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Study on Evaluation Method of Plastic Damage using an Indentation
Technique for Degradation Diagnosis of Steel Structures
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In the present study, a semi-destructive method for estimating the mechanical properties, including plastic
strain, of materials was developed using the instrumental indentation technique (IIT). The formula for
estimating plastic strain was derived using true stress-true strain curves that were measured by IIT. The
developed method requires only one parameter, namely, the work hardening coefficient, for estimating the
plastic strain of pre-strained materials. The usefulness of the developed method was evaluated
using pre-strained specimens. The dimension of the plastic strain estimated using the developed method
generally agrees with the dimension of the plastic strain of the pre-strained materials. The
developed method was used to evaluate the distribution of plastic strain in the notched region of
pre-strained materials. The distributions of plastic strain estimated by the developed method were
validated by comparison with FE simulation results. The results indicate that the distribution of plastic
strain can be estimated conveniently using the developed method.
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Fig.1 Schematic illustration of indentation curve
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Fig. 3 Schematic illustration of ball indentation
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Fig. 4 Flow of the calculation for estimating stress-strain

relationship by using ball indentation
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Fig. 5 Effect of pre-strain on true stress-true strain curves
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Table 1 Chemical composition of SM490YB(mass%)
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Fig. 6 Dimensions of the tensile specimen
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Fig. 7 Fabrication method for the indentation specimen
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Fig. 8 Indentation results for pre-strained materials
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