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Abstract: This paper presents an experimental and numerical investigation on the ductile fracture of Q355 cold-formed thin-
walled steel flat and corner materials. A total of 58 coupons were tested under monotonic loading, and representative
specimens were selected for metallographic observation. For each coupon, the fracture strain and stress state were
obtained using refined finite element simulations. Based on the numerical results, the material parameters of five
selected fracture models, including Rice-Tracey type model with two parameters (RT2) , Rice-Tracey type model
with three parameters (RT3) , maximum shear stress (MSS) , CrashFEM (CF) and VNISFM models, were

calibrated. Subsequently, the best-fitting fracture model was implemented via a Usdfld subroutine to verify its
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accuracy. The results show that the fracture strain of dog-bone specimens increases with the increase of cold bending

degree, while the notched specimens show an opposite trend, and the cold bending degree has little effect on the

fracture strain of shear specimens. Among the five fracture models, the RT2 model and CF model cannot properly

simulate the fracture behavior as they exclusively consider stress triaxiality, while the RT3 model is able to yield

satisfactory predictions for both the flat and corner specimens.
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Fig. 4 Typical specimen fracture morphology
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Fig.9 Curves of stress triaxiality versus equivalent plastic strain for specimens of different thicknesses
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Fig. 10 Curves of lode parameter versus equivalent plastic strain for specimens of different thicknesses
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Fig. 11 Stress state and equivalent plastic
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Table 3 Fracture model parameters

Fegen 2.3 mm B X 3.0 mm &K
W7 LA A Py
oAk F C-70 C-90 F C-70 C-90
C, 0.885 1.005 1.070 1.053 0.955 0.976
RT2
C, —0.019 0.025 0.318 0.852 —0.074 0.304
C, 0.858 0.726 0.588 0.758 0.673 0.734
RT3 C, 0.036 0.042 —0.503 —1.422 0.011 —0.389
C, 0.043 0.910 2.101 0.768 1.183 0.903
MSS C, 439.6 451.1 388.8 434 403.5 391.9
C, —2.222 —22.270 —9.632 0.305 18.330 —28.000
C, 0.003 —0.001 —0.018 0.851 —0.002 —0.005
C, 3.106 23.270 10.730 0.747 —17.380 28.990
CF
C, 2 430.00 1.10X10° 2.30X10° 17.99 1.36X10° —11.33
C; 4.824 9.366 16.920 —0.017 12.380 0.369
Cs 6.4X10°° 7.5x10°* 1.8X10° " —18.27 4.4X10 1" 3.595
C, 3.335 7.382 15.810 8.404 12.050 14.210
VNISFM
C, 0.104 0.053 0.019 —0.012 0.035 0.019
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Fig. 12 Diagram of 3D fracture surface
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Table 4 Comparison of R’ of fracture model of specimens
2.3 mm FiX 4 3.0 mm & X4
By 2L AL
F %7 C-70 %71 C-90 % 31 F %7 C-70 % 31 C-90 %71
RT2 0.002 0.001 0.055 0.324 0.006 0.127
RT3 0.029 1.000 1.000 0.680 1.000 1.000
MSS —7.553 0.923 0.666 0.323 0.989 0.618
CF3 0.002 0.001 0.068 0.401 0.008 0.148
CF4 0.684 0.955 0.941 0.244 0.879 0.929
VNISFM 0.122 0.088 0.118 0.770 0.022 0.301
RS RTIMREBRFMER
Table 5 Prediction results of RT3 fracture model
F-2.3 11.71 12.41 5.98 F-3.0 11.92 12.24 2.68
HP-2.3 2.53 2.35 7.11 HP-3.0 2.98 2.66 10.74
NP-2.3 0.98 1.08 10.20 NP-3.0 2.75 2.92 6.18
SP-2.3 2.49 2.44 2.01 SP-3.0 3.39 2.94 13.27
45SP-2.3 2.07 1.90 8.21 45SP-3.0 1.79 2.12 18.44
C-70-2.3 8.66 8.53 1.50 C-70-3.0 6.52 6.49 0.46
NC-70-2.3 0.79 0.80 1.27 NC-70-3.0 0.85 0.83 2.35
SC-70-2.3 2.08 2.06 0.96 SC-70-3.0 1.69 1.78 5.32
C-90-2.3 7.52 7.51 0.13 C-90-3.0 7.75 7.66 1.16
NC-90-2.3 0.45 0.42 6.67 NC-90-3.0 0.79 0.80 1.27
SC-90-2.3 2.08 2.16 3.85 SC-90-3.0 1.75 1.83 4.57
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