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Seismic response and predictive method for corroded buried pipelines under
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Abstract: Conventional finite element methods for large-scale numerical simulations are often constrained by
high computational demands and extended runtimes. To enhance efficiency, we developed a predictive model
based on a backpropagation (BP) neural network. A three-dimensional finite element model of a buried pipeline
with corrosion defects crossing a reverse fault was established using ABAQUS. We systematically analyzed the
effects of four key parameters—corrosion depth-to-thickness ratio, diameter-to-thickness ratio, internal pressure,
and burial depth—on the seismic response of the pipeline. In this parametric study, fault displacement and the four

key parameters served as inputs to the BP neural network, with the pipeline’s axial peak compressive strain as the
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output. The model was trained and validated using training, validation, and test datasets. Results indicate that
increasing the corrosion depth-to-thickness ratio, diameter-to-thickness ratio, internal pressure, or burial depth
reduces the fault displacement necessary for the lower section of the pipeline to reach its strain limit. Failure
modes differ between unpressurized and pressurized pipelines, exhibiting inward local buckling and outward
bulging, respectively, at stress concentration zones. The four parameters are highly correlated with the
compressive strain response, with correlations transitioning from linear to nonlinear as fault displacement
increases. The trained BP neural network achieves maximum prediction errors of 13.60% on the validation set and
12.84% on the test set, both below 15%, demonstrating robust accuracy and generalization in predicting the
seismic response of in-service buried pipelines across reverse faults.
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neural network
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Fig.1 Reverse fault-pipeline 3D numerical analysis model
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Table 1 Mechanical parameters of soil in Mohr-Coulomb constitutive model

tAA(soil B
mess)  (density)/(kg *m %)

L 455 5 (elastic
modulus)/MPa ratio) v

JAFA LE(Poisson’s

2K £ (dilation
angle) y /(°)

PN BE 2 £ (internal friction B
angle) ¢ /(°) (cohesion)/kPa

Ft 1960 20 0.3

335 26 3
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Fig.2 Acceleration time-history curves of the ground motion
with permanent displacement(Y 1) and the ground
motion without permanent displacement(N1)
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Fig.3 Displacement time history of the ground motions with
and without permanent displacement
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Table 2 Identification of the selected failure modes in this

paper
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Fig.13  Stress diagram under different internal pressures
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Table 5 Critical fault displacement corresponding to pipeline
failure under different internal pressures

115 5 W7 248 ) B (critical fault displacement)/m

R
(failure modes) P=0MPa P=2MPa P=4MPa P=6MPa
J e 0.61 0.32 0.24 0.16
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Table 6 Critical fault displacement corresponding to pipeline

failure at different burial depths

115 5 W7 248 ) B (critical fault displacement)/m

R
(failure modes) h=10m h=15m /h=20m h=25m
Jri# Je 1.13 0.53 0.34 0.32
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Fig.17 Correlation between corrosion depth-thickness ratio and peak compressive strain of pipeline under different fault displacements
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Table 7 Comparison of errors between predicted values and
expected values for peak axial compressive strain of
the pipeline in validation set

1 iy 7] U 78 (peak axial

TM4%%%  compressive strain of the pipeline) R
(case ID) JWEE (Y i AE (percentage error)/%
(expected value)  (predicted value)

2 0.0457 0.048 6 6.48
4 0.009 5 0.0108 13.38
6 0.013 3 0.0127 4.53
8 0.001 7 0.0019 11.31
10 0.004 0 0.004 2 6.84
12 0.1651 0.150 8 8.68
14 0.013 3 0.014 4 8.22
16 0.1896 0.177 8 6.20
18 0.003 8 0.003 9 3.42
20 0.003 1 0.003 4 11.40
22 0.005 7 0.005 3 6.68
24 0.004 7 0.004 1 11.73
26 0.1832 0.168 9 7.76
28 0.0122 0.0139 13.60
30 0.082 4 0.093 0 12.86
32 0.026 2 0.024 5 6.52
34 0.0116 0.0122 5.07
36 0.0126 0.0114 9.84
38 0.020 8 0.023 2 11.41
40 0.0797 0.089 0 11.68
42 0.196 5 02144 9.11
44 0.0197 0.0179 9.47
46 0.068 9 0.073 8 7.13
48 0.016 5 0.018 0 9.12
50 0.1290 0.117 8 8.68
52 0.0530 0.048 1 9.16
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Table 8 Comparison of errors between predicted values and
expected values for peak axial compressive strain of
the pipeline in test set

73U ) AEAF Y A8 (peak axial

T4 compressive strain of the pipeline) R
(case ID) WA F A (percentage error)/%
(expected value)  (predicted value)
54 0.059 5 0.0575 3.36
56 0.1325 0.149 5 12.83
58 0.197 3 02173 10.13
60 0.006 0 0.006 4 6.64
62 0.0314 0.029 4 6.36
64 0.1557 0.1357 12.84
66 0.003 8 0.004 3 11.66
68 0.042 9 0.0389 9.33
70 0.109 7 0.120 7 10.02
72 0.016 4 0.018 4 12.19
74 0.065 4 0.070 4 7.65
76 0.167 1 0.187 1 11.97
78 0.045 6 0.049 6 8.78
80 0.1132 0.103 2 8.83
82 0.1792 0.199 2 11.16
84 0.0122 0.0135 10.64
86 0.002 6 0.0029 11.54
88 0.030 8 0.033 8 9.74
90 0.016 0 0.0180 12.53
92 0.0225 0.024 5 8.90
94 0.1376 0.1256 8.71
96 0.022 8 0.020 8 8.71
98 0.059 3 0.065 3 10.13
100 0.149 6 0.1576 5.35
102 0.014 3 0.0133 7.01
104 0.0118 0.0128 8.45
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