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Introduction 
As was the case last year, a major part of the work this year was involved in proposal 

preparation for special projects.  Major contributions were made to the implementation 
component of the SCEC3 Proposal and to the Japan component of the MPRESS Proposal 
for international collaboration.  A major contribution was also made to preparing the 
work plan for the DOE Extreme Ground Motion Project, culminating in the organization 
of the Workshop that was held just before the SCEC Annual Meeting for the purpose of 
developing the work plan.  Support was provided for finalizing the proposal to CEA. 

Implementation Activities 
Implementation work this year was concentrated in six main areas.  The first three 

areas are part of the SCEC Project “Implementation of SCEC Research for Seismic Risk 
Reduction,” sponsored jointly by CMS and EAR, for which I prepared a report (SCEC, 
2005). First, we participated in two case studies of end-to-end simulation.  Second, we 
participated in the development of guidelines for the selection and scaling of ground 
motion time histories for use in engineering testing and simulation, and in the 
presentation and discussion of these guidelines at the Annual Meeting of the Network for 
Earthquake Engineering Simulation (NEES).  Third, we participated in the Next 
Generation Attenuation (NGA) Project, developing and validating procedures for 
broadband strong motion simulation.  

Two of the remaining three areas involved workshops that initiated new ventures.  
Fourth, we held a SCEC/USGS/DOE Workshop on Physical Limits to Earthquake 
Ground Motion in Rock.  Fifth, we held a SCEC/PEER workshop on the impact of large 
earthquakes on tall buildings in Los Angeles. Sixth, we developed a more realistic 
representation of seismic hazards using vector-valued seismic hazard analysis, and 
applied it in a rigorous manner to a structural response problem (toppling of precariously 
balanced rocks) to place constraints on current ground motion prediction models.   

1.  End-to-End Simulations for Scenario Earthquakes in Los Angeles 
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 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 has the advantage of using a complete 
description of the ground motion in place of the simplified ground motion parameters 



used in most current practice, thereby enabling realistic analysis of the nonlinear response 
of structures throughout the region.  End-to-end simulation from the earthquake source 
through to structural response is a means of fully integrating earthquake science and 
earthquake engineering.   
 

SCEC has been involved in two case studies of end-to-end simulation.  The first 
involves the response of buildings throughout the greater Los Angeles region to a 
magnitude 7.9 earthquake on the San Andreas fault, shown in Figure 1 (Krishnan et al., 
2005).  The ground motion wavefield throughout the Los Angeles region was calculated 
using the spectral element method.  The top of Figure 1 shows a map of the peak velocity 
of the calculated ground motion.  The ground motion time histories from this simulation 
were input into non-linear time domain analyses of models of an 18 story steel moment 
frame building distributed throughout the Los Angeles region.  The bottom left side of 
Figure 1 shows a map of the drift index, based on the difference in displacement between 
the top and bottom of the story as a fraction of the story height, derived from the 
nonlinear response analyses of a model of an existing building.  This map portrays the 
expected level of building deformation for this model building.  The bottom right side of 
Figure 1 shows a map of the drift index of the building after it has been redesigned.  By 
covering the entire region affected by the earthquake scenario, the end-to-end simulation 
provides a comprehensive view of the improvement in building performance that is 
achieved by the redesign of the building.  It also shows that there is not a perfect 
correlation between a single measure of ground shaking intensity, in this case peak 
velocity, and the damage to the building.   
 

The second example of end-to-end simulation involves scenario earthquakes on the 
Puente Hills Blind Thrust.  Ground motions were simulated using the SCEC Community 
Velocity Model by several investigators, including Graves (2005), and used to calculate 
the response of 20 story steel moment frame buildings (Heaton et al., 2005).  A map of 
the peak velocity of the simulated ground motions is shown at the top of Figure 2.  Strong 
rupture directivity channels large amplitude pulses of motion directly into the Los 
Angeles basin, which then propagate southward as basin surface waves.  The waveform 
at Los Angeles is dominated by rupture directivity, which produces a strong, concentrated 
pulse of motion.  At Long Beach, which is located across the Los Angeles basin from the 
rupture, it is dominated by late arriving longer period surface waves.  These surface 
waves are generated in the near fault region as the direct waves from the rupture are 
trapped within the sediments of the basin. 
 

The building response is calculated for typical buildings designed according to 
current code provisions, as well as for enhanced provisions, to provide a basis for 
assessing the efficacy of the enhanced provisions.  The detailed simulations of nonlinear 
response use special computer codes developed by Professor John Hall and his students 
for modeling steel frame buildings (Hall, 1998; Carlson, 1999; Krishnan, 2003).  Ground 
motions caused by a Puente Hills earthquake induce a strongly nonlinear response in 
buildings.  The impact of the ground motions on this kind of building in Los Angeles is 
shown at the bottom of Figure 2. 



2. Ground-Motion Time Histories for Performance-Based Earthquake Engineering 
SCEC participated in a special session on ground motions at the NEES 2005 Annual 

Meeting in Minneapolis on May 14, 2005.  Dr Paul Somerville made an introductory 
presentation on why ground motions are so variable, and Dr Nicolas Luco, Research 
Structural Engineer at the U.S. Geological Survey in Golden, Colorado and a participant 
in SCEC, made a presentation on the effect of time histories on inelastic response.  Dr 
Brian S.J. Chiou, California Department of Transportation, made a presentation on 
resources for selection and characterization of ground motions.  He described ground 
motion data bases, including the data base developed by the PEER-LL Next Generation 
Attenuation (NGA) project, which has comprehensive metadata.  He also described the 
PEER-LL Design Ground Motion Library (DGML).   

Dr Paul Somerville made a presentation on recommendations that was drawn from an 
extended interchange that took place before the meeting and involved a large number of 
contributors, notably Cliff Roblee, Allin Cornell, Nicholas Luco, Roberto Leon, and 
Sharon Wood. These recommendations covered analysis before testing, records to avoid, 
different kinds of records, special structural behavior, treating variability, guidelines for 
six situations, and understanding test results using analysis. Different needs were 
recognized for two different kinds of testing objectives.  The first kind is to evaluate the 
capacity of a specimen to withstand specified level(s) of ground motion.  In this case, 
record reparation follows current best design practice and is critical to outcome.  The 
second kind is to verify or calibrate analytical model.  In this case, procedure for record 
preparation is less structured and less critical to outcome. 

Suggestions were made for time history preparation for 3 work scopes: 100 time 
histories, for simulation; 4-10 time histories, for lab testing; and 1-3 time histories, for lab 
testing.  These suggestions were for two cases.  The first case is for a specified site, in 
which it is possible to be specific about ground motion characteristics, suitable both for 
capacity testing and verification / calibration.  The second case is for an unspecified site, 
where it is not possible to be specific about ground motion characteristics, and is suitable 
only for verification / calibration.  

3.  Next Generation Attenuation (NGA) Project 
SCEC held a workshop on January 30, 2005 for the purpose of developing a broader 

range of procedures for the broadband simulation of strong ground motion.  One of the 
objectives of this workshop was to coordinate the validation of these procedures against 
recorded strong ground motions of six earthquakes.  These simulation procedures will 
then be used to simulate large suites of time histories for the NGA-H Project.   

Groups that are currently enhancing their broadband simulation techniques include 
Graves and Pitarka (2004), Bielak and students (CMU) in collaboration with Hisada 
(Kogakuin, Japan), and Olsen (SDSU) in collaboration with Mai (ETH, Switzerland).  
Bielak and colleagues are enhancing their broadband representation of radiation pattern 
in their simulations.  Olsen and Mai are working on accurate representations of scattering 
and of the phase at short periods, and on using information from dynamic rupture 
modeling, including spatial variations in rise time and rupture time.  Archuleta and 
Lavallee have been working on the stochastic representation of earthquake slip models 
for use in the simulation of strong ground motion.  Pitarka has been using rupture 



dynamic models to shed light on the physics of rupture directivity and shallow/deep 
faulting effects on strong ground motion, and to explain observations of these effects in 
strong motion recordings of earthquakes.   

Kinematic Simulations 
SCEC is a co-sponsor and co-participant with PEER-Lifelines and the USGS in Next 

Generation Attenuation (NGA) Project. Strong motion simulations by SCEC scientists 
using validated broadband ground motion simulation techniques were used to constrain 
features of the NGA-E attenuation models that are poorly constrained by currently 
available strong motion data, including rupture directivity effects, footwall vs. hanging 
wall effects for dipping faults, depth of faulting effects (buried vs. surface rupture), static 
stress drop effects, and depth to basement and basin effects.  Comparisons of additional 
models were made at the SCEC Broadband Strong Motion Simulation Workshop held on 
January 30, 2005.  Goodness of fit between ground motion simulations and recordings of 
the 1994 Northridge earthquake for the six participants were compared.  Mai and Olsen 
(2005) have enhanced their broadband strong motion simulation procedure to incorporate 
accurate representations of scattering and of the phase at short periods.   

Source Modeling 
Studies of the 1999 Chi-Chi, Taiwan earthquake by Lavallee and Archuleta (2005) 

have shown that the probability density function of the peak acceleration is governed by a 
Levy law that also governs the probability density function associated with the spatial 
variation of the slip on the fault.  Dynamic rupture analysis of the Chi-Chi earthquake has 
been conducted by Zang et al. (2005). 

Rupture Dynamic Modeling 
We have used rupture dynamic modeling (Pitarka and Dalguer, 2003) to shed light on 

the physics of why surface faulting earthquakes have weaker ground motions than those 
of buried faulting (Pitarka et al., 2005).  The top panel of Figure 3 is a buried rupture, and 
the panels below it are for increasingly weak shallow zones (represented by decreasing 
values of stress drop) in the upper 5 km of the crust.  With increasing weakness, the 
shallow zone is increasingly effective at arresting the upward propagation of rupture to 
the surface, reducing the slip velocity on the fault, and reducing the strength of the 
ground motion.  The ratio of buried to surface spectral acceleration is shown as a function 
of period in the third column of Figure 3.  For increasingly low values of strength of the 
shallow zone, the ground motion values become increasingly weak.  Figure 4 compares 
buried rupture with the third surface rupture case (shallow stress drop = 1Mpa) from 
Figure 3, showing much larger slip velocities on the fault for the buried rupture case than 
for the surface faulting case.  This demonstrates that we can find realistic rheological 
models of the shallow part of the fault that are consistent with the observation of weaker 
ground motions from surface faulting than from buried faulting earthquakes. 

4. SCEC/USGS/DOE Workshop on Physical Limits to Earthquake Ground Motion 
in Rock, Palm Springs, September 8 -10, 2005 

The workshop focused its attention on discussing and resolving issues that need to be 
addressed in accomplishing a draft work plan that had been provided, and on prioritizing 
these issues.  These recommendations were presented in the report on the Workshop.  



Appendix I of the report provides the Agenda of the Workshop as it actually transpired.  
It lists the introductory presentations that were made to frame the issues for discussion, 
and the open presentations that were made in the course of the ensuing discussion.  The 
presentations that were made at the workshop can be found on the SCEC website.  
Appendix II of the report lists the participants and their affiliations. 

5. SCEC/PEER Workshop on Impact of Large Earthquakes on Tall Buildings in 
Los Angeles 

The idea for this Roundtable was generated in the course of discussion following 
publication of the paper by Field et al. (2005) on Loss Estimates for a Puente Hills blind 
thrust earthquake in Los Angeles.  The purpose of the Roundtable was to discuss the 
characteristics of ground motions in Los Angeles from large earthquakes, their potential 
impacts on tall buildings, methods for controlling collapse and damage, and implications 
for design practitioners.  Participants in the Roundtable included SCEC strong motion 
seismologists, and structural engineers involved in research (PEER), practice, and 
building code development.  The Agenda of the meeting is attached. 
 
Before the Roundtable, Robert Graves sent some time histories for a scenario earthquake 
on the recently identified Puente Hills Blind Thrust fault beneath Los Angeles.  These 
consisted of a suite of 9 3-component time histories for moderate levels of shaking and 
another suite of 9 3-component time histories for severe levels of shaking, both from the 
same earthquake scenario.  These time histories were used by Farzad Naeim as inputs 
into analyses of the strength and capacity of model structures. 
 
SCEC personnel presented their understanding of the conditions that may give rise to 
severe ground motion conditions in the Los Angeles region, and the locations where these 
conditions may arise.  Ground motion effects causing these conditions include rupture 
directivity effects, buried faulting effects, hanging wall effects, basin effects, and basin 
saddle channeling effects.   
 
The presentations by Farzad Naeim showed that tall buildings may be less vulnerable to 
the moderate level ground motions than other buildings, and that all categories of 
buildings are vulnerable to the severe level ground motions provided by SCEC.  At 
present, SCEC is not able to quantify the return periods of these two levels of ground 
motion, but that will be possible when Cybershake has been completed for downtown 
Los Angeles.  Cybershake consists of a probabilistic ground motion hazard calculation in 
which ground motion simulations are used in place of ground motion attenuation 
relations to estimate the ground motions for each earthquake scenario that is considered 
in the PSHA.  There will be an opportunity to further address the goals of the workshop 
once these estimates of return period have been made. 
 
The Roundtable discussion provided a very effective means for SCEC scientists to 
explain their current understanding of the potential causes of severe ground motion 
conditions in the Los Angeles region.  It similarly provided a very effective means for 
structural engineers to explain issues related to the vulnerability of tall buildings, and 
their relative vulnerability compared with other categories of buildings.  All of the 



presentations that were made at the Roundtable are available on a password protected 
part of the SCEC website. 

6. Vector Valued Seismic Hazard Analysis 
We have developed a more realistic representation of seismic hazards using vector-

valued seismic hazard analysis, and applied it in a rigorous manner to a structural 
response problem (toppling of precariously balanced rocks) to place constraints on 
current ground motion prediction models (Purvance, 2005).   

The objective of vector-valued probabilistic seismic hazard analysis (VPSHA) is to 
provide the annual frequency of the joint occurrence of more than one ground motion 
intensity measure (Bazzuro and Cornell, 2002).  This approach should prove superior to 
scalar valued PSHA because the response of most structures depends on more than one 
ground motion intensity measure.  For example, the response of a tall building may have 
significant contributions from not only its fundamental period but its first higher mode.  
Similarly, the response of earth structures that are subject to liquefaction effects depends 
not only on the level of the ground motion but also on its duration.   

Analysis of the seismic stability of precariously balanced rocks provides a 
particularly useful application of vector valued hazard analysis, because it has been 
shown by Purvance et al. (2005) that rock toppling requires both an acceleration above 
some threshold value to start a rocking motion, and subsequent longer period ground 
motion near its rocking period (represented by peak velocity) to topple the rock.  We 
have used this approach to show that the presence of precariously balanced rocks 
between the San Jacinto and Elsinore faults appears to be inconsistent with current 
ground motion models.  We calculated the vector-valued hazard surface at the location of 
a rock (lower left of Figure 5) for the joint frequency of exceedance of two ground 
motion parameters: peak acceleration and peak velocity.  The vector valued toppling 
fragility surface of the rock is shown in the lower right of the figure.  Combination of the 
vector valued hazard and fragility curves yields the vector valued toppling surface (top 
right of figure).  Integration of the toppling surface gives the toppling curve (top left), 
shown as the probability of toppling as a function of time.  This rock is thought to have 
been in its current precarious state for 10,000 years, in which time the probability that it 
should have toppled is 99%; several other rocks also have high calculated probabilities.  
The fact that this rock has not toppled indicates that the ground motion model 
overestimates the seismic hazard at the site of the rock.  The ground motion model used 
in this analysis predates the NGA-E models described above.  We have shown that the 
new NGA-E models, with their lower predicted ground motions from large earthquakes, 
are compatible with the presence of the precariously balanced rocks. 

Participation in SCEC Meetings 
I participated in all of the SCEC meetings that are relevant to the Implementation 

Interface, and organized or participated in organizing all of them.  I took the lead role in 
organizing two of these meetings: the Extreme Ground Motion Workshop, and the Los 
Angeles Tall Building Roundtable.  Internal SCEC meetings include the Planning 
Committee Meeting, the Site Visit Meeting, the Annual Meeting, and workshops in fields 
that are closely related to the Implementation Interface.  In all I attended 10 SCEC 
meetings spanning a total of 18 days in 2005. 



 
Table 1.  SCEC Meetings 

Jan 17-18, 2005 SCEC Planning Committee, USC 

Jan 28, 2005 SCEC Broadband Ground Motion Modeling Workshop, Los Angeles 

May 14, 2005 NEES 2005 Annual Meeting, Minneapolis 

May 19, 2005 DOE Extreme Ground Motion Project Planning Meeting, Menlo Park 

June 6-7, 2005 SCEC Site Visit, Los Angeles 

Sept 8 -10, 2005 SCEC/USGS/DOE Workshop on Physical Limits to Earthquake Ground Motion 
in Rock, Palm Springs 

Sept 11, 2005 SCEC Rupture Dynamics Workshop, Palm Springs 

Sept. 11-14, 2005 SCEC Annual Meeting, Palm Springs 

Oct 25-27, 2005 2nd International Workshop on Strong Ground Motion Prediction and Earthquake 
Tectonics in Urban Areas, co-sponsored by ERI, Tokyo Univ. and SCEC; Tokyo 

Nov. 3, 2005 SCEC/PEER Workshop on Impact of Large Earthquakes on Tall Buildings in 
Los Angeles, Los Angeles 

 
Participation in Meetings with Engineering Research and Practice Organizations 
 In addition to these SCEC Meetings, I participated in meetings with numerous 
engineering organizations that are involved in research and practice (Table 2).  While my 
involvement in some of these meetings lies outside formal collaborative projects between 
SCEC and these organizations, my participation in these meetings provides a vehicle for 
communication of SCEC research results and products to these engineering 
organizations, and informs me of new developments in earthquake engineering research 
and practice, providing a basis for the planning of future collaborative projects between 
SCEC and these organizations.  In all I attended 9 meetings spanning a total of 21 days. 
 

Table 2.  Meetings with Engineering Research and Practice Organizations 
Jan 13-16  International Symposium on Earthquake Engineering Commemorating the Tenth 

Anniversary of the 1995 Kobe Earthquake (ISEE Kobe 2005),  Awaji Island 

Mar 11-13 New Zealand Society for Earthquake Engineering, Wairakei 

April 27-29 Seismological Society of America, Incline Village 

April 29 PEER Annual Meeting, Walnut Creek 

June 20-24 Asia Oceania Geoscience Society, Singapore 

Sept 22 Los Angeles Tall Buildings  Structural Design Council, Los Angeles 



Oct. 1 Symposium in Honor of Professor Allin Cornell, Stanford University 

Nov. 18 COSMOS Annual Meeting:  Recommendations for the Selection and Scaling of 
Ground Motion Time Histories for Building Code Applications, Millbrae  

Nov. 25-27 Australian Earthquake Engineering Society, Albury 
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Figure 1.   Top:  Peak ground velocity from a large San Andreas earthquake, lowpass filtered at 

0.5 Hz.  Bottom:  Drift index for an 18 story steel moment frame building for the existing 
design (left) and the redesigned building (right).  Source:  Krishnan et al. (2005). 
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Figure 2.  Map of peak velocity (top) and peak inter-story drift (bottom) in 20 story steel moment 

frame buildings subject to an earthquake on the Puente Hills Blind Thrust.  Source:   Heaton 
et al., 2005. 



 
Figure 3.  Dynamic simulation of buried and surface rupture earthquakes.  The top panel is a 

buried rupture, and the panels below it are for increasingly weak shallow zones in the upper 5 
km of the crust.  The shallow zone is increasingly effective at arresting the upward 
propagation of rupture to the surface, reducing the slip velocity on the fault, and reducing the 
strength of the ground motion.  Source:  Somerville and Pitarka, 2005. 



 
Figure 4.  Detail from Figure 3 comparing buried rupture with third surface rupture case (shallow 

stress drop = 1Mpa), showing much larger slip velocities on the fault for the buried rupture 
case.  Source:  Somerville and Pitarka (2005). 
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Figure 5.  Vector-valued hazard surface at the location of the rock for the joint frequency of 

exceedance of peak acceleration and peak velocity (lower left).  The vector valued toppling 
fragility surface of the rock is shown in the lower right of the figure.  Combination of the 
vector valued hazard and fragility curves yields the vector valued toppling surface (top right 
of figure).  Integration of the toppling surface gives the toppling curve, shown as the 
probability of toppling as a function of time on the top left of the figure.   
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