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Evaluation of Residual Stress on Welded Joint in API X65 Pipe Line
through Nondestructive Instrumented Indentation Technique
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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 instrumented 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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Amp./Volt. : 80~130A/12-23V

Fig. 6 Specimen used in saw-cutting test
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Table 1 Chemical compositions and mechanical properties of API X65

_ - = = Yield Elastie Poisson
c P | Mn S Si Fe | Ceq strength Modulus ratio
C“T‘gg;é)“m 0.08 |0.019| 1.45 |0.003| 0.31 | Bal. | 0.32 | 490 MPa | 210°GPa | 0.254

AL 218 BB 20034 9H
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Table 3 Loading curve analysis at each indent

Indenti osition :
(distance I;fm}; welding Loadf:mg GLEVE

line, mm) Ktg

1 (-7.67) 0,1141h"*
282} 0.1072R*
3 (0.14) 0.0977h' ™
4(4.96) 0.1021h'**
5 (9.29) 0.1147n">*
6 (14.51) 0.1024R' "
7 (20.2) 0.1182h'*
8 (29.66) 0.1131h"*!
9 (34.55) 0.1193h'**
10 (39.81) 0.1219n"*"
11 (44.7) 0.0827h' "™
12 (49.87) 0.104h"**
13 (54.69) (0.1004h"*"
14 (59.8) O e
15 (64.59) 01163h!*=
16 (69.94) 0.0958h"**
17 (74.9) 0.0514h0
18 (79.21) 0.0423h*"

Table 4 Example of unloading curve analysis at
each maximum applied load

Toad | Depth Unloading curve Contact, depth
(N) (um) fitting (um)

98 38.975 | L=3.614(h-hp)"*® 36.507

196 56.50 L=2.134(h-hy)*"® 53.086
294 | 70.208 L=3.642(h-hp)"* 64.237

392 | 81.907 | L=4.923(h-h)'™" 74.447

490 | 92.307 L=2.83T(h=-hp)"** 84.491
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Table 5 Summary of evaluated residual stress by
indentation and saw-cutting.

Indentation Saw-cutting
Indentation Residual | Strain gage | Residual
position from stress position stress
welding line(mm) (MPa) (mm) (MPa)
74.9 -4,82 THh2 -20.37
69,94 —72.86 68.8 -21.21
64.59 -43.86 65.7 -26.67
59.8 —72:81 59.4 -38.01
54,69 4772 56.2 29.82
49,-8?_ =15.3% {19.? -66.36
44.7 i —62.41 43.4 -48.51
39.81 —65.76 40.2 —72,45_ _
34.55 -19.79 33.8 i -118.23
29.66 ~123.25 30 4 -139.44
20.2 49,42 19.4 -168.63
14.51 -163.06 15.6 -175.29
9.29 =172.5 9.4 -159.39
4.96 -166.17 G i =882
(.46 93.66 -0.6 65.94
—3:2 | 228.57 =3.8 155,66
~7.67 | 294.16 -7.5 187.82
400 -
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= —— Saw=cutting
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Fig. 10 Comparison of experimental results from
saw-cutting and advanced indentation
(stress)
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