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Abstract - Fatigue strength of temporary steels and painted structural steels corroded under outdoor atmospheric environments is
not clear. In this study, fatigue tests were carried out on steel plates which were cut off from 7-year-old temporary structural
member under subway construction environment and from 75-year-old Yeongdo bridge member under marine atmospheric
environment. After removing corrosion production on the steel surface, 3-dimensional surface geometry of the corroded steel
was measured at intervals of 1.0x1.0mm, and corrosion characteristics such as minimum, maximum and mean values of residual
thicknesses were calculated. From the fatigue test and FEM analysis results, the relationship between corrosion characteristics
and fatigue behavior was presented, and change in fatigue strength of the unpainted and painted steels corroded in outdoor
environments was also presented.
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Fig. 1. Fabrication of test specimen from temporary steel member
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Fig. 2. Fabrication of test specimen from Yeongdo bridge
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(b) Yeongdo bridge steel

Fig. 3. Stress-stain curves
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Fig. 4. Measurement of surface geometry of test specimens
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Table 1. Measurement result of temporary specimen and fatigue test results
) Residual thickness (mm) SD of corrosion Stress ) .
Sp?\cli)men Standard B (Rank) depth range Fa(tgg/zleesl)lfe Comment
‘ max | min | mean dez\lzrilatail(r)n Front side|Back side| (MPa)
T1 11.53 | 9.74 | 10.77 0.258 [0.84 (C)| 0.184 0.190 115.4 10,000,000 No failure
T2 11.62 | 9.61 | 10.59 0.313 |0.83 (C)| 0.285 0.110 200.0 286,000
T3 1145 | 9.46 | 10.73 0.276 |0.83 (C)| 0.206 0.172 150.0 2,633,000 |Failure at clamped area
T4 11.4 | 9.35 | 1048 0.357 |0.82 (C)| 0.157 0.306 150.0 4,282,000 |Failure at clamped area
T5 11.94 | 9.78 | 10.83 0.330 |0.82 (C)| 0.258 0.195 200.0 566,000
T6 11.69 | 9.40 | 11.16 0.302 |0.80 (C)| 0.153 0.270 200.0 735,000
T7 11.16 | 8.89 | 10.31 0.255 |0.80 (C)| 1.082 1.148 150.0 1,973,000
T8 1145 ] 9.11 | 10.49 0.355 |0.80 (C)| 0.313 0.153 200.0 242,000
T9 11.65 | 9.54 | 10.66 0369 |0.82 (C)| 0.247 0.261 100.0 1,000,000 No failure
Table 2. Measurement result of Yeongdo bridge specimen and fatigue test results
. Residual thickness (mm) SD of corrosion Stress . .
Spe;cll(:nen Standard p (Rank) depth range Fag;f/zfesl)lfe Comment
max | min | mean dee\lflilatzii(r)n Front side|Back side| (MPa)
Y1 12.70 | 11.48 | 12.33 0.183 0.90 (C)| 0.180 0.130 200 3,000,000 No failure
Y2 12.16 | 10.12 | 11.31 0.393 0.83 (C)| 0.680 0.450 250 195,000
Y3 12.36 | 997 | 11.38 0359 10.81 (C)| 0.730 0.520 250 297,000
Y4 12.25 | 9.15 | 11.31 0426 10.75 (C)| 0.660 0.560 200 3,000,000 No failure
Y5 12.50 | 9.28 | 11.27 0.748 10.74 (B)| 0.510 0.480 200 3,000,000 No failure
Y6 12.50 | 8.67 | 11.49 0442 10.69 (B)| 0.349 0.243 200 3,000,000 No failure
Y7 12.67 | 8.70 | 11.71 0.639 10.69 (B)| 0.510 0.320 200 402,000
150 3,000,000 No failure
Y8 1247 | 7.94 | 11.47 0.742 |0.64 (B)| 0.710 0.930
200 600,000 Restarted
Y9 12.64 | 6.89 | 11.27 1.234 |0.55 (B)| 1.045 0.266 150 3,000,000 No failure
Y10 | 13.13 | 472 | 12.12 1411 0.36 (A)| 1.330 0.240 200 303,000
Table 3. Fatigue test results of uncorroded SS400 steel
Specimen Re.sidual thickness (mm) — 1 (Rank) Stress range| Fatigue life Comment
No. max min | mean |Standard deviation (MPa) (cycles)
N1 985 | 9.79 | 9.81 0.018 0.99 (O) 200 3,000,000 No failure
N2 985 | 9.77 | 9.80 0.025 0.99 (O) 250 3,000,000 No failure
N3 9.81 9.78 | 9.79 0.001 0.99 (O) 275 3,000,000 No failure
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(c) T2 specimen (d) TS specimen

Fig. 6. Crack initiation and propagation of T specimens

(b) Y2 specimen

(c) Y10 specimen (d) Y7 specimen-edge crack

Fig. 7. Crack initiation and propagation of Y specimens
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