








THE RELATIVE SEVERITY
~OF

NATURAL AND SYNTHETIC SEAWATERS
ON

FATIGUE CRACK GROWTH
IN

CATHODICALLY PROTEctED STEEL

BY

<0 Cra.ig C. Monahan, B. En,g.

~
.~

Athesis' submitted to the School of Graduate

I Studies .in partla1 fulfillment' of the

requirements f~. -degree of

, Mas~ Engineering"

. ,
Newf~oundland .

. Faculty of Engineering and Applied Science

Memorial University of Newfou~dland

.'Fe1?ruary 1988

St~ JOhn's'



. ~. '

Per.iuion ~a bee,n granted
to ~he Nll"\:.ional Library of
Canada' to' .icro·fi"l_ 'thia
t.heaia aod to lend or' J8.1l
copies of the filII.

The author (copyright' ow~er)

S/ ~·:b8liC~~'''O~r:~:ht.O,th~~~
neither the' ·the •.ia nor'

,extend·Ve extract•. fr6~Jt
,aay be prInted or ot't1erwille

'. reprodl.l·ced ,without' bill/her
. wi-i tten perdll8ion.

• L'al.ltori.at.ion a 't.e accord'e .
A la Bibl1othlql.le nationale

~~·tt.;a~:::e .::. d:i.~~a:~~·"~
de ven4re dee exellpla1rell dl.l
filII.. .

t,'al.lt.eur ,~(titulaire .du droit
d'auteur)" ae r~aerv~ lea
autre. droit. de publication',

- oi ~a th~h ni ~de '. long.
extraita de celie-ci fte
doivent. ttre' \ iiaprill'. ·01,1'
auhtnlient r"~pr9dU1t. Ilai"lll 80n
auto~i.a·tion licrite. . .

ISBN 0-315-43346-9

;y
,~.~

.• n ~~~·&~·;~:~·2~~;.'#¥



"'-1,

,\,

THE RELATIVE SEVERITY
.OF

NATURAL AND SYNTHETIC SEAWATERS
ON· '

FATIGUE CRACK GROWTH
. . IN .

CAtHODIC~LYPROTECTEDSTEEt

r



-,: .•..

.','..

.f','
'To Jilt.

, '.'~'

'-:':-,..-' ~-----CC\---':~-----~--tl:~-._~_~.~-_-_~_-'c._."
,

,.. ,,
:'i.

. :"~,:

~': '.
;~':' j

IL;J';i;;ia";'~"'"'.~;,"';=)"j,;",,~,~.J



. ~
ABSTRAcr

Two soi.utions. AS!M-substilUlC ocean water and natural seawater, flTC used more

or less interChangeably)o evaluiite the~fatigue crack growth 'properties of steels. There is

:;

. .
evidence "in-the literature lo'suggest thallhe mechanism responsible for aceeleroled'rQligue

c~acl~wth in cathodically .p~tected steel(i:e.~ter reduction) can be significaolly ,

, influenced by bulk solution chemistry. E'X.periments were d~signed to investigate the

relative seventy o(theso tWO sol~tions when used wit~odic"nlly protected steel

- sampl.es. The inveS~.i~atiOn ~~ conducted using~~ o.r S~imens: w~lded :-Pl~les,
" compact tyPe (~specime~.S and artifioial ere~ices:W.elded. T-p\atcs provided data on the

~nitia;ion and propagati.~n bCh~~ior'of semi~elliplicnt cra~k"s:<ir ~mens, ~ere tes\e~ to

obtain:gack. growth ~te v;rsu.s c.ra«k.. tip stre~s intensity tinge dam,·since it is difficu.\! tQ

d'riv' S,n\ilil,,"';~sfrom' w,ld'" T.;'''' da... Th, artific;;i crevi" ","'rim,;IS. w're .\
combined-wit~ ~larograPliiC and sc'ann~ng ele~tron mic~probe (SEM) analyses 10s(u~;­
the chemistrY of calcareous deposits and ,their influence on water ~~clion kinetics.

..;.,"

~ \ I ag!!i~~t corrbsion.

..,,

. .The e.xlent to which calcareous deP'1Sits.affec~~ the rate for water reducti~n wit.hjJ1 .

the artifi~ial crevi,:cs d~pended .?n the bulk: soli!tkln chernisfry and electroe~emicalpotential

under which Ihe.y formi?rl. Magnesium·rich deposits were less eff~c~Ye in,reduci~g the rate

for water reduction than we~ calcium rich dc)'Osits. Region~ of localiZed ~rroslon were

evident.on several of the speei~ns. A·theory is presented which ~xplnin~·how·lot:bli:zed

corrosion is possible within crevices and cra~ks cathodically pro.tected to potenlia~s more • -~.

negative fha~.•780\mv sCe:ttie generaily accepted·pot.entfal ror.~~plete p.n:iec.tion

. ~-

III



,......:

.<:;li.lca!eous d~posits:·cathodic pr'pteetiQ~', corrosion, fatlgue,.hy<hogen
,embrittl~~nt, s~\Vat~r c~emistty, steel" water !'eduction

~elWords:

For the intenncjiate ~evel.~ ofcrac~s!!'ess intensity range examined. using cr
'specimens, lhe"two ~1L:ttions produced·similar crack growth rate data. Crack prop~gatio.n

. rates WC!"e generally .between. 2 and 25 times faster un~er cathodic protection in seawater

than i~ air. Significaru1~rent flitigue bChaviors)V.~ obServed for the,)V~lded T-p~.

Paligue .cr!lc~s initialed early within tJ:Ie specimens. tested "in natural ~eaw~ter, but

propagated at rates close to tho~e observed in air. Synthetic seawater prolonged the

initiation phase but gave riS~ to cra~~ propagation nl.les that ~ei-e about 2 tim1 higher than

.' fhose obs'erved in air, 'these results have been explained in >terms ,ouhe- propenies and

.' Ip~ipitationJdnetics of cai"careous de~si~. ~. : .
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1.0 INTRODUCTION "

:' Bnvironment~assisled fatigue is generally referrrd 10 as .fatigue dllII1l1.ge occurring

under the combined .acti,on of cyclic IOad,ing-an.d an il8~ssiveenvironment. 9'c1ic loading

. 1n an aggressive environmeri( such as seawater orlen results in a significant reduction in

fatigue perfo~ance compared with that obtained un<!er cyclic loading in an inert

environment such as air.

/
I~ recent years, energy shortages have generilled II. drive t!?wards th.e exploratio.n, :

driBing 'and: production of oil and gas in offsbore environmerits. Many of the, st:n,ietures

uSed i'rim:~ne eriVironmerilS are made ~m carbon and low alloy steels. Even though s~h
~ ,,' . ' ~ . . .

steels are susteptible to corrosion (atigu~j the~ .are widely us~ ~causeof their relatively

low CO.SI ~d ease of .fabri~~tion.S(nce steiels ~·.subject tci~siY~ degra~ation in mari~
environl.!ients, the loss in fatigue.resistance due to corrosion'ml,lst be taken into account in

engi,neering de,sigo. :Designers. engineers and operators must be aware of the possible

deleterious effects of environment-assisted fatigue on material perfonnance and must assess

the potential impact of these effects on the design. safety and' reliability of offshore
. "

l structures. ~

: . ,
Be~ot'CI the severity of fatigued~ge can' be predicted for a given'.a11~ in a marine

envii-on"ment. bo(h the metal and the eiectrolyte'mus! be understoOd. Un~il recently;more""

.. was ,known 'about the sieel' structures than abo.u(the,seaw,ater)tsclf. Cons~ue~t1J' -.

·sea~ater.has often been tre~ted ,45 an inyanabic=" flui~ whose propenitt are well s~muI.attd

by 3_S~ NaCl ,soluri?n. ~ so~e respeCts, seawat~.is s~risingly ,~onsist~nt w~tldwide.

In open 'ocean V/liters QfYar}'ing·saiinity. thc.a~soluieconceritriii.ionsofthe majorjnorgaJ)~

i~ns' change ~nS:iderably~ but the ratios0f.tbcir cQriceniiations.t.o one-another are.constant. •



\

· However. in tenns of temperature. dissolved 'oxyg~n concenlrallon, salinity and pH,

seawater is varia~le in time, geograp~ica1loCation and deplh. It is the intent of thisst~y to

focus on the electroChe~calprocesses occurring within fatigue cracks in an auemplto

~nde!Stand ~~w these. processes might be influenced by variations in bulk senwater

chemistry. SeyeritI important mechanical ilrtd material vll!iables which are known to internet

with the environmental variables have~been introduced near the beginning in order tnltlll

c~mplete understanding of the overall corrosion falig~e cnlck.ing p\ss can be grasped.
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2.0 VARIABLESWHiCH~UENCEFATIGUECRACK
PROPAGATION RATEs IN STEEL

In recent years, there ba~·been a major effort to quantify the effecls of seawater

cOITOsio'n and cathodic protection on the f~tigue behavior of offshore structural steel

- -weldmenlS. The prinwyconcem Is with the initiat;ion and propagation of cracks in welded

lubular s~el inlersectil;lnS under cyciic loading in marine environments. Joints of this tyPe

usually contain weld defects which initiate fatigue cracks. Th.e presence of such flaws
'. ".'

elimln~tesmuch of the fatigue crack initiation 'period an9Jilligue life is gove~ed by crack

pJ;opa~ation fl'9m a wellftoe,into parenl m~tal [49], For ~his rea,son. ·t~e following

- discussion, 'bas been Iimi~d. to inchJde on'ly those variables thought 10 influence 'crack .'

p~pagatio~ in the base metal.

,
Variables ide":tified as affecting corrosion fatigue crack propagation behavior may

be grouped in~l? three categories: ~ec~aniCa1. matfrial.\nd 5nvironmental. Mechanical

. -:. variables Include crack tip stress intensityfaclor range, cyclic frequency; stress ratio and

cyclic load waveform. Malerial variables of significance are slttnk\h and the distribution of

impurities such as manganese sulfide: inclusions. "f!'e impcirtant envirol'lmentaJ variables are

tc:.mperature•. pH, dissolved oxygen conceiltration, velocity of the ·environment and

electtoeherriicaJ potential

/
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2.1 MECHANI<;AL VARIABLES. ------2.1.1 Crack Tip StrESS Inten;sity Factor Rnng~

When crack .~"ratedata from a fatigue- experiment are ploned on n log-log

scale, the curve depicts a somewhat sigmoidal re~ationship wiih three distinct regions

(Figure 1. p.103). In region 1, the crack growth ra~e 'Igoes asymptotically to zero as the

stress intensity factor ~nge ~K approaches a threshO~d value liKl!t. This means t~at fo;

stress inte~sitie~' below·.6.Kth th~~ is no crack'gro~t., I:.~. ·the~\s. a.flltigUi'!i~i!,:3he:
thte,!ihold effect is believed to·be caused by a number.o( different processes which.lead to

crack.bloclarigfor smail s~ess inten~iti~s. I~ regi~n 2~\ the log of cr~c~ growth.rntem~y..
vary Il~early with res~t to "the log of 6.K. In fracture ~echanics terms, the ~ck gi'owt~

'mte (daldN) d;w,g this pom(m of the propagation stage. has been sucCessfully related to the
.' '. .

, linear elas~c crack tip stress intensity factOr range (.:iK''''K",.",~Kmin) according to the Paris·

equation [64}

daldN = C(.:iK)m

where' a=cracklength

N" number ofcycles

../) e,m~stants" depending on material variables,
. environment, temPe~ture, frequencr, etc.

. .'
For marine structures design; the Hnem: Portion of the curve repres~,jting region i

. ·1 crack 'growth is most important since this is the portion of fatigu~where:a crack undorgoes

steady growth, As ~e transition flQIn region 2 to region 3 occurs, the cratk gro~[h~..:)

accelerates drnmatic::aIly as ductile tearing comes into play, Crack growth in reg\on ;3 is of . };
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minor imponance fo~ marine s~clU~n since lhe cyclic frequ~ncy and load spectra

are usually such that fU1a1 fractw"C is immin~nt:

The analytical' exp~ssion relating crack growth rate to the stress inknsity faclor is

especially useful ip evaluating the fatigu!= behalli~ of,steels under laboratory conditions.

lhe.shVlC of.th~ 10g.6.K vs, daldN curve usually ~oesnot change sjg~ificantly.ror ~sts in-

air. However, tests carried out in ag&ressive enviroJ!ments often giv~ log 1U( vs. daldN ,: .. ;

curvq with unusual shapes that vary significandy Wi.~ stress mtio. cyclic fr-M,uency and
r" '. ..._

lem~ralure. In'certain cases of environ~entenhanced craCk.groWthi~dN may increase

by sever8.1 ~rde'"S:~f n:tagnitude -for only a small change in .6.K M;d then remain essentiall}­

COrBtant over so~~ range o.f .6.K value.s ~I~e 'plateau' regiine), At i.ntermCdiate lev.eIs pf .

AK, the .crack ,growth rate- becomes depenaant 'upon mechani~al/environmental varj.ab,le

interac:ti~ns. At the higher leVels of A~. the crack growth tate is fast enough to be
. .

insensitive to environmenta1.variables and becomes primarily dependant upon mechanical

variables alone.

2.1,2 Cyclic Frequency.
. For tests in aqueous media, the general trend has beCn that lower ~yclic f~u~ncies

~s.ult in in~reased ~ck growtll rat~s for iow and intennooiale levels Of AK. Scon e1. ~l'
[65] 'found that the ·c~ck. growth rate was not significantly influenced· by frequency'

·variations in the range of I to 10H~, byt that de:erl:asing the frequency from 1'100.1 Hz

1"CSuited in crack growth rates about four to five. times those obse,ry~d for air testS under

comP.~b.lc loaethtg con~tion~. In a later study, Scott et. al '[1] ~b~~rvCd !hllt on ch~ging .

~.c cYCllc~~uencr.by a decad~' ara time, th~ crack growth rate changed.relatively slowly

"



to that~tcrisliC of the new cyclic frequency. Nibtw;ring {~l has ~ned a similar

effect.~ f..a.tigue tests .~~~ed on mild steel freely. c~ing in sea~aler. a ~Iep
increase in cyclic fre;quen~SedI substantial reduction in the cracl: growth rtte: The

former CIlIclt p~gation flte was re-established after the crack extended" an additional 5

mm Dr'So. VosikoyskY et..a} [SO] haV~.o~ed an effect of frequency on crack growth

rate in the plateau.regime (ie. where crack gro'N\b rate is inde~ndent of AK) of t1ic log AK

vi da/dN curve for steels under cathodic protection in sodium chloride solution (Figure 2,

P:I04>/Slow'er cyclic ~ucncies .reS~lted i.n-s~bSlantia11~ higher piatcau c~ck growth

~tes. Maahn [321 "has established a similar trend for plateilu crack growth rates liS II

funCti~~ l;I~ CYCI~C ·frequeri'~y. Several of these frc<jucl)cy dependant ~rfcct~ ca~ be .

explained in terms of a hydrogcll eplbrinlcment mechanism and ha.ve been discussed funher

under section 3.0.

1.1,) StressR.tio

c.:aanging the sads ratio (R~minimum load/maximum load) has the ~st

pronounced erfect on craCk growth nte for low and intennediate IevelsOf"AK. The general

.,

. -
trend is an upward shift in the log AK vs. daldN curve with increases in R (Figure 3,

. ' ~ .
. p.105). This is trUe ~or tc,s{J in air as well ':S in seawater, however, the relative magnitude

of th~se 'shifts can vary for tests perfo~ed in seawater where certain e':lvironmenlal

v~abfes can have'an infl~nce on the m;asured cra~kgrowth ute. The locuion aM extem

of the plateau region. appears to be independent.p( the .stress 'ra'Jo, however, the

• l.. extrapol,ated threshold v,alue of AI< increases with decreasing Rand. e. 8.1'-5ult. !,he Jow,er .

pan ofIjte pbS,teau becomes eliminated ri2l..

i:f:
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2,1.4 Cyclic Load W.ll~eform

Scott et, al [1) invesligated the 'relative effects of sinu!>oidal, oiangular, positive

&awtooth and negalive sawtooth waveforms on the cOlTOsioh fatiglle behavior of BS 4360

Grade- 500 St~l in seawater at th~e different potenf~ls (including free-corrosion). The

resullS for the triangular and positive sawtoQth waJleforms agreed closely with.those. .

obtained from Ihe sin~soidal-wa:vefonntests, However, the crack growth rates established

for the nega.tive sawtooth wavefonn \v,ere consi~erably low,cr. It,was ,concluded Ihat !p_e

.environment only contributes to crack el(tensi~n dl¥i~g th~ ris,ing ~r tensile p0t't:i:on ofeach

cycle, One observation that remained unexplained was the absence of a I?late.au i"n any of the

crack)l"l?wth curveS other than tho~ genera~ using'.a sinusoidal wavefoll1l.

Simple programmed (variable low alnplilude) te~ts h~ve been-carned·oul by

Nibbering [2&] to investigate the 4amaging effect of high loads wh~n pUxed with lower

loads, on the fati.u~ crack propagation rate for mild ~leel. The wa..ef;;~.consistcdof

repeated sequences of a single high load followed by a number of. low loads. In air, Ihe

. crack growlh rate undc/programmed loading was an order or'magnitude lower than !hat for

cot:lstant amplitude loading, Unde}" free cOrTOSion in seawat~r: rh~ crack growth rate was

not significantly affected by the prescACe of Peaks in Ih;'loading waveform. The large

beneficial effect of overloads, on fatigue performance in aIr was attrlbu'ted to Ihe. .
compressive residual s~sses left ~hin3itt the ctack tip. It was proposed that Ihe absence

of slgtU(icant crack retardation f~ the; tests perfonned in ~watermay have been due to the

altrllCl:ion of
r
absor~ hydrogen to the enlar~edplasde zone gen~ted.t'th~'Crack tip.

'Maahn [30] has carned O\!t a more extensi~e inv,estigation into .the eff~t of -\

overloads .on fa,~ig.ue crack 8ro~~ tate retardation in offshore steeL Crack growth

- ret~ation effects were found:foI- leslScarried out in·air as )'Veil as for tesls conducted



\ .

under cathodic protection in scaw:ater. A c~nsfto.nt amplhude triangulnr waNotrn with

single or multiple overloads was used in all lests. The overloads wUe applied. with 6K

t , equal to the baselins .6.K. but with a higher.K.n.... Thc·extentofretardation '1I~sobsefYcdto

be inler-dependant on the overload mtio (ratio of overioad peak load to baseline peak load),

the number of overloads and the .elc;.ctroehemical potential. ,....single overlond lestscairi~dout

in ait and in seawater with cathodic protection did not de~nstrate any significant
~. , .

'retardation effects for. small' overload ratios. Cruc\( retardation w.s obserVed t9 increase

VII\th increasing overload ratio and/or increasing number of overloads. M~imum benefit for

a_..civen o~erl~ad' ratio wall realiztd:·;.v;ith, about 20' overl~'ads. ~owe~er. for thc ·tests

corid~ct~ in'seawater, the be~efic.ial e,tfcct dt<:aycd \lijth dccreas~~cat,hodic polcntial until

a potential of about -950 m¥ (SeE). was reached,. at which point uncltpc;ctedcrack anes!

occurred. A's a po~~ible Oltplana9on for this peculiar occumnce, It was 'suggested thai the

~bsorption of hydrogen into'-the plast;1.c Wl1~ at the crack· lip might have a strengthening

cffcc.t on the st:el 'bY blocking differeri; "slip' ~ecl:lanisms and i~creasinll the criticl11

threshold 6K (6~lh) for crack growth', If thi.s were' cor:ect, then one would ei'Cpcct the

re.tardation eff~Ct, gradually itlcrea~e, rattler than decrease,. wit~. decreasing potential..

Alte~ati~ely{30; 2], e~hanced p~ipiUl.tionof c~eousdep?s~ts at ·95p mV (SCB), in

combinatio~ 't'ilh th-C? residual compressive slr~sses at I.he crack tip, ml1Y have ~en

sufficier:lI to lower thc effective stress intensity level (A.K ott) below. the ~hr.c:~h?ld value. '

This point is funher disCussed in sect~on 2.3.5_ SeVeral of the cycli,c load' wavefo~s

mentioned he~ are alsq mus~at~schematically in Figure. 4 (p.106).
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2.1.5 Cmck Depth

Ctilck lip.~Iectroehemistryc be significanJ.l.y innueI1t:ed by Cl'lIck dORth. especially

.'wh~re cathodic; protection ~s being em t.~2l. Jones [24] has shown' that th,e 'fatigue

crack growlh rate for as 4360 Grade 500 steel under free corrosion is f&~test fonhallow

cracks in the depl'b range 0.5-2.0 mn1 for low values of stress intensity range (AK< 30

MPa.m ln); Ford~rcrnck~ under lo~ s[les$ lev~s and for all cracks under high' toads,

. cra~k depth did not exen a signific~1 influence on crack growth rarc. Hant CI. aI [41] have

- suggested that researchers specify the crack lenglh associated with each growth rate dam

, point such thai an~ effect of cr3f~ lengtl!- ?pon AK vs: d~dN-curves can be reai'ized. The

. effect' of crack ~eplh upon crnck gTowth rate has been given f\lrther allention ,in section

3.1A.

2.2 , MA.TEJUA1.. YAlUABtES

1.1.1 StTengt~ .
~s the·tensile strength of the steel increases, so does its sensitivity :~ hydrogen

embrittlemcn.t damage~ ~us, for low OJ: mediu.m strength steels, the ,mechanism of

h)"lilrogen e·mbr!ttlement mao? be less effective than for high Stre~gth steels due to. the

. . ln~ased.ductility of the material. Although "stnlC~ steels arc apparently iU1J11une to static

stress corrosion crn.cking (by the: mechanismof.hydrog<;:n e~briulenHmt) [I,6J. there is no •

p~f~at h~~gen ~mb.titti~~nt~'y ~es placc.above a.c.e~ain hardne,s level {6]. The ..

fIl.te..ol~ydrciBen entry into'Bleel is thought to be enhanced by cyclic strain [51] and. .
cleavage'facets an:~ inter:-il'lI;hular failure,which ~haracteriStic'~fhydrOgen embrittle<! .'

; .
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steels, have been found o'\.fraclographic examination of cathodicallY polarized S·N'

samples of as 4360 Grade 500 Steellcsted ir; anificial seawater at -1000 mV (SeE) [66]'.

2.2.2 Distributionoflmpurities

A slu(iy [27J int,tHe influence of manganese sulfide inclusions on the corrosion

fatigue of mild steel has shown that a sulphur:-enriched band of feITile exists around these

inc~usions and enhanced corrosion OCC~T$ in this contaminated band. ~ttinll was observed

to occu~ at the inclusions, inc~~s~on-ma~x interfaces and in the pearlitic reglon~ due to the.

nucleation an~~oalescenceof micropits. In the case of inclusions close t!Jge~her. n,

to~bj,n.ation of cyclic, stress ~d dissolution appeared to 'breach the liga~ents tietwcc:n '

sulfide particles,leading to the fonnation'~fmicrocracks'. It"~as deduced that the formalian

and linking up of these microc.racks eventually lead,to fracture: •

In natural seawater. where sulfate reducing bacte'ria_are known to exist, m.lInga~~se

sulfide inclusions may pose a more serious problem. These bacteria may indirectly

influence Ihe cOlJOsion fatigue cracking process through the produclion of .H1.S, An

accumulation of Ihis corrosive gas ~ilhin dte crack might lead to acidic conditions ana

accderate n:on ·dissolution. ,Reaction ~oducts derived fro'",? 'HzS can also poison !he

'hydrogen recombination reaction. thereby allowing a. greater pcrceiuage of adsorbed

hydrogen at6ms to enter the melal (5.53J~ However since the sulphur co"ntent in st~1 Js~

minute and it is dou~~1 that its interactiQ~ucing b~teria w'oU'~ be of any
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2.J ENVIRONMENTAL VAlUABLES

TlJe effect of seawater temperaluU on the, cOITOsion fatigue crnclr. ,growt~ RIC in

structural siteis was ipvesriglted by Vosikovsky eL al (12J. Under free cOrrosion, crack

growth rales wen: reduced by a faclor of two on changing ·the seawaler temperature f~

2S"C to O"C.. Under cathodic prOiCClion, o~ly the plateau growth rates showed a

temperature.aependanc~. The p1b~eau growth rales W7~ about four times lower for a

""ttmpCfit~tc.6f 0 c \rnrrrc:'T 2S"C. These trcJ'lds ShOUld~\COme a's a s~risc since

anodic dissolution [52) and hydrogen. absorption [4,25J. the tWO mechanisms thought to be".. '. .
responsible for environmen,t enhanced "fatigue crack gr,?wlh in these steels, arc bc?th

accelerated by temperature~.s.

, .

2.3.2 P~

For low carbon.steels undergoing fTee ccrrosion in sodium chloride soiutions.~
. . ... - ,"::,

is a rnpid increase in the rate of crack growth as the pH ralls'~ow 4 and a significant

.....

. .
decrease tu: iI rises;above 10. At ~ufficlently.high pH values. a fatigue ~Irea~ on

!he SoN curve (plot or stress vs. number of C?ycles 10 failUre) for mild Steel in ~,5~ NaCl

. soluti~ (15J. changing the pH in the range 5-10 has little« no d"fect on the CQmnlon :

·f4tiJue;Cnlck~wth.ratc[l5,26].· •. '\ . _.
:! . . • - _..' ..

I Thereap~ 10 be little pqbUSh¢ information Co~e~ing lhe influence of..butkilH..

on Ihe faligue crack grnwlh: rule t'Ofstttl U~der cathodic pro(ectl.on. ~thodic prolecq~n



.'.

'". ", ,': . ~. ;

has. however. been shown 10.·produce v~ al,lcaline conditions wilhin faligue cracks

[93-2,47]. The solution ~H within fatigue cracks~ discussc;d under section ~.O.

The p~nceof dissolved oxyg~ is one of the key e1emen15 responsible (or Ihe

(astO: fatigue crack growl;h rales observed (or c~ing Sleet in seawater as compared with

steel in air. Tests on mild st:ee1 in 3% NaCl solution have de~onsttated that de·aeradon CM

· reSlore the fatigue lif¢ 10 lhatobserved for comparable air !elts [14,15J, The corrosion mte

in the ~ted solutio~~ dJculat,~as being 1~ times greate~ th~ .that ~n ~he.de,aeraied
soluJion {14]. SCott et. 'all6SJ te~ted'ccimpact tension specimens, m~~ined (rom OS 4360

<hade SOD ~~'in'a natural'seawater environment at oxygen levels ~r Imgll,and 7-8 mgll

(;ili- saturatioo). It was found that the reduced ox-yge:n lever gave substantially slower crack,

growth rates.·under free co~siop cdnditions, bu~ad no significant effect at potentials'

tIIOrinegativeilian ~mV(Ag/AkCl).1b~resul151e~supporttothebefieft8atanod;c.

dissolution zpay be i!te predominant cause ofenhanced Crack growth at th~ free colTOsion

potential.

"0:..:'

(,:,.:

t~\~;~;"~~:·~~ ',(' ' ::: •."" K': .. ; <;;.

,1

The lack of dependence of crack growth ,rates on dissolved oxygen ·content at .

· ~ientiaJ.s mole ~egative ~an .800~V (Ag/~gCl) ~s q~e.Sti~n~b~)1 is welJ~wn ~at in

~waler•.cathodic .polariza~on cau.ses 'the. p~~PhatiOn ol'an Inso~uble calc~us seal,e.on

· the stee;l surface. Higher c~ncen~8tions. qf dln.oIved: oxyge~ result In '~Igh.er current.

" den$ities w.hich, in tUm. enhance precipitation of,the scale. This scale then liini~s the rate at :;

whietr ~ditioha1 9xy~.ri anti/o~ 'wa;~ ~Iec~ies ~ay di'f~U~ }~.~_~~J ~~_: ~ ~ ~:
. "reduction and'the ca~c,cumnt de~~ty is substan.tially red.uced. P~a~s.:. for s~1 uRder • '. _'~

.... ~
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cathodic proteCtion in ~wate[.lhe chemical amrp~ysica1 propenies of .these deposilS may

,_J . establish Iht rate for water r~uclion on the f,:"cture surfaces and. in lum, influence the

extent of localized hydrogen embriUle~ent d~ge .a~ead of. the crack tip. The rol~ thai

calclll:t9us d~posits play in"the fatigue process is treaied with greater det;yl under section

4.0.

. \
~:3.4 VdocityoftheEnvironment .

. The relative velocity between th~ I'tccl'and the envkonmenfhas ~en ~hown to have ~

a Sigitifi~ant influence on the 'fa~guc: crack pr.bpagation rate (9r, steel under.c~thodic

. prOlection in "seawater: In g'~neiaI. ~ck grO'y,rth rates tend ~o be f~in stagnant-~waler'

tJian"~nder flo~ing condi"ti()ns, ;s~ially for deep cracks [671/0ne'c()uld reason that the
'\ ".". " .

{mer ~ra~k growth rates -observe.d under stagnant conditio'n~ could be due to the

preferential ~ucti"on of water within the fatigue crack once dissolved oxygen becomes

. scarce. A fresh'supply of so1ution to the crack-tip region. on the other hand. would-favour -. .
the C?}iyg.en.~uction reaction and hydrogen~tion ontO ttl'e fraCtu~ surfaces would be

so~what less. Th. re~lts ,?f hydrogen pe~eation experi,:"ents on BS 4360 ~rade 500

steel in 3.5% NaCl solution have shown that de-aeration promotes hydrogen. absorption

into theometal [~7J.,APp~n~ly. the stronglr ~.dsorbei.oxygen.ruoleculescause some

hydrogen to be diSj;:liarged'on the surface of the adsorbed oxygen layer rather than ~n the

sUrfa.ce ~f th~ metal ~~8J, Conseque~y; there'· is a" reduction in.the ~~U1il of'~ydrogen

entering tile nietat,
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