
HAL Id: hal-03897693
https://hal.science/hal-03897693

Submitted on 14 Dec 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Semi-analytical model for stretch ratio determination in
inflation test for isotropic membranes

Franck Jourdan, Jonaz Vasquez-Villegas, Rania Abdel Rahman El Anwar,
Simon Le Floc’h, Christiane Wagner-Kocher

To cite this version:
Franck Jourdan, Jonaz Vasquez-Villegas, Rania Abdel Rahman El Anwar, Simon Le Floc’h,
Christiane Wagner-Kocher. Semi-analytical model for stretch ratio determination in inflation
test for isotropic membranes. Mechanics Research Communications, 2023, 127, pp.104033.
�10.1016/j.mechrescom.2022.104033�. �hal-03897693�

https://hal.science/hal-03897693
https://hal.archives-ouvertes.fr


Semi-analytical model for stretch ratio determination in inflation test for 
isotropic membranes 

Franck Jourdan a,*, Jonaz Vasquez-VILLEGAS a, Rania Abdel Rahman EL Anwar b, 
Simon Le Floc’h a, Christiane Wagner-Kocher a,c 
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A B S T R A C T   

This article wishes to contribute to the understanding of principal strains distribution in inflation test for circular 
isotropic soft membranes, combining analytical, numerical, and experimental investigations. The method 
developed gives a relatively simple and original solution of the deformation and thus of the stresses during an 
inflating test, provided that the measurement is sufficiently close to the pole. For this purpose, a semi-analytical 
model (SAM) is proposed and to evaluate that theory, two complementary approaches are used. The first 
approach is experimental. Inflation and uniaxial tensile tests are set up on medical silicone sheets to identify their 
hyperelastic constitutive parameters, using Digital Image Correlation. Then these mechanical properties are 
injected into a 3D finite element model (FEM) of membrane, simulating the inflation test, to compare the strains 
that had been obtained with those of the SAM. Numerical results show that the strain calculated by the SAM 
follows the pattern of the circumferential strain obtained by the FEM. Up to a certain distance from the center of 
the disk (half of the disk for our example), strain calculated by the SAM give a correct approximation of the 
deformation with respect to radial and circumferential FEM strains.   

1. Introduction 

The literature is very well covered in articles dealing with mechan
ical tests of the inflation type. As explained in [1], there has been a lot of 
theoretical research on the distribution of deformations. At first, the 
work of [2] developed a numerical solution for the principal stresses and 
strains, using Taylor series. Then, [3,4] determined strains, and curva
tures by solving, numerically, a system of first-order differential equa
tions. [5] resumed these approaches to outline a method for determining 
functional forms of constitutive relations and to demonstrate the validity 
of this method through numerical experiments for a membrane having a 
known strain energy function. Before that, in 1981, [6] established 
deformation expressions by assuming that the radial deformation was 
constant for small deformations. 

The objective of our work is to propose a simple method for the 
determination of stretch ratios for use in the experimental identification 
of material parameters. This study results from work on the character
ization of the mechanical properties of biological membranes, as work of 

[5,7–10]. Often these membranes are anisotropic, but some are isotropic 
or weakly anisotropic. This is generally the case when they are in 
anatomical areas where no direction of stress is preferred. Here we will 
focus on the case of isotropic membranes as work of [11,12]. In the 
literature identification of the constitutive parameters is conducted 
using either the external shape of the inflated membrane [13], or the 
displacement at the special points [14], or increasingly now, the 
displacement fields obtained by DIC [1,7,8,15,16]. Our identification 
approach is in this trend. It considers both DIC and the shape of the 
membrane avoiding uncertainties about the exact position of the top of 
the membrane, when calculate deflections. 

This article wishes to contribute to the understanding of principal 
strains distribution combining analytical, numerical, and experimental 
investigations. The first section is devoted to the semi-analytical method 
(SAM). Then, we develop experimental approaches allowing the iden
tification of hyperelastic material parameters, using stretch ratios 
developed in the SAM. Finally, we present the numerical finite element 
study simulating an inflation test and compare the numerical strains 
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