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e Integration of mathematical /numerical methods with experimental mechanics
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NUMERICAL ANALYSIS OF DUCTILE FRACTURE

Jelena ZIVKOVIC?, Viadimir DUNICE, Miroslav ZIVKOVICE, Nenad GRUJOVIC!

L University of Kragujevac, Faculty of Engineering, Sestre Janji¢ 6, 34000 Kragujevac, Serbia,
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1. Introduction

The largest issue in fracture mechanics is the
lack of possibility to detect damage nucleation and
the way it will merge into a new initial crack. This
paper presents a comparison of numerical results
given in [1], obtained by using the phase-field
model for ductile fracture of elasto-plastic solids,
and numerical results obtained by using in-house
software package PAK [2], for calculations of
structures based on the Finite Element Method. The
numerical analysis was done for the example of
tension of Steel-1.0553 flat specimen.

2. Large strain analysis

The stress integration algorithm of large strain
deformations in isotropic plasticity based on the
multiplicative decomposition of the deformation
gradient, using the logarithmic strains, is given:

1. Determination of the relative and
normalized relative deformation gradient

1
t+At F T3 t+At F

aAtu _

+A t+At D

¢ §F=1+ prmt F=
2. Elastic trial solution

R E* +At Rt E At (75 |2
tHAtET A;Ftbb't Al['FT :Z(xi ) qA®qA

A=1
LAt gE* le’l(?f )qA®qA

3. Determination of the trial deviatoric elastic
stress tensor and trial equivalent elastic
stress:

* 3 E* * 3
t+AtSE ZGdeVH—Ath, t+AtGE — /5

tHAr GE H

4. Checking of yield condition

CHfY =6 —'c <0 -elasticsol., goto 6

5. Calling the program for the integration of
constitutive relations [3, 4] to determine

deviatoric stress tensor and determinant of
plastic deformation gradient

t+AtG:\/§ ‘
2

”“fy‘: AL —‘cy‘>0 - new iter., goto 5

t+At S

6. Deformation gradient and determinant of
elastic ~ deformation  gradient  using
multiplicative decomposition

. t+AtF
t+A(t)F: t+AtIT(O]—1) t+A[F ‘_ .
oF»
7. Final stress solution
6 =ce ([+AtF ‘_ )
c — E t+At — t+AtS+G 1
o 1-2v "

8. Correction of elastic configuration at the
end of the step

t+At BE [+A[5E*

:l[+A[S+b_E1 b_Ezl !
G m m 3 1

3. Numerical results

In this section we investigate the ability of our
in-house software PAK to capture representative
aspects of the fracture process in ductile materials.
The numerical analysis was done on flat tensile
specimen made of Steel 1.0553 shown in Fig.1. The
specimen is modeled using the 3D solid elements
with 8 and 20 nodes per element. An elastic-plastic
material model with isotropic hardening was used.
Hardening zone is described by Ramberg-Osgood’s
t t=P\"
curve % _UWLCV( ¢ ) . Material parameters for
hardening law proposed by Simo, [5], used in [1]
were fitted for Ramberg-Osgood’s law, Fig.2.
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Fig. 1. Flat tensile specimen Steel-1.0553.

Yield stress [MPa]

—Ramberg-Osgood —Simo

0 0.05 0.1 0.15 02 025 0.3 0.35

Equivalent plastic strain

6, =343MPa, 6, =343MPa,
c =680MPa, C,=743.32MPa,
5=16.93 m=0.41705

H =300MPa, E=2.1x10'MPa,
E=2.1x10"MPa, v=03

v=0.3

Fig. 2. Simo and Ramberg-Osgood hardening
curves.

Fig. 3 shows a comparison of load-displacement
curves for the results obtained by software PAK, for
solid 8-node and 20-node elements (RO8 and RO20
in Figure 3, respectively), and the results given in
[1] for phase-field model, elasto-plastic model
without phase-field and the results obtained
experimentally.

-

Foree [kN]

10 | —R020[2]
‘ —RO§ [2]

—phase-field model [1]
—elastoplasticity model[ 1] |

experiment|1] |

0 2 1 6 8 10 12 14 16
Displacement [mm]

Fig. 3. Load-displacement curves for flat tensile
specimen Steel-1.0553.

The results of elastoplastic model with phase-
field predicts crack initiation and propagation, but
so as the results of elastoplastic model in PAK in
case of 20-node elements. During the numerical
simulation it was observed that as the deformation
progresses, equivalent plastic strain concentrates in
the necking zone, taking the maximum value in the
middle of the specimen and it is followed by
propagation towards the edge of the specimen.

4. Conclusions

This paper shows comparison of results obtained
by using the software package PAK with the results
given in [1] obtained by experiment, and the
elastoplastic model with and without phase-field.
The comparison was done in order to investigate the
ability of PAK to capture representative aspects of
fracture in ductile materials.

It is shown that the elastoplastic model in PAK
gives similar results as the model with the phase-
field given in [1]. Model used for calculations in this
paper showed that it can capture sequence of
elastoplastic deformation and necking in flat
specimens in case of solid 20-node elements. As the
deformation progresses, the equivalent plastic strain
concentrates in the necking zone, taking the
maximum value in the middle of the specimen and
it is followed by propagation towards the edge,
which corresponds with experimental observations.
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