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Abstract

There are many Industry Code and Standard (ICS) for Structural Integrity Assessment (SIA) on welded structure
with defect. The general ICSs, such as R6, BS 7910 and API 579-1/ASME FFS-1, provide equations to determine
the upper bound residual stress profiles based on collections from many literatures. However, these residual stress
profiles used in the SIA cause the conservative design for welded structures. In this study, the structural
integrity assessment for girth weld in pipeline has been conducted based on fracture mechanics. In addition,
thermo-elastic plastic FE analysis was performed for evaluating the residual stress of girth weld in pipeline.
The weight function solution is used to determine the stress intensity factor using the residual stress profile
obtained by the FE analysis. This approach can account for redistribution and relaxation of residual stress
as the defects grow. In order to the evaluate quantitative comparison between BS 7910 and weight function
solution, structural integrity assessment determining allowable crack size on cracked pipe was performed with

failure assessment diagram.
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Fig. 2 Specimen design of tensile test
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Table 1 Conditions of tensile test

Temperature Crosshead speed End condition

Ambient 0.5 mm/min. 75% Load drop

Table 2 Tensile test results

Tensile properties
oy o, E
Ist 447 MPa 585 MPa 211 GPa
2nd 448 MPa 586 MPa 212 GPa
3rd 446 MPa 574 MPa 211 GPa
Average 447 MPa 581 MPa 211 GPa
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Table 3 Test results of fracture toughness
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Fig. 3 Dimension of SENB specimen
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Fig. 7 Contour results of residual stress
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Table 5 Residual stress decomposition

BS 7910 [MPa] FEA [MPa]
Membrane 342 2.8
Bending -139 -54
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Fig. 9 Stress intensity factor for deepest point of internal
surface crack

1.44 ==*== FAD (Option 1)
L] BS 7910

30mm = A Weight function solution

E 1.0 25mm -
S
e
©
—
)
5 A
k3l 40mm
IS
E 35mm
A A 30mm
A 25mm
20mm
T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Load ratio, L,

Fig. 10 Option 1 flaw assessment results

HEFHOR B HIIE S 4
= Fig. 100 Felsted ettt 2448 Hrks
el #E ZHolg bmm¥ F7HAIFALH, Hd 384
ste] 37|7F BS 7910 WHd wr2H 20mme| %,

Vedrie 487 75 35mmYs Il

52 &

A HeEbES Ao gaAe B AAEG
or], BS 7910 AAAA ANskE B wet 3
e a9

1) BS 79109l #AA=le] g o w2} sfo]zo|

na =
< 5o =2 ARSYHEEE 2 A7t ddth A
XA AAete SHEEE FIEHT ol FE &Y
X Ju7E obd BE FRboA RR-SE S U
Wi iglem, ol AAlel wtgd Al vig- Bzl
A3z oA Hre AL vt

2) & 04%1011*1{— SHEATE Folste WHeR

SO £ ) Segsell 9%
A% 2712 W) 9lal A A
K A3g vgoz segrtes 4gael 7
A9HkE ANALT. bmm BHE Azo
AN A BE e 20mmel AFE AG

= A we) e 489 2 35mmel 2
S oAle Aoz Uehgt) o]yt AFa u)3o,

=
20| AANE AdHE 7}

el AUAA B5A

< 7
o] =E(AN) S 20149 A A A
SERESRERZARE x1 4e wo a7

NRF-2014H1C1A1073088). ©] =& 20149%= 3+
njefgEte) o Ao R =mAdTaelx s Tt
T A7 (NRF-2011-0030013).

/\/\

References

1. A. Stacey, J.-Y. Barthelemy, R.H. Leggatt, R.A. Ainsworth,
Incorporation of residual stress into the SINTAP defect
assessment procedure, Jouranl of Engineering Fracture
Mechanics, 67 (2000), 573-611

2. British Standards Institution, Guide to Methods for Assessing
the Acceptability of Flaws in Metallic Structures, BS
7910 (2013), 1-480

59



60

=712 5-109 3

3. British Energy Generation Ltd, Assessment of the in-
tegrity of structures containing defects, R6 Revision 3 (1999)

4. American Petroleum Institute, API 579/ASME Joint
FFS-1 Fitness-For-Service, API 579 (2000)

5. Health and Safety Executive, A review of residual stress
distribution in welded joints for the defect assessment of
offshore structures, 1997

6. J.K. Hong, R.P. Brodzinski, PM. Vargas, H.C. Rhee,
K.J. Young, J.A. Penso, Issues in welding residual stress
model in fitness for service assessment of crack like de-
fect in weld area, Proceedings of Ocean, Offshore and
Arctic Engineering, ASME,2015

7. P. Dong, J.K. Hong, Fracture mechanics treatment of re-
sidual stress in defect assessment, Jouran! of Welding in
the world, 2004, 19-27

60

8. Shen. G., Glinka G . Glinka, Stress Intensity Factors for
Internal Edge and Semi-Elliptical Cracks in Hollow
Cylinders ,ASME-PVP, 263, 1993, 73-79

9. ASTM, Standard Test Method for Tension Testing of Metallic
Materials, ASTM E8-13a (2013), 1-28

10. British Standard, Fracture mechanics toughness tests,
BS 7448 (1991)

11. Commission of design analyses and structural strength
of welded structures, Standardization for temperature
distribution prediction of the arc weld using FEA,
Journal of KWJS, 23(6), (2005), 1-7 (in Korean)

12. HK. Jin, D.J. Lee, S.B. Shin, D.H. Park, A Study on
Welding Distortion and Residual Stress for Tubular
Welded Joint, Journal of KWJS, 28(5), (2012), 51-56
(in Korean)

Journal of Welding and Joining, Vol. 35, No. 1, 2017



