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Abstract

The influences of stress triaxiality on ductile fracture have been investigated for various specimens and
structures. With respect to a transferability issue, recently, the interests on local approaches reflecting micro-
mechanical specifics are increased again due to rapid progress of computational environments. In this paper,

the applicability of the local approaches has been examined through a series of finite element analyses
incorporating modified GTN and Rousselier models as well as fracture toughness tests. The ductile crack
growth of nuclear carbon steels is assessed to verify the transferability among compact tension (CT)
specimens with different in-plane size. At first, the basic material constants were calibrated for standard CT
specimens and used to predict fracture resistance (J-R) curves of larger CT specimens. Then, the in-plane size
effects were examined by comparing the numerically estimated J-R curves with the experimentally
determined ones. The assessment results showed that the in-plane size effect should be considered for realistic

engineering application and the damage models might be used as useful tool for ductile fracture evaluation.
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Table 1 Chemical composition of SA515 Gr.60 and SA516 Gr.70 carbon steels (wt%)

Material C Si Mn P S Ca Ni Cr Mo \% Nb
SAS515Gr.60steel | 0.17 [ 0.21 |0.89 |0.015 |0.004 |0.01 |0.02 |0.02 |0.001 |0.003 {0.01
SA516 Gr.70 steel | 0.21 0.33 | 1.06 | 0.019 | 0.003 0.02 |0.01 [0.02 |0.031 0.016 | 0.004
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Fig. 1 Stress-strain curves of SA515 Gr.60 and SA516

Gr.70 carbon steels
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Table 3 Fracture toughness test matrix for CT specimens

| Specimen Geometry
Material
ID ap (mm) | B (mm) | W (mm)
SASs1S | AIP-IT | 2794 | 254 50.8
Gr.60 AIP-2T 55.88 254 101.6
steel | AIP.3T 8382 | 254 | 1524
BIP-1T 27.94 254 50.8
AS51
SAS16 BIP-2T 55.88 254 101.6
Gr.70
BIP-3T 83.82 254 152.4
steel
BIP-4T 111.76 254 203.2
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Fig. 2 Experimental J-R curves obtained from various

CT specimens made of SA515 Gr.60 carbon steel
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Fig. 3 Experimental J-R curves obtained from various
CT specimens made of SA516 Gr.70 carbon steel
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Table 4 Calibrated micro-mechanical parameters
. Modified GTN Model Rousselier Model
Material X @ 5
Jo fe Ir qs g2 g; D fo J
SAS515 Gr.60 steel 0.0031 0.019 0.20 1.96 0.781 430 2.0 0.0031 | 0.20
SAS516 Gr.70 steel 0.0017 0.019 0.23 1.68 0.856 370 2.0 0.0017 | 0.23
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Fig. 5 FE models of CT specimens with different in-
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Fig. 6 Estimated J-R curves of various CT specimens for
SA515 Gr.60 carbon steel
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Table 5 Comparison of power law fitting constants of :
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