Accepted Manuscript

Wrinkles in the opening angle method STRUCTURES
Michel Destrade, Irene Lusetti, Robert Mangan, Taisiya Sigaeva m
PII: S0020-7683(17)30282-2 Womchs b o~
DOI: 10.1016/j.ijsolstr.2017.06.016

Reference: SAS 9623

To appear in: International Journal of Solids and Structures

Received date:

Revised date:

Accepted date:

20 December 2016
17 May 2017
9 June 2017

Please cite this article as: Michel Destrade, Irene Lusetti, Robert Mangan, Taisiya Sigaeva, Wrin-
kles in the opening angle method, International Journal of Solids and Structures (2017), doi:
10.1016/j.ijsolstr.2017.06.016

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.


http://dx.doi.org/10.1016/j.ijsolstr.2017.06.016
http://dx.doi.org/10.1016/j.ijsolstr.2017.06.016

Wrinkles in the opening angle method

Michel Destrade®P, Irene Lusetti®, Robert Mangan®*, Taisiya Sigaeva®:®

@School of Mathematics, Statistics and Applied Mathematics,
NUI Galway, University Road, Galway, Ireland;

bSchool of Mechanical and Materials Engineering,
University College Dublin, Belfield, Dublin 4, Ireland;

¢ Politecnico di Milano, piazza Leonardo da Vinci 32, 20133 Milano, Italy;

& Department of Mechanical and Manufacturing Engineering,
University of Calgary, Calgary, AB, Canada;

¢ Department of Mechanical Engineering, Lassonde School of Engineering,
York University, Toronto, ON, Canada.

Abstract

We investigate the stability of the deformation modeled by the opening an-
gle method, often used to give a measuteyof residual stresses in arteries and
other biological soft tubular structures. Specifically, we study the influence of
stiffness contrast, dimensions and inner, pressure on the onset of wrinkles when
an open sector of a soft tube, .coated with a stiffer film, is bent into a full
cylinder. The tube and its coating are made of isotropic, incompressible, hy-
perelastic materials. We provide a full analytical exposition of the governing
equations and the associated boundary value problem for the large deforma-
tion and for the superimposed jsmall-amplitude wrinkles. For illustration, we
solve them numerically )with & robust algorithm in the case of Mooney-Rivlin
materials. We confront the results to experimental data that we collected for
soft silicone sec¢tors. We study the influence of axial stretch and inner pressure
on the stability of clesed-up coated tubes with material parameters comparable
with thoseé,of soft biological tubes such as arteries and veins, although we do
not aceount for anisotropy. We find that the large deformation described in
the opening angle method does not always exist, as it can become unstable for
certain combinations of dimensions and material parameters.
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