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Abstract — In this study, Finite element analyses were conducted to investigate variations in the stress concentration factor
caused by uncertainty and irregularity in corrosion surfaces. Corrosion surfaces were generated using the mean corrosion depth,
standard deviation, and spatial correlation parameters, namely the sill and range. The irregularity of corrosion surfaces was
modeled by varying the probability distributions, mean corrosion depths, and standard deviations. The irregularity of corrosion
surface geometry was considered by generating multiple corrosion surfaces under identical conditions, and the corresponding
stress concentration factors were analyzed. The analysis results showed that the maximum stress did not necessarily occur at the
location of the maximum corrosion depth. For the same mean corrosion depth and standard deviation, the location of maximum
stress and the stress concentration factor varied depending on the probability distribution and surface geometry. It was found that
the stress concentration factor was predominantly governed by the maximum corrosion depth induced by surface irregularity.
Keywords — Corrosion, Stress concentration factor, Probability distribution, Semi-variogram, Finite element analysis (FEA)
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Fig. 1. Concept of kriging method
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Fig. 3. Relationship of sill, range and mean corrosion depth
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Table 1. Generation of corrosion surface parameters

MCD Sill Range
(mm | STP (mm’) (mm)
0.025
0.5 0.050 0.03(0.10| 0.3 | 12.0] 30.0 | 40.0
0.075
0.100
0.025
0.050
1.0 0.03{0.10 | 0.3 | 12.0 | 30.0 | 40.0
0.075
0.100
0.025
0.050
2.0 0.03{0.10 | 0.3 | 12.0 | 30.0 | 40.0
0.075
0.100
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Fig. 4. Configuration and dimension of generation surface
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Fig. 6. Corrosion surfaces generated based on probability
distributions
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Table 2. Maximum corrosion depth of the generated surface

Maximum corrosion depth

Standard deviation
MCD | Distributi
C istribution 0.025 0.050
Normal -0.571 -0.568 -0.634 -0.572 -0.574 -0.639 -0.672 -0.668 -0.668 -0.638
0.5 |Log-Normal| -0.560 -0.615 -0.572 -0.618 -0.649 -0.688 -0.730 -0.717 -0.741 -0.796
Gumbel -0.656 -0.616 -0.591 -0.615 -0.596 -0.688 -0.861 -0.783 -0.709 -0.810
Normal -1.070 -1.068 -1.098 -1.087 -1.065 -1.158 -1.147 -1.155 -1.165 -1.125
1.0 |Log-Normal| -1.068 -1.189 -1.123 -1.200 -1.197 -1.201 -1.228 -1.262 -1.339 -1.299
Gumbel -1.113 -1.110 -1.113 -1.122 -1.170 -1.192 -1.263 -1.233 -1.202 -1.266
Normal -2.078 -2.073 -2.077 -2.075 -2.086 -2.149 -2.133 -2.161 -2.133 -2.145
2.0 |Log-Normal| -2.079 -2.150 -2.128 -2.109 -2.232 -2.159 -2.274 -2.354 -2.643 -2.342
Gumbel -2.121 -2.123 -2.151 -2.089 -2.177 -2.197 -2.198 -2.171 -2.251 -2.191
Standard deviation
MCD | Distributi
1SHbUHon 0.075 0.100
Normal -0.708 -0.705 -0.727 -0.733 -0.718 -0.802 -0.761 -0.801 -0.852 -0.795
0.5 |Log-Normal | -0.740 -0.973 -0.897 -0.935 -1.089 -0.873 -1.198 -1.026 -1.374 -0.985
Gumbel -0.789 -0.796 -0.875 -0.728 -0.778 -0.892 -0.932 -0.980 -0.975 -0.977
Normal -1.268 -1.291 -1.231 -1.257 -1.195 -1.298 -1.348 -1.347 -1.327 -1.330
1.0 |Log-Normal| -1.277 -1.443 -1.390 -1.479 -1.350 -1.304 -1.616 -1.881 -1.577 -1.652
Gumbel -1.349 -1.398 -1.320 -1.316 -1.375 -1.342 -1.448 -1.483 -1.524 -1.466
Normal -2.244 -2.229 -2.207 -2.204 -2.215 -2.318 -2.308 -2.282 -2.301 -2.335
2.0 |Log-Normal| -2.215 -2.453 -2.443 -2.411 -2.415 -2.295 -2.664 -2.529 -2.455 -2.689
Gumbel -2.429 -2.296 -2.448 -2.356 -2.302 -2.596 -2.444 -2.665 -2.360 -2.631
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standard deviation
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