Seismic Design of Steel Staggered Truss Systems

Seismology Committee, Structural Engineers Association of California

This is the first in a series of STRUCTURE® articles that have been condensed
and adapted| from the Structural Engineers Association of California
(SEAOC) online series called the SEAOC Blue Book: Seismic Design
Recommendations. Beginning in 1959 and extending to 1996, the SEAOC
Seismology C mmzttee published updated printed editions of Recommended

d

which was commonly called

The “Requirements” portion of those publications was in large

part adopted

erbatim by the International Council of Building Officials as

the seismic regulations of the Uniform Building Code. With the transition to
the unification of the three major model building code organizations into the
International|Code Council, and the nationwide use of the NEHRP seismic
design provistons that are developed under the auspices of FEMA and th

Building Seismic Safety Council, SEAOC decided the “Require
of the Blue Book no longer served a purpose, but th

nts” portion
there was a still a need for

statements of position and guidance for practicing engineers and code officials

to help them

resolve ambiguities among various codes and standards and to

interpret reseqrch. A number of Blue Book articles are in developmen: and are

being published one-by-one,

Seismology Cammittee review process.

tion schedules, and reduced
costs (Wexler and Lin 2003).

Most staggered truss systems are in
areas of low seismic hazard. Because
of the apparent benefits of the system,
AISC, structural steel contractors and
others have expressed interest in using
the system in high-seismicregions of the
USA. The American Institute of Steel
Construction (AISC) has published a
design guide with a chapter on seismic
applications (Wexler and Lin 2003).
The following statement appears in
its introduction:

One added benefit of the staggered-truss
[framing system is that it is highly efficient
for resistance to the lateral loading caused

by wind and earthquake. The stiffness
of the system provides the desired drift
control for wind and earthquake load-
ings. Moreover, the system can provide a
significant amount of energy absorption
capacity and ductile deformation capa-
bility for high-seismic applications.

The staggered truss system is not
a recognized seismic force-resisting
system in ASCE 7-02 Table 9.5.2.2 or
in ASCE 7-05 Table 12.2-1, equivalent
to an “undefined structural system” per
2001 CBC section 1629.9.2. Therefore,

fter each has passed through an extensive SEAOC

per ASCE 7-02/05 Seismic
Design Categories (SDCs) C through F
and in 2001 CBC Seismic Zones 3 and
4. While SDCs C-F effectively covers
all of California, the “substantiating test
data” requirements of ASCE 7 and the
1997 UBC are applicable to all SDCs

and Seismic Zones.

Description of the System

The staggered truss system is contem-
plated for buildings from 6 to over 20
stories tall (Wexler and Lin 2003). Its
benefits are most apparent in regular
buildings with rectangular floor plans.
The system consists of full story-deep
trusses spanning the transverse direction
of the building; truss spans are typically
60 feet. From one story to the next, the
trusses are horizontally offset by one
column bay (typically 20 to 30 feet) so
that the truss locations are staggered up
the height of the building (Figure I).
The stagger is typically of a uniform di-
mension and symmetric in plan. Floor
diaphragms are typically precast planks
spanning from the bottom chord of one
truss to the top chord of the adjacent
truss. Exterior columns support the ends
of the truss and provide frame columns
for the lateral force-resisting system in
the longitudinal direction of the build-
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ing. To maximize the architectural ben-
efits of the system, there are frequently
no continuous interior columns.

Each truss acts as a braced frame'in the
transverse direction. A Vi el panel

e to be demgned
ough flexural

es resist transverse

and the floor diaphragm acts as
a load path element between adjacent

trusses. T gitudinal lateral force-
resistin ted’is typically a perimeter
oment frame or braced frame.
Response to

Earthquake Loads

Acceptable earthquake performance of
a staggered truss system will be limited
by the following attributes:

* The lateral and gravity force-
resisting systems of the building are
one and the same. Every gravity-
resisting truss and column is also
integral to the transverse lateral
force resisting system.

Long transverse spans limit the
ability of the system to redistribute
gravity loads in the event of a
column failure.

The ground story is usually much
more flexible than the floors above.
Customarily, moment frames
replace the staggered truss elements
at the ground story.

Diaphragms are critical to the
lateral load path of this structural
system, transferring relatively high
forces between vertical elements.
This is especially true at lower
stories, where the diaphragm and
diaphragm-to-truss connections
must transfer nearly the entire base
shear from one story to the next.

This last point about the diaphragms
might be unique to the staggered truss
system. The floor diaphragms are required
to participate in the lateral system as
fully as the trusses and columns. Model
earthquake design codes, however, assign
seismic design factors (ie. R C, and
) without thorough consideration of
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¢ Force distribution and inelasticity
in diaphragms under vertical
displacements related to truss
deflections and link deformation
* Design of diaphragm-to-truss
connections, considering cyclic loading
and diaphragm or truss overstre@th

and flexural interaction in truss
ords, diagonals, and connectors

In addition, because the system load path
involves a M plane offset at every floor

Figure 1: Typical Staggered Tr '

diaphragm and mo
ithi agm. Use o mic design
nt-resisting »

theoretical response estimates
al. (1973) and perhaps by®an
priate extrapolation of inelastic
behavior modes expected in special truss
moment frames (Basha and Goel 1994).
Additional information may be found in
Scalzi (1971), Goel et al. (1973), Gupta and
Goel (1972), and Hanson and Berg (1974).

Recommended Research

The Seismology Committee is not aware of
any recent testing of the staggered truss system
for use as a seismic force-resisting system. AISC
and others are investigating the feasibility of
the staggered truss system for areas of high
seismicity. Testing and analysis are expected
to focus on sources of inelasticity, diaphragms,
and diaphragm-to-truss connections.

The development of eccentrically braced
frames and special moment-resisting frames
pethaps offers examples for proponents of the
staggered truss to follow. Specifically, ASCE
7-02 section 9.5.2.2 and ASCE 7-05 section
12.2.1 give requirements for qualifying an
“undefined” seismic-force-resisting system.
The Seismology Committee expects that
adequate testing and/or analysis will be
required to adequately address at least the
following design and performance issues:

level; t8sting.must consider the interaction of
y@nd possibly degrading) diaphragms,
trusses, and connections, as opposed to just
the behavior of individual components. Even
the testing of an entire truss frame would not

capture the essential aspect of shear transfer
between adjacent frames.=

fication of predictable i el¢
anisms @
* Design forces and-defc ns in
yielding Vig panels and adjacent

ated to diaphragm-
truss interaction, considering expected
strength, stiffness, and ductility

* Force distribution and inelasticity in
precast diaphragms and topping slabs
under high in-plane forces

The complete SEAOC Blue Book
series of on-line Seismic Design
Recommendations articles is available at:

www.seaoc.org/bluebook/index.html.
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