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Abstract
Aging ships can suffer structural damage due to corrosion, fatigue crack, etc, and
possibility of catastrophic failure of seriously damaged ships is very high, To reduce the risk
of loss of ships due to hull collapse, it is essential to evaluate ultimate hull strength of aging
ships taking into account various uncertainties associated with structural damages.
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In this paper, ultimate strength-based reliability analysis of ship structures considering wear
of structural members due to corrosion is described. A corrosion rate estimate model for
structural members is introduced An ultimate limit state function of a ship hull is formulated
taking into account corrosion effects. The model is applied to an existing oil tanker, and
reliability index associated with hull collapse is calculated by using the second-order reliability
method (SORM). Discussions on structural safety of corroded ships are made.
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Fig.1 Corrosion rate of a double hull
tanker (8)

Table 1 Permissible plate thickness
reduction due to corrosion

Maximum
Member Wastage
Outer Shell,
Deep Tank Bhd. Plate, 20 % + 1 mm
Inner Btm., Deck Beam
Floor, Girder,
W.T. Bhd. Plate 95 %
Web & Face of Trans.
Ring
Frame, Bracket, Hatch 30 %
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(a) Sagging condition (b} Hogging condition

Fig.2 Assumed distribution of longitudinal
stresses in a hull cross-section at
the overall collapse state [10]
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Table 2 Interpolation chart in predicting the rms of the wave-induced bending moment

column 6 RESPONSE
| |
column 5 (Cy)~ (C)*
| |
i | ’ \
column 4 (LIB)~ (L/B* (L/B)~ (L/Bp*
column 3| (B/D" (BT (BT (B (BIT B (BID" (BT
l | | | | l |
| | ] | |
column 2 ST st S st NE st ST S* S” ST S St S” st S St
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Fig.3 First- and second-order reliability
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Displacement 44513 tonnes
Dead weight 34,700 tonnes
Length between perpendiculars (L) 1905 m
(625 ft)
Breadth (B) 2926 m (%6 ft)
Depth (D) 1524 m (50 ft)
Draft (T) 1036 m (34 ft)
Maximum speed 20 knots
Cs 0.752
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Fig.4 Midship section of a double hull
tanker of 34,700 dwt (in mm)

Table 3 Distribution of inherent uncer-
tainties of strength random
variables

Random Variables | Distribution Ccov

Normal 0.05
Normal 0.10

Log-Normal 0.03

Plate thickness
Yield strength

Young's modulus

Table 4 Distribution of inherent uncer-
tainties of loading random

variables
Random o Mean |
. Distribution Cov
Variables (tonf—m)
i Hog. Normal 1.15696 x 105W 0.40
* Sag. | Normal |(.98174x10° 0.40
M, Extreme | 1.53290 % 10° 0.093J

Table 45} 2o] Fol, et st 2ol o
o] WEAsE 042 7HAsy,
AMEER 7P‘é gt}

theow #HukgE FIRdES HIxe BF
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Table 5 Interpolation table for estimating the rms of extreme wave-induced bending moment

Response | F =0.141] S =0.05| (B/T) =2.84| (L/B) —6.510| (G, =075
F* =0.15| S* =0.05| (B/D" =3.0 | (L/B)* =70 | (C)” =0.80
Bending F~ =0,10] S~ =0.4{ (B/T) =2.0 (L/B) ) =7.5 (Cy) =0.75
F-F" _ge| S=S_ _ | -BD=BID " _gel LIB=UIB _ s (C)=(C) o
moment Fr—F 7 st-s Y (BIDT-(BIDT T (m* -(L/B~ (cH*—(C)”
Column]| 1 2 3 4 5 6
Li For desired For desired For desired For desired For desired
ine
Froude number| sea state B/T L/B C,
1 252
257.74
2 259 .
312.66
3 302
312.66
4 315
342.192
5 280
296.4
6 300
3485
7 328
8 353 85
304.851
9 222
232.66
10 |23
274.94
11 261
274.94
12 | 278
286.707
13 |23
248.94
14 | 252
289.22
15 272
6 203 289.22
305512
17 262
265.28
18 | 266
326.2
19 | 318
3262
20 {328 ,
358.352
21 294
307.94
22 | 311
365.22
23 1348
24 | 369 36522
321.387
25 1235 .
242.38
26 {244
28R.66
27 | 278
28 1291 288.66
303.426
29 1250
262.3
30 265 ~
306.58
31 291
306.58
32 310
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HX= Loukakis & Chryssostomidis [14]9] =%
o A7) L ()R FE As) F

Cy, = 0.752, H; = 9.5m(31.17 f¥),
L/B = 6.510, S= H,/L = 0.050,
B/T=284, F,=0.1414& 133}

Table 2 ¢ 58
x 10" o] oilck
olghe TAUSE oA Ak A7 rms

ke T} o] Fojr. %,

o] &3td  »ms = 305.512

rms =\ 2
=305.512x10 "X HFAEXFHNEE
x (e o]
=305.512%10 "< 1025%9.81x190.5*
=4.045768848 x 10°( kN— m)
=4.124127266 < 10" (tonf— m)

g, A7) o @R FH 347 Aued
AR el Feshnst 29 54 N = 1000
g e A9F A 39 2uEe] F@As
HEAAE ohew 2ol 2lofith (Table 4 #2).

iy =V 22,In(1000) + 2/10 15r17(712000

1.532906014 % 10° tonf— m

y - I Vi
* = Vg V21n(1000)

= 1.423058772 x 10° tonf— m

CoV = = 0.093

w
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Wyl YaE, Yuw

Mansour [10]¢] ZA#E wigo= 01= 7HA3HA
t} (Table 63%).

Table 6 Distribution of model

uncertainties
Random Variables | Distribution {Mean| COV
%u Normal | 1.0 |0.10
X Normal | 1.0 | 0.05
Xu Normal | 09 |0.15
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