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Flaw Analysis Based Life Assessment of Welded Tubular Joint
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Abstract

In power generation systems a variety of structural components typically operate at high temperature and
pressure. Therefore a life assessment methodology accounting for gradual creep fracture is increasingly needed
for these components. The most critical defects in such structure are generally found in the form of
semi-elliptical surface cracks in the welded tubular joints. Therefore the analysis of a semi-elliptical surface crack
in a plate or a shell is an important problem in engineering fracture mechanics. On this background, via
shell/line-spring finite element analyses of such surface cracks in the welded T and L joints under various
loadings, we investigate J-integral along the crack front. We first develop T and L joints auto mesh generation
program providing ABAQUS input file composed of shell/line-spring finite elements. We then further develop a
T and L joints life assessment program based on the experimental creep crack growth law and auto mesh
generation programs in a graphical user interface format. Findlly the remaining life of T and L joints for
various analytical parameters are assessed using the developed life assessment program.
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Table 1 Crack shape and input variables

Maximum| Crack Time step| Crack | Crack
No.| crack |length (hrs)  {position| number
depth (a)| (2¢) p
1 | 5x1074] 0.05 | 4.0x10% | center 2
2] 5x107% | 0.05 | 6.0x10% | center 2
3| 5x1074 ] 0.05 | 8.0x10% | center 2
4 | 5%107* 1 0.1 | 4.0%x10%] center 2
51 5%x107% ] 005 | 4.0x10% | center 2
6 | 5%x107% ] 0.05 | 4.0x10? | center 1
7| 5x107"| 0.05 | 4.0x10 | edge 2

-~

1339

Brace radius (#) :
Chord radius (R) : 0.79295
Height () : 1.726337
Chord length 2L} : 3.3902
Thickness (¢) : E@

Initial erack depth (@) :
Initial crack length (c)

Crack position
Inside or outside

Boundary condition

daldt=A4J" .
Time step ¢ 4.0E+02 Boundary value : 4.03

Fig. 15 Dialog box for data input (T-joint)
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Fig. 16 Shell/line-spring FE model

Life Assessment Program result (T-type)

_J s

0 2.60E+04 c
Time (hrs)

Max. J
52E-03

Initial crack depth & length : 5.000E-04 3.000E-02
Final crack depth & length : 3.665E-02 1.209E-01

ABAQUS Post[T_View AbAGUS Post] [ Qait ]|

Fig. 17 Output box of LAPL (T-joint)

Remaining life : 2.60E+04
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Fig. 19 Shell/line-spring FE model of No. 6
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Tnitial crack depth (a)
tnitial crack length (c)

Inside or outside 1. Inside crack

Boundary condition

Fig. 20 Dialog box for data input (L-joint)

Pipe radius (r) :

Height (H) :

Thickness (¢) :

Young’s modulus :

Poisson’s ratio :

A:
daldt = 4/m
m: 2.6

Time step : 1.0E+02
Gotsion

Boundary value :

2 E
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Life Assessment Program result (L-type)

Max. J
3.6E-02 a
0 2.10E+03 c

Time (hrs)
Initial crack depth & length : 3.000E-01 8.000B-01

Final crack depth & length : 1.005E+00 8.897E+00

Remaining life : 2.10E+03  ABAQUS Posl ‘

Fig. 21 Output dialog box of LAPL (L-joint)

Table 2 Estimated remaining lives of T-joint examples

No, Rema(i}rllri:)g fife No. Rema(il]]'nri:)g life
1 2.60x10* 5 8.10x10°
2 2.70x10* 6 2.68% 10"

3 2.72x10* 7 8.80x10”
4 2.44x10*
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