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In this study we tested the performance of the Graves and Pitarka (GP) rupture generator, in 
simulations of ground motion from the M7.8 2023 Kahramanmaras, Türkiye earthquake.  The GP 
rupture generator is an integral part of the EQSIM  workflow and was utilized for all earthquake 
simulations in the PEER-LBNL Simulated Ground Motion Database.  The Türkiye earthquake was 
recorded by a relatively large number of seismic stations.  Records of the near-fault ground motion 
along the south-western segment of the fault, across a populated area with extensive building 
damage,  has provided high quality data that provide a unique opportunity for studying earthquake 
rupture kinematics and testing the performance of physics-based rupture generators used in strong 
motion simulations of crustal earthquakes. We used broad-band simulations (0-5Hz) to investigate 
the performance of the GP rupture model of the Kahramanmara earthquake. Our simulation 
analysis is pertinent to current effort to develop rupture models for large earthquakes in California. 
Our study was performed in two stages. In a first stage we used the GP rupture generator to develop 
a kinematic rupture that best fit the recorded near-fault ground motion. The proposed model 
combines large-scale deterministic rupture features, such as large slip patches, and stochastic 
features representing small-scale rupture variability. The location and size of large slip patches 
were adopted from a kinematic rupture model (IM model) proposed by Somei et al. (2026)  
inspired by the Irikura recipe that is widely used in strong motion simulations of earthquakes in 
Japan. In a second stage we performed ground motion sensitivity analysis to investigate the effects 
of rupture velocity on forward rupture directivity effects on near-fault ground motion.  
The proposed GP-based rupture model with a preferred average rupture velocity Vr set at 90% of 
the local shear-wave speed Vs, matches the general characteristics of the recorded near-fault 
motion equally well, in the considered frequency range (0–5 Hz). The results from the sensitivity 
analysis suggest that the inclusion of large slip patches is important for reproducing the recorded 
near-fault ground motion dominated by strong velocity pulses. Our rupture model links these 
pulses to the forward rupture directivity effects. We found that the width of the largest pulse 
observed on the FN-component is affected by the rupture velocity which controls the amplification 
pattern of the  forward rupture directivity effects. Simulations with different average rupture 
velocities  in the range 0.72Vs-1.5Vs show that the ground motion amplification due to rupture 
directivity effects, peaks for Vr=1.0Vs at all near-fault sites. With the new awareness that near-
shear and supershear rupture earthquakes are more prevalent than previously recognized, coupled 
with the high damage potential of such events, motivates the need to understand, and accurately 
simulate, such events. 
 


