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Physical and Numerical Modelling of Co-seismic Coastal Landslides-Generated Tsunamis
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Earthquakes primarily generate tsunamis, but landslides can often generate tsunamis.
According to recent findings, tsunamis were created by underwater landslides caused by
massive earthquakes. Experiments on tsunamis generated by submarine landslides and partly-
submerged landslides have been less studied because of the challenge of reproducing the slope
as it starts moving under the water. The time evolution of a landslide is the most important
for calculating the tsunami amplitudes. To date, laboratory experiments simulating the

tsunamis induced by earthquake-triggered landslides have not been developed.

This research attempted to address the research gaps in understanding the mechanism and
hazard assessment of tsunamis generated by earthquake-triggered landslides by conducting
physical and numerical modelling. The objectives of this study are (i) to reproduce the process
of an earthquake-induced landslide causing a tsunami; (ii) to investigate the effects of
landslide kinematics on wave generation under different conditions; (iii) to validate the
landslide-generated tsunami model based on the centrifuge test results. (iv) to propose and
validate a new dual-source model (earthquake + landslide) for the 2018 tsunami disaster in
Palu Bay. There are six chapters in this dissertation. The following is a summary of the main

contents of each chapter.

The first chapter provides an overview definition, classification, and history of landslide-

generated tsunami events.

Chapter 2 comprehensively reviews the physical and numerical modelling of landslide-
generated tsunamis. Then, the current research gaps in landslide tsunamis are discussed. There
are a few numerical models but no physical modelling, including earthquake-triggered
landslide-generated tsunamis. This study intends to bridge this gap by experimentally
investigating landslide initiation, and validating the coupling of well-known landslide and

tsunami models.

Chapter 3 discusses centrifuge modelling, principles, and scaling laws for landslide and
tsunami waves. This chapter also presents the experimental procedures and the repeatability
of centrifuge experiments. Then, the landslide kinematics, including the slope deformation
and excess pore-water pressure, are discussed. In addition, this chapter presents the
characteristics of landslide-generated tsunamis. The slope failed with time; although the
decline of slope surface is rapid, the landslide volume is a time-dependent variable. The initial
movement of landslide mass is essential for predicting the amplitudes of an initial tsunami
wave. The initial acceleration and landslide volume were found to have a linear relationship
with the first trough wave amplitude. The submarine landslide produces a first negative wave,
and the second wave amplitude is much smaller than the first wave. This means the tsunami

waves decay fast.
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Chapter 4 introduces a coupling of the landslide-generated tsunami model and compares the
simulation results with centrifuge experimental results. The parametric studies of the model
are also discussed. The landslide-induced tsunami models (LS-RAPID + LS-Tsunami) were
validated using the parameters obtained from centrifuge experiments. Also, a series of ring
shear tests were conducted to gather the input parameters for a simulation model. The model
results reproduced laboratory results well with less than 10 % numerical errors. The motion
of the landslide and the generation of tsunami waves were both replicated with reasonable
precision. It should be noted that the landslides in this study are very rapid, so that they could
be valid for the model assumption. However, there are slight differences in the phase of waves.
Similar to the centrifuge results, the parametric studies show that the dimensionless landslide
volume has a linear relationship with the dimensionless trough wave. In addition, the
dimensionless trough wave has a second-order polynomial form with relative submerged
depth.

Chapter 5 introduces the study site in Palu, Indonesia. The author proposes a new dual-source
model to simulate the coastal landslide tsunami on 28 September 2018 in Palu Bay. The
model's accuracy was validated based on the tide gauge data at the Pantoloan and observed
data of the tsunami height and run-up. This chapter also discusses the results from the
sensitivity of the dual model. From the observed data, the 2018 Palu event indicated that
significant strike-slip earthquakes might cause destructive and devastating tsunamis, to which
multiple source mechanisms can contribute. This is called the cascading effect of an
earthquake, where a primary hazard (earthquake) causes a secondary hazard (earthquake-
induced landslides), and both hazards (earthquake + landslides) are sources of tsunamis.
Similar to the previous studies, our simulations confirmed that the earthquake-generated
tsunami run-up height is significantly smaller than the observed data. This strong evidence
indicates that a secondary source (landslides) was highly likely involved. This study
reproduces all landslides inside Palu Bay, whose sites are confirmed through previous marine
bathymetric and other investigations. The landslide model can explain the high tsunami height
in southern Bay. It can be concluded that the landslide source rather than the earthquake is
the major cause of the local high tsunami inside Palu Bay. A numerical simulation of the dual
model provided a better match with the tsunami observation records than a simulation based
on earthquakes or landslides alone. The dual model can recreate all observed data, especially
the high tsunami wave in the South of the Bay. Parametric studies on changing the soil
properties of LS-E, SLS-H, and SLS-I were examined to see the role of a landslide-generated
tsunami. Based on the results from these simulations, the most exciting result is that the LS-
E, SLS-H, and SLS-I played an essential role in the highest tsunami height in the north of the
Bay.

Chapter 6 gives the research summaries and conclusions. In addition, some suggestions for

further research are provided.




