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Summary: A new mathematical model is presented to describe the elastic and viscoelastic properties of
a single collagen ﬁber. The model is formulated by accounting for the mechanical contribution of the
collagen ﬁber’s main constituents: the microﬁbrils, the interﬁbrillar matrix and crosslinks. The collagen
ﬁber is modeled as a linear elastic spring, which represents the mechanical contribution of the microﬁbrils,
and an arrangement in parallel of elastic springs and viscous dashpots, which represent the mechanical
contributions of the crosslinks and interﬁbrillar matrix, respectively. The linear elastic spring and the
arrangement in parallel of elastic springs and viscous dashpots are then connected in series. The crosslinks
are assumed to gradually break under strain and, consequently, the interﬁbrillar is assumed to change its
viscous properties. Incremental stress relaxation tests are conducted on dry collagen ﬁbers reconstituted
from rat tail tendons to determine their elastic and viscoelastic properties. The elastic and total stressstrain curves and the stress relaxation at diﬀerent levels of strain collected by performing these tests are
then used to estimate the parameters of the model and evaluate its predictive capabilities.
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