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Simplified analytical method of mechanical property degradation for steel
members with pitting corrosion
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(1.Key Laboratory of Concrete and Pre-stressed Concrete Structure ( Southeast University) , Ministry of Education, Nanjing 210018,
Chinaj; 2.College of Architecture Civil Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract; Pitting corrosion is a local and severe form of corrosion, resulting in degradation of the mechanical
properties for structural members and security risks for the whole structures caused by sudden accident. A simplified
analytical method for the quantitative evaluation of the mechanical properties of steel members with pitting corrosion
resistance was proposed by equivalent elastic modulus. Based on experimental data, an analytical method was
proposed to calculate the mechanical properties of members with pitting corrosion. In this method, some assumptions
about the pitting depth, diameter and distribution were put forward. Considering the influence of the coating life,
the relationship of corrosion status between in laboratory and in ocean atmosphere was established according to the
same corrosion rate. Based on axial compression FEM model, the equivalent elastic modulus of structural members
with pitting corrosion was obtained. Through curve fitting, practical method was proposed to obtain the mechanical
properties of members in ocean atmosphere. A numerical example demonstrated the validity of the proposed method
using equivalent elastic modulus to analyze the mechanical properties of pitting corrosion members. The calculated
results indicate that, with the same corrosion rate, the equivalent elastic modulus of pitting corrosion members is
lower than that of uniform corrosion members.
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Tab.1 Corrosion rates of artificial accelerated corrosion test

JE bl J) B/ %
2 3.82
4 4.26
6 5.83
8 7.24
10 7.61
12 8.42
14 9.64
16 11.14
18 11.54
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Tab.2 Inspection results of corrosion depth

gciling 1218 Gumbel 4375 15 10 X Kk
¥/ J& LM Z=-BD, +A R BE/um
2 Z=-0.021 9D, +2.423 15 0.902 246
8 Z=-0.037 5D, +8.616 75 0.888 308
10 Z=-0.027 17D,,+6.772 33 0.894 358
12 Z=-0.021 85D,,+5.295 06 0.876 378
14 Z=-0.049 48D, +14.192 72 0.885 417
16 Z=-0.024 53D,,+7.324 04 0.872 479
18 7Z=-0.031 45D, +12.732 83 0.868 499
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Tab.3 States of corrosion holes at different time

RIGEM RS HoRphfl  pRALE CRDATIE AV
B/ AR/mm®  RE/mm £/ mm FLECH/mm™2

2 1 072.4 0.246 0.246 6.55

8 2 027.2 0.308 0.308 6.31

10 2 130.8 0.358 0.358 4.23

12 2 357.6 0.378 0.378 3.97

14 2 699.2 0.417 0.417 3.39

16 3119.2 0.479 0.479 2.58

18 3231.2 0.499 0.499 1.77
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Tab.4  Corrosion rate data of Q235 steel in Qingdao

FEEEHTE]/ a B/ %
1 1.57
2 2.03
4 2.95
8 4.98
16 8.04
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Tab.5 Time comparison relationship between artificial accelerated

corrosion test and marine atmosphere environment

N TAEE ik g B ]/ R IR RN E/ a

0 0~10.00
2 14.20
8 24.52
10 27.73
12 30.88
14 33.97
16 37.01
18 40.01
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Fig.1 The finite model of a pitting steel pipe
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Tab.6  The equivalent elastic modulus of pitting steel pipe at

different atmospheric corrosion exposure time

RS WK BT[] i
E_ /10°MPa
A FEA]/ a /1073 m
0~10.00 0.1190 2.100
14.20 0.1269 1.971
24.52 0.1306 1.914
27.73 0.1322 1.892
30.88 0.1333 1.876
33.97 0.1352 1.850
37.01 0.1380 1.812
40.01 0.1389 1.800
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Fig.2 The relationship between equivalent elastic modulus and

atmospheric corrosion exposure time
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Fig.3 The deformation of cantilever member under uniform load
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Tab.7  The equivalent elastic modulus of pitting corrosion
members and uniform corrosion members with the

same corrosion rate

PR AR
MRS Bk, e ot -
e EROER SRR W%
SRR/ %
#/10°MPa /10°MPa
0~10.00 0 2.100 2.100 100.0
14.20 3.83 1.971 2.020 97.6
24.52 7.24 1.914 1.948 98.3
27.73 7.61 1.892 1.940 97.5
30.88 8.42 1.876 1.923 97.6
33.97 9.64 1.850 1.898 97.5
37.01 11.14 1.812 1.866 97.1
40.01 11.54 1.800 1.858 96.9
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