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Abstract:

High-strain linepipes provide excellent strain capacity to withstand axial compression and bending deformation.
Assuming the outside diameter, the wall thickness and the design factor of the linepipe as 762 mm, 15.6 mm, and 0.4,
respectively, critical compressive strain of the X80-grade linepipe can be estimated to be 2.0% which is

approximately 1.5 times larger than that of a conventional X80-grade pipe. The excellent strain capacity enables us

to reduce construction costs and ensure integrity of buried pipelines in seismic areas and cold regions.
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Table 1 Current seismic design codes in Japan

Ground Design basis and | Number of Checking
displacement | applications cycles criteria
Level-1 ]IYZ); csocle 1% or
- Design o Y 35¢/D (%)
TGD - Strain-based atigue
- Applications N.=3-5
Level-2 |- X65 and lower | Very low 3%
- Straight, cycle fatigue
bend, and N, = 1/4
Lateral | tee branch . Allowable
PGD Monotonic .
spread deformation deformation

NS ML & LTl E) (lateral spread) % 5%E3%L T
Wz Yo ML, B EL OB VEAEEBT, /54
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YS: Yield strength, TS: Tensile strength

Fig.1 Stress-strain curves for conventional steel pipe, X65, and
X80
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Fig.2 Strain capacity of conventional steel pipe, X65, and X80
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Fig.3 Bending test results and semi-empirical formulas
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Table 2 Tensile properties of X80 pipes

Table 3 Average critical compressive strain and the corre-

Tensil " sponding tensile strain of the X80 high-strain pipe

) ensile properties
X80 Steel pipes YS (MPa) TS (MPa) YS/TS (%) OD | Design €1per (%0) &per (%0) &per (%0)

High-Strain 535 696 77 (mm) | factor | Comp. | Ten. |Comp.| Ten. | Comp.| Ten.

Conventional 552 619 %9 0.00 | 209 | 117 | 1.87 | 1.16 | 1.68 | 1.16

762 0.40 2.14 1.06 2.00 1.04 1.90 1.00

Tensile strain 0.60 2.62 0.96 2.41 0.92 2.25 0.87

0.72 3.11 0.90 2.82 0.86 2.61 0.80

Table 4 Average critical compressive strain and the corre-
sponding tensile strain of the X80 conventional pipe

Compressive strain

Fig.4 Longitudinal strain distribution of a steel pipe OD | Design €1per (%0) €2per (%0) &3per (70)
(mm) | factor | Comp. | Ten. |Comp.| Ten. |Comp.| Ten.
500 0.00 1.27 0.66 1.14 0.65 1.05 0.65
400 Pl = =I 2762 0.40 1.45 0.56 1.30 0.54 1.21 0.52
300 : ———y 0.60 1.99 0.56 1.74 0.53 1.59 0.50
z 200 - ﬁ Tensile strain | 0.72 | 2.60 | 0.59 | 227 | 055 | 2.06 | 0.51
g 100 ——I Bending strain H
8 0 |
5 10 \ : T s LRI 55 2 A O & B B
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Strain (%)
Fig.5 Longitudinal strain distribution over a cross-section
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Table 5 Two times outside diameter average critical
compressive strain of the X80 H-S linepipe

oD Design factor Eaper (%0) JGA 35t/D
(fum) Comp. Comp./1.25 (%)
0.00 1.87 1.50
6 0.40 2.00 1.60 o
0.60 241 1.93 '
0.72 282 226

Table 6 Two times outside diameter average critical
compressive strain of the X80 conventional steel

oD Design factor Eaper (%0) JGA 35t/D
(mm) Comp. | Comp./1.25 (%)
0.00 114 0.91
6 0.40 130 1.04 -
0.60 1.74 1.40 '
0.72 2.27 1.82

ZHX80 L) /MRS JGAR LD b RE V. T &Y,
— IR R RRPERE DS EOR SN B E1Id, WE & H IR
WRET®H 575 1.5% FEDOFIFRA T OF AP ZER S
% MBI B\ T AT X80 WIS N .
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Video tape recorder

Fig.6 Wide plate test for ductile cracking evaluation
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BEihCTh 225, T I TIEBRICL 2808 % 2 TRy
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H & B O FEERAE R O IR 1L 0.65, T & HAZ 12
OWTIR12&ET5E, /vy FIETOMYIMEDTARIZR
FUEIET BB OF RO T AIZENZNREER ) v F D
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Table 7 Equivalent plastic strain corresponds to the two times
outside diameter average critical compressive strain
of the X80 high-strain steel pipe

OD | Design ‘Ef%c)r WM notch HAZ notch
(mm) | factor
Ten. et | Tendery | €rg | Ten/ery
0.00 1.16 1.65 0.70 3.33 0.34
0.40 1.04 — — 2.13 0.49

762
0.60 0.92 1.69 0.54 1.83 0.50

0.72 0.86 1.90 0.45 1.59 0.54
WM: Welded metal

Table 8 Equivalent plastic strain corresponds to the two times
outside diameter average critical tensile strain of the
X80 conventional pipe

OD | Design if%r WM notch HAZ notch
()
(mm) | factor
Ten. Erer | TenJepy | er | TenJery
0.00 0.65 0.90 0.72 2.62 0.25
0.40 0.54 — — 1.41 0.38
762
0.60 0.53 1.13 0.47 1.31 0.40
0.72 0.55 1.08 0.51 1.21 0.45
6. 8
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L2 L, EEZMINSEIUE, A 774 0BZRE )
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BEZEMS 52 EREREZN L S8725 4 %
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5T lICkY, HEBRBHOMNE R/NRICHZ 255,
BRI ICBT 2 ZEME M L3E5ZE0TE
%o
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