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Abstract

Corrosion poses a major threat to the durability of weathering steel structures in harsh marine
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atmospheric environments such as the South China Sea. At the same time, under the action of me-
chanical stress, localized corrosion poses a major challenge to the integrity of the foundation struc-
ture. The traditional method is difficult to describe the evolution of pitting corrosion and the influ-
ence of mechanical action. In this paper, based on the cellular automata method, the corrosion evo-
lution model is established, and the finite element model is introduced to construct the mechanical
coupling numerical model. Through the Gutman mechanism, the stress-strain data are introduced
into the corrosion reaction probability to realize the regulation of stress on the corrosion behavior.
The results show that under the action of stress, the morphology of the corrosion pit gradually de-
velops from regular symmetry to irregular and deep narrow, and the maximum corrosion depth in-
creases significantly with the increase of stress. When the stress is close to the yield strength of the
material, the maximum corrosion depth is increased by about 55.6%.
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Figure 1. Three-dimensional cellular automata model
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Table 1. Types of cells in cellular automata model
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Table 2. Test results of Q420NS weathering steel
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PR G5 Q420NS-1 Q420NS-2 Q420NS-3 Q420NS-4
JR AR R (g/em?) 0.00268 0.01088 0.02412 0.03443
J& 2 (mm/y) 0.64234 1.27007 1.40633 1.0073
P T R B (mm) 0.003414 0.01386 0.030726 0.04386
JEE Tl 17 (h) 48 96 192 384

Table 3. Using genetic algorithm to optimize the initial parameters of three-dimensional cellular automata
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Figure 2. Structure diagram of cellular automata finite element model
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Figure 3. Evolution of average corrosion depth with time under genetic
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Figure 5. Comparison of three-dimensional corrosion morphology of corrosion pits under different stress condi-
tions at the same simulation time: (a) F = 0; (b) F = 0.5 times the yield strength; (c) F = 0.8 times yield strength

and (d) F = 1.0 times yield strength
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Figure 6. The evolution of the morphology of the same cross section with the corrosion time under different stress levels
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Figure 7. The evolution law of geometric characteristics of single corrosion pit with corrosion time under different stress
conditions
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Figure 8. The stress nephogram and equivalent plastic strain nephogram under the stress of 0.5 times yield strength ((a) (c))
and 0.8 times yield strength ((b) (d)) at the same corrosion time are obtained
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