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Abstract:
Two compression and two bending tests using X80 

high-strain line pipes with 30 inches (762 mm) in out-
side diameter were conducted to investigate its compres-
sion 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 2OD (two times outside diameter) average criti-
cal compressive strains were 2.40 and 2.15% and the 
1OD 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.

1. Introduction

The operators of long-distance ultrahigh-pressure 
gas pipeline projects overseas are now examining the 
prospects for cost reduction by the application of high-
strength line pipes1). When pipelines are constructed in 
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pipe near the bottom. The same deformation state was 
observed in test pipe C-2.

The shell wrinkle of test pipe C-1 obtained in the 
FEA is shown in Fig. 4. The left-hand and right-hand 
figures show the results of the calculations that neglect 
the geometric imperfections (OD 1 WT) and that 
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is a value found from the relative rotation angle of the 
total length of the test pipe and indicates an average 
bending strain relative to the total pipe length.

As shown in the figures, the critical bending moment 
and average bending strain of test pipe B-1 were 
5.08 MN·m and 1.85%, respectively, while those of 
B-2 were 5.80 MN·m and 1.65%. The critical bending 
moment of B-1 was 22% smaller than that of B-2, and 
the average bending strain of B-1 was 20% larger than 
that of B-2. 

4.2 Finite Element Analyses  
of the Bending Tests

Test pipes B-1 and B-2 were modeled using four-
node shell elements by the same method applied in the 
FEA for the compression test pipes (C-1 and C-2). The 
divided elements for B-1 and B-2 were the same as 
those for C-1 and C-2. The sleeve pipe of the test appa-
ratus was modeled by four-node shell elements and the 
moment arm was modeled by beam elements. 

4.2.1 Finite element analysis of test pipe B-1

Figure 5 shows the results of FEA in which a 
single geometric imperfection was considered for test 
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as the shell wrinkle observed in the bending test shown 
in Photo 4.

4.4 Average Critical Compressive Strain

In Section 4.2 above, the strain capacity of an X80-
HSLP LP based on the bending test is expressed as the 
average critical bending strain. In this section, however, 
we express the strain capacity using the average critical 
strain, an average of the compressive strain. Figure 11 
shows the relationship among bending strain, compres-
sive strain, and tensile strain in a section of test pipe B-1 
very close to a shell wrinkle. 

The average critical compressive strain generated 
when the gauge length is defined as the total length (Lp) 
is expressed as εcrLp. The average critical compressive 
strains generated when the gauge length is the pipe out-
side diameter (1D) and twice (2D) are expressed as εcrD 
and εcr2D, respectively. 

The values of the average critical compressive strain 
(εcrLp, εcr2D, εcrD) obtained in the bending test for test 
pipe B-1 were 1.91%, 2.40%, and 2.67%, respectively. 
In the FEA, the most conservative high-accuracy results 
were obtained even when the (OD 1 WT 1 BL) imper-
fections were considered, and the values of the critical 
average compressive strains were 2.01%, 2.28%, and 
2.40%. As is apparent from this result, the average criti-
cal strain increases as the gauge length decreases.

The values of average critical compressive strain 

(εcrLp, εcr2D, εcrD) obtained in the bending test for test pipe 
B-2 were 1.85%, 2.15%, and 2.21%, respectively. The 
values of the average critical compressive strain obtained 
when the (OD 1 WT 1 BL) imperfections were consid-
ered were 1.84%, 2.12%, and 2.21%.  As with test pipe 
B-1, the average compressive critical strain increased as 
the gauge length decreased. Because the YS/TS of test 
pipe B-2 is larger than that of B-1, the average critical 
compressive strain of B-2 was smaller than that of B-1.

To sum up the calculation results of the FEA related 
to test pipes B-1 and B-2, we conclude that we can accu-
rately estimate the strain capacity of pipes to withstand 
bending by considering multiple geometric imperfec-
tions, including a WT imperfection. Three combinations 
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respectively.
(2)  The effect of geometric imperfections on the strain 

capacity of the test pipes to withstand bending and 
the post-buckling behavior of the test pipes was 
remarkable.

(3)  The maximum bending moments and average 
critical strains of pipes can be estimated with good 
accuracy by considering combinations of geometric 
imperfections, for example,  (OD 1 WT) imperfec-
tions, (BL 1 WT) imperfections, and (OD 1 WT 1 
BL) imperfections.
As described above, high-strain line pipes have 

excellent strain capacity to withstand compression and 
bending, and are effective in ensuring the integrity of 
pipelines in seismic areas and permafrost areas.
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