
Coseismic near-surface fault displacements (FDs) in large earthquakes have 
caused significant damage to structures and lifelines located on or near fault 
lines. For buildings or distributed infrastructure systems located near active 
faults, engineering displacement demands are defined using probabilistic 
fault-displacement hazard analysis (PFDHA) models. However, the fault 
displacement models (FDMs) used in PFDHA are sparse and poorly 
constrained in part due to the scarcity of direct observations. The 
physics-based dynamic rupture simulation method is an attractive alternative 
to address this important issue. Because fault displacements can be simulated 
for various geologic conditions as constrained by current knowledge of 
earthquake processes, they can be used alone or combined with empirical 
datasets to support FDM and thereafter PFDHA model development. 

However, simulations must first be validated against data, then the 
underlying physics can justify their extrapolation to other plausible events. This 
study summarizes our calibrated dynamic rupture models and their validation 
against displacement observations from empirical scaling relationships for 
strike-slip earthquakes from M5 to M8. This combination of calibration and 
validation of the model is critical in informing the functional forms used in the 
FDMs. We also perform a first-order comparison against ground motion 
models (GMMs) to confirm that essential modeling physical factors important 
to ground motions are also properly addressed. This work is an essential first 
step in paving the way for dynamic rupture modeling to support PFDHA 
development.

Summary

Validation of Simulated Fault Displacements and Near-fault Ground Motions for 
Strike-slip Events from Dynamic Ruptures

1Southern California Earthquake Center, University of Southern California
Yongfei Wang1 and Christine A. Goulet1

Special thanks are extended to Y. Bozorgnia, R. Chen, B. Chiou, C. Milliner, A. Kottke, 
G. Lavrentiadis, R. Moss, A. Sarmiento, S. Thompson, and B. Youngs for their valuable 
input. Simulations for this research were performed on the Frontera system at the Texas 
Advanced Computing Center (TACC) through the LSCP allocation program, and on 
Theta at the Argonne Leadership Computing Facility (ALCF) through the DOE INCITE 
program.

Acknowledgements

Methodology and Model Setup

Fault Displacement Validation

We aim to validate simulated fault displacement for generic events. In 
Figure 1, we use the target magnitude for guiding fault geometry, which 
controls the long wave-length distribution of initial self-similar 
heterogeneous stress (Andrews and Barall, 2011). The simulated fault 
displacement is the slip on the ground (black curve below in Figure 2)

Figure 1: Workflow to simulate generic strike-slip events Figure 2: A sample suite of simulated earthquakes. 
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Fault displacement

Figure 3 compares simulated fault-displacement measures (average and 
maximum displacement) with empirical datasets (FDHI: Fault displacement 
Hazard Initiative, Sarmiento, 2021; Wesnousky, 2008) and existing 
relationships (e.g., Wells and Coppersmith, 1994). 

Figure 4 compares distributions of simulated FDs on the along-strike distance 
ratio with empirical data (from FDHI) and a preexisting FDM (Petersen et al., 
2011). Here are two example magnitude bins.

Near-fault Ground motion Validation
Figure 4 compares near-fault ground motions (<20 km) for an example 
simulated event with Mw=7.29 with 4 ground motion models (Abrahamson et 
al., 2014 [ASK14]; Boore et al., 2014 [BSSA14]; Campbell and Bozorgnia, 
2014 [CB14]; Chiou and Youngs, 2014 [CY14]). Solid and dashed lines are 
medians and +/- 1σ of GMMs, respectively.

Figure 5 compares bias plots (ratio of simulated PSA and predicted PSA by 
GMMs) varying with magnitude (including all rupture distances and all events 
within magnitude bin of 0.5) at the period of 3 s. 

❏ New simulated fault displacement 
dataset for generic strike-slip events 
shows similar magnitude trends (e.g., 
average and maximum displacements) 
as empirical datasets and relations.

❏ Our simulated intermediate-to-long 
period (1~10s) near-fault ground 
motions match GMMs reasonably well 

❏ Validated simulation-based datasets 
are ready to supplement empirical 
datasets and support PHFDA model 
development. See poster 275 for an 
example of a surface rupture length vs. 
magnitude relation developed using our 
simulation output.

Key take-aways
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