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STUDY ON SIMPLIFIED CHARACTERIZATION FORM OF LOCAL
WIDE AND SHALLOW CORROSION PITS
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Abstract In order to evaluate the reasonable simplified form of local wide and shallow corrosion pits on 24 steel specimens,
two commonly used simplified characterization methods of semi-ellipsoid and spherical cap shape were selected respectively.
Firstly, the calculation formulas for the volume of corrosion pits and the curvature radius of the profile of the cross section were
derived. Then, the test errors of electrochemical accelerated corrosion were analyzed, and the uniaxial tension finite element
analysis results of four typical steel specimens with corrosion pits were compared with their actual fatigue fracture situations. The
results show that under a certain power on time, compared with the predetermined rust volume calculated by Faraday's law, the
maximum deviation of the semi-ellipsoidal corrosion pits’ volume obtained from the measured sizes of corrosion pits reaches
53.2% ,with an average deviation of 20. 26% ,while the maximum deviation of the spherical cap shaped corrosion pits’ volume is
only 32.3% ,with an average deviation of 12. 8%. The maximum stress points of the semi-ellipsoidal corrosion pits are located at
the edge of the top,while the maximum stress points of the spherical cap shaped corrosion pits are mostly located at the bottom.
Only when the ratio of depth to radius is larger, it is located on the trisection point of the connecting line between the bottom and
the top,near the pit mouth. The danger areas indicated by the spherical cap shaped corrosion pits are in better agreement with the
initiation positions of the main cracks in the fatigue fracture process of the specimens. Under two simplified forms,the differences
between the pits corrosion volume and the curvature radius of the cross section profile on the specimens increase with the decrease
of the ratio of depth to radius,and the relative deviation of the latter can be more than 90% , which is the main reason for the larger
differences in the stress distribution.
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Fig. 1 Schematic diagram of the spherical cap shaped corrosion pit
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Fig.2  Overall dimension of specimens
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Fig. 4 Corrosion test device
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Tab.1 Comparison between measured pits’ volumes and the scheduled corrosion loss

e e 8 L ] w/ h/ Av/ Vi / Vs / et/ e/
Specimen number Power on time /h mm mm mm® mm°> mm?> % %
S1IA 5.9 2.350 0. 60 7.851 6. 940 5.318 -11.6 -32.3
S11B 5.9 2.415 0. 80 7.851 9.772 7.597 24.5 -3.2
SI2A 8.9 2. 600 1.10 11. 843 15.574 12.377 31.5 4.5
S12B 8.9 2.590 1. 06 11. 843 14.892 11.793 25.8 -0.4
SI13A 14.8 2.715 1. 60 19. 694 24.701 20. 671 25.4 5.0
S13B 14.8 2. 640 1.53 19. 694 22.334 18. 625 13.4 -5.4
SI14A 19.7 2.825 1.89 26.214 31.591 27.228 20.5 3.9
S14B 19.7 2. 685 2.10 26.214 31.708 28.630 21.0 9.2
S21A 8.5 2. 890 0.63 11.311 11. 020 8.396 -2.6 -25.8
S21B 8.5 2.795 0.74 11.311 12. 107 9.293 7.0 -17.8
S22A 12.8 3.140 0. 84 17. 032 17. 346 13.320 1.8 -21.8
S22B 12.8 3.200 1.05 17.032 22.519 17. 495 32.2 2.7
S23A 21.2 3.565 1.38 28.210 36. 733 28.926 30.2 2.5
S23B 21.2 3.505 1.52 28.210 39.109 31.171 38.6 10.5
S24A 28.3 3.255 2.08 37.657 46. 156 39.328 22.6 4.4
S24B 28.3 3.325 2.02 37.657 46.773 39.395 24.2 4.6
S31A 15.1 3.735 0. 64 20. 093 18. 699 14. 162 -6.9 -29.5
S31B 15.1 3.755 0.78 20. 093 23.034 17.524 14.6 -12.8
S32A 22.7 3.760 1.15 30. 206 34.051 26. 335 12.7 -12.8
S32B 22.7 3.830 1. 09 30. 206 33.487 25.794 10.9 -14.6
S33A 37.8 4.300 1.99 50.299 77.063 61.924 53.2 23.1
S33B 37.8 4.260 2.01 50.299 76.397 61.549 51.9 22.4
S34A 50. 4 4.250 1. 81 67. 065 68.472 54.459 2.1 -18.8
S34B 50. 4 4. 160 1.87 67. 065 67.778 54.257 1.1 -19.1
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Fig. 9  Stress distribution of cross section contour line of corrosion pits of typical specimens
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