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Abstract
Apparent mechanical properties in structural components can be different from the initially designed values due to the

formation of the residual stress in metal forming and welding. Therefore, the evaluation of residual stress has great

importance in the reliability diagnosis of structural components. A nondestructive continuous indentation technique has

been proposed to evaluate various strength concerning mechanical properties from the analysis of load-depth curve. In this

study, quantitative residual stress estimation on API X65 welded joints for natural gas pipeline was performed by

analyzing the variation of indentation loading curve by residual stress through a new proposed theoretical model. The

residual stress from the indentation method was compared with that from the saw-cutting method.
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Fig. 1 Stress interaction between residual stress and
hydrostatic stress in the incompressible core of
an elastic/plastic indentation
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Fig. 4 Saw-cutting result (strain) Fig. 7 Loading curve shifting on local region by the

effect of residual stress (HAZ: 4,96mm from
welding line)

¥
I Table 1 Summary of evaluated residual stress by
- + X . 3 .
| X indentation and saw-cutting
G)‘OSX . .
Orres, y < Indentation Saw-cutting
. ; . t + Indentation position Residual Strain gage Residual
\ \ %% ] \ \ from welding line stress position Stress
/ i
f / / / j / /IMW {mm) (MPa) (mm) (MPa)
/ ‘
i 74.9 -4.82 752 -20.37
69.94 -72.86 68.8 -21.21
64.59 -43.86 65.7 -26.67
Fig. 5 General stress distribution around welded joint 398 7231 594 3801
54.69 -47.72 56.2 -29.82
49.87 -15.32 49.7 -66.36
0 7 44.7 6241 434 -48.51
e B —@— Indentation 39.81 -65.76 402 -72.45
o N\, g e Saw T cutting
£ b \ 34.55 -19.79 333 -118.23
,Vg ? 29.66 -123.25 30 -139.44
& 4
9 20.2 -49.42 19.4 -168.63
20 & /t\{, o e
= b\&o 14.51 -163.06 15.6 -178.29
‘@
2 2004 9.29 -172.5 9.4 -159.39
L 4.96 -166.17 6 -88.2
—400 < T 1 N T 0.46 93.66 -0.6 65.94
0 20 40 50 80
I Distance from welding line (imm) J -3.2 228.57 -3.9 135.66
-7.67 294.16 -7.5 187.32

Fig. 6 Comparison of experimental results from saw-
cutting and advanced indentation
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