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In this contribution a three-dimensional microsphere based constitutive model for anisotropic
fibrous soft biological tissue is presented, including elastic anisotropy as well as inelas-
tic effects (viscosity, softening, preconditioning and damage). The link between micro-
structural inelastic contribution of the collagen fibers and macroscopic response is achieved
by means of computational homogenization, involving numerical integration over the sur-
face of the unit sphere. In order to deal with the random distribution of the fibrils within
the fiber, a von Mises probability function is incorporated, and the mechanical behavior of
the fibrils is defined by an exponential-type model. The inelastic effects in soft biological
tissues were modelled by internal variables that characterize the structural state of the
material.

The microsphere approach tries to capture micro-structural information and transfer it

into the macroscopic behavior via a homogenization scheme over the unit sphere U2, In

this approach, U? is discretized into m directions {ri}izlmm that are weighted by factors

{w'}iz1..m, with the consiton (r) = > wr’ = 0 and (r@r) = Y wr' @r = L

the anisotropic part of the SEDF is related to the fibers in the material. In a general

situation with N families of fibers the anisotropic part of the SEDF can be expressed as
N

N

; 1

Voni = E \I/? = E : {E /2 npfwfdA} K (1)
j=1 j=1 U ]

where \Iff is the strain energy density function for the j-nth fiber family, n the chain
density, pr a statistical value associated with the fibrils dispersion and ¢ the free energy
density function of the fibril [1].



Estefania Pena, Pablo Saez and Miguel A. Martinez

The free energy for the fibers is assumed to be of the form [3]

N m

Voni(np(N)) = 1 np(l— Di)¢0(yi) dA = Z aniwi[l — D] ;,o(yi) (2)

4 U2

with D, = Dy + Df the normalized scalars referred to as the damage, DY : R, — R,
and Df : R, — R, are monotonically increasing smooth functions with the following
properties D(0) = 0, DY(0) = 0 and D¢ + D € [0,1] and 1o(X') the effective strain
energy density functions of each j family of fibers.

Some experimental results show that the amount of damage at a particular strain level
presents rate sensitivity to the applied loading rate. Further, strain-softening and loss of
strong ellipticity phenomena associated with damage mechanism impose numerical diffi-
culties in finite element computations. To account the rate dependency and to regularize
the localization problems, a viscous damage mechanism is used. Rate equations governing
visco-damage behavior are obtained from their rate-dependent counterparts), by replacing
the damage consistency parameter /i by Y (®;) for matrix and fibers respectively [2].

(3)

b _ T (@)R(E D) i B=0 and Ny C>0
g 0 otherwise

Here y is the damage viscosity coefficient, T (®;,) denotes the viscous damage flow function
and ®;. With this at hand, we write that 7, = gL (Py).
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