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Plasticity and Fracture Behaviors of Marine Structural Steel, Part II:
Theoretical Backgrounds of Fracture
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ABSTRACT: The main goal of this paper is to provide the theoretical background for the fracture phenomena in marine structural steels. In this
paper, various fracture criteria are theoretically investigated: shear failure criteria with constant failure strain and stress triaxiality-dependent failure
strain (piecewise failure and Johnson-Cook criteria), forming limit curve failure criterion, micromechanical porosity failure criterion, and continuum
damage mechanics failure criterion. It is obvious that stress triaxiality is a very important index to determine the failure phenomenon for ductile
materials. Assuming a piecewise failure strain curve as a function of stress triaxiality, the numerical results coincide well with the test results for
smooth and notched specimens, where low and high stress triaxialities are observed. Therefore, it is proved that a failure criterion with reliable
material constants presents a plastic deformation process, as well as fracture initiation and evolution.
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True Plastic Strain

20 16 12 08 0.4 0o
1000.0 1000.0
.
E‘ 8000 e ) 00,0
= : ) w
i . e
B 000 - - N BI0.0Z
= * n
n R e o
o o . £
£ 4ppn - Sy * 40000
o ) g
£ - : =
c R stD‘th-englneerlng
w2000 notched-engineaning 200.0
& & ® amooth-averaga trua
on s : : 0o

0.0 0.1 0.2 03 04
Engineering Total Strain

Fig. 2 Engineering and average true stress curves of smooth and
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Table 1 Material constants of micromechanical porosity failure
criterion (Choung, 2009b)
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Fig. 6 Distribution of stress triaxiality and equivalent plastic strain before onset of failure

{a) Smooth specimen (b) Notched specimen

Fig. 7 Fractographs of smooth and notched specimens
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