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Summary

Steel tubular members of offshore frame structures can suffer from corrosion damages in marine environments. Paint coating is
usually applied for tubular members in splash and tidal zones as a corrosion protection. A typical mode of corrosion experienced in
those members is distributed pitting corrosions as a result of degradation of coating materials. On the other hand, tubular members in
water and soil zones are generally protected by a cathodic protection without coating materials, and a general corrosion spreading all
over the surface is a typical mode of corrosion. In order to evaluate the structural integrity and resulting failure risk of offshore frame
structures with corrosion damages, it is important to investigate the residual strength of corroded steel tubular members. In the
present study, compressive and bending strengths of steel tubular members with general or putting corrosion are examined. Surface
roughness measurements are made for tubular members with general corrosions taken from the splash zone, and ultimate strengths
under axial compression and pure bending are examined both experimentally and numerically. Pitting corrosions as a result of
degradation of coating are modeled based on the existing related test results and ultimate strength is examined numerically. Based on
the obtained results, the applicability of existing design formula for the evaluation of residual strength of corroded steel tubular

members is examined.
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Photo 1 Corroded steel pipes at exposure site

Table 1 Cross-sectional geometries of tested pipes

No. D t O} Imax Zmin
CM1 138.48 3.84 0.152 4.21 3.26
CM2 138.54 3.87 0.174 4.49 3.37
CM3 138.44 3.82 0.156 4.30 3.31
CM4 138.70 3.95 0.194 442 3.23
CM5 138.60 3.90 0.130 4.36 3.50
D= D, +27 : Average outer diameter (in mm)
D; : Internal diameter (=130.8mm)

t : Average thickness o : Standard deviation of thickness
max - Maximum thickness  #;, : Minimum thickness
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Fig.1 Device for measuring corrosion thickness
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Fig.2 Load and load-point displacement relationships
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Fig.4 Compressive load-end shortening relationships (FEM)
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Fig.6 Bending moment-rotational angle relationships (FEM)
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Fig.7 Comparison of API bending strength curve and FEM result
plotted against diameter to average thickness ratio
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Fig.8 Comparison of API bending strength curve and FEM result

plotted against diameter to minimum thickness ratio
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Table 2 Model size of pit corroded pipes at each PSR (o=1)

CASE1 CASE2
PSR BIT T Number | Areaof Pit Standard
(%) of pit a pit depth | deviation
(mm) (mm) (mm?) (mm) (mm)
0 83.3 18.0
3 83.9 17.9 9000 235.6 0.86 031
5 84.5 17.7 9000 392.7 1.06 0.46
10 86.4 173 12000 589 131 0.66
12 87.3 17.2 14400 589 1.38 0.68
16 89.1 16.8 19200 589 1.49 0.60
20 91.1 16.4

Table 3 Model size of pit corroded pipes at each PSR (a=3)

CASE1 CASE2
PSR D/T 7 Number | Areaof Pit Standard
(%) of pit a pit depth | deviation
(mm) (mm) (mm”) (mm) (mm)
0 83.3 18.0
3 85.1 17.6 9000 235.6 2.59 0.93
5 87.1 17.2 9000 392.7 3.17 1.37
10 933 16.0 12000 589 3.94 1.97
12 96.4 15.5 14400 589 4.15 2.03
16 103.5 144 19200 589 4.47 1.79
20 112.3 13.3
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Fig.10 Deflection at the ultimate bending strength of tube with
3% PSR
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Fig.11 Compressive load-end shortening relationships (a=1)
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Fig.12 Comparison of API compressive strength curve and FEM

result plotted against diameter to average thickness ratio (e=1)
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Fig.13 Bending moment-rotational angle relationships (c=1)
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Fig.14 Comparison of API bending strength curve and FEM result

plotted against diameter to average thickness ratio (a=1)
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Fig.17 Bending moment-rotational angle relationships (0=3)

Fig.15 Compressive load-end shortening relationships (¢=3)

Pu/Py
]'2 T T T T T
1 ]
Tems e
0.8 + 4
0.6 | 4
. %Kém
04 r o ChSl 7
0.2 | |
D | 1 1 1 Il
i 20 40 80 80 100 120

b/

Fig.16 Comparison of API compressive strength curve and
FEM result plotted against diameter to average thickness ratio
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Fig.18 Comparison of API bending strength curve and FEM

result plotted against diameter to average thickness ratio (a=3)
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