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Introduction 
SCEC’s research initiatives at the earthquake engineering implementation interface 
include participation in the Next Generation Attenuation (NGA) Program, in ground 
motion time histories for performance-based seismic engineering, and in end-to-end 
simulations from earthquake rupture to building response (rupture-to-rafters) for several 
projects.  These initiatives perform research into the characteristics of earthquakes and 
the ground motions that they cause, and apply that research to the development of seismic 
design criteria for buildings and other structures, including the development of seismic 
provisions of building codes. The importance of SCEC’s strong motion simulation 
capabilities for these projects stems from the sparsity of recorded ground motion time 
histories that represent the conditions (proximity to large earthquakes) that control the 
seismic design of buildings in coastal California, and the fact that response spectral 
ground motion prediction models for these conditions are based largely on extrapolation 
of recorded motions to larger magnitudes and closer distances.   

Completion of the NSF – CMS & EAR Project 
Some of the research described below was funded by the NSF funded project:  
Implementation of SCEC Research for Seismic Risk Reduction, Award CMS-0409705 
10/04 -9/07, $821,000. P.I.: Tom Jordan, USC.  SCEC proposed further collaborative 
research in conjunction with the earthquake engineering research community, including 
Ground Motions from Large Southern San Andreas Earthquakes and Their Impacts on 
Tall Buildings in Los Angeles, submitted jointly by SCEC and PEER to NSF CMMI & 
EAR, and NEESR-SG: Integrated Rupture to Response Simulations Using Hybrid 
Testing of Geo-structural Systems, submitted by CUREE and SCEC to NEESR.  Both 
proposals were unsuccessful. 

Participation in the PEER-Lifelines Next Generation Attenuation (NGA) Project.  
SCEC is a co-sponsor and co-participant with PEER and the USGS in the NGA Project, 
whose objective is to develop a new set of response spectral ground motion prediction 
models for use in seismic hazard analysis (peer.berkeley.edu/lifelines/NGA.html).  
Current ground motion prediction models are based mainly on recorded strong motions, 
and so are poorly constrained for large magnitudes and close distances.  SCEC’s role in 
this project, sponsored by funding from NSF - CMS & EAR and the California 
Earthquake Authority (CEA), involves the use of broadband strong motion simulation to 
generate ground motion time histories for use, in conjunction with recorded ground 
motions, in the development of ground motion attenuation relations that are better 
constrained, especially for large magnitudes and close distances, and are based on an 
improved understanding of the relationship between earthquake source and strong ground 
motion characteristics. 



SCEC Broadband Strong Motion Simulation Platform 
SCEC strengthened its capabilities in broadband simulation of strong ground motion for 
use in the next phase of the NGA Project.  We initiated development of a platform for 
broadband simulation that allows users other than the developers of the software modules 
to use them in verification exercises, validation against recorded data, and simulations of 
scenario earthquakes.  This platform will provide objectivity and transparency in the 
testing and application of broadband simulation procedures, enhancing confidence in 
their use in earthquake engineering.   

We developed additional broadband strong motion simulation procedures based on 
conventional source representation (slip as a function of time and position on the fault) 
and seismic wave propagation at long periods (based on calculated Green’s functions).  
We verified the strong motion simulation procedures using simple test cases, and 
performed the design and preliminary implementation of a platform for broadband 
ground motion simulation.  Each of these accomplishments was a necessary step in the 
demonstration of the broadband platform.  First, the development of additional broadband 
strong motion simulation procedures made a total of three alternative procedures 
available for use in the Platform.  Second, these procedures needed to be verified before 
being incorporated into the Platform.  Third, the Platform needed to be designed and its 
prototype developed.   

A prototype of the SCEC Broadband Strong Motion Simulation Platform was 
demonstrated to individuals outside SCEC on two occasions – November 2, 2006 and 
April 27, 2007.  Next, we demonstrated a fully functional version of the SCEC 
Broadband Strong Motion Simulation Platform.   The demonstration consisted of two 
parts: demonstration by a person outside SCEC, and demonstration of the capability to 
perform large scale ground motion simulations of interest to the PEER NGA Program. 

The objective of the first demonstration was to show that a person outside SCEC who has 
no prior knowledge of the Platform and has not participated in the development of any of 
the computer codes that it uses is able to perform ground motion simulations on the 
platform without assistance.  This demonstration was done by Ms Katie Wooddell of 
PG&E.  Ms Wooddell works with Dr Norm Abrahamson of PG&E, who is a member of 
the project management committee of the PEER NGA Program.   

The first part of the demonstration was conducted on November 15, 2007, when Ms 
Woodell visited the SCEC Headquarters at USC. The participants in the workshop 
included the developers of the three broadband simulation methods that are available on 
the Platform.  Developers who were present at the workshop are shown in italics. 

UCSB:  Ralph Archuleta, Jan Schmedes, Peng-Cheng Liu (Liu et al., 2006) 
URS:   Robert Graves, Arben Pitarka (Graves and Pitarka, 2004). 
SDSU/ETHZ:  Kim Olsen, Martin Mai (Mai and Olsen, 2005) 

The SCEC participants also included Director Tom Jordan, IT Architect Phil Maechling, 
and Seismic Hazard and Risk Analysis Focus Group leader Paul Somerville.   

One week before the Demonstration, information about the demonstration exercise was 
sent to Ms Wooddell.  The exercise prepared for Ms Wooddell consisted of Exercise 
BB01, which had previously been done by the three groups listed above as part of the 



validation of the three methods.  This verification is described in SCEC CEA Report#7.  
The verification exercises were designed by Robert Graves.   

In the morning session of the workshop on November 15, Ms Wooddell successfully 
performed Exercise BB01.  Later that morning, she performed an additional test in 
parallel with Dr Robert Graves.  The test involved setting up an exercise to model 
hanging wall effects.  She was able to set up the test and then execute it, obtaining the 
same result as that obtained by Dr Graves.  Following her visit to SCEC, Ms Wooddell 
ran two exercises from a remote location.  She prepared a report to PG&E on December 
28, 2007 describing her experience with the Platform.   

The objective of the second demonstration was to show that large scale ground motion 
simulations can be run on the platform by individuals other than those who developed the 
seismological components of the computer codes that constitute the Platform.  This 
demonstration was done by Phil Maechling, the SCEC IT Architect.  The demonstration 
involved large scale simulations of hanging wall effects on strong ground motions, a 
topic that is of interest to the PEER NGA Program.   

End-to-End Simulation of Ground-Motion and Structural Simulations for Scenario 
Earthquakes in Los Angeles (Rupture to Rafters).  
Current procedures for estimating earthquake damage and losses involve characterizing 
the ground motion level throughout a region using simple ground motion parameters such 
as intensity, peak acceleration or response spectral acceleration, and then estimating the 
losses for individual structures using simple correlations between ground motion level 
and damage.  A much more rigorous and realistic procedure is to calculate the full ground 
motion wave field throughout the region and input it into nonlinear time history analysis 
of structural response models of the buildings and infrastructure that the region contains.  
This integrated simulation approach enables the realistic analysis of the nonlinear 
response of structures throughout the region in a manner that fully integrates earthquake 
science and earthquake engineering.   

In a project funded by the CEA, SCEC participated in analysis of the response of wood 
frame buildings throughout the greater Los Angeles region to scenario earthquakes on the 
Puente Hills Blind Thrust.  In a project funded by NSF CMS & EAR, SCEC participated 
in analysis of the response of steel frame buildings throughout the greater Los Angeles 
region to a magnitude 7.9 earthquake on the San Andreas fault.  SCEC also performed 
end-to-end simulations to assess the potential performance, including collapse, of 
moderate rise steel moment-frame buildings during earthquakes on the Puente Hills blind 
thrust, a large, north-dipping blind fault system that underlies the densely urbanized Los 
Angeles metropolitan region.  Broadband ground motion simulations of large earthquakes 
on the Puente Hills thrust were performed by Graves and Somerville using the SCEC 
Community Velocity Model.  

Ground Motion Simulations for the Tall Buildings Initiative  

The Pacific Earthquake Engineering Research Center is actively pursuing a research 
agenda in support of the development and application of alternative design concepts for 
earthquake engineering of buildings, as described in the Tall Buildings Initiative 
(Moehle, 2006). The Southern California Earthquake Center is pursuing a research 



agenda to provide earthquake ground motion simulation capabilities to support this 
cutting-edge earthquake engineering of buildings.  

One of SCEC’s main roles in the Tall Buildings Initiative is to generate ground motion 
time histories in San Francisco and Los Angeles for large earthquakes on the major faults 
in the region, using validated broadband ground motion simulation procedures. The time 
histories were simulated for geographic areas of specific interest for San Francisco and 
Los Angeles. These broadband simulated time histories contain long period effects such 
as rupture directivity effects and basin effects that are specific to the fault geometry and 
geological structure of the regions.  Robert Graves generated suites of time histories for 
the Puente Hills Blind Thrust scenario earthquakes (Graves and Somerville, 2006).  The 
broadband time histories were calculated at sites on a 1 km square grid centered over the 
fault planes and extending out to about 60 km.  Brad Aagaard and a large group of 
investigators (Aagaard et al., 2008) generated suites of time histories for 1906 San 
Andreas scenario earthquakes. Documentation of the simulations and data files, and 
digital sets of simulated ground motion time histories were provided to the TBI for 
review.  The group led by Brad Aagaard is now developing suites of time histories for 
scenario earthquakes on the Hayward Fault.  Robert Graves and others are generating 
broadband ground motion time histories for the 1857 earthquake on the San Andreas fault 
as part of the ShakeOut Project. 

PARTICIPATION IN MEETINGS 
In 2007, in addition to the SCEC Meetings listed below, I participated in meetings 

with numerous engineering organizations that are involved in research and practice, listed 
in Table 1, and represented SCEC’s interests at these meetings.  In all I attended 8 
meetings of engineering organizations spanning a total of 12 days in 2007. 

 

Table 1.  Meetings with Engineering Research and Practice Organizations, 2007 

Jan 19-20, 2007  PEER Annual Meeting, San Francisco 

Feb 12-13, 2007 Scientific Earthquake Studies Advisory Committee (SESAC) Meeting, 
Washington, D.C. 

Feb 8, 2007 EERI Annual Meeting, Universal City, LA 

June 13, 2007 PEER Summative Meeting, San Francisco 

Sept 13, 2007 CSMIP Seminar, Sacramento 

Oct 22-24, 2007 Advisory Committee on NEHRP, Golden 

Oct 29, 2007 PEER Ground Motion Selection and Modification, Berkeley 

Nov. 9, 2007 COSMOS Annual Meeting:   



PARTICIPATION IN SCEC MEETINGS 

In 2006, I participated in all of the SCEC meetings that are relevant to the Seismic 
Hazard and Risk Analysis Focus Group, and organized or participated in organizing many 
them.  In all I attended 10 SCEC meetings spanning a total of 15 days in 2007.  These 
meetings are listed in Table 2. 

Table 2.  SCEC Meetings, 2007 

Jan 15-16, 2007 SCEC Planning Committee, USC 

Feb 2, 2007 CEA Project Meeting, Sacramento 

Feb 5, 2007 SCEC Board of Directors Meeting, SCEC 

Mar 21, 2007 CEA Research Forum, Sacramento 

April 27, 2007 Broadband Strong Motion Simulation Workshop, SCEC 

June 11-12, 2007 SCEC-Leadership Meeting, Palm Springs 

Sept 8-9, 2007 SCEC/USGS/DOE Extreme Ground Motion Workshop, Palm Springs 

Sept. 9-12, 2007 SCEC Annual Meeting, Palm Springs 

Nov 2, 2007 SCEC/PEER Workshop of Ground Motion and Building Response Simulation, 
Berkeley. 

Nov. 15, 2007 SCEC Broadband Ground Motion Modeling Demonstration, SCEC 
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