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Ductile Fracture Behavior of SA533B Pressure Vessel Steel
under Mixed Mode (I/11) Loading
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Abstract

The aim of this study is to investigate the ductile fracture behavior under mixed mode (/1) loading
using SA533B pressure vessel steel.  Anti-symmetric 4-point (AS4P) bending tests were performed to
obtain the J-R curves under two different mixed mode (I/Il) loadings. In addition, fractographic
observation such as a linear roughness parameter and SEM was carried out to compare with those of pure
Mode | and Mode II. In conclusions, the J-R curves under Mixed Mode (I/11) loading were located
between those of Mode | and Mode Il loadings. When the mixture ratio of mixed mode (I/11) loading
was high, the J-R curve of mixed mode (I/11) loading approached that of pure mode I loading after some
amount of crack propagation. In contrast with the above fact, if the mixture ratio was low, the J-R curve
looked after that of pure mode Il loading. Finally, the finite element analyses using RDDT were
performed and the predicted J-R curves under mixed mode (I/11) loading were compared with those from
ASA4P tests.
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where F : the plastic potential

0., - the equivalent stress

p: the density

g, : the mean stress

oy : the yield stress

B, C, D : the damage parameters

f, f, : the current and initial values of void volume fraction.
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Table 1 Chemical Composition (wt %) of SA533B/C1

C Si Mn S P Cr Mo Ni Vv Cu

0.21 0.26 14 .018 .006 0.1 0.5 0.66 .003 0.04
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Fig. 2 Comparison of Load versus. Load-displacement Curves between Simulation and Test Data under
Mixed Mode (/1) Loading
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Fig. 3 Comparison of J-R Curves under Mixed Mode (I/I1) Loading (X: @,=30°, Y: @,= 60 °)
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(a) SECB under Pure Mode | Loading: @,=90 °
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(c) X-Specimen under Mixed Mode (I/11): @,=30°
Fig. 4 Crack Profile under Different Loading Mode
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Fig. 8 Crack Extension by Microvoid Nucleation and Coalescence under Mixed Mode (I/11) Loading
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Fig. 9 Finite Element Meshes for AS4P under Mixed Mode loading

TOMECH FINITE ELEMENT ANALYSIS - LOAD STEP 11
X-98. TXT: AS4P MIXED MO DE X-specimen

TOMECH FINITE ELEMENT ANALYSIS - LOAD STEP 11
YD-0. TXT: SECB MIXED MO DE X-specimen

(a) Plastic Zone Shape of AS4P (a= 10°) (b) Plastic Zone Shape of AS4P (a=5°)
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Fig. 11 Comparison of the Predicted and Tested J-Resistance Curves under Various Loading Modes
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