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ABSTRACT

Recently, we proposed a discrete method for modeling the three-dimensional fiber dispersion in
fibrous tissues such as arteries [1]. This method allows us to exclude fibers under compression
in a discrete manner by evaluating the tension–compression status of the representative fiber di-
rections only. In addition, the fiber recruitment and damage have also been incorporated into the
discrete fiber dispersion model in a new study [2]. Generally, the viscoelastic behavior of fibrous
tissues is also attributed largely to the property of collagen fibers. This has been demonstrated
by the rate-dependent mechanical behavior of heart valve leaflet recently [3].
In this study, we further extend our model to consider the strain-rate dependency of collagen
fibers in planar fibrous tissues. Specifically, we consider a planar fiber distribution about a mean
direction over a unit circle, and the unit circle is discretized into a finite number of arc segments.
An elementary fiber density is calculated by numerical integration of the continuous fiber dis-
tribution function over each arc segment. Then, the strain energy of fibers distributed over each
arc segment is determined by using the deformation of the representative fiber direction ori-
entated at the mean angle of the arc segment weighted by the elementary fiber density. The
summation of contributions from all the arc segments yields the total fiber strain energy. The
mechanical behavior of the fiber at each representative fiber direction is characterized by using
the generalized Maxwell model consisting of one Maxwell element and one elastic element [4].
The proposed rate-dependent fiber dispersion model is implemented in MATHEMATICA for the
determination of the material parameters with experimental data and then in a general purpose
finite element program. The implementation and performance of the model are demonstrated by
means of three representative numerical examples, uniaxial extension, simple shear, and biaxial
test. Future study with more complex boundary and loading conditions are necessary to verify
this model.
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