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The inFflyence of surface finish opon the fatigue/cerresicn-fatigue
shaviour of a weldable grade of structural steel has besn studied in both
air and artificilal zea water. The resuits have shown shot-peening to
have a harmful effect at high applied stress, while showing an increasingly
beseficial effect at lower applied siress, in both air and in sez water.
The increase in corrasion-fatigue life is thought to be due primarily to

an extension of the initiaticon stage of the fracture process.

X-ray residual straess
has indicated fhe pregsence
relaxation during cycling,

Rey Words

parformed on modified test specimons
distinet regions of surface siress

The fatigus/corrosion fatigue performance of siructural and
engineering components is known to be strongly dependent upon the surface
condition of the material, (1) The introdection of surface compre
strasses by shod ening has Deen shown to substantially increase fatigue
life in air.(Z- However, under highly stressed conditions Kodama (4!
and Kirk 1% nave shiven an adverse effect dus to peening. Work by
MeCiinton and Coheni®) have indicated b
stresses in shot-peened ma

developunent of deleterious
aftter cycling under high tensile

The case for corrosion-fatigue is less well documented. Baxa et a7
in a study of madium carbon steel in aquecus chloride soluticon have
indicated shot-peening to substantially inorease time to failure over
unpeenad specimens. Kovac ard ¥ovich () chserved a similar effect for
low carbon steel fested in 3.0% sodium chloride after shob-blasting. The
suggestion was wade that de-localisation of the corrosion fatigue process
together with delaved eaxly crack propagation through the residuaily-
compressed layer increaszes the time to fall This suggestion was an
alternative to the extension of the crack ind Shom stage.,




This paper is concerned with the reselts of preliminayy investigations
into the effect of surface finish and residual stress upon the axial
Fatigue/corrosion-fatigue performance of a weldakble structural steel,
viz: BRE A360-50E.

Fhe sreel chosen ig of ‘node’ gquality which sees service in the
critical constructionzl areas of affshore platforms, subject to both
farigue cyeling and the corrosive environmen®t of the North Sea. The
coryosion~fatigue behavieur of structural steels in sea water has bee
comprehensively reviewed by Jaske et al.t®

This research involwes fully reversed axial fatigue tests perforned
in air and usder freely corroding conditicns in an artificial sea water,
fuily aerated and maintalned at 4%, Thrae surface finishes were
selacted for stwdy : shot-ppened, turned and pcelished. The work was
:d by X-ray stress ansliysis, fractography, metallography, micro-
hardness and corresion potential measurements.

The general aim of the research is to obiain an understanding of the
effecty of surface finish on the corresios fatigue bebaviour of the steel
in its parent plate form.

The tost material employved was a normalised, weldable grade steel
type BS 4360-508 supplied in 32umplate. I'e chemical composition and
mechanical properties arve listed in Table 1. Metallagraphic investigation
showed that a significant feature was the p noe of a nunber of
ns aligned predeminantly in the roliing diresction, Micro-probe

revealed these to contain elemental colonies of Mg and Al
with Ca, Mn and S,

H

Specimens were machined to the specifications outlined in fig.l with
gazge length cross sections of types A and B, The testing direction was
parsilel to the principal volling direction. The sams basic design was
empiovad in both cases with a continucus 66 nmradius forming the gauge
enggth. type B specimens also ipcorporated twe diametrically opposite
fiats fo facilitate the precize determination of residual stress during
fatigue oycling.

Type A specimens were used to obtain 5-¥ data on several reproducible
aurface finishes, the preparation procedurss for each axe cutlined below:

1. Turned surface A final dry out of 0,125 mm depth was taken at a speed

with a feed rate 0.038 mm per revelution using a tungsten

a1l turning marks werse removed with successive grades
ry by rotating the specimen in the lathe. R final 400 grit
finish was obtained using a Morrison gpolishing machine to ensure alil
polishing marks were aligped in the testing direction.

3. Shot-peened surface The polishing procedure outlined for (2} was
empioyed prior Lo shot peening to an Alomen intensity of ¥ -.008"-,012%,
Shet peeninpg was perfovmed by Metal Improvement Co Ltd, UR, to 100%
coverage uging O.28 mmsize stesl shot. Residual macro-stress ana}gfis
ithe experimental details of which have been published previcusly{

ermined the peened layer o be (135 mm deep, see fig.2, Micro-

hardness testing using a 20g  load showed the work hardened layer to
extend approximately ©.6um . Ref.fig.?.
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4. Shot-peened and annealed. Shot-peened samplel were vacuum annealed
at various temperatures for one hour and the residual macro-stress
and micro-stress measured as shown in figs, 3 and 4 respectively.
Micro-hardness tests were also carried out using 20 g loads. A one-
hour annealing treatment at 500°C was then applied to the shot-peened
specimens. This treatment removed all of the macro-stress and the
majority of the micro-stress.

The average value for each surface finish tegether with the maximum
and minimum values obtained are shown in Table 2.

Fully-reversed axial fatigue testing was carried out using a servo-
hydraulic machine at a testing frequency of 5Hz. Tests were carrled out
in air on polished and shot-peened specimens at room temperature. Cycles
to failure were recorded up to 2x10% eyeles bevond which testing was
discontinued.

Environmental tests were performed on all three surface finishes in
a sea water similar to ASTMDL141-75 maintained at 49C. At 8.0/8.2pH
calearious deposition is likely which may affect the initiation process (9)
In this first series of tests the pH was initially adjusted to pH7 with a
few drops of LMBECL and maintained between 7.0 and 8.0 during testing with
minor additions of .1 MHNaOH to minimise this influence. Thus the
environment used may be slightly more aggressive. The effect of pH will
be studied at a later stage with special attention being paild to cathodic
protection.

Fully aerated sea water was pumped continucusly from a 108 reservolr,
through a cooling unit which produced a temperature of 4%, and circulated
through a Perspex cell surrounding the specimen. Tests were carried out
under freely corroding conditions, the specimens being left in solution
for twoe hours prior te cycling to ensure stable starting conditions.
Corrosion potentials were measured continucusly by means of a saturated
calomel electrode and a high-impedance chart recorder. The sea water was
changed weekly or before the start of an expected long term test, This
was to ensure eguivalent testing conditions and to reduce corrosive
products in solution. Type B specimens were tested with surface finishes
cutlined in 2 and 3. Initial tests using these specimens invelved
measuring the residual stress after a given cycle number until specimen
failure, in both alr and sea waber.

Figure 1
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RESULTS

The air fatigue lives for shot-peened and polished specimens shown in

135




indicates the adverse elfects of peening at high applied lovels
showing an lsproves oAt lower s lavels, A mimils ravlour
was chserved in the scea water environment as shown in fig. 6, the adverse
effect of a turned finish is also evidenr,

The performance of the annealed shot-peened material test
water is indicated in fig.7. Behaviour simiiar to that of
2 found at lower applied stress levels in comp
fevels,
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T performed In sea water revesled a similar cracking behsvioor
numercud sscondary cracks and mulii-crack branch the ma
initiation sites were evident. A feature of shot- 6]
Fatlden al lower siross lovels was the presence mult
of cracking as shown in fig.8. Thig was not @
specimens fatigued at high stress levels nor on
Foreover no indication of

shot~peanead
polished

Fracture analysis of annealed specimens tested in
multi-crack initiation a2llied to both inclusions

i

Tracture
ti-ini

of turned specimens cyoeled in sea water
v from the base of the turning notches with little
svidenee of inclusion-initiated failure.
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POTENTLAL-TIME TESTS

Measurement of corrasion potentials during the
stabilisetion pericd and during oycli 2l N
the electro-chemical behavicur of the cos Lested.

ring cycling the coryvoesion potentials continually became more
ative, exon he valwes obltained for unocycled freely
Tz . Fhis ¥ Lmoa2 continued breakdown of the surface
with an increasingly larger ancdic region expased te the slzctrolyhe,
bakly in the form of corrosion-fatigue cracks.
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STRESS-RELAXATION BEHAVIOUR

The iniltial resultszs oltained using type B peened specime st liigh
lavels in air and In zea water are shows in fig.9. Thie denres of
relaxavion aj imitar in both cases.
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suefeorroslion fatigue behaviouy of this steel in both air
clearly influenced by the surface ceondition of the

Jnder highiy-stressed conditions she
fatigue behavicur, while ot lowsr a
: effect 15 cbhserved,

peening has an adveorses
plied stress levels an

incraeasing

A shol-peened surfacse net only contains a high compre

asidual stress but a laver of heavily cold-warked material. in a
sive solution this plastic deformaticn may increase the tendency of
1rin] te rescl with the environment (8) Potantial-Lims rasglbs,

svar, indid rendency in Lhi to or
frersnees in corrosion potential are likely to bhe
in oa fully-asrated solution in which oxygen diffusicon has a large
Luanoa on coryns AN IO . Thus potentiostatic polarisation
willl he vequived in ovder to eincidate this A micro-
fect together with a relaxation GF raszidual compressive stres
ing are cther factors which must e included in ap evaluation of
1% apparent in this study that the inTluence of inclusions

ring oy c];?ﬂ

on the crack initiation process iz a2iso lmportant. Elund 1M ayamined
the coryo

n at slag inclusions in a carkon steel and ohserved

tial attack of caloium aluminate precipitates surrcunded by a rim
sulphida, This rim is attacked if it has a high
precise nature of the corrosive attack has not vet
Inclusions do appear, howaver, to have a direct
fation process, The detailed examinatiion of
shed and shot-peened fractore surfac showed that the major corrosion
fatdgue gracks were associated with deep pits. The twe-hour stabilising
perlod may have tended to accentuate this procegs,

bare.
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pehaviour of the shot.g material at low
ess lovels revealed muolti-initiation and evidence of delayed
milar to that observed by Baxa et dl(?) and Kovac and
This feature could only |1 ted af logations away from &
atlon area. It is proposed ths

T
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: at: low str levels the siow
th of the major crack allews secondary cracks to initiate and propagate

n the micro-nodches present at the shol-peened surface. This initiaticn
secondary cracks s caused by the incre

of eoin stress reseliting from the
raduced specimen seciion. The presence of the surface residual

Ve Shress
sulbing in
for this

e effect of retavding sarly crack propagation
af cyacking behs chaarved in fig.d. Ewvidence
cracrking bahs of the annesied specimens.
sticn was not only linked to inclusionz but to the
t the surface, which became important when the
wivy  rETRved.

af dnclusicns the indtiaticon stage of the

'1;un Frocess i reduced. It iz therefore propossd that the

ad by shot-peening at the lower applied stress levels

e an incraa in the iength of the initiation stage
» failure. The improvement is probably caused by the
v of shot-peening on the inclusions. in the abzence of
hanism similar to that suggested v Baxa et 2107 and mevac
ard kuvlclr“’ would probably be exgpected.

The turned specin gave the lowest fatigu@ iives at all str
ol u. This is dug to a combination of rensverse notches end surface
ual sty
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The gorrosion.fatigus behaviocur oOF anneal
zimilary to that of polished specimens af

speclmens
ress

The shighi tendency for an increase in 1ife nay bo dun o the

a amall proportlon of work hardening. The notching effect
due o pewning appears to have no greater (nfluence on initiation than the
presence of inclusions st lowey applied st 3 levels. At highey stress
the ect. of the environmest is conziderably reduced. The notckhing

then exerts a considerable influence. This results in the lower
corrosion fatigue life which was similar to that obtalned for as-pecned
EpeCimens.
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ests of stress relaxation were carried out using four type B

low oyole region. The relawation profil

tar in that three stagos were apparant

{1} an initial sharp fall in residual surface stress during the
first oycle,

For aach
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{2y & linear region in which the
either constant or falling very

surface stress was

{3} o tertiary region in which the rate of stress
rapidly.

lief incx

I
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invest]

nature of the styess relaxation proc

5 is under further
gation. It is thought at this stege that surface vielding may be
zponzible for the initilal fall in stress. This 1z followed
dynamic eguilibrium in which resevery and work-hards
insolved, The rapid stress relaxation stage will be soclated with the
increase in true stress levels. At fracture the shot-peoned specimens
wore found to contain a tensile surface residual stress. This iz pe
caused by oyoelic hardening.

1

Yoa region
VLNG pYoOossas are

o

¥odama ') observed a si ilar fall in compressive residusl surface
stress in the first ress oyvele followed by a gradual fall with continusd
cyoeling. Tensile stresses were not found in the fracturad specimens that
B examined N@ff{lg), on the other hand, chserved £hat an initiad
compressive surface residual stress was replaced by a residual tensile
surface stress, abt fracture, after cyeling at high applisd load

The tensile stresses measured prior o failure by MoClinton and
I - -
Cohwer 161 wire net observed in this investigation. However a much shallowsy
i depch of U135 mpwas enploved here which is thought essential when
improvement under axial conditions lg Lo be expected.

It is ol
and moechanisms

ay that further work iz neces
invelved in the corrosion-fal

sary to elucidats the fastors
tigue behaviour of the steel,

CONCLUSLONS

The following conclusions have besn drawn from this preliminary
Lrvestigation: -
L. The presence of inclusions have s significant influence upon

the initistlon stage of the fracture process.

2. under high applied stress levels shotepesning hasz a detrimental
effect upon fatigue 1ife both in alr and in seas water.

[

At iower appiied stress levels shot-peening has an increasingly
beneficial effect apon fatigue life in both air and sea water.
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4. The increase in corrosion~fatigue life at the lower apnlied stress

lavels for shot-peened material is thought toe be due primarily to an
extension of the initlation stage of the fatigue process

5. Potential-time results indicated no measurable differences in the
corrosion behaviour of the surfaces tested. A more detailed
examination will be necessary in orvder to confirw this finding.

6. X~ray residual stress results indicate the presence of three distinct
regions of surface stress velaxation during cyeling for polished and
shot-peened specimens.
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B.5.4360 B50B Chemical Apnalysis and Mechaniocal Properties

Machanical i vield strength Ultimate tensile strength Elongation

Properties - MPa - MPa - %
397-441 545-607 23-30
C Si Mn P = [ Mo MNi Cu Nb

Chemical
Analysis L1500 .40 1.42 L0L3 003 .06 .02 Lo 14 L0333

TABLE 2 Surface Residual Stress Analysis

Surface Residual Stress ~MPRa
Surface Finish
Mean Max Min
Turned +121.7 +141,3 + 85.49
Polished ~158.23 ~185%,1 ~145.5
Shot-peened -359.3 ~366.1 -355.0
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Figure 5
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Figure 8

RIM OF MULTIPLE CORROSION-FATIGUE CRACK INITIATION ASSOCIATED WITH
SHOT-PEENED SPECIMENS FAILED AT LOW STRESS.

Figure 9
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