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Analyses and interpretation of sauropod gigantism are essential for the understanding of
evolutionary constraints and how these constraints impact Earth’s geological and biolog-
ical history. Bones of sauropods, of course, are not their only remains in the fossil record,
but the second most common evidence for their former existence are footprints and entire
trackways. In the past, mostly descriptive studies of tracks were done, but currently the
focus is on understanding the paleobiology of the trackmaker. For this reason, experi-
mentation with extant animals and innovative numerical approaches have grown in recent
years.

Current numerical studies on this issue [1, 2, 3, 4] have as their main objective to quali-
tatively better understand the kinematics of the foot indenting the subsoil and to relate
subsoil properties to footprint quality and preservation. In contrast, the research project
introduced in [5] uses principles of soil mechanics to derive a novel concept based on Finite
Element Analysis (FEA) for calculating the mass (i.e., the weight) of an animal from its
footprints. To validate the approch a neoichnological field experiment with an African
elephant was conducted and the elephant’s weigth was numerically backcalculated. With
this study the first component of a methodology for calculating the weight of extinct
dinosaurs was demsonstrated.

This contribution introduces in detail the constitutive soil model and the 3D FEA model
used in [5] for numerically backcalculating the applied load to a subsoil.

The FEA code used considers three spatial dimensions and was originally developed for
the analysis of deformations in geotechnical applications. Soil behavior is simulated in
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a non-linear elastic-plastic manner. A realistic material model for the simulation of the
behavior of different types of soil was used. When soil is subjected to primary loading,
it shows an increase in stiffness with increasing stress and develops an irreversible plastic
strain. The hardening soil model implements the stress dependent stiffness behavior of the
soil and applies the appropriate stiffness modulus depending on the loading conditions.
The required input parameters were determined in standard soil mechanics laboratory
experiments.

The 3D FEA model including the loading characteristics of the foot and soil-foot interac-
tion was varied systematically in order to identify impact of model parameters. The results
obtained illustrate realistic soil behaviour due to vertebrate’s anatomical characteristics
in a novel way.
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