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ABSTRACT: Fillet welds have a low fatigue resistance compared with other types o f  
' 

weld detail, and it is difficult to design structures without using them. Results are pre- 
sented of screening tests on  methods of life improvement that have been applied suc- 
cessfully to  fillet welds in steels under fluctuating tensile loading and are applicable to 
heat-treatable aluminum alloys. The welding method or shielding gas used did riot af- 
fect fatigue life: (a) improvement of the weld profile dur-ing or after welding resulted 
in slightly increased lives; (b) local peening treatments had to  be sufficiently intense to 
produce compressive residual stresses some depth below the surface to cause a worth- 
while increase in life; and (c) specimen overloading treatments applied both initially 
and periodically generally were effective but the results for exclusion of the atrnos- 
phere by a conventional paint system were inconsistent. Results of tests on as-welded 
specimens, at various stress ratios which include compression in the loading cycle, 
corresponded with the results of treatments which include compressive residual 
stresses. The number of tests of each method was small, and further investigation of 
the more promising methods is recommended before they can be applied generally 
without qualifying tests. 
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It is well known that the fatigue strength of a welded structure containing 
fillet-welded joints in highly stressed regions is low in comparison with the 
static strength of the parent metal. This is a direct result of the relatively 
high stress concentration which such joints produce. In general, it is diffi- 
cult t o  design structures without using fillet-welded joints and,  therefore, i t  

' Principal scicnlific officer, Military Vehicles and  Engineering Establishnient. Christ- 
church, I ) o ~ - x t ,  Lrlgla11d. 



74 FATIGUE TESTING OF WELDMENTS 

is of considerable value to devise methods of improving fatigue strength of 
such joints. 

Measures often can be taken to improve the fatigue strength of a joint 
when the determining features have been established. Fatigue failures in 
welded joints generally occur by crack propagation from external or inter- 
nal stress concentrations and defects, the most common being from the ex- 
ternal stress concentration caused by the welded toe and any defects it may 
contain. Methods based on the following three principles have been found 
to produce improvements in fatigue strength for weld toe failures: (a )  
improvement of weld profile, (b) modification of the effective stress system 
by stress relief or preferably the introduction of compressive residual 
stresses, and (c) exclusion of the environment. In addition, it should be pos- 
sible to improve fatigue strength against failure from internal stress concen- 
trations and defects by using appropriate methods based on the second prin- 
ciple. 

It should be noted that the effect of using a local improvement technique 
may be to  change the location of failure, rather than to increase fatigue 
strength by a significant amount. For instance, a load-carrying weld with an 
improved weld profile may fail from an  internal defect and give approxi- 
mately the same fatigue strength as the as-welded joint [I] . '  A considerable 
amount of work on methods for improving the fatigue strength of fillet- 
welded joints in steel structures has been carried out in the past, and much 
of this work has been reviewed elsewhere [2]. However, few comparable 
tests appear to have been carried out on similar fillet-welded joints in 
alun~inium alloys, and as far as is known no comparable data exist for 
aluminum-zinc-magnesium (Al-Zn-Mg) alloys. Therefore, the objective of 
this work was to "screen" a number of possible improvement methods by 
carrying out fatigue tests on fillet-weld joints for a variety of treatment5 
with a vlew to define which methods are most llkely to be worth further 
study. 

Irnproven~cnl hlet hods 
I?nyrover?renr oj' Mk/d Pro fde 

A stress concentration results from the change of the cross section at the 
edge of a fillet weld on a stressed plate and may be expected to have a major 
influence on the fatigue strength of the joint. The magnitude of the stress 
concentration depends somewhat on the weld size compared with the plate 
thickness. However, a more important feature is the shape of the weld pro- 
file, a low contact angle resulting in a low stress concentration factor. This 
is illustrated by the results of experimental and theoretical stress analyses of 
transverse fillet welds, summarized in Ref 3, which shows that the stress 
concentration factor at  the weld toe can vary from 1.5 to 4.5 for  contact 

The ~tal ic  number\  in brackets refer LO the 11st of retcrences appended to this paper 
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above 1 80 "C impractical. 
The following methods were used. 
1.  Shot Peening-This method has been shown to be effective on Al-Zn- 

Mg alloy butt welds [ I ] .  Thirty-grade shot was used at an air pressure of 7 
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bar with the gun at right angles to the weld surface, and three passes were 
made to obtain complete coverage. 

2. Harrzrner Peening-The efficiency of han~mer peening has been 
demonstrated on steel fillet welds [q and AI-Zn-Mg alloy butt welds [9] .  I t  
was carried out with a pneumatic hammer fitted with a solid tool which had 
a round end of approximately 6-mm radius. The piston diameter was 17.5 
mnl and the air presstile, 7 b a ~  . I'he 21111 was r rnvcr SCCI ; i pp r~~ \ i r l~a~ t ' l y  -1N 
mm/min along the \veld toes at the ends of the specinlei1 only. This  was re- 
peated three times. The finished profile obtained is sho\frn in Fig. 2. 

3. Prior Overloading-This was carried out by applying either one or 10 
"static" stress cycles before fatigue testing. A stress of 277 ~ / m m ' ,  applied 
for 5 s was based on an  effective proof stress of the specimen taking account 
of t h e  reduced strength of the heal affected zone. 

4. Periodic Overloading-This was expected to reinforce the residual 
stress field and the stress concentration to give a greater effect than prior 
overloads. Single or 10 overloads of the same magnitude as the prior over- 
loads were applied at every 1000 cycles. In all cases the tests began with  the 
overload. The interval was chosen to correspond to an annual inspection at 
the anticipated rate of use of a particular equipment 
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Exclusion of the Environment 
Grit Blasting and  Painting-In this test series the welds were finished in a 

way which is used in practice. Usually, fatigue specimens are tested in the 
as-welded condition and no  account is taken of any possible influence of 
protective finish. The specimens were prepared according to Director Gen- 
eral of Fighting Vehicles and Equipment (DGFVE) Specification 235/1, as 
used for actual Al-Zn-Mg alloy military bridges. T h i ~  involved grit blasting 
at  3 bar with nonmetallic alumina grit, zinc spraying to a depth of 0.008 to 
0.16 mm, and finally painting with primer, undercoat, and top coat. An im- 
provement in fatigue life as a result of the treatment, of course, could be 
due to  the introduction of compressive residual stresses by grit blasting 
rather than the exclusion of atmosphere by painting. 

Method of Testing 
All specimens were subjected to axial load within the frequency range of 

5 . 5  to 11 Hz. In the main axial load fluctuating tension test series the mini- 
mum stress was maintained at 31 ~ / m m ' ,  and in the majority of cases stress 
ranges of 154, 92, and 16 ~ / m m '  were used. This ga\e  a life range for con- 
trol specimens from just over lo4 to  beyond 10' cycles. However, other 
srress ranges \\ere used when the treatments were effective and failure had 
not occurred in 2 x 10\ycles at 46 ~ / r n m '  stress range. The criterion of fail- 
ure was taken a\  complete rupture of the specimen. After failure, the weld 
toe contact angle of the specimens that had not been given improvement 
treatments \vas measured and recorded. 

In order to verify the effects of introducing compressive residual stresses, 
a series of zero mean stress (R = - 1 )  and fluctuating compressive stress (R 
= - 03) tests nere carried out on untreated specimens. Extensometers were 
fitted to these specimens to ensure that the loading was truly axial under 
compressive loads. Failure under fully compressive loading was assumed 
\vhen the crack had propagated about 25 mm on either side of the center line 
of the specimens. This condition was detected by cutout wires. 

The majority of specimens was tested after a minimum of 15 days natural 
aging to enable the weld heat affected zone to recover strength; this condi- 
tion will be described hereafter as as-welded. T o  investigate the effect of 
longer periods of natural aging of as-welded specimens in this alloy, some 
specimens were tested 6 to 7 weeks after welding; this condition will be de- 
scribed hereafter as aged 6 to 7 weeks. 

The general form of the specimens used is shown in Fig. 3; it is essentially 
a 9.5-mm stressed plate with a single longitudinal nonload carrying stiffener 
or gusset fillet welcied to one surtace. The malerial was a weldable Al-%n- 
hlg  alloy to U K  nlilitary specification DGFVE 232A, having a chemical 
composition shown in Table 1 ,  which also shows the range of mechanical 
properties of the material in the sollition and precipitation heat treated (TI+) 
condition in which i t  was used. A similar United States alloy is 7005. 
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7mm w e l d s  to be c o i i t ~ r ~ u u u s  rourid ends 
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I 

FIG. 3-Details of nonload carrying fillet-weld specimen. 

Thi, particular spccinicn type was sclcctcd a\  p~cvious  exper lcllce Itatl 
shown the scatter of results to  be low compared with those of other spec- 
imen types, even though only a small length of the weld is transverse to the 
stress field. Failure of untreated specinlens initiated at the transverse weld 
toes. 

The  welds were made in the horizontal-vertical (HV) position with 1.6- 
nm-diameter NG61 wire (the equivalent United States wire is 53.561, with 
the plate clamped so that the finished specimen wac substantially straight. 
Additior~al straiglirening was applied to some \pcc'inierl\. I ' l l i \  alter ed thc 
residual stress level but ensured that consistent stress ranges were applied to 
the specimens. 

The  welds around the ends of the stiffener were completed first, and the 
remainder of the weld5 were made by welding towaid\ the middle of the 5tif'- 

fener from the end\.  Thi5 would tend to prcvenl f a t~guc  cr;ich\ initiat~tip 
from crater crack5 in urltrczltcd \peci~rretr\. 

The G M A  weld\ werc made using the \pray trart \fe~ ~cclitn~quc arid 180 A,  
20 V direct current with argon flow rate of 14.2 litre/min. GTA welds were 
made at 250 A, 22 V alternating current and argon flow rate of 7.1 
litre/min. Both spray and short arc techniques were used in the case of the 
helium shielded GMA welds. 

A symmetrical double stiffener specimen was found to be necessary so 
that tests could be conducted wliolly in compression in or ciet to investigate 
the effects of the treatments that produce compressive residual stresses. The 
specimen was the same as that described with the addition of a second stif- 
fener to the other face. 

In view of the known influence of individual welder technique on the 
fatigue strength o f  weldcd joints 171, i t  wa5 inlended that all \pecirnen\ 
would be made by the same n n n .  Unfortunately, the original welder left the 
work and a control group, helium shielded and syn~nletrical specimen?, 
were made by a different welder. 
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Presentation of Results 
The fluctuating tension results obtained at 154, 92, and 46 ~ / m m '  stress 

ranges have been plotted in Fig. 4(a), (b), and (c), respectively, as bar 
charts. An analysis was then made of the original GMA and GTA argon 
shielded welds, ignoring weld angle, and a scatter band embracing these re- 
sults was plotted on a conventional stress range versus life curve in Fig. 5 to- 
gether with the remaining results. The measured weld toe angles for untreat- 
ed weIds have been plotted against fatigue life in Fig. 6. Finally, the results 
at different stress ratios are compared in Fig. 7, with the scatter band just 
established, and the upper limit obtained for the treatment methods. Com- 
parison of the effectiveness of the treatments investigated has been made on 
a functional basis of welding variables, postweld treatment applied to the 
weld toes at the ends of the stiffener, and treatments that affect the whole 
specimen, in preference to grouping them according to the improvement 
methods described in the introduction. 

Results and Discussion of Tests 
Weld Method and Pro file 

All of the as-welded GMA and GTA specimens prepared by the firrt 
welder failed from the weld toe and the results spanned a range of endur- 
ances of approximately 3: 1 at each stress range. There was a trend for the 
welds with low specified toe angles to be towards the upper end of the scat- 
ter band. However, differences are not considered to be sufficient or con- 
sistent enough under the present circumstances to warrant specifying a low 
toe angle in order to obtain an improved fatigue life. These results have 
been used to establish a scatter band, shown in Fig. 5 ,  for comparison with 
the other specimens to which the various treatment met hods were apptied. 

The results for the 45-deg GMA welds froni the second welcier fell at the 
lower end of the scatter band as did most of the welds made by the same 
man with helium shielding gas. Prolonged natural aging for 6 to 7 weeks of 
the 30 and 45-deg GMA welds also showed no discernible trend compared 
with as-welded specimens although there was an improvement in the static 
strength of the specimen. Consistently measured weld toe angles were ob- 
tained from the GTA welding process which were close to the specified 
angle, but there was considerable variation in the GMA welds. They ranged 
from 27 to 60-deg for 45-deg welds; 25 to 45-deg for 30-deg welds. This con- 
firms the view that there is little likelihood of obtaining consistent improve- 
ments in fatigue life by control of weld angles unless GTA or automatic 
welding can be used. However, in order to estimate the potential of control 
of weld shape, Fig. 6 was plotted showing weld angle versu5 fatigue life for 
each stress range. It is seen that actual weld angle clearly has an effect; re- 
search on the control of weld angle therefore wotilci seem L O  bc \vo~  thwhilt. 
but the potential benefits are small. An exa~nirlatic~n ot' helium sIiieldc.ci a ~ l d  

argon shielded CMA welds, all of 45-deg specified toe angle, made by the 



WELD ANGLE CONDITION 

GMG 4 5 "  As w e l d e d  
GTA 4 5 "  As w e l d e d  
GMA 3 0 "  A r  w p l d e d  

GTA 3 0 "  A $  w e l d e d  
GTA 15" As w e l d e d  
G M A  4 5 "  As  w e l d e d  ( s e c o n d  w e l d e r )  
GMA 4 5 '  Aged 6 - 7  w ~ e k s  
GMA 3 0 "  A g e d  6 - 7  w e e k s  
GMA 4 5 "  H e l ~ i ~ m  q a s  s h ~ e l d  shor t  arc 

G M A  4 5 "  H e l i u m  gas  s h i e l d  s p r a y  

G M A  4 5 "  GTA d r e s s e d  i 
G M A  4 5 '  S h o t  p e e n e d  - Y 

Gh lA 45 '  Ground 

G M A  4 5 "  G r o u n d  d n d  s h o t  p e e n e d  
G M A  30' H a m m e r  p e e n e d  . + 

G M A  4 5 "  H a m m e r  peened - -- 
G M A  4 5 '  G r o u n d  d n d  h a m m e r  p e e n ~ d  .- - -  . 

GhlA 4 5 "  T e n  p r i o r  o v e r l o a d s  277 N , m m 7  

G k l h  1 5 '  T e n  overloads ?very l o 3  r y r l e s  - - - - 

GhlA 4 5 "  G ~ I I  b l a s t  a n d  p a i n t  

- Denotes  l a i l u r e  remote  f r o m  
t ransverse  w e l d  toe 

: Denotes  t w o  c o i n c i d ~ n t  r e s u l t s  

l o L  l o s  
CYCLES 

( a )  154 N i m m '  slress range 
M ~ n i r n u m  s t ress  31 N/ rnmc 

f r o m  w e l d  l o e  

10' 10" 10" 
CYCLES CYCLES 

( b l  9 2  N/mrn2 s l ress  range 

M ~ n i m u r n  s t ress  31 N:mrni 

( c !  46 N / m m 2  s t ress  r a n g e  
M i n i m u m  s l ress  31  N / r n m z  

FIG.  4-The effect of some variables on the fatigue life of nonload carrying fillet weld specimens. Minimum series 31 ~ / r n r n ~  denotes failure remote 
f rom transverse weld, 2 denotes number of coincident points. (a) 154 ~ / r n n ~ ~  stress range. (b) 92 ~/r?7t77~ stress range. 
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FIG. 5-The effect of potential life improvement methods on the fatigue life of nonload 
carrying fillet welds. 

S h o t  p e e n e d  a" r" 
G r o u n d  0 

- @ G r o u n d  a n d  s h o t  p e e n e d  2 &a"2 c . ~  
, H d r l l r n e r  p e e n e d  
A G r o u n d  d ~ r d  l r a ~ r i ~ r i e r  p e e l l e d  

O n e  p r e l o a d  
- I T e n  p r e l o a d s  S c a l ~ e r  b a n d  

4 One o v e ~ l o a d  every  1 0 0 0  ~ y c l e s  t o r  d s  w e l d e d  

C Y C L E S  
FIG. 6-The effect of weldangle on the fatigue lve o f  nonload carrying fillel welds. 

second welder, showed that the helium shielded welds made under spray 
transfer conditions had weld angles of 22 to 30 deg, argon shielded spray 
transfer welds 37 to 47 deg, while short arc helium shielded welds had toe 
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angles of 40 to 58 deg and a b ~ ~ ~ m p y  appearance. There was liltle scaltcr 
except for a low angled Ileliurn sh~clded sprayed transfer weld at 46 ~ / r n m '  
stress range and toe angle of 27 deg, which had a significantly longer life 
than the upper limit of the scatter band. Although the helium shielded weld 
showed considerable penetration, this also caused excessive dilution of the 
welds and the welds were very prone to cracking, so this method of welding 
had nothing to commend it  for welding Al-Zn-Mg alloys. 

Microscopic examination of the weld toe of' GMA and GTA welds did not 
reveal sharp nonmetallic defects of the type which caused GMA welds in 
steel [4]  to have shorter lives than GTA welds. It appears that both methods 
of welding result in similar toe conditions and that any inclusions are very 

L E G E N D  

\ oc 1 us 10' 10'  
C Y C L E S  

F I G .  7-The effect of stress rarro on the fatigue life of nonload carrying fillet welds. 

Weld Treatments 
CTA dressing of C M A  welds was inconclusive except for the specimen 

tested at 154 ~ / r n m '  stress range which had a longer life than did any of the 
welds just presented, the lives for other GTA dressed welds fell within the 
scatter band. Grinding the weld toe had no effect on life at 92 ~ / m m ' ,  but 
at  46 ~ / m m l  stress range the life of one specimen far exceeded the scatter 
band and eventually broke at the testing machine jaws. Shot peening did not 
appear to be effective and, not surprisingly, grinding followed by shot peen- 
ing produced results similar to shot peening alone. Hammer peening, which 
also resulted in some improvement to weld profile, see Fig. 2, caused at least 
an  eight-fold improvement in fatigue life in comparison with the minimum 
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ol' the scatter hand of results, and the inlprovement was siich that only one 
out of three failures occurred at the ends of the weld that had been treated. 
'The results of grinding and hammer peening were very similar to hammer 
peening alone. Figure 8 illustrates a typical failure away from the weld toe. 

FIG. 8-Failure of a harnnzer peened specimen away from rhe weld tor. Nore the subsidiary 
crack a way from the weld roe. 

Specimen Treatments 
Grit blasting and painting specimens before testing had no effect on life 

compared with the scatter band at the higher stress ranges but at 46 ~ / m m ~  
stress range a failure occurred from a weld pore away from the weld end, at 
a life beyond the limit of the scatter band indicating that there may be some 
itnprovcmerit at low stress ranges. A single prior ove~loaci causing tensile 
stress of 277 ~ / r n m '  i n  the specimen brought about at least a three-fold in- 
crease in life, and at the lower stress ranges failures tended to be at locations 
other than the weld toe. Ten prior overloads had a similar effect to a single 
prior overload for a test at 154 ~ / m m '  stress range, but at lower stress 
ranges the beneficial effect was much greater and exceeded that for hammer 
peening. When the overloads were repeated at intervals of 1000 cycles they 
also showed an improvement, the ten overloads being the most effective 
improvement method at 154 ~ / m r n '  stress range, but at lower fatigue stress 
ranges a single overload seemed to be more advantageous. As the fatigue 
stress range was reduced and the total number of overload cycles increased, 
the improvement became less than for prior overloads. The overload stress 
which was selected initially for the GMA welded specimen was so high that 
it was not possible to overload GTA welded specimens to the same level and 
they broke in the reduced strength region of the heat affected zone, which is 
more extensive than for G M A  welds. 

The effect of periodic overloading depends on the magnitude, number, 
and interval of applications of overload stress. At low test stress ranges the 



86 FATIGUE TESTING OF WELDMENTS 

very proce55 of periodic rnul~iple overloading is f'aliguc damaging and will 
eventually limit the fatigue life. Alternatively, had a lower overload stress 
been used, the benefit due to the introduction of local compressive residual 
stresses would have been less, but the maximum possible endurance at  lower 
test stress ranges might have been greater. I f  the interval between overloads 
had been greater so that the total number of overload cycles had been less, 
the beneficial effect of each overload cycle would have been similar, and it 
is again possible that the endurance would have been greater. The optimum 
condition, which would introduce greater benefit than the application of 
prior overloads only, would be the application of overloads when the re- 
tardation in crack growth due to the previous loads had disappeared. Such 
conditions would probably have to be derived by carrying out fatigue crack 
propagation tests and would only be appropriate to a particular type of 
operating conditions. 

Prior overloading ten times is clearly the best general method of specimen 
treatment, but it would not be practical to use such high prior overloads on 
structures because of dimensional tolerance requirements and variations in 
material properties, and consequently the magnitude of improvement 
shown in these experiments could not be expected to  be attained. 

Stress Ratio 
The zero mean stress results (R  = - 1) fell just above the upper end of the 

scatter band with the wholly compressive tests (R = - m) generally beyond 
these, Fig. 7, but exhibited large scatter in life and location of failure, most 
being from weld ripples and crater cracks away from the toes at  the weld 
ends. 

Measured residual stresses in parent plate at the weld toe ranged I'rorn 178 
N/mm2 tension to 157 N/mm2 compression. The stresses tended to be lower 
for the specimens with the double gusset used for the stress ratio experi- 
ments and the greatest tensile stresses were in the direction of loading. Fail- 
ure under cyclic compressive loading depends on the residual stresses caus- 
ing an effective tensile stress range. Residual stresses are likely to be larger 
in structures than in specimens because of the bulk of the material and the 
remoteness of welds from free edges, so the lives would be lower than the 
present specimen lives suggesl. It has been noted [9] that the weld would 
contain a much higher residual stress than exists in the heat affected zone at 
the toe of the weld, so although the nominal stress range would be lower in 
the section containing the weld than at the toe, due to the increased cross- 
sectional area, i t  is possible for i t  still to be wholly tensile, whereas at the toe 
the tensile poi [ion of the stress range would be limited to  the value of the 
tensile residual stress. This could account for the large amount of scatter of 
life and location of failure at  surface ripples, crater cracks, and buried cie- 
fectj whic11 would normally be harmless compared with the weld toe. Ai 

\ '  than the 10' cycles, Fig. 7 also shows that the results for com- 
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pressivc applied loacls ar-e c011~iste11t will1 the l i  t'e i111pl O V ~ I I ~ C I I ~  111et1io~i~ that 
involved treatments causing con~pressive residual stresses. 

Genernl 
After the fatigue tests were completed, reridual stress rnearurenlents were 

made in the toe of the welds of similar details. Grit blasting caused a peak 
compressive stress of at  least 300 ~ / n ~ m '  at 0.25 n1m below the surface 
which then reduced rapidly. Hammer peening caused a peak stress of 240 
~ / m r n '  at 0.6 mm below the surface which had only fallen to 75 percent of 
this value at  1.2 mrn. The  results for shot peening were similar to  grit blast- 
ing but the depth extended to  about 0.5 mm. The results indicate that any 
peening method must produce an  adequate depth of sufficiently high resid- 
ual compressive stress to  be effective and further work is necessary to define 
the conditions under which this is so. Corresponding residual stress 
measurements are not available for the overloading specimens, but from the 
fatigue results they appear to  be similar to  hammer peening. The results for 
toe grinding were disappointing compared with the results for measured 
weld angle; as seen in Fig. 2, conditions at  the weld toe mere improved but 
there was still a rapid change in section sometimes and the reduction in 
stress concentration would not be as large as indicated by the toe angle. 
Unlike the case with steels, the method does not appear to be cost effective 
when applied t o  aluminium alloy fillet welds. 

Concluding Remarks 
Within the limited range of the present investigation under tensile load- 

ing, the following res~llts of potential methods of increa5ing fatigue life 
were apparent. 

1 .  The  welding method (GMA and GTA) does not have a significant 
effect on  life. 

2. Decreasing weld angle caused a small increase in life, but the weld 
angle is not easily controlled, particularly with GMA weldr. 

3. The  shielding gas (argon or helium) does not appear to have a signif- 
icant effect on life, but helium shielding gas is not satisfactory o n  account 
of weld craching. 

4. Grinding weld toes does not appear to be effective at high stress 
ranges, but may be beneficial at  low stress ranges if the whole weld profile is 
improved. 

5. Light shot peening or grit blasting does not improve fatigue life, but a 
more severe harnnler peerling was et'l'ective, a certain depth of' relatively 
high con~pressive residual stress appears to be necessary to obtain an  
improvement in fatigue life. 

6.  COIN billed grinding and peening was no more el'fecr ive than peenitig 
alone. 

7 .  Prior overloading was effective; the improvement was not as great as 
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with hammer peening at high stress ranges, but became more effective at the 
lower stress ranges. Ten prior overloads were better than one at low stress 
ranges. 

8. Periodic overloading improved life at high stress ranges, but the effect 
was not so great at lower stress ranges. 

There was little that could be done during welding to produce a substan- 
tial improvement in fatigue life, but weld treatments and specimen treat- 
ments that induced compressive residual stress fields of sufficient rnagni- 
tude were extremely effective. There is little to choose between severe peen- 
ing and 10 prior overloads in effectiveness and the choice depends on indi- 
vidual circumstances. The control of treatment clearly needs some care and 
the comparison had not been extended beyond the constant amplitude load- 
ing. 

Acknowledgments 
The author wishes to thank the staff of the Welding Institute, Cam- 

bridge, who cooperated in the several phases of this investigation. 

References 
Brine, F. E., Webber, D., and Baron, H. G., British Welding Journal, Vol. 15, No. 11, 
NOV. 1968, pp. 541-546. 
Gurney, T. K., Eitligue of Welded Structures, Cambridge University Press, Cambridge, 
1968. 
Maddox, S. J . ,  International Journal of Fracture, Vol. 1 1, No. 2, 1975, pp. 221 -243. 
Wat kinson, F., The Fatigue of High Strength Steels in Fatigue Performance o f  Welded 
High Strength Steels, The Welding Institute, 1974. 
Dye, S. A., Welding Institute Bulletin, Vol. 13, N o .  10, Oct. 1972. 
Christopher, P. R .  and Crabbe, D. R. ,  Ocean Engineering, Vol. 1, Jul 
520. 
Gurney, T. R. ,  Welding Inslitute Research Bulletin, Vol. 12, No. 1, 197 
Heywood, R. B. in Designing Against Fufigue, Chapman and Hall, 
Chapter 15. 
Nordmark, G. E., Metal Progress, Nov. 1963, pp. 101-103. 

y 1969, pp. 497- 

1. 
London, 1962, 




