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Evaluation of Indentation Tensile Properties for
FCC Linear Hardening Materials

Eun-chae Jeon, Sung-Hoon Kim, Joo-Seung Park*, Yong-Jae Yu* and Dongil Kwon

School of Materials Science and Engineering, Seoul National University, Seoul 151-742, Korea
*Korea Agency for Technology and Standards, Ministry of Commerce, Industry and Energy, Gwacheon 427-716, Korea

Abstract : General methods of evaluating indentation tensile properties using instrumented indentation
techniques are aimed at power-law hardening materials. However, some FCC materials with low stacking-
fault energy, such as austenitic stainless steels, show linear hardening behavior. In this study, in order to
reflect linear hardening behavior, a sine function was adapted in the definition of true strain instead of
tangent function. The true strain of sine function was proved to be more suitable to describe linear and high
hardening deformation pattern due to its own mathematical features. Accordingly, accurate indentation flow
curves were successfully derived with the new true strain definition and a linear constitutive equation. The
indentation yield strength and indentation tensile strength were determined as the corresponding true
stresses to the yield point and the necking point on the indentation flow curve, respectively. It was found that
the indentation yield strengths were within a 10% error range, and the indentation tensile strengths were
within a 5% error range, when compared to tensile test results.

(Received September 1, 2005)
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Fig. 1. A schematic diagram of indentation load-depth curve.
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Fig. 2. General algorithm of indentation flow curve derivation.
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Table 1. Mechanical properties of tested materials

Materials Yield strength  Tensile strength Uniform
(MPa) (MPa) elogation (%)
STS303 264 1050 47.0
STS304 399 1085 447
STS316 357 909 40.7
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Comparison of uniaxial tensile curves of STS303 and A335-P12. .
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Table 2. Mechanical properties of tested materials

Materials K e K . o
(MPa) (nounit)  (no unit) (no umt)
STS303 1575 0.558 5.38 -20.8
STS304 1320 0.409 5.42 -27.3
STS316 1273 0.385 5.28 -26.6
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Table 3. Comparisons of tensile properties and indentation tensile properties evaluated from linear hardening method (MPa)
Materials Yield §trength Y.ield strepgth Tensilej strength Tepsile str.ength
(tensile test) (indentation) (tensile test) (indentation)
STS303 264 285 1050 1067 a
STS304 399 397 1085 1110
STS316 357 337 909 941
Table 4. Comparisons of tensile properties and indentation tensile properties evaluated from power-law hardening method (MPa)

Materials Yield §trength Y.ield strepgth Tensile' strength Tgnsile str@gth
(tensile test) (indentation) (tensile test) (indentation)

STS303 236 285 889 1067

STS304 255 397 1208 1110

STS316 244 337 868 941
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