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1. Corrosion Allowance


mailto:mmrfzd@ihu.ac.ir

a:\)' L..éjau L.b).l.w

L;;J}s L}..LE.» 3 ‘,;ll-l)-’ oY glaolu slazel < LB

Sl il o3 S s 0 L gt e ohs ol
g SeaSy lagas shls LIS dyl b 55 ba 5y o g
GlaSns L o @O sw a5 cul Sl sk o
La o Sl b, Ol T 3 ol LS o sl S5, 5%
die B b i s oo S aal b L Culg o S &
Aol e 3l OLas U b 3 1 g sladnl 3 03 8
S8 s 53 e Slacus s (Jl= ol L [VY VY]
bl sl ol e sl s s 3 LIS ,\.\Jj,e
ol ol el (g 0l Jlie L T 3l bl
35 slagad Il (5,5 53 iy, LS dul b ol
S aS sl Ol cpl asls (S, ilpllaie ox)
OLL Glsls 5o 1y st 8 Sl s s 0 50 laesls
s L s VU s |y ab g o (6l pois LIS Al 3 cias
T - g
Sloslo i slazel bl 5 sl e 3 gladely
ls dal g ab g e

Sl eslanal b ooV 5 slaelo slazel LB allas ol s
4S b e olgd Sosp dnl Bl (SetS sl Jke
352 g0 glaesls SVl /g bl ol s il cubls
S dde Sl SaS sl die sl sgls 1y (So,e s
Ciw g gl Ol s> Cwend 4 0] Melchers  (gslgliy
sl 3 S e o e Seshs 3 (Sa oSSl
o 2oy Sl dode (2 LS Sleslacul L u§°)}—5' slaosls
e d U Sy 5l (6l i 5 el &l B S,b
Jis (Ol J s 53 Slome Slouil 5 Sl ) 53
L glsesls uilosls 035 e DGl gy ol A dal
Syl e o2l 1 A0l Oles Jsb s o e oV &S
sy gmeslinul fagss ol 3 aS Jf:)j_&- slaosls
SLITL o5 glas¥ b (sladsad oo o ST (slas Sl
O 2wl 3 Cileie glabys OF (5 e 55 45 b
Sy e Ol Wlie ol 55 S Jie cpl by diledds st

o=l 3 aS 5, S Wlsl Wbl sV b 48 ol (gl Lai

204

g oslinad SVl glade

22 G 93 4 S 3y e 4 S am VL s |
o sbeesls s (1) 5 a5 L slazel Sl Lo
S sl L s gl sl shiae e iolesl 5l ool s
SoosF RIS lds pses b, Cieo s gl i
L Laesls s (V) 5 Ol 5l ol Olsisas Hlasl 5 ) e
Sl ol (Ba) a5 e b el sl Jow 5 aslizud
sleing U glsial G 5 Slabll Sledbl L 5,55
Vgane « imss Gilye 3 Jil e omibia 5Vlez| Juta
Slasdnl o (e 45 015 el 050 G 4 s L
W 53 V] 0l 5,55 5 el (S, p ke SIS
L 5 (S 50 SO o alh G056 ()
Aal g [Y] (o) (o pmadtpn dige 53 St glaed|
sl 5 Jeaie Sl s 5 S ol oS Gl s
L Ol esl 058 a5 sl ol pdgy ot gladle 5 0l
ime Do GV b sla So)55 3 ehs 4 LS b U
Lol

Sl S5 Aol b GVhat 03,8 de im0 e
sl ol a5 an s Gilsw 5 50 e Sliebll Ol
e oSl sla i3l glmesls leslinul L
Oles Jsb 3 zme bLE 55 5¥ 50 o, gla Slabll
Sl leslinad s 0l Simss [T 58]l an S plon
5 Saust Al B 038 dde gl Sl aul b SVl
ol LSS s [P Wles S slgniay 15T gls bl amss 5o
F B L (015 056 ale) oy — Sl 1 da s,
ol e s esli sl e OOl e a SO
Oles o Soup ol JolS (Sasls (25 5 (S i)
J= 1 Slas slags i mns Al 5 o0d i 53 5 00
St S gl T3 S Gl s s YTl
Sl b Olos 53 35 e ealinul (S350 W13 oo s

ol Sleay L 5 T oS slady] b S i

1. Power Law
2. Brownian Motion
3. Gamma
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Fig. 1. Corrosion progression model in time (see [5])

1. Pitting Corrosion
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Mean- Corrosion (mm)
seawat Loss
Site er Steel 5 15
Temp. type year 10 year
(°C) s years s
N 041 | 0.68 | 0.79
P 051 | 082 | 091
M 054 | 075 | 1.25
Plymouth 125 B 0.42 | 0.66 | 0.89
D 047 | 0.72 | 0.86
E 0.47 | 0.78 | 0.86
F 053 | 0.77 | 1.07
N 0.40 | 062 | 0.83
P 0.40 | 059 | 0.95
M 043 | 063 | 0.78
Auckland 175 B 044 | 075 | 1.21
D 048 | 0.69 | 1.13
E 044 | 073 | 142
F 044 | 079 | 1.39
N 045 | 081 | 1.22
P 039 | 088 | 118
M 049 | 079 | 110
Colombo 28.5 B 051 | 1.03 | 1.21
D 058 | 1.06 | 1.70
E 059 | 1.08 | 1.72
F 0.50 | 0.98 | 143
Note: The figures are converted from weight losses in terms of grams
per 1000 square centimetres to an equivalent thickness of steel in mm
using the relationship: thickness (mm)=(grams corrosion loss per
1000 cm?) / (7.8 x 100). A uniform specific gravity of 7.8 grams/cm®
is assumed.

Table 1. General corrosion results for immersion zones
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Sl L (SO ) saelS 5 (0 55) ST (D
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[V] Sl 0
Co = 0.141 - 0.00133 T M)
re = 0.039 exp(0.0254 T) )

o3l el b by OF ¥l 1 Kle glos Jaulg,y cpl 55 T
e Lo L ool (g g ot aSST 53 L 5 il ol S
B df:)}_i- O slde a8 sls QLA 015 e Aol oo

s al e LT blae Blal glaobe s
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key Description C Si S P Mn Cr | Ni Cu

N I"rg‘r’]" Moor Wrought | 15 | 0145 | 00125 | 01135 | 002 | - | - | 0.021

Ri;JOILeSd P Swedish charcoal iron 0.03 0.03 0.019 0.022 0.02 - - | 0.063
M | Ingot iron 0.035 | 0.035 | 0033 | 00175 | 0065 | - | - | 0.042

B 'F\,"“d steel. highSand | 515 | 017 | 0103 | 0067 | 034 | - | - | 0072

Ordinary D 0.4% carbon steel 0.4 0.2 0.049 0.045 0.85 - - | 0.048
Steels | g | Mildsteel. lowSand | o345 | 02 | 0025 | 0027 | 0725 | - | - | 007
F | Mildsteel, 0.7%Mn 024 | 016 | 0063 | 0048 | 068 | - | - | 0087

Table 2. Composition of steels used in Halifax/Plymouth/Auckland/Colombo test program (% by weight)

(VC = L O 80ke (gled) LLL JUIS wilin DB 2 (S3,50 ages (S350 el Y s

Corrosion loss (mm)
Key type 1 year 2 years 4 years 8 years 16 years
A Carbon-steel 0.15 0.21 0.41 0.66 1.17
B Carbon-steel 0.14 0.23 0.38 0.69 1.24
C Carbon-steel 0.11 0.20 0.38 0.58 Not reported
D Carbon-steel 0.15 0.23 0.38 0.71 1.24
| Low-Alloy steel 0.15 0.22 0.53 0.66 1.22
K Low-Alloy steel 0.16 0.24 0.38 0.64 1.14
S Wrought iron 0.17 0.20 0.36 0.56 Not reported
T Wrought iron 0.16 0.24 0.38 0.66 1.12

Note: the figures in Table are converted from corrosion losses originally recorded in mils: Imm = 0.0254 mils
Table 3. General corrosion results for immersion zones measured in Panama Canal (mean-seawater Temperature = 27.6 °C)

(55 2os w5 LLL JUKS aikie Ji.ihﬂ aslyy 53 ol eslanal slas¥ g pland S 5 -8 Jader

key Description C Si S P Mn Cr Ni Cu Mo
A C steel (pickled)
B C-steel (machined) 0.24 | 0.008 | 0027 | 0.04 | 048 | 003 | 0.051 | 0.08 -
C-steels
C C steel (mill Scale)
D | Csteel (0.3% Cu) (Pickled) 0.22 | 0.009 | 0.033 | 0.019 | 0.44 | Trace | 0.14 0.35 -
I/&?IW- | Low-Alloy St. (Pickled) 0.08 0.06 | 0.026 | 0.007 | 0.47 0 1.54 0.87 -
oy
Steels | K| Low-Alloy St. (Pickled) | 0.078 | 0.04 | 0.022 | 0.058 | 0.75 | Trace | 0.72 | 061 | 0.3
S Wi hti hined
Wrought rought iron (machined) |54 | 0098 | 0.018 | 0.141 | 0038 | Trace | 0.006 | 0.02 | -
irons T | Wrought iron (as received)

Table 4. Composition of steels used in Panama Canal test program (% by weight)
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Fig. 2. Corrosion Process in time-discrete indication
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Abstract
Reliability analysis of steel structures subject to seawater corrosion is of considerable interest for coastal and
offshore marine steel structures. These are often very expensive and have high consequential costs and
implications should failure occur. Since corrosion of steel structures causes deterioration of structural
strength, usually gradually with time, safety assessment is of considerable importance for new structures
(those in the design stage) and also for those which are already in operation.
Marine corrosion is a complex phenomenon and subject to various influencing factors each of which has its
own inherent uncertainty. In any safety assessment, in principle, the uncertainty of each factor should be
studied and taken into account. Since such an action is too difficult, in practice some test programs are
normally conducted and all uncertainties caused by different factors are assumed to be included in the
relevant corrosion measurements.
In addition, in any corrosion reliability analysis for steel structures exposed to seawater, two different models
must be taken into consideration: (1) A physical model indicating general corrosion behaviour as a function
of exposure time and (2) A stochastic model describing probabilistic treatment of uncertainties observed in
real corrosion data. The first has been traditionally treated by invoking a simple power law and in particular
a linear relationship. However, using realistic long-term data, validity of such a model has recently been
challenged. The second model (i.e. probabilistic modelling of corrosion process) has been dealt with in
literature in different approaches, including either taking the corrosion annual rate as a random variable or
proposing a stochastic process such as Gamma process. This is usually proposed as a general structural
deterioration process. The second approach provides, doubtlessly, better treatment of corrosion uncertainties;
however it can be shown unfortunately that the Gamma process is unable to reflect the corrosion
uncertainties in some circumstances.
In this paper, two sets of corrosion data collected in different seawaters around the world with different
temperatures are used. This requires processing of data in such a way that the data sets remain consistent
with each other and that outcome is data that can be considered as belonging to one statistical population.
Herein, first, a simple algorithm is proposed to transform the whole data to one common temperature.
Second, a novel Markov-chain based model is developed which meets long term second-order corrosion
statistics (i.e. means and standard deviations of corrosion losses). It is based on a corrosion model that
previously has been calibrated extensively to field observations of corrosion and to literature-reported
realistic data. Although actual long-term field observations of marine corrosion of steel are scarce, it is
shown that particularly for the standard deviation the new model is well capable to be consistent with the
long-term data.
It is noted that herein, only the corrosion data collected in marine immersion zones are considered (i.e. those
taken in splash zones and atmospheric zones are not considered). Further, only general corrosion (i.e. not
pitting corrosion) is accounted for herein. These two issues, obviously, have to be addressed separately.

Keywords: corrosion, seawater, probabilistic model, stochastic process, Markov Chain.
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