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3. Simulation results
3.1. Nonlinear vs equivalent linear methods
High-frequency noise
above 10 Hz
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EQMKZ: equivalent linear + MKZ model (currently used in ASK14 GMPE)
EQHH: equivalent linear + HH model
NLHH: nonlinear + HH model (what we consider to be the benchmark)

We also compute response-spectra based site amplification factors using
our simulated data, and compare results to the NGA-West2 GMPEs site
amplification terms. Our factors best compare with those of BSSA14.

Observations:
For weaker ground motions, EQMKZ produces about the same results as NLHH.
However, for ground motions > 0.4g, EQMKZ starts to underestimate ground motions
above ~2 Hz (compared to NLHH).

2. Site response simulations
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nonlinear constitutive law
We use the Hybrid Hyperbolic (HH) model (Shi and Asimaki, 2017)
HH requires only Vs profiles for calibration (built-in empirical
correlations)
HH provides reliable site response predictions based on statistically
significant validation study (Shi and Asimaki, 2017)

(4) Numerical
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3.3. Amplification factor vs z1000
Vs30 = 300 m/s

scheme: 1D finite difference

(5) Generating

●

VS30 = 300 m/s, z1000 = 900 m

VS30 = 300 m/s, z1000 = 36 m

input ground motions
Our criteria for input ground motions:
i) Need to be ground motions on rock (surface Vs = ~1,000 m/s)
ii) Need to have PGA between 0.01g and 1.5g
iii) Need to be characteristic of Western US (i.e., non-subduction-zone
earthquakes)
Very few such recorded ground motions in the NGA-West2 database
Therefore, we use synthetic input ground motions simulated using the
SCEC Broadband Platform
i) Strike-slip: Mw 5.5, 6.0, 6.7, 7.0, 7.4
ii) Reverse: Mw 7.0, 7.4
iii) Estimated stress drop: 1 MPa to 20 MPa
iv) Distance to surface rupture: 0.5 to 150 km
To avoid issues with directly scaling ground motions, we only pick
motions whose PGA are within [90%, 110%] of the 11 target PGA
values

3.4. Compare our results with NGA-West2
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3.6. Fourier phase shift factors
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Scenario Vs profiles
● We use the Sediment Velocity Model (SVM) proposed by Shi and
Asimaki (2018) to generate 3,520 scenario Vs profiles
● SVM only requires Vs30 as input (i.e., independent of lat/lon)
● SVM performs better than CVM-S4.26.M01, CVM-H, and GTL (Ely et
al., 2010) in predicting Vs30-dependent site-specific amplification

3.2. Amplification factors vs PGA
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Site and ground motion coverages
● Vs30: 175 m/s to 950 m/s
● z1000 (sediment depth): 8 to 900 m
● Ground motion intensity (rock outcrop ground motion):
PGA [g]: 0.01, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25
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Our amplification factors are conditioned to two site-specific parameters:
Vs30 (representing site stratigraphy) and z1000 (representing basin
depth); and are derived using the Stochastic Sediment Model (SVM) for
the shallow crust, and the BBP for source and path realizations.

The shaded areas are the standard deviations from averaging across 40 different input ground motions of the same PGA level.

We use nonlinear site response simulations to calculate Fourier-based
complex site amplification factors for California. The amplification factors
are designed to correct Broadband Platform (BBP) simulated timeseries on reference site conditions, thus integrating site response for
engineering structural design applications.

3.5. Spectral vs Fourier-based amplification factors (amplitude)

Amplification

1. Abstract

Vs30 = 300 m/s
z1000 = 900 m (deep)

Variability increases (as expected) with PGA and sediment depth

