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Outline

• Ground motion prediction using “empirical” models
• Changes in ground motion models caused by 

weak ground motions from recent large surface 
faulting earthquakes 

• Physical causes of weak ground motions from 
large surface faulting earthquakes

• Ground motion prediction using strong motion 
simulation

• Scenario simulations of basin and directivity 
effects

• Probabilistic ground motions based on simulations



























Depth Dependent Characteristics of 
Kinematic Rupture Models

• In shallow faulting, fault slip displacement 
may be large but slip velocity may be small

• In buried faulting, fault slip displacement may 
be small but slip velocity may be large



 



Fracture Energy and Stress 
Intensity Factor

• Large for surface faulting events
• Small for subsurface events

• Large fracture energy events may produce 
mainly long period seismic radiation

• This is consistent with surface faulting events 
producing weak high frequency ground 
motions



Dynamic Rupture Modeling of 
Shallow Faulting

• Shallow zone modeled using low stress 
drop and large slip weakening distance 
Dc

• Velocity hardening in the weak shallow 
zone (upper 5 km) reduces the ground 
motion level of surface faulting 
earthquakes



Dynamic Modeling of Buried and Surface Faulting



Larger Slip Velocity for Buried than for Surface Faulting



Features of Rupture in the Shallow 
Part of Fault (0 – 5 km depth)

• Controlled by velocity strengthening
• Larger slip weakening distance Dc
• Larger fracture energy i.e.much energy 

absorbed from the crack tip
• Lower rupture velocity
• Lower slip velocity
• Causes lower ground motions for 

surface faulting than for buried faulting 
events



Ground Motion Time Histories 
from Simulation

• Ground motions are conventionally represented 
by a probabilistic response spectrum 

• Nonlinear time domain response analysis 
requires time histories

• Simulation procedures can be used to generate 
source and site specific time histories for 
scenario earthquakes that dominate the 
probabilistic response spectrum

• Large scale simulations can be used to provide 
a probabilistic description of the ground motions 
in the form of large suites of time histories





Ground Motion Effects 
Represented by Simulations

Related to fault and station geometry:
• Rupture directivity effects

• Hanging wall effects

Related also to underground structure:

• Basin effects and basin edge effects





Simulation Approach to 
Ground Motion Prediction

• Go beyond “empirical” ground motion 
attenuation equations (NGA)

• Use physics-based strong motion 
simulation procedures

• Large scale simulations 
Scenario - Terashake
Probabilistic - Cybershake







Focusing of Energy by Rupture Directivity and Basin Effects

Puente 
Hills 
Blind 
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CyberShake Platform
• Simulates ground motions 

for potential fault ruptures 
within 200 km of each site
~ 12,700 sources in Southern 

California from USGS 2002 
earthquake source model

• Extends USGS 2002 to 
multiple hypocenters and 
slip models for each source
~ 100,000 ground motion 

simulations for each site

Robert Graves et al., SCEC



CyberShake Platform



CyberShake Platform



CyberShake Platform
Disaggregation for Whittier at 0.28 g

Large earthquakes on 
southernmost SAF

Robert Graves et al., SCEC



TeraShake:
Southern San Andreas Fault Earthquake



TeraShake Platform
M7.7 Earthquake on Southernmost San Andreas Fault



Summary – Part 1

• New ground motion models predict weaker 
ground motions for large earthquakes

• Weak ground motions from large surface faulting 
earthquakes can be explained physically as 
resulting from ductile behaviour in the shallow 
crust

• Ground motion prediction using empirical models 
is subject to large random variability

• Simulations may be able to reduce that variability 
at long periods e.g. in directivity and basin effects



Summary – Part 2

• Ground motions are conventionally represented 
by a probabilistic response spectrum 

• Nonlinear time domain response analysis 
requires time histories

• Simulation procedures can be used to generate 
source and site specific time histories for 
scenario earthquakes that dominate the 
probabilistic response spectrum

• Large scale simulations can be used to provide 
a probabilistic description of the ground motions 
in the form of large suites of time histories
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