The amount and way that a structure deforms in an
earthquake, termed its response, are a function of the strength
and dynamic properties of the ground shaking, as well as
those of the structure itself. The principal dynamic properties
of importance to structural earthquake response are the
structure’s modal properties and its damping.

An acceleration response spectrum is a plot of the maximum
acceleration ¢ (7) that single-degree-of-freedom structures
having different periods, 7T, would experience when subjected
to a specific earthquake ground motion. This plot is constructed
by performing response history analyses for a series of
structures, each having a different period, 7, obtaining the
maximum acceleration of each structure from the analysis, and
plotting this as a function of 7. Linear acceleration response
spectra are most common and are obtained by performing
linear response history analysis. Figure 1 shows a typical linear
acceleration response spectrum obtained from a record of the
1940 Imperial Valley earthquake.

Figure 1. Linear acceleration response spectrum,
1940 El Centro, 180° component, 5% damping.

Although the response spectra obtained from each
earthquake record will be different, spectra obtained from
earthquakes having similar magnitudes on sites with similar
characteristics tend to have common characteristics. This has
permitted the building codes to adopt standard response spectra
that incorporate these characteristics and which envelop spectra
that would be anticipated at a building site during a design
earthquake. The response spectra contained in the building
code are called smoothed design spectra because the peaks and
valleys that are common in the spectrum obtained from any
single record are averaged out to form smooth functional forms
that generally envelope the real spectra.

Inelastic response occurs when the amplitude of earthquake
shaking is strong enough to cause forces in a structure that
exceed the strength of any of the structure’s elements or
connections. When this occurs, the structure may experience
a variety of behaviors. If the elements that are strained beyond
their elastic strength limit are brittle, they will tend to break and
lose the ability to resist any further load. This type of behavior
is typified by a steel tension member that is stretched such that
the force in the brace exceeds the ultimate strength of its end
connections, or by an unreinforced concrete element that is
strained beyond its cracking strength. If the element is ductile,
it may exhibit plastic behavior, being able to maintain its yield
strength as it is strained beyond its elastic limit. This type of
behavior is typified by properly braced, compact section beams
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Steel Interchange is a forum to exchange useful and practical professional ideas and
information on all phases of steel building and bridge construction. Opinions and
suggestions are welcome on any subject covered in this magazine.

The opinions expressed in Steel Interchange do not necessarily represent an official position of
the American Institute of Steel Construction and have not been reviewed. It is recognized that the
design of structures is within the scope and expertise of a competent licensed structural engineer,
architect or other licensed professional for the application of principles to a particular structure.

If you have a question or problem that your fellow readers might help you solve, please
forward it to us. At the same time, feel free to respond to any of the questions that you
have read here. Contact Steel Interchange via AISC's Steel Solutions Center:

@ 1 E Wacker Dr., Ste. 700, Chicago, IL 60601



