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Debris flows are fast-moving mixtures of wa-
ter, soil, and large rocks that pose significant
hazards in mountainous regions. They of-
ten occur suddenly and with great destruc-
tive power, endangering infrastructure and
human life. To mitigate these risks, protective
structures such as flexible rockfall protection
nets are commonly installed in vulnerable ar-
eas. Understanding how debris flows interact
with these nets is essential for designing safer
and more efficient protective systems.

Sketch of a debris flow with protection net.

However, simulating such interactions is chal-
lenging [1]. Debris flows are multiphase sys-
tems involving complex fluid-solid interac-
tions, evolving interfaces, and highly non-
linear material behavior. The flow typically

includes fine granular material, water, and
large boulders or rock chunks, all moving at
high velocity and undergoing strong impacts.
Additionally, the contact and interaction with
flexible protective nets involves friction, de-
formation, and sometimes plastic deforma-
tions or rupture—phenomena that are inher-
ently nonsmooth and difficult to model.

The goal of this thesis is to conduct a prelimi-
nary study within this broad and complex re-
search field. To this end, a two-dimensional
debris flow model will be developed, along
with its interaction with a single rigid body.
Depending on the progress, the model may
be extended to account for multiple rigid bod-
ies and their interaction with simplified repre-
sentations of protective nets.
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