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Abstract

FFP(Fitness For Purpose) type defect assessment methodologies based on ECA(Engineering Critical
Analysis) have been established and are in use for the structural integrity evaluation of gas pipelines.
ECA usually includes the fracture mechanics analysis, and it is assumed that the J-integral uniquely
characterizes the crack-tip stress-strain field. However, it has been proven that the J-integral alone can
not be sufficient to characterize the crack-tip field under low levels of constraint with a single
parameter. Since pipeline structures are made of ductile material, locally loaded in tension, cracks may
experience low level of constraint, and therefore, J-dominance will be lost. For this reason, the level of
constraint must be quantified to establish a precise assessment procedure for pipeline defects. The
objective of this paper is to investigate the fracture behavior of a crack in gas pipeline(KS D 3507) by
quantifying the level of constraint. For this purpose, tensile tests and CTOD tests were performed at
room temperature(24°C) and low temperature(-407C) to obtain the material properties. J-Q analyses were
performed for SENB and SENT specimens based on 2-D finite element analyses, in order to investigate
the in-plane constraint effects on pipeline defects. For precise assessment of cracks, especially shallow
cracks, in KS D 3507 pipeline, constraint effect must be considered.
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Fig. 2 A schematic illustration of the Q-stress

el shaue A 24 FAAF HHd AY AT 63

A Al 4(correction factor)E Q-5 (Q-stress)& £
gt} 0 AP E At 0-8HE 7EH
dol el 3% 2¥(triaxial stress)AEE YEIRE
fARSEEA, o] msld 4 )2 FIHE
AT e 8L A BE3W &3 #
o

o~ (o) mat Qo8; (10<F) @

o714, 8, Kronecker deltac}™, 2] (4)o) A g

0-88& g7 gol A & Qlrvh
095~ ( Oo0) trr Y0, _
QE———GO at 6=0, 7 =2 (5

A7NM, g TEAGANMY AA FALH
O (04 yrre MNZAHNA HRR A o2 At
HE FAgHgolt 0-382 fIAYPE] &
AsH= g S(finite strain region) Hrolw FIAA
o EA4E dE¥ F A& 4/(Je)=2 A
o L o]&Fu) Fig 2+ 0849 AHYdg ©
2 Hog vehd AHojrl.

3. MEAY

3.1 HENE ¥ AIHH

Ade] ALgE wlFL AAHo) 300mm, FH7F
6.4mm<] KS D 3507 wigold, 1991 d %o w4
HAw A4 =FujPoz e 35H zAgde
Table 13 Zt} wie AZEAXNE &236}71
A3 A224T)NA AFAEH cTODAE S
gt o, 2o HA AL EoA 9 zﬂ
EEAAE &As] 8 A240T)NA Y

Table 1 Chemical composition of KS D 3507
(Base metal)

Chemical composition

C Mn P S Si

wt. % | 0.14 | 0.44 | 0.01 0.01 0.01
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Table 2 Tensile properties of KS D 3507 (Base
metal)

Yield Tensile | Young's .
Elongation
strength | strength | modulus )
(MPa) | (MPa) | (GPa) °
24T 303 378 196 36.6
-40C 335 412 230 373
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Table 3 The results of the CTOD tests

No. Temp. S Average 6,,

() (mm) (mm)

1 0.477

2 24T 0.481 0.484

3 0.494

4 0.515

5 -40C 0.566 0.556

6 0.587
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Fig. 10 Q values for SENB specimens
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Table 4 Q results for SENB specimens

Temp. alt ap a; az a;

0.25 (11.726 [ 19.615 | 10.183 | 1.692
24C 0.5 |-3.809 | -4.631 | -2.120 | -0.354
0.75 | -3.354 | -4.011 | -1.787 | -0.289
0.25 |11.021 [ 18.161 | 9.242 | 1.497
-40C 0.5 1.625 | 3.712 | 2.029 | 0.325
0.75 | -0.279 | 0.727 | 0.628 | 0.119
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Fig. 11 J-Q stress fields for an SENT specimen,
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Table § Q results for SENT specimens

Temp. alt ay a; a; a;
0.25 [ -1.032 | 0.255 | 0.390 | 0.069

24C 0.5 |-0.585]| 0.639 | 0.397 | 0.036
0.75 | -0.035 | 2.428 | 1.609 | 0.264
0.25 | 0.239 | 2.142 | 1.285 | 0.210

40T 05 |-3780| 1.193 | 0.758 | 0.110
0.75 | -0.906 | 0.948 | 0.783 | 0.121
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