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Summary 
 
We have performed validation studies using simulated ground motions from the SCEC 
Broadband platform, and produced a number of new tests of those simulations from an 
engineering perspective. The categories of study we have pursued include: 

1. Computation of elastic spectra correlations, at pairs of spectral periods, within a 
given motion. 

2. Computation of polarization of elastic spectra, as measured by variation in the 
spectrum at a given period as the horizontal orientation of interest varies. 

3. Detection of velocity pulses in near-fault simulations, for comparison with pulses 
observed from comparable recordings. 

4. Computation of dynamic response of a three-dimensional structural model, when 
subjected to simulated and recorded ground motions with equivalent response 
spectra. 

The first two categories fit with the proposed project, and were deemed desirable for 
study because they are properties of relevance to engineering analysis, and the quantities 
of interest are observed to be relatively stable in ground motion recordings across a range 
of magnitudes, distances and site conditions; this stability is valuable because deviations 
from expected values in the simulations are less likely to be due to differences in the 
simulation event relative to the earthquake from which the recordings are based on. We 
found problems in correlations of the spectra at short periods associated with the 
stochastic component of the simulations, and also found discrepancies in the polarization 
that appears to be due in part to the high frequency stochastic simulations. 
 
The third category of study arose as we considered that simulated ground motions will be 
of greatest engineering interest for very near-fault conditions where we have few 
recordings, and that the presence of velocity pulses in those motions is a feature of great 
engineering interest (although validation of this property is subject to greater uncertainty 
than the first two categories of study). We found that, using a number of the current 
Broadband platform algorithms, the simulations appeared to produce more velocity 
pulses than were seen in comparable recordings. This may be due to greater slip 
heterogeneity in the simulations, thought this conclusion is not definitive. 
 
Finally, we performed a study in collaboration with the structural design office of 
Rutherford & Chekene, where we directly evaluated the implications of performing a 
Building Code analysis using simulated instead of recorded ground motions. We found 
that the conclusions of the study were largely unchanged by the use of simulated or 
recorded ground motions.  
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Technical Report 

Introduction 
 

Elastic response spectra often serve as the link between seismic hazard analysis and 
engineering computations. Spectra can either serve directly as the basis for determining 
engineering loads in static analyses, or they can be used to quantify the intensity of 
ground motions to be used in dynamic analyses. As such, they are the basis of significant 
engineering intuition. However, real structures are expected to behave inelastically under 
loading from strong ground motions and so elastic response spectra (which quantify peak 
responses of simple elastic structures) are an incomplete descriptor of ground motion 
intensity from an engineering perspective. Inelastic response spectra are a slightly refined 
tool for understanding potential loads on structures, and are also linked with many 
engineering analysis concepts. This proposal aims to study statistical properties of elastic 
and inelastic response spectra from simulated ground motions, given their importance to 
engineering design, and compare observed properties to comparable results from 
recorded ground motions. The novelty of this proposal lies in the properties to be 
considered (i.e., correlations of elastic spectra at multiple periods, and ratios of inelastic 
to elastic spectral response), because these properties are important for engineering 
purposes, less well studied than some other spectral properties, and importantly they are 
known to be relatively stable across a range of earthquake scenarios so that the “correct” 
answer is relatively well defined over a range of conditions. 

Data for spectral validations 
Time series for validation exercises were 
produced using the SCEC Broadband 
platform. The initial calculations were 
done using simulations from a rupture 
with geometry equivalent to the 
Northridge rupture, so that the 
simulations could be compared to those 
from actual Northridge recordings, and 
from simulations produced by the 
Northridge validation performed using 
an inverted source model. A summary of 
the ground motion sets considered is 
shown at the right, and the geometry of 
the rupture and station locations of 
interest are shown in Figure 1. Note that 
for the following simulations, the URS Method was used for the high-frequency and low-
frequency simulations. 
 
The production of these simulations, and others used for other aspects of the project, 
allowed us to test the capabilities of the Broadband Platform from a user’s perspective, 
and provide feedback to SCEC regarding, bugs, requests, and potential future features on 
the platform. 
 

Set # Type Rupture 
Generator* 

Short 
Name 

1 Recordings N/A NGA 

2 Simulations Validation VAL 

3 Simulations URS URS 1 

4 Simulations URS URS 2 

5 Simulations URS URS 3 

6 Simulations UCSB UCSB 1 

7 Simulations UCSB UCSB 2 

8 Simulations UCSB UCSB 3 
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Figure 1: Plan view of the ruptures considered, locations of near-fault recordings or simulations, and 
velocity time histories at those locations. 
 

 
Figure 2: Observed velocity pulses, and their periods, from a sample of the recordings and 
simulations. The color of each circle indicates the pulse period associated with a ground motion at 
that location, and non-colored circles indicate that no pulse was detected. 

Presence of velocity pulses 
The time histories were screened using the procedure of Baker (2007), to detect whether 
strong velocity pulses were present.  Do to the limited number of ground motions 
recorded nearby large earthquakes, these conditions are an important one for the 
engineering use of simulations, and one property of great engineering interest is the 
presence or absence of large velocity pulses. Simulations under these conditions could be 
used both to predict ground motion amplitudes, and to analyze dynamic response of 
structural models.  Examples of the locations and periods of pulse-like ground motions 
are shown in Figure 2 on maps of the rupture slip time history, for a selected number of 
the simulation cases. Most sets of simulations have at least twice as many pulse-like 
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ground motions as the set of recorded ground motions and the simulations’ pulse periods 
tend to be longer than both the recordings and the prediction. This may be due to the 
simulations tendency to have more coherent ruptures than the Northridge rupture, though 
the Northridge data provides a somewhat limited constraint on this property and so the 
conclusion here is not as strong as in the following section for spectral correlations. 

Elastic response spectral correlations 
A common method for validating simulated ground motions is to compare the means and 
standard deviations of response spectra from simulations to the equivalent results 
observed from empirical ground motions, as quantified by comparable recordings or 
ground motion prediction models (Abrahamson et al. 2008). An additional important 
calculation, which has not been as widely performed with simulated ground motions, is to 
compare the correlation between response spectral values at multiple periods: a feature 
that has recently been shown to be an important factor affecting structural response 
(Baker and Cornell 2006; Baker and Jayaram 2008). This is because it affects the 
“roughness” of the response spectrum, which is important for multi-degree-of-freedom 
and nonlinear structures that are sensitive to spectral acceleration at multiple frequencies. 
An illustration of the effect of correlations on the roughness of response spectra is shown 
in Figure 3. Response spectra of simulated and observed ground motions having roughly 
the same source earthquake properties are plotted. At short periods the simulated motions 
in Figure 3a are less “bumpy” than the recorded motions in Figure 3b. This can be 
quantified by computing correlations of response spectra at pairs of periods. Such 
correlation coefficients are plotted for the new Broadband Platform simulations in Figure 
4. It is seen in that figure that there is a breakdown in correlations in the simulated 
motions when one period of interest is larger than 1s while the other is less than 1s. This 
is presumably because those response spectral values are resulting from the low- and 
high-frequency components of the simulations, respectively, and those components are 
not consistent in a way that produces correlations seen in recorded ground motions.  
This lack of correlation may be problematic when using these motions to analyze 
response of multiple-degree-of-freedom structures, whose modal responses are related to 
spectral acceleration values at the modal periods of the structure. For a structure with 
modes of response both above and below one second (a common situation in mid- or 
high-rise structures), the lack of correlation in spectral values observed in the simulations 
may lead to unphysical excitation of the various modes of the structure. This correlation 
structure can likely be adjusted by altering the high-frequency simulation model, or by 
pushing the deterministic portion of the simulation to higher frequencies, so this would be 
a useful area for future progress in ground motion simulation. 
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Figure 3: Observed elastic response spectra from (left) Puente Hills ground motion simulations from 
Graves and Somerville (2006) and (right) comparable recordings from the PEER library of strong 
ground motions. Predicated medians and medians +/- one standard deviation from an empirical 
ground motion prediction model (Abrahamson and Silva 1997) are superimposed on the figures. 
 

 
Figure 4: Spectral acceleration correlation coefficients  from sets of recorded and simulated ground 
motions, compared to the empirical predictive model of Baker and Jayaram (upper left) for 
reference.  
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Other properties 
We have studied a number of other properties of ground motions, which will not be 
discussed in great deal here due to length limitations. Properties having been studied 
include: 

 Collapse capacity of simple (single-degree-of-freedom) degrading structures, as 
estimated from simulated and recorded ground motions. 

 Response of a fully designed three-dimensional model of a real building, with the 
evaluation performed according to the next-generation version of the Building 
Code Requirements for new buildings (as specified by ASCE Standard 7), and 
evaluated using simulated and recorded ground motions. 

Our study of collapse capacities was presented at the 2012 SCEC Annual Meeting, and 
our study of the full building model will be presented at the 2013 SSA Annual Meeting. 

Conclusions  
From the results discussed above, we have the following brief conclusions to date: 

 For the example calculations above, the UCSB rupture generator was observed to 
produce relatively smoother slip time histories than the URS rupture generator 
and the inverted source used by the validation module. This appeared to impact 
the resulting time histories, by producing ground motions with greater amplitudes 
and more velocity pulses than the recordings or other simulations. 

 The simulations in general tended to have more pulse-like ground motions than 
recordings observed under comparable circumstances. 

 Spectral correlations in the simulations have some notable differences relative to 
those seen in recorded ground motions. 

 Collapse capacities appear to be inconsistent between simulations and recordings, 
even when differences in elastic spectral shape are accounted for 

These results should aid engineers in understanding how ground motion simulations can 
supplement or improve upon empirical ground motions, as well as provide feedback to 
those developing simulation models. 

Outreach 
Results from this work have been presented in a number of forums outside of SCEC, 
including the 2012 Blume Earthquake Engineering Center Annual meeting and working 
group meetings of the Building Seismic Safety Council (BSSC). The analysis of the real 
3D building model was performed  in collaboration with an engineering consulting office, 
who was educated about opportunities for simulation of ground motions, and the results 
from that activity played a role in BSSC debates about possible updates to building code 
language regarding simulated ground motions. 

Publications 
The work from this project will be presented as an Invited Talk at the upcoming SSA 
Annual Meeting. Once the project findings are finalized, these results will be used to 
create a journal article for publication in the Earthquake Engineering literature, aiming to 
familiarize an engineering audience with the issues discussed above, and build a greater 
understanding in that audience of the potential benefits of using simulations. This work 
will also all be documented in Lynne Burks’ PhD thesis (anticipated 2014 completion). 
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