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history 
analysis 

•  Some (M, R) ranges 
poorly sampled by 
recordings 

•  Mo3ons needed with 
specific aIributes, e.g. 
–  Basin effect 
–  Near fault effects 

Simula3ons hold poten3al to provide useful ground 
mo3ons for engineering applica3on in these situa3ons 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Procedure 

•  Hybrid procedure 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stochas3c 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Simula3on Procedure 

•  Hybrid procedure 
•  Source func3on 

–  Slip distribu3on 
–  Rupture velocity 

Shakeout, Mw 7.8 



Shake‐Out 

•  Shake‐Out event 
–  Mw 7.8, southern San 
Andreas 

–  150 yr return period 
(last events 1857 & 
1680) 



Shake Out Simula3ons 

•  Hybrid procedure 
•  Source func3on 
•  Finite difference 
calcula3on  
–  SCEC 3D velocity 
model 



Shake Out Simula3ons 

•  Hybrid procedure 
•  Source func3on 
•  Finite difference 
calcula3on  

•  Semi‐empirical site 
term (fn of Vs30) 

Campbell and Bozorgnia (2008) 



Shake Out Simula3ons 



Data Analysis 



Data Analysis 

Approach:  

•  Calculate residuals 
•  4 NGA GMPEs: AS, BA, CB, CY 
•  Random effect analysis: Separate event term (ηi) 
from within‐event residual (εi,j,) 



General Model 



Data Analysis 

Approach:  

•  Calculate residuals 
•  4 NGA GMPEs: AS, BA, CB, CY 
•  Random effect analysis: Separate event term (ηi) 
from within‐event residual (εi,j,) 

•  Gross assessment of source from ηi 
•  Distance‐scaling evaluated from εi,j 



Results: Event Terms 

Result: Simulated mo3ons consistent with GMPEs 
for T < 1 s, exceed GMPEs for T > 1 s 



Results: Distance‐Scaling 

Result: Faster aIenua3on except at long periods.  



Removing R‐Scaling Bias 

Procedure:  
•  Regress distance‐scaling parameters in NGA 
equa3ons 

•  Retain original func3onal form.  



Modified Coefficients 

Faster aIenua3on 



Modified GMPEs 



Standard Devia3on 

σ=stdev(ε) 

Large transi3on at T=1.0 s 

σ too low for T < 1.0 s 



Concluding Remarks 

•  Calibrated simula3on procedures needed 
for engineering prac3ce 

•  Hybrid simula3ons promising due to 
broadband characteris3cs 

•  Issues for engineering applica3on 
– Distance aIenua3on too fast 
–  Incorrect σ
– Others  

•  Current work directed towards correc3ng 
the distance aIenua3on and σ problems 


