Use of Site-Specific Simulated Ground Motions in Shaking Table Testing
Khalid M. Mosalam, Selim Giinay
University of California, Berkeley & Pacific Earthquake Engineering Research Center

Shaking table testing is commonly used to investigate the seismic response of structures and
structural components, typically based on a specific prototype structure. While any representative
ground motion can be used in such experiments, using motions corresponding to the location of
the prototype structure enhances the realism of the tests. In practice, however, recorded strong
ground motions near the prototype site are rarely available; and even when such records exist, only
a limited number are typically available. The Simulated Ground Motion Database (SGMD), which
contains motions generated from numerous realizations of earthquake scenarios, directly addresses
this limitation. The database provides a large collection of physics-based simulations that enable
site-specific and non-ergodic ground motion inputs for experimental and analytical studies. This
presentation discusses two applications in which SGMD motions are used as non-ergodic, site-
specific inputs for shaking table testing.

The first application concerns the experimental simulation of three key components of the Bay
Area Rapid Transit (BART) system infrastructure that are critical to enhancing community
resilience through improved Earthquake Early Warning (EEW) effectiveness. Currently, BART
trains are slowed or stopped when EEW notifications indicate that shaking intensity may exceed a
predefined threshold. To help inform improved threshold values that ensure both operational safety
and minimal disruption to service, an ongoing shaking table testing program is being conducted at
the Pacific Earthquake Engineering Research Center (PEER). The first two components, ballasted
tracks and an aerial structure, have already been tested, and a legacy BART train car is scheduled
for testing in the coming months. The input motions for these experiments include both recorded
and simulated ground motions. One motion used in the tests was selected from the SGMD at a site
located approximately 0.2 miles from the prototype aerial structure. The presentation discusses the
selection of this motion and the observed responses of the tested systems. Additional experimental
and numerical considerations are also presented, including rotation of the ground motions to the
principal axes of the prototype bridge to capture directionality effects, differences between
recorded and simulated motions in terms of the shaking table’s ability to reproduce the target
inputs, and time scaling of the motions to satisfy similitude requirements.

The second application focuses on an experimental study aimed at better quantifying residual
displacements, which play a critical role in estimating repair and recovery time following
earthquakes. A three-story steel structure, known as the REconfigurable Platform for EArthquake
Testing (REPEAT) frame, was tested with the objective of generating varying levels of residual
drift. In these tests, one of the SGMD ground motions played a central role in producing controlled
levels of residual deformation. The presentation concludes by discussing these experiments and
the role of the selected SGMD motion in achieving the intended residual-drift demands.

These applications illustrate how site-specific simulated ground motions from the SGMD can
enhance the realism and relevance of experimental earthquake engineering studies.



