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Research on degradation law of mechanical properties of corroded
cold-formed thin-wall steel plate

XU Shanhua', GU Renjun', NIE Biao', XU Jimin’

(1. School of Civil Engineering, Xi’ an University of Architecture & Technology, Xi’ an 710055, China;
2. Central Research Institute of Building and Construction Co. Ltd. , MCC Group, Beijing 100088, China)

Abstract; To study the effects of corrosion on the mechanical properties of cold-formed thin-walled steel and hot-
rolled steel materials, tensile tests were conducted on cold-formed thin-walled C-shaped steel that has been in
service for many years in industrial environments. By using a 3D scan handheld laser scanner, the surface
morphology of the corroded steel plate was obtained, and the influence of the degree of rust on its mechanical
properties was discussed. Test results were compared with corroded hot-rolled steel to analyze effects of corrosion on
the surface morphology, fracture form, stress-strain curve, and mechanical properties of the two steel products.
Results show that the 3D roughness parameters S, and S, of the corroded cold-formed thin-walled steel gradually
increased with the increase of the corrosion rate, and the growth rate was higher than that of the hot-rolled steel.
The elastic modulus, yield strength, ultimate strength, and ultimate strain of the corroded cold-formed thin-walled
steel decreased linearly with the increase of the corrosion rate, but the elongation decreased by a quadratic curve
with the increase of corrosion rate. At the same depth of rust damage, the decrease rates of elastic modulus, yield
strength , ultimate strength, ultimate strain, and elongation of the cold-formed thin-walled steel were greater than
those of the hot-rolled steel, which proves that the influence of corrosion on the mechanical properties of cold-
formed thin-walled steel is greater than that on hot-rolled steel.

Keywords: corrosion; cold-formed thin-walled steel; hot-rolled steel; comparison; surface morphology
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Tab.1 3D roughness parameters of the specimen
G D/% t/mm t/mm S/pm S/pm S, S
F2 9.35 2.5 2.387 64.349 81.674 0.502 2.923
F4 27.72 2.5 2.190 93.803 112.549 0.282 2.544
F5 29.44 2.5 2.027 122.509 151.515 0.422 3.208

F6  33.71 2.5 1.816 162.096 214.870 -0.567 2.853
F9 53.01 2.5 1.513 171.445 252.292 -0.860 3.673
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Fig.8 Relationship between 3D roughness

parameter and corrosion rate
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Fig.9 Relationship between average height and
average depth of rust damage
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and average depth of rust damage
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Fig. 13 Stress-strain curves of cold-formed thin-walled steel
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Fig. 15 Relationship between elastic modulus and corrosion rate

40 50 60 70

A/mm
E 16 #EEELLE FHHERS

Fig. 16  Relationship between elastic modulus ratio

REHIK R

and average depth of rust damage

FIEREEIR

Tab.2 Main mechanical properties of tensile test specimens

P D/% A/mm E./GPa f,/MPa f./MPa /% 1/1, e

FO 0.00 0.000 215.98 353.11 429.90 33.00 0.82 0.1727
FI 2.26 0.057 196. 04 349.87 427.38 32.00 0.82 0.173 1
1) 9.35 0.234 197.97 341.45 438.96 26.00 0.78 0.1425
3 12.80 0.320 183.46 272.67 328.05 20.00 0.83 0.023 1
F4 27.72 0.693 159.51 202.04 267.34 12.00 0.76 0.060 6
F6 33.71 0.843 130. 65 222.24 282.46 12.00 0.79 0.079 0
F7 34.35 0.859 116.29 185.80 259.37 7.00 0.72 0.058 4
8 46.76 1.169 120.66 166. 19 198.89 6.00 0.84 0.015 8
129 53.01 1.325 121.05 147.35 223.46 6.00 0.66 0.020 2
F10 56.05 1.401 144,83 156.20 173.33 7.00 0.90 0.008 5
Fll 57.20 1.430 101.79 180. 41 198.90 5.00 0.91 0.012 8
FI2 58.09 1.452 74.76 133.76 150. 14 6.00 0.89 0.008 3
FI3 58.27 1.457 78.30 138.20 145.96 6.00 0.95 0.007 8
Fl4 59.08 1.477 93.76 97.02 134.34 5.00 0.72 0.002 8
FI5 59.37 1.484 83.10 90.62 129.09 3.00 0.70 0.010 2
Fl6 61.14 1.529 104.82 87.69 91.72 2.00 0.96 0.001 4
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Fig. 17 Relationship between yield strength and corrosion rate
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Fig.23 Relationship between ultimate strain and corrosion rate
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