Strain gradient plasticity
Application to Liiders band propagation

Anthony Marais, Matthieu Maziere, Samuel Forest

Mines ParisTech / CNRS
Centre des Matériaux/UMR 7633
BP 87, 91003 Evry, France
Samuel.Forest@mines-paristech.fr

i

MINES
Parislech

=

CENTRE DES MATERIAUX
P.MFOURT




Plan

@ Micromorphic plasticity
@ Continuum thermodynamic formulation
@ Link to Aifantis strain gradient plasticity

Q Application to the Liiders behaviour in steels
@ Experimental evidence of Liiders band propagation
@ Mesh—dependency of standard FE simulations of Liiders bands
@ Strain gradient plasticity solution



Plan

@ Micromorphic plasticity
@ Continuum thermodynamic formulation
@ Link to Aifantis strain gradient plasticity



Plan

@ Micromorphic plasticity
@ Continuum thermodynamic formulation



The micromorphic approach to elasto—plasticity (1)
(Mindlin, 1964; Eringen and Suhubi, 1964; Forest, 2009)

e The displacement and a scalar plastic microdeformation
variable are the degrees of freedom DOF = {u, py}

e Define the set of state and internal variables

STATE={e, T, p, pyv. V p}

the internal variable p is the accumulative plastic strain
e Extend the virtual power of internal forces

PO, pY) = —/Dp(")(V*,i&) dv

PO pt) =g : Vv* +apl+b.V pi
a,b generalized stresses or microforces (Gurtin, 1996)

e Derive additional balance equation and boundary conditions
based on the method of virtual power

divb —a=0, Vxe€Q, b.n=2a%Vx €
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The micromorphic approach to elasto—plasticity (2)

e Enhance the local balance of energy and the entropy inequality

pe = p\i) — divg + pr, —p()+nT)+ p) — %_.VT >0

e Elastic-plastic decomposition: g=¢°+¢ef
e Consider the constitutive functionals:

N

1/} = 1/)(267 T7 p’va VPX)7 77 = ﬁ(éeu T7 pa Px, Vpx)

g = &(e5T,p, P, Vpy)
a = 3% T,p,py,Vpy), b =b(T,p py,Vpy)
e State laws
U:pazz,n:—ai, R:paj, a= 812, b= il
~ Oe® oT dp opy oV p,
o Residual dissipation D' — g éP — Rp— %.VT >0
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Micromorphic elasto—plasticity

Quaderatic free energy potential

. 1. e 1 1 1
PU(E™ Py Pxs Vpx) = 57 1 A g +5HP2+§Hx(p—px)2+§Vpx-A-Vpx

Constitutive equations

g=N:¢g% a=—H(p—py), b = A.Vpy, R=(H+Hy)p—Hypx

e Substitution of constitutive equation into the extra—balance
equation
1 .
Py — H—dlv (A.Vpy)=p
X
e Homogeneous and isotropic material A=Al

A
Py — H—Apx =p, bec. Vpe.n=a°
X
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Link to Aifantis strain gradient plasticity

e Yield function f(g,R) =0eq—0y — R
e Evolution laws D* =g:éP-—Rp—Xa>0
. Of . Of
p_ 390 o 9

e Hardening law

oy
Rzafp:(H"‘Hx)P_prx

e Under plastic loading

H
Oeq =0y + Hpy —A(l + /_T)APX
X

compare with Aifantis model (Aifantis, 1987)
Oeq = 0y + R(p) — *Ap
The equivalence is obtained for H, = oo (internal constraint):

2
px~=p, A=c
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Strain field measurements
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Strain field measurements
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@ Mesh—dependency of standard FE simulations of Liiders bands
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Stress (MPa)

Application to the Liiders behaviour in steels
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(Ballarin et al., 2009)
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@ Strain gradient plasticity solution
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Smooth propagation of the front
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Smooth propagation of the front
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Multi—linear softening-hardening material

°A

Owm
Opl- -\
ol L 5

PR Dm PL >p

peak stress: oy, minimal stress: o, plateau stress o, Liiders
strain p;, hardening moduli H; < 0, H> > 0.
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Bifurcation analysis

Band
propagation
direction

Tensile
direction

Homogeneous tensile stress state. The strain localization band in
2D (Rice’s criterion) is inclined at 54.7° from the the tensile axis
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Description of the band front

i ) 0
H>0
Band tail
O Y Y
" 2 A .
e op=0m+Ho(p—pm)—Ap, b= A — sine branch
1" A
e gp=0m+Hi(p—pm)—Ap, F= “H = hyperbolic

sine branch

e interface conditions
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Maxwell’s rule

determination of the plateau stress and Liiders strain
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