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Ballast tanks are important structures to the stable navigation of ships, Corrosion, however, is often detected only after it has

progressed significantly, which can lead to structural damage to the hull and seriously affect the behavior of the ship even

though the ballast tanks are mostly sealed structures, Corrosion prediction of ballast tanks has been studied mainly in relation to

mathematical prediction models based on variables such as paint life, temperature, and ship age. Since the environmental

Seawater variables are not fully considered in those models, they have some difficulties in predicting the accurate amount of

corrosion, In this study, a principal component regression model is proposed and compared with extant models, which could

more accurately predict the corrosion of ballast tanks incorporating ship age and the other seawater related environmental

variables,
Keywords : Ballast tank(&al4~ E43) Corrosion prediction model(S£4! 0| 23), Principal component analysis(ZTE £A),
Linear regression model(A& 3|72S), Naval vessel(siizt )
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Fig. 1 Normal and corroded ballast tanks
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Table 1 Navy vessels subject to ballast tank data collection

Ship age (Years)| East sea | West sea | South sea
25 - - PCC-008
26 - PCC-005 PCC-009
27 PCC-001 PCC-006 PCC-010
28 PCC-002 PCC-007 -
29 PCC-003 PCC-005 -
30 PCC-004 - PCC-009
31 - PCC-006 -
32 FF-001 - PCC-008
33 - FF-002 PCC-010
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(7)2 FHECE 2F AofM 2,2 M8, 2, & 37 25, 2, &
T, 2,& TO0IRSE, r,© BT, 2T 2R 2
Tolct
PC1(East sea) = 0.333z, +0.432x, —0.427x, 2
+0.389z, —0.424x; +0.4352,

PC2(East sea) = 0.727z, +0.109z, +0.323x, 3)
—0.535z, +0.111x5 +0.238z,

PCL( West sea) = 0.328x; +0.539x, +0.551x, (4)

+0.527x, —0.049z, +0.137,

PC2( West sea) = 0.549x; —0.112x, —0.088z,

Table 2 Statistical summary of seawater environmental variables by sea (2013~2021)

—0.239z, +0.526, +0.587z,

Classification Temperature('C) | Salinity(psu) pH DO(mg/L) COD(mg/L)

Average 16.90 32.88 8.16 8.59 1.44

East sea Max. 18.08 33.31 8.21 9.21 1.69
Min. 15.33 31.91 8.12 8.05 1.26

Average 14.87 30.13 8.05 8.94 1.69

West sea Max. 16.01 30.84 8.14 9.15 2.20
Min. 14.20 28.24 8.01 8.66 1.33

Average 17.50 32.31 8.20 8.65 2.15

South sea Max. 18.71 32.86 8.27 9.76 2.92
Min. 16.43 31.54 8.11 8.04 1.21
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2t 2y

PCL(Southsea) = 0.504z, +0.498x, —0.331x,
—0.431x, —0.132x; +0.431z4

PC2(Southsea) = 0.241x; +0.224z, +0.598z,
+0.4742, +0.283z, +0.479z;

Table 3 Results of principal component analysis

L PC1(PC2)

Classification

East West South

Eigenvalue 4,974 3.154 3.567

9 (0.825) | (2.167) | (1.402)

Proportion of variance 0.829 0.526 0.595

P (0.139) | (0.631) | (0.234)

Cumulative proportion 0.829 0.526 0.595

of variance (0.968) (0.887) (0.828)
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7|0dE= 82.9%= 7|—m =2
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Table 4 Principal component values by ship age and sea

Ship Age PC1(PC2)
(Year) East West South
-2.3160
25 - - (-0.2602)
26 ~ -1.7853 -0.4433
(-1.3827) (-1.8694)
07 -1.8281 -0.9824 -1.0447
(-0.8037) (-0.5128) (1.3245)
28 -2.2560 -0.7754 ~
(0.3057) (0.5749)
29 2.8986 3.1447 ~
(-0.7996) (0.6995)
0 1.1854 ~ 0.7320
(0.9215) (1.0753)
0.3985
31 - (2.5037) -
42 1.1875 B 3.0750
(2.2491) (-0.2702)
33 ~ 2.4574 2.7555
(1.4555) (1.0493)

Table 5 ANOVA result for the corrosion prediction model
(East sea)

Analysis of Variance

Source DF  AdjS55 AdjMS  F-\Value P-Value
Regression 2 040872 020436 15.58 0.001
PC1 1 023858 023858 18.21 0.002
PCZ 1 017013 047013 12.95 0.008
Error 9 01173s 0013M
Lack-of-Fit 1 001128 001128 0.85 0.383
Pure Error & 010667 001333
Total 1 052667

Table 6 ANOVA result for the corrosion prediction model

Table 7 ANOVA result for the corrosion prediction
model(South sea)

Analysis of Variance

Source DF  Adjss AdjMS  F-Value P-Value
Regression 2 076136 038093 17.29 0.000
PC1 1 058496 0.58426 2762 0.000
PC2 1 017620 0.17620 835 0.014
Error 12 025414 002113
Lack-of-Fit 2 003414 001707 078 0486
Pure Error 0 022000 0.02200

Total 4 1.01600

Thickness Reduction (mm)

25 27 28 29

Ship Age (Years)

30 31 32 33

Fig. 4 Predicted and measured thickness reduction values
by ship age (East, West and South seas)
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Table 8 Selected corrosion prediction models for comparison

Classification

Corrosion prediction model

Paik et al.
(2003)

T.=C(T—T,)
- Tr @ Corrosion depth(mm)
- T : Ship age(Year)
- Te : Coating life(10 Year)
- Cy : Coefficient(0.0579)

Garbatov and
Guedes (2009)

< dt) = dm(l_e*(i*ﬂ/ﬂ))

- d(t) : Corrosion depth at t(mm)

- doo @ Long term corrosion depth
(1.85mm)

-t : Ship age(Year)

- 1c : Coating life(10.54 Year)

- 1t @ Transition time(17.54)

Landolfo et al.

< d(t) =7, X txXr, X (t—10)
- d(t) : Corrosion depth(um)
- rav : average corrosion rate(27um)

2010

( ) - rlin : steady state corrosion rate(16um)
-t 1 Exposure time(Year) (t>10)

1

« Do=Alt,) « [(=In(1—cprp)] ™"
- Dc : Corrosion depth(mm)

Kim et al - te : Exposure Time(Year)

(2020) - Alte) : Scale Parameter

(0.0004te*-0.0248te2+0.4793te—2.381)
- B(te) : Shape Parameter
(0.002te*—0.0994te2+1.5604te—6.0025)
- CDF : 0.5
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Table 9 Thickness reduction values by ship age between corrosion prediction models(South sea)

Ship Age South Sea Proposed Paik model Garbatov model Kim model (mm) Landolfo
(Year) Actual Value(mm) | model (mm) (mm) (mm) model(mm)
25 0.400 0.464 1.234 1.038 0.311 0.510
26 0.567 0.514 1.316 1.083 0.307 0.526
27 0.767 0.752 1.399 1.126 0.316 0.542
28 (0.833) 0.808 1.481 1.166 0.339 0.558
29 (0.900) 0.864 1.563 1.204 0.380 0.574
30 0.967 0.921 1.646 1.240 0.440 0.590
31 (1.000) 0.984 1.728 1.273 0.522 0.606
32 1.033 1.047 1.810 1.305 0.628 0.622
33 1.233 1.137 1.892 1.335 0.761 0.638
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Fig. 5 Thickness reduction values comparison graph

Table 10 SSE and AIC values of corrosion prediction

models compared

Model SSE AIC
Proposed model 0.0208 -48.6151
Paik et al. (2003) model 4.5493 -4.1494
Garb(aztgg’gfngoigfdes 1.2414 ~13.8468
Kim et al. (2020) model 1.6848 -11.0718
Landolfo et al. (2010) model 1.0672 -15.1946
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