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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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Table 2 Welding condition of APl X65 specimen
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Amp./Volt. : 80~130A/12-23V
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Fig. 6 Specimen used in saw-cutting test

g Jzad 479 9948¢ FAdt 9E Y
5 AFFAL W] Adel gANEe SPNS

7242 o 5bmm FE9 FEe HHE T2 PR
om HAQAE Fo|7] A3 3% ZA 4GB E

R HUgysteE 50kefZE Z2ARSEE 4
£5% 0.2mm/min 2 AAAct 72 e
dEFAAH Hmer) A T g 271 s
600TCAlA 2417 21237 F =WA7ie dxe %
e B AREE AAS L, &4 FAA s
A oldd HdEE WD ATE "o
Aol thate] 24zt dAz o|dF FLe 28] U
A48e Psiuct FEFHRA AdE 9sted 10, 20,
30, 40, 50kef stzellA Azte| dFalA dAE A

Ak R-sE EAAY dYFAL sFUt FET
gl HFF FuE AYslsie Fesiglen, 7
&8 e dYsE-EAFAL dFUUt FHY B
gt A A F EHE TAA AEEAE &
zalt. BMAHE Table 3, 42 AAISIH e 4

A& A s Edsteld Fig. 72 UBIT

dreszEsres (7)

Table 1 Chemical compositions and mechanical properties of API X65

. Yield Elastic Poisson
© P Mn S Si Fe | Ceq strength Modulus ratio
CO‘?@S;;?"” 0.08 [0.019] 1.45 0.003| 0.31 | Bal. | 0.32] 490 MPa | 210 GPa | 0.284
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Fig. 7 Detailed schematic diagram of experimental proc
edures

Table 3 Loading curve analysis at each indent

'Indenting positior} Loading curve
{(distance from welding ;
line, mm) fitting
1 (-7.67) 0.1141h"*!
2 (-3.2) 0.1072h!*!
3 (0.14) 0.0977h' 9%
4 (4.96) 0.1021h"**
5 {9.29) 0.1147h'*
6 (14.51) 0.1024h'*
7 (20.2) 0.1182h!*
8 (29.66) 0.1131h"®*"
9 (34.55) 0.1193h"*"
10 (39.81) 0.1219n"*"
1(44.7) 0.0827h'**
12 (49.87) 0.104h"**
13 (54.69) 0.1004h"*”
4 (59.8) 0.1342h"**
15 (64.59) 0.1163h"**
16 (69.94) 0.0958h'*#
17 (74.9) 0.0514h*°*
18 (79.21) 0.0423h**

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

Load | Depth Unloading curve | Contact depth

(N) (um) fitting (um)

98 38.975 | L=3.614(h-h)'** 36.507
196 56.50 L=2.134(h-hy)*%* 53.086
294 | 70.208 | L=3.642(h-he)'*® 64.237
392 | 81.907 | L=4.923(h-hp'"™’ 74.447
490 | 92.307 | L=2.837(h-hy)"*® 84.491
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Fig. 9 Loading curve shifting on local region by
the effect of residual stress(HAZ : 4.96mm
from welding line)

Journal of KWS, Vol. 21, No. 5, September, 2003



uloha) Algsl 4UAE7ES B8 APL X65 HiE 83T

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 75.2 ~20.37
69.94 -72.86 68.8 -21.21
64.59 -43.86 65.7 -26.67
59.8 -72.31 59.4 -38.01
54.69 -47.72 56.2 -29.82
49.87 -15.32 49.7 -66.36
44.7 -62.41 434 -48.51
39.81 -65.76 40.2 -72.45
34.55 -19.79 33.3 -118.23
29.66 -123.25 30 -139.44
20.2 -49.42 194 -168.63
14.51 -163.06 15.6 -178.29
9.29 -172.5 9.4 -159.39
4.96 -166.17 6 -88.2
0.46 93.66 -0.6 65.94
-3.2 228.57 -3.9 135.66
-7.67 294.16 -7.5 187.32
400
o —@— Indentation
= —O— Saw—cutting
% 209
g% T
| Bl A e
2 l-\g% o 0
ol =
e 0 20 40 60 80

l Distance from welding line (mm) ]

Fig. 10 Comparison of experimental results from
saw-cutting and advanced indentation
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