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Introduction 

PEER has produced a variety of tools to aid in seismic 
hazard analysis and ground motion selection 
 

 
Today I will highlight three recent efforts 
 PEER Ground Motion Database 
 PEER Transportation Systems Research Program ground 

motions  
 Engineering validation of ground motion simulation 

 



http://peer.berkeley.edu/peer_ground_motion_database 
 
 
 
 
 
 
 
 
 

 
Interactive web application based on DGML Ver. 2.0 software package 
 

PEER Ground Motion Database 

w/ thanks to 
w/ funding 

from 

Slides courtesy Camila Coria and Carola Di Alessandro 

http://peer.berkeley.edu/peer_ground_motion_database�


Search for unscaled ground motions 

 
   Search by  

 Earthquake parameters 
 Event name / Station Name / Ground Motion Number 
 

Slides courtesy Camila Coria and Carola Di Alessandro 



Search for scaled ground motions 

Slides courtesy Camila Coria and Carola Di Alessandro 



Search for scaled ground motions 

 
 
Define a target spectrum: 

Slides courtesy Camila Coria and Carola Di Alessandro 



NGA model spectrum 

Which model(s)? 

Model parameters 

Amount/below median prediction 
(uniformly above or conditional mean) 

Slides courtesy Camila Coria and Carola Di Alessandro 



NGA model spectrum 

Which model(s)? 

Model parameters 

Amount/below median prediction 
(uniformly above or conditional mean) 

Slides courtesy Camila Coria and Carola Di Alessandro 



Slides courtesy Camila Coria and Carola Di Alessandro 

Find time histories with matching spectra 

Filters on the ground  
motions to consider 



PEER Transportation Systems Research Program  
standardized sets of ground motions  

http://peer.berkeley.edu/transportation/projects/ 



Broadband ground motions  

40 unscaled 3-component motions  
 
Selected to match the median and 
variability in response spectra 
associated with an M = 7, R = 10 
km strike slip earthquake 
 
Separate sets are provided for soil 
and rock conditions (Vs30 = 250m/s 
and 760m/s) 
 Recordings from appropriate sites 
 Target spectra account for site 

conditions 

 
A third set is provided for lower-
amplitude shaking (M = 6, R = 25 
km Vs30 = 250m/s) 
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GMPM median prediction
GMPM median +/- σ

lnSA

Target spectrum: 
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Site-specific ground motions for Oakland I-880 Viaduct 
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UHS, 2% in 50 years
UHS, 10% in 50 years
UHS, 50% in 50 years

• Same location as the PEER I880 testbed 
 

• Ground motions selected to closely match 
USGS Uniform Hazard Spectra and 
Deaggregations 



Comparison of ground motion spectra 
Broadband soil ground motions 50%/50 yrs site-specific ground motions 
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Selected ground motions
GMPM median prediction
GMPM median +/- σ

lnSA
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Selected ground motions (50%/50)
Target Uniform Hazard Spectrum
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Selected ground motions (50%/50)
Target Uniform Hazard Spectrum
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Selected ground motions
GMPM median prediction
GMPM median +/- σ

lnSA



Comparison of ground motion spectra 
Broadband soil ground motions 50%/50 yrs site-specific ground motions 
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Selected ground motions
GMPM median prediction
GMPM median +/- σ

lnSA
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Selected ground motions
GMPM median prediction
GMPM median +/- σ

lnSA
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Selected ground motions (50%/50)
Target Uniform Hazard Spectrum
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Selected ground motions (50%/50)
Target Uniform Hazard Spectrum



10
-1

10
0

10
-2

10
-1

10
0

Period [s]

S
pe

ct
ra

l a
cc

el
er

at
io

n 
[g

]

 

 

Selected ground motions (2%/50)
Selected ground motions (10%/50)
Selected ground motions (50%/50)
Target Uniform Hazard Spectra

Comparison of ground motion spectra 
Broadband soil ground motions Site-specific ground motions 
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Selected ground motions
GMPM median prediction
GMPM median +/- σ

lnSA
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Selected ground motions (2%/50)
Selected ground motions (10%/50)
Selected ground motions (50%/50)
Target Uniform Hazard Spectra
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Selected ground motions
GMPM median prediction
GMPM median +/- σ

lnSA
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Selected ground motions (50%/50)
Target

Comparison of other ground motion properties 
Broadband soil ground motions 50%/50 yrs site-specific ground motions 

Other properties 
– No variability desired in spectra or 

other properties 
– Scaled to match target spectra 

 
– Velocity pulses included in 

proportion to expected occurrence 
at the site of interest 

 

Other properties 
– Variability included 

 
– No scaling 

 
– Velocity pulses not specifically 

included or excluded 
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Selected ground motions
Target



Another set of ground motions: near-fault motions with pulses 

 

• 40 three-component motions, all high 
intensity and recorded close to faults 

• They have a variety of pulse periods, 
in recognition of the variety of 
structures that they might be used to 
analyze 

 

  

 



Additional data for the near-fault motions with 
pulses 

Original ground motion 

Extracted pulse 

Residual motion after pulse extraction 

Time histories and response spectra for all three 
“parts” of the ground motions are available 



Source code for selection of these ground motion 
sets 
http://www.stanford.edu/~bakerjw/gm_selection.html Jayaram, N., Lin, T., and Baker, J. W. 

(2011). “A computationally efficient ground-
motion selection algorithm for matching a 
target response spectrum mean and 
variance.” Earthquake Spectra, 27(3), 797-
815. 



Southern California 
Earthquake Center 

Looking forward: M8 Southern San Andreas rupture simulation 

Video courtesy Kim Olsen and SCEC 



Southern California 
Earthquake Center 

Empirical 
models 

Intensity 
Measures 

Attenuation 
Relation 

Earthquake Rupture  
Forecast 

Ground motions and PSHA using CyberShake 

CyberShake  
seismogram 

KFR = kinematic fault rupture model 
AWP = anelastic wave propagation model 
NSR = nonlinear site response 

Physics-based 
simulations 

AWP 
Ground 
Motion NSR KFR Extended 

EFR 

• Uses an extended earthquake rupture forecast 
– Source area probabilities from UCERF2 
– Hypocenter distributions 
– Slip variations from psuedo-dynamic model 

• Calculates seismograms efficiently using “reciprocity” 
– Kinematic fault ruptures 
– 3D anelastic model of wave propagation 
– Nonlinear site response 
 

duration 

Slide courtesy Tom Jordan 



Southern California 
Earthquake Center Hazard maps from 2008 NGA GMPMs versus simulations 

NGA 
Boore & 
Atkinson 

NGA 
Chiou &  
Youngs 

NGA 
Abrahamson &  
Silva 

CyberShake (2009) Hazard Model 

Sa(3s) 

P.E. = 2%/50 yr 

NGA 
Campbell & 
Bozorgnia 

CyberShake predicts 
stronger shaking in 
sedimentary basins 
than NGA models. 

Slide courtesy Tom Jorda



 
Motions from hybrid 
procedure (2007) 
Analysis of residuals 
 

 
Observations: 

Too-fast distance 
attenuation 
Too-low intra-event 
standard deviationat 
short periods 
 

R 

Slide courtesy Jon Stewart, Emel Seyhan, Lisa Star, Rob Graves 

Example simulation validation 

 



Ground Motion Simulation Validation  
Technical Activity Group 

 
• SCEC-sponsored effort to develop and implement simulation 

testing/rating methodologies via collaboration between ground 
motion modelers and engineering users 
 
 

• 25 participants at first workshop in January 2011 
 
 

• Currently coordinating with the PEER Ground Motion Selection and 
Modification Working Group (a PEER-hosted joint meeting is being 
scheduled) 
 

 



Conclusions 

Ground motion and hazard analysis tools ready today: 
 PEER Ground Motion Database 
 Standardized ground motion sets 
 Tall Buildings Initiative ground motion guidelines 
 Ground Motion Selection and Modification working group report 
 Models for spatial ground motion coherence and correlation 
 Stochastic ground motion simulation models 

 
 

Tools under development 
 Engineering validation of numerically simulated ground 

motions 
 NGA West 2 ground motion prediction models 
 NGA East ground motion models 
 Global Earthquake Model, Ground Motion Prediction Equations 

Program 



Future research opportunities 

How does ground motion selection relate to 
structural/geotechnical analysis objectives and 
acceptance criteria? 
 
How can we use numerically simulated motions? 
 
Do we fully understand the risk and impact of: 

Incoherent motions? 
Long duration motions? 
Near-fault fling-step effects? 
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