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1. Abstract

The Mulli ns effed in rubbe-like materials is inheertly anisotropic. For example, in Pawel-
ski [1] homogeneos plain strain canpresson expeimert, after loadng from a virgin state and un
loadng, the Hockisrotated by90 degees and canpresed it was foundtha the nonvirgin materia
behave amost like a virgin ong whichindicaes tha stress sfteringin thefirst diredion ha hardly
anyinfluen® onstress ®fteringin the dredion athogonato thefirst. Thisarisotropic behavour can
also befoundin other expeimerts [2] [3]. Howeve, most modds devdopedin the pat, for Mulli ns
effed, are isotropic. Nevethdess recerly, Shaiff [4] devdoped a coditutive equéion tha cha-
aderizes anisotropic stress ®ftening. Shaiff's [4] theay compares well with sevea anisotropic
expaimental daa andis corsistert with expeted behaiour. In this pape, based onShaiff’s [4]
theay, we proposed amodd that can eaily extend some well known isotropic modds [5] [6] to
describe incampressble ansotropic behavour of Mullins phenanenon hene indicaing the gene
ality of the poposed modd. The quai-static corstitutive equéion is purely phenanendogicd and
does not take accoutthe undelying physicd structure of the material; hene it can be aplvedto any
incampresshble material exhibiting ansotropic stress ®fteninginduced bystrain. We tred the \rgin
unddormed material asisotropic and ae nd concenedwith hysteresis, residud strain and thermal
and viscodadtic €feds.

We wse a pincipd axestechriqueto fadlit ate ou anisotropic moddling. Thistype d technique
is also used byShaiff [7] to deive a nové corstitutive equéion for anincampressble trarsversely
isotropic hypeelastic solid. In the poposed modd, a set of damage paameters which depend on
the hstory of the gindpd-diredion line demerts is propcsed Together with this, we introduce a
genea concep of damagefundion to fadlit ate the andysis of anisotropic stress ®ftening. The d-
fed of sheaing onstress ®ftering materials is described via shea-history parameters; they ae the
maximum and minimum values of the caine d the ande baweentwo princdpd-diredion line de-
mertsthroughou the hstory of the déormation. The danage andshea-history paameters are intro-
ducedinto the corstitutive equéion viasymmetric, second oder, damage andhea-history structural
tersors, respedively. The danagetersor is positive ddinite. The "free” enegy is expesed & a
fundion o prindpd stretches andinvariarts of the dyadic produds of the principd diredions of the
right stretch tensor andthetwo structural tersors. In this communicaion, we orly corsider a dassof
free enggy fundionsthat is a subset of awider classof free enegy fundions propasedin this pape.
Enagy disspaionis showvn viathe Clawsius-Duhem inequdity.

The genedlity of the poposed damagefundion dlows us to easily extendsome exsting well
known isotropic modds to modd ansotropic behavour of Mullins effed. In order to demonstrate
the capaliiti es of the poposedtheay, results are gvenfor sevea types of homogeneos deforma-
tions. For some o these ddormations, we show tha the nonvirgin stressfree coffigurations have
certain types of ansotropy which ae corsistert with previous corjedures [8]. We dso show that our
theaeticd results compare well, quditatively and qualtitatively, with pulished expemental daa.



36th Solid Mechanics Conference, Gak, Sept. 9—12, 2008 181

2. References

[1] H. Pawelski (200]). Softening behaiour of elastomeric meda dter loadng in changng drec
tions. In: D. Besdo, R.H. Schuster & J. Ihlemann(eds), CongtitutiveModdsfor Rubbe II. Liss:
A.A. Bakema, 27-36.

[2] A.H. Muhr, J. Gough and.H. Gregay (1999. Expaimenta determinaion of modd for liquid
siliconerubbe. In: A. Muhr & A. Dorfmann(eds), Constitutive Modds for Rubbe. Rotterdam:
A.A. Bakema, 181-187.

[3] J. Gough(2000. Stressstrain behavour of rubbe, PhD Thesis QueenMary andWestfield Col-
lege University of London255pp

[4] M.H.B.M. Shaiff (2009. An arisotropic modd of the Mullins effed, J. of Engng Maths., 56,
415435

[5] R.W. Ogden and.G. Roxburgh (1999. A pseudoelastic modd for the Mulli ns effed in filled
rubbe, Proc. R. Soc Lond, A 455 2861-2877.

[6] M.F. Bedty andS. Krishnaswamy (2000. A theay of stresssofteringinincampresgbleisotropic
materials, J. Mech Phys. Sdids, 48, 19311965

[7] M.H.B.M. Shariff (2008. Nonlinea trarsversely isotropic dastic solids: an dternative represen
tation, Q. J. Mech App. Math., DOI:10.1093gjmam/hbm028 1-21.

[8] C.O. Horgan R.W. Ogden ands.Saccanand (2004). A theay of stress ®ftenng o elastomers
based onfinite chan exersibility, Proc. R. Soc London A 460, 17371754





