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Peak transient and residual interstory drifts are key engineering demand parameters governing 
structural damage, repairability, and post-earthquake loss. In performance-based seismic design, 
these quantities are typically estimated using nonlinear response history analysis with a limited, 
often scaled, set of ground motions to represent record-to-record variability. However, earthquake 
ground motions are complex, nonstationary signals, and structural response may depend strongly 
on waveform characteristics beyond response spectrum compatibility. The extent to which 
waveform variability influences peak and residual drifts remains insufficiently quantified. 

This study presents preliminary findings from a large-scale investigation of the impact of ground 
motion waveform characteristics on building peak transient and residual interstory drifts using 
unscaled ground motions from the high-fidelity, spatially dense open-access PEER–LBNL 
Simulated Ground Motion Database. Archetype steel and reinforced concrete moment frames with 
varying heights and cyclic degradation properties are analyzed, resulting in over one million 
nonlinear response history analyses. The large dataset enables statistical examination of building 
response variability attributable to ground motion waveform differences. 

Results demonstrate that both peak transient and residual drifts are influenced by waveform 
features, including wave arrival amplitude, duration, and sequencing. Peak transient drift correlates 
well with the dominant pulse intensity once significant yielding occurs, whereas residual drift 
exhibits substantially greater dispersion due to its sensitivity to cumulative cyclic demands and 
later-arriving wave packets, particularly in large-amplitude multi-pulse near-fault motions. The 
residual-to-peak drift ratio increases with ductility demand, and building systems susceptible to 
P–Δ effects exhibit amplified residual drifts due to post-yield ratcheting. The predictive accuracy 
of commonly used empirical relationships, including those adopted in FEMA P-58, is evaluated 
and shown to be limited in capturing residual drift variability. The findings highlight the need to 
explicitly account for the dispersion of building residual drift in seismic performance and post-
earthquake functionality assessments. 


