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Rheological and computational adaptations of a structural
finite element model

Rheologische und rechnerische Anpassungen eines strukturmechanischen Finite-Elemente Modell

Fig. 1: Steel frame and CAD model
(Bai et. al., 2021)

The computational analysis of structural designs and ma-
terials play an important role to reduce the risk of struc-
tural damage and collapse during seismic events. To fur-
ther improve design in terms of finding optimal economi-
cal and safety setups, not only experiments are necessary,
but also simulation models of realistic case studies. Many
studies are contributed in this field to validate specific
simulation models towards realistic experiments e.g. on
shaking tables to either verify material assumptions and/or

find critical design combinations and the causes leading to collapse or irreparable damage.
However regarding e.g. steel frame structures it is not straight forward to implement suitable
rheological models in the simulation in order to fit specific experimental results. For this case dif-
ferent adaptions can be made to refine the outcome and increase the accuracy of the simulation
model. Another interesting aspect for structures exhibited to regions with frequent earthquakes
is the long time material degradation. Due to the inherited epistemic uncertainty of the exter-
nal influences (not every earthquake has the same magnitude and frequency, soil properties can
vary highly within a earthquake endangered region). The prediction of collapse and even more the
prediction of collapse under degraded material is highly uncertain. Therefore an existing Finite El-
ement Model combining different rheological models and uncertain seismic loads with suitable
descriptions to reduce the epistemic uncertainty shall be implemented.
Following this path of solving stochastic dynamic systems via numerical models, quickly com-
putational limits will be reached. Therefore additional considerations of the implementation of a
surrogate model for the Finite Element Model must be made. An existing artificial neural network
for the existing Finite Element Model shall be refined to further decrease the approximation error
for specific target quantities. Using this surrogate model the goal is to define failure regions in
the probability space of random input material and random load parameters. These findings shall
help to further improve the structural design and decrease the probability of failure.
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