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Hysteretic Properties of Corroded High Strength Steel in Marine Environment
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Abstract: In order to study the influence of marine corrosion on hysteretic performance of Q690 high
strength steel, the corroded specimens of Q690 high strength steel obtained by the indoor artificial accel-
erated simulation corrosion method were subjected to morphology scan and cyclic loading tests under dif-
ferent corrosions conditions. The degree of influence on the hysteresis performance of the material, the
relationship between the hysteresis curve model parameters of the corroded steel and the corrosion rate
were established. The results show that the seismic performance of Q690 high strength steel decreases
with the increase of the corrosion degree. After 100 days of corrosion, the hysteretic energy consump-
tion of the specimen is reduced by 15. 2%, the ultimate tensile strength is reduced by 14. 6 %, and the
depth of the rust pit reaches 600 pum. The Ramberg-Osgood model can be used. The mechanical proper-
ties of corroded high strength steel under cyclic loading are well simulated, and the constitutive model
has good practicability
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Fig. 2 Morphology of specimens at different corrosion times
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Table 1 Corrosion rates of specimens

Code Corrosion time/d m,/g m/g vﬁ/%
ZH-2 20 1312.98 1296.86 1.23
ZH-3 40 1310.64 1270.99 3.03
ZH-4 60 1308.75 1255.73 4.05
ZH-5 80 1311.88 1230.73 6.18
ZH-6 100 1309.45 1215.00 7.21
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Fig. 3 3D morphology scan photos of specimens
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Table 2 Roughness parameters of specimens

Code Corrosion time/d S,/pm S,/pm
ZH-2 20 26.763 29. 824
ZH-3 40 27.750 34. 746
ZH-4 60 41. 341 54.217
ZH-5 80 44. 439 56. 780
ZH-6 100 44.168 54. 895
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Fig. 4 Hysteresis curves of specimens
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Table 3 Hysteretic energy consumption of specimens

Code Number of hysteresis/times J/MPa 7 /%
ZH-1 12 1037.92 0

ZH-2 12 1027.15 1. 23
ZH-3 12 965.93 3.03
ZH-4 12 927. 74 4. 05
ZH-5 12 922.08 6.18
ZH-6 12 879.13 7.21
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Fig.5 Skeleton curves of specimens
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Table 4 Skeleton curve model parameters

Code E/GPa  p/%  K'/MPa "'

ZH-1 226.961 0 1331.56 0.036 72
ZH-2 218.104  1.23  1298.12  0.03610
ZH-3 215. 476 3.03 1288.28 0.037 23
ZH-4 211.325 405  1279.96  0.04842
ZH-5 224.908  6.18  1269.78  0.049 14
ZH-6 198.547  7.21  1195.62  0.03707

F 2% 4 AT L . il S ot ] ) L R A 47
SRIL RA K LR T R 3 B 7RG 2R 1T 28T (1
S AR RIS, AT 0 5, FL Il 100 d B KRR JE Tk
IR A AR 10. 20 %6 5 i 48 20 58 6 48 % o A8 1L AL AR
B AR Bl Q690 = AR A 2 0. 036 72, Ji§ 1100 d
J5 K 0.037 07, AL S5 Bl 7 3. 34 % 2 9. Xt K g
Pl ik 60,100 d st {4 1 4Rl 2k i AT LA Sk B
6 b A5 455 o 1 i [l PR RE R L 3 AR LA
AR W E 6. i’ 6 A I F] A Ramberg-Os-
good BRI A 1) B 4 M 4Bl W s B 4R ih 2k B 5t
BN BRI 2 2 AR — B0, AT I e R S AR AE
TEATEIL I

1000 -
800 -
g 600 -
2 f o ZH4
S 400 Hf A ZH6
--- 0 d curve fitting
200 — 60 d curve fitting
- 100 d curve fitting
J - L L L .
0 1 2 3 4 5 6 7 8

el%
6 3 Ak aF G B 2R i 4

Fig. 6 Fitting skeleton curves of three kinds of specimens
4.3 S RN A

QG690 i ok e 558 59 1A 78 P A A4 452 50 A 24 42
ity 2 T ] 9 D028 . 32X A 1 906 B A A A A DL [ 7.
& 7 Ca) ] D, B0 28 il 4R A BHR AL T IR W E
HEMG AP A SNILNE B Z ). it
H P m 2 it e S P B ek B R IA A =L (7) L (8)
Ji7.



786 oW M OB ¥ R

824 %

oD o
o Reload process

>/%

a

d.

- d,

(a) Reload criterion

—-— Reload curve

---- Unloading curve |

— Cyclic skeleton 1.7
7

curve Vs J

(b) Hysteresis criterion

7 AR PR A A 1

Fig. 7

Ja E. (e —¢ex) +oa— (E,—E)(e—ex)
= (7
[
T d, +d,
d, = E ., (e —€,)
{dz—i—dg = (E.—E)(e—en)
A ioa s N A LBIR ST FIN A 565 e A B
Ak TR 7 FIREAS 5 9 Ay B FR AR O<<p=<1.

B 7(h) iR T 044 72 5 96 PR 2k 0T AR . Ik
It M2 iy & R i 2 O-A, K8 A, AU
IR 5 5 5 B F5 $ HROAG BA B B £ o 0 ) 3k 0 A
Ay s 78 3R B WEAR S5 o AR 4l 59 A I 9 2 o0 28, 1) 2k
NI BE E, 5470 46 s AR i A R, B 30 3038 = s 2] 1
MBI S O, ZILH ME LRI G. | IRIE NN
2 JET7 ) 0 Ji IR A By WEAE S I i 2R R R
R 2 gk 2 AT, B B3k R 7 I 9 E1 388 B,
B A RIS T — R A AR ) . B 2R R o b b
0O, S22 Ja, FmEad kA 2 hiak Bl i K1E A,
Ja - HEATE 2 P A R, R LR R

& 8 Sy A 3 3 91 24 A A 455 7R A5 380 174 1 54 {F RN
RIS A L. R 8 Al WL, i A4 i3 56 ih £k 5 40

1000 r ——Test curve
800 | ——-Curve fitting

600 |
400
200 |
0l
=200
-400
-600
-800 |

-1000
-8

(8

o/MPa

-4 0 4 8

K8 GRS R H X L

Fig. 8 Model and test data comparison

Cyeclic constitutive model
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