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Rockfall threatens roads, railway lines and set-
tlements in mountainous terrain. The stan-
dard countermeasure is a flexible barrier con-
sisting of interlocked steel wire rings, held be-
tween posts by support ropes and brake ele-
ments. It stops rocks with impact energies up
to several megajoules, through irreversible
deformation of its rings and other dissipative
elements. The accuracy of a simulation in
which this behavior is modeled is decided by
the model of a single ring. Within the net, load
is passed from ring to ring solely through con-
tact, a loaded ring elongates into an oval, its
wire bundle stretches and bends, and it slides
onits neighbors as the contact points migrate.
Established abstractions replace each ring by
four nodes joined by nonlinear force ele-
ments. They reproduce the global force-
elongation characteristic in a numerically in-
expensive way, but the deformed shape and
the contact point are prescribed kinematically,
and bending enters only implicitly.

Modeling the ring as a rod along its center-
line restores the kinematics of the deform-
ing ring and of the migrating contact for the

beam centerline

four nodes & contact

From the four-node abstraction to a rod
discretization with ring-to-ring contact

Prof. Remco I. Leine
Dynamik mechanischer Systeme (or similar)

price of a higher computational effort: The de-
formed shape is resolved, bending and elon-
gation are separated, and a geometry for ring-
to-ring contact becomes available.

Quasi-static tensile tests on single rings, ring
chains and mini nets are available at the in-
stitute and currently serve to identify the four-
node parameters. Your tasks are to

e extend a discrete rod model [2] by a suitable
elastoplastic constitutive law [1], formu-
lated with methods from nonsmooth me-
chanics,

e adapt existing numerical schemes for time-
integration accordingly,

e identify the parameters of the extended
model from the tensile-test data.

Python knowledge is of advantage, as the im-

plementation will be in Python, within the in-

stitute’s framework.
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Tensile test of two interlocked rings
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