment anchors of the bridge, both to protect 
the anchorages themselves and protect the 
surrounding truss members, by confining the 
inelastic demands to sacrificial link-plates 
that will fail at a prescribed strain and then 
allow the BRB’s to engage. The link plates 
can easily be replaced and, once the BRBs 
begin yielding, they will perform in a stable 
inelastic, ductile behavior which allows large 
energy dissipation. The final configuration, 
with BRBs located longitudinally at the truss 

bottom chord connections to the abutments, 
was an effective and economical way to meet 
the design objectives.

Civil Structure
Casad Dam is a concrete gravity arch dam 
built in the 1950s that includes an integral 
intake tower located on the upstream face 
at the center of the dam. The intake tower 
was not adequate to support the anticipated 
seismic demands, where the peak ground 
acceleration was increased due to the proxim-
ity of the Seattle fault and new research into 
the magnitude of potential events. A retrofit 
scheme was needed for the intake tower that 
would have minimal impact on the normal 
operation of the dam, would have minimal 
underwater work, and could be done with 
minimal expense.
The design team at Hatch Associates 

Consultants, Inc. in Seattle, WA investi-
gated several options and found that bracing 
the tower back to the dam best met their 
key objectives for the retrofit, rather than 
strengthening the tower at its base. However, 

Figure 2: Schematic of the One Rincon outrigger 
system. Courtesy of Magnusson Klemencic Associates.

Figure 3: Foresthill Road Bridge. Courtesy of Todd Quam, DigitalSky Imaging.

Figure 4: Casad Dam and intake structure. 
Courtesy of Star Seismic.
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the arch dam required protection by limit-
ing the brace forces. Viscous dampers and 
buckling restrained braces were considered 
and, after detailed simulations, stainless steel 
buckling restrained braces with a yielding steel 
core were selected (Figure 4, page 9).
The project successfully met diverse func-

tional objectives that included preventing 
tower collapse under a maximum credible 
earthquake with a 0.78g peak ground acceler-
ation, meeting low maintenance requirements 
while providing high reliability, and ensuring 
that there were no environmental or water 
quality impacts.

Horizontal Buttresses
Retrofitting of structures can create par-
ticularly difficult design challenges. When 
the structure being retrofitted is congested 
with piping and equipment that must stay 
in place, the level of complexity is increased. 
When the structure is a manufacturing 
facility that runs 24 hours per day and must 
stay in service during the retrofit, the design 
team is presented with opportunities for 
creative solutions.
The design team at Simpson Gumpertz 

& Heger (SGH) were faced with such a 
project, which presented limited access to 
much of the interior of the structure. The 
solution originally relied on braced frames 
to resist seismic loads in one direction and 
moment frames in the other.  It had been 
modified and partially retrofitted in the 
past, but still relied on vulnerable braced 

frames.  Consequently, a retrofit system 
compatible with a structural system of sig-
nificant stiffness was required.  Part of the 
solution developed by the team included an 
exterior buttresses frame of traditional brac-
ing, which were designed to remain elastic 
during a seismic event, tied to the structure 
using horizontal buckling-restrained braces 
(Figure 5). The geometry and the height 
of the buttresses varied based on seismic 
demands and limited access to the por-
tions of the exterior (including adjacent 
buildings, equipment and a major pipe 
rack.) BRBs were selected because they 
could deliver a specifically designed level 
of stiffness while limiting the maximum 
load to be transferred, providing ductil-
ity to the system. In addition, they would 
provide similar capacities in both tension 
and compression, and were designed not 
to buckle at the design loads. Additional 
BRBs were included in the interior of the 
structure using traditional BRBF frames, 
including the use of a spliced BRB brace 
in order to facilitate transportation through 
congested areas and erection around the 
obstacles encountered within the structure.

Externally Anchored Braces
Degenkolb’s engineers were faced with a 
similar problem. They, too, were working 
with a facility that could not be shut down 
during the retrofitting process. Several 
external braced frame configurations were 
developed, including one which involved 

using BRBs to brace directly from an exte-
rior foundation to the first and second levels 
of a two-story structure (Figure 6). This 
required the use of very long braces, up to 
50 feet in length, and the combination of 
length, overall size, and the need to control 
of the brace yield force for the roof level 
braces would simply not have been practi-
cal if conventional braces had been used. 
In addition, the bracing accommodated 
the aesthetical appearance of the structure 
that the architect envisioned. Careful design 
of the bracing elements and connection 
details achieved the visual impact desired 
from the structure.
The projects listed above provide only a 

small sampling of unique uses for buck-
ling restrained braces. As the brace usage 
expands, functions requiring symmetrical 
capacity between tension and compression, 
calibrated stiffness of elements, limiting 
of force transfer through an element, the 
incorporation of ductility and energy 
absorption and other features of the brace 
will continue to be found. The applications 
found truly demonstrate the abundant cre-
ativity of the engineering designers using 
the technology.▪

The projects used in this article represent 
projects from all three of the domestic 

BRB manufacturers. The author 
appreciates the input from each of the 
engineering firms listed, as well as SIE, 

Inc. and Corebrace, LLC.

Figure 5: Horizontal BRB braces to buttress frame. Courtesy of Dave McCormick, SGH.

Figure 6: Externally anchored bracing. Courtesy of 
Mitsui & Co. (U.S.A.), Inc.
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