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In this paper, the fracture behavior of Al.5083-H321 alloy, under uniaxial and biaxial tension loadings,
is experimentally and numerically investigated. For this purpose, Lionel-type cruciform specimens were
prepared, using electrochemical techniques, for biaxial tension tests. Then, the specimens were gridded
by electrochemical etching method. A dependent biaxial tension mechanism was fabricated using
relatively high precision machining techniques. The mechanism was then installed on an INSTRON-
1343 uniaxial machine to perform biaxial tests. The tests were performed at ambient temperature and
strain rate of 0.0003 sec-1. Ductile damage model in ABAQUS commercial code was used to
numerically simulate the fracture behavior, during biaxial test. The experimental results show that
fracture does not occur at the central zone of the specimen. Instead, the fracture initiates along the
opposite-corners direction, in the test section of specimen. Furthermore, the strains are minimal near
cruciform specimen arms and in the test section zone. Also, the gradient of stress is towards the test
section and along the corners. In order to validate the numerical simulations, a comparison was made
between experimental and numerical results of fracture initiation and development in the specimen, the
location of fracture on the test section of cruciform specimen, and the force diagrams on the cruciform
specimen arms. A very good correlation was observed between numerical and experimental results.
This evidently shows that the simulation results are valid and can be used for predicting the fracture
behavior of Al.5083-H321 alloy.
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Fig. 1 The Lionel cruciform specimen for considering material fracture
behavior [7, 16]
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Fig. 2 The dependent biaxial tension mechanism based on INSTRON-
1343 uniaxial tension machine
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Fig. 3 The method of fixing a cruciform specimen based on the
dependent biaxial tension mechanism
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Fig. 6 The obtained force-time curve from two load cells based on
cruciform specimen arms
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Fig. 7 The obtained force-displacement curve from INSTRON-1343
machine
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Engineering Strain (%)

Fig. 4 The curves of engineering stress-strain for Al. alloy 5083 at
ambient temperature and strain rate 0.0003 per second at directions of
0, 45, and 90 degree related to rolling direction
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Fig. 5 The curves of true stress-plastic strain for Al. alloy 5083 at
ambient temperature and strain rate 0.0003 per second at directions of
0, 45, and 90 degree related to rolling direction
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Fig. 10 The cruciform specimen partition in ABAQUS software; the x
axis is rolling direction and y axis is transverse direction
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Fig. 9 The Image of specimen fracture process from Al. alloy 5083 by
using Dino lite microscope
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Fig. 11 The obtained force-displacement diagram from numerical
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Fig. 12 The comparison of experimental and numerical results in
INSTRON machine
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Fig. 13 The Image of cruciform specimen fracture process by FEM
quasi-static analysis and the white-black contour of dimensionless
parameter of ductile damage criterion for Al. alloy 5083 compared to
Fig. 9
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