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PROGRAMMED LGAD FATIGUE TESTS ON NOTCHED AND WELDED SPTCIMENS OF Al:Zn:Mg ALLOY

By J.D. HARRISON anc T.R. GUANEY"

. FS
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The report describes constant amplitude and programmed
load fatigue tests on nctched and welded specimens in two
high streagth alumizium-zinc-magnesium alloys, Itis
shown that, with very few exceptions, the Miner-Palmgren

* 3, hypothesis that z:% /x_1 cosistently underestimates life,
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For the notched specimens using the basic quadratic pro-
gramme 2:% varied from 0.8 to 14.8, For welded speci-

mens using the same programme the value of/ 2:% varied

much less and was approximately 2,6 to 7.0 ‘or pulsating
tension loading, Changes in the order of application of
peegramme blocks had a negligible effect on the values of

f z-;"q obtained, However, both for half tensile and for alter-

nating loading, Jower vajues of 2-;3‘ were obtained,
When a spectrum parallel to the constant amplitude
S-N curve was used high values of 2:*;-: were obtained,

except when the lov.est stresses in the programme were
omitted, This fuct led to the belief that a possible reason

for the high values of z:ﬁ 'fs coaxing at the lowest stress

levels in the programme,
1. INTRODUCTION /

In the design of military bridges it is of prime importance
to save weight, since such bridges must be capable of being
transported easily and erected rapidly, Thus the relatively
high static strength to weight ratio of weldable aluminium-
zinc-magnesium alloys makes them attractive materials for
the fabrication of military bridges., Under military con-
ditions, although the problem of fatigue exists, a finite life
is often acceptable so that, by using high strength
materials, high design stresses can be employed and there-
Ly weight can be saved, However, when ilitary bridges
are used for civilian purposes the problem of fatigue may
become acute, since they may then be in use for sufficient
periods to suffer a large number of stress cycles,

The stress at any given point in a structure under service
loading conditions usually varies in a more or less random
manner, In the case of a road bridge it will be a function

* The authors are with The Welding Institute, Abington
Hall, Cambridge.

. o7 ,(n/ﬁ)
N

.

of the weights of vehicles crossing the bridge, which can
otviowsly vary widely both in magnitude and in the oeder of
occuerence of heavy 2nd light vehicles,

Although many methods have been suggested for esti-
mating service life under mixed Joading conditions 152 the
simplest, and the most widely used, is the Palmgren-Miner
cumulative damage rule, which relates the life under
random loading conditions to the normal constant 2mplitude
S-N cwrve, This rule is based oa the assumption that if 2
structwre is subjected to n, cycles of stress 5;, under which
the expected life to failwre is Nj. thea the cycle ratio

n

.N_ll is 3 measure of the fatigue life exhausted at that stress,

The linear cumulative damage rule then states that, under
a spectrum of stresses, failwre will occur when:

ni n
_—= - =1
+Ni N

i

+12- +
N Nz

-t

1t is well known that this rule is not accizate under all con-
ditions, and in fact values of the cumulative cycle ratio

(}.‘.i) extending from at least 0,0033 to more than 30 have

been reported in the literatwre 4. Hovever much of the data
has been obtained in simple two level tests on plain and
notched specimens and is rot therefore of great value in
providing guidance for designers, Nevertheless these tests
have indicated some of the important variables in the pro-
blem of cumulative damage which are not accounted for

by the linear cumulative damage rule, In particular it
should be noted that the rule assumes that stresses below the
so called fatigue limit of the particular detail under con-

sideration do no damage (i.e, since N = », _n& =0), and

also that the rule takes no account of the chronological
sequence in which the stresses are applied, B-*h these
assumptions are incorrect’,

As far as welded joints are concerned relatively little
experimental evidence is so far available, but most of it is
encouraging in that the cumulative cycle ratios obtained
have usually been greater than 1,0, Thus in three investi-
gations 5,6,7 in which fillet welded joints in steel have
been subjected to a pulsating tension quadratic spectrum,
the value of the c 'mulative cycle ratio has been found to
vary between about 0.9 and 2,9 (it should be noted that
only one specimen gave a value less than 1,0), Tests ~ on
transverse butt welds in steel subjected to 2 half tensile
sinwoidal programme also gave vaiues greater than 1,0,
Nevertheless, although these results are encouraging, it
will be appreciated that they are very limited, not only in




numbers but aiso in scope, For example, they were all
obtained with steel specimens under pirely tensile loading.

The objective of the investigation reported below was
to provide fusth2r information zbout the fatigue strength,
under cumulative damage condiiions, of welded jeints in
an aluminium-zinc-magnesium alloy and particularly to
investizate the effect of the stress ratio of the applied
stresses and the chronciogical sequence of the high and low
stresses in the programme. In order to grovide a basis for
calculating the cumulative cycle ratio the iavestigation
also involved camrying out fatigue tests under constant
amplitode loading, The effect of welding per se was
investigated by camrying out comparative tests on notched
and welded specimens,

2, TEST SPECIMENS

2.1, Matesial

In the course of the investigation two materials have been
used, All the early work was carried out using material
manufactured to the Alcan specification D74S GB. How-
ever, when it was found that stress corrosion cracking pro-
blems occwrred with this alioy, subsequent work was carried
out on material to High Duty Alloys specification H48,

Both materials were supplied in the form of 5 in, x
3/8 in. and 1} in. x 5/16 in. extrusions with 1/32 in,
radii on the corners, The 5 in. x 3/8 in, D74S material
came in two batches and there was some variation from
batch to batch in chemical analysis and mechanical pro-
perties, The i} in, x 5/16 in, D74S material came in
three batches but was much less variable, having aa identi-
cal analysis in all three batches and only slight variation
in mechanical properties, The properties of the H48
material were somewhat better than those of the D748
material,

The chemical analysis of each batch of D74S material
and of the H48 ma‘¢-izl is shown in Table 1, Table 2
gives details of the mechanical properties of both batches
of the 5in, x 3/8 in, D74S material and of the 5 in, x
3/8 in. F48 material, but only the range of results for the
13 in, x 5/16 in, D74S extrusions, Also shown in Table 1
and 2 are BWRA check test and analysis for D74S, the
results of which seem to be in fair agreement with the
manufacturers' figures, Table 3 gives details of the heat
treatment used,

The SIGMA welds in the D748 and H48 materials were
made with 1/16 in, dia. Al,5%.Mg wire to NG5 and NG61
specifications respectively,

2.2, Specimen form and manufacture

Details of the notched and welded specimens are shown in
Fig,1a and 1b respectively, In the former the central
notch, which consisted to tvic adjacent 1/8 in, diameter
drilled holes with two 1/16 in, diameter holes forming a
transverse slit, gave a theorctical stress concentration
factor of 4,5. The intention was that the notch should give
approximately the same fatigue behaviour as the non-load-
carrying fillet welded detail used for the welded specimens,

and the notch indicated above was amived at after some
experimentation, It will be seen later that, although the
slopes of the S-N curves fo: ihe welded and notchked speci-
mens were very different, their fatigue strengths under pul-
sating ter-ion Joading were approximately the same in the
region of 2-3 x 10° cycles,

The choice of the form of welded specimen used in this
work was based on two considerations. In the first place
such specimens are known to give relatively titdc scatter iz
fatigue test results and they are therefore convenient from
the experimental point of view, Seccadly, it is very diifi-
cult to avoid the use of non- load-camying fillet welds in
structiral desizn and thesefore the results obtainad were
likely to be of considerable use fos design purposes,

The welded specimens were made using the SIGMA
process, Owing 1o the high rate of depositios which this
process involves it was not easy to obtain a uniform profile
2t the ends of the gussets. After some trials the method
adopted, which produced the most uniform results, was o
place sl..xt runs around the ends of the gussets first, fillinz
in between these rums subsequently, In this way there were
no stop/start positions in the arca of fatigue crack initiation,
All weids were made in the downhand position, The full
welding sequence 15 show2 in Fig,1b. Except where other-
wise stated the welded specimens were aged at room tem-
perature for 6 ¥ 1 weeks prior to testing.

3. METHOD OF TESTING

The majority of the constant amplitude fatigue tests were
carried out in 2 40 ton Losenhausen hydraulic testing machine
at speeds betwcen 333 and 1000 c/min. A small number of
the constant amplitude tests were carmried out in an Amsler
Vibrophore at approximately 13030 ¢/min, The programmed
tests were all carried out at testing speeds of from 333 w
666 c/min in a 40 ton Losenhausen machine which had been
modified to permit it to be used for programmed tests,

Tke criterion of failure throughout the investigation was
taken as complete rupture of the specimen,

The method of carrying out the programmed tests on the
two materials was slightly different, In the case of the
D74S material each test specimen in a particular series was
tested with the same constant value of S,;..
stress in the cycle), only S, 4« being varied, However the
tests on the H48 material were made in such a way that each
series was tested at a particular stress ratio, S, . /S ..

The constant amplitude tests were carried out in the
same way as the programmed tests in order to provide data
that was directly 2pplicable to the analysis of the program-
med test results, Thus the tests on D74S material - -ere
made such that S, for each series was constant, The
relevant values of Sy,i,, were chosen so as to give values

Stnin

Smax
0.5, 0and -1, The resulting values of S, .. were 12,5, 0
and -2,0 '.oni‘/in2 respectively for the notched specimens
and 41,75, 0 and -1,25 tonf/in2 for the welded speciment,
The same values of S

(the minimum

of for failwe at 2 x 10° cycles of approximately

min Were used in the corresjonding




prozzammed wests, Ho-;:m, for H48 seaterial S-N cmrves
=40,S, Oand -1,

“m3x

The specrcm of stremes wed for most of the programmed
tests was baed on 3 guzdratic diswibation similar © Ut
wed Sy ¥hitzan axd Alder O, However, in view of the
vatiher losr ratio of comstznk smplitede cadursace Yimit soes
10 woof strese of the xaterial, it was conssdered that Joads
which were only 10% of “he maximam Joad =might ks 2
significint zffect aad the gvogramme was seoditied 10 in-
corporate sach loads, The owadeatic distribution on which
the spectrum was based was o = 1,85 (100 - )%, where n is
tie pumber of cycles at LK of the maxinum Joad, This
distribution is shown i Fig. 2.

The basic programme (Programme 1) fomaded on this
specum is skown in Fig.3. It was desigaed 10 istvoduce
some dezree of rasdommess isco the order cf application of
the Joads, It will be seen 1hat in each prograrame block of
40000 cycles there were two peaks of 80X 2ad thwee peaks
of *single* 100% Joads. The kxad built =p rapidly fow 10%
to the fiest 1005 pezk and fell ra0idly 10 10% from the thkied
1007 pezk, the ather sices 204 &1 coowring more slowly,

In the cowrse of the investization of the effect of the
chronological sequence it which the loads were applied 2
sumber of vasiations of the basic programmne were used and
these are shown in Fig. 4. They were 3s follows:
Programme 2: This programme was essemtially the same as
Programme 1, in so far as each programme
block coantained S peaks, bot the stress rose
slowly 10 eack peak and fell away rapidly,
For all practical pusposes this programme is
the same as Programme 2, bit with the loads
applied in the zeverse order so that the stress
rose rapidiy to each peak aad fell away
slowly,

In this programme there was oaly one peak
in each block, the stress rising directly from
the 10% level 1o the 100% level without any
intervening cycles aod then fell away slowly
from the peak, In order to keep the total
number of cycles the same the peak con-
sisted of three cycles at the 100% level,
This was identical to Programme 4, but in
the reverse order, the stress rising siowly to
the 100% level and then falling direcily to
the 10% level,

It should be noted that in each of these programmes the
numb-~7 of cycles at a particular stress level was the same,
The reasons for the choice of thece particular programmes
are included in the zener:l discussion of the test results,

In the work on H48 materia] all the tests were carried
out at fixed values of stess ratio. As 2 result, some of the
programmes representing a quadratic stress spectrum were,
at first sight, of curious shape, For example Fig. 5a shows
the original Programme 1 for half tensile Yoading, In
addition some tests wese carried out with programmes which
were fundamentally different to chat representing a quad-
catic spectrurn, The first of these (Programme 6) repcesented

3

were established with —— =

Programme 3:

Programme 4:

Frogramme 5:

Level No. of cycles ix peogrameme block

1004 2
0% 3
0% 5
0% 8
0% 15
50« 23
404 64
s 181
205 8
10% 8913

2 spectrum: which was approximately parailel w0 the con-
stamt amplitude S-N crwe,  Tae mogramme was sym-
menical abowt 2 single 100% pezk and contaised the
following nusobers of cycles at the various Joaéd levels, Each
pogramme bock coatained approximately 10000 cycles,
ThAjs mogrammye is »ot exactly parailel to the constant
solitzde S-X cusve owing both 10 limitations on the
cumrber of cycles which could be et on the testing machine
and to the fact that the sumber of cycles at each stress
level must be an integer. Thus, at the higher stresses,
chanzes of ose cyclz bave a Jarger pescentage effect.
Ia Programame 7-10 one or two of these kead Jevels
were omitted a< follows:
Programme 7 - 100% load Jevel omitted
Programme 8 - 100% amd 90% ioad levels cmitted
Programme 3 - 10% load levei omitted
Programure 10 ~ 19% axd 20% load levels omisted
Also i the work oa H48 material 3 zandomised form of
programme 1 was wsed, This programme (Programme 1)
is illustrated in Fig, Sb. The degree of randomness was
limited by the fact that the programme only allowed for
52 programme blocks, Afier some thought it was decided
that the simplest way 0 produce a randomised programme
was to write the detaiis of each programme block from
Programme 1 oa 2 piece of paper and to draw these from
2 hat! The resulting programme is illustrated in Fig, 5Sb.
A typical strain record from 2 strain gauge mounted on
2 specimen is shown in Fig, 6. It shows part of programme
1, where the Joad i¢ increasing rapidly from 10 to 100%.
It will be noted tha* the ‘single’ 100% load has associated
with it 2 number of s.oaller loads, the largest of which is
somewhat less than 90%, These smaller loads have been
ignored in the analysis of the results, It will also be seen
that the blacks of constant amplitude stress were separated
by periods during which the cyclic stress was maintained at
2 negligible level, these carresponding to the periods when ;
the pulsator of the testing machine was moving to its new |
position for the next stress level, |
|

4, TEST PROGRAMME |

The followirg test programme was carried out:

4.1, D74S GB Material




a) Three coamstaal amplinade $-N axrves were cbhizined for
ootched specimens, the values of minimum stress jor
the three cusves being -2, 0 and +2.5 toni/fic.

b Theze mogrammed foxd $~-N curves were obiained for
odtched specinsens, using the basic stress prozramme
{Prograzr ¢ 1) at ke same values of miximurs stress as
were wed for thie constant arzplitude tests,

¢} Tiee owtznt ampiitede §-N cwrves were obtained for
welded specimems, the minimarm stress in this case being
-1.25, Q@ 2=d ~1.75 tonf/ic?.

d) Theee programmed load S-N curves were obtzined forthe
welded specimens using Programme ! at the same values
of minimum stress as were urad in the constant 2mpii-
tude tests,

e} inozdex to examize the effect of varying the order of
the loads within the programme, tests were carried out
on welded specimens using Programmes 2-5 with
Smia = 0-

4.2. 148 material
2) Three constant amplitude S-N curves were obtained for

Z =R being -1, 0
Y.

weided specimens, she ratios

aod 4+

b) Two jeugrammed load S-N curves were obtained for
welded specimens with R = -1 and + 0,5 using Programme
1. Ir addition 2 small number of programmed tests
wzre carried out on welded specimens using the same
gogramme but withR =0,

c) In order to study further the effect of varying the order
of the loads witkin 3 programme, tests were carried out
using a randomised programme (Programme 11) with
R =0,

d} In order to study the effect of the highest ard lowest
Joad levels, a programme bzsed on 2 spectrum parallel
to the constant amplitude S-N curve was used, The basic
progzamme here (Pr sgramme 6) had 10 lcad levels from
10% to 100, In other programmes some of these load

evels were omitted, hese were as follows:
Programme 7 ~ 100% load level omitted
Programme 8 ~ 100% and 90% load level omitted
Programme 9 - 10% load level omitted
Programme 10 - 10% and 20% load level omitted

3 CRACK PROPAGATION STUDIES

it was hoped that a study of the rates of growth of fatigue
cracks under constant amplitude and programmed loading
would throw further light on the problem, Such a study was
carried out on a number of the specimens tested, The results
of this study are described in detail in Appendix C,

6. RESULTS AND DISCUSSION

6,1, Constant amplitude tests on specimens of D74S
aerial

The full results of the constant amplitude tests on the
notched specimens are shown in the form of $-N curves in

Fig. 7; the resulis for the welded specimens are shown in
Fig. 8 and 9, Al} the diagrams are plotted in the form
log Sg agaimst log XN, where Sp is the stress range (for the
notchad sprcimens the siess is given on the basis of gross
cross-sectional area without deduction for the notch).

It wiil oe seen from Fiz. 7 that the tests on the notched
specimens appeared tc indicate a distinct *fatigue limit’,
but the results of tests above that limit, and also those for
the welded specimens, car be represented reasonably well
by straight lines on the Jog Sp - log N plot, In order to
make the best wse of the results in the subsequent analysis
of the reselts obtained under programmed loading, the
best-fit suaight lines were calculated by the method of
lezst squares, These were as follows:

a) For notched specimens
Smin = -2 tonf/in?, log Sg = 1.48 - 0.139 log N
Smia =0 log 5p =1.67 - 0,192 Jog N
Smiu = +2.5 tonf/in?,log Sg =2.03-0.287 log N
b) For welded speciyaens
Sinin = -1.25 tonf/in, log Sy = 2.18-0,283logN
Smin= O log Sp, = 2.14-0,281log N

Smin = +1.75 tonf/in%, log Sp = 2.16-0,304 log N

These lines give rise to the following fatigue strengths:

Fatigue strength at Fatigue strength at

s;‘y:em:; 10° cyc!zes, 2x 108 cgcles,
tonf/in tonf/in
Notched -2  t0+4.0 t2
0 to+ 5,1 0 to + 3,25
+2.5 t0+6.4 +2.,5 t0+5.0
Welded - 1.25 to + 4.5 .2
0 to+ 5.4 0 to+ 2,3

+1.75t10+6,1 +1,75 to + 3,5

The results for welded specimens agree well with other
results reported in the literature 16,17, 18

The S-N curvesshow a number of interesting features,

In the first place it will be seen that the slopes of the
curves for the welded specimens are significantly steeper
than the corresponding slopes for notched specimens, This
fact is emphasised when the results are shown in the form
of a Goodman diagram (Fig. 10), It will be seen that at

2 x 16° cycles the results for the notched specimens lic well
above those for the welded specimens, However, at 1
cycles the results for notch and welded D74S lie very close
to each other,

There is insufficient evidence to be able to define the
precise reason for this behaviour since there are a con-
siderable number of factors which are likely to have
exerted some influence, These are:

a) The welded specimens contained tensile residual stresses
in the region of the crack initiating notch (see Appendix B),
whereas the notched specimens contained virtually no
residual stresses, This would tend 1o make the welded
specimens have a lower fatigue strength than the notched,
b) The stress cencentration factor due to the notch was

L
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proba:y eigher than that caused by the welded joint, Work
on similar steel specimens 2 has suggested that the S,C,F,
for this 1ype of welded joint is approximately 2,6 whereas
the §,C,F, caused by the nolch was approximately 4,5,
tience this factor would tend to mahe the fatigue strength
of the welded specimen higher than that of the notched,
€) It 1 probable that the whole of the fatigue life of the
weldea specimens can be considered as consisting of crack
propagation, [his suggestion is also an extrapolation from
tindings made with steel spccimcnsw, in which it has been
found that smull crack like defects which act as fatigue
crach initiators exist at the weld (oe alfter welding, On the
other hand the fatigue life of the noiched specimens must
Eave consisted of an initiation and a propazation period,
Thus, as with a) above, at a given stress, the fatigue life
of the notched specimwns would be expected to be greater
than that of the welded specimens,

This suggests that, at least under hizh stresses, which
seems to be the condition required for the welded joints to
have the higher fatigue strength, the magnitude of the stress
concentration factor is the ruling factor. However under
lower stresses this becomes of less importance, and the
tensile residual stresses present in the welded joint and the
necessity to initiate a crack in ti:e notched specimen exert
a greater influence,

A second feature of the results is the fact that mean
stress has a greater influence on the fatigue strength of
notched specimens than it does in the cazc of welded speci-
mens, This can be seen by comparing the ratius of alterna~
t:ng and half tensile fatigue strengths (ranges) to pulsating
tension fatigue strength (all at 2 x 108 cycles) for the two
types of specimen, These are as follows:

Notched Welded
Half tf:nsilc fa.tigue ftrcn&th 0.77 0.76
Pulsating tension fatigue strength
Alternating fatigue strength 1.23 1.09

Pulsating tension fatigue strength

This effect 1s almcst certainly due to the presence of
residual tensile stresses in the welded specimens so that,
regardless of the stress ratio of the nominal applied stresses,
the real stresses at the notch would have varied from an
upper limit stress equal to the residual tensile stress, Hence
a greater proportion of the applied stress range would have
been fully tensile - and therefore more damaging - than in
the case of notched specimens with no residual tensile
suess,

As far as the apparent existence of a fatigue limit is
concerned, 1t 1s wnteresting to consider this finding in the
hiaiit of work which has been carried out elsewhere on non-
propagating fatigue cracks. Re-analysis of results obtained
by frost et al, primarily under alternating loading, on a
fracture mechanics basis ! showed that, for all the
matertas which were tested (which did not include an

aiuminium-zinc-magnesium tlloy), nonpropagating cracks
_ &K
would only form if “f  Wasmot greater than approxima-

tely 1074 in‘-x‘ A K being the cyclic range of stress inten-
sity factor calculated on the basis of the tensile part of the
strass cycle,

If it is assumed that the notch used in the present work
can be considered as a transverse slit of Jength 22 in a finite
plate of width 2b, then the value of K is given 2 by:

H 2b w )
K =o(m)’ = tan;% 2

where 0 is the nominal applied stress, This formula does
not include a plasticity correctior factor, but since, in
the regime of non-propagating cracks, the applicd soress
is sinall the error introduced by ignoring the plasticity
correction will also be small, Inserting the values of a
and b into this formula gives

K = 0,770
1

-4 2
10 in® and E = 4500 tons/in

L OK
Hence, if E

AK = 0.45 tons/in® v in.

0.58 tons/in2 (semi stress range, alter-
nating loading),

Jbo

It will be noted that this is not in particutarly good agree~
ment with the results shown in Fig, 7. These indicate that
the fatigue limit stresses were approximately 2.5 -

5.0 tons/in® under half tensile loading and 3.0 tons/in
under pulsating tension loading. No fatigue limit was
established for the case where the minimum stress in the
cycle was compressive, but it is certainly less than

-2 10 +1,5 tons/in®, It therefore seems prudent to treat
these results as dubious, Hence, in the analysis of the
programmed test results the values of N taken from the
constant amplitude S-N curves for low applied stresses
were deduced by linear extrapolation of the straight line
portions of the log S - log N plots (i,e. the possible
existence of the fatigue limit was ignored), Since this
extrapolation is in a region where N is large, the effect

on T2 in the cumulative damage calculations is small,
N

The effect of ageing, As noted previously, most of the

welded specimens were aged at room temperature for

6 ¥ 1 weeks pri.: to fatigue testing, However three
specimens were naturally aged for different periods in order
to determine whether the ageing period had a radical effect
on fatigue strength, all being tested under a pulsating
tension stress of 4 tons/in®, Two of these specimens were
aged for 8 days and gave endurances of 0,216 and 0,308 x
108 cycles and the third was aged for 120 days and gave

an endurarce of 0,217 x 108 cycles, All three results are
shown in Fig, 8, from which it will be seen that they are
in good agreement with the results for specimens aged for
the normal period,

I’z
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Some tests ware also carrled out on specimens which
were artificially aged for 72 hours at 120°C, asd these
results are shown in Fig, 11, Also shown, for comparison,
is the 5-N curve for the raturally aged specimens taken
from Fig. 8, and it is apparent that the results for the
artificially aged specimens are in close agrecment with it,

As a result of these tests it can be concluded that ageing
has little effect on the fatigue performance of welded joints
under low stresses {i.e, high cycle fatigue).,

6.2, Programmed tests on specimens in D74S material

6.2.1, Tests using the basic programme (Programmel), The

results of the programmed tests on notched and welded
specimens are shown in detail in Tables 4 and S respective-
ly. They are also shown in diagrammatic form in Fig.12,
13 and 14, wherein log SRm ax is plotted against log N,
SRmax being the stress range at the 100% load level and N
being the total endurance under all stresses,

It is convenient to analyse the results by comparing
them with Miner's linear cumulative damage rule, If the
constant amplitude test results for a given type of detail
ana form of swess can be represented by a straight line on a
log Si - log N diagram, and if Miner's rule is assumed to
apply, the programmed test results should also be represented
by straight lines of the same slope as the constant amplitude
lines, These theoretical s'raight lines are as follows:

Notched specimens

Smin = -2 tonf/in® log Sp . =1.72 - 0,139 log N
min = 0 2108 SRmax = 196 - 0.192 log N
Sinin = *2.5 tonf/in” log Sp . =2.38 - 0,287 log N

Welded specimens

Smin = -1.25 tonf/in® log Sp .~ =2.51 - 0,283 log N
Smin= 0 ) 10g Spmax = 2+48 - 0.281 log N
Siin = +1,75 tonf/in® log Sp ..., =2.52 - 0,304 log N

These lines are plotted in Fig, 12, 13 and 14 for com-
parison with the test results, The distance parallel to the
log N axis between a test result and the appropriate theo-
retical line is proportional to the value of the iinear

n .
cumulative damage ratio E'{\J. The values of this ratio for

each specimen are also given in Tables 4 and 5, It should
be noted that, in calculating these values, the values of

N for stresses either above or below the limits of the experi-
mental results were obtained by linear extrapolation of the
log SR - log N lines and the possible existence of a fatigue
limit was ignored, as discussed previously, There is one
obvious fallacy in this approach in that the lines represent-
ing the constent amplitude test results for notched speci-
mens cross at approximately 3p = 9 tonf/in”, This is ob-
viously ir.possible and the curves must in fact merge gra-
dually as the influence of minimum stress becomes less im-
portant with increasing stress range, However examination

of the values of-;-; in the Tables shows that the major

-1 .
contnbutions to the values of 4.-\‘ comne from stresses either
F)

within or only slightly outside the range covered by the con-
stant amplitude results, It is therefore uniikely that the
extrapolation caused any significant error,

The results themselves show a number of interesting
features, In the first place, ouly one specimen gave a

n
value of .‘.‘.R_ which was less than unity, this being notched

specimen PNA/3 which was tested under ar upper limit stress
range varying between -2 and +4,7 tonf/in” and gave

n . : < .
.‘.‘:;" =0,84. The remainder of the notched specimens gave

values of Eﬁ ranging between 1,58 and 14,84, while for
the welded specimens .‘2-;':‘ varied between 2,60 and 7,51,

n
For the notched specimens the values of £ -\1 appear to
3

be strongly dependent on the applied stress; as can be seen
from Fig, 12 the divergence between the experimenta’
results and the relevant theoretical Miner line increases
rapidly with increasing stress. Thus, considering the tests
carmried out with S = 0, the results are well represented
by the line:

min

log S,y = 2.87 - 0.33log N

for which the slope of -0,33 can be compared with the
corresponding slope of -0, 19 for constant amplitude tests,

n

The apparent dependence of :?\’ on Spnax for all three
test series is shown in Fig, 15,

For the welded specimens, however, the values of 5'2‘

1

appeared to be largely independent of the value of S max
and a diagram of the form shown in Fig, 15 merely reflected
the scatter in the value of £ l‘: The average values of Dx-;‘
)
were 4,42 for specimens tested with S . =1,25 tons/inz,
4,39 for tests 2with Sinin = 0 and 5.30 for tests with Sy, =
+1,75 tons/in®, the overall average being 4,59, As can be
seen from Fig, 13 and 14, the ..st results were closer to
being parallel to the Miner line than was the case with the
notched specimens, For the tests carried out with S .. =0
the best fit straight line is:

log Sg max = 2.42 - 0.241log N

where the slope of -0,24 can be compared with -0.28 for
the constant amplitude results, (Note that the comresponding
slopes for notched specimens were - 0,33 and - 0,19), On
the basis of the results shown in Fig, 13, it could in fact be
argued that the slope of the line representing the programmed
test results with Sy, O was even closer to that of the con-
stant amplitude results, since the two results obtained at
stresses of 5,5 and 6,2 tons/in? could be cunsidered to be
the start of a 'knee' formation as a result of the 10% load
becoming too small to have any effect, In the meantime,
however, it has been assumed that all the experimental
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points are relevant 10 the linear relationsiup stated hove,
A particularly intezesting feature is the very large
number of specimens, both rotched and welded, which gave

individual values of '?" at a particular stress level which

were greater than umty, Ie fact the occuwred in 5 of the 11
notched specimens and ia 21 of the 23 welded specimens
tested in this stage of 1 e nvestization, It is =otable that,
in the case of the notcaxd specimens, the ocusrence of

values of -:-; greater than unity was restricted to specimens

tested with maximum siress rarges of at least 9,5 tons/ inz,

this reflecting the fact, - noted above, - that -‘-‘-—i' tenc'2d
>

to increase as applied stress increased, The highest value

of recorded ior an individual :tress level was 5,00% at

n
N
the 80% level in notched specimen PNA/I. Howeverin all
except two specimens the greatest value of i was associa-
ted with the 70% load level. This means that, even if
damage at all other stress levels is ignored, the cycles at
70% of the maximum stress did less fatigue damage in the
programmed tests than in constant amplitude tests, Much
the most likely explanation for this behaviour is that the
very small number of cycles at high stress introduced
favourable residual compressive stresses around the propa-
gating crack, whose effects far outweighed the small con-
tributicn which such stresses mnade te the propagation of the
crack. A second possibility is that the larze number of
cycles at low stress had a coaxing effect, but this secms
unlikely in view of the relatively poor performance of the
notched specimens tested at the lower applied stress,

It has been suggested extraneously that stresses less
than about 80% of the endurance limit make a negligibie
contribution to damage in programmed tests. If this were
so a flattening off of the log 5p ... - log N lines would be
expected at low stress levels, when the 10% stress level
ceased to contribute to fatigue damage, since 40% of the
cycles in the programme are at the 10% level, As already
noted, it could be argued that there is some indication of
the formation of a 'knee' in the curve for welded specimeuns
tested with Sy, = 0, but no 'knee' js apparent in any of
tue dther curves, Even for the welded specimens it must
be realised that the 10% stress levels of the two specimens
which may be on the knee were only about 0,6 tonf/lnz,
whereas the constant amplitude fatigue limit appeared to
be at about 1,5 tonf/in",

In order to investigate the effects of stresses well below
the fatigue limit two specimens were tested in which the
10% level was omitted, Apart from omitting this level, the
remainder of the programme was identical to the original
Programme 1, The results for these specimens are given in
Table 6 and they are also shown in Fig, 16,

n .
The mean value of E-I:! for these two specimens was

approximately 4,2 which is almost the same as the mean
of the results for the basic programme, The actusl lives

36000 - 16505

for thesr speurmens cas be compused ditactly w5t those of
the carlier tesis i ehey aze multiplied by 2 factos of

30000 - B.75, tere beins a 1ol of 30000
cycles in the ofisiaai prosramme 32d 15808 cycles 2t e
10% leve}, Multigdization By hb faltor Jives equivalest
Myes 50 3,92 x 10° o specimen P13 and 6,75 x 100

for specimen PW/ M, These zewnits ace abso plotied iz

Fiz. 16, where they may be comparsd with the lize for the
orizinal tests, Mt will be seen ot they lie cloue 10 e Yioe,
as weuld be capecied im the similarity betwzen the

valaes of - It would thercicrs appear it iz these

E
~
specimens the 10% suess level kad very iitde effect, This
result was oot expected aed does wot throw iznt o the
reason for the continuation of the log Sp.. 0 - loz X cuxve
at the same sope 32 fow stress levels,

6.2.2. Tests usinz other prozrammes . The objectiw of

this past of the investizaiioa was 1o datermine the effect
of varyiag the order of application of loads withiz a yro-
sramme bloch, while a:i the same time keeping the total
aumber of _ycies within each programme block at each
stress level the same, As o result of determining the
effect cf ordering it was hoped to defire the pcogramme
giving the minimum life in order o test the degree of
sz2fety or risk in employirg the lin2ai cumulative damagze
rule, Before considering the tesc results obtained it is
convenient to outline the information which has been
obtained in other investigaiions.

As was roted in the introduction to this repozt, much
of the work or cumulative fatizue damage has involved
simple two level tests on plain and notched specimens
and this has indicated that the order in which the stresses
are applied has a significant effect on the fatigue life, In
general, rotating beading tests on unnotched specimens of
steels and aluminium alloys have given values of

n
.‘:?\‘ which were greater than 1,0 if the lower stress was

applicd first but less than 1,0 is the upper stress was applied
first, On the other hand, under axial loading

)_‘,-Xi‘ has usually been greater when the higher stress has

been applied before, rather than after, the lower stress,
and this has been found to be true both ior plain and notched
specimens,

It seems almos: certain that this effect is related to the
influence of residual stresses, It has heen shown in several
investigations that the application of 4 single cycle of high
tensile stress (prior overloading) before subseyuent fatigue
testing at 4 lower stress can reswdt in 2 large increase in
life by intrc Jucing compressive residual stresses at the
notch, There is no reason why the same mechanism should
not operate in axial two step high-low fatigue tests, It
does not operate in rotating bending tests because, at the
moment immediately prior to the change to the lower stress
level, only one half of the specimen will be preloaded in
the right sense, The region subjected to the final high
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commprestive stes will, if 3 crack s present, be icftim a
state of residel texrioz o that, oader suxoqueat oc=ially
aliernating stresses, the jife will Be reduced rather 2ken
iacreased,

The information availzdle o the effect of varyizg e
oeder of sTreszes in 2 speciuam is, borever, very limited,
Neweriteles 2= effect doc 10 ordeving tas seen foxad, For
exarple Schijre and Jacots 3, in 2xial Mading 1o o
rivented seet specimeas of 2024 3ad 7075 2lumivic= alloys,
found that 2 rapid rise/slow fall programme gave a low life,
a2 stow sise/slow fall programme 2 medivm life 3xd 2 showr
rise/raped £211 prograrme 2 Joxg life. It was thought
that the compmessive residual stresses inzroduced by the
100% load level in the slow rise/rapid fall case were auch
that the Jow stesses which follow this level zre mere or
less ineffective, However is the rapid rise/slow 311 case
each following load level is only slighily loxer than the
preceding one, so that there is more chazoe of the residual
stresses deing relaxed by plastic deformation or by crack
propazation, The results for alloy 2075 showed that the
cfiect of ordezing was much less marked thar in the case
of 2024 and this was thought to be due 10 the relatively
high proof stress of this material anxd also to the fact that
the 123t stresses were lower for this alloy than for alloy 2024.
Residual stresses therefore played 2 much less significant
part, Tests showing the opposite effect of ordesing have
been reported by Harda.h, Naumann and Guthrie 14,15 _
i.e, the rapid rise/slow fall programme ziving 2 high life,
slow 1ise/slow fall 2 medium life, and slow rise/:apid fall
2 low life, In these tests the effect was quite marked for
both alloys 7075 and 2024. The reason for this difference in
bekaviour is not clear, The American tests differ from those
carried out in Holland in that the maximum stresses used
had 2 considerably higher satio to tte proof stress,

In the current work four main variarts of the dasic pro-
gramme were used, as indicated previously in the section
entitled *Methods of Testing’, and details of them are
shown in Fig. 4.

Prozrammes 2 and 3 were similar to Programme 1 in so
far as each programme block contained five peaks, How-
ever, whereas in Programme 1 the arrangement of cycle
blocks was symmetrical in Programme 2 the stress rose
rapidly to each peak and fell away slowly and in Pro-
gramme 3 the stress sose slowly and fell away rapidly, The
results of the fatigue tests using Programme 2 and 3 zre
given in detail in Tatles 7 and 8 respectively and are
shown in Fig. 16, in which is also shcwn the S-N curve re-
lating to results obtained with the basic programme, It
will be seen that, although programme 3 gave slightly
Ionger lives than Programme 2, there was extremely little
difference between them and both gave slightly longer lives
than the basic programme, This is reflected in the average
values of Eﬁ » which were 5,75 for Programme 2 and
6,58 for Programme 3 compared with 4, 3 for the basic
programine,

In Programme 4 and S there was only one peak per
programme block, In Programme 4 the stress rose direcily

foz e 10 to OO leved without any intervenizg cycles
and thez 1} away sfoxly Fom the peak, Iz Pogmamme 3
e s2ness poue sBowly o e peak asd thea B! veruicaily

0 the I0% level, The resclis obSained witd these two
SYOgRARIols 3¢ given Ex Z2238) 1= Tablies S and 10 2z 2ze
alw sdown Egrummatically i= Fig . fo. Sizos only tww
a3 were cxonied oot wiixg Programeme © it s ot possidle
20 drave xoy valid comclmioss 250w s effect, altoesh

the lives werz cbadossly very similas 1o thoze sbisined with
the other prozrameney, To2 testy with Frogsumoee 5, bow-
ewes, dosbawzdﬁ&aa:ea&:ncy!c:iiwix:awu
the saress decreases, 2od on the basis of 2 sizgle st reselt
there is ssme indication of the formaticn of = hoee at a
maximem sress range in tae spectrum of abowm 7.3 woaiind,

This belaviowr is comsistent with: the bypothesis that
the effect of ordering fo2ds within 2 programmk resulis fom
the ingoduction of compressive r23ideal streswes at the ootch
on the applicatioe and removal of hish loads, Ia Pro-
gramme 5, 2s the nominal stress deczeases the high loads
will stil] be suificient to cawse yiclding at the notch with
the contequent introduction of residiral compressive sresses,
but the lowes: loads (which immedawely follow e high
load) are then o small that they merely result in an actual
(as opposed to 2z nomiral) stress ranze which is purely com-
pressive in matire (i, e, varying upwards from the residual
compressive stress). Thus as the aominal swress in the
spectrium is decreased the lowest loads become less dama-
ging and z:i would be expected to increase.

It se2ms probable tkat the effect would be somewhat
more marked -~ i.e, 5?\_ woxld be slightly greater - if,
instead of each programme block containing oaly one peak
with the 3 high loads applied consecutively, it were 10
contain tiree separate peaks with 2 vertical fall after each,
In this way the compressive residua! stress would be re-
established more frequendy.

The reashn why Programrme 2 (slow rise/rapid fal? with
5 peaks) did rot show the same behaviour as Programme 3
is probably that, in Programme 2; the fall was not verucal.
Hence the successively decreasing stresses, although only
applied for a relatively small number of cycles, were
sufficient to propagate the crack out of the residual stress
region generated by the highest stresses so that virtwally
a1l the cycles in the programme were damaging,

By the same token it was anticipated that the rapid
rise/slow fall Programme 3 would tend w give a lower

v

n R
value of -‘:;‘ than the basic programme and that Pre-

gramme 4 (vertical rise/slow full) weould give the lowest
value of all since the cycles at cach stress leve! would

hav: the maximum opportunity to break through the com-
pressive residual stress barrier created by the previous

bigher loads, In fact the results for Programine 3 did not
bear out this prediction and. 2s noted previously, insufticient
specimens were tested under Programme 4 to enable any
conglasions to be drawn. It is 1nteresung to note, however,
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the relatively Jow value cf:i, { =4.8f) obtained with the

specimen tested at Stmax = 5.9 tor.flinz using Programme
4.

in gencsal, however, it must be concluded thai the
oeder of applicztion of loads in the spectrum only has a
small effect in fillet welded joints of G74S. The sesults
for Progzramme 5 suzzes: that i may be nossible tc obtain
abnormally kigh values of .‘Z"i, if the order of lcad appli-

a

catioe is suitable, but such 2 spectrum would be most un-
Yikely 10 exist ir service.

6.3. Constant amplitude tests or specimens of H48

material

Although it was not considered that the H48 material would
behave very differently from D745 under fatigue loading,
it was thougkt wise 10 carry out confirmatory constant
amplitude tests, These were restricted to welded speci-
mens, the specimen design used being the same as in the
earlier work, as shown in Fig. 1b, Since it had been
decided to study the effect of programmes in which R =
Smin/Spmax =+40.5 and -1 throughout the programme,
constant amplitude tests with these values of R were carried
ou: in addition to those in which R = 0. It will be recalled
that in the tests on welded specimens of D74S material the
three S-N curves had constant values of S,.;,,, namely
+1.75, 0 and -1,25 tons/in® respectively, rather than con-
stant values of Sp;,/S . . Hence only the results ob-
tained under pulsating tension loading can be compared
directly between the two material,

The results of all these tests are plotted in Fig. 17 and
18 in the form log Sp against log N, It will be noted that
when presented in this form variations in the value of R
have little effect on endurance,

The resufts of these tests were analysed by means of a
regression analysis which zave the following as the best fit
straight lines in the log Sy versus log N plot:

forR =-1, log Sy =2.68 - 0,358 log N

forR= 0, log$g = 2,54 -0.35910g N

for R =+40,5, log Sp = 2,12 - 0,277 log N
The first point to note is the remarkable similarity between
the regressjon lines for R = -1 and 0, The slopes are
practicaily identical, the position of the line for R = -1
being shifted to somewhat higher stress (range) levels for a
given life,

Secondly it will be seen that the line for R = +0.5
crosses that for R = 0, It seems unlikely that this is a re-
presentation of the true state of affairs and it is felt that it
p.obably be attributed to scatter, although the tests at lo,
stress ranges for R = +0,5 seem to have given consistently
high endurances, At the low cycle end of the S-N curve
results for R = 40,5 would be expected to show lower en-
durances than for R = 0 since in this case the upper limit
stess will be closer to the tensile strength of the material,
The effect would be expected to be less marked at high
endurances (low stress range) and in this region the stress
range itself might be assumed to be the governing factor,

It may therefore be that the results in the high endumance
range all come fom a single family.
In spite of these considerations it is proposed that

:’.i should be calculated on the basis of the regression lines
&

given since these must be taken to be the best representation
of the available experimental evidence in the absence of
other data,

It is also interesting to compare the line for R -~ 0 for
H48 material with that for D74S material, for which the
segression line was:

logSp = 2.14 -0.28log N

This slso cro.ses the R = 0 line for H48 and is almost co-
incident with the K = 40,35 line for (he latter material,

D74S has a lower 0,2% proof svength than H48 so that
one migii expect it to give lower endurances in the low
cycle region when the stress range approaches the proof
strength,

The above lines give rise to the following fatigue
strengths for welded H48 material,

Fatigue strength at

Fatigue strength at
10° cycles, tonf/in’

2 x 10° cycles, tont'/in2

t3,9 t1.3
01wS,.6 Oto 1.9
55t01l 2.3t04.,6

These results are plotted in the modified Goodman
diagram, Fig, 10, where they may be compared with the
D74S results,

6.4, Programmed load tests on specimens of 1448 material,
6.4,1, Original programme (Programme 1) Smiy = 0. In
order to provide a further check that the introduction of a
new material did not invalidate earlier work, three speci-
mens were tested using the original programme (Programme
1) and with R = 0,

The results of these tests are given in Table 11, These
results are plotted in the form log Sgax ~ 108 N in Fig, 19,
on which is also plotted the scatter band for tests on D74S
material using the same programme, It will be noted that
the results for H48 material fall near the centre of this
scatter band and are therefore in good agreement with the
earlier tests,

6.4.2. Criginal programme (Programme 1) Smin = 0.5 Symax
Tests were carried out using the original programme
(Programme 1) for the stress range, but with the value of
Siin in each block equal to half the value of Sy in that
block (Fig. 5a). The results of these tests are given in
Table 12,

These results are plotted in the form log SRmax - log N
in Fig., 20, In this figure the regression line calculated
from the results is plotted and it may be compared with the
line calculated on the basis of Miner's hypothesis,

These lines are respectively:

[ S S e




log Spmax - 2.8 - 0.274 log X (Regression line)
and log Sp gy = 2.4 - 0.277 log N {Miner linc)

Clearly the results of the tests are in faisly close ageee-
ment with this hypothesis, The equations and the figure show
that the lines are very nearly pasailel, the aciual results
being displaced slizghtly towards higher lives, The mean
valucof £ -S" which was 1.8, is considerably lower than

¥
the values of about 4 found for R = 0, Furthermore there

. . n
was one specimen for which = x
B

3

was appreximately 0,5,

althouzh this is based on a value of N found by extrapola-

tion of the constant amplitude S-N curve (Fig, 18), These

sesults theretore suggest that for fluctuating stresses Miner's
hypothesis is less conservative than it is for R = 0,

The results were analysed above on the basis of a best
f1t straight line, However an inspection of Fig. 20 suggests
that they may be better represeated by a curve {chain
dotted in the figure), Certainly a flattening off of the
curve at high values of S[%mnx might be expected, since
when Spnax - 12 tonf/ine, for example, the maximum
stress applied 1s 24 tonf/in which approaches the peoof
stress of the material, For Sy qy = 16 tonf/in? the life
would be } cycle since 32 tonf/in? exceeds the tensile
strength of the material, When seen from this point of

. n
view, the low values of !‘?q at high stress ranges are not

surprising.,

6,4,3, Original programme (Progri:mme 1), Smin = ~-Smax
Tests were also carried out with R = -1, using once more
the original programme, The resalts of these tests are
given in Table 13,
These results are plotted in the form SRmax - log
N in Fig, 21, In this figure the regression line and the
theoretical line based on Miner's law are plotted as before,
The equations of these lines are:
log Spmax = 3.61 - 0,436 log N (Regression line)
log SR max = 3.04 - 0,358 log N (Miner line)
In this case the results do not lie paralle to the Miner
line; but they are all above it, Since the results are not

parallel to the Miner line, the mean value of Z‘.ﬁ over the

whole range of stresses is meaningless, The mean value
varies with stress, At SRmax = 15 ton‘/in? the mean value

H1
ot L—
N

2,36 and at SRmax =5 tonf/in2 the mean value

of 23';-: = 1.34, Both these values are considerably less

than the value of about 4 found for R =0, We therefore
have the rather strange fact that both for R = 40,5 and R =
Ll
N

The cffect of variations in the value of R may be
shown by plotting the results in the form of a modified
Goodman diagram (see Fig, 22), In this figure the values
plotted are the values of S, ., and Sy, appropriate to the
100% stress range level which gave failure within the given

-1 the value of £+ isless thanthat forR =0,
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number of cycles, As is nermally foun for constant
amplitude tests on as welded (not suess relicved) specimens,
the curves for 2 x 106 aad 6 x 105 cycies are virually
parallel to the lire for R = 1. This fact results rom the
peesence of residual suwesses,  However at low eadurances
residual stresses have less effect and this is shown up by the
tendency to diverge from parallelism for negative values of
R shown by the curve for 105 cycles. This pat of the
curve is not shown as 2 solid line since the result oa it for
R = -1 was obtained by extrapolation and is not disecdy
confirmed by the expsrimental data,

6.4.4. Randomised prozramme R = 0, It was considered

that the way in which the load levels were ordered might

well contribute to the high values of I ‘-:3‘ which were found,

»
3

It was therefore decided to cany out tests using a programme
having the same number of cycles at each load level as
prozramme 1; but one in which the order of application
was quite random, This was Programme 11, The results
{ tests using this programme are given in Tcble 14,
These results are plotted in the form log Sgmax - log
N in Fig, 23, The regression and the Miner's law lines
calculated for this series were as follows:
log Spmax = 3.04 - 0.348 log N (Regression line)
log SRmax = 2.90 - 0.359 log N (Miner's law)
The results are seen to be very nearly parallel to the

theoretical line, The mezn value of & -n;‘, can therefore be

calculated and was 3,6, This agrees reasonably with the
values obtained previously for D74S materjal using an
ordered programme, It can therefore be assumed that the
effect of random ordering is negligible, The results of
these tests may be compared in the figures with the scatter
band for D74S material obtained using Programme 1, It
will be seen that the constant amplitude behaviour is re-
flected here in that at low stress ranges the H48 material
gives lower lives than the D74S material, while the
reverse tends to be true 3t high stress ranges,

6.4.5, Tests using programmes parallel to the constant

amplitude S-N curve , In an attempt to explore further thc

reasons for the high values of Ei obtained using Programme

1, it was decided to carry out tests using a programme
parallel to the constant amplitude S-N curve, i.e. one in
which the number of cycles at any load level was proportional
to the number of cycles required to cause failure in a con-
stant amplitude test at that load level,

Two important factors in cumulative damage fatigue
tests are the effects of both the highest and the lowest stress
levels in the programme, It has been suggested that high

n
values of £ ’;‘ result either from beneficial residual stresses

introduced by the former or from coaxing as a result of the
latter, Studies of the effect of the extreme stress levels in
Programme | were hampered by the fact that neither con-
tributed more than about 0, 3% to the value of

A
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N
70% leve] folkiwed by the 50% and 80% ievels, these three
peoviding some 80% of the total, It was decided that this
difficulty could be overcome by using a spectrum parallel
te the S-N cusve in which cach stress Javel would contribuze

. The greatest contribution 10 this sum came from the

equally to the value of -‘2-:'_. Unfortmately at the time that

&
these prozrzmmed tests were started all the constant ampli-
tube data for H48 material was not available. The spectrum
uszd was parallel 10 the constaat amplitude curve for D74S,
For a typical specimen, assuming a total life such that

L= =1, valuesof i at each stress level may be caleu-

AL

lated, firstly where X is the life determiz:ed fom the D74S
constant amplitude results and secondly where it is based
on the Hi8 results, These were as follovs:

Stress level i (based on D74S) L; (based on H48)

100% 0.084 0.038
903 0.087 0,043
80% 0.09% 0.0i8
70% 0.0935 0.056
60% C.104 0.074
50% 0.102 0.077
40% 0.106 0,095
30% 0.108 0.120
20% 0.109 0.172
10% 0.109 9.277
1.000 1,000

n
N
constant when based on the D74S results but differ quite
markedly when based on the H48 data, The results quoted
are all based on the latter,

The results for Programmes 6, 7, 8, 9 and 10 are all
given in Table 15 and are plotted in Fig. 24, The purpose
of these tests was to study the effect of the absence of the
highest and lowest load levels on the endurances, In order
to make any meaningful comparison, it is necessary in this
instance to give the endurance in terms of the total number
of programmes swvived rather than the total number of
cycles, Furthermore the values of stress given in the table
and plotted in the figure are those for the 100% stress level
although in Progra.nme 7 and 8 this stress level was absent,

Figure 24 shows considerable scatter for all the pro-
grammes, but, in spite of this, it is possible to draw some
conclusions from the results, First of all, it is quite clear
that the omission of the two lowest levels (Programme 10)
bringe about a noticeable reduction in the number of pro-
grammes endured, The omission of the top two levels
(Programme 8) would also seem to reduce the number of
programmes survived, but to a much less marked degree,
With ten stress levels in the programme {Programme 6) a

It will be noted that the values of — remain zensibly
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high value of .‘Ii (» 3.5) was obtaired., Iz 2 programme

with caly one stress leve] {i.e. 2 commant amplinde teq)

obviowly :—: would be equal to 1. This suggess that a
¥

reduction iz the numbes of stiess leveis fror: eithes the wop
or the bottom of the jrogramme should l¢ad to a reduction
in life. This is boeae out by the present results, but it s
interesting that the cffect of the rameval of the two jower
levels is so much moze marked than that of the removal of
the two upper levels, Ths result would seem to suggest tint
it could be coaxing which is responsible for the high values

of £ -3 and not the introduction of favowrable residual

stresses by the 100% load level,
1t is interesting to note that specimens 2/PW10/1-3 are
the first welded specimens in the whole of the testing pro-

gramme for which a value of £ 4:, < 1 has been recorded,
N

with the one other exception of specimen 2/PWT /2.
Programmes 6, 7 and 8, all with 2 completely different
spectrum to the quadratic distribution used in the original
work, produced cousistently high values of Ei,.

CONCLUSIONS

i. In the high cycle range welded joints in high strength
Al:Zn:Mg alloys have similar fatigue properties to the same
joints in lower strength 2luminium alloys,

2, Nevertheless, the ability of such alloys to camry occasion-

al stresses which would be above the static allowable stress
for lower strength materials, means that under variable
amplitude loading they can be employed with benefit,

3, The work has shown that in variable amplitude tests using

a programme based on a quadratic spectrum the Miner
hypothesis underestimates the life of welded joints, For

R =0 values of Z -n};' of approximately 4 were obtained,

4, It was impossible, by changing the ordering of the
programme blocks, to produce any significant variation in
n
the value of £,
e value of 270
5. However, changes in the value of R either in the
positive or negative direction did cause reductions in the

value of E‘;‘:. However, mean values of Z —;i were still
greater than unity, Only one welded specimen tested using
the quadratic specttum gave a value of Ei of less than
one, This spectrum was tested with R = 0,5,

6., For welded specimens the value of ﬁ% was reasonably

independent of stress, This was not the case for notched
specimens for which high stress ranges gave high values

of E% (up to approximately 15) whereas low stress ranges




-y

gave Jow values (as low as approximately 0.8)
7. Tests carried out using 2 completely different spectrum
parallel o the conttant amplitude S-N curve also gave con-

sistently high values of !:'EN. These tests were carried out

to study the eifects of the lowest and highest stress ranges in
the prozramme, Omission of either of these brought about

reductions in the value of z-:, but the reduction caused by
omittiug the lowest styess levels was the greatest, In this

case valuesof £ {, of less than unity were obtained, This
¥

suggests that the high values of sl; obtained may be duc
1o coaxing.
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APPENDIX *A’

TESTS TO DETERMINE THE INFLUENCE OF TEEPOL

In some of the early tests the onset of

fatigue cracking was, on occasions, Max, stress, Cycles to Cf::r;cte':at:fz Log mean
detected by the use of Teepol, \When Eavironment SR max., failure, 11 toif./inz value of
the susceptibility of the alurinium- tonf/in® N N N,
zinc~-magnesium alloy D74S to stress oe
corrosion cracking was realised, itwas .
thought that the use of this substance Alr ::'g :if’ ?(7;3 Z;:’ 2£ 696, 900
could have had a deleterious effect : ’ ' ]
o horetore docid 10 mmesigrie D A O 440,000 440,000
. 3 ars 11,0 759, 980 759, 980 684, 500
this possibility. . 11.3 580, 190 639, 200
Thfs was achieved by carryxfng 1.1 999, 380 1,030, 000
out fatigue tests on welded specimens
picalon MBI Tumibip 1 om0 2w
cal to that used in the main testing 11.0 199,270 199,270 209, 100
11.9 159, 770 209, 800 .

programme (Fig., 1b). The tests were

made under programmed loading
using Programme 1 (Fig. 3) with
lower limit stress equal to zero,

Two specimens were tested in air, four specimens
were tested with the weld areas sealed in a polythene bag
containing silica gel and three were tested with a con-
tinuous drip of Teepol onto the weld areas. The drip con~
sisted of 2 mixture of 25% Teepol and 75% tap water.

These tests were all carried out with Sy max., the
maximum stress range in the programme, approximately
equal to 11 mnf/inz. In order to be able to compare the
results a corrected value of N, N, was calculated for
those specimens for which Sp max. differed from
11 tonf/inz. This corrected value was calculated from
the known slope of the original log Sp max. = log N
curve, For each environment the log mean value of Nc
then was calculated,

A summary of the results obtained is shown in the
followiag table, It will be seen that whether or not the
air was dry made little difference to the value of the
mean endurance but that the continuous drip of Teepol
brought about a very marked reduction in life.

The results are plotted in the form of an S«N diagram
in Fig. Al, Clearly Teepol applied continuously from
the start of a test brought about 2 marked decrease in life.
The results of the tests in air may be comparad with those
of the original tests, In the original tests, Teepol was
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used on some specimens, but by no means all, and when
it was used it was not applied until a number of cycles
such as would be likely to have caused crack initiation
had elapsed. Although, with one exception, the results
for tests in air lie above the best fit straight line from the
original resuvlts, so in this region of the curve do the
original results themselves, Indeed it was at one time
suggested that those results might have been better rep~
resented by a curve., Only one of the present results lies
well above the scatter band of the original tests,

CONCLUSION

Clearly it was wrong to use Teepol as a method of detecting
fatigue crack initiation in this material. However, the
resuits do not appear to have been seriously affected by its
use for two reasons:

a) It was not used on all the original specimens.,
b) It was not used until a considerable portion of the life
had expired,

It seems likely that the main effect of 2 continuous Teepol
drip is to accelerate fatigue crack initiation and that its
effect on crack propagacion is less significant.




APPENDIX 'B’

RESIDUAL STRESS MEASUREMENTS

Residual stress mcasurements were made by the relaxation
method using z mechanical gauge mceasuring between
balls hammered into the surface of the specimen, The
gauge length was 20 mm, The two specimens used for
these measurements were identical to those used in the
fatigue investigaticn. The layout of the gauge lengths is
shown in Fig. 2. This layout of gauge lengths enabled
strains to be measured in the ransverse and longitudinal
directions, Measwements were made both after welding
and after natural ageing. No detectable change had
occwred during the ageing period, ‘The specimens were
then slit along the lines shown in Fig. Bl to relieve the
stresses and measurements of the resulting strains were
made.

The results of the residual stress measurements are
shown in Fig. B2, Itwill be seen from this diagram that
the two specimens tested produced very similar results,
The mean of the values for the two specimens of the

APPENDIX 'C’

compressive strain measured near the edge of the plate

was 2,400 x 1078 in/in, eguivalent to a stress of

10.5 tons/ inz. The mean longitudinal tensile strain
measured near the cdge of the weld was 1,000 x 10‘6 in/in
indicating a stress of 4.5 tons/ in®, If we assume that this
stress acts throughout the weld and throughout the plate

in the vicinity of the weld and also that approximately

half of the temsile force in the weld is balanced by com-
pression in the gussets we find a close agreement between
the sums of the tensile and compressive forces. This

roughly confirms our assumption of the magnitude of the
residual stress in the weld, Further confirmation of this
comes from work carried out for MEXE under another
contract on the welding of aluminium«zinc-magnesium
alloys of medium strength, Extrapolation from results
reported in the fifth progress report of that contract(C48/PRS)
indicate that the proof stress in the heat affected zone
immediately aiter welding mightbe of the order 0f4 -5 tons/ inz.

FATIGUE CRACK PROPAGATION IN Al:Zn:Mg ALLOY

i. INTRODUCTION

The process of fatigue failure in a structural component
may be split up into three stages, These are (a) crack
initiation, (b) crack propagation and (c) final rupture,
which occurs when the residual material cross sectiéh is
msufficient to carry the applied load, In the case of a
welded component crack initiation occupies only a small
proporticn of the life, the remainder being propagation.

Signes et al C1 shcwed that very sharp slag intrusions
comparable with cracks, may remain after welding in the
region close to the weld which did not melt completely
during welding., Altho.gh these findings were confined to
steels, it seems likely that similar defects will be present
in welded aluminium alloy, Assuming that this is true it
can be taken that cracks or crack-like defects are already
present near to welds before any loading is applied, so
that the initiation stage effectively does not exist and the
whole test is concerned with crack propagation,

Therefore as an extension to the work on fatigue testing
of welded and notched Al:Zn:Mg alloy specimens, rates of
fatigue crack propagation in this material were studied.
This was done by observing the fatigue crack when it was
propagating across the plate, having, in the case of the
welded specirnens, first propagated through the thickness
of the plate,

Fatig,ue crack propagation was also studied using frac-
tographic techniques, In this way the appearance of the
fracture surfaces of a specimen was related to the load
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spectrum that had been applied to the specimen.
The data obtained was analysed on a fracture mecha-
nics basis,

2. CRACK PROPAGATION STUDIES

2.1. Specimen design and testing details

The specimens have been described in the main report.
Both notched and welded specimens were used in the
crack propagation studies, tested under either constant
amplitude loads or block programmes of loading., The rate
of crack propagation was measured using the wire grid
technique. The grids were attached to the plate in the
regions which the cracks were expected to traverse, and
as the crack grew it caused the wires on the grid to break,
As the wires broke a record was automatically obtained
of the number of cycles undergone by the specimen. The
wires were spaced at 1/10 in, intervals for a distance of

1 in, Figures C1 and C2 show the positions at which the
grids were fixed, for the welded and notched specimens
respectively. Since the crack propagation work was
carried out on specimens already being tested for
obtaining fatigue life data the loading conditions were
identical with those already described in the report,

2.2, Results,
For each specimen four sets of crack propagation results
were obtained, from the four grids covering the fracture

LW




TABLE 5. (Continued).

Failure at: No, of Cycles to
. Stress Total
Specimen range cycles cause n sh cycles
no, Stage Load . 2 at stress failure at N N
tonf/in x 108
no., level n stress N
c) -S min =+1.75
PWT/1 12 90% 14.0 19 2230 0.009
12,6 2 546 3160 0.8C6
11.2 7 250 4 660 1,555
9.8 18 710 7 230 2,587 7.51 0.248
7.0 41 760 21 900 1.907
4,2 72 980 117 060 0.624
1.4 104 800 4,35 x 106 0.024
PWT/2 34 90% 12.0 17 3710 0.004
16.8 2534 5 250 0.483
9.6 6 750 7 730 0,873
8.4 17 090 12 000 1.424 4,18 0.224
6.0 37 720 36 300 1.039
3.6 66 930 195 000 0.343
1.2 92 850 7.23 x 105 0,013
PWT/3 22 90% 10.25 34 6 220 0.003
9.2 4 820 8 890 0.542
8.2 13 410 13 000 1,031
7.2 24 290 19 960 1,723 4,98 0.456
5.1 76 620 61 900 1.238
3.1 135 500 318 000 0.426
1.0 191 300 1.32 x 107 0.014
PWT/4 24 90% 8.0 83 14 100 0.006
7.2 11 661 19 900 0.586
6.4 32 060 29 300 1,094
5.6 82 000 45 500 1,802 5,28 1.114
4,0 183 900 138 000 1.332
2.4 326 000 739 000 0.441
0.8 460 200 2.74 x 107 0.014
PWT/S 12 90% 6.0 184 36 300 0.005
5.4 25 951 51 300 0.506
4.8 71 380 75 600 0.944
4.2 182 700 117 000 1.562 4,57 2,448
3.0 410 500 355 000 1.156
1.8 728 000 1,90 x 106 0.383
0.6 1029 000 7.06 x 107 0.015
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slipping 3t G crack tip during the application of 3 siagle
Joad cycle. The axxeber 2ad ssaciag of Gese s
stiztions wocld depend o the dactRity of the material.
distance peopagaed by the crack &risg cme cycle, would
depexd on the soacicg aod member of sud-striztions, 0
that the rate of crack growth is dirccdy related to he
matesia? Sctility, TR2se obsesvations =2y prove O be
weefus i= funwe wosk on fztigoe crack propazation.

CONCLUSKONS

Froz= the crack propazation stadizs it was found that e
fracare meckanics ~ooroach was applicable iz examining
he res=lts, It wras fomed thar 211 e rpenbis zomroximoately

da 4
obeyedtbe&z-r&:(: (2K) , wbereC #s2 constant., The
valne of T in the comstaci arcplitede test results differed

fromdat for the pragrasemed test reselis,  §t wxs abo
fouz & izt e cach of the two 1ot of sl B valoe of
€ Srpvaded oot mxaxismos rpplied stress mmxge, It was
thiy Bruzer wasintiom bz C which Liogely dictzted the widh
of taxe sty Sandy kx the grupks of i:_‘-_’. K.
-t

Ax eoxexrmrtioe of the Eactere surdraes sevealald e
Ezctogrpphy ®ad & wekd methad of aonlysiny cuch o
pugIioce. TR exsszimitads sEowed thi the dick smofermss
ke sppers o8 teswsls for the progrrzer Bouded specassen,
corzonredold w3tk tremey of bow iT2ess i pyowracwour, wth
s3o coichk propusitios. Os 3 sxtomecopns fewed 2 wxs
fond that stenetioes oover 3% €3¢k cycle of hoadexgp oo
coastaas amplntads dooded spedaten, 2ad premexebly for
ezsh drzerping cycle i tht e of prograzmme Roaded
sproemens The sczamizy «lectos mboosoope exxmimton
380 revexled the cx of sefmtzistions, oeghk to be
cresed by Encreroezeel sliomizy i the matesizl 2t e tip
of 2 propagati g crack.
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TABLE 4, Programmed test rasults for notched specimens of D74S (wogramme 1).

Failure at: Stress No, of Cycles to Total
Specimen range cycles cause 2 L2 cycles
no. Stzge 1oad tonf/in2 at stvess failure at N N < 166
no., level n stress N
a) S min = -2.0 tonf/in®
PNA/1 34 90% 12,7 29 470 0.062
11.4 4 164 1 020 4,082
1c.2 11 410 2280 5,004
8.¢ 29 020 5 080 4,772 14,84 0.384
6.3 64 500 73 100 0.883
3,8 114 600 2,78 x 106 0,041
1.3 160 100 6.24 x 10° -
PNA/2 26 70% 9,5 44 3 810 0,012
8.5 6 253 8 470 0.738
7.6 17 080 18 900 0,903
6.6 43 240 52 300 0.827 2.65 0.576
4,7 96 700 601 000 0,161
2.8 171 200 2.5 x 107 0,007
1.0 241 700 4,1 x 1011 -
PNA/3 24 90% 6.7 173 46 900 0.004
6.0 24 470 104 000 0.235
5.3 67 040 253 000 0.265
4,7 171 500 601 000 0.285 0.84 2.29%
3.3 385 000 7.66 x 10° 0,050
2.0 683 300 2.81 x 108 0,002
0.7 964 500 5,36 x 1011 -
b) Smin=0
PN/1 34 90% 13.5 14 650 0.021
12.2 2014 1100 1.831
10.8 5 580 2 090 2.670
9.4 14 110 4 300 3,230 9.19 0.184
6.7 31 020 25 100 1.236
4.0 55 020 368 000 0.150
1.3 76 050 1.28 x 108 .
PN/2 24 90% 10.8 29 2 080 0.014
9,7 4032 3 650 1105
8.6 11 080 6 830 1,622
7.6 28 330 13 000 2,179 5.84 0 376
5.4 63.210 77 100 0.820
3.2 111 600 1,18 x 106 0,095
1.1 157 700 3,06 x 108 0.001
PN/3 22 90% 9,5 40 4070 0.010
8.5 5 630 7 260 0.775
7.6 15 740 13 000 1,211
6.6 40 260 27 100 1,485 4.11 0.536
4,7 90 020 159 000 0,566
2.8 159 300 2.36 x 106 0.067
1.0 224 900 5.03 x 108 -
PN/4 34 90% 7.5 62 13 900 0.004
6.8 8 800 23 200 0.379
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TABLE 4. (Continus 4)

Failure at: ~o. of Cycles to
. Stress Tozal
Specimen cycles cause n ok
range . = -~ cveles
no. Stage Lead .2 at stress faifure at N X 5
toaffin N x 10°
ne level 1 stcess N
b) S min = ¢ (Contirued)
6.0 23230 53 500 0.545
S.3 61 820 85 000 0.727
3.8 138 309 $31 (GO 0.257 1.8 6.524
2.2 245 600 6.57 x 106 0.037
0.75 345 000 2.25x 19° -
PN/S 44 705 6.0 165 44 5LO G.00¢
5.4 23 320 77 100 0.302
4.8 64 130 142 600 0.452
4.2 163 600 286 060 0.572 1.58 2.191
3.9 367 200 1.65 x 168 0.223
1.8 652 000 235x 107 0.028
0.6 920 400 7.19x 10% -
c) S min=4+2.8
PNT/1 22 90% 11.8 13 2 160 0.006
10.6 1844 3 140 0.587
9.4 5250 4770 1.100
8.3 13 42¢ 7 360 1.623 5.11 0.176
5.9 29 690 24 100 1.232
3.5 52 160 149 000 0.350
1.2 73 650 6.21 x 10° 0.012
PNT/2 44 707 9.0 18 5 550 0.003
8.1 2544 8 000 0.318
7.2 7 000 12 100 0.578
6.3 17 740 19 200 0.924 2.64 0.231
4.5 38,740 6 100 0.624
2.7 68.460 368 090 0.186
0.9 9% 850 1.69x 107 0.006
PNT/3 12 90% 5.8 76 25 600 0.003
5.2 10 610 37 500 0,283
4.6 29 400 57 500 0.511
4.1 75 360 85 w0C 0.877 2.43 1.008
2.9 169 100 287 000 0.589
1.7 299 300 1.85 x 108 0.162
0.6 424 200 6.95 x 107 0.006
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TABIE 5. RBogaxmed test resaln for welded soecizess of D74S frogaru=e 2}.

] Frikze at: Seress No. of Cyeles o Total
Specizen sycles carze = + 2 Yes
=5 Sh;c [;eq;: at s faskze at X N C!?:(}s
=20, = ez X
a) - S =min = -1.25 tonf/iz?
WAL 13 13.6 25 5 50 0.605
11.7 3 933 7 470 0.524
1C.4 10 7+ 11 500 ©.93%
9.1 27 650 15 00 1.457 3.10 ©.358
6.5 63 530 63 700 0.571
3.9 108 700 33t 000 0.263
1.3 155 300 2.27x 107 0.007
PWA/2 3 11.5 57 7 940 0.657
103 8 650 11 00 G.677
9.2 22 286 17 90 1.242
8.0 S7 050 29300 1.917 5.3 2.751
3.7 127 900 163 000 1.243
3.4 225 390 1.07 x 16° 0.213
1.2 319 400 3.03 x 107 0.011
PWA/3 28 10.0 65 13 200 0.095
9.0 9221 19 400 0.475
8.0 25200 29 800 0.846
7.0 64 110 48 690 1.319 3.75 0.855
5.0 143 700 166 000 0.855
3.0 254 500 1.07 x 105 9.238
1.0 359 400 5.90 x 107 0.006
b) - S min
PW/1 34 14,0 11 3 360 0.903
12.6 159 6 250 0.244
11.0 4410 7 390 0.597
9.8 11 120 11 800 0.3 2.60 0.144
7.0 24 320 38 900 0.625
4.2 43 110 236 000 0.183
1.4 59 240 1,15 x 107 0.006
PW/15 24 13.3 26 4 020 9.006
12.0 3 69 5 790 0.630
10.7 9 911 8 680 1.142
9.3 25 355 14 200 1,786 5.17 0.33%
6.7 56 497 45 400 1.24
4.0 99 735 281 000 0.355
1.3 140 882 1.49 x 107 0.009
wW/2 22 13.0 16 4 360 0.004
11.7 2 288 6 330 G.361 3.03 0.216
10.4 6 110 9 600 0.668
9.1 10 400 15 400 1.065
6.5 36 390 50 500 0.721
3.9 64 €00 307 00C 0.208
1.3 % 46C 1.49x 107 0.006
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TABIES. (Comimued).

Faikere at: No, of Cycles to
; Stress Total
Specimen cycles cause n . n
o0 Stage toad rangcz at stress failwe at ; : E cycles
y tornf/ia ) x 108
no, level n stress N
b} - S miz = 8 Lontimed;.
PW/3 22 90% 12.0 31 3 790 0.005
10.8 4348 £ 300 0.518
9.6 12 240 12 700 0.96% -
8.9 31 310 20 400 1.535 4,38 0.416
6.0 69 310 67 000 1.043
3.6 123 6C0 408 000 0.303
1.2 174 500 1.98 x 107 0.008
PW/16 25 80% 11.9 35 5 960 0.006
10.7 5 005 § 680 0.57
9,5 13 438 13 200 1.018
8.3 34 304 21 300 1.611
6.0 76 506 67 0G0 1.143 4.70 0.456
3.6 135 465 408 000 0.332
1.2 191 306 1.98 x 107 0.010
PW/4 12 903 10.5 46 9 280 0.005
9.5 6 362 13 200 0.482
8.3 17 740 21 300 0,833
7.4 45 540 32 000 1.423 3,93 0,611
5.3 102 000 104 GO0 1.072
2.9 198 000 875 009 0.226
0.7 277 700 1.33 x 108 0.002
PW/S 34 90% 10.5 50 9 280 0.005
9,5 7 172 13 200 0.543
8.3 19 570 21 300 0,919
7.4 49 8§90 32 000 1.559 4,33 0.664
5.3 111 500 104 00C 1,072
2.9 198 000 875 000 0.226
0.7 277 700 1.33x 108 0.002
PW/17 24 90% 9,8 74 11 800 0.006
8.8 10 512 17 300 0.608
7.8 28 567 26 500 1.078
6.9 73 083 90 900 1.786 5,02 0.976
4.9 163 745 137 000 1.195
2.9 409 810 3.77 x 107 0.011
PW/6 24 90% 9.5 77 13 200 0,006
8.3 10 816 21 "0 0.508
7.4 29 730 32 000 0.929
6.8 76 040 43 100 1,764 4.63 1,016
4.7 170 500 159 000 1,072
2.9 302 200 875 000 0.345
0.7 426 600 1,33 x 108 0.003
PW/7 34 96% 9.5 53 13 260 0.004
8.3 7 616 21 300 0.357
7.4 20 740 32 000 0.648
6.8 52 870 43 100 1.227 3,22 0.704
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TABLE 5. (Continued).

Failure at: No. of Cycles to
i Stress Total
Specimen cycles cause n &0 )
no., Staze Load "“‘%" at stress failure at N N cycles
tonf/in x 10
no, level n stress N
b) - § min = 0 (coatinued)
4.7 118 200 159 000 0.743
2.9 209 900 875 C00 0.240
0.7 294 500 1.33x 108 0.002
PW/8 20 70% 9.5 70 13 200 0.005
8.5 9 858 19 200 0.513
7.6 27 230 29 100 0.936
6.6 69 800 46 500 1.498 4.29 0.935
4,7 157 100 153 00C 1,027
2.8 278 400 931 000 0.299
0.9 393 000 4,52 x 107 0.009
PW/9 23 100% 8.0 86 18 100 0,005
7.2 12 084 35 200 6.343
6.4 33,230 53 300 0.523
5.6 84 990 85 600 0.993 2.85 1.135
1.0 190 600 281 000 0.678
2.4 337 900 1.71 x 106 0.19%
0.8 477 000 8.29 x 107 0,006
PW/10 22 90% 7.0 154 38 900 0.004
6.3 21 732 56 400 0,385
5.6 60 050 85 500 0.702
4,9 153 600 137 000 1,121 3.21 2.056
3.5 344 800 450 000 0.766
2.1 511 900 2.74 x 10° 0,223
0.7 863 600 1.33x 108 0.006
PW/18 13 80% 6.9 289 40 900 0.007
6.2 41 003 59 800 0.686
5.5 112 346 91 100 1,233
4.8 287 204 147 000 1.959 6.60 3,848
3.4 645 029 499 000 1,293
2,1 1144 885 2740 000 0.418
0.7 1617 568 1,33 x 108 0.012
PW/11 3 80% 6.2 519 5 979 0.009
5.6 73 352 8 550 0.858
4,9 201 %47 13 700 1.474 6.9 6,92
4.3 516 286 21 700 2.379
3,1 1160 313 69 700 1,679
1.9 2060 420 3,90 x 108 0,528
0.6 2907 784 2,29 x 108 0,013
PW/12 13 80% 5.5 586 91 400 0.006
5.0 82 786 128 000 0.647
4.3 227 740 218 000 1.045
3.9 582 305 307 000 1.897 5.25 7.81
2,8 1308 821 990 000 1.322
1.6 2323 975 7.22 x 166 0.322
0.6 3281 560 2,29x 108 0.014
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TABLE 5. (Continued).

Failure at: No, of Cycles to
. Stress Total
Spectmen range cycles cause n sh cycles
no. Stage Load . 2 at stress failure at N N
tonf/in x 106
no. level n stress N
c)~-S min=+1.75
PWT/1 12 90% 14.0 19 2230 0.009
12.6 2 546 3 160 0.8C6
11.2 7 250 A 660 1.555
9.8 18 710 7 230 2,587 7.51 0.248
7.0 41 760 21 900 1,907
4.2 72 980 117 000 0.624
1.4 104 800 4,35 x 106 0.024
PWT/2 34 90% 12.0 17 3710 0.004
16.8 2534 5 250 0.483
9.6 6 750 7 730 0,873
8.4 17 090 12 600 1.424 4.18 0.224
6,0 37 720 36 300 1,039
3.6 66 930 195 000 0.343
1.2 92 850 7.23 x 106 0.013
PWT/3 22 90% 10,25 34 6 220 0.005
9.2 4 820 8 890 0.542
8.2 13 410 13 000 1.031
7.2 24 290 19 960 1.723 4,98 0.456
5.1 76 620 61 900 1.238
3.1 135 500 318 000 0.426
1.0 191 300 1.32 x 107 0.014
PWT/4 24 90% 8.0 83 14 100 0,006
7.2 11 661 19 900 0.586
6.4 32 060 29 300 1,04
5.6 82 000 45 500 1.802 5,28 1.114
4,0 183 900 138 000 1,332
2.4 326 000 739 000 0.441
0.8 460 200 2.74 x 107 0.014
PWT/S 12 90% 6.0 184 36 300 0,005
5.4 25 951 51 300 0.506
4,8 71 380 75 600 0.944
4.2 182 700 117 000 1.562 4,57 2,448
3.0 410 500 355 000 1,156
1.8 728 000 1,90 x 106 0.383
0.6 1029 000 7.06 x 107 0,015
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TABLE 6. Programmed test results for welded specimerns of D74S (rogramme 1 with 10% load levels omitted).

Failure at:

No. of

Cycles to

. Stress Total
Specimen range cycles cause n £ R cycles
no. Stage Load > 2 at stress failure at N N 3
tonf/in x 10
no. level n stress N
P¥/13 45 90% 6.0 369 67 000 0,006
5.4 52 152 97 300 0,536
4.8 143 419 147 000 0.976 4.42 2.85
4.2 366 786 235 000 1.554
3.0 822 393 776 000 1.060
1.8 1461 930 4720 000 0.310
PW/14 24 90% 5.4 506 97 C9 0.005
4,9 71537 137 000 0.522
4.3 196 471 218 000 0.901
3.8 502 467 337 000 1.491 3.9 3.9
2.7 1127 802 1130 000 0,998
1.6 2005 335 7220 000 0,028
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TABLE 7. Programmed test results for welded specimens of D74S {programme 2 - slow rise/rapid fall),

. Failure ats Stress No. ot Cycles to Total
Specimen _— range cyc''s cause n sh cycles
no. Stage Load > 2 at stress failure at N N 6
tonf/in x 10
no, level n stress N
PW2/1 34 90% 14.5 17 2 970 0.006
13.0 2518 4 360 0.577
11.6 6 745 6520 1.035
10.2 17 027 10 300 1.652 4.64 0.221
7.2 37 151 35 200 1.055
1.3 65 460 217 000 0,302
1.5 92 844 8.98 x 106 0.101
PWz/2 12,0 46 579 0.008
10.6 6 501 8 400 0.774
9.6 17 962 12 700 1,414 6.43 0.611
8.4 45 954 20 400 2.253
6.0 102 377 67 000 1.528
3.6 181 650 408 000 0.445
1.2 256 124 1,98 x 107 0.013
PW2/3 9.7 93 12 300 0.008
8.7 13 14 18 000 0.730
7.8 36 336 26 500 1.373 6.24 1.249
6.8 93 242 43 100 2,163
4,9 209 239 137 000 1.528
2.9 372 210 875 000 0.425
1.0 525 052 3,77 x 107 0.014
PW2/4 8.0 148 24 200 0.006
7.2 20 917 35 200 0.5%
6.4 57 606 53 300 1,081 4,93 1.971
5.6 147 378 85 500 1.724
4.0 330 368 281 000 1.176
2,4 586 590 1.71 x 106 0.343
0.8 827 5% 8.29 x 107 0.010
PW2/5 6.6 314 47 900 0.007
5.9 44 378 71 100 0.624
5.3 122 111 104 000 1.174 5,37 4.181
4.6 312 235 164 000 1,904
3.3 700 748 554 000 1,269
2.0 1.245 x 109 3,25 x 106 0.388
0.7 1,757 x 105 1,33 x 108 0.013
PW2/6 12 90% 6.6 402 47 900 0.008
5.9 56 863 71 100 0.800
5.3 156 716 104 000 1,507
4,6 400 773 164 000 2.444 6.89 5.370
3.3 900 034 554 000 1.625
2.0 1598 940 3250 000 0,492
0.7 2256 273 1.33 x 108
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TABLE 8, Results of tests with programme 3 gapid rise/slow fall) oo welded specimens of D74S.

Failure at: Neo, of Cycies to
Stress Total
Specimen tange cycles cause n s B cycles
no. Stage Load affin? at stress failure at N N « 1¢°
no. level to n stress N
PW3/1 2% 90% 11,2 30 7 390 0.007
1G.1 7 005 10 500 0.661
9.0 19129 16 000 1.1%
7.9 49046 25 400 1.931 5.48 0,656
5.6 110 267 85 500 1,288
3.4 195 915 499 000 0.291
1.1 275 332 2,69 x 167 0.010
PW3/2 35 90% 10.0 9% 11 000 0.009
9.0 13513 16 000 0,845
8.0 36 840 24 200 1.523
7.0 94 238 33 900 2.423 6.95 1.261
5.0 211 714 123 000 1.654
3.0 375 120 776 000 0,483
1.0 529 852 3,77 x 107 0.014
PW3/3 44 80% 9,6 108 12 700 0,009
8.6 15 264 18 800 0.812
7.7 41 847 27 800 1.505
6.7 106 627 45 400 2,349 6.82 1.430
4.8 239 427 146 000 1.640
2.9 425 760 875 000 0.487
1.0 501 084 3.77 x 107 0.716
PW3/4 4 70% 8.7 153 18 000 0.009
7.8 21624 26 500 0.816
7.0 59 716 38 900 1,535
6.1 152 212 63 200 2.408 6.9 2,040
4.4 241 972 200 00C 1,710
2.6 607 410 1290 000 0.471
0.9 857 208 5.47 x 107 0.016
PW3/S 36 80% 7.6 243 29 100 0.008
6.8 34 344 43 10C 0.797
6.1 93 999 63 200 1.487
5.3 240 356 104 000 2.311
3.8 540 161 337 000 1,603 6.70 3.221
2.3 959 710 1990 000 0.482
0.8 1353 444 8.29 x 107 0,016
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TABLE 9. Reszles of tests with prograceme 4 gwertical sine/elow £25F) o welde? specimeng of UHS.

s Faikre at: ::og:z Cy<les o _ Teeat
pecimes <yehes a2 Sause ® -3 R
no. Staze Esud nnu%c Crem ke 32 X % c,;v:t»ex
itz X =
no. Bevel = ety M
PWi/1 2 g 19.0 104 11 LX)
.0 15 26 15 D 0.335
$.0 33 473 25 209 2.5%
7.0 58 3065 33 0O 2,535 5.26 1330
5.0 21 197 133 56 272
3.0 353 C3C 736 WO 0505
:.0 B3 79 377 x ¥ 0.015
PN3/2 2 90% 6.5 235 20 s 266
s.2 35736 59 500 3,598
5.5 97 566 55 &5 t G2
_83 ©
3.8 250 458 147 600 £.70¢ .83 3 3
3.4 S63 652 355 0 1.£25
2.1 1000 £40 2740 00D 0.355
0.7 1452 019 i.35x 188 0.011
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TATLE 12, Rewrdy of tests with sropz=ee 5 Xiow rise/vertics! £38) o wekled mpecrmexy of 2748,

. Exibme 220 e . of Cyeles e -
Specizex cyches Saxwe s =
=, Seige toud A prapras, fridre 2t X =X oyeles
Conf fi=~ _ x lG’S
o level = e N
s/t 3 yers 156 2 3 S5 o005
2.6 1 s2% %332 0.359
1.2 S 837 723 e.7%
9. 1% 910 1 2% 1.271 3.4¢ 9,700
7.0 33302 33 300 0.571
3.2 5% 36 235 905 5233
1.3 83055  B.339s 107 o.co7
w52 é 9% 119 30 £ 635 o oS
10.7 5 29¢ 3772 0.458
9.5 12 520 13 20 C.56
g3 32 520 21 309 1.53¢ §.37 0.330
5.9 73727 65 %0 1052
3.6 331 010 £2% 300 0,309
1.2 15% 519 1.05¢ x 197 0_cas
™%s/3 6 90% 10.8 33 8 403 0.50%
9.7 £ 9% 12 236 0.408
8.6 13 63 18 560 6.753
7.6 35 781 20 639 1.208 3.45 0.450
5.4 80 £27 97 270 0.825
3.2 142 920 591 700 e.242
1.1 201729 2571x1¢Y 5.007
PW5/4 6 9.8 ) 11 630 0.006
8.9 13 040 16 920 0.771
7.9 36 125 25 700 1.406
5.9 92 442 $1 230 2.240 6.42 1.240
4.9 207 772 135 160 1.536
2.9 369210 823 S0 0,447
1.0 521 134 3.975x 107 G.013
"W5/5 5 80% 7.9 270 25 140 0.011
7.1 38 204 36 430 1.0%0
6.3 104 976 55 170 1.967
5.5 271 362 £8 290 3.075 8.17 3.640
4.0 609 907 291 100 2.093
2.4 1083 810  1.759 x 16° 0.616
0.3 1525779  8.588 x 107 0.018
PWS/6 7.5 539 28 180 - 02
.85 76 054 40 270 9
6.1 208 873 60 530 3.45
5.3 535 675 100 €50 5.33 15.5 7.176
3.8 1202 267 327 300 3.66
2.3 2137 710 1923 000 1.11
.8 3018 172 8.0 x 107 0.m
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TABLE 11. Resziy of tesy wsing programmme 1 Basic prograrmioe) o welded specicmerns of HAS matesisl],

' Faitwe a2z Sress No. of Cycles to Fotal
Specizen —— eycies [=3-73 B « 3 evcles
a0, S:zpe gl Ty at sresy fsikze at N - N T
. Wi _ x 16°P
20. sevel = et N
rdfs 41 2t i 8.2 105 22230 €¢.003
7.3 1% 546 2339 9.320
6.5 431220 35 310 0.632
5.7 155 577 75 330 1.121 3.51 1.415
' 237513 257 206 0.955
2.5 321 308 1.565 x 107 0.320
0.5 593 635 7.59% 2 107 0.{e8
27w )2 13 905 8.2 206 22230 0.008
7.4 14 $43 3z 250 0.320
5.6 31 050 35 510 0.630
5.7 105 185 7S 399 1.126 3.50 1.408
3.1 23¢ 15t 257 400 0,980
2.5 $18 375 1.566 x 10° 0.419
0.8 592 250 7.598 x 107 0.025
2/P%/(3 12 £00% 8.0 142 24 250 0,004
7.2 19 528 35 210 0.39%
6.4 35 052 53 350 0.726
5.5 140 559 85 530 1,490 4.30 1.88§
1.0 316 629 250 830 1.231
2.3 561 2% £.708 x 10° 0.525
0.8 793 976 8.287 x 10° 0.035

29




TABLE 12, Programmed test results for welded specimen of H48 (orogramme i. R =+0,5),

. Failure at: Swess No. of Cycles to Total
Specimen range cycles cause n e cycles
no, Stage Load 8, at stress failure at N N 6
tonf/in x 19
no. level n stress N
2/PWT/1 25 905 11,62 8 6 530 0.001
10. 9% 1 43 8 120 0.128
9,66 2 885 12 700 0,227
1, .09
8.44 7 405 20 700 0.357 04 0.035
6.16 16 226 64 600 0.251
2,82 28 227 362 000 0.077
1,38 39 996 14.3 x 106 0,003
2/PWT/2 24 1005 11,59 5 6 600 0.00t
10.45 624 9 590 0,065
9.31 1731 14 600 0.119
.5 .
8.17 4 443 23 300 0.191 0.53 0.056
5.82 9 545 79 400 0.120
3.56 16 337 468 000 0.035
1.26 23 204 19,9 x 106 0,001
2/PWT/3 23 90% 9,80 28 12 100 0.002
9,37 3 929 14 200 0.276
8.40 10 963 21 100 0.520
7.41 26 658 33 300 0.844 2.53 0.376
5.60 60 129 91 200 0.6%0
3,73 107 010 59 0CO 0,187
1,46 151 128 11,7 x 106 0.013
2/PWT/4 13 90% 9.01 49 16 400 0.002
8.16 6 662 23 400 0.284
7.27 18 712 35 500 0.526
2.64 .
6.32 48 201 58 900 0.818 6 0.648
4,% 108 432 148 000 0.734
3,15 191 761 728 000 0.263
1.28 272 663 15.8 x 10 0.014
2/PWT/S 3 80% 7.9 66 25 600 0,002
7.32 9152 34 700 0.264
6.58 25 396 50 900 0.498
2. .
5.74 65 562 83 400 0.786 56 0.881
4,19 147 502 260 000 0.567
2.57 261 580 1,52 x 108 0.172
0,93 369 424 59,7 x 10° 0.006
2/PWT/6 23 90% 7.38 73 33 600 0,002
6,75 10 119 46 400 0.218
6.09 28 273 67 400 0.419 2.13 0.7
5,32 72 567 110 000 0.661
4,12 163 208 276 000 0.591
2.68 289 807 1,31 x 106 0.222
1.26 403 008 19,4 x 106 0.021
2/PWT/7 13 90% .66 85 48 700 0.002
6,10 11 714 64 600 0.181
30
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i TABLE 12. (Contizued)
- Failwe at: Swess No., of Cycles to Total
Specimen range cycles cause n 3 cycles
no, Stage Lload . 2 at stress failice at N N 6 ]
tenf/in . x 10
no, level n sress N
2/PWT/7 5.43 22 560 102 000 0.221 163 ..125
{continued) 4.88 83 745 159 000 0.538 - -
3.71 188 604 403 000 0.468
2,47 334 441 1.75 x 10° 0.191
0.39 474 172 47.6 x 107 0.c19
2/PWT/8 27 705 5.12 170 26 000 0.001
4.72 23 607 169 0G0 6.139
4,18 65 372 262 000 0.249 1
3.77 167 608 377 000 0.444 1.35 2.257
2,86 377 000 1.03 x 155 0.365
1,88 670 287 4,70« 108 0.143
0.91 946 764 64.6 x 100 0.014
2/PWT/9 13 505 4,53 352 19 000 0.002
4,13 48 708 274 000 0.178 |
3,72 135 266 400 000 0,338 ‘;
3.32 347 363 603 000 0.576 1.81 4.688 ’
2.53 783 213 1.61 x 109 9.487
1,74 1.39 x 109 6.62 x 106 0.211
0.81 1.97 x 106 98.3 x 105 0.020 |
2/PWT/10 13 90% 3,82 425 263 000 0.001
3,49 60 320 503 000 0.120
3,12 167 330 746 000 0.224 1.26 5.794
2.83 425490 1,07 x 108 0.400
2.18 968 745 2.75 x 167 0.352
1.46 1,72 x 106 11,7 x 106 0.147
0.75 2,43 x 106 130 x 10° 0.019
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‘TABLE 13, Programmed test resuits for welded specimens of HiS firogmamme 1. R - 1)

) Failcre at: Srress No, of Cyzlzes to Towal
Specimen s2oge cyclks cause a -1 svctes
oG, Stzze Lload toct, 15 2t gress failore a2t X N ; 1of
20, tevel =Y sTess N
2/FWA /L 23 1005 18.2 2% 13 500 0.0
13,9 3536 1S 500 0.190
12,3 9509 25 709 9.352
19.9 25 177 35 0 0.65% 2.11 0.336
7.74 56 312 5 $00 0.557
4.5t 93 567 465 009 0.234
1.62 140 735 7.59x 10° 0.015
2/PWAS2 52 50% 14.2 16 17 600 6.002
12.8 3992 23 500 0.213
11.3 13 84¢ 33 300 0,416
10.0 35 544 36 500 0.759 2.31 0.450
7.1 56 093 120 009 0.667
4,48 142 €80 432 000 0.323
1.77 201 504 5.93 x 106 0,034
2/PWA/3 25 90% 14.3 38 17 800 0.002
12.78 5 326 18 600 G.285
11.28 14 425 33 500 0.431 2.55 0.49
9,9 37 25 47 100 0,736
7.10 83 036 122 000 6.581
4.46 147 127 418 €00 0.328
1.76 207 916 6.02 x 160 09,024
2/PWA/4 45 80% 14.08 30 18 000 0.002
12.71 4 160 23 900 0.174
11.22 1 454 32 500 0,337
9,9 29222 47 500 0.615 1.94 9.391
7.07 65 337 123 000 0.529
4,45 115 904 450 000 0.251
1,75 163 930 §.12 x 106 0,027
2/PWA/S 3 80% 11,72 45 30 C00 ¢.001
10.44 6 240 41 500 0.150
9,20 17 536 59 000 0,29%
8.14 44 828 83 200 0.533 1.7t 0.601
5.86 100 735 208 000 0.483
3,60 178 350 814 000 0,219
1.36 251 880 1.24 x 10° 0.020
2PWA/6 24 100% 9,76 93 50 100 0.002
8.78 12 896 67 300 0.191
7.81 35 774 93 400 0.383
6.83 91 822 136 000 0,676 2.25 1.252
5,00 207 000 325 000 0.637
3,18 368 590 1,15 x 105 0.320
1.30 520 552 14.0 x 100 0.037
2/PWA T 2 70% 9,7 99 50 800 0.002
8,73 13 728 68 400 0.201
7.77 38 082 94 800 0.402
6.79 97 899 138 000 0.709 2.35 1.321
4,91 220 993 332 000 0.665
2.16 392 370 14,3 x 108 0.039
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TABIE 13. (Continued).

Faiture at: No, of Cycles to
3 Stress Toral
Specimen cycles cause n ~
20. Stage Load r.x?g.c 2 2t stress failire at -\_ :'t\: CYCI?
toni/in’ . x 10
no. level n stress N
2/PNA/S 2 70 6.93 135 130 00U 0.001
6.30 19136 170 000 0.112
5.62 53084 234 000 0.226
4.9 136 530 327 (OC 0.418 1.45 1.841
3,74 307 548 732 00V 0.421
2.44 546 %40 2,41 x 100 0.226
1.21 772 432 17.2 x 10° 0.045
2/PWA/Y 20 30% 5.62 235 234 000 0.001
5.22 32 550 28§ 000 0.113
4,70 90 418 386 000 0.233
4.15 232193 547 000 0.424 1.51 3.135
3.16 523 964 1.17 x 100 0.447
2.12 931 867 3.58 x 100 0.260
0.88 1.316 x 106 41,8 x 10° 0.031
2/PWA/10 16 50% 4,78 469 369 000 0.001
4.29 64 998 499 000 0.13¢
3,82 180 430 690 000 0.261
3.43 463 229 932 000 0,497 1,79 6.249
2.64 1,044 x 108 1,94 x 106 0.538
1.77 1.856 x 106 5,93 x 10° 0,313
0.81 2.624 x 108 52,7 x 106 0.050

TABILE 14, Programmed test results for welded specimens of H48 using randomised programme (programme 11. R =0),

Failure at:

No. of

Cycles to

B Saess Total
Specimen - cycles cause n s
no. Stage Load rang'e 2 at stress failure at N N Cydﬁs
tonf/in x 10
no. level n stress N
2/PW11/1% 41 70% 17,22 9 4 410 0.002
15.73 1142 S 680 0,202
14,12 3 388 7 670 0.442
12.45 8 140 10 900 0,749 2.37 0.112
8.99 16 526 27 000 0.614
5.55 34 146 103 000 0,330
2.11 48 369 1,53 x 10° 0.032
2/PW11/2 41 70% 15.16 18 6 290 0.003
13.84 2 390 8 110 0,295
12.26 6 595 11 400 0,580
10,83 17 064 16 100 1,062 3,45 0,232
7.89 36 566 38 800 0,944
5.06 69 816 134 CO0 0.521
1.84 98 736 2,24 x 100 0,044
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TABLE i4. {Continued).

Failure at: N No, of Cycles to
. Stress Total
Specimen range cycles cause n B cycles
no, Stage Load 2 at stress failure at N N
tonf/in N x 10
no. leve! n stress N
2/PW11/3 38 70% 12,92 30 9 820 0.003
11.84 4 054 12 500 0.324
10.58 11 211 17 100 0.654
9,22 28 756 25 100 1.143 3,77 0,338
6.72 62 558 60 660 1.032
4.31 117 376 209 000 0.562
1.62 163 476 3.19 x 109 0.051
2/PW11/4 35 70% 12,01 45 12 000 0.00%
10,89 6134 15 800 0.387
9,52 16 981 23 000 0.733
8.41 43 055 32 500 1.328 4,52 0.587
6.31 95 958 72 300 1.328
4.00 175 378 257 000 0.682
1.44 247 421 4.43 x 10° 0.056
2/PW11/5 27 90% 9,50 59 23 100 0.003
8.70 8 149 29 600 0.276
7.72 22 751 41 200 C.552
6.82 57 058 58 200 0,959 3,43 0.781
5.17 129 358 126 000 1,026
3.37 231 822 415 000 0.558
1.30 329 376 5.90 x 10° 0.056
2/PW11/6 27 90% 7.47 110 45 200 0,002
6.77 15 241 59 400 0.257
6.05 42 369 81 300 0.528
5.37 107 429 113 000 0.949 3.42 1,461
4.16 242 918 231 000 1,051
2.70 433 952 769 000 0.576
1,11 614 425 9.16 x 106 0.067
2/PW11/7 32 70% 5,64 266 98 900 0.003
5.10 36 918 131 000 0.280
4,53 102 377 182 000 0.558
4,05 262 222 249 000 1,052 3.75 .54
3,08 590 27§ 533 000 1.102
2,08 1,055 x 10° 1,59 x 10° 0.656
0,93 1,489 x 108 15.0 x 10° 0.09%
2/PW11/8 3 80% 4,81 462 154 000 0,003
4,26 64 064 216 000 0.297
3.78 177 944 301 000 0,591 3,93 6,162
3.4 456 302 426 000 1,073
2,56 1,029 x 10° 893 000 1,152
1.73 1.833 x 109 2.66 x 10 0,689
0.82 2.586 x 10° 21,3 x 108 0,122
U
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TABLE 1S. Results of tests with Programmes 6-10 (parzllel to constant amplitude S-N cwrve) on welded specimens of Hi8

100% €
Programme Programme Specimen Ic\:lm, Eadwrance . B
a0, details nc. :0nf!ic2 prozrammes N
5 Complete 2/PW6/1 16.0 306 2,98
2/PN6/2 15,9 314 2.73
2/PW6/3 15,0 663 5.38
2/PWe/4 14.3 529 3.7
21PW6/S 13.0 627 3.37
2/PW6/6 12,0 819 .10
Mecan 3.72
7 No 100% stress 2/PW7/1 ia,l 245 2.25
level 2/PW7/2 15.8 268 2.33
2/PW7/3 15.8 420 3.73
2/PW7/4 13.8 345 2.09
2/PW7/5 11,7 596 2,05
Mean 2.49
8 No 100% or 90% 2/PW8/1 15,6 287 2.30
stress levels 2/PW8/2 15.0 270 2.02
2/PW8/3 15,0 302 2.26
2/PW8/4 13.4 478 2.62
2/PW8/5 11.9 1128 4,52
Mean 2,74
9 No 103 stresslevel 2/PW9/1 12.0 573 1.67
10 No 10% or 20% 2/PW10/1 15.1 111 0.47
stress levels 2/PW10/2 15,0 168 0.69
2/PW10/3 12.8 291 0.95
2/PW10/4 12,8 267 0.71
2/PW10/5 11,8 625 1.31
Mean 0,83
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F19.21. Results of programmed fatigue tests {Programme 1, R - -1} on welded specimens of H.48.
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Fia. 125, Fraciure surface of welded {atigue specimen tested under programmed loading.




T

o~

8o \
:ﬁ ‘ ;

2

~ N W
PR Q.

% of maximum stress

] 1 . | 1 i | 1 1 1
S5 0 15 X 25 K ] 35 40
Endurance, cycles x 103

[ J ¢ J [ & J | J [ 4 J

Corresponding fracture surface markings

Direction of propagation—=
Fig.C6. Sketch showing the positions of the dark fractur. <urface markings in relation to the agplied
loading programme.

F1g.C7. Plan view of st-'ations on fracture surface of a programme loaded welded specimen, x 450,




hal

v

TR,

e
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TECHNICAL NOTE NO. 6/70 March 1970
"PROGRAMMED LCAD FATIGUE TESTS ON NOTCHED AND WELDED SPECIMENS CF AL.ZnMg ALLOY

The repor  lescaibed constant amplitude and programmed icad fatigus tests on notched and welded specimens in two Ligh

strength aluminiume-risc-mag=ssium alloys. It & shown that, with very few exceptions, the Miner-Palmgren hypothesis that

2% = ] congstently underestimates life. For the notched specimens using the basic quadratic aogramme 2.9, varied from 0.8
10 14.8 For welded spzeisiens using the arw programme the vajue of b L varied much less and was N approxtmately

2.6 1 7.0 for pubating tension knading. Changes in the order of appfication Nof prograrame tiocks had a neglgible cffect

on the values of :,:% obiained. However, both for half tenule and for altermating loading, Jower values of 2% were obtained.

When a spectrum jaralie] to the censtant amplitude SN curve was used high values of z.!!: were obtained except wher the lowest
stresses in the programme wezze omitted. This fact led to the belief that 2 possibk N reason for the high values of 40
is coaning at the lowest sitess kevels in the programme. =N

TECHNICAL NGTE NO. 6/70 March 1970
PROGRAMMED LOAD FATIGUE TESTS ON NOTCHED AMD WELDED SPIICIMENS OF At.Zn Mg ALLOY

The report described constant amphtude and programmed load fatigue tests on notched and welded specimens in two high
stzergth aluminium-zinc-magnesism alfeys. 11 is shown that, with very few exceptions, the Miner-Palmgren hypothesis that
R =] consisiently undexestimates life. For the notched specimens using the basic quadratic programme 2 varied from 0.8
to 14.8. For welded specimens using the same programme the value of znﬂ varied much lessand was ~ ** approximately
2.6 to 7.0 for pulsating tension Joading. Changes 1n tiv osder of apphcation nf programme blocks had a negligible effect
on the values of Z% obtained. However, both for haif tensile and for alternating loading, lower values of Xﬁ- were obtained.

Whea a spectium paralie} to the constant ampitude S-N cene was used high values of ¥ R were obtained except when the jowest
stzesses in the programme were omitted. This fact led 10 ii:e belief that a possible reason for tne high values of 01
is coaxing at the lowest stress levels in the programme. ~8

TECHNICAL NOTE NO. 6/70 March 1970
PROGRAMMED LOAD FATIGUE TESTS ON NOTCHED AND WELDED SPECIMENS OF Al.Zn.Mg ALLOY

The report described constant amplitude and programmed load fatigue tests on notched and welded specimens in two high
stiength aluminium-zinc-magnesium alloys. it 18 shown that, with very few exceptiorns, the Miner-Palmgren hypothesis that
ﬂ' = | consistently underestimates life. For the notched specimens using tlie basic quadratic programme « 2 varied from 0.8
N {0 14 8. For welded specimens using the same programme the valuc of !l' vared much lessand was ~ N approximately
2.6 to 7.0 ;or pulsating tension inading. Changes in the order of application N of programme blocks had a negligible effect
on the values of 2% obtained. However, both for half tensile and for alternating loading, lower values of E% were obtained.

When a spectrum parallel to the constant amplitude S-N curve was used high values of 2 were obtained except when the lowest

stresses in the programme were omitted. This fact led to the belief that a possible N teason for the high values of v%
is coaxing at the lowest stress levels in the programme. <.
TECHNICAL NOTE NO. 6,70 March 1970

PROGRAMMED LCAD FATIGUE TESTS ON NOTCHED AND WELDED SPECIMENS OF Al.Zn.Mg ALLOY

The report described constant amplitude and programmed load fatigue tests on notched and welded specimzns in two high
strength aluminium-zinc-niagnesium alloys. 1t 1s shown that, with very few eaceptions, the Miner-Palmgren hypothesis that
E“l =1 consisiently underestimates life. For the notched specimens using the basic quadratic programme 29, vaned from 0.8
N : i ) ,
10 14.8. For welded specimens using the same programme the value of ¢ varied much less and was approximately
2.6 to 7.0 for pulsating tension loading, Changes in the order of application N of programme blocks had a negligible effect
on the values of b3 % obtained. However, both for half tensile and for alternating loading, lower values of 2% were obtained.

When a spectrum paralle] 1o the constant amphtud: S-N curve was used tugh values of ¢ &L were obtained except when the lowest
stresses in the programme were omatied. Thas fact led to the belief that a posable Nreason for the lugh values of Zﬂ
15 coaxing at the lowest stsess levels in the programme. N
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