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Abstract: To accurately describe the constitutive relationship of the corroded steel under cyclic loading, the
mechanical properties and degradation rules of the corroded steel were obtained through the monostatic tensile and
cyclic loading tests on 16 groups of corroded (0355 steel specimens subjected to artificially accelerated corrosion. The
influence of corrosion on the hysteretic properties of steel specimens was analyzed, and a cyclic constitutive model of
corroded steel was established based on Giuffre—Menegotto—Pinto (GMP) model. The results show that the yield
strength, ultimate strength and corresponding yield strain, ultimate strain and other mechanical properties of steel

show a linear degradation trend with the increase of corrosion degree; corrosion weakens the energy consumption
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capacity of steel, making it difficult to ensure the safety of the structure under reciprocating loads; the cyclic

constitutive model of corroded steel is in good agreement with the test results, which can provide support for the

seismic performance evaluation of steel members and structures in corrosive environments.
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Tab. Parameters of periodic salt spray corrosion test

NZE IR 5
IR Na,SO, I (J5t it 735 5% )
TR pH (E 4.0£0.2
B FF ] : 2 h; 5555 5 min; [A]F% 10 min;
U 1~2 mL/(80 cm?+h)
TR A Hf 8] : 3 h; W (RH) :>90%
THRRAS ] : 3 h; W% (RH) : <40%
. N R TSR < B A A s R -4
TR IE IR S 40 A ] 1] oy

<30 min; THE-Eh55 : BI B 45460
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Fig.4 Surface morphology of steel before and after rust removal at different accelerated corrosion ages
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Tab.2 Macroscopic corrosion parameters of the specimens

RS 7, /mm  mflg D% D% p/% | RS T, /mm  mlg D% D% p,/%
M-8-01 8.00 525.2 0 0 0 M-8-31 7.86 4827 822 647 6.9
M-8-02 8.00 526.7 0 0 0 M-8-32 781 4796 881 644  6.59
M-10-01  10.00  656.6 0 0 0 M-10-21 1000 6392 255 255 255
M-10-02  10.00 6553 0 0 0 M-10-22 998 6415 221 201 201
LS EA T NLE
M-10-31 9.82 6123 665 485 494 | M-10-41 978 6046 783 563 576
M-10-32 9.88 6113 68 560 567 | M-10-42  9.69 5952 926  6.16 636
M-12-01 1200  785.6 0 0 0 M-12-31  11.85  749.6 477 352  3.56
M-12-02 1200  788.7 0 0 0 M-12-32  11.88 7516 452 352 356
C-8-01 8.00  478.8 0 0 0 C-8-31 7.84 4401 796 596 6.08
C-8-02 8.00  477.6 0 0 0 C-8-32 79 4383 834  7.09 7.8
C-10-01 10.00  599.2 0 0 0 C-10-21 1000 5827 259 259 259
C-10-02 1000  597.8 0 0 0 C-10-22 1000 5823 266 266  2.66
R i
C-10-31 9.84 5560 705 545 554 | C-10-41 972 5506  7.95 515 530
C-10-32 9.88 561.8  6.08 488 494 | C-10-42 971 5455 881 591  6.09
C-12-01 1200 7183 0 0 0 C-12-31 1191 6819 505 430 433
C-12-02  12.00  718.0 0 0 0 C-12-32  11.84 6868 436 3.03  3.07
R A A TR B 553, i A 249 5 5 b D) 2 5| A 6 i
3 IR SR 3 R A8 A P R TR 00 g 2 PR O A VA o x4
B 1A PERE B , SR I R AR IR T, 44
3.1 BiFHiRE 17 J1 B RS | A3 WA A 5 0 1 T3 2 P

F TR SO B O A T 2 P RE R 2 2 AR B o=FpmT,, (5)
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Tab.3 Mechanical properties of monotonic load specimens

s f/MPa  f/MPa EIGPa /%  &,/% &,/%
M-8-01 4289  587.8 206  11.63 197 3594
M-8-02 4331 5894 207 1134 198 3836
M-8-31 4022 5441 202 1126 128  31.89
M-8-32 4069 5502 191 955 150  34.29
M-10-01  433.6  589.6 206  12.09  2.03  36.26
M-10-02  430.6 5882 205  11.12 202 3733
M-10-21  422.1  567.9 199  9.87  2.00 3529
M-10-22 4239 5724 204 1029 196  36.10
M-10-31 4059 5429 188 943  1.67  34.95
M-10-32 4033 5423 196 1086 129  33.80
M-10-41 3957 5365 191 1076 126  32.96
M-10-42  403.6 5431 192 1091 119 3327
M-12-01 4321 5901 211 1207 207 3521
M-12-02 4314 5856 205 1268 211 3627
M-12-31  408.0 5553 195 1032  1.54 3495
M-12-32 4069 5573 194 1020  1.54 3526
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Tab.4 Mechanical properties of cyclic load specimens

WS f/MPa  f/MPa  &/%  &,/%  E/(N-mm) || KXPESYS f/MPa f/MPa £/%  e,/%  E/(N'mm)
C-8-01 4333 5865 655 2452 1357 529 C-8-31 403.6 5382 532 2241 1224530
C-8-02 431.6 5827 634 2587 1358 490 C-8-32 3994 5394 525 2395 1213 843

C-10-01 4356 5812 605 2392 1692 504 C-10-21 419.8  565.1 562 24.60 1661910

C-10-02 439.1 5830 616  25.68 1694314 C-10-22 424.1 5569 558  24.68 1641 669
C-10-31 397.6 5428 516 2370 1585 023 C-10-41 406.5 5392 472 2318 1582871
C-10-32 4065 5502 523 2223 1618529 C-10-42 399.2 5338 4.8l 23.20 1558 124
C-12-01 4357 5856 614 2486 2035555 C-12-31 413.8 5497 520 2373 1854012
C-12-02 4379 5794 633 26.11 2026 041 C-12-32 4199 5508 517 2370 1 964 539
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Fig.9 Comparison of curves between monotonic and cyclic
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Tab.5 Steel02 model parameter calculation and verification results

A2 b a, a, ¢, A b ay a4 2
C-10-01 0.005 30 0.034 49 0.026 38 0.13 C-10-21 0.002 42 0.038 47 0.028 45 0.15
C-10-02 0.005 03 0.037 37 0.025 52 0.14 C-10-22 0.004 24 0.034 78 0.025 28 0.14
C-10-31 0.003 68 0.031 45 0.027 54 0.17 C-10-41 0.003 47 0.037 47 0.027 56 0.15
C-10-32 0.003 97 0.037 45 0.027 47 0.13 C-10-42 0.003 53 0.037 56 0.026 74 0.13
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Fig.14 Comparison between simulation results and test results of GMP model
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