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Abstract: This paper proposes a simple numerical method, based on the stress-modified fracture strain-damage model
with the stress-reduction technique, for predicting the failure behaviors of ductile plates with multiple through-wall
cracks. This technique is implemented using the user-defined subroutines provided in ABAQUS. For validation, the
results simulated using the proposed method are compared with published experimental data of Japanese researchers.
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Fig. 1 Process of Gurson-Tvegaard-Needelman model
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Fig. 2 Schemetic illustration of ductile failure technique
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Table 1 Summary of plate tensile tests with through-wall
cracks
H
S - Flaw W 0 S P

Test No. | Length, max

( ( ¢ (mm) (mm) | (mm) | (mm) | (kN)
DN-01 10.0 108 12.4 0.0 243

\\% DN-02 10.0 108 12.4 9.9 221

(a) DN-03 | 100 | 108 | 124 | 19.5 | 220

DN-04 10.0 108 12.4 | 30.0 202

- { _ DN-05 10.0 108 6.4 0.0 216

DN-06 10.0 108 17.0 | 10.0 227

Qs b H DN-07 10.0 108 22.0 | 10.0 232
DN-08 10.0 108 17.0 | 17.0 226

DN-09 10.0 108 22.0 | 22.0 227

! DN-10 18.0 108 12.5 10.3 180
DN-11 6.0 108 12.5 | 20.0 243

W DN-12 23.0 108 19.8 5.1 172

(b) DNW-1 30.0 180 6.4 0.0 282
DNW-2 30.0 180 10.0 0.0 295

12 DNW-3 30.0 180 | 20.0 0.0 307

- DNW-4 30.0 180 | 20.0 5.0 303
DL-14 20.0 108 5.0 10.0 182

ll 53 H DL-15 20.0 108 21.9 9.9 205

< v - . . .
A S, DLW-5 | 30.0 | 180 | 5.0 | 150 | 311
DLW-6 30.0 180 15.0 | 15.0 323
A\
© Test | €165 | ¢ W H S | Ppa
. No. | (mm) | (mm) | (mm) | (mm) | (mm) | (kN)
2

TSH-1 | 29.0 | 30.0 | 108 | 10.0 | 10.0 | 72

zl £3 H TSH-2 | 19.0 | 30.0 | 108 | 10.0 | 20.0 | 123
= = v TSH-3 | 29.0 | 30.0 | 108 | 20.0 | 10.0 | 97
TSH-4 | 19.0 | 30.0 | 108 | 20.0 | 20.0 | 132
TSH-5 | 29.0 | 30.0 | 108 | 30.0 | 10.0 | 115
W TSH-6 | 9.0 | 30.0 | 108 | 30.0 | 20.0 | 145
TOH-1 | 39.0 | 30.0 | 108 | 10.0 | 0.0 36

(d
TOH-2 | 39.0 | 30.0 | 108 | 15.0 | 0.0 51
Fig. 4 Schematic illustrations of through-wall cracked TOH-3 | 39.0 | 30.0 | 108 | 20.0 | 0.0 65
plates: (a) Twin flaws-offset type, (b) Twin flaws- TOH-4 | 39.0 | 300 | 108 | 25.0 | 0.0 34

overlapped type, (c) Three flaws-offset type, and
(d) Three flaws-adjusted type TOH-5 | 39.0 | 30.0 | 108 | 30.0 | 0.0 | 87
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