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ABSTRACT
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Ground motion selection and modification for nonlinear
response history analysis (NRHA) is typically based on mean,
elastic acceleration target spectra. However, structures are
typically designed to behave in an inelastic manner during strong
ground shaking, with inelastic displacement the variable of
prime interest. In order to place confidence in the use of elastic
acceleration target spectra as the basis for NRHA, the variance
of inelastic displacement needs to be studied. Since seismic
response is typically presented as log-normally distributed, a
comparison of the variability in inelastic displacement and
variability in elastic acceleration can be performed. Further,
knowledge of the variance of inelastic spectral displacement can
lead to a better understanding of the appropriate number of
records required for analysis. A total of 66 design ground motion
records were selected and scaled based on site-specific hazard
conditions to generate elastic acceleration and inelastic
displacement spectra. Of the 66 records, 55 were separated into
five non-pulse type design suites containing 11 records for
varying significant earthquake durations: 10-20 seconds, 20-30
seconds, 30-40 seconds, 40-50 seconds, and 50-99 seconds. The
remaining 11 records are comprised of pulse-type ground
motions that belonged to a single characteristic bin. Each design
suite was used to develop elastic acceleration and inelastic
displacement spectra in order to compare the variability in
inelastic displacement to the variability in elastic acceleration.
The study shows that the use of elastic acceleration target spectra
for ground motion selection and modification for NRHA is more
appropriate for structures with a fundamental period typically
less than 1-second. For fundamental structural periods greater
than 1-second, the variability and trend in inelastic displacement
spectra changes significantly with respect to significant
earthquake duration, ductility, and post-yield stiffness
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