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Experimental study on monotonic tensile behavior of

corroded steel in neutral salt spray environment
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(1. School of Civil Engineering , Xi'an Univ. of Arch. & Tech, Xi'an 710055, China;

2. Fifth Construction Engineering Company of Guangxi Construction Engineering Group, Liuzhou 545001, China)

Abstract: Through the monotonic tensile tests of steel, the failure pattern and the stress-strain curve of steel in
different corrosion degrees were compared. It is found that the surface characteristics of the corroded steel plate
have certain influence on the mechanical properties of the steel plate. For example, the larger the corrosion ratio,
the shorter significantly the yield platform length got, and even the yield platform of some individual specimens
gradually disappeared. The research shows that the corrosion ratio of steel, the local corrosion depth and the
relative size of the corrosion pits are the main factors that influence the monotonic tensile properties of corroded
steel. According to the variation of mechanical properties of corroded steel with different parameters, the
constitutive model of multi parameters of corroded steel in neutral salt spray environment was established, which
revealed the degradation rule of corroded steel in material performance and provided application reference for

reinforcement design of aging steel structure.

Key words: corrosion steel; surface topography; yield platform; degradation rule
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Fig. 1 Arrangement of corrosion specimens
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Fig. 2 The specimens after rust cleaning
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Tab. 1 A01-A81 corrosion rate and average 3D roughness parameters

ne fisf ] e YRS 2RO
t/d 7l v S.pm  S,pm  S,/yum  S./pm  S,/pm  Si/pm Si/pm
A0l 0 0 5. 381 6.521 35. 294 43.151 78. 445 0.958 6 1. 823
All 30 1.553 31.963 38.824  114.352  137.79  252.140 —0.1910 2. 565
A21 70 5.078 80. 138 94.110  189.155 263.305 452.460 —0.1951 2. 110
A31 110 7.486 88.081  101.763 203.595 283.280 486.880 —0.207 1 2. 060
A4l 150 7. 894 91.709  111.374 229.045 305.305 534.350 —0.243 6 2. 825
A51 250 9. 401 97.958  119.780 305.445 367.835 673.280 —0.3132 2.726
A61 310 10. 467 90.364  111.805 260.955 394.220 655.175 —0.6530 3. 060
A71 370 14. 803 109. 066  133.050 371.420 353.345 724.770 —0.0510 2.611
A81 440 18. 82 124.655 157.975 460.905 518.145 979.050 —0.0810 2. 945
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Fig. 4 Width of maximum corrosion pits on the surface
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Tab. 2 Depth-to-width ratio of maximum corrosion pit

I 5 dy/pm d[pm Ad/pm w/pm A(d|w)

1 291. 87 174. 22 117.65 4 095.6 0.028 73

All 99.5 4 871.7 0.017 43
2 192. 68 111.25 81.43 5647.8 0.014 42
1 413. 46 89. 06 324. 40 7 243.6 0.044 78

A21 347.0 8 173.3 0.042 69
2 481. 62 112.08 369. 54 9 102.9 0. 040 60
1 490. 353 165. 54 324. 81 6 149. 6 0.052 819

A3l 361. 8 5307.1 0.071 07
2 482. 01 83. 21 398. 80 4 464. 57 0.089 325
1 537.529 118. 74 418.79 10 774.6 0. 038 868

A4l 420. 6 7 567.8 0. 067 86
2 530. 365 108. 02 422. 35 4 360.9 0.096 848
1 640. 501 188. 30 452. 20 14 958. 3 0.030 231

A51 412.1 11 461.5 0.038 47
2 665.015 292.98 372.04 7 964.6 0.046 711
1 710. 352 256. 00 454. 35 7 025.5 0.064 672

A61 434. 3 8 369.9 0.053 66
2 582.716 168. 50 414. 22 9 714. 33 0.042 64
1 668. 328 176. 09 492. 24 9 084. 29 0. 054 186

A71 494. 6 8 450.0 0. 058 89
2 777.878 280. 95 496. 93 7 815.8 0.063 58
1 795. 007 257. 82 537.19 9 863. 1 0. 054 464

A81 564. 3 8 997.9 0.063 59
2 1 151.314 560. 00 591. 31 8 132.7 0.072 708
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Fig. 5 Tensile failure modes of A02— A82 and A03— A83 specimens
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Tab. 3 Main mechanical properties of test specimens

G 01% 7%  EJ/Nemm®  f/Nemm®  f/Nemm® /%  fo/Nemm® eof%  e%
A02 0 0 221 530.02 268. 16 416. 65 18. 346 313. 71 37.994 0. 950
Al2 1.737 1.737 218 946. 10 270. 84 415. 49 17.728 313. 77 36. 277 0. 879
A22 5.154 5. 060 199 491. 27 267. 24 413. 26 17.716 326.01 36.420 0. 860
A32 7.004 5.220 195 047.01 261.53 408. 39 17.782 323. 46 34. 820 0.717
A42 7.986 5.704 203 064.13 269. 93 396. 57 18. 054 317. 89 34. 080 1. 404
A52 9. 185 6.136 206 472. 22 274.77 419.52 17. 202 335. 54 35.070 0.792
A62 10. 964 6. 305 200 806. 06 269. 34 407. 45 — 317. 80 — 1. 104
AT72 15.623 7.901 189 647. 10 271.00 410. 59 17.700 323.79 33.594 0. 894
A82 19. 457 9.021 209 561.93 240.11 374. 37 16. 386 319.10 28.722 0. 656
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Tab. 4 Mechanical properties and maximum corrosion pit influence coefficient

i h/mm (Ad[w) ax Cinax E,/N + mm®* fyI/N « mm* fo/N + mm? e |2 A%
A0 7.260 0. 000 00 0. 000 O 216 324. 273.10 420. 78 38.029 0.932
Al 7.205 0.028 73 0.469 1 209 968. 271.78 418. 56 36. 890 0.994
A2 7.195 0.044 78 2.085 0 208 917. 271.59 416.09 35. 440 0. 900
A3 7.135 0. 089 33 4.992 7 190 153. 260. 73 405. 17 37.270 0.739
A4 7.135 0. 096 85 5.732 8 197 013. 262.27 395. 16 34.130 0. 840
A5 7. 060 0.046 71 2.461 5 204 822. 268. 67 412. 54 34. 825 0.782
A6 7.020 0.064 67 4.185 7 192 963. 267.22 407. 41 31. 434 0.968
A7 6. 825 0.063 58 4.629 3 183 919. 267.17 408. 46 33.167 0. 859
A8 6. 540 0.072 71 6.573 9 194 824. 255. 89 397. 81 28.722 0.561
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Fig. 7 Mechanical properties and maximum corrosion pit influence coefficient
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Tab. 5 Parameters of monotonic tension model

I = €, K, K, K, K,
A0 0.126 4 8.390 3 144.717 0 301. 448 1. 541
Al 0.129 7 8.635 8 136. 212 5 284. 827 1. 540 1
A2 0.130 2 7.929 0 134. 152 272.276 1.532 3
A3 0.137 2 6.389 2 134. 167 271. 389 1.554 0
A4 0.133 1 9.431 2 137.572 256. 370 1.507 9
A5 0.131 2 6.951 4 132. 834 265. 555 1.5357
A6 0.138 7 8.495 2 115. 694 219. 502 1.524 8
A7 0.145 4 8.052 2 121. 444 228. 313 1.529 0
A8 0.132 8 8.019 2 143.016 250. 684 1.554 9
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Fig. 8 Relationship between model parameters and corrosion parameters
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Tab. 6 Constitutive model parameters

I = A0 Al A2 A3 A4 A5 A6 A7 A8
Es/(Nemm %) 216 325 211 108 200 735 199 971 198 282 196 784 196 601 190 675 189 270
fo/(Nemm ?) 273.10 273.01 271. 38 263. 55 260. 58 270. 72 266. 35 264. 87 256.72
ful (N emm %) 420.78 420. 06 415. 47 403. 74 400. 28 414. 15 407. 31 405. 37 396. 17

e/ % 0.126 2 0.1293 0.1352 0.1318 0.1314 0.1376 0.1355 0.1389 0.135 6

K, 8.390 3 8.270 1 7.969 2 7.8917 7.740 3 7.174 8 7.524 1 6.556 0 5.529 4
K, 144.72 142. 38 137.67 134. 90 133. 45 131. 71 129. 39 122. 46 118. 05
K; 301. 45 293.48 277.42 268. 00 263.05 257.12 249.19 225.59 210. 55

K., 1.059 2 1. 069 5 1.077 4 1.040 1 1.017 2 0.987 0 1.019 3 0.9107 0.750 0

K., 18. 270 18. 413 18. 612 17. 780 17.538 18.120 17.529 17.012 16. 012

K, 38.056 37.953 37.505 35.321 34.570 35.372 33.759 31.337 28.559

M 8. 580 8 8.478 7 8.2177 8.374 3 8. 456 0 8.372 0 8.538 5 8.726 4 9.136 8
N 296. 20 300. 79 307. 45 280. 22 272.95 293. 54 272.57 259. 24 232.94
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Fig. 9 Comparison of the experimental curve and the constitutive model
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