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EXPERIMENTAL AND NUMERICAL ANALYSIS OF HYDROSTATIC
PRESSURE IN DUCTILE FRACTURE OF AL-6061T6
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Abstract:

In this paper, a combination of experimental tests and numerical simulations is used to investigate the effects of
stress triaxiality and the Lode angle parameter on the ductile fracture behavior of 6061 -T6 aluminum alloy. Ductile
fracture is a critical failure mode in aluminum components, and its accurate characterization is essential for the safe
and reliable design of engineering structures. Instead of performing conventional biaxial tests, uniaxial tensile and
compression tests on specifically designed geometries are carried ‘out to generate negative stress triaxiality
conditions. To examine the influence of negative stress triaxiality on fracture strain, several specimen geometries
are designed to achieve various levels of negative stress triaxiality. The introduction of curvatures and notches alters
the local stress state from uniaxial to multiaxial conditions. A standard dog-bone specimen is tested under tension,
while specimens M1, M2, M3, M4, and M5 are specifically developed to investigate the effect of different stress
triaxialities under uniaxial loading. Since these geometries have not been previously reported in the literature, no
standard testing procedure is available for them. Each test is repeated three times, and the average results are
reported. Numerical analyses are conducted using the finite element software Abaqus/Explicit to evaluate the
behavior of the designed geometries under negative stress triaxiality. To capture ductile damage evolution in the
simulations, the built-in ductile damage model in Abaqus is employed. The obtained negative stress triaxiality
values range from —0.355 to —0.555, while for the standard dog-bone specimen under tension, the stress triaxiality
remains approximately 0.33, representing uniaxial loading. By comparing the results of experimental tests and
simulations, a strong agreement is observed, confirming that both approaches predict similar fracture strain values.
Based on the damage contours obtained from the numerical analysis, the fracture initiates in regions exhibiting the
highest plastic strain, which are consistent with the experimentally observed failure locations. It is further observed
that stress triaxiality has_a significant influence on ductile fracture behavior, and the trend of fracture strain
variation differs between positive and negative triaxiality regimes.

Keywords: Stress triaxiality, Fracture strain, Normalized Lode angle, Ductile fracture
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the simulation

Density (kg/m®) E(GPa) v
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' Finite Element Method (FEM)

0 1 2 3 4 5 6 7
Displacement (mm)

250
200
150

0 0.02 0.04 0.06 0.08 0.1 0.12 0.1

Stress (MPa)

=

0.16

Strain

5o odioslaiul (13,8 i ogei (o plals g0 lages (Y S

& jlwdnls
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degradation parameter contour, ¢) damage onset parameter
contour and d) strain in the y direction
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Table 2. Stress triaxiality values obtained for different

samples
sample stress triaxiality values

Dog-bone 0.33

Ml(tensile) 0.353
MI(pressure) -0.355

M2(tensile) 0.370
M2(pressure) -0.381
M3(pressure) -0.448
M4(pressure) -0.497
MS5(pressure) -0.555
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' Stiffness Degradation Parameter (SDEG)
" Ductile Damage Initiation Criterion (DUCTCRT)



a)
10000
9000
8000 s
7000 S
Z 6000
\g 5000
£ 4000
3000
2000
1000
0 1 2 3 4 5 6 7 8 9 10
d) Displacement (mm)
b)
250
________ ) R
I ""N\\\
fox
(7 « o Sl po gulS (o it L’)}a)'] 3 e (A M1 Aiges YV USS ! 0 0.05 0.1 0.15 02 025
. Strain
Y LSLHAI) » u“; (é ? w‘ &)‘J )Ml)L’ )}015 Experiment — - -FEM
Fig. 7. Specimen M1 a) after tensile test, b) Stiffness - o i o '
degradation parameter contour, ¢) damage onset parameter oo digad 6l FEM g )28 by 4 odeliawsd; glis dulie £ S0
contour and d) strain in the y direction G S-S lages (@ g olzul— b loges (il
Fig. 6. Comparison of results obtained by experimental and
10000 FEM methods for the dog-bone sample a) force-
14000 | displacement diagram and b) stress-strain diagram
12000 |
10000 | M1 aigos —¥-¥
% E RS
8 8000 M —\—‘ﬂ—‘ﬂ
= e | b ot M digas oSl 0955 e 5 4y =Y 5 QY SS o
4000 55 g ol ggd Sl (e Zdl o yo jlS (aiS
2000 A o ol o odle Lasloaionls yoled y slewly jo i3S
0 : ' ' - : : - - ' OPey 35 4 S ge)l o M wiged plral— b jloges

0 0.5 1 1.5 2 2.5 3 35 4 45 5
Displacement (mm)

D g0 0dpline o9

—Experiment = -FEM )Lwé -yY-y-v
5 27 99y 90 & S ygel ;o M diges ploula— b jloges A IS ol g RS o (g,lid b cos M diges oSl NE
(GdIs

Olis o o USE 5o ol gyd el 5 (Fhe 2l o
M1 @gas glpy liwly o iS5 4458 e Sleaosls
g Ve IS 5o ol svaline B - Sy g,lid L e
Gl g ,Led el Sl Jol> MI diged plaaila— )b loges

ol oabosls (ioled (gode ¢ 0,50 gy 90 s Joud LB
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test using two experimental and numerical methods
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Fig:9. Specimen M1 a) after compression test, b) stiffness

degradation parameter contour, ¢) damage onset parameter
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Fig. 19. Specimen M5 a) after compression test, b) stiffness
degradation parameter contour, ¢) damage onset parameter
contour, and d) strain in the y direction.
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