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Abstract — A combination of the instrumented indentation and 3D morphology measurement has been
tried in order to perform a real-time property measurement of degraded materials in gas pipelines; three-
dimensional indent morphologies were recorded using a reflective laser scanner after a series of insturmented
indentations on three metallic specimens. Dimensions of the permanent deformation zone and contact
boundary were analyzed from the cross-sectional profile over an remnant indent and used for estimating
yield strength and hardness, respectively. Estimated yield strength was comparable with that from uniaxial
tensile test and actual hardness implying material pile-up effects was lower than the calculated value from
indentation curve by 20~30%. It means that this 3D image analysis can explain the material pile-up effects
on the contact properties. Additionally, a combined system of indentation and laser sensor was newly
designed by modifying a shape of the indentation loading fixture.
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Fig. 1. Force equilibrium around the hemispherical plastic
zone [15,16].
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Table 1. Mechanical properties measured from uniaxial
tensile tests.

Specimen API X70 | S45C | Al 2011
Yield strength (MPa) 597 374 270
Work-hardening index 0.128 0.338 | 0.186
Tensile strength (MPa) 789 920 474
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Fig. 2. Spherical indentation curves from three specimens.

Table 2. Hardness estimated using the Oliver and Pharr’s
analysis [8].

Specimen | APIX70 |  S45C AL 2011
Contact depth | 511010 | 258.140.10 | 256.5£0.39
(um)
Contact area | so0176:42 | 601545:9 | 5992004590
(pm”)
Hardness
2974003 | 237:0.02 | 1.79£0.01
P 97+0.03 | 2.37£0.0 79+0.0
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Fig. 3. 2D and 3D morphology of a remnant indent on the
Al 2011.
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Table 3. Yield strength and hardness estimated from the
profile analysis.

Specimen API X70 S45C Al 2011
Yield strength
+ + +
(MP2) 545461 325432 302427
Contact radius | 5,0 .66 | 540.9419.7 | 514.7413.6
(um)
Hardness
+ + +
(GPa) 2.37£0.05 | 1.7120.12 | 1.36£0.07
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Fig. 6. Indentation system combined with a laser profiler.
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