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ABSTRACT

This dissertation documents two related avenues of research: (1) the definition, study,
and practical use of meaningful and consistent, nonlinear-response-based characterizations
of the damage potential of earthquake ground motion, and (2) an examination of the effects
of ground motion and (linear and non-linear) structural characteristics on the respons2 of
secondary systems (i.e., equipment).

The result of the first avenue of research is the development of capability to obtain
probabilistic, nonlinear-limit-state-based, ground-motion spectra that are of practical use
in seismic design and safety assessment. To accomplish this result, key linear- and nonlinear-
spectrum characterizations are first introduced and their properties are studied for a suite
of varied ground motions. This study reveals that the key characterizations are capable
of consistently and succinctly conveying the nonlinear-damage-causing potential associated
with prominent features of ground motion. Further, the spectral characterizations are
shown, for a given ground motion and damage level, to be insensitive to how damage is
modeled, and to particular detailed characteristics of nonlinear structural behavior.

Next, a set of linear- and nonlinear-spectrum characterizations are computed for a large
ensemble of ground motions, and are regressed on magnitude and distance. The resulting
attenuation functions reveal that surprisingly accurate expressions for the attenuation of
nonlinear spectra can be obtained by simply scaling the attenuation for linear spectra by
a (frequency-dependent) constant. Stated differently, magnitude and distance dependence
of the nonlinear (i.e., beyond yield) component of response is, contrary to expectations,
negligible on average.

Finally, using seismic hazard theory, a methodology to obtain probabilities of damage
exceedance is developed and illustrated. A key element of this methodology is the above
derivation of attenuation functions for nonlinear spectra. Simplifications that make the

methodology practical for routine use are demonstrated. How the results of the methodology
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can be used to address seismic design and safety problems in a damage-risk-cons’stent
fashion is also demonstrated.

The result of the second avenue of research is the development of capability to better
anticipate the influence of ground motion characteristics and structural nonlinearitv on
secondary system behavior. Prior to this research, the effzct on equipment response of
nonlinearity in a multiple-degree-of-freedom (MDOF) structure was not well understood. In
particular, nonlinearity in single-degree-of-freedom (SDOF) systems has earlier been shown
to result consistently in beneficial force reductions in high-frequency equipment, whereas
results for the limited case studies of MDOF structures did not consistently show this effect.

A parameter study undertaken in this dissertation is described; its results clearly indicate
that high-frequency equipment response (for nonlinear relative to linear structural behavior)
is highly sensitive to key features of the input spectrum, to the nature and magnitude of
structural nonlinearity, and to equipment location. In many cases, SDOF nonlinear models
are noted to grossly underestimate the response of high-frequency equipment, and must
therefore be used with extreme caution when applied to such problems.

Useful concepts and understanding are presented to help an engineer qualitatively pre-
dict how equipment in a particular structure will respond to a particular motion, and to
explain any noted sensitivities. This understanding, together with insights obtained from
the first part of this dissertation, facilitates the simple quantitative prediction of equipment
response for cases involving structural nonlinearity, and opens the way to the develop-
ment of practical seismic hazard methodology for the prediction of equipment response and

equipment damage risk.
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