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A Study on the Fracture Behavior of a Crack
in Gas Pipelines Considering Constraint Effects
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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 assumes that J-integral uniquely
characterizes crack-tip stress-strain fields. However, it has been shown that it is not 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 by quantifying the level of constraint.
For this purpose, tensile tests and CTOD tests were performed at room temperature(24C) and low
temperature(-40°C) 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. -
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Table 1 Tensile properties of KS D 3507

Yield Tensile Young's Elongation
strength strength modulus %)
(MPa) (MPa) (GPa)
24°TC 303 378 196 36.6
-40°C 335 412 230 37.3
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Fig. 1 True stress-true strain curves for KS D 3507
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Fig. 2 Load vs CMOD curves of KS D 3507

Table 2 The results of the CTOD tests

No. Temp. 8, (mm) Average §,,
1 0.477 .
2 24°C 0.481 0.484mm
3 0.494
4 0.515
5 -40C 0.566 0.556mm
6 0.587
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Fig. 4 Two-dimensional mesh and boundary

conditions for an SENT specimen, a/r=0.5
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Fig. 6 Q values for SENB specimens

Table 3 Q results for SENB specimens

Temp. alt ap ai a as
025 |{11.726 |19.615 | 10.183 | 1.692
24T 0.5 -3.899 | -4.631 | -2.120 | -0.354
0.75 | -3354(-4.011] -1.787 | -0.289
0.25 | 11.021]18.161 | 9.242 | 1497
-40C 0.5 1.625 | 3.712 | 2.029 | 0.325
0.75 | -0.279 | 0.727 | 0.628 | 0.119
Q=ay+ a1 X+ a, X2+ 2, X° = log(J/(La,})
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Table 4 Q results for SENT specimens

Temp. alt ap aj a asz

0.25 | -1.032 | 0255 | 0.390 | 0.069

24T 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 0.5 |-3.780 | 1.193 | 0.758 | 0.110

0.75 | -0.906 | 0.948 | 0.783 | 0.121
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