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In-situ Measurement of Plastic Zone Developed
During Ductile Fracture Process

Jung-Hyun Back, Do-Hyung Kim and Ki-Ju Kang
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Abstract

A plastic zone size is regarded as a measure of material resistance, and also it determines the
fracture behavior. The importance of estimating or measuring the plastic zone size cannot be too
emphasized. In this article, SDSP(Stereo Digital Speckle Photography) is examined as a new techniques
to measure the plastic zone developed in a ductile metal. This technique is simple, vibration free and
non-contact, and measures simultaneously in-plane displacements as well as out-of plane displacements
like the side necking. Experimental results for a CT specimen are presented to demonstrate the
accuracy in comparison with those obtained by recrystallization technique and finite element analysis.
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2.1 SDSP'H (Stereoscopic Digital Speckle
Photography)
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Fig. 1 Schematic diagram of the measurement
system for SDSP
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Fig. 2 Specimen configuration deformed by a four

point bending jig
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Fig. 3 Finite element mesh of CT specimen

Table 1 Mechanical properties of SS41

Yield | Young's |Poisson's| Hardening |Hardening
Exponent, | Constant

Stress, | Modulus, | Ratio,
9, F 14 n «Q

257MPa | 194GPa 0.3 437 7.9
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Fig. 5 Equvalent strain, e contours measured by
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y Critical strain

Fig. 6 Cross section of recrystalized specimen and

strain rate after bending
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Fig. 7 Recrystallized (a)Surface and (b) Center

near the crack tip of a CT specimen
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Fig. 8 (a)Surface and (b) Center near the crack tip
of a CT specimen using FEA
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Fig. 9 Comparison of 1.8% equivalent strain zone
obtained by the three methods (a) on the
surface and (b) the middle plane
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