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ABSTRACT: This paper presents a methodology for determining the probability of system failure of corrosion affected steel
pipelines with multiple failure modes, considering the correlation of the load effect process at different time points and the
correlation between different failure modes. The failure modes included fracture, strength failure, deflection and buckling and
they were all random process and correlations. The first passage probability theory was employed to quantify the probability of
pipe failure. The Monte Carlo simulation calculated the mean function y;(¢) and the standard deviation o;(f) loading effect at
each time point, and the correlation matrix contained the correlation coefficients between the different failure modes as a
function of time, and calculated the failure probability of each failure mode, and then determined the failure probability of the
system by considering the correlation between different failure modes. A case study was presented to illustrate the proposed
methodology, followed by a sensitivity analysis to investigate the effects of key random variable son the probability of pipe
failure. In many influencing factors, the multiplier constant k, the exponential constant n and the d thickness of the corrosion
model had the greatest influence on the failure probability. With the increase of pipeline service life, n and d tend to increase.
The upper limit of n value could reach more than 0.8 under different failure modes, and d could increase to more than —0.2; at
the same time, & decreased year by year, and its lowest value could be reduced to about 0.2. The reliability algorithm considering
time-varying factors is an effective tool for the failure evaluation of buried steel pipes under the influence of corrosion. The
failure prediction of buried steel pipes under the action of corrosion and the determination of the autocorrelation coefficient of
the load process at the relevant position of the pipeline in the time dimension and the correlation between different failure modes

can improve the accuracy of pipeline failure probability prediction.

KEY WORDS: corrosion; failure mode; reliability; correlation analysis
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d The thickness of the tube/mm  8.73 0.05
P Internal pressure/MPa 6.0 0.1
k Multiplying constant 0.3 0.3
n The index of constant 0.6 0.2
E Young's modulus of steel/GPa 207 0.02
E’ Soil reaction modulus/MPa 1 0.05
[ Wheel load/kPa 20 0.25
h Backfill height 1.2 0.01
Ny, The level above the pipe/m 1.0 0.01
L. Effective length of pipeline/m 1.0 0.1
kn Bending coefficient 0.24 0.15
Cy Elzet:fglcient of soil load calc- 132 020
By I\)’\I/Il)(i‘;l:n of trench at top of 076 010
Ky Flexibility factor 0.11 0.15
A Influence coefficient 1.25 0.20
C, Surface load factor 0.12 0.15
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