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Simulation of the evolution process of stayed cable electrochemical

corrosion based on cellular automata
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Abstract; In order to simulate the corrosion evolution process of the cable in the actual environment and
explore the influence of chloride ion on the corrosion process, a cellular automaton model for simulating the
electrochemical corrosion process of the cable was established based on the basic principle of metal
electrochemical corrosion. The entire cable corrosion system, the key elements of which were abstracted

into four cell types, was discretized into a 500 X 500 cell grid, and its corrosion evolution process was
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simulated on the mesoscopic scale by the defined local rules. The effects of corrosive solution concentration
and corrosion probability on the corrosion process of steel wire were analyzed. It has been found that if the
characteristic parameters of cellular automata are selected reasonably, the morphology of the crater
generated by cellular automata simulation is similar to actual etch pit morphology. It has also been
discovered that the pitting area and corrosion rate of the steel wire increases gradually with time. The
corrosive cell with chloride ions has a significant effect on the process of cable corrosion, but that without
chloride ions has little effect on the corrosion rate of the wire, which indicates that reducing the
concentration of chloride ions in the surrounding environment is an effective way to mitigate cable
corrosion.
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Fig. 2 cellular automata and initial corrosion location
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Fig. 3 Local rules: cable cell movement rules
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Fig. 4 Local rules: corrosion cell movement rules
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Fig. 5 Local rules: corrosion rules 1
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Fig. 6 Local rules: corrosion rules 2
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Fig. 7 Actual shape of the etch pit
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Fig. 11 Change curve of corrosion area with time under different parameters
4 & it

A TTHE A Sl AL AR 00437 3 19 22 14 R A = JE ot R Fl A~ IO ot R 8 P B S B T R R 4 Bl 2
Y% 0L I 3 3k RE SR SRy FS AL DU A SR8 X 437 3% I o 3 A A AT AL, S M R b PR R ¢
AR PR Py, 3 DS RO 22 5 ik B i) 5200

DI A Sh LR AE S B0 IS B, 938 240 R G e 5 DI Uy ) B 9 48 J JC Y SR AR R L ST A
AU A 1 P OE B85 SE PR T 3+ 0 4500

25 22 5 o T R L P ] AR DB 72 K 19 [ o 5 o 5 3 00 g 58 200 g e, 2 B — LB 22 ol e B ol 5 9 22 065 ot
TET AR A B A ) ) A DR ok T 3R AR A 5

S TERL AR G b ) 2o v B AT SRR A9 ok P T M B AT S M A, T SRS T 4 ok T N ) JE e AR R
22 J5 ok S A A 5 MR A O 45 5 O 2 ] 0 A B v G T ) e R R DR 2 L R ol Y A AR A

SE W

[ 1] #as, HasE. MR 45 W ZEPLEL AR OUL ) % B M. b WA K2 ik, 1999,
HUANG Kezhi, XIAO Jimei. Damage and fracture mechanism of materials and macro-mechanical theory[ M]. Beijing:
Tsinghua University Press, 1999.(in Chinese)

[2] &, FHRl, 42, % £RARKIREE T IE AT AR oolE 8 sl ], o ER 5 B 44, 2010, 30(2):
114-118.



26 TR K FFHR %42 %

LI Lei, LI Xiaogang. XIAO Kui, et al. Cellular automata simulation on the early stages of metal corrosion in moist
atmospheric environment[ ] ]. Journal of Chinese Society for Corrosion and Protection, 2010, 30(2): 114-118.(in Chinese)

[ 3] fflRfis, B2V, s, & RElE)mRIRME e CAIFELT]. Mz MoEE4H . 2015, 35(2): 54-63.
HE Leru, YIN Zhiping, HUANG Qiqing. et al. Simulation of local corrosion on metal surface with CA method[]J].
Journal of Aeronautical Materials, 2015, 35(2): 54-63.(in Chinese)

L4 8ARM, Ers, LHE, & B RGN =4 TH A PRI, 15508, 2014, 36(4): 447-452.
GUO Dongxu, REN Keliang, WANG Yanchang, et al. Three-dimensional cellular automata model for predicting local
corrosion[ J]. Mechanics in Engineering, 2014, 36(4): 447-452.(in Chinese)

[ 5] Cordoba-Torres P, Nogueira R P, Miranda L, et al. Cellular automaton simulation of a simple corrosion mechanism:
mesoscopic heterogeneity versus macroscopic homogeneity[ J]. Electrochimica Acta, 2001, 46(19): 2975-2989.

[ 6 ] Zenkri, Caprio D, Pérez-Brokate, et al. Contribution of cellular automata to the understanding of corrosion phenomena
[T]. Condensed Matter Physics, 2017, 20(3): 33802.

[ 7 ] Stafiej J, Caprio D, Bartosik. Corrosion-passivation processes in a cellular automata based simulation study[]]. The
Journal of Supercomputing, 2013, 65(2): 697-709.

[ 8] BRI, IR, BT i 7 i 2 09 Se i A Sy LI, L ik S5 By B 2= 4. 2018, 38(1): 68-73.
CHEN Mengcheng, WEN Qingqing. Cellular automata simulation of corrosion process for steel[ J]. Journal of Chinese
Society for Corrosion and Protection, 2018, 38(1): 68-73.(in Chinese)

[ 9 ] Caprio D, Vautrin C, Stafiej J, et al. Morphology of corroded surfaces: Contribution of cellular automaton modelling
[J]. Corrosion Science, 2011, 53(1); 418-425.

[10] Lishchuk S V, Akid R, Worden K. et al. A cellular automaton model for predicting intergranular corrosion[J]. Corrosion
Science, 2011, 53(8): 2518-2526.

[11] Chopard B, Droz M. Cellular automata modeling of physical systems [ M ]. Cambridge: Cambridge University
Press, 1998.

[12] SR 0. BT =450 A sl 7 ik &8 i B 5 LD ], R )1 TH R4, 2014,
GUO Dongxu. Simulation of metal corrosion based on the three-dimensional cellular automaton method[ D]. Yinchuan:
Ningxia University, 2014.(in Chinese)

[13] SBULE, X0, WA, JoH A AL J5 ATl o0 20 23 A8 (Y @RS AE Z2 [T 1. Mk AR, 2003, 31(8): 23-27,48.
GUO Hongmin, LIU Xubo, YANG Xiangjie. Model framework for microstructure evolution modeling with cellular
automatal ] |. Journal of Materials Engineering, 2003, 31(8): 23-27,48.(in Chinese)

[14] SR %, THMSER. REE LA R A B T 9 BN oA 5 A ar O Y CA BERILT ). KRB Bedik . 2019, 36(6): 121-126.
MA Junjun, LIN Pengzhen. Cellular automata model of chloride ion diffusion and life prediction of concrete box girder
[J]. Journal of Yangtze River Scientific Research Institute, 2019, 36(6): 121-126.(in Chinese)

(157 a6 . 00 A7 JE3 ol Wi 2 50 0 1) 40 BB 5 o I A S BRI O vk (DL IR JR I « IR R TR Tl 3%, 2013,
XU Yebo. Identification methods based on fractional differentiation and cellular automata for the electrochemical corrosion
damage of steel bar[D]. Harbin : Harbin Institute of Technology, 2013. (in Chinese)

[16] £, BEE, AR, A REAE TR ITHE A ShPUEEILT ], JE Ak 585 550K, 2008, 20(6) . 472-475,
WANG Hui, LYU Guozhi, ZHANG Youhong. Cellular automaton simulations of corrosion pit growth[J]. Corrosion
Science and Protection Technology, 2008, 20(6): 472-475.(in Chinese)

[17] &, BEGE, L5, 5. 48R M5 A R T A shHURLT ], Bizs 4R, 2008, 29(6): 1490-1496.
WANG Hui, LYU Guozhi, WANG Le, et al. Cellular automaton simulations of surface corrosion damage evolution
[JJ. Acta Aeronautica et Astronautica Sinicas 2008, 29(6): 1490-1496.(in Chinese)

[18] Malki B, Baroux B. Computer simulation of the corrosion pit growth[J]. Corrosion Science, 2005, 47(1). 171-182.

[19] Pidaparti R M, Palakal M J, Fang L. Cellular automation approach to model aircraft corrosion pit damage growth
[J]. AIAA Journal, 2004, 42(12): 2562-2569.

(8 B



