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Abstract: 
In this research paper we have proposed as a work, the simulation of elementary invariants, components of the 

Cauchy stress tensor and internal pressure in the case of a cylindrical hyperelastic tube undeformed or 

deformed by application to a constant, decreasing and increasing radius. To illustrate the radial deformation of 

the hyperelastic cylindrical tube, we used a perturbation parameter in the kinematics with an isotropic and 

compressible strain energy function in the Cauchy stress tensor to obtain our desired expressions. The 

comparison of the simulated expressions allowed us to see differences and equalities in the elementary 

invariants, resemblances in the components of the Cauchy stress tensor and the variation of the pressure in each 

case, ie for a increasing and decreasing radius. Finally, these simulations have allowed us to prove how these 

disturbances can perturb invariants and constraints in a hollow hyperelastic isotropic cylindrical tube. 
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I. Introduction 
The description of the anisotropic hyperelastic mechanical behavior of a mechanical cylindrical tube is 

still useful to better understand the diseases that plague the cardiovascular system [1].To achieve these studies 

many variables and tensors must be considered, the deformation gradient tensor F which is nothing more than 

the tangent linear application serves to describe the state of local deformation resulting from the internal forces. 

In the biomechanical modeling, there are various strain energy functions which allow to realize such work 

among which we can quoted the polynomial, exponential, power or logarithmic form [2]. These energy 

potentials have been established as part of a phenomenological approach that describes the macroscopic nature 

of the material and there are functions of elementary invariants [3]. Most of these mechanical studies have 

different and diverse objectives, one part of this is most often concentrated in the analysis of stresses and 

pressure in incopressible, in the isotropic or anisotropic case [4,5,6]. In an other part there are interested to 

establish a direct correlation between the mechanisms of deformation and the physical characters of the structure 

and certain mathematical criterias which are known, such as convexity, ellipticity and objectivity should 

normally be satisfied by the strain energy functions [7,8]. As a contribution in the biomechanical modeling, we 

study a smooth hollow cylindrical structure or with an internal deformation in the compressible or 

incompressible isotropic case by application to a decreasng and increasing radius. The elementary invariants, the 

non-zero components of the Cauchy stress tensor and the internal pressure will be simulated and analyzed in the 

case of internal radius deformation in order to highlight the differences that can be observed between these 

parameters which are studied according to whether that the radius decreases or increases what can represent 

respectively in the reality a pathological artery. 
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II. Preliminaries 

 

 
 
We note here that the tensor C makes it possible to measure the deformation in Lagrangian configuration and 

the tensor B makes it possible to measure 
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III. Application to an artery affected by stenosis 
In this part, we consider an artery affected by stenosis.  
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IV. Application to an undeformed or deformed hyperelastic cylindrical tube 
In this paragraph we will make an application on two cases. In the first part we will consider a normal 

hyperelastic cylindrical tube, ie with a constant radius and secondly a deformed hyperelastic cylindrical tube, ie 

with a variable radius. We will focus on the study of elementary invariants, non-zero components of the Cauchy 

stress tensor and the internal pressure. 
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These figures show us that in the case of progressive increasing radius: 

-We have the elementary invariants which increases with I2 larger than I1 and I3. At the beginning of the radius 

increase, we have I1 which is greater than I3 which remains valid until radius reaches a size exceeding 1.55 

times its initial size. once this size exceeds, I1 becomes smaller than I3 with a large variation in local volume. It 

should be noted that I2 and I3 grow exponentially while I1 remains close to logarithmic growth. 

-The three non-zero components of the Cauchy stress tensor remain also identical and negative. It decreases 

exponentially but faster than in the case of the decreasing radius. The negative components also show us that the 

tube is more compressed when the radius increases. 

-The pressure increases exponentially when the radius progresse in decreasing. 

 

V. Conclusion 
In this paper we have proposed a modelization of the elementary invariants, components of the Cauchy 

stress tensor and the internal pressure in a hollow cylindrical tube of constant or variable radius. We used a 

disturbance parameter to illustrate the variations of the tube radius in our study. The Diouf-Zidi strain enrgy 

functions model which is a power type were used for the realization of this work. this study allowed us to 

highlight the similarities and differences that can be observed at the level of the isotropic elementary invariants, 

to see the resemblance at the level of the components of the Cauchy stress tensor, according to whether we are 

in compressible or incompressible deformation on the one hand, but also to show on the other hand that for each 

type of variation of the tube circumference, there is a dysfunction which in turn gives rise to other anormalities. 

We finally prove through simulations, how a tube malformation can cause perturbation within it and how these 

disturbances can be destructive if they are not stoped on time. 

 

VI. Outlooks  
As perpectives of our learning in biomechanic, a thorough study of cases of decreasing and increasing 

radius of the tubular hyperelastic tube can allow us to better understand how pathological artery perturb our 

cardiovascular system. -The result of decreasing radius can represent a stenosis artery in the reality. As a 

consequence of this imbalance, we attend to a compressed artery, a blood pressure that gradually decreases (low 

blood pressure), what will lead a malnitrution of the organs nourished by this artery and once the artery is 

obstruct, it follows a loss of sensitivity and then a death of this concerned organs. -The result of the increasing 

radius can represent an artery with aneurysm. As a consequence of these variations, we have a compressed 
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artery, a blood pressure that gradually increases (high blood pressure), which end by a rupture of the artery, 

followed by an internal haemorrhage which can be fatal in certain cases. 
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