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Fracture Behavior of 6016 Aluminum Alloy Based
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ABSTRACT: The work aims to study the fracture behavior of 6016 aluminum alloy in forming and crashing simulation. The
mechanical property of 6016 aluminum alloy was obtained by quasi-static uniaxial tension experiment and the fracture
forming limit curves (FFLC) of 6016 aluminum alloy were obtained by conducting Nakajima experiment. Seven types of
specimens were designed to obtain the fracture limits under different stress states which commonly occur during forming and
crashing. The strain field of the specimens was recorded by digital image correlation (DIC) method. The hybrid experimen-
tal-numerical method was used to calculate the parameters of GISSMO criterion. The reasonability of the model was verified
by the three-point bending experiment of hat-shaped parts. The results showed that the prediction results of GISSMO model
were in better agreement with the experimental results compared with that of the conventional FFLC. The GISSMO model
established in this paper is proved to be suitable for predicting the fracture behavior of 6016 aluminum alloy under complex
stress states.
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Fig.1 Geometry of quasi-static uniaxial tensile specimen
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Fig.2 Diagram of dumbbell specimen used in forming
limit experiment
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Tab.1 Geometry parameters of dumbbell specimens n
Wi/mm W,/mm L/mm n
1* 40 55 80
2" 60 80 60
3 80 100 40 p="m_ (1)
4" 100 120 20 Owm
5 126 126 0 1 ) ) 5
6 140 140 0 O-VM=\/§|:(GI_O_2) Hop —03) Hos - o)) ] (2)
7* 160 160 0 1
8" 180 180 0 O-ng(o-l +0, +03) (3)
O-m O.vM

3

Fig.3 A strain measurement system for forming
limit experiment
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Fig.4 Geometries of the specimens for fracture experiment under different stress states
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Tab.2 Basic mechanical property of 6016 aluminum alloy
/(°) /MPa /MPa /MPa 1% /%
0 77 605 227.99 110.71 24.89 30.60 0.85
45 70 587 227.29 108.69 27.76 31.54 0.65
90 69 248 219.49 104.58 25.11 28.93 0.72
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Fig.11 Uniaxial tension simulation model of different mesh sizes
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Fig.14 Dimension diagram and experimental equipment of
three-point bending experiment
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Fig.15 Deformation of the hat-shaped specimen under
three-point bending experiment

2.0
P 0090 @O Q. 0.0
15 /o°
/o
z |
= 1.0 - _Il
® [©
o SR 1
0.5 H SCIGy 2%
,' i 3
| o ﬁiﬁ
i
0 10 20 30 40
1y #%/mm
16 GISSMO -

Fig.16 Comparison of load-displacement results of
three-point bending experiment based on GISSMO model
in experiment and simulation
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Fig.17 Contour of formability index distribution of
hat-shaped part based on forming limit curve result
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