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GTN Damage Model

The Gurson—Tver%aard—Needleman (GTN)
model is a materia fplasticity model in which
the accumulation of ductile damage is

represented by the nucleation, growth, and E
coalescence of microvoids. The basic yield e ]
function of the GTN model is: mirovoid—_ || * 83 |

&= (g—i) + 2q,f" cash (- ?T:’f) (145" =0 .“f\j_ i_. .".::‘_,} w¢
The GTN plasticity model is intended for use
with mildly voided metals. Even though the x\]— L
material that contains the voids (also known ¥
as the matrix material) is assumed to be
plastically incompressible, the plastic behavior
of the bulk material is pressure-dependent
due to the presence of voids.
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Modified GTN Model

The GTN model has its limitations as it
ignores the fracture mechanism due to

shear (low stress triaxiality n = —p/ay).

A number of papers have been published
recently to develop modified GTN models
by adding a function to capture the fracture
at low stress triaxiality.

In this work, Nahshon-Hutchinson’s shear
mechanism is used.

The results showed that the shear modified
GTN model improved the modelling
accuracy of fracture over the original GTN
model under shear loading conditions.
Furthermore, the shear plays a role under
meridional tensile stress to accelerate
fracture propagation in SPIF processes.
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Understanding the deformation and failure mechanisms in single point incremental form-
ing (SPIF) is of great importance for achieving improved formability. Furthermore, there
will be added benefits for more in depth evaluation of the effect of localised deformation
to the fracture mechanism in SPIF. Although extensive research has been carried out in
recent years, questions still remain on the shear and particularly its effect to the formabil-
ity in SPIF processes. In this work, a modified Gurson-Tvergaard-Needleman (GTN) damage
model was developed with the consideration of shear to predict ductile fracture in the SPIF
process due to void nucleation and coalescence with results compared with original GTN
model in SPIF. A combined approach of experimental testing and SPIF processing was used
to validate finite element results of the shear modified Gurson-Tvergaard-Needleman
damage model. The results showed that the shear modified GTN model improved the mod-
elling accuracy of fracture over the original GTN model under shear loading conditions.
Furthermore, the shear plays a role under meridional tensile stress to accelerate fracture
propagation in SPIF processes.

© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY

www.en.BanuMusaGr.com



BanuMusa
www. BanuMusaGr .com

European Journal of Mechanics - A/Solids
Volume 20, Issue 3, May 2001, Pages 397-434

-

ELSEVIER

Anisotropic Effect

) ) ) . Plastic potentials for anisotropic porous solids
Adding plastic anisotropy into P picp

constitutive equations of the GTN
damage model based on the Benzerga

and BCSSOH, 2001 paper by Lankford + Addto Mendeley «f Share 9% Cite
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Ahmed Amine Benzerga ® ! B, Jacques Besson bl
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Abstract

The aim of this paper is to incorporate plastic anisotropy into constitutive
equations of porous ductile metals. It is shown that plastic anisotropy of the matrix
surrounding the voids in a ductile material could have an influence on both

i hy+ha+hs 1 1 1 effective stress—strain relation and damage evolution. Two theoretical frameworks
K= 16| —m & —+—4+—
hyhas+hahs+hihs hg

hy  hs are envisageable to study the influence of plastic flow anisotropy: continuum
thermodynamics and micromechanics. By going through the Rousselier
thermodynamical formulation, one can account for the overall plastic anisotropy, in
a very simple manner. However, since this model is based on a weak coupling
between plasticity and damage dissipative processes, it does not predict any
influence of plastic anisotropy on cavity growth, unless a more suitable choice of
the thermodynamical force associated with the damage parameter is made.
Micromechanically-based models are then proposed. They consist of extending the

famous Gurson model for spherical and cylindrical voids to the case of an
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Shear Effect

Nahshon and Hutchinson (Nahshon Modification of the Gurson Model for shear
and Hutchinson, 2008) modified the failure

European Journal of Mechanics - A/Solids

Volume 27, Issue 1, January—February 2008, Pages 1-17

damage law to accommodate the K Nahshon, . Hutehinson 2, &
damage contribution from shear since Show more v
it could play a major role in forming + Addto Mendeley 2 Share 93 Cite

due to the continuous shape changing
and load distribution during the
deformation.

https:f/doi.org/10.1016/j.euromechsol.2007.08.002 Get rights and content

Abstract

Recent experimental evidence points to limitations in characterizing the critical
strain in ductile fracture solely on the basis of stress triaxiality. A second measure of
stress state, such as the Lode parameter, is required to discriminate between
. . k w(o . axisymmetric and shear-dominated stress states. This is brought into the sharpest
f:(l-f)fr(gp).y%(uv:ap) ¥ g P

; relief by the fact that many structural metals have a fracture strain in shear, at zero

stress triaxiality, that can be well below fracture strains under axisymmetric
2 stressing at significantly higher triaxiality. Moreover, recent theoretical studies of
= ' . . . - - . - - -
s Jy=det (G ) void growth reveal that triaxiality alone is insufficient to characterize important

growth and coalescence features. As currently formulated, the Gurson Model of

27J.
Where w(o) =1 —[2;

e

metal plasticity predicts no damage change with strain under zero mean stress,

except when voids are nucleated. Consequently, the model excludes shear softening
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Verification & Validation (V&YV)

Porous Metal Plasticity
(Abaqus Built-in Material Model)

Vs.

Modified GTN
(Developed by BanuMusa R&D)

Vs.

w exp

—Modified GTN (BanuMusa)

—Abaqus built-in GTN
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BanuMusa GTN Damage

The code developed by BanuMusa
R&D is based on the model provided
by Gatea et al., 2017 and then the
anisotropy effect was added. Some
important specifications are shown in

the table.

Solver
Subroutine

Number of Properties
(nprops)

Number of State Variables
(statev)

Number of Subroutines &
Functions

Integration
Elements

V&V

Shear Effect
Anisotropic Effect
Element Removal

CRITERION

Abaqus/Explicit

VUMAT

15

Backward Euler method
3D Solid
Gatea et al., 2017
Nahshon and Hutchinson, 2008
Benzerga and Besson, 2001
Yes

Hill & Mises

Implicit & Explicit

12

Unknown

Backward Euler method
3D, 2D, 1D
Unknown

No
No
Yes

Mises




Material Database

Al 6061-T6

This package contains GTN damage

. Pure Titanium
data of +14 materials!

AA 6016-T4

AA6111-T4

AA 5182

ilififn

AA 6016

H
t

Al 5182

EEERE

H

Al 5754

Hats

.
i

Mild steel

XES steel

ULC/Ti

DC 06 steel

AA 6016-T4

DP 600 steel
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Users

This code is useful for all those
working on material damage models

and they care about more accuracy of
FEA simulation.

*  Developers

* Abaqus Application Engineers
*  Graduate Students

*  FEA Analysts

* CAE Engineers
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Thank you

Feel free to contact us!
Link to Shop: https://en.banumusagr.com/shop/gtn-damage-abagus-vumat/
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