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Abstract : High temperature mechanical properties, especially tensile properties, are basic data to determine safety
and integrity of materials and structure used at the high operating temperature. High temperature tensile properties
of materials and structures in use cannot be generally obtained from conventional tensile test. Continuous
indentation technique has been researched as an alternative to conventional tensile test and optimum experimental
conditions were reported for the continuous indentation testing at room temperature recently. In this study, optimum

experimental conditions were suggested for the testing at

elevated temperature. Eapecially, the parameters related

to the time such as loading rate and holding time were given priority contrary to their negligible effects at room -

temperature. As a result, loading rate should be selected
testing object. Since holding time is related to indentation

to enable to reflect the work-hardening characteristics of
creep phenomena cauging the change of indentation load-

displacement curve shape by load relaxation during holding at maximum load, it should be selected to enable to

minimize load relaxation.
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Fig, 1. Indentation load-displacement curves: (a) single indentation
curve and (b) multiple indentation curve,
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Table 1. Optimum experimental conditions at room temperature

. Rat}o of Indenter Number of Unloading
Parameter indentation depth . .
. Radius  Unloads Ratio
to indenter
Optimum
Conditions 0.6 1 mm 10 30%
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Table 2. Teusile Properties of steels used in this study

Material Yield Strength (MPa) Tensile Strength (MPa) Work-hardening Exponent
aterial R
20°C 150°C 300°C 20°C 150°C 300°C 20°C 150°C 300°C
SM45C 374.14 337.61 266.90 850.163 801.56 880.77 0.315 0.318 0.332
SCM446 575.72 560.33 578.42 1027.22 1011.15 1174.17 0.160 0.154 0.185
STC4 327.87 294.67 314.23 788.11 711.24 834.86 0.265 0.267 0.268
STDe61 348.63 303.67 273.96 901.21 797.66 752.83 0.306 0.308 0.298
STD11 256.87 23943 22191 897.50 809.62 75871 0.246 0.226 0.219
SKHS51 271.34 244,70 249.06 895.36 794.04 72295 0.230 0.224 0.222
STB2 308.85 280.12 297.12 908.73 810.38 890.13 0.272 0.263 0.292
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Fig, 4. Error % between flow properties from indentation test and from tensile test; (a) STD61, (b) SM45C, (c) SKH51, (d) STC4 and (e) SCM440.
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Fig. 5. Work-hardening Exponent from indentation test(dot) and tensile test(line).
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Fig. 6. Load relaxation phenomenon during holding of maximum indentation load.
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Fig. 7. Load relaxation phenomenon during holding of maximum
indentation load for STC4 at (a) 25°C and (b) 300°C.
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Table 3. Errors of results by load relaxation during holding at 25
°C and 300°C

Holding time(ms) 0

25°C 10000 20000 60000

Error (%) 332 362 4.01 398
200°C Holding time(ms) 0 10000 20000 60000
Error (%) 310 438 4.86 638
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