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Introduction 
We propose an improvement in a popular non-
linear constitutive model of collagen-rich soft 
tissues used in finite element models of skin, 
arteries and tendon [Kuhl, 2007]. In these 
tissues the presence of anisotropic collagenous 
fibers and the fact that they are cross-linked 
into networks dominates the elastic properties. 
In contrast to phenomenological models, the 
micromechanically motivated one we modify – 
the 8-chain model proposed originally by 
Arruda and Boyce [Arruda, 1993, Wu 1993] is 
described by a strain energy density function 
Ψnetw that accounts for physical behavior of the 
fibers and network. The downside of the model 
is that it is affine by the construction of its unit 
cell - fiber deformations are independent and 
continuous with the macroscopic displacement 
fields, which is non-realistic. Our goal is to 
determine the magnitude of error introduced 
by the assumption of affinity and correct the 
responsible input parameters to account for the 
effect of non-affinity properly.  
Methods 
The orientation of principal stretches, coupled 
with the geometry of the unit cell in the 
original model shown in Fig. 1, results in a 
convenient strain energy density function Ψnetw 
that contains the dependence of the principal 
stretches in terms of the fibers stretches and 
their lengths and density, as well as the initial 
shear modulus of the network. For the 
constitutive behavior of fibers we focus on 
statistical mechanical non-linear freely jointed 
chain (FJC), as in the original model and a 
linear elastic behavior. We incorporate 
positional disorder into the system by 
randomly displacing the cross-link within the 
unit cell and assembling a network of 1000 
disordered cells. We include the effect of non-
affinity by iterative determination of the cross-
link position based on minimization of the total 
energy of the unit cell. A control model 
consists of 1000 unit cells network constructed 
as in the original model. We deform the 
created networks to measure the initial shear 
moduli – an input parameter in the strain 
energy density function Ψnetw. 

Results 
Including non-affinity into the deformation 
causes decrease in the elastic properties 
measured in homogenous deformations. In the 
tested networks we observe change in the 
initial shear moduli which ranges from 29.6% 
up to 31.2% depending on the constitutive 
relation for the fibers used.  

 
Figure 1: Assembly of the network for the original 
and the proposed disordered model. 
 

Discussion 
Improving the realism of constitutive relations 
used in finite element modeling of soft 
collagen-rich tissues with including non-
affinity of deformation was proposed in this 
study. The magnitude of error when assuming 
affinity is substantial and should be carefully 
taken into account while using the strain 
energy density function resulting from the 8-
chain model. Such approach allows not only to 
model tissues, but also has the predictive 
power, with its parameters including details of 
collagen fibers mechanics being traceable 
down to the microscopic scale. Generally the 
micromechanically motivated constitutive 
models are required in order to be able to 
model diseases causing changes in 
macroscopic properties of soft tissues for 
example in cross-linking of collagenous fibers 
or the effects of tissue aging. 
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