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ABSTRACT

This work consi dered strai n-gradient plastiatytheory. The effects of internal mcroforcesin
plastically defor ned bodies were investigated through additional explicit dependence of
ener gy function onthe dvergence of plastic strain.

The principle of virtual power was e npl oyedto model the rmacroscopic and mcroscopic
force balances; first and second law of ther modynamcs were used to construct the | ocal
dissipation i nequality, and von Mses yield criterion local dissipation inequality toget her
with tensor derivatives of free-energy function were used to establish the constitutive
relations. These constitutive relations and mcraoscopic force balance were enployed in
deriving the governing flowrule for the problem under consideration For the purpose of
nunerical sduion a Rtz finte denent nethod was used

The results obtained showed that internal microforces counterbalance the polar
mi croforces i n plastically defor med bodies. Further nore, the obtained flowr ule generalizes
the Gurtin- Anand flowrule Inthe case of plane strain problem it was revealed that pure
shear can be achieved evenifthe defor nation processis not purely dissi pative whereas, pure
shear is only achievedfor purely dissipative deformationinliterature. For afixed dissi pative
lengthscalel, and varying energeticlengthscales Qand L, the plasticstraininthe plastically
defor med bodies at anytinet decreases. Hniteelenent sol utions for one di nensional visco-
plastic proble ns showed that whenever the rate-sensitivity paraneter m=1,the plasticstrain

for each ti ne attains a threshold while the plastic strainincreases wth ti ne. The finite

© Obafen Awd owo University, lle-lfe Ngeria

For noreinfor mati on contact ir-hel p@adife edu ng



ED OBAFEMI AWOLOWO
35 UNIVERSITY

i
elenent sol ution of a purel y energetic processinwhich m=0, revealedthat the plasticstrain

Is approxi nately zero a sone region of the one dimensional visco-plastic solid

This study concludedthattheinternal mcroforces counterbal ancethe polar m crostresses

inplastically defor ned bodi es.

Keyword: PHastic stran Strain gradent/ Polar mcrostresses /lInternal
m crostresses
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Chapter 1

I NTRODUCTI ON

11 Preanble

Plastictyisthe study of stress and straindistributionsin plastically deformed bodies. Abodyis
plastically defor nedif it does not regainits original shape after the renoval of oads that cause
the body to defor m(i.e materials cannot full yrecover their original configuration). The theory
of elasticity has been presented wthinthe framework that the load causing defor mation is
bounded or restrictedto ali mt calledthe elasticli mt sothat at the rennoval of | oads, the energy
staredinthe naterial during defor nmationis conpletel yreleased However, inplasticty, theload
causi ng defor nationis allowedto go beyondthe elasticli mt, enteringintothe plasticreg ne. In
thisregi e, the elastic defor mation ( whichresultsinstretching andt he rotation of the naterial)
and pl astic defor mation (resutingto per manent orirreversible distortion of the material) occur.
As a consequence of this, the defor nati on experienced by a body can be deconposedintotwo

parts: elastic and plastic parts. This

1
deconposition gi ves reason why thetatal strainandthe free energy can be wittenas sumof t he

elastic and pl astic parts. However at the re noval of | oads, the body undergoes el astic unl oadi ng
The defor mation resulting from plastic behaviour gives rise to an irreversible or dissipative
process sothat, the material is seento be per manently distorted S nce the plastic defor mation

will lead to per manent rearrange ment of lattice structures that nmake up the entire body,
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infor mation onthe nmechanical behaviour of nateriasatthe mcronscales will prove very useful
(Qurtinand Anand, 2005). However, thisistoo conplextobe nmodelled directly, andthat is why
phenonenol ogical nodels are usually e npl oyed. These nodelsinclude: Classical andthe strain
gradient theories.

A the nmonent, the classical theory of plastidty can be saidto be well understood The
governing equations are expressed as a linear theory wth approxi nation in space and ti ne
obtainableto desired degree of accuracy. Thistheorythus has a fir m mat he natical basis which
makes it easier for conputational nethods suchasthe finiteelenent methodto be adopted ( Han
and Reddy, 2013). The classical theory can serve as a basis for which ot her theories such as the
strangradent plastiatycandrawt heir nodelsinordertoreveal usefu i nfor mati on unaccounted
for by the dassical theory.

The plastic flowlaws which describe t he governing equation for a body undergoi ng pl astic
defor mation are generally presented intwo alternative for ns. These are the pri nal and dual
for mulations. The pri mal for mulationis a ki ne matically based for mul ation whose variables of
inerest are displacenents and strains. On the other hand the dual for mulation has, as its
variables of i nterest, the force-like variabl e such as stress. Any of the formul ations can be used
to obtainthe flowrue for plastic defor mation depending onthe variables of irterest.

The nethod adoptedin many literatures has beenthe pri nal for mul ation approach ( Han et al,
1997; Ebobisse et al, 2008), likel yto account for ki ne matically basedinternal variables related
tothe energy functionand, the stressthroughthe constituiverelations. Thus, theflowrule or t he

gover ning equation for plastic defor nation due tothe internal variables can be obtai ned through
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