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Effect of corrosion behavior on mechanical properties of steel
under local failure mode of anti-corrosion coating

NIU Kai', ZHANG Liang’, XU Weihao', ZHOU Yan?, YANG Yang?,
WANG Junyan?, WANG Pengkai’
(1. State Grid Henan Electric Power Company Economic and Technological Research Institute, Zhengzhou 450052,
P. R. China; 2.School of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: This paper focuses on the corrosion behavior of Q355B steel and its impact on mechanical properties
under the local failure modes of anti-corrosion coating. Standard specimens in three typical local failure modes of
anti-corrosion coating, namely pitting corrosion, banded corrosion, and surface corrosion, were designed.
Based on electrochemical tests, the rusting rate of the steel under the local failure modes of anti-corrosion
coating was measured, and the rusting morphology and distribution characteristics of the steel were analyzed.
The starting points, propagation paths, and morphological changes of local rusting were analyzed based on the
test results, and the corrosion paths and mechanisms under the local failure modes of anti-corrosion coating were

revealed through the corrosion surface morphology. The elastic modulus, yield point, yield strength, tensile
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strength, ultimate strain, and elongation after fracture of the steel under the local failure modes of anti-corrosion

coating were analyzed through the steel tensile tests. The results indicate that, the reduction coefficients of the

elastic modulus, yield strength, and tensile strength of the steel under the local failure modes of anti-corrosion

coating have a linear negative correlation with the average corrosion rate; the reduction coefficients of the

ultimate strain and elongation after {racture have a nonlinear correlation with the average corrosion rate.

Keywords: corrosion of steel; local corrosion; failure of anti-corrosion coating; mechanical property
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Fig.1 Geometric dimension of the specimen (unit: mm)
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Fig.2 Specimens with local failure of anti-corrosion coating
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Table 1 Chemical composition of Q355B steel

C Si Mn P S Ti

Cr Ni Cu Al N Ce

0.16 0.10 0. 50 0.015 0. 004 0.05

0.03 0.01 0.02 0.024 0.0027 0.25
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Table 2 Test condition of electric accelerated corrosion

T4 e e 2 1 b R B o il F A ) /h W4
TH1 I L D=4.0mm, 0 T0-R-1,T0-R-2,T0-R-3
T2 I L D=4.0mm, 96 T1-R-1.T1-R-2,T1-R-3
T3 I L D=4.0mm, 192 T2-R-1,T2-R-2,T2-R-3
T 4 [ZEN D=4.0mm, 384 T3-R-1,T3-R-2,T3-R-3
T.H5 Vi3 10.0 mmx 2.5 mm, 24 0 TO-B-1.T0-B-2,T0-B-3
T 6 ity 10.0 mmx 2.5 mm, 24 96 T1-B-1,T1-B-2.T1-B-3
T 7 iy 10.0 mm X 2.5 mm, 24 192 T2-B-1,T2-B-2,T2-B-3
TH8 FIE 10.0 mm X 2. 5 mm, 24~ 384 T3-B-1.T3-B-2.T3-B-3
TH9 TR 0 T0-S-1.T0-S-2,T0-S-3
T 10 Tk 96 T1-S-1,T1-8-2,T1-S-3
T 11 TR 192 T2-S-1,T2-S-2,T2-S-3
T 12 Tk 384 T3-S-1.T3-S-2,T3-S-3
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Fig.3 Test device of electric accelerated corrosion
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Fig.4 Morphologies of corroded specimen
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Fig.5 Morphologies of blistering, cracking and peeling of

anti-corrosion coating
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Fig. 6 Accumulation and spalling of corrosion product
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Table 3 Mass corrosion rate of corroded specimen

RN Ay/mm? N A ./mm?
T1-R-1 157.61 0.041 151.10
T1-R-2 155. 96 0.039 149.91
T1-R-3 155.90 0.041 149. 44
T2-R-1 155. 22 0. 090 141. 31
T2-R-2 159. 95 0. 088 145.95
T2-R-3 156.76 0.090 142. 60
T3-R-1 155.23 0.182 126.93
T3-R-2 154. 60 0. 180 126.71
T3-R-3 156. 83 0.186 127.73
T1-B-1 150. 39 0.048 143.10
T1-B-2 149. 07 0. 047 142. 06
T1-B-3 146. 47 0.048 139.45
T2-B-1 159. 90 0.105 143.08
T2-B-2 155. 54 0.099 140. 19
T2-B-3 152. 29 0.099 137.18
T3-B-1 153. 27 0.178 126.01
T3-B-2 156.93 0. 180 128. 64
T3-B-3 156. 47 0.179 128. 53
T1-S-1 156. 34 0. 057 147. 37
T1-S-2 154.09 0. 057 145.31
T1-S-3 154.92 0. 057 146. 04
T2-S-1 151. 47 0. 109 135.01
T2-S-2 152. 24 0.109 135.69
T2-S-3 150. 77 0.110 134.21
T3-S-1 152.97 0.177 125.95
T3-S-2 153. 00 0.178 125.82
T3-S-3 155.03 0.179 127.28
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Fig. 8 Failure modes of tensile specimen
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Fig. 9 Stress-strain curves
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Table 4 Mechanical properties of specimens
- eaT— e FR AR 3 7/ e B2 58 1/ Jit IR e/ BB /GPa e BR iz YERCES T I
kN MPa a A2/ % /%
TO-R-1 0 84.382 545. 42 366. 90 198. 10 10. 74 20.53 0.67
TO-R-2 0 83.395 541.88 366. 89 192.47 10. 80 20. 88 0.68
TO-R-3 0 83.839 544.93 363.70 190. 86 10. 89 23.16 0.67
T1-R-1 0.041 60.272 398. 87 270. 20 156. 18 4.54 7.65 0.68
T1-R-2 0.039 59. 185 394. 80 260. 46 192.93 5.15 9.66 0. 66
T1-R-3 0.041 58. 989 394.73 266. 29 167.48 4.51 8.41 0.67
T2-R-1 0.090 43.135 305. 25 199.63 155. 96 3.53 6.51 0.65
T2-R-2 0.088 45. 308 310. 44 209. 04 146. 19 3.82 6.29 0.67
T2-R-3 0.090 50.162 351.78 228.12 130. 36 4.24 7.29 0.65
T3-R-1 0.182 18.934 149.18 105. 36 74.20 2.72 4.16 0.71
T3-R-2 0.180 17.702 139.70 101. 03 69. 68 2.64 2.88 0.72
T3-R-3 0.186 22.097 173.00 114.89 48.47 3.29 4.24 0.66
TO-B-1 0 85.602 552. 14 372.53 205.15 10. 34 20.13 0.67
TO-B-2 0 83. 656 546. 38 368. 56 204.63 10.49 22.33 0.67
TO-B-3 0 83. 380 543.18 366. 12 197.73 10. 59 21.33 0.67
T1-B-1 0.048 56. 058 391.72 253.02 163. 24 4.85 9.00 0.65
T1-B-2 0.047 58. 082 408. 87 274.90 160. 76 4.88 8.45 0.67
T1-B-3 0.048 55.955 401. 25 259.75 164. 40 4.81 9.28 0.65
T2-B-1 0.105 40.610 283. 83 189.97 136. 67 3.52 5. 38 0.67
T2-B-2 0.099 39.929 284. 83 182.32 94. 47 3. 60 5.26 0. 64
T2-B-3 0.099 37.632 274. 32 186. 96 122. 20 3.40 5.33 0.68
T3-B-1 0.178 25.156 199. 64 132.13 63. 83 3.58 4.13 0.66
T3-B-2 0.180 21.956 170. 68 114.87 66.02 3.07 4.73 0.67
T3-B-3 0.179 28.375 220. 77 146.13 77.73 3.62 5.02 0.66
TO-S-1 0 82.581 549. 30 377.82 196. 69 9.49 21.08 0.69
TO-S-2 0 83.661 547. 66 368. 20 205. 25 10. 48 22.69 0.67
TO-S-3 0 83.733 544.92 363. 64 190. 17 10. 34 21.83 0.67
T1-S-1 0.057 80. 364 545.32 364. 74 191. 66 10. 10 20.63 0.67
T1-S-2 0.057 80. 394 553. 26 370. 50 194.92 10. 09 20. 31 0.67
T1-S-3 0.057 77.065 527.68 357.61 189. 59 10. 30 21.80 0.68
T2-S-1 0.109 65.076 482.00 331.59 202.62 10. 18 18.99 0.69
T2-S-2 0.109 63.590 468.63 328. 84 182.16 9.96 19. 33 0.70
T2-S-3 0.110 63.671 474.42 315.50 201. 66 10. 21 20. 06 0.67
T3-S-1 0.177 58. 449 464.05 323.56 203. 57 10. 03 17.23 0.70
T3-S-2 0.178 57.402 456. 23 313.77 180. 50 10. 14 16. 29 0.69
T3-S-3 0.179 55. 857 438. 86 307.12 202. 26 9.87 15. 95 0.70
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Fig. 10 Degradation model of ultimate bearing capacity
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Fig. 11 Degradation model of ultimate strength
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Fig. 13 Degradation model of elastic modulus
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Fig. 14 Degradation model of ultimate strain
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Fig. 15 Degradation model of elongation after fracture
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