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Corrosion model of steel component for port engineering

under coupled effect of erosion and rusting
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Abstract: In areas with significant water level fluctuations in inland rivers, steel components of port
engineering are subjected to the effects of water flow scouring and sediment impact, leading to severe damage of
surface coatings on steel components. Once local coating failure occurs, the steel components are directly exposed to
the humid environment, making significant water level fluctuation regions become the most severely corroded areas
for steel structures in inland river ports, which poses a serious threat to the bearing capacity and operational safety of
wharf structures. To effectively simulate and predict the corrosion characteristics of steel components in these
regions, we conduct an accelerated cyclic deterioration test combining water-sediment scouring and steel corrosion,
taking into account the environmental grade of inland rivers. By analyzing corrosion test data of steel specimens
under different scour-corrosion time, erosion angles, and cycle numbers, we develop a corrosion model for hydraulic
steel components, incorporating both laboratory and field data. The results show that the water-sediment scouring and
steel corrosion tests can simulate the corrosion state of steel components in regions with significant water level
fluctuations. Corrosion depth of steel components in such regions increases from top to bottom, and the corrosion
becomes more severe with more cycles. The normal service life of steel components in these regions is far shorter

than their designed service life.
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Fig.1 Corrosion situation of steel components
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Tab.1 Results of wet-dry ratio

N A a]/d i

= R /m - TR
+ piTa

172.0 245 121 Zy2:1

166. 6 184 181 Zy1:1

161.6 121 245 #1:2

R 7 4K SCHERH 7K L5 Vb i =3
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Tab. 2 Classification of environmental exposure levels

R (IR 5 FE/m

W/ (mes™)  FVE/(kgom™)

L1 172.0~<174.0 2.12~<2.25 2.24~<2.73
L2 166. 6~ <172.0 1.67~<2.12 1.13~<2.24
L3 161.6~<166.6 1.12~<1.67 0.49~<1.13

*3 HKBIR
Tab.3 Experimental condition table
T PR R ) W/ (mest)  VEUDFiRbAg  WRBRESEL BSRRATEIAN OMEETUERE/L SUORERAT /N
1~3 2:1 0.90.180 2.12 2. 66 16 16 40 72
4~6 1:1 0.90.180 1.67 1.36 24 24 24 72
7~9 1:2 0.90.180 1.12 0.59 32 32 8 72
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Fig.2 Method of accelerating rusting by electrification
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Fig.4 Surface of steel specimen under different
wet-dry ratio conditions
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Fig.5 Surface of steel specimen under
different erosion angles
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Fig. 6 Surface of steel specimen under different
number of cycles
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Fig. 8 Mass loss of steel specimen under
different erosion angles
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Fig. 9 Rust depth of steel specimen under
different wet-dry ratio conditions
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Fig. 10 Rust depth of steel specimen under
different erosion angles
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Fig. 11 Mass loss rate of steel specimen under
different wet-dry ratio conditions
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Fig. 12 Mass loss rate of steel specimen under

different erosion angles
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Fig. 13 Corrosion depth variation curves with erosion time
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Tab.4 Fitting formula of corrosion depth and test time
R /m WEAK R? A B
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Fig. 14 Relationship curves of parameters

and dimensionless elevation
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Tab.5 Comparison of field and laboratory test results

R /m d/mm t./d t./d
0.039 8 97 30
0.093 3 203 60

172
0.104 1 230 90
0.175 8 358 120
0.057 6 111 30
0.146 0 259 60

166
0.154 0 272 90
0.262 0 442 120
0.077 8 118 30
0.189 7 271 60

161
0.203 8 294 90
0.348 2 454 120
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Tab. 6 Relationship between ¢, and ¢, at different elevations

i /m In(t,t,)

In(t,t,) In(tsts) In(t4t4)

172.0 7.98 9.41 9.94 10. 67
166. 6 8. 11 9. 65 10. 11 10. 88
161. 6 8.17 9.70 10. 18 10.91
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Fig. 15 Variation relationship of ¢, and ¢, with

corrosion depth
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