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On ductile fracture of 30CrMnSiNi2A steel considering
effects of stress triaxiality
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Abstract: 30CrMnSiNi2A steel is a high-strength low-alloy steel and it is widely used in the defense industry. Its ductile
fracture properties were investigated by using a combined experimental-numerical approach to address the need for assessment
of structural integrity. The parameters of the Johnson-Cook constitutive model were obtained through quasi-static and dynamic
tensile tests on round bar specimens at different temperatures and relevant finite element method iterations. The effects of
strain rate and temperature on fracture were studied. The tensile tests on notched round bar specimens were performed to
calibrate the fracture strain in the range of high positive stress triaxiality. The tensile tests on butterfly plates and compression
tests on short cylindrical specimens covered the fracture properties in the range of low and negative stress triaxiality. The finite
element models were computed and the fracture loci in the space of the effective plastic strain to fracture and the stress
triaxiality in a wide range from —1/3 to 1.5 were constructed. The parameters of the Johnson-Cook fracture model and Bao-
Wierzbicki fracture model were calibrated. It is shown that stress triaxiality has a significant effect on the fracture of
30CrMnSiNi2A steel and the monotonicity of the fracture loci varies in different stress triaxiality range. The Bao-Wierzbicki
model is capable of predicting the fracture patterns of the 30CrMnSiNi2A steel in different stress states.
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Fig. 1 Dimensions of abnormal specimens (unit: mm)
F 2 30CrMnSiNi2A R ER S (RESH, %)
Table 2 Composition of 30CrMnSiNi2A steel (mass fraction, %)
C Cr Mn Si Ni Cu P N
0.300 1.030 1.160 1.040 1.680 0.080 0.014 0.020
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Fig. 2 Stress-strain curves at different temperatures
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Table 3 Yield strength and fracture strain of round bars

=2 WEE/K RARE/sT JEMZRE J1/MPa WS AR
1 298 0.001 1163 0.753
2 298 1 000 1591 0.775
3 298 2000 1716 0.881
4 298 4000 1883 0.962
5 473 0.001 1115 0.827
6 773 0.001 698 1.513
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Fig.3 Comparison of load-displacement curves

between simulation and test
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Fig. 4 Equivalent stress distribution of specimens
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Fig. 7 Evolution of stress triaxiality for various specimens
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