
(Left)Fig.1.a. View of existing Wallace F. Bennett Federal Building
from NW corner. (Top)Fig. 1.b. Architectural rendering of seismically-

upgraded building.
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I
t took a collaborative effort be-
tween the property owner, con-
tractor, material supplier,
architect and structural engi-
neer to devise a high-tech solu-

tion to seismically retrofit the Wallace
F. Bennett Federal Building. A total of
344 buckling-restrained braces, called
“Unbonded Braces,” manufactured by
Nippon Steel Corporation of Tokyo,
Japan, are used to provide an attrac-
tive, economical and high-perform-
ance seismic retrofit. The Bennett
Building is among the first few build-
ings in the U.S. and the first federal
building project to use buckling-re-
strained brace technology.

The Wallace F. Bennett Federal
Building stands prominently at the
southeast corner of 100 South and State
Streets in downtown Salt Lake City, UT
(Figure 1.a). This eight-story, 300,000
sq. ft. office building has been a com-
munity landmark since it was con-
structed in the early 1960s. The
reinforced-concrete structure is con-
structed of 8” thick two-way flat plate
floors, spirally-reinforced rectangular
columns and pile foundations. It was
well designed and constructed for its
time and has been carefully main-
tained over its life. Nonetheless, the
Bennett Building lacks the many ad-
vances in seismic resistant design that
have been incorporated into building
codes since the time of its design and
construction and would not be capable
of resisting the large magnitude earth-
quake that the nearby Wasatch Fault is
capable of generating.

Salt Lake City is located within the
Intermountain Seismic Belt and has
been designated Seismic Zone 3 by the
Uniform Building Code since about the
time the Bennett Building was
constructed. Recent studies suggest
that the potential exists for more
frequent, large magnitude earthquakes
in the region than previously under-
stood. According to the most recent
USGS/NEHRP seismic contour maps,
the Wastach Fault portion of the Inter-
mountain Seismic Belt that includes
the Salt Lake City area has the poten-
tial to generate Maximum Considered
Earthquake (MCE) responses at short

Fig. 3.b. Shear transfer assembly and brace connection during construction.

Fig. 3.a. Exterior shear transfer assembly and brace connection details along grid
line 7’.
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to moderate period ranges equal to or
greater than many portions of the high
seismic regions of the California coast.
A general awareness of the potential
for damaging earthquakes in Salt Lake
City made the seismic upgrade of the
Bennett Building a high priority.

The Role of the GSA
The General Services Administra-

tion (GSA) is the largest single-entity
property owner in the U.S. As the gen-
eral real estate arm of the Federal Gov-
ernment, the GSA is responsible for
acquiring, maintaining, updating and
managing tens of millions of square
feet of various types of buildings
across the country. Its primary mission
is to provide high-quality lease space at
reasonable rates to a large number of
different federal agencies. As a compet-
itive landlord, the GSA must be cost
conscious and value minded while
providing quality lease space to their
tenants. 

The GSA also takes safety very seri-
ously. It systematically conducts seis-
mic, blast, gravity load capacity and
other types of evaluations on its inven-
tory of buildings to assess their capa-
bilities to resist potentially catastrophic
events. Life safety is the primary con-
cern. A number of seismic vulnerabil-
ity studies of the Bennett Building have
been performed since 1988. These eval-
uations became more detailed and so-
phisticated over time, but they all
shared a common conclusion: serious
deficiencies existed in the seismic force
resisting systems of the structure.

Seismic safety was the primary
driving force when the GSA an-
nounced the Bennett Building seismic
upgrade project. It was also under-
stood from the outset that aesthetics
would be a very important aspect of
the upgrade. Reaveley Engineers & As-
sociates, Inc. and Gillies Stransky
Brems Smith, P.C., Architects, assem-
bled a team of design consultants that
were awarded the upgrade design con-
tract in the fall of 1998. The project was
included in the GSA “Design Excel-
lence” program, which provides for en-
hanced levels of government scrutiny
and independent peer review. In addi-

tion to the seismic strengthening, the
$23.5 million construction budget in-
cludes abatement of PCB contami-
nates, upgrading electrical grounding,
the installation of blast-resistant win-
dows and a “first
i m p r e s s i o n s ”
renovation of the
main entrance
and lobby. 

The first order
of business was
to determine the
standard and
p e r f o r m a n c e
level required for
the seismic up-
grade. Based on
the recommen-
dation of the de-
sign team, the GSA accepted the
performance-based “NEHRP Guide-
lines for the Seismic Rehabilitation of
Buildings,” or FEMA-273, as the most
appropriate standard for the design.
The minimum performance level was
determined to be consistent with the
FEMA-273 Basic Safety Objective,

which is “Life Safety” performance for
the BSE-1 intensity earthquake and
“Collapse Prevention” for the BSE-2 in-
tensity earthquake.

The design team undertook a com-
prehensive study of a
broad range of different
approaches to meeting
the upgrade design goals.
The project budget could
not afford the temporary
relocation of the building
tenants, and thus all vi-
able solutions had to con-
sider a construction
process that would im-
pose minimal disruption
to the buildings’ approxi-
mately 550 tenants who
would remain in the facil-

ity throughout the construction period. 
At the beginning of the study, the

favored solution involved the addition
of four seismic buttress “modules,”
each about 25’ by 50’ in plan and ex-
tending over the height of the building,
attached to the exterior of the building.
This solution would have met the

A total of 344 buck-
ling-restrained braces,
called “Unbonded
Braces,” manufac-
tured by Nippon Steel
Corporation of Tokyo,
Japan, are used to
provide an attractive,
economical and high-
performance seismic
retrofit. 
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Fig. 2. Braced frame elevation at grid line C (N-S direction, E-end of building).



budget requirements; however, site re-
strictions and aesthetic issues were
problematic. Also, the GSA had deter-
mined that it did not require the addi-
tional floor space that would be
contained in the modules. More than a
dozen other options and variations
were systematically explored. How-
ever, the seismic retrofit solution
quickly converged on introducing a
new steel braced frame system around
the exterior of the building. The braced
frame scheme was selected for its
strength, rigidity, economy, con-
structability and minimal construction
disruption to the building occupants.
The economy of this scheme also
opened the door to replace the existing
pre-cast exterior cladding with a mod-
ern, attractive and energy-efficient cur-
tain wall system (Figure 1.b).

The Unbonded Brace 
Buckling restrained brace technolo-

gies have been under development,
principally in Japan, for the last 17
years. The Unbonded Brace has been
used in more than 160 buildings in
Japan, at least 90 of which are greater
than 15 stories in height. However,
only recently has Nippon Steel begun
exploring interest in the Unbonded
Brace in the U.S. Structural peer re-
viewer for the project, Degenkolb En-
gineers of San Francisco, suggested
during a design charrette/peer review
workshop at the schematic design
phase that this new technology be con-
sidered. This proprietary, foreign-man-
ufactured product had to clear
substantial hurdles in order to be ac-
cepted by a federal government
agency mandated to “Buy American”
and avoid single-source products.

A structural steel framework inter-
connects the diagonal braces to form
the seismic lateral force resisting sys-
tem for the upgraded building. This
framework is constructed of vertical
and horizontal steel wide-flange mem-
bers attached to the exterior of the
building (Figures 2 to 4). The structural
steel framework, to which the buck-
ling-restrained braces connect, must be
designed to remain safely below the

yield stress level for the maximum
forces deliverable by the buckling-re-
strained braces, thus ensuring that
yielding will be limited to the braces
and not occur in the structural steel
framework. Load test results indicate
that Nippon Steel Unbonded Braces
can be expected to withstand many
more cycles of full seismic deformation
than they would be expected to experi-
ence in a major earthquake. Because
the “damage tolerant” buckling-re-
strained brace system has predictable
and ductile behavior with a large ca-
pacity for plastic deformation in both
tension and compression, large
amounts of seismic energy can be ab-
sorbed by the structure. This is impor-
tant, because although the building
may sustain significant damage during
an earthquake, it is expected to remain
stable and capable of withstanding
large aftershocks or possibly addi-
tional earthquakes without collapse.

Upon completion of Schematic De-
sign, Big-D Construction, Salt Lake
City, UT, was brought on board as a
construction manager/general con-
tractor with a guaranteed maximum
cost of construction contract. Big-D
prepared direct cost comparisons of
two detailed braced frame designs: a
conventional Concentrically Braced
Frame and a scheme using buckling-
restrained braces. The $1.96 million
cost to import the Unbonded Braces
was mostly offset by direct reductions
in the tonnage of the structural steel
framework possibly due to the better
post-yield and energy dissipating
characteristics of the braces. Extensive
modifications to the existing pile foun-
dations that would have been required
for the Concentrically Braced Frame
scheme were essentially eliminated
with the buckling-restrained brace sys-
tem. Including savings achieved in the
foundations, Big-D’s estimates indi-
cated a net savings to the structural
system in excess of $2 million. Also,
the bolt-in-place Unbonded Braces
saved about two months of construc-
tion time compared with field-welded
conventional braces, making it possi-
ble to meet the GSA’s extremely tight

BUCKLING-RESTRAINED
BRACES

The Unbonded Brace is one
type of buckling-restrained brace
and is a simple but yet remark-
ably effective configuration of
steel and concrete producing a
tension-compression load-carry-
ing brace element capable of
stable yielding behavior without
buckling. The basic concept of
the Unbonded Brace is the pre-
vention of compression buckling
of a central steel core by encas-
ing it over its length in a steel
tube filled with concrete or mor-
tar (Figure 6). A slip interface, or
“unbonding” layer, between the
steel core and the surrounding
concrete is provided to ensure
that compression and tension
loads are carried only by the
steel core. The materials and
geometry of the slip layer must
be carefully designed and con-
structed to allow relative
movement between the steel
core and the concrete due to
shearing and Poisson’s effect,
while simultaneously inhibiting
local buckling of the core as it
yields in compression.

Tests of Unbonded Braces
conducted at the University of
California, Berkeley, and exten-
sive testing in Japan, have shown
the braces to produce repeatable
symmetric behavior in tension
and compression, up to post-
yield ductilities in the range of
15-20. The symmetric behavior
has particular design advantages
for chevron or V configurations,
and the well-defined elastic-
plastic bilinear characteristic
allows for rational capacity
design methods for the connec-
tions, surrounding structural
elements and foundations.



14-month construction schedule re-
quirement.

As a diligent owner, the GSA still
needed additional assurance to justify
spending public funds on such a new
concept. Key members representing
the contractor, the design team and the
owner made one trip to the San Fran-
cisco area and two trips to Japan to ob-
serve projects using Unbonded Braces
and gather important information con-
cerning the design, fabrication and in-
stallation of the system. Close
tolerances were required to ensure that
brace members fabricated to metric di-
mensions halfway around the globe
would fit when shipped to the U.S. and
bolted into place. The exceptional qual-
ity of the Japanese braces, coupled with
compelling technical information that
included extensive full-scale testing
conducted in Japan and also at the Uni-
versity of California, Berkeley, resulted
in a unanimous decision for the use of
this innovative technology.

Since the beginning of 2000, AISC’s
Seismic Design Task Committee and
the Structural Engineers’ Association of
California (SEAOC) have had a joint
task group developing standard design
provisions for buckling restrained
braced frames (BRBFs). The joint task
group’s draft provisions were utilized
for the design of the brace system for
the Bennett Building. Extensive analy-
ses of the building and the buckling-re-
strained braces were performed as part
of the upgrade design. For the building
lateral system design, both linear
analyses and nonlinear push-over
analyses were performed using the
RAM Frame and SAP2000 nonlinear
structural analysis programs.

To validate the design and perform-
ance of the Unbonded Brace itself, 3-D
nonlinear finite element analyses of
several of the largest braces for the
project were performed (Figure 7).
These analyses involved the applica-
tion of an increasing amplitude dis-
placement loading history based upon
the loading protocol for moment-resist-
ing frames developed in the SAC Steel
Project. The analysis results confirmed
the Unbonded Brace designs, showing
not only that the braces did not buckle,

Fig. 4.b. Brace connection assembly ready for installation at grid line Q’-2’.

Fig. 4.a. Brace connection detail at grid lines Q’-2’.
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but also that stable and predictable hys-
teretic behavior was achieved. The
brace analyses were performed by Nip-
pon Steel using the general-purpose
nonlinear finite element analysis pro-
gram, MARC.

The Bennett Building is the first fed-
erally owned building to use buckling-
restrained brace technology, and to
date, it is also the largest such project in
the U.S. The braces used in the Bennett
Building range from 206 to 1905 kips
yield force and from 11’-2” to 29’-1” in
length, making them the largest yet ap-
plied in the U.S. The braces were man-
ufactured at a fabrication facility in
Chino, Japan, which is about 150 miles
northwest of Tokyo (Figure 5). The first
shipment of braces was delivered on
schedule at the beginning of June 2001.
Two additional shipments, coordinated
to match site construction require-

ments, will follow in mid-July and at
the end of August.

The Wallace F. Bennett Federal
Building joins an elite group of projects
leading the way to provide seismically
safe structures using buckling-re-
strained brace technology in the U.S..
Other projects in the U.S. using Un-
bonded Braces include the Plant and
Environmental Sciences Building at the
University of California at Davis, the
seismic upgrade of the Frank Lloyd
Wright-designed Marin County Civic
Center Hall of Justice in San Rafael,
CA, and the Broad Center for the Bio-
logical Sciences at the California Insti-
tute of Technology, in Pasadena, CA.
Additional projects are to follow in the
near future.

Buckling-restrained brace technol-
ogy was a perfect fit for the Bennett
Federal Building seismic upgrade proj-
ect, and it allowed the project to exceed

the defined seismic performance goals
while meeting strict budget constraints.
The benefits of improved seismic per-
formance, reliability and lower costs re-
sulted in a win-win solution.
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Fig. 5. Unbonded braces at fabrication plant, Chino, Japan.

Fig. 6. Unbonded brace concept and typical hysteretic behavior.


