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Abstract - This study investigated a method for evaluating the residual tensile strength of corrosion-damaged painted steel by
visual inspection. The tensile strength of 18 tensile test specimens and 45 corrosion-damaged model specimens with 5 percent-
ages of rust areas (3 %, 10 %, 16 %, 33 %, and 50 %) and 3 corrosion pit shape ratios (0.25, 0.5, and 1.0) were evaluated based
on the minimum cross-sectional area, and compared with the tensile test and nonlinear finite element analysis results. As a
result, it was verified that the tensile strength of corrosion-damaged model specimens can be estimated within 5 % error using
the minimum cross-sectional area. The tensile strength was calculated using this method for the additional 9,000 corrosion-
damaged model specimens with 500 specimens each for the percentage in rust areas and the corrosion pit shape ratios, and the
tensile strength reduction level was examined according to the percentage and the shape ratio. As a result, a method for
estimating the tensile strength reduction level according to the percentage in rust area ratio and the corrosion shape ratio was
presented, and the reduction level based on ASTM and ISO rust rating grade is also presented.
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(a) Spot rust
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(b) General rust
<1 %> <3 %> <10 %> <16 %> <33 %> <50 %>

(c) Pinpoint rust

Fig. 1. Visual samples of percentages of rusted surface areas (ASTM D 610)
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Table 1. Coordinates and diameters of corrosion pits in the om, 1 Ay} FANEQ] A2 ¢E n} FAGHL
visual samples (Unit: mm) U439} Z1o]9] H]= 0.29]4] 0.5 Afojof] EE TS AA|
— 3hgitt. olo] £ Qo)A Fig. 49} Zo] HAlM E g4
rusted surface areas * Y = H)= BAlg| E 9] Z]o]e} vkAH|(d/nE 0.25, 0.5 4 1.0
27 27 6 2 AAsH3l
48 33 6
3% 50 34 6 f . B
54 9 4 80
57 28 2
30 23 12
10 % 37 18 12
42 14 12 300(140
15 13 14
25 14 6 o
16 % 34 15 12 i
42 12 14 %0
48 9 8 ' (Unit : mm)
> 38 8 Fig. 2. Dimension of test specimen
9 26 8
19 13 14
28 30 10
33 % 29 14 6
33 6 12
38 14 14
43 25 12
45 12 14
52 8 12
10 35 16
15 8 16 @0% (1)3% (c)10% (d)16% (¢)33 % (f) 50 %
15 22 16 Fig. 3. Specimens with an aspect ratio of 1.0
24 37 12
26 10 10
50 % 31 32 14
33 4 8
37 25 12
3 5 2 (a)d/r=10.25 (b)d/r=0.5 (c)dir=1
44 25 14 Fig. 4. Aspect ratio of depth to radius (d/r)
50 6 12
36 3 6 QIFAHL &= HAE 3%, 10 %, 16 %, 33 %, 50 %,
- RARA] 025, 05, 109 22} 144 15748 A5
Tt T1E|3 V|EAHO B B A (S HAE 0 %)
~ : < BARE A 3HE ARt @, = A gL AH
‘ :,, FUR 60 44 mmo] gk RAmES] A v go|
A o}, A% 18779] QIGAE ATAE Fig. 5a)°] 315
T G Zoz vehyon, sk AS Fig. 60 vrebdict
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Displacement (mm)
(b) FEA results

Fig. 5. Load-displacement curves
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(a) Experimental results
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i BhEs B
+3.817e+01 2,299e+02 1.777@+02
+3.5¢4e+01 +1.533e+02 +1.185e+02
+3.272e+01 +7.664+01 +5.923e+01
+1.000e+00 +0.000e+00 +0.000e+00
A A\
@ 0% ®3% (c) 10 %
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(Avg: 75%)

+0.0002+00 +0.0002+00

(d) 16 %

(e)33 %

() 50 %

Fig. 6. Failure mode (left: experiment, right: FEA)
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Fig. 7. ABAQUS mesh segmentation (P50D1.0)
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B - 7E - A - AU
Table 2. Comparison of error between experimental results and FEA results
Yield load Ultimate load
Rust Symbol of | Shape ration of Py Py
percentage specimens corrosion pits La) ()
Experiment FEA Error (%) | Experiment FEA Error (%)
P3DI1.0 (1:1) 223.09 227.37 -1.92 291.38 301.06 -3.32
3% P3D0.5 (1:0.5) 221.92 227.24 -2.40 296.58 305.24 -2.92
P3D0.25 (1:0.25) 206.84 207.48 -0.31 297.85 306.86 -3.02
P10D1.0 (1:1) 189.41 197.06 —4.04 243.31 255.79 -5.13
10 % P10DO0.5 (1:0.5) 211.04 215.08 -1.91 283.05 291.53 -3.00
P10D0.25 (1:0.25) 218.03 222.54 -2.07 292.69 301.62 -3.05
P16D1.0 1:1) 151.53 145.84 3.76 206.59 217.48 -5.27
16 % P16D0.5 (1:0.5) 200.22 198.79 0.72 270.72 281.24 -3.89
P16D0.25 (1:0.25) 206.25 202.80 1.67 290.90 298.99 -2.78
P33D1.0 (1:1) 163.11 157.77 3.27 180.90 194.50 -7.52
33% P33D0.5 (1:0.5) 190.93 197.84 -3.62 257.18 269.17 —4.66
P33D0.25 (1:0.25) 207.63 214.59 -3.35 282.74 294.33 —4.10
P50D1.0 (1:1) 126.15 132.84 -5.31 154.87 163.75 -5.74
50 % P50D0.5 (1:0.5) 195.03 197.73 -1.38 253.98 262.70 -3.43
P50D0.25 (1:0.25) 215.41 217.56 -1.00 282.56 290.15 —2.68
PODO N1 220.82 221.95 —-0.51 297.13 300.91 -1.27
0% PODO N2 221.13 221.78 -0.30 299.47 303.29 -1.28
PODO N3 220.58 222.61 -0.92 303.33 308.55 -1.72
Fig. 60l e 213} Zho] QAo ofjt whhe 4t - - =
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3 F8H5L Table 20] UEhiith, F54] QUAHY]  AlBE AT A0 1 ATe] HEL i AgtHo]
Rl “5:1%‘01] gt AT Q&L 2%, x W F T 5 ATk I 5 HAE0] FUT Feollx: F
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Fig. 8. Stochastic model analysis result
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Fig. 9. Determining the minimum cross-sectional area for different levels of corrosion depth
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(b) Ultimate load

Fig. 10. Comparison of ultimate loads obtained from test, FEA and Eq. (3)
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Fig. 13. Distribution of ultimate loads
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Table 3. Constants of regression equation (Eq. (4)) of ultim-
ate load ratio

& z P | oeticions.
0.25 32.486 —0.0032 0.983

0.5 35.976 -0.0109 0.983

1.0 85.183 —0.0135 0.982

Table 4. Constants of regression equation (Eq. (5)) of ultim-
ate load ratio

A ’ ‘ Determipation
coefficients

3 -3.685 —0.460 0.995

10 -7.371 -3.396 0.998

16 —-13.238 —6.773 0.999

33 -17.771 -9.911 0.999

50 —26.533 -16.693 0.999
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Table 5. Reduction in tensile strength according to rusting grade and pitting corrosion aspect ratio

Percentage of R Pitting corrosdi;)n aspect ratio
r
rusted surface area
ASTM ISO 0 0.25 0.5 0.75 1
0-0.3 10-7 Ri0 - Ril - - - <1 <1
03-1 6 Ri2 - - <1 1-2 1-3
1-3 5 Ri3 - - <1 2-3 3-6
3-10 4 Ri4 - 1-2 2-5 4-10 6-15
10-16 3 - - 1-4 3-10 7-19 11-29
16 -33 2 - 2-5 6-13 12-23 20 - 36
33-50 1 Ri5 - 4-9 11-19 20-34 33-53
50 - 100 0 - - 9< 19< 34< 53<
Table 6. Reduction in tensile strength according to corrosion grade and pitting aspect ratio (m — 25)
Percentage of Rusting grade Pitting corros;;)n aspect ratio
r
rusted surface area
ASTM ISO 0 0.25 0.5 0.75 1
0.3 10-7 Ri0 - Ril - - - <1 <1
1 6 Ri2 - - <1 1-2 1-3
3 5 Ri3 - - <1 2-3 3-6
10 4 Ri4 - 1-2 2-5 4-10 6-15
16 3 - - 1-4 3-10 7-19 11-29
33 2 - 2-5 6-13 12-23 20-36
50 1 Ri5 - 4-9 11-19 20 - 34 33-53
100 < 0 - - 9< 19< 34< 53<
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