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Plasticity and Fracture Behaviors of Marine Structural Steel, Part III:
Experimental Study on Failure Strain
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ABSTRACT: This is the third of several companion papers dealing with the derivation of material constants for ductile failure criteria under
hydrostatic stress. It was observed that the ultimate engineering stresses and elongations at fracture from tensile tests for round specimens with
various notch radii tended to increase and decrease, respectively, because of the stress triaxiality. The engineering stress curves from fests are
compared with numerical simulation results, and it is proved that the curves from the two approaches very closely coincide. Failure strains are
obtained from the equivalent plastic strain histories from numerical simulations at the time when the experimental engineering stress drops
suddenly. After introducing the new concept of average stress triaxiality and accumulated average strain energy, the material constants of the
Johnson-Cook failure criterion for critical energies of 100%, 50%, and 15% are presented. The experimental results obtained for EH-36 steel were
in relatively good agreement with the 100% critical energy, whereas the literature states that aluminum fits with a 15% critical energy. Therefore,
it is expected that a unified failure criterion for critical energy, which is available for most kinds of ductile materials, can be provided according to

the used materials.
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Table 1 Chemical composition of a EH-36 base plate

C Si Cu Mo Nb Ti V
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Specimen No.
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Fig. 2 Test photos

Notch radius oo 0.5 1.0 2.0 40 8.0 16.0 320 64.0 75.0 100.0 128.0
Longi. label L37 L38 L39 140 41 142 143 144 L45 146 147 148
Trans. label T118 T119 T120 T121 T122 T123 T124 T125 T126 T127 T128 T129
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Fig. 3 Stress-strain curves of smooth specimens
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