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Physics-based earthquake simulations are increasingly used to generate site-specific ground 
motions for nonlinear structural analysis, yet their ability to reproduce observed structural response 
requires validation. This study evaluates how physics-based simulated motions compare with 
recorded ground motions and measured building responses using an instrumented healthcare office 
building in San Francisco that recorded basement and floor motions during the 1989 Mw 6.9 Loma 
Prieta earthquake. The availability of both recorded input motion and structural response provides 
a direct benchmark for validation. 

The primary simulated inputs are site-specific ground-motion suites from the PEER–LBNL 
simulation framework, which capture regional rupture and site variability. The simulated response 
spectra from this suite align well with the recorded site-specific response spectrum from the Loma 
Prieta earthquake, supporting their suitability for evaluating structural response predictions. In 
addition, a physics-based simulation of the Loma Prieta event itself is used for event-specific 
comparison. 

A calibrated nonlinear OpenSees model of the building is subjected to recorded motions, PEER–
LBNL simulated suites, and the Loma Prieta simulation. Predicted responses—including roof 
accelerations, interstory drifts, frequency content, and duration effects—are compared with 
measurements to identify which ground-motion characteristics most influence structural response 
prediction. The results provide insight into the strengths and limitations of physics-based 
simulations for response-history analysis and performance-based engineering applications.   

 


