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Abstract: Studying the overturning and large-displacement processes of precariously balanced rocks (PBRs) facilitates
ground motion estimation. Using a physics engine and robotic tools, we developed a virtual shake robot (VSR) to simulate
the dynamics of PBRs for the study of overturning and large-displacement processes. We applied the VSR to investigate
a PBR at a study site of Double Rock, located close to the critical infrastructure of the Diablo Canyon nuclear Power Plant.
Our overturning experiments demonstrated that the ground motion orientation and lateral pedestal support were important
factors that affect PBR fragility. Large-displacement experiments estimated rock trajectories (post overturning) for various
ground motions. Ground motions positively correlated with large displacement statistics such as mean trajectory length,
mean largest velocity, and mean terminal distance. The overturning and large displacement processes of PBRs may
provide complimentary constraints to refine ground motion estimation: fragile configurations of existing PBRs indicate an
upper-bound ground motion constraint; large displacements of toppled PBRs suggest a lower-bound ground constraint.
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Precariously balanced rocks (PBRs) at Double Rock, located close
to the critical infrastructure of the Diablo Canyon nuclear Power
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As PGA increases, the number of trajectories and the ratio of trajectory number to ground
motion number also increase. Comparing the trajectory plots gives an intuition of how
trajectory and velocity change with PGAs.
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The overturning and large displacement processes of PBRs may provide complimentary constraints to refine ground motion
estimation: fragile configurations of existing PBRs indicate an upper-bound ground motion constraint; large displacements of
toppled PBRs suggest a lower-bound ground constraint.

e same width: taller PBR, more fragile

e same height-width ratio: smaller PBR, more fragile
e same height-width ratio: length does not affect fragility
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