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Mechanical properties of corroded cold-formed thin-walled steel after
high temperature under different cooling methods

LU Jing, ZHENG Jianlong, WANG Luyao, HAN Wenchao, YIN Hao

(School of Civil Engineering, Chang’an University, Xi’an 710061, China)

Abstract; In order to study the variation of mechanical properties of cold-formed thin-walled steel materials under
the coupling effect of high temperature and corrosion, a series of experiments involving neutral salt spray corrosion,
high-temperature calcination, cooling and tensile tests were conducted. The mechanical properties of 180 S280GD + 7
cold-rolled steel sheets with thickness of 1.5 mm, which underwent accelerated corrosion for 0-60 d and high
temperature calcination from 20 to 800 “C, were studied under cooling in air and cooling in water. The results
indicate that under the coupling effect of corrosion and high temperature, the surface characteristics and failure
modes of the steel are greatly affected by the cooling methods. When the corrosion rate is less than 6% , the
corrosion has little impact on the mechanical properties of S280GD + Z steel. When the fire temperature is below
600 °C, the fire temperature and cooling methods have insignificant effects on the yield strength and ultimate
strength of S280GD + Z steel. However, under the coupling effect of corrosion and high temperature, when the fire
temperature exceeds 600 °C , the strength degradation of steel becomes the dominant factor affecting the strength of
steel. The cooling method has a significant impact on the elongation of the steel. Under natural cooling conditions,
the elongation increases and then decreases with the increase in fire temperature. Under immersion cooling
conditions, the elongation shows an overall decreasing trend with the increase in fire temperature. A mathematical
model was established to quantify relationship between the mechanical parameters of S280GD + Z steel and the
corrosion rate and temperature under the coupling effect of corrosion and high temperature. Based on a simplified
secondary plastic flow model, a constitutive model for S280GD + Z steel under the coupling effect of corrosion and
high temperature was established.
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Fig.3 Surface characteristics and failure modes of test specimens with different corrosion ages
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Fig.4 Relationship curve between corrosion rate and corrosion age
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Fig.5 Stress-strain curves of steel with different corrosion ages after cooling from high temperature
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Tab.2 Mechanical parameters and reduction factors of corroded S280GD +Z steel after high-temperature with different cooling methods

fy.1.0/MPa Soa/ty Sur.a/MPa Sordtu E, ;/GPa E, /JE A, /% A, /A
t/°C d/d o . - ’ ’ .
N W N w N \4 N \4 N \4 N \4 N W N W
20 295 295 1.00 1.00 353 353 1.00 1.00 205 205 1.00 1.00 22.16 23.4 1.00 1.00
300 314 304 1.07 1.03 354 355 1.00 1.01 211 206 1.03 1.00 21.60 24.25 0.97 1.04
600 O 282 294 0.96 1.00 332 350 0.94 0.99 203 207 0.99 1.01 23.98 15.64 1.08 0.67
700 278 374 0.9 1.27 325 421 0.92 1.19 198 202 0.97 0.99 21.01 9.041 0.95 0.39
800 237 375 0.80 1.27 293 442 0.83 1.25 195 198 0.95 0.97 22.35 9.354 1.01 0.40
20 293 293 0.9 0.9 351 351 0.9 0.9 209 209 1.02 1.02  21.84 23.06 0.9 0.9
300 285 300 0.97 1.02 326 342 0.92 0.97 208 204 1.01 1.00 21.32 23.05 0.9 0.9
600 3 278 287 0.94 0.97 317 332 0.90 0.94 201 203 0.98 0.99 23.68 15.86  1.07 0.68
700 255 354 0.86 1.20 306 437 0.87 1.24 196 200 0.96 0.98  20.45 10.87 0.92 0.46
800 227 369 0.77 1.25 284 425 0.80 1.21 193 197 0.94 0.96 21.25 11.05 0.96 0.47
20 289 289 0.98 0.98 348 348 0.9 0.9 207 207 1.01 1.01 21.33 22.51 0.96 0.96
300 278 300 0.9 1.02 318 340 0.90 0.96 209 203 1.02 0.9 20.36 21.54 0.92 0.92
600 10 261 278 0.88 0.9 311 332 0.88 0.94 198 201 0.97 0.98 22.76 14.84 1.03 0.63
700 254 349 0.86 1.18 309 415 0.88 1.18 195 199 0.95 0.97 19.66 9.63 0.89 0.41
800 223 366 0.76 1.24 276 437 0.78 1.24 194 198 0.95 0.97  20.69 9.34 0.93 0.40
20 282 282 0.96 0.96 339 339 0.96 0.96 203 203 0.9 0.9 20.79 21.95 0.94 0.%
300 274 286 0.93 0.97 317 329 0.90 0.93 206 201 1.00 0.98 18.99 20.79 0.86 0.8
600 30 259 269 0.88 0.91 312 330 0.89 0.93 202 200 0.9 0.98 21.47 13.87 0.97 0.59
700 255 354 0.87 1.20 295 395 0.84 1.12 196 196 0.96 0.96 18.79 8.07 0.85 0.35
800 222 373 0.75 1.26 271 438 0.77 1.24 195 196 0.95 0.96 19.13 8.11 0.86 0.35
20 280 280 0.95 0.95 338 338 0.96 0.96 198 198 0.97 0.97 20.12 21.23 0.91 0.91
300 275 294 0.93 1.00 314 335 0.89 0.95 201 202 0.98 0.99 19.17 19.02 0.8 0.8l
600 45 250 264 0.85 0.90 302 309 0.86 0.88 198 198 0.97 0.97 20.73 12.53  0.94 0.54
700 253 333 0.86 1.13 288 388 0.81 1.10 195 194 0.95 0.95 19.40 7.23 0.8 0.31
800 222 387 0.75 1.31 265 455 0.75 1.29 193 195 0.94 0.95 17.56 7.45 0.79 0.32
20 279 279 0.95 0.95 338 338 0.96 0.96 195 195 0.95 0.95 16.85 17279 0.76  0.76
300 276 291 0.93 0.99 311 318 0.83 0.90 198 199 0.97 0.97 16.02 16.26  0.72 0.70
600 60 256 260 0.87 0.88 299 326 0.85 0.92 196 196 0.96 0.96 18.43 11.79 0.83 0.50
700 244 334 0.83 1.13 285 375 0.81 1.06 196 195 0.96 0.95 16.69 7.05 0.75 0.30
800 222 340 0.75 1.15 262 431 0.74 1.22 192 193 0.94 0.94 12.59 6.87 0.57 0.29
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Fig.6  Yield strength variation of steel at different corrosion ages after high-temperature cooling
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Fig.7 Variation of ultimate strength of steel with different corrosion ages after high-temperature cooling
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Fig.8 Variation of elastic modulus of steel with different corrosion ages after high-temperature cooling
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Fig.9 Variation of elongation of steel with different corrosion ages after high-temperature cooling
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Fig. 10 Comparison of test results and mathematical model of yield strength reduction factors
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Tab.3 Skeleton curve parameters of & under different cooling methods

/% /C & “ i
N W W N W

20 0.136 06 0.136 06 2.536 48 2.536 48 12.495 01 12.495 01

300 0.148 44 0.148 44 3.230 20 2.303 70 12.220 84 13.251 47

0 600 0.138 53 0.139 56 3.482 13 2.298 28 14.239 82 10.262 17
700 0.139 99 0.180 90 3.517 52 1.013 55 14.741 14 5.145 95

800 0.121 21 0.184 55 3.560 58 1.479 48 15.335 65 5.673 85

20 0.140 92 0.140 92 2.460 95 2.460 95 13.987 21 13.987 21

300 0.138 10 0.148 33 2.025 80 2.109 47 12.482 37 13.778 51

1.06 600 0.136 12 0.144 04 2.018 26 1.452 99 13.130 06 9.917 94
700 0.137 61 0.177 69 2.009 00 0.697 61 13.255 28 7.570 55

800 0.119 99 0.190 42 1.847 37 1.980 12 12.837 24 7.404 87

20 0.149 51 0.149 51 2.455 43 2.455 43 13.317 90 13.317 90

300 0.135 42 0.149 20 1.131 87 1.831 58 11.842 91 12.589 17

3.0 600 0.139 61 0.146 66 1.973 52 1.532 13 13.312 61 9.212 45
700 0.140 71 0.185 13 1.367 17 1.187 07 11.954 23 6.989 49

800 0.119 61 0.198 52 1.425 66 0.915 32 10. 845 92 7.096 54
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*3(%)
/% t/°C i o b
N \ N W N \
20 0.144 28 0.144 28 2.039 14 2.039 14 13.934 30 13.934 300
300 0.142 59 0.145 71 2.123 40 1.494 08 12.685 96 11.905 470
5.26 600 0.134 61 0.142 27 1.999 87 1.201 31 12.517 17 9.047 260
700 0.132 46 0.179 84 1.626 83 0.899 36 11.476 08 4.852 750
800 0.119 30 0. 187 26 1.011 51 0.456 09 10.501 28 5.369 480
20 0.139 88 0.139 88 1.131 98 1.131 98 12.577 69 12.577 690
300 0.140 05 0.152 52 0.770 67 0.713 58 11.959 16 9.946 560
6.73 600 0.138 35 0.138 74 0.664 54 0.819 76 12.567 41 8. 868 240
700 0.130 74 0.176 38 0.58112 0.716 71 12.011 73 4.795 140
800 0.111 02 0.181 64 0.399 22 1.040 24 10. 409 66 5.530 080
20 0.132 18 0.132 18 1.155 37 1.155 37 13.787 87 13.787 870
300 0. 140 81 0. 145 06 0.948 86 0.917 33 10. 196 64 11.595 100
7.35 600 0.130 31 0.133 65 0.842 13 0.729 22 11.633 62 8.629 971
700 0.129 48 0.172 32 0.665 09 0.838 26 11.562 94 5.198 077
800 0.117 64 0.174 45 0.625 14 0.826 90 9.272 95 5.503 029
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Tab.4 Parameter k of skeleton curve under different cooling methods

&, k, k,
/% /C :
N W N W N A
20 0.139 0.142 18.248 06 17.862 54 89.892 16 87.993 03
300 0.139 0.142 23.238 85 16.223 24 87.919 71 93.320 21
0 600 0.139 0.142 25.051 29 16.185 07 102.444 70 72.268 80
700 0.139 0.183 25.305 90 5.538 52 106.051 40 28.119 95
800 0.139 0.183 25.615 68 8.084 59 110.328 40 31.004 64
20 0.135 0.144 18.229 26 17.089 93 103. 609 00 97.133 40
300 0.135 0.144 15.005 93 14.649 10 92.461 96 95.684 12
1.06 600 0.135 0.144 14.950 07 10.090 21 97.259 72 68. 874 60
700 0.135 0.184 14.881 48 3.791 36 98.187 24 41.144 31
800 0.135 0.184 13.684 22 10.761 52 95.090 70 40.243 86
20 0.137 0.148 17.922 85 16.590 74 97.210 95 89.985 81
300 0.137 0.148 8.261 83 12.375 54 86.444 62 85.061 98
3.01 600 0.137 0.148 14.405 26 10.352 23 97.172 35 62.246 31
700 0.137 0.192 9.979 34 6. 182 66 87.257 17 36.403 61
800 0.137 0.192 10. 406 28 4.767 29 79.167 30 36.961 15
20 0.135 0.144 15.104 74 14.160 69 103.217 00 96.765 97
300 0.135 0.144 15.728 89 10.375 56 93.970 07 82.676 84
5.26 600 0.135 0.144 14.813 85 8.342 43 92.719 75 62.828 21
700 0.135 0.184 12.050 59 4.887 83 85.008 00 26.373 62
800 0.135 0.184 7.492 67 2.478 75 77.787 23 29.181 96
20 0.132 0.143 8.575 61 7.915 94 89. 840 64 87.955 87
300 0.132 0.143 5.838 41 4.990 07 85.422 57 69.556 37
6.73 600 0.132 0.143 5.034 39 5.732 59 89.767 22 62.015 66
700 0.132 0.179 4.402 42 4.003 97 85.798 07 26.788 51
800 0.132 0.179 3.024 39 5.811 40 74.354 68 29.259 68
20 0.130 0.137 8.887 46 8.433 36 106. 060 50 100. 641 40
300 0.130 0.137 7.298 92 6.695 84 78.435 69 84.635 77
7.35 600 0.130 0.137 6.477 92 5.322 77 89.489 42 62.992 49
700 0.130 0.173 5.116 08 4.845 43 88.945 71 30.046 69
800 0.130 0.173 4.808 77 4.779 171 71.330 38 31.809 41
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