BUILDING BLOCKS

Elegant Solution
Viscous Dampers Allow Retail and Hospitality to

Share Space and Energize a Historic Building
By Blake Patsy, PE., S.E., and Bryan Starr, RE., S.E.

Situated at the center of a city nationally renowned for its thriving urban core, the
historic Meier & Frank Building is in the midst of a complex renovation. This 14-story
structure’s successful revitalization is a key to maintaining Portland, Oregon’s downtown
vibrancy. The project will consolidate the existing department store on the first five floors
and reconfigure the upper nine floors into a 332-room luxury hotel called “The Nines’,
a property in Sage Hospitality Resources preferred hotel portfolio.

Dampers Accommodate
Diverse Programs

Meier & Frank’s presence in the city’s
center dates back nearly 100 years. Be-
ginning as a quarter-block 11-story
structure in 1909, it was not long before
the department store covered the

block. Additions in 1915 and

ing system in a se
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Another design consideration was the
building’s exterior terra cotta facade. The
preservation of the facade required an in-

force the existing steel frame, concrete
floors and terra cotta skin while allow-
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ing the store to remain open for business.
Viscous dampers presented great poten-
tial for this application, since the city
building department required that the
existing building frame not be weak-
ened during the renovation.

depth investigation into the condition of
the terra cotta and its anchorage to the
building’s structural elements, including
review of existing shop drawings from
the original construction. The viscous
damper system reduced the earthquake

Close-up view of installed damper frame. Courtesy of throld Hutchinson, Ac/eroyd Phorography.
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Original terra cotta facade. Courtesy of Pete
Eckert, Eckert & Eckert Photography.
accelerations of the building and less-
ened the story drifts, thereby allowing
the existing facade to meet life safety
requirements with minimal retrofit.

The System

The team reviewed other seismic so-
lutions, but viscous dampers remained
the best alternative from a programming
and cost perspective. The dampers were
installed in the building by constructing
newsteel framesbetween existing columns
at each floor, with four to eight frames
each direction at each level. These frames
look like conventional chevron
braced frames, typically with
an “A” configuration. At the
bottom, the braces are con-
nected to the existing beam
and column with gusset
plates. At the top, the braces
are connected to an assembly
that may move horizontally
along a channel. The channel is
connected to the existing beam,
and the channel and brace
assembly are connected by the
damper units.

The damper units are com-
prised mainly of a large cylinder
with a piston. One end of the
damper unit is connected to
the adjacent floor, and the other
end to the brace assembly that
connects to the floor below. As



the floors move relative to one another, they
engage the damper units. By having one end
of each unit connected to the adjacent floor,
and the other end connected to the floor below
via the diagonal braces, the relative velocity
of the floors drives the dampers to dissipate
energy. The piston is forced through viscous
fluid, and the unit is designed to operate
with a particular relationship of force and
velocity (F = C* V¢, with “C” as the damping
coefficient and “a” as the velocity exponent).
For the Meier & Frank building, the velocity
exponent was set to unity.

Time History Analysis

The decision to utilize the damper sys-
tem created significant challenges. Although
dampers have been used in limited building
applications, at the time of design there was
no code provision for viscous damper sys-
tems. The team chose FEMA 356 as the
guideline for design with approval from the
City of Portland, using the non-linear time
history analysis procedure.aThe process
required a peer review, afid SIEdnc., a firm
that specializesgin seismie) isolation and
energy dissipation, was broughafin early in
the process.

Obtaining the fight geotechnical data was
essential and two fitins, GeoDesignand URS,
joined forces to provide the ground motion
inptthe period of\the existing structure
was unusually long, and it was necessagy” to
develop pertinent data for the long-petiod
rangegof ‘the response spectrum. The long-
period transition period, T7, was found in
the 2003 NEHRP Provisions (now in ASCE
7-05) as 16 seconds for the Portland area,
which was much greater than the building
period. If the FEMA 356 General Response
Spectrum was used explicitly for the site-
specific study, it would have resulted in
unrealistically high accelerations for the long

Taterior demoliton\of upper floors creates a\pew
hoteb atrium. Conrtesy of Harold Hutchinson,
Acteyayd Photography:

building period. To, takegadvantage of the
displacement range of'the response spectrym
and produce a more cost-effective s6luion,
futther stiidy was necessary.

Using geophysical wave (propagation mod-
els, URS simulaged faule ridptures along the
Cascadiasubduktion.zone (CSZ), located off
the Qfegon Coast. URS tracked the propa-
gationwof-€arthquake energy from the CSZ,
through the Earth’s crust, to the Portland area
and determined that a more appropriate value
of T} for the project site is five seconds, rather
than the published value of 16 seconds. This
reduced the accelerations at the building
period by approximately 30 percent. Rep-
resentative historic earthquake acceleration
records were then scaled in the amplitude
and frequency domains to obtain design
ground motions corresponding to the tar-
get design spectra.

Building exterior in downtown Portland, Oregon. Courtesy of
Harold Hutchinson, Ackroyd Photography.

Flexible Connections

The complicated existing
structure was constructed in
three main phases. The ma-
jority of the structure used steel
beams encased in concrete for
fire protection, and steel col-
umns encased in either concrete
or masonry, with a combination
of riveted and rolled sections.

One of the most difficult design
tasks was to assign stiffnesses to
the partially restrained moment
connections of the floor beams
to the columns. These relatively
flexible connections played a
significant role in the dynamic
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Dowels installed on existipg columns for congrete retrofit.

Courtesy of Pete Eckert, Eckert & Eckert Photography.

behavior of the building. To comply
with FEMA 356, the non-linear prop-
erties of the existing joints needed to
be determined by experiment. After
reviewing multiple research studies, the
design team selected experiments per-
formed at the University of Washington
as the most representative.

The tested connections were riveted
top and bottom clip angles encased in
concrete. Several years of testing are
summarized in a 1994 NSF report and
a 1996 ASCE paper. The commentary
of FEMA 356 references FEMA 355D
for the experimental data on partially
restrained connections, which includes
a method\té' determine theffailure mo-
mént-of the connection; Mg The joint
can be assumi@d to remain \essentially
linear to afjoint rotation of I{percent,
with a stiffness of Mg,;/0.01. The de-
sign team| combined the procedure
of FEMA 355D with the methods
presented in the 1994 and 1996 publi-
cations to developya flow chart for the
determination of Mg,;.

Test |curves from the experimental
datd showed that the @g6nnectioné“fe-
mained essentially@lin€ar to”1 percent
rotation, with an/javerage stiffness
of M:if0.0%=—=which matched the
récommendatiens” of FEMA 355D.
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The design team selected these values for
the primary analysis of the building. Due
to the unusually long period of the existing
building, the City of Portland asked for the
exploration of a shorter building period.
Using the experimental results, an initial
joint stiffness of M/0.003 was selected as
an upper bound. The time history afalyses
were performed with both the déWwer and
upper values for connection stiffness.

The analysis showed that the joint rotations
remained essengidlly-elastic, using thedBEMA
355D recommendationof 1 percent totation
andfcomparing \to the experimental\ data.
Thetefore, the joints were modeled as lineaf
clements. The buildingframe was designed
to remain elastic, withyretrofitof the existing
members where required. This allowed the
time history analyses to be performed with
lineay, elements, with the exception of the
damperunits.

Cenclusion

Ingll, 372 viscous dampers will be added
to the building, which represents the high-
eSt quantity of dampers in any building in the
United States. Taylor Devices supplied the
viscous dampers, with a phased procurement
that closely aligned with the construction
schedule to ensure the on-time delivery of
so many dampers. The dampers provided
an elegant solution to an array of challenges.
Using FEMA 356, an extensive geophysical
study, and past experimental data, the team
provided a cost-effective alternative for
the building retrofit that preserved the
historic terra cotta exterior of a landmark
building. In addition, the damping system
allowed two unique programs to share one
prominent space and maintain the vibrancy
of downtown Portland.=
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