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Strain Capacity of High-Strength Line Pipes
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Abstract:

Two compression and two bending tests using X80 high-strain line pipes with 30 inches (762 mm) in outside
diameter were conducted to investigate its compression capacity and bending capacity. The compression test
revealed that the pipes had the critical compressive strain of 0.90 and 0.78% and the bending test clarified that the
20D (two times outside diameter) average critical compressive strains were 2.40 and 2.15% and the 10D average
were 2.67 and 2.28%, respectively. The test results proved that X80 high-strain linepipes satisfy requirements from

pipeline projects and ensure pipeline integrity in seismic and permafrost areas.
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Table 1 Dimensions and tensile properties of test pipes

Table 3 Geometric imperfections of the test pipes

Dimensions Longitudinal tensile properties

Pipe
NE. oD WT | OD/ YS TS Y/T | uEL
(mm) | (mm) | WT | (MPa) | (MPa) | (%) (%)

Test pipe
C-1,B-1 | C-2,B-2

Geometric imperfections

C-1 524 684 77 8
762 15.6 49

C-2 565 704 80 8

Min. | 761.6 760.0

OD (Outside diameter) (mm)
Max. | 763.0 761.9

OD: Outside diameter, WT: Wall thickness, YS: Yield strength,
TS: Tensile strength, YS/TS: Yield ratio, uEL: Uniform elongation
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Table 2 Dimensions and tensile properties of test pipes

Min. 15.52 15.59

WT (Wall thickness) (mm)
Max. | 15.90 15.66

BL (Longitudinal 740-800 | 740-800
blister) Amplitude  (mm) 0.5 0.5

Wave length (mm)

P Dimensions Longitudinal tensile properties
1pe
nuI:nber OD | WT | OD/ YS TS Y/T uEL
(mm) | (mm) | WT | (MPa) | (MPa) | (%) | (%)
B-1 535 | 6% | 77 8
———— 762 | 15.6 49
B-2 672 | 782 | 86 8

OD: Outside diameter, WT: Wall thickness, YS: Yield strength,
TS: Tensile strength, YS/TS: Yield ratio, uEL: Uniform elongation
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2 Amplitude

Fig.1 Definition of longitudinal blister
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Fig.2 Compressive deformation of Pipe C-1
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Fig.3 Compressive deformation of Pipe C-2
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Table 4 Ramberg-Osgood parameters for the test pipes

Pipe R-O parameters

number | E (GPa) | ¢, (%) |0, (MPa) a N
C-1 206 0.5 524 0.965 11.82
C-2 210 0.5 565 0.858 17.28

E: Young’s modulus, &: 0.5% strain, oy: Stress at &,
a, N: R-O parameters
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Photo 3 Shell wrinkle after a compression test
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No imperfection (OD+WT) imperfections
Fig.4 Effect of geometric imperfections on shell wrinkling
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Fig.5 Moment vs. average bending strain of Pipe B-1
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Fig.6 Moment vs. average bending strain of Pipe B-1
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Fig.7 Moment vs. average bending strain of Pipe B-2
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Fig.8 Moment vs. average bending strain of Pipe B-2
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