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UTILIZATION
Nonlinear response history analysis of a building model (NIST 2011) traditionally involves the following
steps: specify structural analysis objective, build a structural model, select a target spectrum, select and
scale recorded ground motions, and perform analysis and interpret results. To utilize ground motion
simulations, simulated motions are used in place of recorded motions, while the rest of the steps
remain the same. This section illustrates building response applications including code-based and
performance-based engineering and uses target spectra including ASCE 7 (2016) code spectrum and
Conditional Spectrum (e.g., Lin and Baker 2015).
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SCEC SIMULATIONS ADOPTED
For illustration here, we consider two sets of simulations, from two distinct software platforms
developed by SCEC. Maechling et al. (2015) developed the Broadband Platform (BBP), a software
system that incorporates several simulation methods to generate broadband (0 to 20+ Hz) seismograms
for historical (Part A) and scenario (Part B) earthquakes in California, Eastern North America, and Japan.
Graves et al. (2011) developed CyberShake, a computationally intensive physics-based probabilistic
seismic hazard model, which uses full 3D wave propagation simulations to forecast deterministic (up to
1 Hz) ground motions generated by specific ruptures, for Southern California. The model and software
versions of interest are BBP 17.3 and CyberShake Study 15.12. Both are the results of interactions
between ground motion modelers and engineering users, i.e., earthquake scenario simulated and
broadband component added based on engineering analysis needs. Software versions follow a
numbering scheme of a Year.Month format based on the date that the simulations were started.
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SITES AND INTENSITY MEASURES CONSIDERED
Ground motion simulations are often generated
for site-specific spatial extent. Here we illustrate
sites in urban areas (See Table 1 and Figure 3),
including San Francisco downtown (SFDT, labeled
as 8029-RIN) and Los Angeles downtown (LADT)
where many tall buildings are located, along with
representative sites located in the Los Angeles
basin, e.g., San Bernardino (S688), as part of the
SCEC CyberShake project.

Intensity measures considered include spectral
accelerations (per ASCE 7 procedure for codebased application or via Conditional Spectrum for
performance-based engineering) and significant
duration. Besides, correlation of spectral
accelerations across periods and basin effects are
examined.
Intensity levels of interest in engineering design
include spectral accelerations corresponding to
design-based earthquake (10% in 50 years),
maximum considered earthquake (2% in 50
years), and extreme earthquake (2% in 200 years).
Hazard deaggregation is performed to identify
contributing earthquake faults.
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SCEC BBP 17.3 scenario simulations

Figure 3. Illustrative BBP 17.3 scenario simulations for three benchmark sites of (a) San
Francisco Downtown, SFDT (8029-RIN); (b) Los Angeles Downtown (LADT, CyberShake
site); and (c) San Bernardino (S688, CyberShake site), illustrating surrogate stations aligned
with major contributing fault systems of Northern San Andreas (M 8.0), Hayward (M 7.0),
Elysian Park (M 6.6), San Jacinto (M 7.8), and Southern San Andreas (M 7.9) in Northern and
Southern California (Courtesy of Nico Luco, Sanaz Rezaeian, Rob Graves, Christine Goulet,
Fabio Silva and Phil Maechling).
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Simulated Database: BBP 17.3
Table 1. Ground motion database: SCEC Broadband Platform, BBP 17.3 per Graves and Pitarka
(2016) method generated by Rob Graves and distributed by Fabio Silva and Phil Maechling
Seismic Source

Site(s)

Number of Ground Motions

Northern San Andreas
(M 8.0)

San Francisco Downtown
(8029-RIN)

1152

Hayward
(M 7.0)

San Francisco Downtown
(8029-RIN)

576

Elysian Park
(M 6.6)

Los Angeles Downtown
(LADT, CyberShake site)

704

San Jacinto
(M 7.8)

San Bernardino
(S688, CyberShake site)

1408

Southern San Andreas
(M 7.9)

LADT and S688,
CyberShake sites

352
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BBP 17.3 vs. NGA
Earthquake ground motion simulations are
particularly useful for large magnitude, close
distance earthquake events (e.g., BBP 17.3, see
Table 1 & Figure 2) where recordings are limited.

Figure 2. BBP 17.3 simulated earthquakes
magnitude-distance scatter plot.
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SCEC CyberShake Study 15.12
From a ground motion database point of view,
Figure 1 illustrates that response spectra
generated from the CyberShake (Graves et al.
2011) Project (Study 15.12) at the Los Angeles
Downtown (LADT) site alone have much larger
coverage at various hazard levels than those of
the entire PEER NGA database (Ancheta et al.
2014).

Figure 1. Comparison of recorded (PEER-NGA) and simulated
(CyberShake Study 15.12) response spectra. Target response
spectra are superimposed, with example Conditional Mean
Spectra (CMS) from 50% in 21 years to 1% in 200 years
probability of exceedance.
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SYSTEMS AND ENGINEERING DEMAND PARAMETERS
CONSIDERED
Physics-based ground motion simulations are
typically generated for lower frequencies, e.g., <1
Hz (Graves et al. 2011). To utilize ground motion
simulations in their most useable frequency
range, long-period structures become ideal
candidates for engineering applications.
Moreover, many tall buildings are located in
seismically active urban areas. Here we
demonstrate two tall buildings: a 20-story
reinforced concrete frame with a first-mode
period of vibration about 3 seconds and a 42story reinforced concrete shear wall with a firstmode period of vibration about 5 seconds. With
BBP 17.3 and CyberShake Study 15.12 which
includes the broadband component at higher
frequencies, we also examine higher-mode
effects.

Engineering demand parameters considered
include drifts (e.g., maximum story drift ratio),
accelerations (e.g., peak floor acceleration), and
collapse. Drifts are mostly sensitive to first-mode
period of vibration, whereas accelerations are
sensitive to higher-mode effects, i.e., shorter
periods of vibration, and collapse is related to
period lengthening due to nonlinear effect.
Hence, broadband frequencies are covered for
the applications.
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CODE-BASED APPLICATION
For building code application, we select ground
motions per ASCE 7-16 (ASCE 2016) building code
criteria (including causal features such as
magnitude, distance, and mechanism) to match
target spectra calculated using USGS design tool
(USGS 2018), resulting in eleven ground motions
for each building, site, and intensity combination
(see Figure 4).

Figure 4. Response spectra and significant durations of ground
motion selected from recorded (NGA) and simulated (BBP
17.3) to match ASCE (2016) code spectrum for San Francisco
downtown, SFDT.
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Nonlinear response history analyses
Nonlinear response history analyses of two tall
buildings at three sites indicate that similar
structural responses are obtained under
simulated and recorded motions per ASCE 7
procedure (see Figure 5). Moreover, BBP
simulations are more consistent with governing
hazard, including a better match with target
duration (see Figure 4).

Figure 5. Structural responses of the 20-story frame and 42-story
shear wall (illustrated) subjected to ground motion selected from
recorded (NGA) and simulated (BBP 17.3) to match ASCE
(2016) code spectrum for San Francisco downtown, SFDT.
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PERFORMANCE-BASED ENGINEERING
For performance-based engineering (Deierlein et
al. 2003) or risk-based assessment (NIST 2011),
we select ground motions to match the
Conditional Spectra (Lin et al. 2013) and
significant duration (Afshari and Stewart 2016)
using a computationally efficient ground motion
selection algorithm (Jayaram et al. 2011),
resulting in one hundred ground motions for each
building, site, and intensity combination (see
Figure 6).

Figure 6. Ground motion selection to match recorded (NGA)
and simulated (BBP 17.3) conditional spectra and significant
duration (T = 3s, SFDT, 10% in 50 years).
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Scaling factors
Since BBP 17.3 motions are simulated from large
events, they generally require much smaller
scaling factors compared to NGA records (Figure
7). The benefit of BBP (and simulations such as
CyberShake) to avoid large scaling factors is
apparent at high intensity levels.

Figure 7. Scaling factors of selected recorded (NGA) and
simulated (BBP 17.3) ground motions.
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Multiple stripe analyses
Multiple stripe analyses of two tall buildings at
three sites indicate that similar structural
responses are obtained under simulated and
recorded motions if selected and scaled to the
same target intensity measures (i.e., conditional
spectrum and duration) for sites that are
dominated by a single earthquake source (see
Figure 8). For sites with multiple contributing
earthquake sources, ground motion selection
based on source-specific Conditional Spectra (Lin
et al., 2013) is more desirable (see Greg
Deierlein’s LADT presentation). BBP and
CyberShake motions match GMPE targets well
Figure 8. Structural responses based on multiple stripe analyses
except for basin and near-fault sites.
of the 20-story frame (illustrated) and 42-story shear wall
subjected to ground motion selected from recorded (NGA) and
simulated (BBP 17.3) to match conditional spectra and
significant duration for SFDT.
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APPROPRIATENESS OF SIMULATIONS FOR INTENDED USAGE
Useable frequency

Multi-component

BBP 17.3 and CyberShake Study 15.12 are both
broadband, which make them desirable for
engineering building response applications. The
deterministic component of CyberShake (15.4),
however, is constrained to frequencies lower than
1 Hz, limiting its applications to evaluating drifts
(first-mode period sensitive) and collapse (with
period lengthening) of tall buildings with longer
periods of vibration. Although stochastic highfrequency components are added to the hybrid
simulations, higher mode effects (e.g.,
accelerations, falling into higher frequencies) may
not be captured accurately due to the transition
period of 1s. As simulations are pushing towards
higher frequencies, they will provide more
useable frequencies for engineering applications.

The focus here is on horizontal components of the
ground motion. For structural responses sensitive
to vertical components of the ground motion,
simulations with validated vertical components, a
potential area of future research, will be
important.
Multi-site (details in v1)
Uncertainties (details in v1)
Site effects
See additional comments from Greg Deierlein’s
guidelines presentation
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DATA AND RESOURCES
The ground motion simulations discussed in this
paper can be accessed via SCECpedia, SCEC
community’s collaborative wiki site, for BBP
(https://scec.usc.edu/scecpedia/Broadband_Platf
orm ) and CyberShake
(https://scec.usc.edu/scecpedia/CyberShake )
with relevant documentation including ruptures
considered, computational domain, and
verification. Additional access to BBP 17.3 is
available via SCEC Ground Motion Simulations
and Engineering Applications Workshop
(https://www.scec.org/workshops/2018/gmsengineering ) and Data Depot of DesignSafe
(https://www.designsafe-ci.org/data ), NHERI’s
web-based research platform.

