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ABSTRACT: Objective To establish a method for the calculation of the residual strength of the pipeline with low conserva-
tion and double corrosion defects. Methods The residual strength of the pipeline with double corrosion defects was analyzed by
nonlinear finite element analysis method. The reliability of the method was verified by experiments. The influence of the axial
distance on the failure pressure of double corrosion defects in the pipeline with the same corrosion depth and length and the dif-
ferent corrosion depth and length at the cross position with different ring spacing or axial distance were calculated. The concept

of the interaction coefficient of double corrosion defects was proposed for the first time, and it was applied to the calculation of
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the failure pressure of the double corrosion defects. Results The results showed that when the axial spacing exceeded a certain

value, the interaction of double corrosion defects disappeared. Double corrosion defects were likely to reach or close to the full

interaction only when the axial distance was very small or the two axial corrosion contacted. In the range of interaction, the in-

teraction of double corrosion defects changed with the axial distance. When the axial projection of double corrosion was com-

pletely coincident, the corrosion ring spacing had little effect on the two corrosion defects. When the axial projection of double

corrosion was not completely coincident, the effect of the ring spacing on the double corrosion defects was not negligible. When

there was a certain ring spacing between two corrosion defects, the interaction of two corrosion defects increased first with the

axial distance and then decreased. Conclusion The proposed concept of the interaction coefficient can solve the calculation of

the failure pressure of the pipeline with double corrosion defects.

KEY WORDS: double corrosion defects; residual strength; nonlinear finite element method; complete interaction; interaction

coefficient; calculation method
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Fig.1 Comparison between experimental data and simulation
data in complex corrosion pipeline
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Table 1 Performance parameters of X65 steel

WK

J ISR o/ MPa

Y g o /MPa

PR E/MPa

HEE /N2

FIESNEAE D/mm

I=A

X65 450 695 206 000 0.3 355.6 15.9
®2 WEMRRBEERS RS
Table 2 Analysis case of interaction of double corrosion defects
o ot e ) g RBIET | o ky ky At e ] B KAET)

kK M mpa T T 2 1 2 M /MPa
1 142 0.25 0.00 51.13 51 1.42 0.47 0.45 045 0.00 51.65
2 142 025 0.10 51.23 52 1.42 0.47 0.45 045 0.05 51.71
3 142 025 1.00 52.58 53 1.42 0.47 0.45 045 0.10 51.90
4 142 025 2.00 52.95 54 1.42 0.47 0.45 045 0.20 52.01
5 142 025 2.50 52.95 55 1.42 0.47 0.45 045 0.40 52.58
6 142 025 3.00 52.95 56 1.42 0.47 0.45 045 0.60 52.95
7 142 025 4.00 52.95 57 1.42 0.47 0.45 045 1.00 53.63
8 142 035 0.00 47.27 58 1.42 0.47 0.45 045 2.00 54.23
9 142 035 0.05 47.36 59 1.42 0.47 0.45 045 2.50 54.23
10 1.42 035 0.10 47.63 60 1.42 0.47 0.45 045 3.00 54.23
11 142 035 0.20 48.10 61 1.42 0.47 0.45 045 4.00 54.23
12 142 035 0.40 48.90 62 1.42 1.42 0.45 045 0.00 42.90
13 142 035 0.60 49.24 63 1.42 1.42 0.45 045 0.10 43.58
14 142 035 1.00 49.95 64 1.42 1.42 0.45 045 1.00 46.95
15 142 035 2.00 50.77 65 1.42 1.42 0.45 045 2.00 48.10
16 1.42 0.35 2.50 50.88 66 1.42 1.42 0.45 045 2.50 48.48
17 142 035 3.00 51.10 67 1.42 1.42 0.45 045 3.00 48.48
18 1.42 035 4.00 51.10 68 1.42 1.42 0.45 045 4.00 48.48
19 1.42 045 0.00 42.90 69 1.42 3.55 0.45 045 0.00 36.53
20 1.42 045 0.10 43.58 70 1.42 3.55 0.45 045 0.05 36.90
21 1.42 045 1.00 46.95 71 1.42 3.55 0.45 045 0.10 37.23
22 142 045 2.00 48.10 72 1.42 3.55 0.45 045 0.20 37.75
23 142 045 2.50 48.48 73 1.42 3.55 0.45 045 0.40 38.83
24 142 045 3.00 48.48 74 1.42 3.55 0.45 045 0.60 39.13
25 142 045 4.00 48.48 75 1.42 3.55 0.45 045 1.00 39.70
26 1.42 0.55 0.00 38.06 76 1.42 3.55 0.45 045 2.00 40.48
27 142 0.55 0.10 39.10 77 1.42 3.55 0.45 045 2.50 40.48
28 1.42 0.55 1.00 43.58 78 1.42 3.55 0.45 045 3.00 40.48
29 142 0.55 2.00 45.23 79 1.42 3.55 0.45 045 4.00 40.48
30 1.42 0.55 2.50 45.23 80 1.42 0.47 0.45 045 0.01 45.90
31 1.42 0.55 3.00 45.23 81 1.42 0.47 0.45 045 0.05 46.95
32 142 0.55 4.00 45.53 82 1.42 0.47 0.45 045 0.10 46.95
33 1.42 0.65 0.00 33.23 83 1.42 0.47 0.45 045 0.20 47.27
34 142 0.65 0.05 33.53 84 1.42 0.47 0.45 045 0.40 47.63
35 1.42 0.65 0.10 34.01 85 1.42 0.47 0.45 045 0.60 48.10
36 1.42 0.65 0.20 35.06 86 1.42 0.47 0.45 045 1.00 48.23
37 142 0.65 0.40 37.58 87 1.42 0.47 0.45 045 2.00 48.48
38 1.42 0.65 0.60 38.32 88 1.42 0.47 0.45 045 2.50 48.48
39 1.42 0.65 1.00 39.90 89 1.42 0.47 0.45 045 3.00 48.55
40 142 0.65 2.00 42.19 90 1.42 0.47 0.45 045 4.00 48.55
41 142 0.65 2.50 42.23 91 1.42 1.42 0.35 0.65 0.05 39.55
42 142 0.65 3.00 42.23 92 1.42 1.42 0.35  0.65 0.10 39.90
43 142 0.65 4.00 42.23 93 1.42 1.42 0.35 0.65 0.20 40.01
44 142 0.75 0.00 27.90 94 1.42 1.42 0.35 0.65 0.40 40.58
45 142 0.75 0.10 29.06 95 1.42 1.42 0.35 0.65 0.60 41.32
46 142 0.75 1.00 36.10 96 1.42 1.42 0.35 0.65 1.00 41.63
47 142 0.75 2.00 38.64 97 1.42 1.42 0.35  0.65 2.00 42.23
48 142 0.75 2.50 38.84 98 1.42 1.42 0.35 0.65 2.50 42.23
49 142 0.75 3.00 38.84 99 1.42 1.42 0.35 0.65 3.00 42.23
50 1.42 0.75 4.00 38.84 100 1.42 1.42 0.35  0.65 4.00 42.23
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Fig.2 Changes of failure pressure in the same-length double
corrosion pipeline with axial spacing
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Fig.3 Changes of failure pressure in the same-depth double
corrosion pipeline with axial spacing
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Fig.4 Changes of failure pressure in the different-length
double corrosion pipeline with axial spacing
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double corrosion pipeline with axial spacing
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Fig.6 Changes of failure pressure in double corrosion pipeline

of same hoop spacing but different axial spacing with axial
spacing
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Fig.7 Changes of failure pressure in double corrosion pipeline

of same axial spacing but different hoop spacing with axial
spacing
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