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Introduction

SCEC has been promoting for decades a physics-based approach to ground motion
simulation for hazard mapping and engineering applications. As we continue im-
proving the capabilities of broadband simulations to propagate high frequencies in
the shallow crust, we are called to develop capabilities for the SCEC simulation
frameworks to capture the nonlinear response of the materials through which the
high frequencies propagate in the near surface– that is, weathered rock and sedimen-
tary soils. Improving the representation of nonlinear response in the high frequency
regime improves SCEC’s reach and impact in the earthquake engineering community,
and by extension to society at large.

In this project, we synthesized individual tools and libraries that we developed
over the past five years, supported in part by SCEC, into a site module toolbox for
the BBP. The module toolbox requires the same input as the site factors currently
implemented on the BBP, thus providing complete backward compatibility. Each
component has been previously verified and validated as part of the international
benchmark effort for nonlinear site response code, PRENOLIN (Régnier et al., 2018).
Our long term goal is to implement the toolbox on the BBP with support from SCEC
IT, and use it to repeat the BBP validation exercise, coordinated as described in
Goulet et al. (2014).

During the course of several SCEC funded proposals over the past 5 years (docu-
mented in Shi and Asimaki, 2017, 2018; Shi et al., 2018), the PI and co-workers have
laid the foundation for the necessary components to achieve the proposed project.
This section briefly summarizes these components, and highlights their advantages
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over the state of the art (that is, the nonlinear site terms in the NGA-West2 GMPEs,
on which the current SCEC BBP site response module is based).

Progress Report

In this project, we developed the necessary tools to link individual packages/libraries
from our previous SCEC work into a site module toolbox for implementation on the
SCEC BBP. The module toolbox requires the same input as the site factors currently
implemented on the BBP, thus providing complete backward compatibility. In the
framework of SCEC project 17140, we developed a series of synthetic nonlinear site
amplification factors for a representative set of VS30, z1000, and PGA values. These
amplification factors are in the form of Fourier-based amplitude ratios and phase
shifts, and can be directly applied to an input time series. In other words, in terms of
functionality, this alternative module is equivalent to modules A-C, with the caveats
of statistically processing large numbers of profiles as opposed to calculating site-
specific response analyses.

The advantage of these pre-calculated amplification factors is the faster comput-
ing speed compared to modules A-C combined. However, using PGA as a proxy of
the input time series could lead to potential errors: nonlinearity is directly related
with the strain experienced by the soil, and by extension to maximum velocities.
Still, the reasoning behind the formulation is the compatibility to the extent possible
with GMPEs. These pre-calculated factors have been implemented into the BBP in
the form of look-up tables, and are designed to operate as alternatives to the existing
site factors, which are based on response spectral ratios and as such, mathematically
cannot capture phase shifts.

PySeismoSoil: BBP Complex Fourier Site Factors

The following screenshots outline the Python script that we developed as part of
this project to integrate the synthetic amplification factors on the SCEC BBP. Input
parameters to the module are Vs30, Z1000 and PGA on rock outcrop, that is param-
eters that are known at the end of a broadband ground motion simulation at every
gridpoint. The module has been uploaded on the BBP through a collaboration with
Fabio Silva at SCEC IT, and results are being currently verified. An example of the
implementation for 50 realizations of one method and one scenario on the BBP is
shown in Figure 2.
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Figure 1: Sequence of screenshots indicating the input output parameters of the Python
module we developed as part of this project.
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Figure 2: BBP site module validation, 50 realizations for one method, one event and two
BBP site modules: (top) PySeismoSoil (Asimaki, Shi, Silva); (bottom) GP site module,
currently implemented on the BBP.
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