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Abstract:

The area where a natural gas pipeline is constructed spreads out to the earthquake or the permafrost area.
Application of the Strain-Based Design (SBD) is applying to the pipeline design constructed in such areas.
Conventionally, in the safety assessment of a pipeline, although stress-based design assumed brittle or ductile fracture
due to internal pressure, SBD deals with the compressive buckling or subsequent large deformation until final

rupture. While outlining the integrity assessment technology developed for linepipes adapting to Stress-Based and

Strain-Based Designs, the performance of the high-strain linepipe “HIPER®” developed for SBD is also described.
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Table 1 Small and full-pipe tests for stress-based design

Failure types | Portion Small tests Full-pipe test
Base metal|  PN-DWTT Pamalt'egss burst
Brittle fracture Hydro static test
Seam weld | CTOD, Charpy (At low
temperature)
Running Base metal Charpy energy, Gas burst test
ductile fracture SPC-DWTT energy

PN-DWTT: Press notched-Drop weight tear test
CTOD: Crack tip opening displacement
SPC-DWTT: Static precracked-DWTT
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Photo 1 Fracture appearance of partial-gas burst test
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Photo 2 Fracture appearance of full-scale gas burst test
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Fig.1 Comparison of full-scale burst test and simulation
results
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Fig. 2 Overview of the large diameter linepipe bending test
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Table 2 Test rig specifications

Maximum diameter of test pipe 1 219 mm (48 inches)

Maximum length of test pipe 8m
Maximum bending moment 35000 kN-m
Maximum load of hydraulic jack 6 000 kN
Maximum internal pressure 30 MPa
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Table 3 Tensile properties of tested pipes

Type YS (MPa) | TS (MPa) | YR (%) | uEL (%)
HIPER® 579 703 82.4 7.9
Conv. 594 673 88.2 5.7
HIPER® (GW)| 575 709 81.1 74

YS: Yield Stress TS: Tensile strength YR: Yield ratio
uEL: Uniform elongation GW: Girth weld
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Fig. 3 Bending moment vs. angle curves
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