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Summary

This study presents a 3D ground motion simulation of the Lower Rhine
Graben (LRG) and compares the synthetics from models based on soil condi-
tions with those derived from rock models and proxy-based coupling methods
for site amplification. It is organized into three main phases: (1) constructing
the 3D models with different scenarios, (2) validating the model with observa-
tional data, (3) integrating proxy-based methods. By progressively incorporat-
Ing detailed features into the 3D models using velocity profiles measured from
previous studies (Weber, 2007; Pilz et al., 2021) and comparing synthetics
with observed data, the research aims to get an effective model for describing
ground motion and site effects in the area. Additionally, this process allows for
an assessment of the current limitations of proxy-based site amplification
methods and identifies opportunities for methodological improvements. Ulti-
mately, this study seeks to quantify the potential ground shaking in the south-
ern LRG, taking into account the influence of thick sedimentary layers on
ground motion within a deterministic scenario in both reasearch and eigineer-
INg perspectives.

3D Ground-Motion Simulations

Milan, Italy

Figure 1: From Figure 3 in Pilz
et al. (2021). S-wave velocity
cross sections through the
Lower Rhine Graben (LRG).

Figure 2: Modified from Figure
1 in Pilz et al. (2021). Over-
view of the methodologies to
be used in this study for ob-
taining site-specific ground
motion intensity measures.
The yellow boxes indicate the
additional methods intro-
duced in this study.

Study Area

Lower Rhine Graben (LRG) in western Germany represents the southern extension of the Dutch-German rift system
and is characterized by a complex network of normal faults within a graben structure. Although seismic activity in the
region is generally low to moderate, the risk of ground shaking is significantly elevated due to the soft subsurface,
which features substantial lateral thickness variations and contributes to the region's status as one of the areas with
the highest seismic risk in Germany. These subsurface variations can lead to variability in site effects and significant
frequency-dependent changes in ground motion. This study focuses on the eastern portion of the area analyzed by
Pilz et al. (2021), incorporating data from 461 drilling sites with their velocity-depth measurements.

Figure 3: Seismotectonic map of the Lower Rhine Graben in
Vanneste et al. (2001), showing the recorded and historical
earthquakes in this area.

Figure 4: The study area at the southenmost of LRG. The blue
dots indicate the location of the drilling sites, which are often
reaching the sediment-bedrock interface.

Proxy-based site amplification coupling
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Figure 8: Wave propagation in (a) 1D velocity structure rock model and (b) 3D velocity

structure soil model with surface topography. Compared to the 1D model, 3D veloci-
ty model with soil attenuates/slows down the wave propagation and shows the
waves got trapped in the southwestern part of the model in the beginning of the
propagation and later inside the sediment-rich basin around Cologne city.

(C)

Figure 15 The Fourier amplitude spectra (FAS) of rock from the 1D velocity structure
simulation, coupled with predicted 6S2Ss, compared with the corresponding rock and
soil FAS at station (a) 1345, (b) 4692, and (c) 4815.

Figure 9: Waveforms and Fourier Amplitude Spectra (FAS)

for station 1345, comparing results from the 3D velocity
structure model with topography for both rock and soil con-

ditions.

Figure 10: Waveforms and FAS at the surface (red), -300m

Discussion and perspectives

1. These are preliminary results from our study in the LRG. Our 3D models require fur-
ther refinement by comparing our synthetic data with olbserved acceleration wave-
forms and incorporating geological features. For instance, the source time function
and quality factors need to be further revised.

2. Given the region's typically complex velocity profile due to the presence of coal
layers, the method used to define the velocity profile requires careful evaluation in the
context of regional studies and geology. Introducing a gradient velocity profile to the
model may bring it closer to accurately reflecting the actual geology.

3. The approach for defining the reference in rock models using a Vs = 800 m/s upper
later needs to be discussed, particularly in relation to linking it with other PSHA and
Vs30 = 800 m/s related studies.

4. The presence of a low-velocity layer among high-velocity layers in this area may sig-
nificantly influence ground motion, with variations in its thickness, number, and posi-
tion throughout the subsurface. It is important to consider whether such layers should
be included in the model.

5. After revising the models, we plan to compare the FAS from synthetic waveforms of

depth (blue), and -500m depth (black) for stations 1345 and the soil model with those coupled with the synthetics of the rock model using
4692, based on the 3D velocity structure model with soil and proxy-based site amplification, as well as with results obtained from the machine

topography.

learning-based method.




