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This project began in September, 2004.  The following is a description of the plan 
for the project, including plans for participation in NEESGRID webcasts and the NEES 
Annual Meeting.  NEES is the NSF-funded Network for Earthquake Engineering 
Simulation. 

 
Many developers of building codes have embraced the idea of performance-based 

earthquake engineering (PBEE), and the conceptual framework for PBEE has been 
developed in SEAOC Vision 2000 and FEMA-273. In contrast to the traditional 
approach, PBEE requires an explicit prediction of the structure's performance at ground-
motion levels corresponding to a set of performance objectives.  For PBEE to be truly 
effective, the ground motions need to be specified not only as response spectra, but also 
by suites of strong motion time histories for input into time-domain, non-linear analyses 
of structures. Response-spectrum analysis, upon which nearly all current structural design 
is based, uses modal superposition and therefore does not directly address the non-linear 
response that is the essence of building damage and failure, other than through 
approximate scaling (“R”) factors.  Engineers need ground-motion time histories for 
input into testing facilities and computer-based dynamic analysis of structures in order to 
develop and test PBEE methods.   
 
 The diversity of ground-motion time histories required for PBEE research projects 
is typically much greater than the number of suitable time histories recorded from actual 
earthquakes.  This is especially true of the large earthquakes and close distances that 
control the seismic hazard in most parts of California.  For example, the seismic hazard at 
many locations in California is dominated by earthquakes in the magnitude range of 7.5 
to 8.0, but we have virtually no strong motion recordings of such events.  Simulation 
procedures provide “controlled” time histories in large numbers in which parameters such 
as magnitude, distance, and soil conditions are varied one at a time, facilitating the 
systematic analysis of seismic demand on structures.  There is an urgent need to generate 
broadband ground-motion time histories to augment the recorded time histories, so that 
researchers and practitioners involved in PBEE have adequate representations of the 
ground motions that control the seismic hazard. Under this task, we will use well tested 
codes to produce suites of simulated time histories that are designed in collaboration with 
the user to meet the goals of the testing or simulation program, following the steps 
described below.   
 
 We have identified numerous potential users of the time histories.  These include 
researchers at the NSF-sponsored NEES (George E. Brown Jr. Network for Earthquake 



Engineering Simulation) Consortium, which comprises over 250 institutions and 
organizations, including SCEC. NEES is nearing the completion of an $83-million 
nationwide upgrade of experimental earthquake engineering facilities and simulation 
capabilities. There are many more potential research users at the three NSF Earthquake 
Engineering Research Centers (PEER, MAE, and MCEER).  For example, Paul 
Somerville recently provided suites of time histories for four PEER Testbeds that are part 
of PEER’s Performance-Based Engineering Methodology Testbed Program. 
 
 In addition to the needs of these engineering research organizations, there is a 
growing demand for time histories among practicing structural and geotechnical 
engineers who are designing new structures or retrofitting existing structures.  For some 
structures, including base-isolated structures and critical facilities such as hospitals and 
emergency management centers, time history analysis is required for design or retrofit.  
The Design Ground Motion Library Project, sponsored by the California Strong Motion 
Instrumentation Project and by PEER-Lifelines, is currently developing a library of 
recorded ground-motion time histories for use in design.  This project will complement 
the DGML by providing simulated time histories that address the sparsity and the large 
gaps (e.g. recordings close to large earthquakes) in the set of available recorded ground 
motions. 
 
 Projects will be developed through interaction with the user organizations 
described above.  In the case of NEES research, this will involve interaction with groups 
of researchers who are planning to perform testing programs using NEES facilities.  
Work on each project will consist of the following steps, which require collaboration with 
the engineers who are performing the testing or simulation program. 
 
 Step 1.  Identification of Criteria for the Specification of Ground Motions.  
Through discussion of the goals of a testing program with the engineers who design the 
program, criteria for the selection of ground motion inputs will be identified.  It is 
expected that in most cases, the ground motions will be specified probabilistically at 
several ground motion levels, corresponding to different return periods, because PBEE is 
based on a probabilistic representation of ground motions.  The response spectral period 
or period range of importance to the structure will also be identified.  The number of time 
histories that are required to constrain the uncertainty in the median response of a 
structure and its variability to desired levels (Shome et al., 1998) will be assessed. 
 
 Step 2.  Selection of Magnitude, Distance and Epsilon Values for Time 
Histories.  Probabilistic ground motion response spectra represent the aggregated 
contributions of a range of earthquake magnitudes occurring at various rates on each of 
several discrete faults or seismic source zones located at various distances from the site, 
and include the effect of random variability in the ground motions for a given magnitude 
and distance.  However, in order to provide ground motion time histories that represent 
the response spectrum, we must choose one or more discrete combinations of magnitude, 
distance and epsilon, to represent the probabilistic ground motion.  The parameter epsilon 
is the number of standard deviations above or below the median ground motion level for 
that magnitude and distance that is required to match the probabilistic spectrum.  The 



magnitude, distance, and epsilon values are estimated through deaggregation of the 
probabilistic seismic hazard (McGuire, 1995; Bazzurro and Cornell, 1999).  The 
magnitude, distance and epsilon combinations that dominate the hazard at each of several 
ground motion levels will be identified through the deaggregation of the probabilistic 
seismic hazard, derived from the USGS National Seismic Hazard Maps, or from available 
site-specific seismic hazard analyses.   
 
 Step 3.  Identification of Important Features of Ground Motions.  In addition 
to magnitude and distance, there are numerous features of the earthquake source, the 
propagation path between the source and the site, and local site conditions, that can affect 
the characteristics of strong ground motions.  Source effects include rupture directivity 
effects, the effects of location on the foot wall or hanging wall of a dipping fault, and 
whether the fault is buried or breaks the surface.  Path effects include the effects of the 
crustal waveguide, and waves that are trapped within sedimentary basins.  Site effects 
include impedance contrast effects due to the shallow seismic velocity gradient.  At a 
given site, one or more of these effects may constitute important criteria for the 
specification of suitable ground motion time histories. 
 
 Step 4.  Simulation of Ground Motion Time Histories.  This step involves the 
generation of suites of ground motion time histories that satisfy the criteria described 
above that relate to the period range of importance (Step 1), the magnitude, distance and 
epsilon combinations that represent the probabilistic seismic hazard (Step 2), and other 
important source, path and site conditions that need to be considered for the development 
of realistic time histories (Step 3).  The ground motion time histories may be selected 
from broadband time histories that have already been generated in other SCEC projects, 
such as the PEER-Lifelines/SCEC/USGS Next Generation Attenuation (NGA) Program.  
Where suitable time histories are not available, they will be simulated using the 
procedures described below.  An important aspect for some applications will be the 
generation of spatial wavefields of ground motions that can be applied to the multiple 
supports of structures such as bridges. 
 
 Step 5.  Scaling of Time Histories.  Once the time histories have been generated, 
it is generally necessary to scale them so that they match the probabilistic response 
spectrum.  The way in which they match the response spectrum, for example by scaling 
to match a specified response spectral period or range of periods, needs to be specified 
through interaction with the users of the time histories.  Judicious scaling of records can 
reduce the number of time history analyses that are required to constrain the uncertainty 
in the median response of a structure and its variability to desired levels (Shome et al., 
1998). 
 
 Step 6.  Documentation, Archiving and Dissemination of Time Histories.  
This step involves the documentation, archiving and dissemination of the time histories.  
The documentation of the criteria specified in Steps 1, 2 and 3 will help users of the time 
histories understand the conditions for which they were generated and thereby ensure that 
they are used appropriately.  Archiving and dissemination provides the means whereby 



the engineers who need the time histories can access them.  In the case of NEES research 
projects, this may be done through the NEES Grid. 
 
Participation in NEESGRID Webcasts 
 
 I will participate in NEESGRID webcasts on December 9, 2004 and January 21, 
2005, for current and prospective NEESR researchers.  My role in the webcasts will be to 
describe SCEC’s role as a provider of ground motion time histories to NEESR 
researchers for use in their projects, and prepare the participation of NEESR researchers 
in the NEES Annual Meeting. 
 
Workshop on Ground Motion Time Histories at the NEES Annual Meeting 

SCEC will provide ground motion time histories for use by NEESR researchers.  I 
will organize a half-day workshop on ground motion time histories for NEESR 
researchers.  The workshop will be held at the NEES Annual Meeting, tentatively 
scheduled for May 19-20 in Minneapolis, Minnesota.  The objective of the workshop is to 
discuss criteria for the selection and application of ground motion time histories for use in 
NEES testing facilities and simulations.  A primary goal is the development of consistent 
criteria that will facilitate comparison of results.  The workshop will cover selecting the 
ground motion hazard level and identifying earthquake scenarios from hazard 
deaggregation; selecting ground motion time histories – their number and attributes; 
scaling / spectral modification of time histories; developing spatially distributed ground 
motion input for bridges and other structures having multiple supports; and the 
characteristics of simulated ground motion time histories. 


