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Abstrqc,
Siace rcliebilb of at eqtipmew ar couqronenl is inlrrerrced

th.ongh a pmdact tife cycla u.s a ,esrt, of dcrciencies occarirrg in
deslgn, paodxcliol ot dae lo etTeraal tsetors (end-environrrreals).
fhe ellect of pitlinS eo.rosiort on reliqbilr, of differer to$' alla!
steels, atd e*bon slcel allols are ertin ared in lhit stzd! so os ro
notice the foilures tlrat n a! resrtll ih the end ervi.orrment.

Resatts sho , ,hal the reliqbw decreaset drasralicalb ss pi,
densily an.l average pi, deplh ino"ase, for aII thr 3t dizd alt4$, i1 o
pay ,hat lh? atllrls ,nr* ,o non-uselbt lrom reliabili4, point of ticto.
Retiobw h lers efleLred ty lhe cofiNion fik o! t*e telatire otloy.

bdter dtsclibe pitting eorrosion ralher ahan the cofiasion .sre.

fult Cp ,iU:- ary-t'<ttg.l tSt qt Ofl &ist .pt
la*\,.1 .Aaifi ilsSts s,;sil 
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conditio s
,.1,2,3,41.
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Reliability is the
probabilit), of a device, or
prod.ci perfoBling its purpose
ad€quately for the period of
time intesded under opera fig

erlcountered

Failures occuring may be
d:re !o deficierL.ies in design,
production, and extemal factors
(end envircnmenls) lll.
Failures wcre categorized in
two lpes 16,7lr
l.Element Failff€s: - Due to
failures in mapped functions,

2-pre-couditlon Failures: ' As
a result of other behaviors in
the system (exte.nal or
inlemal). Ebeling [1] classifles
three modes of failures afie

Electrical, Mecllanical, and
Chemical.
Reg.rdless of ihe claJsi qcaliotr

mode. it is agreed tha! the
impact of any failure when
occurs, ahe system will nor te
immedialely alTecte4 but
systeu ieliability may decrease
according to thal I J,3].

Reliabilit-v evaluatioe is
the mosa impodant activity of
reliability activities tbrough out
the desigd process tsl.
kobabilistic method for
reliability assessment has beei
a fiainstay of i:ngiaeering
sysrent development [6,7].

Pining corros:on is a form
o, extrernely localized attac&
thal produces holes ia &e
meral. It is an €*ecia.: ly
insidious iolm ofcorlosion &at
causes eqrliptnent's fail aftet
only a small percertage of
d€signed-for weighl loss [3].

Pidng da$age due to the
presence o[ aggressive
erivironment( as the pesence of
chloride ions or orher halide
ionsJ, and the danuge is
conhned lo small area ofsquare
millimelenl ur less, lirhile ol*er
met&l swface rcrnains
unaliected (passi\€) [8.9,10],

Pits thal do aot perforale
parts or equipmen! Carl

sometimes b€ accepled ir
engineerirg slructule [9]. PiA
..an lead ro an encoimler faaigue
lnd saess conosio, cl'ck of
elgineeriflg components that
are s&bjectrd to exl.mal stess
Ie].

The aim of drs sfudy to
rnonitor otheruspects of pitting
damage (l]uids leakage, ard
loss of the coi[ponen{,... elc.),
in a way thal may Lelp
desig:ners to inc.eas€ reliabilily
as well as quality of thei.
design.

Relisbilitv Asiessnre.t-
The success of aa),.

reliability analysis depsnds
crilically on the accuracy ofahe
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data used in the analysis lll.
This is why the da& in
Eference [11] was !sed, these

dala are collecied as resirlB of
the effots of many i]lsn'tutes
and collaei*r [r1].

TIle chdmical composition of
the atloys is showi in Table (1)
as mentiorcd iD the rcference

ll tl.
Although in lno$ c.etnon

practilss \Veibull it ction
failure distributioa is

co$idercd a2-4,1. Brlr siace

materials or equrpment's
tbilures is rcIa.ed 1o ihe
*eakert poirt or weakest

ooitrpcrent as ln prthng
€otJosion case, 'Ihe rixarenre

distributioa iroctio& for the
smellest value is the orle

usually encountercd in
reliability work an fdilures
causddby corosion [,4].

The exteme value
distrihrtion firnction used :n
calcrrlations is shown i.

equatio, {l} below [t l]:-.

R(tF l-expll -N * I e^X., k-I)
( e"LD-1)11....,.{U

R(t):- Reliabiliry Fuction of
Time
N! No. Of Piis
l,:- Failures rate = l/ Mean Pii
depti.
K:- Corrosion Rate associated
with tlte m€tal or alloy-
t- time.

Di -Thickrcss ofpipe or plate.

Using the data ia refererc€

ll ll, vith tle elat€d co$osion
rate of each slloy ,s $entioned
in &c aadl€ rEfer€nce, Stsndard
ASTM rating ciatls [12] is
used to obtain ltre Bit density
valltes (No. Of pits per urit
6ea) with tle relatit"e iverage
git depth ralrcs, the ASTM
chart is showa in Fig(l).
?he calerdat€d reliability

values ate shown in Tabt{2),
usirlg (360 dals) period and,
smm t[icklesg for these
calculalions.

Dirc{ssiotr
since tnost mechanical

and eleqaicat syste&s
compises collection

The overall
reliability of the systtu
depends oo how components
are arrarged [2|3]. So if
thete aI€ (is) co4poner(s) of
low system reliabilify qdckly
becqres ver-i low[2,3],
whether ile coorponelts of tle
system are arranged i'l seri€s or
in patalleu?].

From Table 2 it is obvio{$ -

that as boOL pit &nsity and
average pit depth ircreases tte
reliabili8 of &e alloy decreases

sharpty, aad fior 4ll the
estimated alloys. The cotroFion
rale (indicaton for the geriral
corrosion) increase is soticed to
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b€ inefleciive on the rctiabiliry
values. This rcsult rray be
related to the fact that ioass is
very small, but csn provide
hformalion about mehl loss,
aod may be ofvalue w-ith vi*al
comparison [8,12].
It is illlportart to determine &e
extent of pitti{g id s€rvice
applicarors in o.der to lredici
lhe reruiiirlg life of tie metal
sfirca.ue, or to predicl ibe m6t
pitting rqsistance maaerial for
sewice [12]. So For pitiry
corosio, the mardr$rtr pit
depth is more significant ttan
&e avenge pit dqdr t10,12],
btli in this resea.ch it is desired
to use the ASTI{ standard ol
pitting detrsitv as well as the
ave.age pit depth for
assessments of the reliability
values usi.g the same st$lda.d
data. AIso the resulted dala may
be beneficial for comparison

Pu|I'OSes.
The remained values ofthe pit
densitr, al1d related aveGge pir
depth is not irsed becaLse ofthe
very lo\r values of reliability
values resulted for the
calculated values shosm in
fig,(I), sometimes pit ave.age
depLh is alrnost tle thickness ol
the tested metal.
- Its importanl here to mention
that the used alloys ir this srudy
have diffesear applications for
engineering pfoddc$, so these
data can add [e], dimension fot

desigters i]1 oider to have good,
Ieliable, and quality of their
designs.

Corclusiotrs
l. The reliahiliry idorEation are
inpstmt !o &e dgsi8rrets early i.r
d€ desig stsge, where pltlng
eflviroffirr{ is cxp€cted irt ordet
10 choose dte prope. marerial, aI$
to €slimde time lo tEilm ;n eac€

ftat a P8r! or eqEbm€trt could
,epkced
2. Reliability vslues aie grearly
atr€eted !} pn density, asd tlE
sversge pil md with ,e$ exler
effecled by.oirosio lEte. this is
for all lhs estinaled atlo,s in this
stidy,
3. In a modtrals pia deDsit, rle
reliability of low cabotr steel
elloys *eie r-ery low in a lray fiat
lkse alloYs canoot be ssed for
engineerir[ purposes in i2ir media.
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Fig.(l). Standard ASTM rating chafis [2]
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Tatrle Nol. Low alloy steel and cidror steel-lrbomtor] t€ct
Matc1ial

Talrle No,_2-Rcll.bllity Ass6smert

C si Iln s Cr )li C!

1u,{t 0.066 027 O'J 0.005 0 00! t.02 0.04

zo,,,ct l].OEI t),14 0.93 aar06 0.t0i t.96 0_$16 r.06

0.5%Mo 0.15 0,006 0.02 <ai)a

0.s"/oC! 0.2: 0.97 0.m6 0.01 <0.00! 0.04 a._!t

l.8J%Si
0.25Cr

0.08! l.li ,0t5

l_ty,isi
0.55%Cr

t.t5 0.01i !55

CrtICtr 0.J3 00,1 c.90 o.:9

Mildsleel c t10 001 0.51 0.012 0 007 c.02 ii.02 <0.0r:

Allo) llll
K

ilcrmLl2l.

fir DiliMi2l

&8nmtl4.

ElOeBnyll2l
,\l=r*!0"4n ?

l.6nd:i21.

r.8:10.5 9.0

2./oat i 8.{r t0^4 60

8768 4.3

+J

82.68

1,3r?,,S1

0.5516C)

5 ir t01 87.68

s2.21
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