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ABSTRACT

For the structural integrity of large and complex structures such as railway vehicle, the
in-field diagnosis of mechanical properties of the structures is needed, and especially, the
mechanical characteristics of the weldment must be carefully evaluated. But, conventional
standard testing methods having destructive procedures are not applicable to in-field
assessment of mechanical property variations within weldment because they needs the
limitations of specimen size and geometry. In this paper, to overcome this problems, the
advanced indentation technique (AIS) is introduced for simple and non-destructive/in-field
testing of weldment of industrial structures. This test measures indentation load-depth curve
during indentation and analyzes the mechanical properties related to deformation and fracture.
First of all, flow properties such as yield strength, tensile strength and work hardening index
can be evaluated through the analysis of the deformation behavior beneath the spherical
indenter. Additionally, case studies of advanced indentation techniques are introduced.
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Fig. 1. Classification of various weldment characteristics affecting mechanical properties
in steel weldment,
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Fig. 2. Analysis of indentation load-depth curve.
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Fig. 3. The schematic diagram of indentation (a) sink-in and (b) pile-up phenomena.
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Fig. 4. Comparisons between flow properties calculated from advanced indentation(dot) and
those from standard tensile tests(solid line).
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Fig. 5. Portable advanced ) -
indentation system developed Fig. 6. Analysis of indentation
by FRONTICS, Inc. load-depth curve.
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Fig. 8. Graphs superposition for

Fig. 7. Derivation of flow
curve from indentation
load-depth curve. materials properties.

the comparison of degraded
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Fig. 9. Indentation arrays in the girth Fig. 10. The difference of flow
- curves with the variation of
weld joint of API X65 steel. atio

microstructure in API X65 steel.
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Fig. 12. Comparison of indentation Fig. 13. Comparison of flow curves
load - depth curves at at base/HAZ/weldment of main
base/HAZ/weldment of main steam steam line in fossile power plant.

line in fossile power plant.

4. ALY

1. BS7910: Guide and methods for assessing the acceptability of flaws in fusion welded
structures, British Standads Institution, 1999,

2. API Recomended Practice 579, Fist Edition, American Petroleum Institute, 2000.

3. AAF, Y, AFY, B FEAREIA, 38Y 12F, 2000, pp.1606-1611.

4. Haggag, F. M., Nanstad, R. K., Hutton, J. T,, Thomas, D. L, and Swain, R. L., ASTM
1092, 1990, pp.188-208.

5 wdA Y, 253 A 113 ARRE AXARF=T3, 1997, pp.d67-473.

- 236 -



6. Doerner, MF. and Nix, W.D., J. Mater. Res., vol. 1, 1986, pp.601-607

7. Oliver, W.C. and Pharr, GM., J. Mater. Res., 1992, vol. 7, no.6, pp.1564-1583.
8. Norbury, A.L. and Samuel, T., J. Iron steel Inst., vol. 117, 1928, pp.673-687.
9. Francis, HA,, J. Eng. Mater. Technol. Trans. ASME, vol. 98, 1976, pp.272-286.
10. o] A2 AFY, RFFEAR3 A, 3548 123, 1997, pp.1616-1625.

- 237 -



