
 

Accepted Manuscript

An evaluation of the Gent and Gent-Gent material models using
inflation of a plane membrane

Lei Zhou, Shibin Wang, Linan Li, Yibin Fu

PII: S0020-7403(18)31665-5
DOI: 10.1016/j.ijmecsci.2018.07.035
Reference: MS 4447

To appear in: International Journal of Mechanical Sciences

Received date: 22 May 2018
Revised date: 21 July 2018
Accepted date: 25 July 2018

Please cite this article as: Lei Zhou, Shibin Wang, Linan Li, Yibin Fu, An evaluation of the Gent and
Gent-Gent material models using inflation of a plane membrane, International Journal of Mechanical
Sciences (2018), doi: 10.1016/j.ijmecsci.2018.07.035

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.ijmecsci.2018.07.035
https://doi.org/10.1016/j.ijmecsci.2018.07.035


ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

Graphical Abstract
respectively; see Fig.1. We assume that the undeformed configuration is described by

0 ≤ R ≤ L, Z = 0,

and the deformation is given by

r = r(R), z = z(R). (2.1)

We also introduce function θ(R) that denotes the angle between the tangent line and the

vertical line at particle R of the membrane; see Fig.1. This problem can be viewed a special

case of the inflation of a full or truncated ellipsoidal membrane [4, 18, 24].

Figure 1: The undeformed (left) and deformed (right) configurations

The principal directions of stretch correspond to the directions of the latitude, the merid-

ian and the normal to the deformed membrane. The associated principal stretches are given

by

λ1 =
r

R
, λ2 =

√
r′2 + z′2, λ3 =

h

H
, (2.2)

where h is the deformed thicknesses and a prime denotes differentiation with respect to R.

The material is assumed to be incompressible so that λ1λ2λ3 = 1.

The total energy consists of the strain energy and the potential energy of the pressure

P , and is given by

E =

∫ L

0

W (λ1, λ2)2πRHdR − P

∫ L

0

πr2z′dR, (2.3)

where W (λ1, λ2) denotes the strain energy per unit volume in the undeformed configuration

after λ3 has been eliminated with the use of the relation λ3 = 1/(λ1λ2).

The equilibrium equations can most conveniently be obtained by setting the first variation

of E to zero, and are given by

r(hσ2)
′ + hr′(σ2 − σ1) = 0, (2.4)
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Figure 8: (a) Comparison on curve of the pressure versus the stretch between the numerical result by Gent

model and the experimental data. (b) Comparison on curve of the pressure versus the stretch between the

numerical result by GG model and the experimental data.

Table 3: Comparison of extreme points between numerical solution and experimental data

Category λ (At the peak) P (At the peak) λ (At the trough) P (At the trough)

Numerical calculation 1.917 1.888 4.848 1.502

Experimental data 1 1.960 1.796 4.558 1.430

Experimental data 2 1.944 1.813 4.582 1.469

Experimental data 3 1.960 1.883 4.704 1.485

Experimental data 4 1.993 1.826 4.633 1.488

Experimental data 5 1.919 1.841 4.554 1.478

We next consider the sensitivity of the theoretical predictions to the variations of the

material parameters in the GG model. We vary each material parameter above or below

its original value by 10% and study the effect of each change on the pressure/stretch and

stress/stretch curves.

We define a relative error ξ through

ξ =
tc/µc − to/µo

to/µo

,

where to and tc denote the nominal stress based on the original values and changed values of

material parameters, respectively, and µo and µc are the original and changed shear moduli,

respectively.
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