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Performance Based Seismic Design — Rising

By Ron Klemencic, PE., S.E.
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San Franciscos 57-story One Rincon Hill (7.
crane), three of the more than two
(©Mark Defeo)

gh-rise buildings

f high seismicity is rel

tion, the merits of this approach are clearly
being recognized.

Something Old as New

Historically, the New York World Trade
Center Towers, Chicago’s John Hancock
Building, and Sears Tower all used a
PBD approach. In the 1960s, when these
buildings were designed, wind engineer-
ing was in its infancy. The definition of
suitable demand levels and commensu-
rate acceptance criteria were developed
from scratch. Definitions of “recurrence
intervals” for wind events and thresholds
of “occupant comfort” were studied and
generally agreed upon by leading indus-
try experts.

While the approach to design of tall
buildings for wind effects has been refined
over the years, the basic framework stems
from these early pioneering designs. To-
day, wind engineering of high-rise build-
ings remains largely “performance based.”
Outside of minimum strength require-
ments, the building code provides little in
the form of prescriptive requirements.

Performance-based seismic design dates
to the 1980s, when documents such as
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structural engineers in the appropriate
upgrade of these buildings was an im-
portant development.

Similar to wind engineering for high-
rise buildings, site-specific demand levels
were defined, and performance of the
existing structural systems, as well as any
upgrades, were assessed based on sound
engineering principles and benchmarked
against the growing body of research
results. Over the last several years,
this performance-based “framework”
has extended to the design of newly
constructed high-rise buildings.

Prescriptive- Versus
Performance-Based Designs

While still legally “allowed” by the
building code, there is a growing body
of evidence suggesting that prescrip-
tively designed tall buildings may not
perform as well as those designed using
more rigorous PBD methods. Further,
arbitrary limitations imposed by the
building code on structural systems
(sidebar) do not necessarily recognize
framing systems which are efficient or
consistent with modern high-rise con-
struction. The unique characteristics
of tall buildings are not considered in
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Primary lateral load-resisting system of One
Rincon Hill, with concrete core and outriggers
comprising buckling restrained braces.

current code provisions, and this may
lead to less-than-desirable results.

Performance-based design provides the
structural engineer with the opportunity
to understand the response of a particular
building relative to site-specific conditions.
A design can be directly “tuned” and
optimized, resulting in more efficient
and reliable buildings. With no specific
limitations on building form, framing
systems, or construction materials, greater
design freedom is afforded.

continued on page 12
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level of ground shaking should
respond with little damage and re-
main “essentially elastic.” While
this more direct route to estab-
p lishing strength and performance
has obvious merits, debates rage
concerning the definitions of “ser-
viceability event” and “essentially
elastic” performance. On-going
research is focused on gaining
consensus in these areas.
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Higher Modes Effects

It is common for the response
of a tall building to be heav

ional mode when
requirements and
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Response Modification Factors, R

The “first generation” of PBD high-rise
buildings largely adopted a traditional ap-
proach to establishing minimum required
design strength. A design basis earthquake
(DBE) was defined for the specific site, then
reduced somewhat arbitrarily by a traditional-
ly prescribed response modification factor, R.
This approach was intended to provide some
form of consistency with traditional prescrip-
tive designs. However, these factors were not
developed considering unique response char-
acteristics or framing systems common to
modern high-rise buildings. In addition, the
approach conflicts directly with the premise
of PBD: rather than defining demands and
directly evaluating building performance, “ar-
tificial” modifications to demand levels lead
to a design based on something not much
better than a numbers game.

A more sophisticated approach, growing
in acceptance, aims at directly defining a
“serviceability event,” which will replace
any arbitrary, prescriptive strength require-
ment. A high-rise building subject to this

not more, important t
erall design.
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higher flexural well above a

building/s”base, a ‘ shear demands
O Q time

greater than those

nticipated by a typical prescriptive design.
ailing to recognize and incorporate these
demands into a tower’s design can lead to
undesirable performance.
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Peer Review

The complexities of high-rise design,
coupled with evaluation by advanced math-
ematical modeling, have led building officials
to require detailed peer reviews of these proj-
ects. These reviews are an integral part of the
successful implementation of a PBD, as they
ensure appropriate consideration o @por-
tant design parameters.

However, these same revie
widely in their
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Changing Landscape

Thereisatre i@f’ samount of momentum
buildi r ad application of PBD.

erous\groups have all recently published

o
u
Rar working on documents in support of
P

D of tall buildings:

* An Alternate Procedure for Seismic Analysis
and Design of Tall Buildings Located in
the Los Angeles Region, Los Angeles Tall
Buildings Structural Design Council

* Recommended Administrative Bulletin
on the Seismic Design and Review of Tall
Buildings Using Non-Prescriptive Proce-
dures, Structural Engineers Association of

Northern California
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ology Council, ATC-72-1 PEER Tall
Buildings Initiative (yet to be published)

* Recommendations for the Seismic Design
of High-Rise Buildings, Council on Tall
Buildings and Urban Habitat (yet to
be published)

While these largely volunteer efforts are
encouraging, one somewhat troubling un-
dercurrent is the tendency of these groups
to write prescriptive language to “guide”
structural engineers in implementing PBD.
Ironically, avoiding prescriptive constraints
is one of the most significant virtues of PBD.

The Road Ahead

While many recently constructed buildings
include reinforced concrete core walls, planning
has begun for even taller buildings (1000 feet
or more) which will likely include more exotic
structural systems. Composite construction,
passive damping systems, and ultra-high-
strength concrete and steel will be employed to
address the growing complexities in architectural
forms. PBD methodology provides structural
engineers with the framework to pursue these
exciting new frontiers.®
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Doha Tower, Qatar
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