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Introduction

It is well established that u,hen a rvelded structure is subjected to
dynamic service lc-rads, any fatigue crack initiation that may oc-
cur is inv'ariabl."" associated with the geometrical discontinuities
or notches in, or near. rvelded joints. It is also w,ell knorvn that
the fatigue limit of plain (i e. smooth, unnotched) steel speci-
lnens is a linear function of the Ultimate Tensile Stren,_eth (UTS)
of the material. For plain specimens. u'ith a UTS less than about
I 500 MPa, a fati-eue limit of UTS 2 is often used as a general
"rule ol thumb"; however. it shouid be noted that the actual
fraction of the UTS can varv betu'een 0.23 and 0,65 t1] For
notched specimens, on the other hand. the linear relirtionship
between fatigue limit and UTS is strongly dependent on notch
acuity and specimen size. Furthemrore. this linear relationship
will only be applicable up to a UTS of about 540 MPa tll
Although this latter value may be appropriate to some of the
lower strength, weldable structural steels. il a designer were to
calculate permissible dynamic service stresses for a welded
structure from the UTS of the parent material. such a structure
would have a very low period of operation!

Large, all-welded steel lans are used extensively for ventila-
tion purposes in mines and for the suppll of air to, and extrac-
tion of gas from, boilers in conventional coal-fired power sta-
tions. The particular lans under consideration here may be
double or single inlet, are typically 3 m in diameter, with a rotat-
ing rnass of up to 30 tons and operate at speeds in excess of 700
rpm. The fans are f'abricated by welding the blades to the shroud
plates and "centre sheet" (or "back sheet" in the case of a single
inlet fan), and are stress-relieved prior to transporting to the site
of operation. Once in position, the fans are statically balanced,
which involves welding "balance pads" to the periphery of
the shroud plate. These mild steel balance pads are typically
three quarters the thickness of the shroud plate, and may be up
to 600 mm in length. depending on the mass required for
balancing. The lans are then checked for dynamic stability, and
if any further balance pads are required, these are generally
much smaller than the static weights. It should be empha-
sized here that this particular sequence of operations may not be
follor,ved for all lan types, or by other fan manufac-
turers.

The lans are designed such that the only appreciable source of
cyclic stresses arise from start-stop conditions, and the dynamic
stresses during operation are widely presulned to be less than 20
MPa. However, followin g a catastrophic failure of one of these
fans l2l, a comprehensive series of long term strain gauge tests
were carried out on a similar lan during operation [3]. Results
indicated that the cyclic stress ranges experienced under nonnal
operating conditions were indeed below 20 MPa, although they
could, in certain circumstances approach 33MPa. The mean
stress during operation was measured at 150 MPa.

Initially, the balance pads were regularly stitch welded in pos-
ition, as shown in figure l(a), but these appeared to act as sites
olstress concentration, since latigue cracking which occurred in
some of the fans were seen to be associated with these welds [2].
Accordingly, the fan's manulacturers introduced a specification
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Figure 1 - (a) Specimen simulating the old stitch welded balance pad

Figure 1 - (b) Specimen simulating the new continuous balance pad
weld

for the welding of balance pads, which includes rounding the
corners of the attachment, applying a local pre-heat of I 50 "C,
and welding continuously around the attachment. as shown in
figure I (b).

However, when applying the Welding Institute's Design
Rules [a] to these two details, it was apparent that both welds
would be classified as "G" type joints and were expected to have
similar fatigue strengths. The graphical summary of these De-
sign Rules is shown in figure 2, and it can be seen that at a stress
range ol 20 MPa, these G type joints would be expected to have
a a fatigue life of less than 100 million cycles. Since in a year of
continuous operation these fans can experience in excess of 300
million cycles, there was some considerable concern with regard
to the origin of the fatigue cracking, and the fatigue behaviour
of the balance pad weldments. An experimental test programn'le
was therefore initiated to determine the latigue strengths of the
two details.

Experimental Procedure

Specimens were fabricated to simulate both the stitch and thc
continuous types of balance pad welds. The balance pad length
was varied from 50 mm to 90 mm, since it has been shown [5]
that the length of the welded attachment can affect the fatigue
strength of the detail. The balance bud thickness and width *ir.
kept constant at l2 mm and 40 mm respectively, and the load
carrying plates were 300 mm long, 100 mm wide and l6 mm
thick. In all cases the welds were made using the Manual Metal
Arc procedure, and a high tensile E7018 electrode.

Originally, these fans had been fabricated from Roe-tuf AD
690, a low alloy quenched and tempered, weldable steel. The
lans are now also being fabricated lrom BS 4360 Grade 55E
steel, which has a considerably lower yield stress, and is more
easily formed. (The specified compositional ranges and me-
chanical properties are shown in table I for both steel types).
Accordingly, test samples were fabricated from both these
steels, in order to perform a full evaluation of the fan problem,
although it was not expected that the different steels wor.rld af-
fect the results to any great extent. (It has previously been shown
[6] that even considerable variations in material yield strength
have little effect on the fatigue properties of an as-welded joint).

It was thought that the service dynamic stresses were due to
bending of the shroud plate about the blade welds; accordingly
the specimens were tested under four point bending, with the
balance pad weld on the tensile surface, as shown schematicalll'
in figure 3. All specimens were tested in a 100 kN Amsler Vibro-
phore, fitted with a Howden load controller. The Amsler is an
electromagnetic resonance machine,, and test frequencies of be-
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Figure 2 - A graphical summary of the latigue Design Rules
lor welded joints, where each joint classilication has a separate S-N

curve
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Figure 3 - A schematic diagram ol the four point bend test fixture,
note that the balance pad weld is on the tensile surlace

t.ween 50 and 300 Hertz may be achieved, depending on the
compliance of the specimen and loading arrangement. This
"natural" test frequency can be decreased by about 40 Hertz by
adding standard weights to the machine. The Howden control
module will automatically maintain the required static load,
and can be set such that it will trip out either after a pre-deter-
mined number of cycles, or due to a change in the test frequency.
This latter feature was particularly useful since, as the fatigue
crack initiated and grew in the specimen, the compliance of the
specimen would increase, and the test frequency would de-
crease. Thus the test could be automatically stopped a short
time after the initiation of the fatigue crack.

A typical test included an initial 50 000 cycles at a mean stress
of 75 MPa and a stress range of 1 50 MPa, simulating the "start-
stop" cycles experienced by the fan during commissioning and
the subsequent service life-time. The mean stress was then in-
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creased to 150 MPa, and an initial dynamic stress range was
chosen. The first test specimen (a stitch weld) was started al a

stress range of 20 MPa, and after l0 million cycles (representing
approximately 22hours of testing at 130 Hertz) the stress range
was increased to 30 MPa; this incremental increase in stress
range was repeated every l0 million cycles, and cracking even-
tually initiated at a stress range of 120 MPa!

Quite apart from the unproductive nature of this extended
test, it is likely that the large number of cycles at low stress
ranges elevated the actual fatigue limit by the phenomenon of
"coaxing". Thus, appreciable increases in the fatigue limits of
strain-ageing materials have been observed after testing for long
periods just below the latigue limit [7]. Accordingly, in subse-
quent tests on as-welded specimens, an initial stress range of
between 40 and 60 MPa was chosen, and this stress range was
increased by l0 MPa every l0 million cycles until fatigue crack
initiation occurred.

Initial results

The influence of weld procedure

Eight stitch welded specimens and ten continuously welded
specimens were supplied for testing [8]. In this initial phase of
the test programme, two stitch welded and two continuously
welded specimens were strain gauged; these specimens were
used to confirm that the magnitude of the actual stresses in the
specimens, due to the applied bending loads, were consistent
with those stresses calculated using beam theory [8].

It was found that the endurance limit of the stitch welded
detail was 50 MPa lor four of the six specimens tested. (The
endurance limit is defined here as the lowest stress range that
does not cause crack initiation in l0 million cycles). In the first
specimen tested (Tl), the atypically high initiation stress range
of 120 MPa was most likely as a result of coaxing, as described
in the preceding section. Specimen Tl3 also showed a slightly
anomalous endurance limit of 70 MPa, this was ascribed to the
inherent scatter in fatigue testing. The fatigue cracking in these
six specimens occurred on both sides of the welded attachment,
and initiation was typically subsurface, at the corner of'the bal-
ance pad (as detailed in a companion paper to this t9l).

The results of the tests performed on the continuously welded
samples indicated that there was some considerable scatter in
the results, with four specimens (T2,T4, Tl0 and T12) having
an endurance limit below 100 MPa, while the remaining four
specimens (T3, T5,Tg.and Tl l) showed an endurance limit in
excess of 100 MPa. However, examination of the fracture sur-
faces indicated that the fatigue cracking in the lour specimens
with a low endurance limit had initiated from undercut defects
at the weld toe [9]. The fatigue cracking in the specimens which
had a relatively high endurance limit, on the other hand, was
seen to initiate at several points, as evidenced by the presence of
ratchet markings [9]. Such features are indicative of a low stress
concentration, continuous around the weld toe, in relation to
the very high, but localised, stress concentration of an undercut
defect at a specific point along the weld toe. Unlike the stitch
welded samples, fatigue cracking only occurred on one side of
the balance pad in the continuously welded samples.

It was also evident from this series of tests that, whereas three
of the four specimens in which undercut defects were seen to be
present were fabricated from ROQ-tuf AD 690 steel, the four
specimens which had endurance limits in excess of 100 MPa
were all fabricated from the lower strength BS 4360 grade 55E
steel. This could indicate that the 55E material is more weldable
than the AD 690, but could also be entirely fortuituous. Thus,
for the continuously welded samples, there are essentially two
sets of results; those obtained from specimens that failed at low
stress ranges due to the presence of undercut defects, and those
which were defect free with a correspondingly higher endurance
limit.
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Figure 4 - The longitudinal (L) and transverse (T) welded stitleners
investigated by Gurney (12), note the similarity to the stitch and con-

tinuous type balance pad welds respectively

As early as 1960 it was shoun that sht-rrt sharp defects at the
u'eld toe have.a very significant effect or'r thc- subsequent fatigue
life of a welded joint [0]. This r-'&rl1 studl investigated the fa-
tigue strength of beams with stiffeners u elded either transverse-
ly or longitudinally to the tension flange. as shown in figure 4.It
was shown that for the longitudinai ri elds. the fatigue behaviour
could be defined by a single S-\ cur\ e. For the transverse weld-
ed stiffeners, on the other hand. rhere \\ere two discrete S-N
cur\/es, rvith weld toe undercut defects decreasing the endurance
linrit of this detail [10]. Comparin,e figure 4 with the welded
details investigated in the present studl (figure 1), it can be seen
that the stitch welds have the same geometry as the longitudinal
welded stiffeners. On the other hand. the w'eld in the transverse
stiffeners is perpendicular to the applied stress direction, and
therefore these specimens essentiallr have the same geometry as
the continuous balance pad uelds. Thus the present results are
entirely consistent with this earlv u'ork.

This effect was later examined in more detail, and in 1967
Signes et al. indicated that the presence of slag intrusions and
utrdercut delects at the ri eld toe were responsible for the ob-
served tendency of u,elded joints to exhibit a common fatigue
strength, irrespective of base material yield strength. Indeed,
this work I l]is regarded as the "classic" paper in this particular
field ol research. More recentl)'. a stress concentration factor of
2l has been calculated [2] lor undercut defects at the toe of a
non-load-carrying fillet weld. Thus it was clear, both from the
results of the present experimental work and from that of re-
lated work in this field, that the revised procedure for the weld-
in-e of balance pads would only be effective in reducing the inci-
dence of fatigue cracking if the continuous welds could be made
without inducing undercut or slag intrusions at the weld toe.

Microstructural and mean stress efiects

When this initial phase of the rvork was completed [8], a fatigue
crack which had initiated from a balance pad weld was discov-
ered during a routine inspection of an induced draft fan in a
power station. It was apparent that, although the welding ap-
peared to be continuous around the balance pad, it was not
performed to the manufacturer's specification. The cracked
portion was therefore cut out of the fan, and submitted for in-
vestigation [ 3]. A hardness traverse was performed across the
r.veld. and it was seen that the peak hardness in the near-heat
affected zone was in excess of 400 Vickers microhardness (figure
5) In addition, it was seen that the near-heat affected zone had a

3l

coarse martensitic microstructure, indicative of very high cool-
ing rates. For comparative purposes, two of the continuousll,
welded samples that had been tested as described previously
were sectioned, and a hardness traverse was perlormed across
these welds. These results are also shown in figure 5, and it is
clear that the peak hardness in the specimen weldrnents do not
exceed 350 Vickers microhardness. Furthermore the near-heat
affected zone microstructures in these specimens were not f ully'
martensitic, indicating a slower cooling rate. Thus, the balance
pad welding performed on the fan was not representative of the
continuously welded specimens supplied for testin-e. Accordin-e-
ly, test specimens were welded in such a way as to simulate the
on-site welding, including the u:e of a high welding currenr ro
promote undercut, in addition to cooling the test plates prior to
welding to simulate the rapid heat-transfer that would be
achieved in a fan balance pad weld, if a local preheat had not
been applied.

Due to the urgency of the initial phase of this investigation. a

slightly different fatigue testing programme was used. Firstly, as
in the previous tests, 50 000 start-stop cycles at a stress ran_ee of
I 50 MPa were applied, and then the stress range was decreasecl
to 20 MPa for 3 million cycles. Thereafter, the stress range was
increased in increments of l0 MPa every 3 million cycles, until a

stress range of 50 MPa was reached. The tests were terminated
after 25 million cycles at this stress range, and the samples frac-
tured by sharp impact after cooling in liquid nitrogen, and the
fracture surfaces examined for evidence of fatigue cracking. It
was evident from the results of these tests that there is a synergis-
tic interaction between undercut defects and a hard heat affect-
ed zone, such that the l0 million cycle endurance limit of this
detail could be decreased to 40 MPa (i.e.below that of the stitch
welds). However, specimens welded so as to contain either un-
dercut or a hard heat affected zone only, did not show any fa-
tigue cracking after the 34 million cycle tests.

This phase of the test programme was later extended to in-
clude an investigation of the effects of any residual welding
stresses U4]. It is clear that the levels of residual stresses in the
fans is much greater than those in the small test specimens, since
although these fans are given a stress-relief heat treatment, the
balance pads are as-welded, and there would be more restraint
in the fans than in the flat sample plates. There was some con-
cern about this aspect, especially with regard to the fact that
high residual stresses would tend to elevate the nominal mean
stress and hence the R-ratio (which is defined as the minimum
stress in the latigue cycle, divided by the maximum stress). The
latigue design rules for welded steel joints [aJ do not account for
the level of mean stress or the R-ratio, and this would seem to
contradict the generally accepted view that high strength, low
toughness microstructures (such as those found in the near-heat
affected zone in steel weldments) are strongly influenced by
changes in R-ratio. Thus, for high strength, low toughness al-
loys, an increase in the R-ratio has been shown to increase the
incidence of "static" modes of failure, thereby increasing the
rate of fatigue crack propagation [ 5, l6]. Clearly, tensile residu-
al welding stresses will increase the mean stress level, and as the
mean stress is increased, the R-ratio increases, and this could act
to lower the fatigue life.

Therefore, in order to assess the effect of tensile residual
stresses on the fatigue performance of the balance pad welds, a
series of tests were performed at elevated mean stress, such that
the peak stress in the fatigue cycle was equivalent to the yield
stress (440 MPa) of the parent plate material. (i.e. for a stress
range of 40 MPa, a mean stress of 420 MPa was applied). For
this series of tests , after the initial 50 000 start-stop loading cy-
cles, the stress range was decreased to 20 MPa, and this stress
range was increased in increments of l0 MPa every 10 million
cycles until crack initiation occurred.

As described earlier in this section, these specimens had been
welded without a preheat, such that a hard near-heat affected
zone was formed, and at high welding currents to deliberately
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Figure 6 - A schematic illustration ol (a) tully reyersed and lully ten-
sile loading, (b) the etlect of a tensile residual stress and (c) the two

loading conditions atler a thermal stress relief

induce undercut defects. The results obtained in this phase of
the test programme [4] indicated that, at high mean stress lev-
els, the endurance limit of the (badly fabricated) continuous
welds was 40 MPa. These results therefore confirmed the find-
ings of the initial phase of this work; in addition to demonstrat-
ing that the high mean stress level (or magnitude of residual
stresses) did not affect this endurance limit. Indeed, other re-
searchers [ 7] have shown that the dominant parameter in the
fatigue behaviour ol a welded detail is the stress range, and that
the mean stress does not affect the fatigue strength.

It is therefore pertinent to consider the advantages and limita-
tions of stress relief by heat treatment. Two cases of fatigue
loading are considered, as shown schematically in figure 6(a);
fully reversed (R _ - 1), and fully tensile (R - 0). If the stress
range is the same for the two different conditions, the fully re-
versed loading condition will be the least damaging, since the
compressive portion of the applied loading cycle will not con-
tribute to crack extension (figure 6(a)). However, it can be seen
(figure 6(b)) that the effect of a tensile residual stress will be to
increase the mean stress level, with the only limitation that the
maximum stress in the fatigue cycle does not exceed the yield
stress of the material. In this instance, the nominal lully reversed
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loading condition will be as damaging as the lully tensile condi-
tron.

It is estimated that, even after a heat-treatment stress relief, l0
to 25oh of the welding residual stresses remain in a structure
U8]. Thus, as shown in figure 6(c), even after such a stress relief.
the nominally fully reversed loading may still be as damaging as

the fully tensile conditon. It has been shown that only for fully
reversed loading, where the stress ratio is - l, (i.e. applied loads
always compressive) will stress-relieved joints generally have
tugher latigue lives than as-welded joints [6]. For positive ap-
plied stress ratios (i.e.fully tensile loading), on the other hand, a

heat-treatment stress relief had little effect [6]. This is the main
reason why the Welding Institute (UK) favour mechanical
dressing procedures such as grinding or peening rather than a
heat treatment stress relief (which for a large structure may be
prohibitively expensive). It must be emphasized that this argu-
ment is applicable specifically to increasing the fatigue strength
of a welded structure; a heat treatment stress relief is often an

effective procedure when potential problems of brittle fracture
are under consideration. In such a situation the stress-relief rvill
act to increase the level of static stresses required for fast t-ac-

ture; however the influence of this tempering treatment on mi-
crostructure and therefore properties must also be carefully
evaluated.

It should further be pointed out that, when testing these weld-
ed samples at a mean stress of 150 MPa and a stress range of for
example,40 MPa, the R-ratio is 0,76. On the other hand, at a
mean stress of 420 MPa, and the same stress range, the R-ratio is
0,91. This relatively small increase in R-ratio would not affect
the fatigue strength of the detail to any great extent. This effect
is probably also influenced by the fact that the high strength,
low toughness microstructure is only a very small portion of the
total extent of the weldment.

The effect of post-weld mechanical dressing

Clearly, it would be virtually impossible to reproducibly fabri-
cate balance pad welds on site (where there may be restricted
access to the weld area) without introducing any undercut
delects at the weld toes. However, by grinding or hammer peen-
ing the weld toes, the surface defects can be easily removed.
and a smoother weld profile is obtained. In addition, peening
introduces compressive surface residual stresses, which
further improve the fatigue strength of the welded joint. The
cost-effectiveness of these and other weld dressing proce-
dures have been the subject of some considerable research

le-221.
The choice between grinding and peening is usually made on

the basis of adequate access to the detail. The pneumatic ham-
mer typically used for peening must be directed at the weld toe,
and more than a single pass is necessary to achieve the required
degree of weld profile modification. The peening tool is hard to
control unless the operator can use his body weight to maintain
the tool on the weld toe. A grinding operation on the other hand
can be carried out in areas of restricted access, and the only
limitation to this method is that the residual grinding marks
must be parallel with and not perpendicular to the principal
direction of the applied stresses. The effectiveness of these two
mechanical dressing techniques are well illustrated in figure 7,

which indicates that 4-pass hammer peening (with a single point
tool) provides the greatest improvement in fatigue life [20].
However, it must be pointed out here that the degree olpeening
is difficult to quantify and should be determined by the depth of
deformation achieved. It has been suggested that the number of
passes required to achieve 0,6 mm + 0, I mm depth of deforma-
tion on a trial piece should be used on the actual weldments [20].
Such trial pieces are also of considerable use in post-fabrication
inspections of the finished component, where they will provide
an immediate visual comparison for the condition of the actual
weldments.

(b)

(c)
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Ground specirnens

A total of six specimens, in which the continuous welds had been
burr-ground, were supplied for testing. Three of the test speci-
rnens were fabricated from BS 4360 grade 55E, and three from
the higher strength ROQ-tuf AD 690. It had been proposed by
the fan manulacturers that a weld fabricated usin g a 309 L aus-
tenitic stainless steel electrode would help eliminate any poten-
tial hydrogen pick-up by the carbon manganese base material.
Accordingly, two of the ground specimens (one 55E and one
AD 960) were made using the 309 L electrode such that the
fatigue strength of this detail could be evaluated.

The results of the fatigue tests performed on the six ground
welds showed that the l0 million cycle endurance limit was more
than 150 MPa, thus there is a significant improvement in fatigue
strength. compared to the as-welded specimens. It was also evi-
dcnt that the 309 L welds did not have a great effect on the
fhtigue strength of this detail although one of the 309L welds
(specimen T27) recorded the lowest crack initiation stress range
ol I 50 MPa. However, examination of the fracture surf'ace indi-
cated that initiation had occurred from a small surlace defect
near the weld toe, whereas in the other five ground specimens,
the initiation site was removed from the weld toe to the weld
root [9]. This is considered a crucial point; if the weld dressing is
not adequately performed, the fatigue strength of the detail may
not be affected. However, an endurance limit of 160 MPa can be
obtained if the welds are properly ground. The anomalous result
obtained for specimen T15 is due to the fact that this test was
started at a stress range of 60 MPa, and the actual endurance
limit of the detail was most likely enhanced by coaxing. (Subse-
quent tests on the dressed specimens were started at an initial
stress range of 150 MPa).

Peened specimens

A total of nine continuously welded specimens \\/ere supplied
for testing; the weld toes of these welds had been peened using
three passes with a single point ( l0 mrn diameter) pneumatic
hammer. Five of these specimens were fabricated using the,
E7018 electrode (three fro"m 55E and two from AD 690), and
four using the 309 L electrode (two 55E and two AD 690).
These tests indicated that cold-working of the weld toe has a

very significant effect on the subsequent fatigue strength of
this detail, such that the endurance limit was increased to at
least 200 MPa. It was also evident that the peening operation
must be carried out with some considerable care; if the tool is
not directed accurately onto the weld toe, initiation can still
occur from weld toe defects. as was the case in specimens T23
and T29 t9]. However. at the high stress ranges aoplied to
some specimens (eg T22 and T24), crack initration \\,as ob-
served to occur lrom the flame cut edge of the load bearin,g
plate, remote lrom the weld.(lt has been shown [] that nti-
cro-cracks can ori-einate at plate edges from even high quality
gas-cutting).

However, the fatigue strength of the peened detaii was
shown to be well in excess ol that obtained for the as-u'eld-
ed specirnens, provided the weld toe is sufficiently colci
worked, and that there were no other preferential crack in-
itiation sites in the vicinity of the weld. Anr)rnalously hi,eh
values recorded for specinrens T19 (250 Ir4Pa) and T20 (i80
MPa) were again due to a lar-ee number of cYcles belou, the
endurance limit of the detail. The results of this series of resrs
also indicated that the 309 L stainlv-ss steel rveld (specirnens
T24 to T29) does not affect the fati-que strength of this detail
to any great extent.
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This paper has shortr'n i-11-,','. -:-l .-:-::'-: >l:ength o1'non-ioad car-
ryillg fillet rvelds can be s:ql,:-.:r..-' .r.pi11., ed by' cost-effective
procedures such as _grirrd.ii: : .:. : : ::iner peening. The results
obtained in the test prosr-:r-.r-. -- :-rl suiimarised in figure 8,
where it can be seen thar '-:--: -:. - -:-:r.-- liniit of the stitch and
continuously welded sp;..:--::--- :. : -' \lPa. In the case of the
continous welds- rvhich '.\::: ::,'-:!:: '-,--r represent an improve-
ment over the stitch r', eic3J :3.:-. s:rlil undercut defects at the
weld toes led to I'atigrie,--t-:.s. ^r.:::-:::L)n at relatively low stress
ranges. If these weids Dr--- I t,.-:-'. ::r::,.,-f,r3ci. i.e. using high weld-
ingiurrents and weldinq i,, ::: - -, rrr--heat. a hard near-heat ai-
fected zone acts s,vnerqisi,-- . .' .i : .: :ne ui'rdercut defects to low-
er the endurance limii r,i -!' , \iP,. Tnis endurance limit was not
further decreaseci b1 resrriti --:
indicating that weldins i.s:J *:. -r:iesses ha'u,e little effect on the
iatigue lile of structures. H,-r',\ 3', er. reducing the level of the re-
sidual stresses by hear riee:r.3n: ilra\ be an effective method of
increasing the toleranc. ,ri -. '.i:loed structure to brittle fracture.

Effective remor al t-ri :r,-- .lr:ierential crack initiation sites at
the weld toes b1, grinc!nq lncreases ihe endurance lirnit of this
detail to 160 1\4Pa I- :r:',,,3ii toe is effectively cold.*'orked by
peening, such -rhai tire lrei:rential crack initiation sites are re-
moved and a residua r r,-r:-iace compressive stress is generated.
the endurance linrt rs iilcreAsed to ntore than 200 MPa. At these
high stress ranges. hc,:,'. i\.r-. cracking can initiate from flame cut
eciges rernote lrunr tirc- n e ic1.

Both mechanicai cressing techniqucs should be implernented
with care. hou e \ c'r. In the limited number of specimens rested in
this work. two peened specirnens and one ol the ground speci-
mens failed earl)'on in the tests; with fatigue cracks having initi-
ated at defects still present at the weld toes after the dressing

proceciures had been carried out. This therefore indicates that
the practical implementation of these dressing tecluriqr-res mllst
not be followed by an arbitrary increase in the operating stress-
e;s, without appropriatc controls anci periodic in-serv'ice inspec-
trons.
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Tabie I ra1 Specified compositional ranges of ROQ-tuf AD690 and BS 4360 grade 55E steels.

Tabie i b, Specified mechanical properties of ROQ-tuf AD690 and BS 4360 grade 55E steels.

Steel % Composition (maxima unless range stated).

ROQ-tuf
AD 690

C Mn Si P S Nb V Mo

,12-
.21

.45-
.70

.20-
.35

.035 .04 .50-
.65

BS 4360
55E

)) t6 . l0-
.60

.04 .04 .003-
.10

.003-
.20

Steel Specified properties (minima unless range stated).

Yield Stress
(MPa)

Tensile Strength
(MPa)

Charpy Impact Energy
(r)

ROQ-tuf
AD690

BS .1360

55E

690

4s0

760-895

5s0-700 6l (at - 20 'C)


