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cf.guzman@ulg.ac.be

Fully implicit integration scheme for the GTN model

Carlos Felipe Guzmán and Anne Marie Habraken

Department ArGEnCo, University of Liège, Belgium
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The GTN model

The advanced Gurson-
Tvergaard-Needleman

model

Plasticity

• Isotropic and kinematic hardening.

•Hill anisotropy.

σ̃ = −p̃I + 2q̃(H−1 : n) =⇒ n =
H : σdev

2q̃

Yield surface

Fp(σ,X, Hα) =
q̃2

σY 2
− 1 + 2q1f

∗ cosh

(
−3q2p̃

κσY

)
− q3f

∗2 = 0

Coalescence

f ∗ =

{
f if f < fcr
fcr + Kf(f − fcr) if f > fcr

Porosity evolution

ḟ = ḟg + ḟn

ḟg = (1− f )tr
(
ε̇P
)

ḟn = A(εPM)ε̇PM

Shear extensions

Xue 2008

D = q1f
∗; Ḋ = Kf

(
q1ḟ + Ḋshear

)
Ḋshear = kgf

1/3gθ(J2, J3)εeqε̇eq

Nahshon and Hutchinson 2008

ḟ = ḟn + ḟg + ḟs

ḟs = kωfω(J2, J3)
σ̃dev : ε̇P

q̃

Pure phenomenological
approaches

Integration scheme

Equations set

Fp(σ,X,Hα) = 0

dεP = λ
∂Fp
∂σ

dHα = hα(dεP ,σ, Hβ)

Backward Euler
Aravas 1987

φt+∆t = φt + ∆tφ̇t+∆t

Ben Bettaieb et al. 2011

Γ(Y ) = 0

Yi = {∆εp,∆εq, n1, n2, n3, n4, n5, Hα}
H1 := ∆εPM H2 := f H3 := D

N-R iteration

Γi+

10∑
j=1

∂Γi
∂Yj

dYj = 0

Consistent tangent matrix

D =
∂σ

∂ε
⇐⇒K : ∂∆εP = L : ∂σ

D = Ce −Ce(K +LCe)−1LCe

Kim and Gao 2005
approach
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Extension to Kinematic
hardening Ben Bettaieb

et al. 2011

Validation: Monotonic simple shear
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Implementation
Xue2008
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Implementation
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Comments

•Effective implementation of the GTN model.

• Shear extensions are still to be improved for high values of kg and kω.

•Future study on damage anisotropy and/or shear/void coalescence.
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