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Introduction
The details pointswill be presented :

2.1 The new corrosion model comparing with others
models and the assumed data to defined the depth the
corrosion of the ship structure

2.2 Various Parameters Influence the Ultimate Strength
of the plate

2.3 Application : UL S capacity of the tanker ship
including effect the corrosion

UL S capacity of the plates, and panels
The Progressive hull girder collapse analysis

3. Summary and conclusions
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QComputational comparison between PULS theory ahdratandidate models
discussing ULS capacity of the plates and stiffiepanels subject to the corrosion

QComputational comparison between CSR and otheridatedmodels discussing
progressive collapse of the hull girder subjedh®corrosion
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Atmospheric corrosion

Fe + 20H" — Fe(OH), + 2e"
2H,0 + O, + 4e— — 40H"
4Fe(OH), + 2H,0 + O, — 4Fe(OH),

2Fe(OH), — Fe,0,:3H,0 : !
Tempmtune cycle of day and olght
{Dow oceurs undsr upger plate)
" =

Source: http://www.jfe-steel.co.jp/en/release/2008/080129.html
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v'Electrochemical corrosion
v'Pitting corrosion

4 0,H0,C0,80, [ HS
T R R
Crude oi
]
Shudge, Drainaps
1
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The candidates models

e The corrosion model is based to this equation
N rt—Tn 8
d(t)=d._ [1 - exn(— I\T) )] If t> Tst

e If p=1 then we gethe Guedes Soares and Garbatov model

{ oo
l—exp‘—l “))
vl

e If n=1 by using Taylor series we keep the first temmedir weget the
Paik /al model :

dit)=d,,

d(t) — d (t T, )"

e Finally if we takep=0.6257 d. =01207 arfgk =0,  we Melcher
modet

d(t) = 0.1207t%5257

° 17/02/2012
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dlr)=d., ’1 —exp (— (r 7"1-“)#)]

Using the least squares method we getMbéel (1):

L—Eﬂ - m((: 7:”)3:] — znzn[ﬁj = Blalt — T.) — Eln(r)

{k Y n (:i]:nm{ 1 T }—{\z;;lmm 1 I P ] (ri')}
1 nt 1 1 n-1

[ SiylIn (6,00 — (Bl )

fi=

A ;
y —n;m(t;) ﬁ=exu(f—§}

din=d. {1— axp {_ (I ;;“;_.)u:}]
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Describe the new model (ffpm the assumption of the Paik/al ,keep the secoddr of
Taylor series :
o t—=ToyF Lge—T %
dl}j_dm({ n ) 75( n ) )

To make computation we take for: g = 3.3 mm 1, =5 years

—

For new model developing as follow Paik/al modek: made analysis
of flexibility to the distribution of the rate casion to fixe two
parameter§ andn .
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The flexibility of the rate corrosion distributi
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The reference data : ABS ref and the assumed @atasngping oin ana weicheng cui schoolof

Naval Architecture and Ocean Engineering, Shanghai Tong University, Shanghai, 200030, cm)a

= Cargodeck plating [mm)
~allstdeckplating ()
—AsideshelCago o)
—sideshel Bllstm)
~B-tattomshelCargo o)
~—attomshel gllast )

The thicknes the corrosion (mm)

Long Blkead Crgo o)
Long bulkhed latig B ast o

“Time service[years)

Time service (years)

The assumed data (ref paper Shengping Qin and Weicheng Cui School of Naval Architecture a
The data rEf ABS Ocean Engineering, Shanghai Jiao Tong University, Shanghai, 200088) Chi
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Parameters

Run 1

Run 2

Corrosion models
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Initial corrosion rate

Corrosion models

e K
Long -term

- ssumed Dafa
== model ()
== Paial modd 4
== Guedes Soares/Garbatov
=~ echer Mode

\

corrosion rate

Coating life

0 15 2 5 2

time (years)

17/02/2012

. =57 1 g 5414
d(r) = 3.3 {—) ——{—)
; 13.3 24193 ]
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The flexibility of the rate corrosion distribution

Basic equation ‘

0ift=<T,

rfTﬂ)G"—' i (rf T_ﬂ)g)
exﬂ -
m L iy

.1
—

R

Il

=8
Rl e
——

New Model

0ift<T,

r(t) = i ﬁ{(r —ﬂTgr)E‘i B (r —ﬂTgr}E}
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The flexibility of the rate corrosion distribution
0.3 : :
—o6— model (2) L
7 The rate function basic equation
0.25
T o2l i
g
€
E oas| g
5
g
5 01f |
o
2
<
2 005}
£
0 |
-0.05
5 30
time(years)
limr(t) =0
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Ref. experimental data: Book Metal corrosion indtmosphere (1968 library of congress catalog carg
Numb: 68-15546).

mmmmmmm 9

Depth of corrosion versus time for Al2024-T-81 Allo

t 0.45 1 t 0.5
@ -3

d(t) = 0.215

17/02/2012
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Ref. experimental data: Book Metal corrosion inatmosphere (1968 library of congress catalog carc
Numb: 68-15546).

s

Depth of corrosion versus time for Aloy 62-ICU Zinc

w00z ) |
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Effect of the corrosion to reduce the section mogand the

section area for cargo deck of SHVLCC

ratioSM(time) = 2E-05t- 0.00058 +
1.01 0.0052t- 0.02638+ 0.062¢ - 0.0661t +

) 1.0257
...... model 2
0.99
% 0.98 - === Data corrrosion
T 097 == -
=.=— model 1
0.96
0.95 Poly. (Data
0.94 4 corrrosion )
0.00 5.00 6.00 10.0015.0020.0025.0034.00
Ship age (years)

We lost 9,3% the mean

section area during 25 ¢

years the service

©

We lost 5% the section

- modulus during 15 years the

880000
«
£ 860000
g 840000
& 820000
c
-2 800000
§ 780000
& 760000
2 740000
£

720000

service

section arae(time) = 38.378t6 - 1076.5t5 +
11547t4 - 58290t3 + 13742712 - 146651t +
913502

= A= model (2)

== Assumed Data

Poly. (Assumed Data )

0 5 6 10 15 20 25 34
ship age (years)
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Effect of the corrosion to reduce the section modand the

section area for cargo deck of SHVLCC

RSM =1-7.6107%% + 48107%% — 0.01:

the ratio the section modulus (Z/Z0)

model (2)
y = - 7.66-006*x3 + 0.00048*%2 - 0.01* + 1 cubichy

0.99

0.981

the ratio the section area (A/A0)

0.971

0.96

0.951

0.941

RSA=11-121075" 4 9.2107%" - 0.023t

[\ v =-1.2e-005% + 0.00092x? - 0.023* + 1.1

\

N L

.
5 10 15 20
time ship senice (years)

The fit of the curve section modulus

25

versus ship age, subject to the uniform

corrosion

5 10 15 20 25 30 35

time ship senice (years)

The fit of the curve section area versus

ship age, subject to the uniform

corrosion
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Theratio of the section modulus

o

P2

Corrosion models

Effect of the corrosion to reduce the section mosluising
the aluminium and zinc material

0.999

0.997

0.996

RSM aluminum(t) = -4E-05t2 + 0,0006t2 - 0,0029t + 0,9999

RSM zinc(t) = -0,0013t + 1

e Alloy62-ICU Zinc
=== AL2024-TSIALLOY
= Linéaire (Alloy62-ICU Zinc)

e Poly. (AL2024-T81ALLOY)

0.995

0.994

0.993

0.992

0.991

Time(years)

The fit curve section modulus versus ship age,esithp the

uniform corrosion 17/02/2012
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Correlation between weight and ratio of the section

modulus of the cargo deck SHVLCC

2.06E+03 —
T
2.04E+03 |
2.02E+03
=X~ model (2)
2.00E+03
L= 7/
g
1.98E+03 g / =@ Assumed Data cargo deck
T L
196403 Linéaire (Assumed Data cargo
deck)
1.94E+03
y) ) t _
1.92E+03 NIt ||ne) =
Alc . -
« ). 9*ratiosectionmodius - 3319.9
1.90E+03 & =
::1 T l
YT
1.88E+03 Ll

0960 0.965 0.970 0.975 0.980 0.985 0.990  0.995

Section modulus the full deck /section built

Weight (tonne) = 5410.9 = RSM — 3319.9
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The ULS computation of the plate subject to theasion

= === Cui/Mansour
1.00 =
'\ i
0.90 1 AN —.— DN\i PULS with lateral pressure
A a/b=6,23
N\
\ — - i =

0.80 \ ~ & — DNV PULS without pressure a/b=6,23
5070
8 .70 -

0.60 -

0.50 -

0.40 T

1.5 2.00
, ( 1if G= 159
Lif B <1y o f;fﬂ (‘31'9 W 127 09
v = Pyp= 26, ; v less + - iff=19
= 109 1.26 up — . 2 = 1
w, n.os+?—£—: fBm19 052 7 + 7 if =19 ‘ B
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The ULS computation of the plate subject to theasion

oy loy

—&— p1=12 mm pressure=0MPa
indef=2,71mm

—=8— p2=14 mm pressure =0 MPa
indef=2,22mm

—&— p3=19,5 mm pressure =0 Mpa
indef=1,59mm

==-X-=- p=18mm/b1=500mm
indef=0,6mm

-=-©--- p=18mm/b2=850mm indef=1,72

---A--- p=18mm/b1=950mm
indef=2,15mm

0.35 T T T S T |
0.65 0.75 0.85 0.95 1.05 1.15 1.25
o, loy
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The ULS computation of the plate

subject to theasion

Hogging Bottom 1
Bottom2
lower longitudinal bulkhead
Lower side
Deckl
Deck2

upper longitudinal bulkhead

Sagging

Upper side

Reduction the ultimate strength
the plate
8.10%
8.54%
7.91%
8.98%
8.90%

8.438%

9.35%

7.97%
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The ULS computation of the stiffened panel subjet¢he corrosion 1

The dimension of the stiffened panel botto

Element ei (breath) mm

bi(height) mm

Effective plating 870,00 22
Web 13 600
Flange 200 24

The neutrale axis:Zg 181,64 mm

A 0,25

B 1,38

be (effectif width) 0,804 m

I } I
|vru|rvr|11|(\'r1rrvvuvvlrlvrrxl

s
i s
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13

26100

{
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5450

[T

I

~” panel bottom }L
— T
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The reduction the ULS of the stiffened panel (gftee uniform corrosion) in hogging

16.00%

14.00%

12.00%

= DNV PULS Paik Model

10.00%

8.00%

s Rahman model === Hughes model
6.00%

4.00%

2.00%

=¥ Average

0.00%

Bottom : Bottomz lower longitudinal  LOWER SIDE
bukhead
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The reduction the ULS of the stiffened panels (ftae uniform corrosion) in sagging

14.00%

12.00%

10.00%

8.00%

6.00%

=3ie=average

4.00%

2.00%

0.00%

Deckl Deck2 upper upperside
longitudinal 17/02/2012
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The ULS computation of the hull girder subjecthie torrosion

SHIP MAIN PARTICULARS

Length O.A of thetanker ship

Breadth of thetanker ship
Bloc coefficient

Design speed

Depth of ship

Dead-weight

‘ 17/02/2012
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The 3D views of the tanker ship single hull VLCC
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Ship age (years)

Thereduction the N.Axis position in
hogging with uniform corrosion = 26 %

Thereduction the N.Axis position in
sagging with uniform corrosion =4 %

o

105 MUH . The reduction the MU hogging with uniform
% o ogging witl : _ 0,
g 1.00 —a—\ uniforme corrosion =17 % .
7:; 0.95 \ corrosion (GN.m)
g0 . ] . .
E 100 §§\ - MUSaggingwith The rgductlon the M U sagging with uniform
3 NI uniforme corrosion =15% .
;§ 0.85 %§ corrosion (GN.m)
2 0.80
[
g 0.75
5070 .
0 5 15 20 =

n of the Neutr

o3

YNS=17.16m

YNARS=I609M

=12

Vhais=1e2m
¥ MNas= 076m

Vhais=28m

= T netl axi posion i haggng g coroion
= T et axi posionnsaggng g coroion

—— The neuta s posion n hgging éh uorne coroion
—— e neuta s posion n saggng withufome coron ||

K15
vars

e cncte (i)
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The ULS computation of the hull girder subjecthe torrosion

= Sagging E==3IHogging
3506 ~#— Average Sag —&— Average Hog 20%

= £

S _ 19% .

= 30% @ @ & @ S

c 0

2 18.86% 29.58% 19% §

g £

E 25% ¢ 18% 2

c °

= c
5 17.10% 17.21% 18% 22
g 20% ¢ 16.92% ° 5
15.75% 17.76% 17.72% Lo
o 17.05% 16.30% o &2
g - 15.62 15.709% 17% E G
E o b 47 =2

= 3
3 5 17% o
@ £2
< > .g’
g 10% 16.08 1% S5
E B2

o 16% o

<

2 5% £

= 15% o

o

1]

0% 15% &

Paik/Mansour Modiefed Caldwell Vinner Faulkner/Sadden Valsgaad/steen Rahman CSR Tanker 2

=

The candidates model
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+ keep the model (2) : () = d. ((z ;Ts;)ﬁ B % (z ;Tse)zﬂj

¢ Reduce 5% the section modulus during 15 year sthe ser vice subject
to the uniform corrosion.

+*Reduce 9,3% the mean section area during 25 year sthe ser vice subject
to the uniform corrosion.

Weight (tonne) = 5410.9 = RSM — 33199
«*Reduce 8% the ultimate strength capacity of the plate .
«*Reduce 5-9% the ultimate strength capacity of the stiffened panels.
«»*Thereduction the MU hogging with uniform corrosion = 18.86 %.
«*Thereduction the MU sagging with uniform corrosion = 16%.

«*Thereduction the N.Axis position hogging with uniform corrosion =26 %.

17/02/2012

e «*Thereduction the N.Axis position sagging with uniform corrosion =4 %.

§ Merci pour votre attentio
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