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Abstract: In order to reveal the degradation law of mechanical properties of Q2358 steel in an industrial-coastal atmospheric
environment, this paper experimentally investigates the mechanical properties of corroded specimens, and develops a

time-varying constitutive model and an accelerated corrosion time correlation model. Firstly, by simulating the
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industrial-coastal atmospheric corrosion environment, corrosion tests with different cycles were conducted and

monotonic tensile tests were carried out on the corroded specimens. Secondly, a time-varying constitutive model of

Q2358 steel in an industrial-coastal atmosphere was proposed based on the experimental results, and a numerical

model was developed to verify its effectiveness. Finally, a correlation model between the accelerated corrosion time of

the specimens and the actual service life in the industrial-coastal atmospheric environment was established. The

results show that the increase of corrosion cycle changes the failure mode of steel from ductile failure to brittle fracture

failure. The yield strength, tensile strength, elastic modulus and elongation after fracture are negatively correlated

with the corrosion cycle. The error between the numerical model results and the experimental stress-strain curves is

less than 6.5%. 160 days of accelerated corrosion in laboratory is equivalent to 54 years of service in the actual

environment. These findings indicate that the proposed steel constitutive and correlation models can be used for the

modeling and evaluation of Q235B steel in the industrial-coastal atmospheric environment.
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Fig.1 Environmental simulation device
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Fig.2 Specimen sizes and numerical model (unit: mm)
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Fig.3 Post treatment process of specimens
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Table 1 Thicknesses of steel before and after corrosion

J& A 40d 80d 120d 160d 240d 320d

t//mm 4.00 4.00 4.04 3.99 4.02 3.92

A

Sp 0.05 0.03 0.08 0.10 0.10 0.04

A -
//mm 3.91 3.73 3.67 3.62 3.31 3.13
&
Sh 0.05 0.04 0.04 0.06 0.07 0.04
. t/mm 3.99 4.01 4.01 4.05 3.95 3.90
Al
Sp 0.04 0.01 0.04 0.06 0.07 0.05
)
#/mm 3.91 3.74 3.66 3.62 3.22 3.16
V=3

S,  0.07 0.04 0.03 0.08 0.08 0.05
E A TR BRI YRR AT RS R RE B EES,
ATt E, BEBBHAAAN ARG RELE RGO THM.

9306

9306,

-421 9306
b) #S-C160

-265 9306

a) 14S-C040
9306
V4

(=]

-493 9306
¢) W s-C320

6 EiMNMBERIR(EA pm)
Fig. 6 Local morphology of corroded steel (unit: pum)
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Table 2 Mechanical properties of corroded steel
AR A
0d 40d 80d 120d 160d 240 d 320d
R./% - 6.4 8.7 12.5 14.2 16.9 20.3
Sp - 0.87 0.45 0.32 1.05 1.12 0.83
f,/MPa 323.3 307.3 302.1 288.5 276.8 271.8 253.5
Sp 9.47 2.81 3.11 3.67 5.82 6.26 6.78
/./MPa 464.2 445.1 430.2 407.9 392.2 385.2 370.5
Sp 5.42 6.18 10.03 6.22 5.93 3.80 3.56
8./ % 33.1 28.9 27.2 25.6 23.1 19.2 15.6
Sy 1.97 2.07 3.30 1.26 0.54 0.59 1.33
E/X10° MPa 2.02 1.90 1.84 1.77 1.73 1.67 1.61
Sp 0.11 0.05 0.04 0.05 0.04 0.04 0.03
K 12.03 11.92 10.57 9.55 8.78 7.88 8.70
Sp 1.49 1.53 0.90 1.05 1.23 1.57 0.92
Ky 120.90 120.90 115.40 110.10 108.70 120.40 130.40
Sp 7.48 5.47 8.14 5.07 6.54 9.36 2.80
Ky 135.56 131.60 124.10 118.40 118.40 116.00 111.90
Sp 6.83 5.17 6.72 8.83 9.09 4.78 2.32
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SRR T 12.61% .17.82% .22.66% .30.29% .41.92%
F54.23% .



100

H O R

528 %:

JE b A A B B AR i B Ty SR RE AR AR R
% 10 i DR B o BRI 2 9 A 3 T < R 3% ¥ kAR I
fi AL SR, ELAS e R S AR Y S TR SO S
WIEA SIS e IR A b BbE 3 t rrHLURE S
B R A 3 T 5 0 A e L) ) B 4 ) K5 [l B 41X
S oy 7 A IS T3 A R A A T 5 A R e A B
B 2L BT %, 80T G v Ak 2 R B2 A 4, B 8 R A
IR, A 0 S P AT R AL T BB T 55 , B2 ) - A 2
rh i i B #4 BEAR L, 1A PR RE R AR R AR IR A

oy J5 A8 FAR A A 32 B 1R 7 2 1 e R AR A9 A2
JE , GE SRR 1A VERE R B AR Spr, HIT SR X

AR JE T B A SR EE 5 £ SR A T T AN B R

B 9 AN [a] KA 25 4 b 1 2= e Xy L. AP
A B fra sl WANG 2 Iese T
KA T G5 RARE T Sh5 A 7R EE
PR R N AN G 2R . e BT AT,
AR R Z5 T, Tl = 2 KA N B o A g i
Sor, FIFLALHRIE Sy, HAS L2 H AL IRHE T H b1 i I 38
S, FGCHL R FE Sy, 1075, A B 10 1 25 45 b e HG B2 3R
B N AN 12 bR AR . AR R R, Tk -1 5
KAAREET B A 0085 iR B B F HALE R 58 T R
AR R, X R Tolk -ifg 7 R R A B 00 R KA

Sm—b_?xmwg (3)  HORPHURS 32 PERERE I O B HE K
Jo
307 - 30 _ 307 -
= B AN = YA u AN
251 A KB LA 250 = AR LA 251 A IR
a0k " o v WANGH! 20l " g° v WANGH!S 20l ¥ WANGH!")
X # g o *WRERFED = mgo © ¢ IRIFHED S tRatedEs
I ke F5L G tex RLI L R
“ 10-f>=£,yo o “ 10} Ry 10} S a4 =
5 ‘.w HH 5 v °y 5 ? : 4.8
L A r < [ AN v
vk m " ] :Iﬁ av v
A B A . . . Am_ \ . . . vy __ . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 50 100 150 200
R,/ % R./% JE R / d

a) Spp FRMIKFH
&9

b) Spp GRMKFR
AEARSBEBHEHT HFEREX

¢) RN SC R

Fig. 9 Comparison of mechanical properties under different atmospheric corrosion conditions
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