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A micromechanically motivated uncoupled model for ductile fracture prediction
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ABSTRACT This paper is a contribution to the ductile fracture prediction by the proposal of a new uncoupled ductile fracture criteri—
on. In the new criterion two typical void deformation models were carefully considered with the plastic strain increment regarded as
a key impetus of the damage evolution and its accumulation. The new ductile fracture criterion was constructed with three model pa—
rameters with different physical meanings. A 3D ductile fracture surface model was obtained by transforming the proposed criterion
from stress space to the space of stress triaxiality Lode parameter and fracture strain and a parametric study was carried out to better
understand their effects. To validate the performance of the new criterion it was used to construct the 3D fracture surfaces of 5083—0
aluminum alloy TRIP690 and Docol 600DL ( a dual-phase steel) . Comparisons of the results with experimental observations indicate
that the proposed criterion provides good prediction capability over a large range of stress states for various materials with good flexi—
bility and considerable accuracy.
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Fig.5 Effects of the C, on the fracture surface: (a) €, = 0 C,=5.0; (b) €, = 0.08 C,=5.0; (¢) C,=0.16 C,=5.0

nzlé. (17)

B ra+d

2
326 E"zzﬂ l+a+a’. (18)

C, 3
(17) (18) 7
G, 8
6 n L C,
4 n 8
6
L n &
7 3.3 C,
C, Gy
(n=1/3 L=-1) “ 7 9
: c, €, C,
0
3 05 c, C,
5 C,
7 ala=g,/e)) C, C,



* 563 -

6 C, . (a) €,=0.08 C,=1.0; (b) €,=0.08 C,=4.0; (¢) C,=0.08 C,=7.0
Fig.6 Effects of the C, on the fracture surface: (a) €, =0.08 C,=1.0; (b) €, =0.08 C,=4.0; (¢) C,=0.08 C,=7.0
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Fig.9 Effects of the C; on the fracture forming limit curves
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Table 1 Fracture test data for 5083—0 aluminum alloy 2

MNay L, &
1 0.35 -1.000 0.30
2 0.40 -0.851 0.26
3 0.45 -0.819 0.24
4 0.65 -0.8% 0.26
5 0.52 -0.278 0.24
6 0.03 -0.046 1.16
7 0.24 -0.769 0.38

2 TRIP690 17
Table 2 Fracture test data for TRIP690 7

Na L, &
1 0 0 0. 645
2 0.379 -1.000 0.751
3 0. 472 -0.460 0. 394
4 0.577 0 0. 460
5 0. 667 0. 907 0. 950
3 Docol 600DL 3

Table 3 Fracture tests data for Docol 600DL dual-phase steel **

May Ly &t
1 0.042 -0.110 0. 996
2 0. 468 -0.683 0.995
3 0.610 -0.144 0.773
4 0. 665 0.937 0.999
4

Table 4 Results of the optimization operation for parameter calculation

C G, G, err
5083—0 1. 0000 2. 1363 0. 3561 0.0310
TRIP690 0. 0844 5. 4652 0.0324 0.0219
Docol 600DL 0. 1000 2. 0000 0. 3300 0. 0027
28 5083—0
5083—0 C,
1. 0. 5083—0
(14)
28 . 5083—0
28 n
( Johnson—Cook )
10( b)
(1)
(2)
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10 5083—0 . (a) »(h)
Fig.10 5083—0 aluminum alloy: (a) 3D fracture surface; (b) 2D fracture locus

11 TRIP690. ( a) i (b)
Fig.11 TRIP690: (a) 3D fracture surface; (b) 2D fracture locus

12 Docol 600DL . (a) ; (b)
Fig.12 Docol 600DL dual-phase steel: (a) 3D fracture surface; (b) 2D fracture locus
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